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Genome-Wide Associations with Flowering Time in Switchgrass 
Paul Grabowski1, Joseph Evans2, Guillaume P. Ramstein3, Emily Crisovan2, Brieanne Vaillancourt2, Denise Costich4, Edward S. 
Buckler5, Shawn Kaeppler6, C. Robin Buell2, Yiwei Jiang7 and Michael Casler8, (1)USDA-ARS, Madison, WI, (2)Department of 
Plant Biology and DOE Great Lakes Bioenergy Research Center, Michigan State University, East Lansing, MI, (3)Department of 
Agronomy, University of Wisconsin - Madison, Madison, WI, (4)Centro Internacional de Mejoramiento de Maíz y Trigo 
(CIMMYT), Mexico City, Mexico, (5)USDA-ARS-Cornell University, Ithaca, NY, (6)Department of Agronomy and DOE Great 
Lakes Bioenergy Research Center, University of Wisconsin - Madison, Madison, WI, (7)Department of Agronomy, Purdue 
University, West Lafayette, IN, (8)USDA Dairy Forage Research Center, Madison, WI 
Switchgrass is an emerging bioenergy crop and perennial grass native to North America. Improving biomass yields is critical for developing 
switchgrass into an economically viable crop. Flowering time has a major effect on biomass yields as delaying flowering time prolongs the 
period of vegetative growth, in turn, increasing biomass. However, delayed flowering also increases susceptibility to winter mortality which 
decreases productivity in following years. As such, elucidating the genetic control of flowering time will help breeding efforts and the 
development of resources for improvement of switchgrass yields. Here, we use exome-capture genotypes at 1,377,841 SNPs in 509 switchgrass 
individuals to identify associations with heading date measured over three years. There is strong population structure in the sample set, and we 
perform GWAS on several subsets of samples to identify genic regions that may play a role in controlling flowering time. Several associations 
are in regions containing homologs of genes with important roles in phenological and circadian regulation in other species, suggesting they have 
a conserved function in switchgrass.  Our results advance the understanding of flowering time regulation in switchgrass and will inform future 
work to improve switchgrass biomass yields. 
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The DOE Systems Biology Knowledgebase (KBase):  Progress Towards Advanced Modeling of Sustainable Bioenergy Crop 
Development 
Sunita Kumari1, Doreen Ware2, Dave Weston3, Vivek Kumar1, Srividya Ramakrishnan1, Priya Ranjan3, Samuel M. D. Seaver4, 
Shinjae Yoo5, Fei He5, Jim Thomason1, Meghan Drake3, Michael Schatz1, Nomi Harris6, Robert W. Cottingham3, Sergei Maslov7, 
Rick Stevens4 and Adam Arkin6, (1)Cold Spring Harbor Laboratory, NY, NY, (2)Cold Spring Harbor Laboratory/USDA-ARS, NY, 
NY, (3)Oak Ridge National Laboratory, Oak Ridge, TN, (4)Argonne National Laboratory, Argonne, IL, (5)Brookhaven National 
Laboratory, Upton, NY, (6)Lawrence Berkeley National Laboratory, Berkeley, CA, (7)University of Illinois, Urbana-Champaign, 
Urbana, IL 
The U.S. Department of Energy Systems Biology Knowledgebase (KBase, http://kbase.us) aims to provide an open platform for comparative 
functional genomics and system biology research on microbes, plants and their communities, and for sharing results and methods between 
scientists.  
 KBase provides a variety of plant resources and analytical services that are integrated with gene expression profiles, regulatory interactions, and 
metabolic networks. For example, users can run RNA-seq pipeline and tools for downstream analysis to quantify expression from the RNA-seq 
reads, perform transcriptome assembly, gene annotation and identify differential expression between tissues, developmental stages, 
environmental conditions and genetic backgrounds.  
 KBase also enables the construction and curation of metabolic models of specific microbes, fungal, and plant genomes and their interactions, to 
understand plant microbial and mycorrhizal interactions, and generate new hypotheses such as metabolic reconstruction and flux balance 
analyses simulations using the expression matrix to generate the set of reactions active in biomass production.  
 To learn more about using KBase to reconstruct metabolic models for plants and microbial interactions, start with the Featured Narrative titled 
Cyanobacteria-Sphagnum Metabolic Interactions (https://narrative.kbase.us/narrative/ws.9667.obj.2) a self-contained tutorial concerning 
Sphagnum (Peat Moss, Bryophyta) and Anabaena (N2-fixing diazotrophs, Cyanobacteria) that includes annotating the plant and microbial 
genomes with metabolic functions, reconstructing and gapfilling metabolic models using appropriately composed media, and then merging the 
two models into a community model which exhibits nitrogen fixation and exchange. This knowledge can then be applied to discover and develop 
novel biological constructs to improve biomass quality trait for biofuels. 
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Food Crops Genetically Engineered for Non-Food Uses 
Jason K. Dietz, Office of Food Additive Safety, Center for Food Safety and Applied Nutrition, Food and Drug Administration, 
College Park, MD 
Plant scientists are using genetic engineering techniques to engineer crops traditionally used as food for humans and animals for novel, non-food 
uses.  Substances in food, regardless of whether they are intended to be in food, must meet the food safety and other legal requirements of the 
Federal Food, Drug and Cosmetic Act (FD&C Act).  FDA expects producers of crops not intended to be used as food to keep material from such 
crops out of the food supply- like any other material not intended for food use. 
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Genomics, Structure and Function of Oleosins from 140 Organisms 
Heping Cao, USDA-ARS-Southern Regional Research Center, New Orleans, LA 
Triacylglycerols (TAGs) are the major molecules of energy storage in eukaryotes. TAGs accumulate in oil bodies/oil droplets in plants and 
animals. Oleosins (OLEs) are a group of mostly low-molecular-mass hydrophobic proteins localized on the surfaces of plant oil 
droplets.  OLEs/oils ratio determines the size and shape of intracellular oil bodies, but the precise function of OLEs is uncertain. The objectives 
of this study were to identify OLEs from diverse species, to perform genome-wide analysis of OLEs, to classify OLEs, to identify conserved 
sequence motifs and amino acid residues in OLEs , OLE subfamilies and OLEs within individual species. Data mining identified 1640 OLE 



accessions from more than 140 organisms in the NCBI databases. More than 1400 OLE accessions from 105 plant species were selected for 
subsequent analysis. There were lots of redundancies of OLE accessions in the databases. For example, Arabidopsis thaliana had 17 OLEs but 
had 149 accessions in the NCBI databases. All but a few exceptions contained the perfect “proline knot” motif (PX5SPX3P). These OLEs were 
hydrophobic proteins with > 40% hydrophobic amino acid residues. They had similar properties and amino acid composition. Genome-wide 
phylogenetic analysis and multiple sequence alignment demonstrated that these proteins were separated into 5 OLE subfamilies. There were 
distinct patterns of sequence conservation among the OLE subfamilies and within individual species. These analyses should facilitate studying 
the structure-function relationship and identify critical amino acid residues in OLE for metabolic engineering of TAGs. 
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Rechanneling Carbon Flow with Potential to Increase Valuable Biomass Feedstocks 
Henrique C De Paoli1, Nancy Engle1, Timothy J. Tschaplinski1, Paul E. Abraham1, Robert L. Hettich2, Ritesh Mewalal1, Gerald A. 
Tuskan1, Anne M. Borland1,3 and Xiaohan Yang1, (1)Oak Ridge National Laboratory, Oak Ridge, TN, (2)BioEnergy Science 
Center, Oak Ridge National Laboratory, Oak Ridge, TN, (3)Newcastle University, Newcastle Upon Tyne, United Kingdom 
Different aspects of plant biomass make it an important feedstock for fuel production, providing a promising solution to the sustainable energy 
challenge in the 21st century. We hypothesize that manipulation of carbon flow could positively impact plant biomass and therefore used the 
artificial microRNA (amiR) strategy to silence the NADP-malic enzyme family in Arabidopsis thaliana. Compared with wild-type plants, the 
amiR plants showed 16.4% (SE±2.1) increase in daily net CO2 fixation rate with concomitant increase in dry biomass (22.1%, SE±4.4) while 
maintaining comparable rates of instantaneous water-use efficiency (WUE) under similar photosynthetically active radiation (PAR, 150 μmol m-2 
s-1). Diel metabolomics and proteomics analyses revealed significant changes in at least 27 metabolites and 830 proteins between amiRs and 
wild-type lines, allowing us to assess the carbon movement from accumulated malic acid into sugars, carbohydrates, lipids, etc. Furthermore, the 
dry biomass recalcitrance of the amiR plants was reduced when compared with wild-type plants, resulting in 24% (SE±3.3) more sugar release 
from transgenic cell wall after mild pretreatment. Taken together, this research demonstrated that managing carbon flow within plant metabolism 
could improve different aspects of biomass feedstocks advancing the current capabilities of plants for fiber and fuels production. 
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The Genus Brachypodium as a Tool to Study Polyploidy 
Sean Gordon1, Adam Session1, Jerry Jenkins2, Shengqiang Shu1, Jeremy Schmutz3, Kerrie W. Barry1, Pilar Catalan4, Bruno 
Contreras-Moreira5, Robert Hasterok6, John Doonan7, Luis Mur8, Vinh-Ha Dinh-Thi9, Boulos Chalhoub10 and John P. Vogel1, 
(1)DOE Joint Genome Institute, Walnut Creek, CA, (2)DOE Joint Genome Institute, Huntsville, AL, (3)HudsonAlpha Institute for 
Biotechnology, Huntsville, AL, (4)Department of Agriculture (Botany), High Polytechnic School of Huesca, University of 
Zaragoza, Huesca, Spain, (5)Fundación ARAID, Zaragoza, Spain, (6)Department of Plant Anatomy and Cytology, Faculty of 
Biology and Environmental Protection, University of Silesia, Katowice, Poland, (7)Aberystwyth University, Aberystwyth, United 
Kingdom, (8)Aberystwyth University, Aberystwyth,, Wales, (9)Unité de Recherches en Génomique Végétale (URGV-INRA), 
Évry, France, (10)URGV-INRA, Evry, France 
Polyploid genomes are characteristic of grasses being developed as biomass crops and many grain crops. Therefore, a deeper understanding of 
gene regulation and genome evolution in polyploid genomes would be useful for developing improved crop varieties for both food and fuel. 
Unfortunately, biomass and grain crops are difficult experimental subjects because of their large, complex genomes, outbreeding nature and/or 
their large physical size. Thus, a simple model system to study polyploid genome regulation and evolutions would be very useful. The diploid 
Brachypodium distachyon has emerged as a powerful model to study various aspects of grass biology and numerous experimental resources and 
tools have been developed. Another member of the genus, B. hybridum, is an allotetraploid with subgenomes derived from ancestors similar or 
identical to the diploid species B. distachyon and B. stacei. All three species have very compact genomes, have small stature and are easily grown 
and manipulated in the laboratory. We have sequenced and assembled the genomes of B. hybridum and B. stacei and are conducting extensive 
comparative RNA-Seq experiments among the three species to understand the evolution of gene regulation in the subgenomes of B. hybridum. In 
addition, we have crossed B. distachyon and B. stacei to create a synthetic B. hybridum. Exceptional quality of the B. distachyon, B. stacei, and 
B. hybridum genomes and the genetic tractability of the species make a powerful system to explore many questions about polyploid genome 
regulation and evolution. This system may have great utility in defining functional gene regulatory elements that can be translated into crop grass 
species for applied applications. 
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Harvesting the Root Microbiome of Grasses Toward Sustainable Increase Crop Production 
Tatiana S. Mucyn, University of North Carolina at Chapel Hill, Chapel Hill, NC 
The major and global increased demand for food commodities and energy supply highlight the necessity to further improve crop productivity.  A 
variety of plant functions and traits are co-dependent on the microbial communities that exist within and around them. Characterizing, 
manipulating and /or mimicking the plant microbiota provide a promising path toward increasing crop production. Microbiota at the surface of 
the root (rhizosphere) and within the root (endophytic compartment) are of particular importance because of their potential influences on nutrient 
uptake.  
The extent to which the host selects its root microbial community remains poorly understood, especially across vastly divergent species. Grasses 
constitute our main source of food, feed, and bioenergy, but how their microbiomes relate to or may differ from other plant microbiomes remain 
unclear. We are comparing the well-studied root microbiome of Arabidopsis thaliana Col-0, with those of two grass species model 
Brachypodium distachyon Bd21 and Setaria viridis A10-1. All plant species were grown in the same wild soil. Both bacterial and fungal 
microbiota were defined using high-throughput bacterial 16S rDNA, and fungal internal transcribed spacer 2 profiling, respectively. We are 
establishing the nature of a core, species-specific and potential grass-specific root microbiomes.  
Whether the core microbiome may also present functional conservation across species remain to be assessed. We have isolated ~600 bacterial 
strains from the rhizoplane and endophytic compartments of Arabidopsis thaliana and evaluated the effect of these isolates on plant health under 



various nutrient starvation stresses. This bacterial collection is currently being tested on Setaria viridis focusing on the identification of isolates 
that rescue phosphate starvation stress. We are in parallel establishing a collection of bacterial strains isolated from the root of Setaria viridis to 
help refine the design of bacterial biocontrol agents specifically targeting crops. 
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Physiological and Molecular Analysis of Drought Stress Responses in Miscanthus: Identifying Important Traits for Biofuel 
Production from Analysis of Networks 
Marta Malinowska1, Vera Vendramin2, Simone Scalabrin2, Sabine Schnabel3, Iain Donnison1 and Paul R. H. Robson1,4, 
(1)Aberystwyth University, Aberystwyth, United Kingdom, (2)IGA Technology Services, Udine, Italy, (3)Biometris, Wageningen 
UR Plant Science Group, Wageningen, Netherlands, (4)IBERS - Aberystwyth University, Aberystwyth, United Kingdom 
Miscanthus is a genus of C4 perennial grasses of great interest for the production of biorenewable energy and chemicals because of high biomass 
potential even in temperate regions. Yield is strongly linked to water availability and many sites across Europe where irradiation and temperature 
are favourable for Miscanthus cultivation have limited water supply. The aim of the research is to investigate in detail the response of diverse 
genotypes to reduced water availability, including the hybrid M. x giganteus that is grown for the majority of the crop and two exemplar 
genotypes from each of the species groups, M. sacchariflorus and M. sinensis, that hybridized to form M. x giganteus. 
The five Miscanthusgenotypes were subjected to two treatments, well-watered and mild drought, for 32 days under glasshouse conditions. 
Morphological and physiological measurements were made including growth rate, photosynthetic performance and water use efficiency. Plants 
were sampled at two time points to identify early and late responses to drought. Analyses included RNA sequencing for gene expression 
profiling and for compositional analysis of biomass (lignin, cellulose). The glasshouse measurements showed treatment affects differed between 
genotypes. From 116343 identified genes, 1219 were differentially expressed between control and drought treatments across all genotypes. 
Additionally 61 genes were found to be differentially expressed between the genotypes under drought compared to controlled conditions.  
By comparing molecular, physiological and compositional responses to mild drought, we hope to identify pathways responsible for drought 
resistance and sensitivity and improve selections for plants with good biomass production under water stress. 
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Mapping Chilling Tolerant Photosynthesis in an Interspecific Miscanthus population 
Shailendra Sharma1, Katarzyna Głowacka2, Lindsay V. Clark1, Cha Gyu Hoi2, Melina Salgado2, Shiveta Sharma1, Stephen Long2 
and Erik J. Sacks3, (1)University of Illinois, Urbana, IL 61801, USA, Urbana, IL, (2)University of Illinois, Urbana, IL 61801, USA, 
Urbana Champaign, IL, (3)Dept of Crop Sciences, University of Illinois, Urbana, IL 
An F2 mapping population (10UI-009) was developed by crossing Miscanthus sacchariflorus 'Robustus-Bluemel' and Miscanthus 
sinensis var. condensatus 'Cosmo Revert'. PSII maximum efficiency (Fv/Fm in dark-adapted state) was measured in 325 F2 seedlings using a 
Chlorophyll Fluorescence Imaging System (Technologica). Seedlings were examined after 7-days growing in control conditions (25 °C/20 °C 
day/night), and on the 3rd and 7th day of low temperatures treatment (10 °C/5 °C day/night). Three categories of phenotypic data were evaluated: 
(1) Percent Fv/Fm values retained after seven days of chilling treatment (2) Recovery Fv/Fm: percent retained after seventh day of chilling 
treatment minus percent retained after third day of chilling treatment and (3) High & stable Fv/Fm (<5% change). Plants were divided into best 
and worst performing based on these three phenotypic categories. RAD-seq (Restriction Associated Digestion-sequencing) was performed on 
total of 49 plants (best and worst for each of the three traits) and parents. After filtering the dataset, 2129 markers were aligned to the Sorghum 
bicolor genome. Preliminary analysis using ANOVA to compare the best and worst plants with RAD-Seq data revealed significant SNP 
associations with the second trait. Selected plants were further grown and divided into 3-4 replications. Currently, measurements are being made 
on mature replicated plants, for leaf photosynthetic gas exchange (net leaf CO2 uptake (Asat), conductance) and modulated chlorophyll 
fluorescence [maximum operating efficiency of photosystem II (ФPSII)] using an LI-6400 (LI-COR) in warm conditions (25 °C/20 °C), and then 
during and following a chilling treatment of 10 °C/5 °C for eight days in controlled environment chambers.  
Key Words: Miscanthus, Chilling tolerance, RAD-seq, LI-COR, SNP, Association analysis 
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QTL Mapping for Biomass Yield and Yield Components in a Miscanthus sacchariflorus x M. sinensis Population 
Hongxu Dong1, Siyao Liu2, Lindsay V. Clark3, Justin Gifford4, John A. Juvik4 and Erik J. Sacks5, (1)University of Illinois at 
Urbana-Champaign, Urbana, IL, (2)University of Illinois, Urbana, IL, (3)University of Illinois, Urbana, IL 61801, USA, Urbana, 
IL, (4)Energy Biosciences Institute, University of Illinois, Urbana, IL, (5)Dept of Crop Sciences, University of Illinois, Urbana, IL 
Miscanthus is a promising bioenergy crop. An understanding of the genetics behind yield of Miscanthus is critical to the crop’s improvement. In 
this study, a mapping population of 281 F1 progeny was developed from a cross between M. sacchariflorus ‘Robustus’ (♀) and M. sinensis var. 
condensatus ‘Cosmopolitan’ (♂). High density genetic maps were constructed using single nucleotide polymorphisms (SNPs), which were 
generated using restriction site-associated DNA sequencing. The female map spanned 2,102 cM, with 1632 SNPs distributed on 19 linkage 
groups (LGs), and the male map spanned 1,838 cM, with 2352 SNPs distributed on 19 LGs. Comparative genomic analysis confirmed a whole 
genome duplication in M. sacchariflorus relative to Sorghum bicolor, which had previously been described in M. sinensis. Moderate to high 
correlations were found between yield components (flowering time, height, compressed circumference, basal circumference, compressed 
circumference to basal circumference ratio) and yield per plant and yield per area. All yield components were positively correlated with yield 
except for flowering time. QTL analysis for seven traits across two years identified 12 QTLs on the female map and 14 on the male map. Two 
major multi-trait QTL clusters were identified on LGs 10 and 19 of the female map, and one on LG 10 of the male map, which might be the 
result of natural selection for co-adapted traits, pleiotropy, tightly linked genes, or a bias due to differences in recombination rates. 
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Seed Transmission of Bacterial Endophytes in Miscanthus 



Naomi Cope-Selby1, Dan Smith1, Alan Cookson1, Iain Donnison1, Richard Flavell2 and Kerrie Farrar1, (1)Aberystwyth 
University, Aberystwyth, United Kingdom, (2)Ceres Inc., Thousand Oaks, CA 
There is increasing interest in developing sustainable agriculture techniques to boost crop yields whilst reducing economic cost and 
environmental damage. One approach is to utilise plant-associated microbes selected for plant growth promotion, biological nitrogen fixation, or 
biocontrol properties. Symbiosis is a specialised state, requiring adaptation of both the host and microbe genomes. Bacteria adapted to living 
within plant tissues are therefore of interest for sustainable crop production.  
Miscanthus is a perennial C4 grass grown as a bioenergy crop to substitute fossil fuels for heat, power and biorefining applications. The crop can 
be grown on low grade land and has minimal requirements in terms of fertilizers or pesticides. However it is not known to what extent these traits 
are conferred by the plant genome or the wider microbiome.  
Using both culturing and culture-independent methodologies, populations of bacterial endophytes were identified within Miscanthus rhizome, 
root, stem and leaf, and also in seedlings grown from sterilised seed grown in sterile conditions. The seedling population was the most diverse. 
Vertical transmission through seed may be an important process for sustaining bacterial endophytes in Miscanthus, with potential for sustainable 
crop production. Genomic analysis to determine whether seed transmitted endophytes may be adapted to life in planta is underway. 
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Cataloging Natural Allelic Variations in Switchgrass (Panicum virgatum L.) NAM Parental Genomes 
Shahjahan Ali1, Junil Chang1, Desalegn D. Serba2, Hem S. Bhandari3, Laura Bartley4 and Malay C. Saha1, (1)The Samuel Roberts 
Noble Foundation, Ardmore, OK, (2)Kansas State University, Hays, KS, (3)University of Tennessee, Knoxville, TN, (4)University 
of Oklahoma, Norman, OK 
Switchgrass has been identified as a potential species for cellulosic ethanol production by the U.S. Department of Energy. Application of 
molecular breeding techniques to improve biomass production for this species are limited because only limited markers/linkage maps are 
available. A Nested Association Mapping (NAM) population of switchgrass was developed for deciphering natural allelic variations for biomass 
yield and quality traits. Fifteen diverse parents were crossed to a recurrent parent, AP13. Subsequently, 10 F1s from each family were chain 
crossed to develop a NAM population of 2,000 genotypes. We observed significant within and among population variation for morphological 
characteristics and biomass yield in the NAM population. All 15 parental genotypes were sequenced via shotgun sequencing in collaboration 
with the JGI. On average we received 28-66 Gb high-quality sequence data from each parent. Alignment of the parental sequences with the 
reference AP13 genome revealed that up to 98.87% of the genomic sequences can be mapped to the reference genome. We cataloged 12.54 
million SNPs in the 18 chromosomes of a tetraploid switchgrass genome. On an average one SNP was identified for every 80 (in Chromosome I-
a) to 100 bp (in Chromosome VIII-b) of chromosome sequence in the NAM parental genomes. Regional fluctuations were observed in the SNP 
density within each chromosome. The parent, PI 421521-2, produced the highest number (12.45 million) of SNPs whereas, the least SNPs (9.33 
million) were observed in PI 442535. Detail results of the SNP analysis will be present in the poster. 
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Single Nucleotide Polymorphism (SNP) Variation in Switchgrass (Panicum virgatum) for Genes Involved in Biomass 
Production 
Bochra A. Bahri1,2, Guillaume Daverdin1,3, Jan-Fang Cheng4, Kerrie W. Barry4 and Katrien M. Devos1, (1)Institute of Plant 
Breeding, Genetics and Genomics (Dept. of Crop and Soil Sciences), and Dept. of Plant Biology, University of Georgia, athens, 
GA, (2)Dept. of Plant Protection & Postharvest Disease, Natl. Agron. Inst., Tunis Mahrajen, Tunisia, (3)Current address: Marucci 
Center for Blueberry & Cranberry Research and Extension, Rutgers University, Chatsworth, NJ, (4)DOE Joint Genome Institute, 
Walnut Creek, CA 
Switchgrass (Panicum virgatum L.), an allotetraploid perennial C4 grass native to North America and a feedstock crop for cellulosic biofuel 
production, has a large potential for genetic improvement due to its high genotypic and phenotypic variation. We studied SNP variation in 372 
genotypes belonging to 36 accessions for 11 genes involved in biomass production. Fifty four primer pairs, each spanning ~1 kb regions, were 
designed against the 11 genes. Amplicons were pooled per genotype and sequenced. A total of 332 M of raw Illumina reads were generated of 
which 162 M mapped to the switchgrass reference sequence (average coverage: 50X). Only 216 of the 11,682 SNPs detected in 53,739 bp of 
sequence data remained after filtering. Population structure analysis largely grouped upland accessions into one subpopulation and lowland 
accessions into two additional subpopulations. The most frequent SNPs were fixed in the accessions. On average, 2/3 of SNPs in exons were 
non-synonymous and, of these, 50% resulted in non-conservative amino acid substitutions. One of the 21 non-conservative amino acid 
substitutions is located in a PAD domain in Phytochrome B, a gene involved in photoperiod response.  PAD domains act as sensors for light and 
oxygen. This amino acid substitution locally changed the polarity and charge, and may modify the three-dimensional structure of the protein and, 
hence, possible also its activity. Correlation of this SNP with flowering time phenotypes was observed. Further analyses are needed to determine 
whether Phytochrome B plays a role in the differential adaptation of upland and lowland switchgrass. 
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Comparison of AP13 and VS16 Switchgrass (Panicum virgatum) Methylomes Using High-Throughput Sequencing 
Mollee C Crampton1, Venkateswara R. Sripathi1, Vasudevan Ayyappan1, Malay C. Saha2 and Venu (Kal) Kalavacharla1, 
(1)Molecular Genetics & Epigenomics Laboratory, Delaware State University, Dover, DE, (2)The Samuel Roberts Noble 
Foundation, Ardmore, OK 
Switchgrass (Panicum virgatum) is a target crop, which possesses several appealing qualities for use as a bioenergy feedstock for ethanol 
production. Switchgrass has high biomass yield from low nutrient input, high water use efficiency, and broad adaptability. There are two major 
ecotypes of switchgrass which are lowland and upland. Lowland ecotypes are typically tetraploids that originated in the southern east coastal 
region and upland ecotypes are usually octoploid which originated in northern regions of the U.S. Both the AP13 (lowland) VS16 (upland) are 
tetraploid (2n = 4x = 36). Currently, the publicly available genome sequence is assembled from AP13 in 18 scaffolds (Phytozome V1.1). In these 
scaffolds 636 Mb of sequence has been localized, with another 596.5 Mb of sequence that is arranged in contigs (~1,230 Mb).    



Genome annotation and assembly are critical in providing resources for selection and breeding of biotic and abiotic stress-resistant plants. 
Response to stresses is correlated with changes in gene expression, which is regulated by transcription factors and also epigenetic factors. This 
study focused on one epigenetic factor, called DNA methylation, which is the addition of a methyl group on the 5’ carbon of cytosines. Genome-
wide methylated DNA immunoprecipitation-sequencing (MeDIP-Seq) and whole genome bisulfite-sequencing (BS-Seq) was performed to 
compare methylation levels between the two genotypes. MeDIP-Seq surveys overall differences between the genomes and BS-Seq gives specific 
methylation statuses of individual cytosines. We found that AP13 had 4,667 more MeDIP-Seq peaks than VS16 (21,287 peaks). Average 
promoter and genic methylation was highest in the CG context. 
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Genetic Analysis of Flowering Time in Switchgrass Using a Pseudo-F2 Population From an Upland x Lowland Cross 
Carl-Erik I. Tornqvist1, Guillaume P. Ramstein2, Joseph Evans3, Brieanne Vaillancourt3, Emily Crisovan3, Megan Sue Taylor4, 
Yiwei Jiang4, C. Robin Buell3, Shawn Kaeppler1 and Michael Casler5, (1)Department of Agronomy and DOE Great Lakes 
Bioenergy Research Center, University of Wisconsin - Madison, Madison, WI, (2)Department of Agronomy, University of 
Wisconsin - Madison, Madison, WI, (3)Department of Plant Biology and DOE Great Lakes Bioenergy Research Center, Michigan 
State University, East Lansing, MI, (4)Department of Agronomy, Purdue University, West Lafayette, IN, (5)USDA Dairy Forage 
Research Center, Madison, WI 
Switchgrass is a priority crop for cellulosic biofuel production. Late-flowering lowland varieties have the potential to be more productive than 
adapted upland varieties in the north, but are susceptible to winter damage. Therefore, it would be desirable to combine the late-flowering 
lowland trait with the adaptation traits of uplands. The goal of this study is to genetically map flowering time genes in switchgrass. A pseudo-F2 
population was generated by crossing two F1 siblings that had been produced by a cross between the lowland variety “Ellsworth” and the upland 
variety “Summer”. The population was planted at two locations, DeKalb, Illinois and West Lafayette, Indiana. All individuals were scored for 
flowering time during the 2015 growing season. Grandparent plants differed in flowering time by an average of six weeks, while the range in the 
F2 progeny was nine weeks. The F2 population flowered 40 days earlier in West Lafayette than in DeKalb, although the genotype ranking for 
flowering time was largely consistent between the two locations. Exome-capture sequencing was used to produce single nucleotide 
polymorphism (SNP) genotypes of the parents and progeny. We will report on construction of the genetic map and provide preliminary 
information from quantitative trait loci (QTL) analysis. 
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Genetic Variation of Flowering Time and Biomass in Switchgrass 
Megan Sue Taylor1, Carl-Erik I. Tornqvist2, Paul Grabowski3, Michael Casler3 and Yiwei Jiang1, (1)Department of Agronomy, 
Purdue University, West Lafayette, IN, (2)Department of Agronomy and DOE Great Lakes Bioenergy Research Center, University 
of Wisconsin - Madison, Madison, WI, (3)USDA Dairy Forage Research Center, Madison, WI 
The timing of phase change from juvenile (vegetative) to adult with reproductive competence is a key factor influencing biomass yield of 
switchgrass. A decline in biomass yield is typically observed in switchgrass immediately following completion of flowering. In temperate 
regions of the USA, if flowering time can be delayed about 4-5 weeks, biomass yield can potentially increase 30-50%. The use of late-flowering 
switchgrass genotypes has proven an effective mechanism to increase biomass production in the northern USA. However, genetic mechanisms of 
flowering and biomass are not well understood in switchgrass. The goal of this project is to identify genetic variation of flowering time and 
biomass in switchgrass mapping population and identify genes controlling flowering time and biomass. Data of heading date, flowering time, and 
biomass were collected from the segregating population (~250 individuals) derived from upland (early flowering) and lowland (late flowering). 
In year 2015, the heading date and flowering time of segregating population ranged from 176 to 224 and 191 to 254 days in Lafayette, IN and 
from 181 to 270 and 201 to 270 days in DeKalb, IL, respectively. Individual plant biomass of the population is being analyzed. Genetic variation 
of flowering time and plant biomass provides an important basis for identifying quantitative trait loci that control flowering time and plant 
biomass. Knowledge generated from the project will aid breeding programs in developing late flowering varieties of switchgrass that fully utilize 
the growing season and achieve high biomass yield.  
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Transcriptome Analysis of Two Switchgrass Ecotypes: AP13 (lowland) and VS16 (upland) 
Elizabeth Fiedler1, Vasudevan Ayyappan2, Venkateswara R. Sripathi3, Malay C. Saha4, Jyothi Thimmapuram5, Ketaki Bhide6 and 
Venu (Kal) Kalavacharla2, (1)Delaware State University, Dover, DE, (2)Molecular Genetics & Epigenomics Laboratory, Delaware 
State University, Dover, DE, (3)Center for Molecular Biology, Alabama A&M University, Normal, AL, (4)The Samuel Roberts 
Noble Foundation, Ardmore, OK, (5)Bioinformatics Core, Purdue University, West Lafayette, IL, (6)Purdue University, West 
Lafayette, IN 
Switchgrass is a C4 perennial grass used as a biofuel crop because of its high carbon storage potential, biomass conversion ratio, diverse 
propagative abilities, and inherent tolerance to several biotic and abiotic stresses. Lowland ecotypes are typically favorable for their high biomass 
yield as well as heat and drought tolerance. In some areas, upland ecotypes are favored for their adaptability to cold conditions. Switchgrass 
ecotypes, AP13 (lowland) and VS16 (upland), were grown in greenhouse and leaf samples were collected. Total RNA was isolated from these 
samples, cDNA was synthesized, and libraries were constructed and sequenced on Illumina HiSeq2500. Sequences were analyzed using TopHat 
and Cufflinks to identify differential gene expression between the contrasting ecotypes. This study identified 5,369 and 6,620 significantly (>2-
fold) expressed genes in AP13 and VS16, respectively. The transcripts were annotated and differentially expressed genes were classified based 
on their function and physiological processes. Over 100 transcription factors were differentially expressed between the two ecotypes. KEGG 
pathway analysis identified pathways related to biomass production in these ecotypes, including C4 photosynthesis, photorespiration, and 
phenylpropanoid pathways. Several genes involved in stress responses related to drought, heat, flooding, salinity, and pathogen defense were 
identified. RNA binding proteins, Mei2-like, pumilio, and RRM domain containing proteins were also found and are implicated in post-
transcriptional gene regulation. Differentially expressed genes from each category were selected and validated with RT-PCR and qRT-PCR. This 



study provides comprehensive transcript profiling in the switchgrass ecotypes and will aid in exploring genetic potential for future crop 
improvement efforts. 
 
P0018: Bioenergy 
Regulation of Crown Root Growth in Monocots 
Muh-ching Yee1, Jose Sebastian1, Heike Lindner1, Henry D. Priest2, Todd C. Mockler3 and Jose Dinneny1, (1)Carnegie Institution 
for Science, Stanford, CA, (2)Donald Danforth Plant Science Center, St. Louis, MO, (3)Donald Danforth Plant Science Center, 
Saint Louis, MO 
Root acclimation to environmental signals is essential for plant survival. Though they are hidden from view during growth in soil, conditions 
encountered by the roots determine the size, shape and developmental rate of the entire plant.  
Monocot root systems can be categorized into embryonic and post-embryonic based on their origin. Unlike in dicots, shoot-borne crown roots 
and associated lateral roots form the major part of the monocot root system. Our lab is studying root development and response to water deficit in 
two model monocot species, Setaria viridis and Brachypodium distachyon. Both species demonstrate great sensitivity to water availability by 
inhibiting the growth of crown roots in low water conditions, and responding to rewatering by rapid growth of new crown roots.  We have made 
transgenic luciferase-expressing plants that can be imaged in thin sheets of soil termed GLO-Roots (Growth and Luminescence Observatory for 
Roots). This allows us to analyze changes in root system architecture during growth in soil over the course of weeks and to study water deficit 
responses under physiologically relevant conditions.  
We are analyzing data from RNAseq performed on root crowns of Setaria viridis grown in watered or water deficit conditions to look for genes 
differentially expressed during crown root suppression.  
What we learn from Setaria and Brachypodium will be directly translatable to the bioenergy and agriculturally important crop plants, such as 
maize, sorghum, switchgrass and sugarcane, that are their closest relatives. 
 
P0019: Bioenergy 
Prediction of Genotypic Estimated Breeding Value of Prairie Cordgrass (Spartina pectinate Link) using a Genome-Wide 
Procedure 
Jia Guo1, Moonsub Lee1, Joseph Crawford2, Patrick J. Brown3 and D.K. Lee1, (1)University of Illinois Urbana-Champaign, Urbana, 
IL, (2)Washington State University, Pullman, WA, (3)University of Illinois, Urbana-Champaign, Urbana, IL 
Prairie cordgrass (Spartina pectinate Link) is a warm season, C4 perennial grass native to most of North America.  Prairie cordgrass has been 
used in conservation practices for stream bank stabilization and riparian vegetation and also has been recently gaining attention as a dedicated 
energy crop grown on marginal land due to its excellent tolerance to abiotic stresses. The effectiveness of breeding programs for prairie cordgrass 
can be challenged due to the length of breeding cycle and constant phenotypic assessment of biomass yield related traits. In this study, we are 
able to explore the genetic variance and genotypic estimated breeding value of bi-parental prairie cordgrass populations. Bi-parental lines were 
created by crossing among 7 diverse natural prairie cordgrass populations. A total of 255 F1 progenies were established in a research nursery at 
Energy Farm, Urbana, IL, in 2013. Individual plants were phenotyped over two years, and genotyped using an Illumina Hi-Seq 2000 platform. 
Our phenotypic results indicated that there is a considerable breeding potential among the F1 progenies. A genomic selection by predicting the 
genotypic estimated breeding value was perused to increase the breeding cycle in prairie cordgrass, particularly for biomass yield related traits 
such as tiller weight, tiller length, and tiller number. Progenies with high estimated breeding value will be used for future breeding programs of 
developing prairie cordgrass as a biofuel feedstock. 
 
P0020: Bioenergy 
Differential Intron Retention Is a Key Component of Alternative Splicing-Driven Adaptation to Abiotic Stress in 
Transcriptome of Western Poplar (Populus trichcarpa) 
Sergei Filichkin1, Micheal Hamilton2, Palitha Dharmawardhana3, Asa Ben-Hur2, Anireddy Reddy2 and Pankaj Jaiswal3, (1)Oregon 
State University, Corvallis, OR, (2)Colorado State University, Fort Collins, CO, (3)Department of Botany & Plant Pathology, 
Oregon State University, Corvallis, OR 
Alternative splicing (AS) of precursor messenger RNAs (pre-mRNAs) is a widespread phenomenon in plants, with 42-61% of intron-containing 
genes exhibiting AS. Intron retention (IR) is a predominant class of AS events in plants. We investigated the repertoire and extent of the IR in 
key tissue types of western poplar under osmotic (dehydration or high salinity) and thermal stresses (heat or cold). Stress-induced differential IR 
(DiffIR) events were identified using the iDiffIR software. Abiotic stresses induced wide spectrum of DiffIR across poplar transcriptome. A total 
of 1654 unique genes in leaf, root, and xylem tissues harbored DiffIR events induced by both short- and long-term cold, dehydration, high 
salinity, and heat treatments. Osmotic stress produced two subsets of differentially retained introns: a) DiffIR events regulated exclusively by a 
drought and/or high salinity and b) ubiquitous DiffIR events which were also induced by other abiotic treatments. Only limited proportions of 
DiffIR events overlapped between short- and long-term dehydration treatments. However, some transcripts harboring multiple DiffIR events 
displayed a “super- stress response” across a broad spectrum of treatments. Stress-driven DiffIR were present in many key gene families 
regulating cell wall metabolism, splicing, stress-response, plant development, and circadian rhythms. 
 
P0021: Bioenergy 
Genetic Variation and Genomic Associations of Leaf Physiological Traits in an Association Population of 
Populus trichocarpa 
Kori K. Ault1, Steven H. Strauss1, Anna C. Magnuson1, Scott Kiel2, H. Rose McClung2, Upendra K Devisetty1, Luke Evans3, Hari 
Chhetri3, Gerald A. Tuskan4, Wellington Muchero4, Alejandro Riveros Walker3, Eli Rodgers-Melnick5, Stephen DiFazio3 and Todd 
Rosenstiel2, (1)Oregon State University, Corvallis, OR, (2)Portland State University, Portland, OR, (3)West Virginia University, 



Morgantown, WV, (4)Oak Ridge National Laboratory, Oak Ridge, TN, (5)Institute for Genomic Diversity, Cornell University, 
Ithaca, NY 
As part of a USDA funded project to examine the relationship of structural polymorphisms to interspecific heterosis, we characterized the extent 
of genetic variation of a number of leaf physiological traits in an association population planted in Corvallis, Oregon.  The population contains 
vegetative propagules from 1,035 genotypes collected in the Pacific Northwest that are planted in randomized blocks. The population and 
associated genome sequence data has been shown to be effective for identifying the genomic locations of genes affecting a diversity of adaptive 
and productivity traits.  The traits we studied include light and dark-adapted fluorescence, chlorophyll content, leaf size and specific mass, and a 
number of measures of biomass productivity.  We will report on the heritability, genetic correlations, and genomic associations of these traits.  
We thanks the USDA, through the USDA/DOE Plant Feedstock Genomics for Energy Grant Program, Award #2013-67009-21008, for funding. 
 
P0022: Bioenergy 
Field Performance of Transgenic Sugarcane with Reduced Chlorophyll Content, Altered Chloroplast Size and Elevated 
Levels of PPDK 
Baskaran Kannan1, Ratna Karan1, Aleel Grennan2, Nikhil Sankara Jaikumar2, Aloisio Vilarinho1, Xiaoguo Zhang1, Jae Yoon 
Kim1, Xiuhua Chen1, Rebecca A. Slattery2, Stephen P. Moose2, Stephen Long2, Don Ort2 and Fredy Altpeter1, (1)University of 
Florida - IFAS, Gainesville, FL, (2)University of Illinois, Urbana-Champaign, Urbana, IL 
Sugarcane has a C4-type metabolism for fixation of carbon, allowing it to produce enormous amounts of biomass in tropical and subtropical 
regions. Genetic improvement of photosynthetic efficiency can theoretically be achieved by targeting higher photosynthetic rates/unit of leaf area 
and by developing the most photosynthetically effective canopy. Recent modeling work indicates that the C4 photosynthetic machinery may 
currently be limited by inadequate pyruvate orthophosphate dikinase (PPDK) levels. Alternatively, light distribution within the sugarcane canopy 
may limit biomass yield. Therefore, we explored RNAi suppression of candidate genes which may enhance light transmission into the canopy as 
well as overexpression of PPDK. Field performance of transgenic sugarcane with elevated PPDK levels, reduced chlorophyll content or altered 
chloroplast size will be presented. 
 
P0023: Bioenergy 
Transcriptional Profile of Elongating Energy Cane Internode Reveals Insights Through Vascular Bundle Lignification 
Karina Yanagui1, Eduardo L. O. Camargo1, Sheila Tiemi Nagamatsu1, Sulamita de Freitas Franco1, Leandro Costa Nascimento1, 
José Antonio Bressiani2, Marcelo Falsarella Carazzolle1 and Gonçalo Amarante Guimarães Pereira1, (1)Genomics and Expression 
Laboratory - University of Campinas (UNICAMP), Campinas, Brazil, (2)Graal Bioenergy, Campinas - SP, Brazil 
Second-generation biofuel and/or biochemical industries will rely on dedicated crops for its economic sustainability. The ideal feedstock needs to 
produce biomass in high amounts and quality, which is directly linked to the cell wall composition. Energy cane is a high-biomass dedicated 
crop, selected during Saccharum breeding program to fit particular industrial needs of 2G bioethanol production. To investigate cell wall 
deposition and composition during biomass development, we select an elongating internode of energy cane pre-commercial hybrid. To 
characterize this process we divide the internode in five sections and performed a detailed RNAseq and histological cell wall analysis. The 
phoroglucinol stain revealed a remarkable gradient that range from cell division and protoxylem lignification to the internode maturation and 
complete vascular bundle lignification. This was also addressed by RNAseq analysis that revealed more 11,000 differentially expressed genes 
between the internode sections. Gene ontology analyses showed enriched categories in each section.  In agreement to hystochemical analysis, 
expression profile of the lignification genes showed the same gradient pattern with high expression in those sections with complete lignified 
vascular bundles. Gene expression analysis revealed promising candidates for transcriptional regulation of energy cane lignification. 
 
P0024: Bioenergy 
Mutagenesis and Genomic Analysis in the Bioenergy Species Arundo donax 
Fabio Valli1, Daniele Trebbi2, Davide Scaglione3, Danara Ormanbekova1, Simone Scalabrin3, Federica Cattonaro3, Andrea Monti1, 
Roberto Tuberosa1 and Silvio Salvi1, (1)DipSA - University of Bologna, Bologna, Italy, (2)GENETICLAB SRL, Pordenone, Italy, 
(3)IGA Technology Services, Udine, Italy 
Giant reed (Arundo donax L.) is a perennial C3 Poaceae species of emerging interest for bioenergy and phytoremediation exploitation. Recent 
investigations highlighted its high efficiency as to carbon accumulation and biomass production in the Mediterranean environment (>40 t of dry 
matter/ha/year), and for biogas or second generation bioethanol production. A. donax completely lacks sexual reproduction and only propagates 
vegetatively. As a  consequence, very little genetic variation is found between naturally occurring ecotypes precluding breeding efforts. We 
utilized physical mutagenesis with gamma and Fast-Neutron irradiation treatments of in-vitro leaf-derived plant materials in order to increase the 
genetic variability of the species. For gamma-ray treatment, LD50 was reached with irradiation doses between 40 and 60 Gy. Plants were 
regenerated, hardened in pots and transferred to the field after 11-18 months. A total of approx. 1,100 independently regenerated plants are 
currently available and phenotypic observations have started. The nature of the induced mutations is being investigated by means of a two-
enzyme Genotyping-By-Sequencing approach on a subsample of the collection.  To our knowledge, these are the first results of artificially 
induced mutagenesis in A. donax. Project funded by the FP7 EU program WATBIO. 
 
P0025: Bioenergy 
Mutant and Tilling Populations of Pennycress (Thlaspi arvense), a New Model Plant and Oilseed Winter Annual Cover Crop 
Malihe Esfahanian1, Michaela McGinn1, Evan B. Johnson2, Erin Daniels3, M. David Marks3 and John C. Sedbrook4, (1)Illinois 
State University, Normal, IL, (2)University of Minnesota, St Paul, MN, (3)University of Minnesota, St. Paul, MN, (4)Illinois State 
University, GLBRC, Normal, IL 
Pennycress (Thlapsi arvense) is a Brassica species related to Arabidopsis and rapeseed canola that is being developed as a new winter annual 
oilseed cover crop to be grown throughout the U.S. Midwest Corn Belt, planted in the fall at the time of corn harvest and harvested in the spring 



in time to plant soybeans (Sedbrook et al., 2014). Pennycress could also serve as a useful model system, comparable and complementary to 
Arabidopsis, for answering agronomic or environmental response questions or in instances where larger cell sizes or greater quantities of tissue 
would be advantageous. Pennycress grows well alongside Arabidopsis as well as in tilled fields, has a relatively small diploid genome that has 
been sequenced (Dorn et al., 2015), and is easily genetically transformed using an Agrobacterium-mediated vacuum infiltration floral dip method 
(McGinn et al., in preparation). To facilitate the adoption of pennycress, we have generated large EMS and fast neutron mutant populations of 
both spring-type and winter-type pennycress accessions, and are in the process of establishing Targeted Induced Local Lesions IN Genomes 
(TILLING) platforms for performing reverse genetic screens to identify mutations in genes of interest. Initial forward genetic screens have 
identified a variety of developmental and morphological mutants, many of which look similar to those previously reported in Arabidopsis. 
Moreover, we have identified a number of mutations that could improve agronomic attributes of pennycress including reduced seed dormancy, 
reduced pod shatter, increased seed size, and early senescence. For this poster, we will provide background information on pennycress as well as 
information on the TILLING platform and a sampling of the mutants and underlying mutations that have been identified.  
Sedbrook, J.C., Phippen, W.B., and Marks, M.D. (2014) New approaches to facilitate rapid domestication of a wild plant to an oilseed crop: 
example pennycress (Thlaspi arvense L.). Plant Science 227: 122-132.  
Dorn, K.M., Fankhauser, J.D., Wyse, D.L., and Marks, M.D. (2015) A draft genome of field pennycress (Thlaspi arvense) provides tools for the 
domestication of a new winter biofuel crop. DNA Research (doi: 10.1093/dnares/dsu045). 
 
P0026: Bioenergy 
Sustainable Biomass Production Using Plant Growth Promoting Microbial Endophytes 
Sharon L. Doty1, Andrew W. Sher2, Zareen Khan1, Neil D. Fleck1, Andrea Firrincieli3, Thomas H. DeLuca1 and Soo-Hyung Kim1, 
(1)University of Washington, Seattle, WA, (2)University of California, San Diego, La Jolla, CA, (3)University of Tuscia, Viterbo, 
Italy 
Symbiotic microorganisms can have profound impacts on plant growth and resilience.  Poplar and willow are early-successional pioneer plant 
species that thrive in N-limited environments across the Northern hemisphere.  We have quantified N-fixation in wild poplar plants at a natural, 
cobble-dominated riparian area.  A variety of diazotrophic (N2 fixing) endophytes (microbes within plants) were isolated from within the wild 
poplar.  These endophytes not only fix N2, they also produce plant hormones, solubilize phosphate, and produce siderophores and antifungal 
compounds.  They were shown to be mutualistic symbionts by adding them to other plant species, including turfgrasses, Douglas-fir, corn, rice, 
and a variety of other agronomically-important plants for improved growth and health in nutrient-limited conditions.  When the endophytes from 
wild poplar were added to hybrid poplars under greenhouse conditions, there was a significant increase in nitrogen fixation.  The endophytes also 
conferred drought tolerance, reduced ROS, increased plant growth and improved photosynthetic parameters during drought stress.  Genomic 
analysis of the strains provided information on multiple potential mechanisms by which the endophytes could promote plant growth and 
resilience.  By using symbiosis with microbial endophytes, substantial increases in plant biomass and yields could be attained with reduced 
inputs, improving the economic and environmental sustainability of bioenergy production. 
 
P0027: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
FastMiR: An RNA-based Sensor for in vitro Detection of Small RNA 
Kun Huang1, Francis Doyle2, Zach E. Wurz2, Scott A. Tenenbaum2, Jeffry L. Caplan1 and Blake C. Meyers1, (1)University of 
Delaware, Newark, DE, (2)State University of New York, Albany, NY 
The direct detection of small RNAs could revolutionize analyses of small RNAs. These 21- to 24-nucleotide molecules, including microRNAs 
(miRNAs) and small interfering RNAs (siRNAs), play a variety of important regulatory roles in plants and animals. Here we describe an RNA-
based, fluorescence sensor for small RNA detection that utilizes the fluorophore-binding sequence of “Spinach”, a GFP-like RNA aptamer for 
which the RNA-fluorophore complex exhibits strong and consistent fluorescence under excitation wavelength when combined with the sxRNA 
switch for detection of miRNA-mRNA interactions. Our sensors, FastMiR171 and FastMiR122, can rapidly detect and quantify the levels of 
miR171 and miR122 in vitro with similar sensitivity to small RNA sequencing. We demonstrate that live cell imaging using a Spinach-based 
RNA aptamer is possible, but presently lacks the sensitivity for in vivo studies. However, with advances in fluorescent RNA aptamer detection in 
vivo, our sensor would have applications in localizing and tracking small RNAs and RNAs in live cells. 
 
P0028: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Comparative Analysis of Plant Immune Receptor Architectures Uncovers Host Proteins Targeted By Pathogens 
Panagiotis Sarris1, Volkan Cevik2, Gulay Dagdas2, Jonathan Jones2 and Ksenia V Krasileva3, (1)University of Exeter, Exeter, 
United Kingdom, (2)The Sainsbury Laboratory, Norwich, United Kingdom, (3)The Genome Analysis Centre, The Sainsbury 
Laboratory, Norwich, United Kingdom 
Plants deploy immune receptors to detect pathogen-derived molecules and initiate defense responses. Intracellular plant immune receptors called 
NLRs contain a central Nucleotide Binding domain followed by a series of Leucine rich Repeats, and are key initiators of plant defense 
responses. However, recent studies demonstrated that NLRs with non-canonical domain architectures play an important role in plant immunity. 
These composite immune receptors are thought to arise from fusions between NLRs and additional domains that serve as baits for the pathogen-
derived effector proteins, thus enabling pathogen recognition.We have scanned available plant genome sequences for the full spectrum of NLR-
fusion events to evaluate the diversity of such integrations of potential sensor domains across flowering plants, including 19 crop species. We 
manually curated wheat and brassicas and experimentally validated a subset of fusions in wild and cultivated wheat varieties. We have examined 
NLR fusions that occur in multiple plant families and identified that some domains show re-occurring integration across lineages. Proteins fused 
to NLRs overlap with previously identified pathogen targets confirming that they act as ‘baits’ for the pathogen. While some fusions have been 
previously implicated in disease resistance, others provide new targets for engineering durable resistance to plant pathogens. We have built a 
robust reproducible pipeline for detecting variable domain architectures in plant immune receptors across species. We hypothesize that NLR-
fusions we reveal provide clues to the host proteins targeted by pathogens and that this information can be deployed to discover new sources of 
disease resistance.  



This abstract and project presents original unpublished work which is curently in review for publication 
 
P0029: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Re-Designing Regulatory Networks Underlying Plant Stress Responses 
Katherine Denby, University of Warwick, Coventry, United Kingdom 
Plant responses to abiotic and biotic stress involve large-scale transcriptional reprogramming. We are elucidating the gene regulatory networks 
underlying these transcriptional responses to the environment using a combination of experimental and computational/mathematical tools. We 
generated high-resolution time series expression data from Arabidopsis leaves following pathogen infection (bacterial and fungal), drought, and 
high light. This time series data has enabled us to resolve the chronology of these stress responses and identify transient changes in gene 
expression. We have generated transcriptional network models predicting regulatory relationships between differentially expressed transcription 
factors and used network features to identify key regulators of Arabidopsis stress responses. Network comparison has highlighted interactions 
common to multiple responses and those that appear to be more stress-specific. We have extended the network models by identifying groups of 
genes co-regulated across multiple stress responses and validated the models by experimentally testing regulatory predictions from simulations. 
Simulations of the network models can be used to predict how to enhance beneficial transcriptional responses to stress and as such increase the 
stress tolerance of Arabidopsis. 
 
P0030: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Plant Reactome: A Resource for Comparative Plant Pathway Analysis 
Pankaj Jaiswal1, Justin Preece2, Peter D'Eustachio3, Sushma Naithani1, Justin L. Elser1, Antonio F. Mundo4, Joel Weiser5, Sheldon 
McKay5, Parul Gupta6, Lincoln Stein5 and Doreen Ware7, (1)Department of Botany & Plant Pathology, Oregon State University, 
Corvallis, OR, (2)Department of Botany & Plant Pathology, Oregon State University, Corvallis, OR, (3)NYU School of Medicine, 
New York, NY, (4)European Bioinformatics Institute, Hinxton, United Kingdom, (5)Ontario Institute of Cancer Research, Toronto, 
ON, Canada, (6)Department of Botany & Plant Pathology, Oregon State University, CORVALLIS, OR, (7)Cold Spring Harbor 
Laboratory/USDA-ARS, NY, NY 
The Plant Reactome database (http://plantreactome.gramene.org/) developed collaboratively by Gramene and the human Reactome project hosts 
metabolic, genetic and signaling pathways for several model and crop plant species. The Reactome data model organizes gene products, small 
molecules and macromolecular interactions into reactions and pathways in context of their subcellular location to build a systems-level 
framework of an eukaryotic cell. The Plant Reactome features Oryza sativa (rice) as a reference species that was built by importing RiceCyc 
metabolic network; adding highly conserved projected pathways (e.g., cell cycle, DNA replication, transcription, translation, etc.) from human 
Reactome; and curating new metabolic, signaling and genetic pathways. The Plant Reactome database now contains 238 rice reference pathways 
and orthology-based pathway projections for 33 plant species. Plant Reactome allows users to i) compare pathways across various plant species; 
ii) query and visualize curated baseline and differential expression data available in the EMBL-EBI’s Expression Atlas in context of pathways 
listed in the Plant Reactome; and iii) analyze genome-scale expression data and conduct pathway enrichment analysis to identify pathways likely 
to be modulated in response to environmental stresses and experimental treatments. Plant Reactome data links to gene loci pages in the genome 
section of the Gramene and to external sources like, UniProt, PIR, ChEBI, PubChem, PubMed, and GO.  Users can access/download our data in 
various formats from our web site and via APIs. The presentation will discuss tools for pathway enrichment analysis and homologue pathway 
comparison, development of the Plant Reactome portal, curation of reference rice pathways, and phylogeny based analyses of projected pathway 
annotations. The Gramene database project is supported by an NSF award (IOS-1127112). Intellectual and infrastructure support for the Plant 
Reactome is provided by the Human Reactome award (NIH: P41 HG003751, ENFIN LSHG-CT-2005-518254, Ontario Research Fund, and EBI 
Industry Programme). 
 
P0031: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
New Insights into Meiotic Recombination from Analyses of DNA Synthesis Gene Functions 
Yingxiang Wang, State Key Lab of Genet Eng, Sch of Life Sci., Fudan Univ., Shanghai, China 
Meiosis halves diploid genomes to haploid and is essential for sexual reproduction in eukaryotes. Meiotic recombination ensures the proper 
segregation of homologous chromosomes and also results in the redistribution of genetic materials among progeny. DNA synthesis is essential 
for meiotic recombination, but the molecular mechanisms of DNA synthesis in meiotic recombination are largely unknown. We previously used 
RNA-seq to investigate the Arabidopsis male meiocytes and found many DNA synthesis genes with higher expression at meiocytes, suggesting 
their potential roles in meiosis. Further studies using molecular genetic, cell biological and biochemical approaches provided strong evidence that 
lagging strand DNA synthesis genes are required for the formation of meiotic interference-sensitive crossovers (COs), supporting the idea that 
meiotic recombination requires lagging strand DNA synthesis. Moreover, genome re-sequencing analyses in both yeast and plants showed that 
meiotic gene conversion tracts vary in length, ranging from several hundreds to thousands of nucleotides and that tracts associated with CO are 
usually longer than those of NCO. This raises a question whether there is any difference in DNA synthesis among CO-associated tracts with 
different lengths. Analyses of the largest subunit of DNA polymerase ε, important for leading strand elongation, demonstrated that it has a role in 
promoting formation of a portion of meiotic interference-sensitive COs, suggesting that sufficient leading strand DNA elongation could be a 
critical step of interference-sensitive/insensitive CO differentiation. Together, given that meiotic recombination and DNA synthesis are highly 
conserved in divergent eukaryotes, our studies suggest a novel role for DNA synthesis in the differentiation of meiotic recombination pathways. 
 
P0032: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Rice Stress-Response Gene-Network: An Example of Community Curation in WikiPathways for Plants 
Sushma Naithani1, Christina Partipilo1, Bijayalaxmi Mohanty2, Dong-Yup Lee2 and Pankaj Jaiswal1, (1)Department of Botany & 
Plant Pathology, Oregon State University, Corvallis, OR, (2)National University of Singapore, Singapore, Singapore 
In recent decades, genome-scale expression studies have allowed identification of genes and gene-networks associated with both biotic and 
abiotic stress responses in plants. However, an interactive, curated model of a plant's stress-response network is lacking. We created rice stress-



response interactome consisting of 500 rice (Oryza sativa) genes using WikiPathways based on published studies and analysis of transcriptomic 
data sets available in the public domain. We identified set of up- and down-regulated network hubs that are shared between rice biotic and abiotic 
stress-response subnetworks. The rice stress-response networks described herein, is freely available on the plants Wikipathways portal 
(http://www.wikipathways.org/index.php/Portal:Plants). Researchers can further curate components of this gene network, links to external 
resources, and add relevant information as new knowledge becomes available. Furthermore, users can edit/visualize this network model online 
and conduct analysis of their expression data using the expression viewer and statistical analysis features built into the desktop version of the 
PathVisio. We invite researchers to register free of charge at Wikipathways and help curate important plant pathways. 
 
P0033: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Time of Day Analysis of Plant Responses to Abiotic Stress 
Jigar Desai, North Carolina State University, Raleigh, NC 
Plants have an internal clock that mediates almost all daily activities. The entrainment of this circadian clock by light/warm days and dark/cold 
nights coordinates internal molecular responses with the environment and allows the plant to anticipate recurring environmental changes. While 
the regulation of the circadian clock is well studied in Arabidopsis thaliana, much less is known about the influence the circadian clock in 
monocot plants. Recent evidence has shown that both biotic and abiotic stress responses are dependent upon the time of day that the stress is 
encountered.  We are investigating the connection between time of day and abiotic stress response in Oryza sativa. Currently, we have observed 
that the transcriptomic, metabolomic, and phenotypic responses to abiotic stress show substantial differences in both lab and field settings when 
the same stress is applied at different times of day. Considering more than 80% of the transcriptome shows differential expression between day 
and night in a healthy, non-stressed plant (Filichkin), it is no surprise that the transcriptional response networks also vary drastically and result in 
a time of day dependent stress response. We believe this daily time-dependent modulation of the transcriptional landscape can be used as a 
powerful tool to uncover the specific relationships that link stress to resulting metabolic and physiological phenotypes. We are developing a 
novel bioinformatics approach, using machine-learning techniques, to take advantage of the temporal relationship between transcripts and 
metabolites and identify new markers for stress tolerance. 
 
P0034: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Enhanced Rice Growth and Whole Plant Metabolism Is Conferred by Increased Leaf and Seed ADP-Glucose 
Pyrophosphorylase Activity 
Alanna J Oiestad1,2, John M. Martin2, Brian S. Beecher3 and Mike Giroux1, (1)Montana State University, Bozeman, MT, 
(2)Montana State Univ, Bozeman, MT, (3)USDA-GIPSA, Kansas City, MO 
Leaf and seed starch biosynthesis are both important to cereal crop yield in that carbohydrates are stored transiently as starch in leaves and long 
term as starch in seeds.   ADPglucose pyrophosphorylase (AGP) is the rate-limiting step in starch biosynthesis.  The lack of AGP, and starch 
production, in leaves or seeds diminishes plant productivity while AGP up-regulation has been shown to increased yield.  In our experiments we 
are testing the role of rice leaf and seed AGP upon whole plant productivity and global gene expression.   Data obtained from replicated yield 
trials indicates that overexpression of both leaf and seed AGP is beneficial to plant growth and produces greater yield increases than observed 
with expression of the leaf or seed AGP transgene alone.  In fact, plants overexpressing the seed transgene did not exhibit yield increases, but 
those overexpressing the leaf transgene had significantly increased biomass (24%) and seed yield trended 8% higher in the form of increased 
seed number.  Plants with expression of both the leaf and seed starch transgenes had significantly increased biomass (60%) over the wild type 
and seed yield trended 16% higher.   Global expression analysis and measurements of leaf metabolites indicates that overexpression of leaf and 
seed AGP leads to increased expression of several starch biosynthetic genes and increased levels of several key metabolites. 
 
P0035: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Identification of Rice Secondary Cell Wall Associated Regulators via Genome-scale Network Analysis 
Kangmei Zhao1, Fan Lin1, Prasenjit Saha1, Hyung-Jung Goh2, Gynheung An2, Ki-Hong Jung2 and Laura Bartley1, (1)University of 
Oklahoma, Norman, OK, (2)Kyung Hee University, Yongin, South Korea 
Grasses cover approximately 20% of terrestrial land and provide 50% of human calories. When dried, secondary cell walls (SCW) are the bulk of 
grass biomass. Despite the difference between grass and dicot SCW components and patterning, relatively little is known about grass SCW 
regulators. To map the grass SCW regulatory cascade, we developed a generalized linear model-based scoring system to build the Rice 
Combined mutual Ranked (RCR) network with data from three publicly available rice coexpression and functional genome-scale networks, 
namely, ROAD, PlaNet and RiceNet. The RCR network covers ~90% of the genome and to our knowledge, it is the most complete rice network 
developed so far. We evaluated the network quality with biological process GO terms using Receiver-Operating Characteristic curves assessed 
by the area under the curve (AUC). The AUC of the RCR network is greater than the original networks, suggesting it is also a high-quality 
network. Next, we extracted a cell wall network with rice homologs of known Arabidopsis cell wall-related transcription factors, lignin 
biosynthesis genes and grass-diverged cell wall crosslinking enzymes (acyltransferases). The cell wall network identifies 37 unstudied putative 
cell wall-associated transcription factors in addition to recalling 85% of expected interactions between transcription factors and cell wall 
synthesis genes. Our transient gene expression assays in rice protoplasts validate 53% (8 out of 15) of the tested transcription factors. This study 
facilitates understanding of regulatory mechanisms among species to enable the control of SCW biosynthesis in grasses for improved fuel, feed, 
and fiber production. 
 
P0036: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
The Voltage-Dependent Anion Channel (VDAC) Gene Family Is Involved in the Formation of Honglian(HL)- Cytoplasmic 
Male Sterility (CMS) in Rice 
Xin Xu1, Yanping Tan1, Yonghua Qin1, Gang Cheng2 and Chuntai Wang1, (1)South-Central University for Nationalities, Wuhan, 
China, (2)South Central University for Nationalities, Wuhan, China 



The voltage-dependent anion channel (VDAC), also known as a mitochondrial porin, plays an important role in the regulation of metabolic and 
energetic functions of mitochondria, as well as in mitochondria-mediated apoptosis. Cytoplasmic male sterility (CMS) is of major economic 
importance for commercial hybrid production and a research model for the interaction between nuclear and cytoplasmic genomes. Recent 
research has revealed that CMS is associated with programmed cell death. Here, we used the Honglian (HL)-CMS line of rice (Oryza sativa) as 
material to investigate the association of O. sativa VDAC (OsVDAC) expression to CMS. Eight VDACs were extracted from rice in this study. 
Bioinformatics analysis of the rice VDACs was conducted at the DNA, cDNA, and protein level. Expression patterns of OsVDACs were 
analyzed in different organs and during different stages of pollen development using sterile line YuetaiA (YTA), and its maintainer line YuetaiB 
(YTB). Differential expression of OsVDACs between YTA and YTB was observed, suggesting that VDACs may be involved in the formation of 
HL-CMS. 
 
P0037: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Investigation of Novel Transcripts and Differential Expression Genes for the Heterosis Metabolic Function in Maize 
Transcriptomes 
Jing Ji, Tianjin University, Tianjin, China 
Hybrid vigor, or heterosis, is the phenomenon whereby the progeny of particular inbred lines have enhanced agronomic superior phenotypes and 
stress tolerance relative to their parents and widely exploited in applied plant breeding. However, the responsible molecular mechanisms have not 
been determined. Understanding the novel transcripts(NTs）and differential expression genes (DEGs）is essential for studying the complexity 
of molecular mechanisms of hybrid vigor. Here, we present the first dynamic transcriptomes to switch on heterosis in cultivated maize. Using 
high-throughput paired-end RNA-seq, we have unambiguously detected 3 dynamic transcriptomes of maize hybrid F1 and both parents for the 
reaction after treated by NaCl. We sequenced 7,224Gb RNA that 3.14-fold coverage of the classic maize genome, and analyzed 71,364 cDNAs 
and compared 121 metabolic pathways to study the heterosis. We conducted a comparative analysis of hybrids and parental inbred lines, 
corresponding a rigorous algorithm showing only 865 DEGs and 257 NTs compared with its parental lines. DEGs and NTs with more 
significance will be carried out into functional analysis. The NTs and DEGs are validated by using RT-PCR (reverse transcription-PCR). 
Furthermore, the genes expression are detected via the real- time PCR experiments. The metabolic networks are conducted by HPLC and Gene 
Ontology to exhibit distinct features for hybrid line compared with its parental lines. Moreover, important genes are characterized by gene 
transformation to detect related function for the phenomenon of heterosis. A gene pool which is involed in switching on heterosis in maize will 
be created for prediction of hybrid performance and improvement of the efficiency in maize hybrid breeding programs.   
 
P0039: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
The Genetic Regulation of Tillering in Panicoid Grasses 
Andrew Doust1, Margarita Mauro-Herrera1, Julie Angle1, George Chuck2, Jennifer S. Hawkins3 and Clinton J. Whipple4, 
(1)Oklahoma State University, Stillwater, OK, (2)Plant Gene Expression Center, Albany, CA, (3)West Virginia University, 
Morgantown, WV, (4)Brigham Young University, Provo, UT 
Tillers are vegetative branches that grow at or near ground level in grasses, and largely determine grass biomass and grain yield. Tillering is a 
very plastic trait, affected by a multitude of different internal and external factors.  While several tillering genes have been identified in recent 
years in grasses such as maize and sorghum, it is unclear how these genes interact, whether they are part of a single pathway, how their 
expression is modulated by environmental inputs, and what other genes are involved.  To address these issues we are using three sequenced 
model panicoid C4 cereal crops, maize, sorghum and Setaria italica, which exhibit extreme reduction in tillering, together with their three 
progenitor wild species, which branch profusely.  Areas of investigation include 1) the use of forward genetics and chromatin 
immunoprecipitation to identify additional genes in the tb1/gt1 tillering pathway in maize, 2) the identification of candidate genes for tillering 
QTL in Setaria and sorghum, 3) high throughput sequencing of the tiller transcriptome and expression QTL in Setaria to build a tillering network 
in maize, sorghum, and Setaria for comparative analysis, 4) the development of reverse genetic tools in Setaria, and 5) the application of these 
results to modify tillering and improve agronomic traits in orphan African grain crops such as Tef (Eragrostis tef).  Our project also provides pre-
service and in-service science teachers with research and professional development to support innovative science learning experiences that take 
research experiences into classroom practice. 
 
P0040: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Searching for the Genetic Basis of Cold Tolerance in Maize’s Sister Genus Tripsacum 
Christine M. Gault1, Joshua S. Budka2, Nicholas K. Lepak2, Denise Costich3, Eli Rodgers-Melnick1 and Edward S. Buckler4, 
(1)Cornell University, Ithaca, NY, (2)USDA-ARS, Ithaca, NY, (3)Centro Internacional de Mejoramiento de Maíz y Trigo 
(CIMMYT), Mexico City, Mexico, (4)USDA-ARS-Cornell University, Ithaca, NY 
Grass species in the two genera Tripsacum and Zea differ in their ability to withstand freezing temperatures. Tripsacum genotypes from northern 
climates can overwinter in a dormant state, while freezing temperatures kill maize leaves. The Tripsacum genus diverged from the Zea genus 
fewer than 1.2 million years ago, and the two genera share an ancestral allopolyploid event (Ross-Ibarra et al., 2009; Chia et al., 2012). 
Tripsacum and maize share most of their gene content, yet the basis for freezing tolerance in Tripsacum and freezing sensitivity in maize remains 
unknown. As a first step toward finding cold tolerance genes in Tripsacum, we sequenced the genome of Tripsacum dactyloides cultivar “Pete”, 
which is adapted to the northern United States, and performed mRNA-seq on “Pete” and Tripsacum floridanum, which is adapted to subtropical 
and tropical climates. We searched for sequence variation in known cold tolerance genes between these two species. Additionally, we performed 
a preliminary freezing tolerance screen using 161 Tripsacum offspring from crosses between Tripsacum accessions from the northern and 
southern United States. A pedigree-based kinship matrix explained 14.5% of the total variation in RNA degradation scores three days after 
freezing stress, indicating that genetic variation within the population partly explains differing levels of freezing tolerance. Identifying genes that 
confer freezing tolerance in Tripsacum could enable the genetic engineering of a freezing-tolerant, high-yielding maize variety. Freezing-tolerant 
maize could be planted earlier in the spring or could be developed into an overwintering line tailored to the southern United States. 
 



P0041: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Transcriptomic Landscape of Zea mays Meiocytes in Three Inbred Lines 
Anitha Sundararajan1, Stefanie Dukowic-Schulze2, Thiruvarangan Ramaraj1, Joann Mudge1 and Changbin Chen2, (1)National 
Center for Genome Resources (NCGR), Santa Fe, NM, (2)University of Minnesota, St. Paul, MN 
The process of genetic recombination is important for an organism’s ability to survive, adapt, and evolve. Recombination occurs through 
crossing over during meiosis, the cell division process that reduces gametes to a haploid state. To study meiotic gene expression, we sequenced 
RNA from meiocytes. More specifically, meiocytes were isolated during the early stages of Prophase I, which is the hallmark of double strand 
breaks and crossing over. Meiocytes were isolated from three Zea mays inbred lines, namely, B73, Mo17 and CML228. The mechanisms driving 
meiosis are largely unknown and this study will help us gain a broad understanding of genes and pathways that are involved in the process of 
recombination.  Via our analysis, we provide insights into the transcriptomic landscape of meiocytes in all three inbred lines, which will in turn 
provide immense knowledge into the process of recombination and various regulatory aspects of early meiosis. 
 
P0042: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
A Step Toward the Development of Perennial Wheat: Characterization of Flowering Genes in Perennial Wheatgrasses and 
their Relationship to Wheat 
Shankar Pahari, Michelle Cradduck, Francois Eudes, André Laroche and Jamie Larsen, Agriculture and Agri-Food Canada, 
Lethbridge, AB, Canada 
Perennial wheat has yet to be realized. If successfully developed, it would provide the basis for a second green revolution based around truly 
sustainable production practices. Perennial growth habit is the result of continued alternation between vegetative and reproductive growth. An 
understanding of the basic flowering pathway has been developed in a number of annual species, including wheat, but the genetic basis 
regulating this process in perennials is very limited. To develop perennial wheat breeding on a repeatable scale, a full understanding of perennial 
habit in grasses most closely related to wheat must be attained. To complete this, we have cloned and characterized key flowering-time genes 
VRN1, VRN2, VRN3, PPD1 and TFL1 in the forage grass species Thinopyrum elongatum and Th. ponticum (tall wheatgrass) based on sequence 
available in public databases from annual cereals. Surprisingly, coding sequences for flowering genes in wheatgrass were highly conserved with 
annual cereals. Non-coding regions were less conserved and may be important in the regulation of perennial habit. Results from the quantitative 
expression analysis of these five flowering genes in wheat and wheatgrass show that their expression, when existing knowledge of flowering 
pathways in wheat and perennial brassica species are considered, follow a somewhat predictable model and is related to the stage of the plant’s 
life cycle. This first step toward understanding the perennial growth habit in wheatgrass is critical for accelerating the development of perennial 
wheat and has the additional benefit of providing useful insights for perennial forage grass development. 
 
P0043: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
A Small RNA Sequencing Analysis of the Wheat-Powdery Mildew Interaction 
Salim Bourras, Coraline R. Praz, Thomas Wicker and Beat Keller, University of Zurich, Zurich, Switzerland 
In plant pathogenic fungi, little is known about the role of small RNAs in the interaction with the host. Powdery mildews are highly specialized 
obligate biotrophs and major fungal pathogens of cereals. The objective of this work is to explore the role of small RNAs in disease development 
during the interaction between wheat (Triticum aestivum) and wheat powdery mildew (Blumeria graminis f.sp. tritici). Based on sequence 
homology to known components of RNA silencing machineries in eukaryotes, we have identified the proteins likely to be involved in this 
mechanism in wheat powdery mildew. We used a preliminary set of RNAseq data to analyze the transcriptional activation of the RNA silencing 
pathway in the pathogen during the early stages of the interaction. We have also applied powdery mildew infected and non-infected leaf material 
to small RNA sequencing, and analyzed the compatible interaction between three mildew isolates and wheat. Samples were collected 48 hours 
post infection, a critical stage for the establishment and the development of the disease. Small RNA libraries were analyzed for the origin, size 
distribution and preferential mapping of small RNA reads. We have also explored the relationships between small RNA mapping, transposable 
elements content, and gene expression in three genetically characterized loci in the pathogen. In another set of analyses, we have annotated 
candidate microRNAs and microRNA precursors in powdery mildew, and predicted their targets in wheat. 
 
P0044: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
WIN1 Transcription Factor Channelizes Free Fatty Acids to Enforce Cuticle in Barley Spikelets to Resist Fusarium Head 
Blight 
Arun Kumar, McGill University, Sainte-Anne-de-Bellevue, Montreal, QC, Canada and Ajjamada Chengappa Kushalappa, McGill 
University, Saint-anne-de-bellevue, QC, Canada 
Fusarium head blight (FHB) caused by Fusarium graminearum Schwabe (Teleomorph: Gibberella zeae) is one of the most devastating diseases 
that severely affects crop production. Resistance to FHB is highly complex and quantitative in nature and is majorly classified as type-I 
(resistance to initial infection of spikelets), and type-II (resistance to spread within the spike or rachis resistance). Barley has high level of type-II 
resistance. In the present study, two two-row barley cultivars viz. CI9831 (R=resistant), and H106-371 (S=susceptible) varying in resistance to 
FHB were selected to identify the resistance related (RR) metabolites. Using non-targeted metabolomics approach (LC-ESI-LTQ-Orbitrap), key 
RR metabolites belonging to fatty acids, phenylpropanoids, flavonoids and terpenoid biosynthetic pathways were identified. The free fatty acids: 
Linoleic and palmitic acid, were among the highest fold change resistance related induced (RRI) metabolites. The role of these FFAs was 
proposed to be in cuticle biosynthesis, which acts as a barrier for the entry of pathogen thereby conferring resistance to host. Quantitative-real 
time PCR studies revealed higher expressions of CYP86A2, and CYP89A2, LACS-2, GPAT-6 and WIN1 transcription factor (TF) genes, involved 
in the cuticle biosynthesis, in the pathogen-inoculated resistant genotype than in susceptible. Sequencing of WIN1 TF showed the absence of first 
intron in the susceptible genotype. Further, silencing of WIN1 by virus induced gene silencing in resistant genotype showed increased fungal 
biomass and decreased abundance of FFA like linoleic, palmitic acid upon pathogen inoculation, proving the link of WIN1 in regulating genes 
involved in cuticle biosynthesis. 
 



P0045: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Androgenic Switch: Changes in Gene Expression during Early Stages of Androgenesis in the Barley Microspore 
Sébastien Bélanger, University Laval, Québec, QC, Canada, Pierre-Étienne Jacques, Sherbrooke University, Sherbrooke, QC, 
Canada, Suzanne Marchand, Université Laval, Québec, QC, Canada and Francois Belzile, University Laval, Quebec City, QC, 
Canada 
Androgenesis exploits the totipotency of haploid immature microspores to regenerate a completely homozygous diploid plant. When exposed to 
stress, microspores undergo cellular dedifferentiation and embark on the path of embryogenesis. We know little about the gene expression 
changes that lead to the arrest of pollen development and the switch to the developmental pathway leading to embryos in androgenesis. To 
measure changes in gene expression that occur during the cellular dedifferentiation and re-differentiation, an RNA-seq analysis was performed 
on three sets of materials: (1) unstressed immature microspores, (2) microspores two days after the stress treatment that induces embryogenesis 
and (3) microspores five days after the stress. Expression of 13,262 genes was observed in the immature microspore. Differential expression was 
detected for 11.8% (day 2 vs 0) and 8.5% (day 5 vs 2) of these genes. Differentially expressed genes were clustered according to their expression 
profile during microspore development and used to perform a gene set enrichment analysis (GSEA). The set of up-regulated genes was enriched 
for genes involved in molecular functions governing protein phosphorylation, oxidation-reduction and carbohydrate metabolism. Among down-
regulated genes, genes involved in biological processes linked to DNA metabolism such as the regulation of DNA replication and DNA 
methylation were enriched. In contrast, up-regulated genes linked to the induction of embryogenesis were enriched for DNA-associated 
processes such as nucleosome assembly, DNA packaging and chromatin assembly or disassembly. In conclusion, this study provides a 
transcriptomic foundation toward understanding a complex developmental change that underpins androgenesis in barley. 
 
P0046: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
miRNA Discovery in Barley (Hordeum vulgare L.) and the Powdery Mildew Pathogen, Blumeria graminis 
Matthew R Hunt1, Priyanka Surana1, Greg Fuerst2 and Roger Wise3, (1)Iowa State University, Ames, IA, (2)USDA-ARS, Iowa 
State University, Ames, IA, (3)Corn Insects and Crop Genetics Research, USDA-Agricultural Research Service, Iowa State 
University, Ames, IA 
The interaction between barley (Hordeum vulgare L.) and the obligate biotroph Blumeria graminis f. sp. hordei (Bgh) potentially involves 
hundreds of secreted effector and host proteins. These effector proteins allow the fungus to suppress the host's innate immunity and to uptake 
nutrients from the plant. Barley has evolved an effective defense against Bgh through resistance genes (R genes) including Mildew resistance 
locus a (Mla), that recognize Bgh effector proteins and trigger immunity. Our group has recently shown that regulation of resistance through the 
Mla pathway is dependent on two barley miRNAs. miR9863 targets distinct Mla alleles to attenuate NLR-triggered disease resistance, whereas 
Mla itself controls miRNA398 and Cu/Zn-SOD to regulate Bgh-responsive cell death.  
To identify additional small RNAs involved in Mla triggered resistance, we carried out Illumina small RNA sequencing of the CI 16151 (Mla6) 
progenitor and four fast-neutron-derived resistance signaling mutants. Three biological replications of a split-plot based design were inoculated 
with Bgh 5874 (AVRa6), harvested at 0, 16, 20, 24, 32, and 48 hours, and small RNA (sRNA) libraries were prepared from the 90 barley-Bgh 
treatments for Illumina Hi-Seq 2500 sequencing. Several hundred conserved and novel putative sRNAs in barley and Bgh were identified from 
the resulting 2.1 billion reads (average 24.2 million reads/treatment) and differential expression analysis was carried out to look for significant 
differences among wild-type progenitor and mutant derivatives. Within and trans-kingdom target predictions were initiated for both barley and 
Blumeria, facilitating a genome-wide knowledge base of the sRNA players in Mla specified resistance.  
 
P0047: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Exchange of Noncoding Small RNA Between Miscanthus x giganteus and Sipha flava 
Michelle C. Hwang, Department of Plant Biology - University of Georgia, Athens, GA and Magdy S. Alabady, University of 
Georgia, Athens, GA 
Cross-species communication through small RNA (sRNA) has been implicated between species across kingdoms, often between symbiotes or 
parasites and their hosts through RNAi mechanisms. However, there has been no evidence of this exchange of sRNA between Sipha flava 
(yellow sugarcane aphid) and Miscanthus X giganteus (Mxg). To determine whether micro-RNA (miRNA) is transferred from S. flava into Mxg 
during infestation of S. flava on Mxg leaves, small RNA-seq was performed on samples collected from infested and healthy leaves of an infested 
plant, and leaves of a healthy plant. A differential expression analysis showed that S. flava miRNA was highly expressed in infested leaves of 
Mxg, while showing little or no expression in healthy samples – the most significant of which included miR-1, miR-184, miR-263, and miR-276. 
Predicting the mRNA targets of these significantly expressed miRNAs in Mxg will elucidate the purpose of the miRNA transfer from S. flava to 
Mxg. Our current findings are the beginning steps for determining whether there is cross-communication in the form of sRNA between S. flava 
and Mxg. Uncovering this mechanism of sRNA exchange is essential to revealing molecular bases for the cross-species interactions. 
 
P0048: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Inferring characteristics of reproductive phased, secondary, small interfering RNAs (phasiRNAs) in grasses using Machine 
Learning 
Parth U. Patel1, Sandra Mathioni2, Atul Kakrana3, Hagit Shatkay1 and Blake C. Meyers1, (1)University of Delaware, Newark, DE, 
(2)Donald Danforth Plant Science Center, St. Louis, MO, (3)Delaware Biotechnology Institute, Newark, DE 
Small RNAs (sRNAs) in plant range in size from 21 to 24 nucleotides, and play important roles in biological processes such as development, 
epigenetics modification, and plant defense. They can be partitioned into three major classes: microRNAs (miRNAs); heterochromatic small 
interfering RNAs (hc-siRNAs); and phased, secondary, small interfering RNAs (phasiRNAs) (Fei et al., 2013). Our study focuses on phasiRNAs, 
for which the knowledge about functionality is still limited. We and others have shown that maize anthers (male reproductive organs), express 
two classes of phasiRNAs (21- and 24-nt) during different developmental time points. Other data suggest these phasiRNAs are required for 
fertility.  



Given the important role grasses such as maize and rice play as a prime food-source in many countries and as influential factors in the global 
economy, we aim to identify and understand the function of grass-specific phasiRNAs in maize and rice development. To this end, we use the 
framework of Hidden Markov models (HMMs) in order to model both phasiRNA and non-phasiRNA sequences, and to distinguish between the 
two types of these sRNAs. We performed ANOVA with Dunnett's method, demonstrating that the probability assigned by the resulting HMMs to 
phasiRNAs (21/24-nt) from rice and maize is significantly different from that assigned to other genomic sequences of similar length. Future work 
will include, k-mer based alignment-free, classification to distinguish phasiRNA sequences from non-phasiRNA sequences using other machine 
learning classifier(s), aiming to extract patterns (i.e., sequence-composition based features, GC content) occurring in phasiRNAs to provide 
further insight into their biological function. 
 
P0049: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Phased, Secondary siRNAs in Non-Grass Monocots 
Atul Kakrana1, Sandra Mathioni2, Kun Huang3, Reza Hammond1, Parth Patel1, Siwaret Arikit4 and Blake C. Meyers3, (1)Delaware 
Biotechnology Institute, Newark, DE, (2)Donald Danforth Plant Science Center, St. Louis, MO, (3)University of Delaware, 
Newark, DE, (4)Kasetsart University Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Nakhon Pathom, 
Thailand 
Two male germline specific pathways, generating diverse and numerous “in-phase” 21-nt (pre-meiotic) and 24-nt (post-meiotic) siRNAs have 
been reported in maize and rice.  These phased siRNAs show striking similarity to mammalian piRNAs in terms of their abundance, distribution, 
distinct stage, and timing of accumulation. Interestingly, the functions for both potentially-analogous, plant phasiRNA and mammalian piRNA 
pathways remain largely unknown.  Since the original report of reproductive phasiRNAs in rice, no systematic study of their evolutionary origins 
have yet been reported; in this context, the meiotic phasiRNAs are particularly interesting, as they have only been described in grasses.  To assess 
their origins, we investigated the presence of reproductive phasiRNA pathways in asparagus, a non-grass monocot that speciated ~63 mya. Our 
analyses reveal that the miRNA triggers for both classes of phasiRNAs are conserved and exhibit grass-like spatiotemporal expression. In 
addition, asparagus displays at-least 66 pre-meiotic and 65 meiotic phasiRNA loci. Though these numbers are significantly lower than those 
reported in grasses, these loci clearly demonstrate the presence of meiotic phasiRNA pathways outside of the grasses, extending the origin back 
in the monocots. Motivated by these results and with the aim of tracing the origins of the meiotic phasiRNAs, we extended our study to three 
additional species from the Liliales, the Asparagales and the Poales, spanning ~114 million years of monocot evolution. Our comparative 
analysis of reproductive phasiRNAs and their biogenesis components from these species is providing insights into the origins of the pathway for 
meiotic phasiRNA biogenesis seen in grasses. 
 
P0050: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
The Molecular Role of Phytochrome a during Red Light-Mediated Development in Tomato 
Keisha Carlson, University of Puget Sound, Tacoma, WA 
Plants sense light signals to respond to changes in their environments, such as those encountered by seedlings during de-etiolation. In Solanum 
lycopersicum, like in Arabidopsis thaliana, there are five phytochromes responsible for light sensing in the red and far-red spectrum. The genes 
encoding these five phytochromes have undergone different evolutionary paths from those in A. thaliana and likely each have different specific 
roles in tomato development and environmental response. To identify the specific roles of each of the five tomato phytochromes in response to 
red light, we performed RNA-seq analysis in phy single mutant seedlings and wild-type tomato seedlings grown in the dark or exposed to red 
light for 60 minutes. Here we present the results from RNA-seq analysis, GO category enrichment estimation, and co-expression network 
analysis of PHYA. Although PHYA is best known for its responsiveness to far red light, we find that it also mediates red light signaling and 
plays an unexpected role in stress responses and metabolism. 
 
P0051: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Transcriptome Analysis of Bemisia tabaci during Tomato yellow leaf curl virus (TYLCV) Acquisition and RNA Interference 
to Manage Whitefly-transmitted Viruses 
Daniel K. Hasegawa1,2, Wenbo Chen1, Yi Zheng1, NK Kaur3, William M. Wintermantel3, Alvin M. Simmons2, Zhangjun Fei4 and 
Kai-Shu Ling2, (1)Boyce Thompson Institute for Plant Research, Ithaca, NY, (2)USDA-ARS, U.S. Vegetable Laboratory, 
Charleston, SC, (3)USDA-ARS, Salinas, CA, (4)Cornell University, Ithaca, NY 
Over 300 viruses are transmitted by the whitefly, Bemisia tabaci, with 90% of them belonging to the genus, Begomovirus. Begomoviruses are 
obligately transmitted by whiteflies to a wide range of agriculture crops, resulting in billions of dollars lost annually, while jeopardizing food 
security worldwide. Several begomoviruses have emerged as being especially devastating, including Tomato yellow leaf curl virus (TYLCV). 
Although the utilization of pesticides has helped manage whiteflies, there is an increasing need to develop novel strategies that are effective at 
controlling whitefly populations, especially in regions where large-scale pesticide applications is impractical. Here, we discuss two pieces of 
data: 1) transcriptome analysis of whiteflies during the first three days (24 h, 48 h, and 72 h) of TYLCV acquisition and, 2) potential for using 
RNA interference technologies to manage whiteflies and begomovirus transmission. Our transcriptome revealed differential expression of only 
41 genes at 24 h, 7 genes at 48 h, and 32 genes at 72 h, in which we identified candidate receptors, transporters, and other mechanisms that may 
be involved in TYLCV transmission. For the RNA interference studies, using double-stranded RNA delivered via artificial diets, we saw a high 
degree of variability among our constructs, with some being much more effective at inducing whitefly mortality than the others. Together, these 
studies will contribute to our understanding of the mechanisms driving whitefly-begomovirus interactions, while shedding light on new whitefly 
management strategies. 
 
P0052: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Network analysis of Potato Signaling Response to PVY Infection 



Kristina Gruden1, Tjasa Stare2, Ziva Ramsak2, Dragana Miljkovič3, Spela Baebler2, Anna Coll2, Igor Mozetic3 and Nada Lavrac3, 
(1)National Institute of Biology, Department of Biotechnology and Systems Biology, Ljubljana, Slovenia, (2)NIB, ljubljana, 
Slovenia, (3)JSI, ljubljana, Slovenia 
The interaction between plants and pathogens initiates a complex signalling network, resulting in massive changes of the gene activity and 
extensive reprogramming of the cell metabolism. We constructed plant defence signalling network topology describing the biosynthesis, signal 
transduction and transcriptional regulation leading to activation of effector molecules of crucial phytohormones involved in plant defence: 
salicylic acid (SA), jasmonic acid (JA) and ethylene (ET). Manually constructed network for model plant Arabidopsis thaliana was 
complemented with a new automated approach for information extraction from literature, named Bio3graph. To merge all background 
information available we have extended the network with available protein-protein interaction, transcriptional regulation and miRNA regulation 
data. Subsequently, we transferred the system from model plant to potato (Solanum tuberosum L.) - Potato virus Y (PVY) interaction. Potato is 
the world's most widely grown tuber crop and the fourth largest food crop and PVY is and an important potato pathogen worldwide. Kinetic 
analysis of the whole potato transcriptome in 11 different time points after PVY infection was performed. To study the effect of phytohormones, 
the expression profiles of two mutants deficient in SA and JA signalling were used in the study. Transcriptomic data was complemented with 
measurements of photosynthetic activity, proteomics and measurements of callose deposition. Novel components for plant defence were 
identified and are being studied in detail with functional analysis. 
 
P0053: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
The Nitrogen Responsive Transcriptome in Potato (Solanum tuberosum L.) Reveals Significant Gene Regulatory Motifs 
Jose Hector Galvez1, Helen H. Tai2, Bernie Zebarth2, Martin Lague2 and Martina Stromvik1, (1)Department of Plant Science - 
McGill University, Ste. Anne de Bellevue, QC, Canada, (2)Agriculture and Agri-Food Canada Potato Research Centre, Fredericton, 
NB, Canada 
Nitrogen (N) fertilization is an important abiotic factor for the growth of potato (S. tuberosum) because of its potential effects on yield. 
Additionally, since excess N in the soil negatively impacts the environment, studies on N use by the plant are key. Three commercial potato 
cultivars (Shepody, Russet-Burbank and Atlantic) were grown under two different rates of applied N-fertilizer (0 kg N ha-1 and 180 kg N ha-1) to 
obtain more information on the underlying gene regulation mechanisms associated with N. Plants with no added N had significantly lower 
concentrations of petiole nitrates, chlorophyll level indices, biomass and yield per hectare. Total mRNA samples were taken at two different 
time-points during the growth season and sequenced. The results for each cultivar and time-point were analysed separately to find differentially 
expressed genes. In total, thirty genes were found to be over-expressed and nine genes were found to be under-expressed in plants from all potato 
cultivars when they were grown with added N-fertilizer. The 1000 bp upstream flanking regions of the differentially expressed genes were 
analysed to find overrepresented motifs using three motif discovery algorithms (Seeder, Weeder and MEME). Nine different motifs were found, 
indicating potential gene regulatory mechanisms for potato under N-deficiency. 
 
P0054: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Identification of Protein-Protein Interactions Among ABA Receptors, PP2C Phosphatases, and MAP Kinases in the Populus 
trichocarpa stress Response Network 
Stephen B. Rigoulot1, Palitha Dharmawardhana2, Pankaj Jaiswal2, Amy Brunner3 and Eric Beers1, (1)Department of Horticulture, 
Virginia Tech, Blacksburg, VA, (2)Department of Botany & Plant Pathology, Oregon State University, Corvallis, OR, 
(3)Department of Forest Resources and Environmental Conservation, Virginia Tech, Blacksburg, VA 
In the core abscisic acid (ABA) signaling pathway, previously described for Arabidopsis, protein phosphatases of the 2C family (PP2C) maintain 
sucrose non-fermenting related kinases (SnRK) in a dephosphorylated inactive state under normal cellular conditions. ABA perception by a 
family of soluble cytoplasmic receptors called PYRABACTIN RESISTANCE1 (PYR1)/PYR1-LIKE (PYL)/REGULATORY COMPONENTS 
OF ABA RECEPTORS (RCAR) promotes sequestration of PP2C, releasing SnRK2/OPEN STOMATA 1(OST1)-related kinase clade members 
from inhibition. These kinases then proceed to modulate gene expression and protein activity as it relates to osmotic stress response. In our work 
we have shown that the core ABA signaling pathway from receptor through SnRK2 kinase is conserved between Arabidopsis and Populus 
trichocarpa. We selected poplar orthologs of the Arabidopsis PP2C protein phosphatases based on protein homology assessment and expression 
profiling of drought- and salt-stressed tissues. To date we have documented 13 yeast two-hybrid (Y2H) interactions involving 9 PP2C 
phosphatases and 2 poplar PYR1/PYL/RCAR receptors in the presence and/or absence of ABA.  Additionally, the poplar PP2C PtHAB1.2 
interacts with two orthologs of SnRK2/OST1. Other poplar PP2C phosphatases HAI1-related and 2 AHG3-related homologs interact with ABA-
inducible mitogen-activated protein (MAP) kinases. These MAP kinases also have interactions with an upstream MAP kinase kinase 3 in poplar, 
whose ortholog in Arabidopsis plays an important role in drought stress response. The poplar stress signaling modules identified in this work 
represent attractive starting points for functional characterization in support of future efforts to improve poplar growth and development during 
abiotic stresses caused by drought and salinity.  Supported by DOE-BER DE-SC0008570. 
 
P0055: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
A Transcriptomic and Lipidomic Analysis of Hydroxy Fatty Acid Synthesis in Paysonia auriculata (Brassicaceae) 
Armond Swift, Margarita Mauro-Herrera, Mylissa Stover and Andrew Doust, Oklahoma State University, Stillwater, OK 
Plant seeds synthesize and store fatty acids in seeds as a high energy store to be utilized for germination and early plant development.  There are 
a few plants that synthesize hydroxy fatty acids, and these are desirable industrial feedstocks. Our study plant, Paysonia auriculata, is one of 
these, and is closely related to the emerging oil seed crop Physaria fendleri. We are comparing the genetic regulation of hydroxy fatty acid 
synthesis in Paysonia auriculata with that in other plants that produce hydroxy fatty acids, such as Ricinus communis and Physaria fendleri as 
well as Arabidopsis thaliana, which does not produce hydroxy fatty acids. We have analyzed Paysonia auriculata seeds at different 
developmental stages by transcriptomic and mass spectrometry lipid techniques to answer whether and to what extent the genetic regulation of 
fatty acid synthesis is conserved in Paysonia, Arabidopsis, Ricinus and Camelina as well as the evolutionary relationships of the hydroxylases in 
Paysonia.  We find extensive conservation as well as unusual patterns of hydroxy fatty acid distribution, which we are investigating further. 
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Comparative Analysis of Alternative Splicing Events in Arabidopsis thaliana and Boechera depauperata 
Sumetha Kannan and Elizabeth, R. Waters, San Diego State University, San Diego, CA 
Rising ambient temperature is crucial for plants for the timely activation of several defense mechanisms before the damage occurs due to heat. 
During heat stress, plants undergo several mechanisms of regulation at the molecular level to circumvent damage due to stress and to prevent cell 
death. Alternative splicing (AS) is one type of a posttranscriptional regulatory mechanism that also produces a tremendous amount of 
transcriptome and proteome variation. A previous study conducted in our lab on the heat stress response of Arabidopsis thaliana and five diverse 
species of Boechera (Brassicaceae), found that A.thaliana is highly heat sensitive, while B.depauperata is highly heat resistant. To determine 
whether AS affects the heat stress responses of A.thaliana and B.depauperata, we investigated splicing patterns of genes expressed in roots of 7-
10 days old seedlings at temperatures ranging from 22°C to 43°C.RNAseq was used to sequence transcript variants and several already available 
bioinformatic tools and specially written codes were utilized to identify splice junctions. Analysis of the functional categories in both plants 
revealed that genes with aberrant splicing were involved in transcription factor (positive/negative) regulation of stress response and heat shock 
proteins, suggesting that AS is not a random event, but rather a response related to stress.These results suggest that B.depauperata undergoes a 
complex loop in AS in adaptation to stress, whereas AS negatively regulates A.thaliana. Results from this study will help increase understanding 
of this complex loop of regulatory mechanisms and could lead to the engineering of crops that can withstand rising ambient temperatures. 
 
P0058: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Identification and Characterisation of a New PTS1 Motif in Plants 
Jue Wang, School of Life Sciences, The Chinese University of Hong Kong, Hong Kong, Hong Kong and Dianjing Guo, The 
Chinese University of Hong Kong, Hong Kong, Hong Kong 
Peroxisomes, as one of the last major cellular organelle to be discovered, play important role in photosynthesis and lipid mobilisation. Proteins 
are targeted to peroxisome mainly by a conserved peroxisome targeting signal namely type 1 (PTS1) or type 2 (PTS2). Traditionally, PTS1 type 
proteins are believed to be recognised by their last 3 amino acids motif and a few adjacent amino acids.   
In this study, we aim to identify and characterize a C-terminal motif of Serine-Asparagine-Leucine (SNL) in Arabidopsis, and to investigate the 
possible mechanisms about how the sequence affects peroxisome targeting. The last 30 amino acids of all the 13 genes with a C-terminal of SNL 
were cloned and transiently expressed in A. thaliana suspension cell. We found that 9 out of the 13 candidate genes showed peroxisome targeting 
and these proteins could no longer be targeted to peroxisome after the last 3 amino acids form the C terminal were deleted, indicating the SNL is 
likely a newly discovered peroxisome targeting signal. In addition, we also investigated the effect of adjacent positions on peroxisome targeting, 
via cloning different length of deleted sequences and site-directed mutant sequences. The results suggest that the adjacent sequences may have 
further impact on peroxisome targeting. 
 
P0059: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Gene Regulatory Networks Controlling Stem Cell Identity and Maintenance in the Arabidopsis thaliana Root 
Natalie M. Clark, Maria A. De Luis Balaguer, Alun Lloyd and Ross Sozzani, North Carolina State University, Raleigh, NC 
Development in multicellular organisms requires not only the production of specialized cell types but also mechanisms of coordination among 
them. Stem cells are ultimately the source of all cell types, and the balance between self-renewal and differentiation of their progeny regulates 
organ growth. Transcription factors and cell-to-cell signaling have a key role in coordinating these processes; however, how these transcriptional 
networks and signaling pathways control plant development is not completely understood. Thus, we aim to predict Gene Regulatory Networks 
(GRNs) important for stem cell identity and maintenance in the Arabidopsis thaliana root. We obtained a transcriptomic profile of all of the stem 
cell populations in the root using Fluorescence Activated Cell Sorting (FACS) coupled with RNA sequencing (RNA-seq). We then identified 
genes specifically expressed in one stem cell population as well as genes expressed in all or most of the stem cell populations. We hypothesized 
that the genes expressed in only one stem cell population have a role in stem cell identity, whereas genes expressed throughout the stem cell 
niche have a role in stem cell maintenance. To investigate how these identity and maintenance genes interact, we developed a computational 
pipeline that can infer GRNs from transcriptomic data. This pipeline combines spatial clustering, regression tree inference, and a directionality 
algorithm to predict the relationships between genes. By using this pipeline, we are able identify genetic pathways important for stem cell 
identity and maintenance. 
 
P0060: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Arabidopsis SRFR1 Dampens Defenses Against Herbivory by Spodoptera exigua and Parasitism by Heterodera schachtii 
Phuong Dung Nguyen1, Sharon Pike2, Jack Schultz2, Abraham J. Koo2, Melissa G. Mitchum2, Heidi Appel2 and Walter 
Gassmann2, (1)Denison University, Granville, OH, (2)University of Missouri, Columbia, MO 
Plants are constantly exposed to a variety of pathogenic microbes and pests. Thus, plants have developed diverse mechanisms to fine-tune 
defense responses to different types of enemies. Cross-regulation between these signaling pathways may allow the plant to prioritize one 
response over the other. Then, what is the connection between biotrophic microbe- and herbivorous insect–triggered resistance signaling 
pathways that converge on one gene? In previous work, we identified SUPPRESSOR OF rps4-RLD 1 (SRFR1), as a negative regulator of 
effector triggered immunity against the bacterial pathogen Pseudomonas syringae pv. tomato. In the Arabidopsis accession RLD, the recessive 
srfr1 mutation confers ENHANCED DISEASE SUSCEPTIBILITY1 (EDS1)-dependent resistance to DC3000(avrRps4) in leaves. Here we 
examined whether SRFR1 also regulates resistance to a herbivorous insect in leaves and to a cyst nematode in roots. Surprisingly, srfr1-1 plants 
showed increased resistance to herbivory by the beet army worm Spodoptera exigua and to parasitism by the cyst nematode Heterodera schachtii 
compared to RLD. Using quantitative real time PCR (qRT-PCR) to measure the transcript levels of SA- and jasmonate/ethylene (JA/ET) 
pathway genes, we found that enhanced resistance of srfr1-1 plants to S. exigua correlated with specific upregulation of the MYC2-branch of the 
JA-pathway concurrent with suppression of the SA-pathway. In contrast, the greater susceptibility of RLD is accompanied by simultaneously 



increased transcript levels of SA-, JA-, and JA/ET-signaling pathway genes. This places SRFR1 at an intersection between multiple defense 
pathways.  
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Fruit Development of Intergeneric Allotetraploid xBrassicoraphanus Displays a Compound Phenotype Blended from the 
Parents Brassica rapa L. (Chinese Cabbage) and Raphanus sativus L. (Radish) 
Jeong Eun PARK, Seoul National University, Seoul, South Korea 
Hybridization and polyploidization occur in many flowering plants. In particular, hybridization between different species or genera may produce 
novel plant species with neomorphic phenotype. Although hybrids from interspecific or intergeneric crosses are generally hard to obtain. 
xBrassicoraphanus, also known as ‘Baemoochae’, was successfully produced as a newly synthesized intergeneric allotetraploid between Chinese 
cabbage (Brassica rapa L.) and radish (Raphanus sativus L.). One of the distinct characteristics is a compound morphology of the 
xBrassicoraphanus pistil and silique. The pistil and silique of xBrassicoraphanus display discrete but mixed features of both Chinese cabbage 
and radish. In this study, we examined the reproductive development of xBrassicoraphanus focusing on the silique formation and dehiscence. 
xBrassicoraphanus produces the flowers whose organ structures are similar in shape to the parents, but with a silique formation intermediate 
between Chinese cabbage and radish silique. For example, distal segment of the xBrassicoraphanus silique resembles that of radish. These 
segments are indehiscent after maturation. However, the shape of proximal segment of xBrassicaraphanus fruit coincides with that of Chinese 
cabbage’s silique. Proximal segment form dehiscence zone of valves through the replum, allowing the segments to separate. Interestingly, an 
unusual transverse cleft appears at the junction of proximal and distal segment, forming a joint region structure. To investigate duplicate gene 
alteration in fruit development, we isolated homologs of major genes in the fruit development genetic pathway of Arabidopsis. We explained 
fruit development by comparing gene expression levels between xBrassicoraphanusand its parents. This study is an example to show how 
altered expression of duplicate genes after genome hybridization makes neomorphic phenotype. 
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Innovation of a Regulatory Mechanism Modulating Semi-determinate Stem Growth through Artificial Selection in Soybean 
Dajian Zhang, Purdue university, West Lafayette, IN 
It has been demonstrated that Terminal Flowering 1 (TFL1) in Arabidopsis and its functional orthologs in other plants specify indeterminate stem 
growth through their specific expression that represses floral identity genes in shoot apical meristems (SAMs), and that the loss-of-function 
mutations at these functional counterparts result in the transition of SAMs from the vegetative to reproductive state that is essential for initiation 
of terminal flowering and thus formation of determinate stems. However, little is known regarding how semi-determinate stems, which produce 
terminal racemes similar to those observed in determinate plants, are specified in any flowering plants. Here we show that semi-determinate stem 
growth in soybean is modulated by transcriptional repression of Dt1, the functional ortholog of TFL1, in SAMs. Such repression is fulfilled by 
recently enabled spatiotemporal expression of Dt2, an ancestral form of the APETALA1/FRUITFULL orthologs, which encodes a MADS-box 
factor directly binding to the regulatory sequence of Dt1. In addition, Dt2 triggers co-expression of the putative SUPPRESSOR OF 
OVEREXPRESSION OF CONSTANS 1 (GmSOC1) in SAMs, where GmSOC1 interacts with Dt2, and also directly binds to the Dt1 regulatory 
sequence, as part of the repression complex. Heterologous expression of Dt2 and Dt1 in determinate (tfl1) Arabidopsis mutants enabled the 
creation of semi-determinacy, but the Dt2 expression in wild-type indeterminate (TFL1) Arabidopsis did not resulted in noticeable stem 
architectural change, further demonstrating the evolutionary novelty of the regulatory mechanism underlying soybean stem growth, which may 
pave new strategies for optimizing plant architecture for enhanced adaptability and yield potential in crops. 
 
P0063: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Transcriptome Reprogramming in Nodules - An Interaction Between Soybean and Rhizobia 
Meng NI, The Chinese University of Hong Kong, Hong Kong, NT, Hong Kong 
Biological nitrogen fixation (BNF) is a unique feature in legumes such as soybean. This process involves complicated interactions between the 
plant host and the symbiotic rhizobia, which take place in a unique structure: root nodules. We inoculated soybean with Sinorhizobium fredii and 
hypothesize that there will be a major transcriptome reprogramming in root nodules, in both soybean and Sinorhizobial cells. The reference 
genome of soybean is available in public database. To facilitate the bioinformatics analysis of Sinorhizobium fredii, we performed de 
novo sequencing to obtain full genomes of two Sinorhizobial strains using a combination of single molecule sequencing techniques and other 
next generation sequencing data. RNA-Seq data were obtained by the Hiseq2000 platform. A total of 1Gb paired end reads for each Rhizobia 
mRNA samples and 4.5 Gb for W05 (wild soybean) and C08 (cultivated soybean) root and nodule mRNA samples. Filtered reads were mapped 
to the soybean and sinorhizobial genomes to identify differentially expressed genes in nodules. Some of these differentially expressed genes are 
located in important pathways relating to the process of BNF. 
 
P0064: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Whole Transcriptome Changes Followed By Natural and Artificial Hybridization and Polyploidization in Peanut 
Jin Hee Shin1, David Bertioli1,2, Kyung Do Kim1, Jason Abernathy1, Scott A. Jackson1 and Soraya Bertioli1,3, (1)University of 
Georgia, Athens, GA, (2)University of Brasilia, Brasilia, DF, Brazil, (3)Embrapa Genetic Resources and Biotechnology, Brasilia, 
DF, Brazil 
Peanut (Arachis hypogaea L.) is a grain legume and also an oilseed crop widely cultivated in the world. Cultivated peanut is an allotetraploid 
(AABB type genome; 2n=4x=40), which contains A and B genome via hybridization and genome doubling. A. duranensis Krapov. & 
W.C.Gregory. and A. ipaensis Krapov. & W.C.Gregory are A- and B-genome diploid progenitors of cultivated peanut L.), respectively. Studies 
on plant polyploidization have reported that gene expression is altered by hybridization and polyploidy. In order to analyze the genomic changes 
that occur after allopolyploidization we explored genome-wide gene expression analysis of the synthetic allopolyploids: (A. ipaensis x A. 
duranensis)4x, `resynthesized peanut`. We also used an interspecific diploid F1 hybrid, and two natural allopolyploids. The F1 hybrid is derived 
from the same parents and represents a genome merger without chromosome doubling. The synthetic allopolyploid derived from doubling this 



hybrid was included to observe the effect of polyploidization. A. monticola is considered as the immediate wild tetraploid ancestor of cultivated 
peanut and was therefore included in this study to detect signatures of domestication. First of all, novel expression and homoeolog silencing 
patterns were investigated. Furthermore, homoeolog expression bias and homoeolog expression level dominance were measured using orthologs 
between A- and B- genome ancestors. We also analyzed how homoeolog expression biases change during the course of evolutionary events. 
Novel patterns of gene expression and transposon activation were also observed. 
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Understanding Differential Expression of PvLEA, a Drought Responsive Gene in Common Bean (Phaseolus vulgaris L.) 
Anusha Kalavacharla, Collegium Charter School, Exton, PA, Rita Hayford, Delaware State University, Dover, DE and Vasudevan 
Ayyappan, Molecular Genetics & Epigenomics Laboratory, Delaware State University, Dover, DE 
Drought is a persistent problem in agriculture and it is important to better understand its effect on plant growth and development. Common bean 
(Phaseolus vulgaris L.) is an important food legume, which provides a steady source of dietary protein and fiber. Our interest is in understanding 
the regulation of drought- responsive genes in common bean. In this work, the expression of the drought-responsive gene, PvLEA, was studied. 
Common bean cultivar Sierra, was selected and treated with two water stress conditions (100% and 25% field capacity) from planting to plant 
maturity. Soil moisture content was measured accurately and treatments were given when the moisture content in drought-treated plants was 
below 5%.  Effects of drought was studied by: a) collecting plant tissue (roots, stems, leaves, flowers, and pods) at different developmental stages 
(2, 2.5, 3, 4, 5, 6, 7, and 8 weeks after planting;  b) using bioinformatics tools to search for potential drought-responsive gene 
sequences  followed by designing primers, and c) amplification of cDNA derived from drought treated and non-drought plant tissue with PvLEA 
primers to detect differential gene expression. Our work showed that drought affects common bean, physically, around two to four weeks of 
treatment. Additionally, differential expression of PvLEA in root tissue was seen as early as four weeks of treatment with gene expression higher 
in drought roots. We also examine PvLEA gene expression on the  stems, leaves, flowers, and pods of the drought and non-treated plants. 
 
P0066: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Parallel Evolution of Storage Roots in Morning Glories 
Lauren A. Eserman1, Robert Jarret2 and Jim Leebens-Mack1, (1)University of Georgia, Athens, GA, (2)USDA, ARS, PLANT 
GENETIC RESOURCES CONSERVATION UNIT, Griffin, GA 
Storage roots are an ecologically and economically important plant trait that have been independently derived multiple times in angiosperms. The 
primary function of these roots is long-term starch storage. These roots are characterized as having an accumulation of starch in tissue known as 
the anomalous cambium in the primary root and/or one or more lateral roots. In morning glories, storage roots were either gained or lost ten 
independent times. We have been investigating gene expression in storage roots (SRs) and fine roots (FRs) sampled from SR forming/non-SR 
forming species pairs. Anatomical assessment of starch accumulation and xylem location was done for all species included in the comparative 
RNA Seq study. Starch accumulation in SRs is similar among all SR-forming species. Xylem organization is similar in sweet potato, Ipomoea 
batatas, and a related species, I. lindheimeri but differs in the outgroup, Merremia dissecta. These results indicate that there have been two 
independent origins of storage roots in morning glories. Analysis of gene expression profiles revealed many more genes upregulated in SRs 
compared to FRs in both sweet potato and M. dissecta. Furthermore, fifty-seven orthologous genes were differentially expressed (DE) between 
SRs and FRs in both SR-forming species. These orthologous DE genes corresponded to many genes we expect to be involved in storage root 
formation, such as those in starch biosynthesis and alpha-expansin genes, and seven were transcription factors. Taken together, these results 
suggest that storage roots evolved independently at least two times in morning glories but utilized overlapping developmental pathways. 
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Using a Hypomethylated Epi-Mutant Population of Woodland Strawberry to Demonstrate That Flowering Time Can be 
Subject to Selection 
Jihua Xu1, Stephen J. Robinson2 and Karen Tanino1, (1)University of Saskatchewan, Saskatoon, SK, Canada, (2)Agriculture and 
Agri-Food Canada, Saskatoon, SK, Canada 
Epigenetic information is encoded in DNA methylation, post-transcriptional histone modifications, chromatin structure and non-coding RNA 
molecules, which together provide additional levels of regulation of allele expression that affect quantitative traits. To assess the contribution of 
epialleles (alternative methylation state) on phenotypic variation and determine how these epialleles are inherited, we have developed a novel 
hypomethylated population of Fragaria vesca (2n=2x=14) using the epimutagen 5-azacytidine from which individuals with altered phenotypes 
can be identified, selected and characterized.  
Analysis using methylation sensitive molecular markers MS-AFLP confirmed alterations in DNA methylation pattern (hypomethylation) induced 
by 5-azacytidine treatment. An examination of flowering time across individuals from the hypomethylated population revealed extensive 
variation beyond that of wild-type controls. The early flowering trait tested was not only heritable in clonal progeny, but selections made for 
early flowering variants over four generations through meiosis revealed the early flowering time phenotype could be maintained. We have 
focused on two early flowering lines where gene expression differences were detected compared to wild-type lines using RNA-seq and detailed 
DNA methylation patterns were generated using whole genome bisulfite sequencing. Based on these results, we will attempt to identify the 
epialleles underlying the early flowering trait. These data will add to the growing evidence that altering epigenetic variation can be a mechanism 
for generating increased phenotypic diversity and can be subject to selection. 
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Carotenoid Biosynthesis in Reproductive Organs of Wild-Type and a Pale Anther Mutant of Diploid Strawberry Fragaria 
vesca 
Janet P. Slovin, USDA/ARS Genetic Improvement of Fruit and Vegetables Lab, Beltsville, MD and Melantha Jackson, University 
of Maryland, College Park, College Park, MD 



Carotenoids are lipophilic tetraterpenoid pigments found in most plant organs.  In leaves, carotenoids serve as light harvesting complexes, and 
are responsible for protection against reactive oxygen species generated in the chloroplast.  Carotenoids are also precursors for the production of 
signaling compounds such as abscisic acid and strigalactone.  In flowers and fruits, carotenoids act as visual attractants for pollinators and seed 
dispersers, and may serve as protective antioxidants in these organs.  
Flowers of F. vesca have yellow-orange anthers, yellow carpels, and yellow pollen due to the presence of carotenoids, but the precise roles of 
these pigments have not been defined.  We are assessing the potential for these compounds to protect reproductive organs against abiotic stress 
using biochemical analysis, genomics, and genetics. An EMS induced mutant called pale male (pml), which has pale yellow/white anthers, 
produces no pollen, and completely retains petals after the flower has opened independent of fertilization status, is being studied as part of this 
work.  
Candidate genes involved in carotenoid biosynthesis were identified, revealing the existence of small gene families.  Gene expression patterns 
throughout the plant, and expression in wild-type (wt) in response to moderate heat stress and in the mutant were analyzed by QRTPCR.  Mass 
spectrometric analyses of carotenoids in control and heat stressed tissues and in pml showed decreased accumulation of lutein in leaves and 
increased lutein and α-cryptoxanthin in anthers of wt in response to heat, and strikingly increased α-cryptoxanthin accumulation in anthers of the 
mutant as compared to wild-type at normal temperatures. 
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Leaf Proteome Profiling and Their Interactions To Determine Disease Tolerance in Grape 
Remy Babich, University of Maine, Orono, ME and Ramesh Katam, Florida A&M University, Tallahassee, FL 
Mechanism of solar radiation transformed in to the grape berry as a sink through grape leaves is the most important factors affecting the yield. 
Florida Hybrid bunch (FH) grape is widely cultivated in US southeast region and is popularly known for wine and table grape. However, most 
commercial cultivars are highly susceptible to anthracnose and to various foliar diseases. Our goal was to determine molecular mechanisms 
involved in grape leaf during the berry development and anthracnose disease tolerance. The objective of this study was to determine genetic 
diversity of leaf protein expressions and their interactions among FH cultivars during their berry development and to understand their possible 
role in disease tolerance. Leaf proteins from FH cultivars were resolved on 2DE and characterized using Mass Spectrometry and the Vitis 
database. Comparative analysis of eight FH cultivars revealed 56 differentially expressed proteins belonging to pathogen response, 
photosynthesis, and metabolism. Anthracnose tolerant cultivars showed more abundant proteins compared to susceptible cultivars. These 
proteins include glutamine synthetase, pathogenesis-related, glyoxisomal malate dehydrogenase, chloroplast precursor, oxygen evolving 
enhancer protein. Enzyme assay and RT-PCR studies of selected genes suggest a positive correlation with protein expression among the 
cultivars. Protein interaction studies in leaf reveal that their expression of photosynthesis related proteins are more attenuated during berry 
development and ripening among tolerant grapes. Expression of antioxidant proteins (e.g. ascorbate peroxidase, superoxide dismutase and 
peroxidase) declined in leaf at the early berry ripening stage suggesting a positive relationship connecting the source and sink organs of the 
grapes. 
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Transcriptome Analysis of Grapevine (Vitis vinifera) in Response to Pierce’s Disease and Water Deficit 
Chaeyoung Lee1, Hong-kyu Choi1, Jin-Hyun Kim1, Joo-Seok Park1 and Douglas R Cook2, (1)Dong-A University, Busan, South 
Korea, (2)University of California, Davis, Davis, CA 
Susceptible Vitis vinifera responds to Xylella infection with a massive redirection of gene transcription.  This transcriptional response is 
characterized by increased transcripts for phenlypropanoid and flavonoid biosynthesis, ethylene production, adaptation to oxidative stress, and 
homologs of pathogenesis related (PR) proteins, and decreased transcripts for genes related to photosynthesis. In addition, the results suggest that 
susceptible genotypes respond to Xylella infection by induction of limited, but inadequate, defense response. We also compared the 
transcriptional and physiological response of plants treated by pathogen infection, low or moderate water deficit, or a combination of pathogen 
infection and water deficit.  Although the transcriptional response of plants to Xylella infection was distinct from the response of healthy plants to 
moderate water stress, we observed synergy between water stress and disease, such that water stressed plants exhibit a stronger transcriptional 
response to the pathogen.  This interaction was mirrored at the physiological level for aspects of water relations and photosynthesis, and in terms 
of the severity of disease symptoms and pathogen colonization, providing a molecular correlation of the classical concept with the disease 
triangle. 
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Identification of Candidate miRNAs and their Targets Involved in the Dormancy Regulation of Grapevine 
Shuchi Smita1, Monica Accerbi2, Pamela J. Green2, Senthil Subramanian1 and Anne Fennell1, (1)South Dakota State University, 
Brookings, SD, (2)University of Delaware, Newark, DE 
Bud dormancy in grapevines plays an important role for survival under harsh conditions. microRNAs (miRNAs) are small non-coding RNAs 
molecules (typically 21 or 22 nt) that affect many biological processes by negatively regulating gene expression primarily at the post-
transcriptional level. To identify and evaluate the roles of miRNAs in bud dormancy in grapevine, we identified conserved and novel miRNAs 
using high-throughput sequencing and subsequent bioinformatics analyses. We analyzed small RNA libraries from bud tissue at endodormancy 
(short photoperiod, SD) or paradormancy (long photoperiod (LD) stages.  Results revealed conserved and potentially novel miRNAs a number of 
which were differentially expressed between these two dormancy stages. Potential target genes were predicted using an in-house Perl script. We 
compared transcriptomes of LD and SD bud or shoot tip tissues using RNA-Seq and identified several differentially expressed genes that could 
be involved in the dormancy cycle. Inverse expression between miRNAs and the corresponding target genes in paradormancy vs. endodormancy 
stages indicated potential post-transcriptional regulation of some of these genes by miRNAs. This study has identified several conserved and 
novel miRNAs with a potential role in the bud dormancy cycle. 
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Identification and Characterization of Proteins of Enological Significance in Florida Hybrid Bunch Grape 
Mehboob B Sheikh and Devaiah M. Kambiranda, Florida A&M University, Tallahassee, FL 
Blanc Du Bois is a popular grape cultivar grown in Southeastern US. It is harvested at Brix between 16° and 22° depending on wine style and to 
avoid rain. Berry composition is a major contributing factor of wine quality and varietal characteristics. Gel-free proteome analysis was applied 
to characterize key metabolic pathways of proteins with enological significance. Grape (Vitis spp cv. Blanc du Bois) berries from maturing and 
ripening stages were collected based on Brix and acidity. Proteins extracted, electrophoresed, excised from gel as a single band, destained and 
subjected to proteolysis using trypsin. Trypsin digests were separated on nano LC and analyzed using LTQ Orbitrap Velos mass spectrometer. 
Raw files were processed using Proteome Discoverer with Sequest and Mascot search nodes using Vitis species FASTA database (70,263 
entries) followed by validation with Scaffold software.  A total of 1091, 1131, 1078, 1042 and 1066 proteins were detected in green, veraison, 
two ripening and late ripe stages of berries, respectively. Statistical ANOVA analysis revealed 926 common proteins in all stages that are 
associated with various cellular processes. Comparative analysis revealed more than three-fold increase in 17 proteins (dihydroflavonol 
reductase, sucrose phosphate synthase and PR proteins) between ripe and late ripe stages. Other proteins including alcohol dehydrogenase 1, 
anthocyanidin reductase, phospho-2-dehydro-3-deoxyheptonate aldolase, hydroperoxide lyase, sucrose synthase, cinnamyl alcohol 
dehydrogenase, -isopiperitenol (-)-carveol and SAM-methyltransferases increased by two-folds. These data indicate that enzymes associated with 
sugar metabolism, flavor volatiles and polyphenol production are active till late ripening in Blanc du Bois. Supported by USDA/NIFA/CBG. 
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Transcriptomic and QTL Analyses Suggest Candidate Fruit Shape Factors in Cucumber (Cucumis sativus) 
Marivi Colle1, Yiqun Weng2, Ron Ophir3, Amir Sherman4, Yunyan Kang1 and Rebecca Grumet1, (1)Michigan State University, 
East Lansing, MI, (2)UW-Madison, Madison, WI, (3)Agriculture Research Organization, Volcani Center, Bet Dagan, Israel, 
(4)ARO, Bet Dagan, Israel 
Fruit size and shape are important determinants of market class and value in cucumber; however, underlying mechanisms regulating size and 
shape have not been identified. To gain insight into possible factors regulating cucumber fruit growth, we used a combined QTL and 
transcriptome approach to examine two sequenced cultivars representing extremes in fruit size and shape: ‘Gy14’ (pickling type; short, wide) and 
Chinese long ‘9930,’ (CL) (long, narrow). Based on our prior fruit growth transcriptome data, sets of genes that exhibited specific developmental 
pattern of expression were located with respect to fruit size QTL identified by SNP array analysis of  F7:8RILs from ‘Gy14’x’CL’. Five putative 
transcription factor homologs with increased expression at late/post-exponential phase of fruit growth in the pickling cultivar ‘Vlaspik’ clustered 
to a region associated with fruit size QTL on chromosome 3. Examination of expression from 5 days pre-anthesis to 20 days post-pollination 
(dpp) showed that two of these genes, homologs of ATHB-2, [HOMOEBOX PROTEIN 2 (CsHB-2)] a gene that controls direction of cell 
expansion in Arabidopsis, and ETHYLENE RESPONSIVE ELEMENT BINDING FACTOR 3 (CsERF3), exhibited earlier and elevated expression 
in ‘CL’ relative to the pickling types ‘Gy14,‘Vlaspik’. Increased expression of CsHB-2 and CsERF3 in ‘CL’ correlated with onset of cell 
expansion and cell shape difference of ‘CL’ relative to the pickling types. Furthermore, the CsHB-2 allele in ‘CL’ had a deletion within the 
GAGA element in the 5’ NTR. Collectively, these results suggest potential role of these genes in the regulation of fruit size and shape in 
cucumber. 
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Transcriptomic and Metabolomic Analysis of Age Related Resistance of Cucumber Fruit to Phytophthora capsici 
Ben Mansfeld, Marivi Colle, Yunyan Kang and Rebecca Grumet, Michigan State University, East Lansing, MI 
Cucumber (Cucumis sativus L.) fruit are susceptible to infection by the oomycete pathogen, Phytophthora capsici.  Earlier studies have shown 
that some cultivars exhibit an age-related resistance (ARR) wherein young fruit are highly susceptible, but develop resistance at approximately 
12-16 days post pollination (dpp), and that ARR is associated with the fruit peel. Comparison of fruit peel transcriptomes of an ARR expressing 
(ARR+) cultivar, ‘Vlaspik’, and an ARR- line, ‘Gy14’, at 8 and 16dpp identified 65 genes uniquely upregulated in the resistant 16 day old 
‘Vlaspik’ peels.  This group of genes was highly enriched for secondary metabolite synthesis, especially flavonoid biosynthesis. Eleven of the 65 
genes were annotated as flavonoid associated genes; genes associated with terpene synthesis also were specifically upregulated in the resistant 
tissue.   As flavonoids and terpenes have been implicated in disease resistance in several plant pathogen systems, metabolomic fingerprinting was 
performed to identify compounds potentially associated with cucumber fruit ARR. Methanol extracts of peels from three AAR+ and three ARR- 
cultivars were analyzed by UPLC-QToF-MS. Principal component analysis and subsequent component interpretation identified 277 compounds 
uniquely abundant in 'Vlaspik' ARR+ 16dpp peels relative to both susceptible 8dpp ‘Vlaspik’ and ’Gy14’, as well as the susceptible 16dpp 
’Gy14’peels. Relative mass defect (RMD) filtering indicated that the most abundant compounds in this group fell within the RMD ranges that are 
consistent with polyphenols and terpenes. Evaluation of these compounds across the six cultivars identified 5-10 polyphenolic compounds 
uniquely abundant in the extracts of ARR+ cultivars at the resistant age. 
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De Novo Assembly and Comparative Transcriptome Analysis of Orange-Fleshed Korean Sweetpotato in Response to 
Oxidative Stress 
Jae Cheol Jeong1, Chang-Yoon Ji1, Ung-Han Yoon2, Jang-Ho Hahn2, Hyeong-Un Lee3, Sang-Sik Nam3, Sang-Soo Kwak1 and 
Haeng-Soon Lee1, (1)Korea Research Institute of Bioscience and Biotechnology, Daejeon, South Korea, (2)National Academy of 
Agricultural Science, Jeonju, South Korea, (3)National Institute of Crop Science, Muan, South Korea 
Oxidative stress, resulting from an imbalance in production and scavenging of reactive oxygen species (ROS), plays a challenging factor to 
regulate molecular and physiological response of cells to unfavorable. Among the various ROS, hydrogen peroxide (H2O2) has been recognized 
as not only a toxic molecule but also a critical signal molecule involved in gene expression. Sweetpotato (Ipomoea batatas) is known as a 
relatively agroecologically wide adaptable crop and it represents one of the most globally important root crops to be grown on marginal lands. 
Although sweetpotato is recognized as a comparatively environmental stress tolerant plant, the molecular mechanisms underlying this tolerance 
are not well defined. Therefore, in this study, for a better understanding of the molecular mechanisms of sweetpotato to cope with oxidative 



stress caused by various environmental stresses, we conducted comparative transcriptome analysis using high-throughput sequencing technology 
by Illumina paired-end (PE) RNA-sequencing of sweetpotato leaves (cv. Sinhwangmi, an orange fleshed Korean sweetpotato cultivar) under 100 
mM H2O2 treatment for 1 and 12 hours (referred to as H1 and H12, respectively). These sequence reads were de novo assembled and annotated 
by Blast2GO and BLASTX. Furthermore, transcriptome differences were analyzed by differentially expressed genes (DEG) to identify H2O2 
induced alteration of gene family. 
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Capturing Diversity at the Metabolic Level in Root and Leaf of Sweet Potato 
Margit Drapal, Royal Holloway University of London, Egham, United Kingdom 
Sweet potato (Ipomeas batatas) is an important source of dietary acquired nutrients. These attributes combined with its low resource input make 
sweet potato an important crop to address food security in developing countries. In order to capture the biochemical diveristy in Sweet potato a 
representative diversity panel has been subjected to metabolomic analysis. The diversity panel used encompasses the genetic diversity found in 
this crop species. The chemotyping approach used LC-MS in both targeted and untargeted modes, the latter delivering approx 7,000 variables, 
GC-MS metabolite profiling and targeted LC-PDA analysis. Collectively, these data provide a good representation of the metabolome present in 
Sweet potato. The approaches have been used to (i) assess the biochemical diversity in this crop species and (ii) compared the specilised 
metabolism existing in the tuber material in comparison to the vegetative tissues. The chemotyping of the diversity revealed the most striking 
feature to be the formation of colour in the roots.. The occurence of these secondary metabolites could be correlated with changes in metabolites 
associated with intermediary metabolism (e.g. TCA cycle). Furthermore, the metabolite analysis distinguished yellow and orange varietes on the 
basis of metabolites associated with the consumer traits such as texture and taste. In conclusion the metabolomic data acquired can add value to 
existing and future breeding programs for improved consumer and agronomic traits. 
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Exploiting Next Generation Sequencing to Investigate the Genetics of Parsnip Root Disease and Develop a Marker Assisted 
Breeding Strategy 
Lauren H K Chappell1, Guy Barker1, John Clarkson1, Graham R. Teakle1 and Sue Kennedy2, (1)University of Warwick, Warwick, 
United Kingdom, (2)Elsoms Seeds Ltd, Lincolnshire, United Kingdom 
Parsnips (Pastinaca sativa) are a speciality crop within the UK, covering an area of around 4100 ha and a value of £64M annually. Currently the 
major constraint to production is the losses associated with root canker diseases caused by fungal pathogens such as Itersonilia, 
Mycocentrospora and Cylindrocarpon spp. This project aims to address this problem by facilitating breeding for quantitative resistance to these 
major diseases. Some resistance to parsnip canker exists but is difficult to select for using traditional phenotype screening methods.  
Through the development of specific pathogenicity assays and the use of molecular analysis, this project has led to a greater understanding of the 
epidemiology of the pathogens involved in parsnip cankers. The whole genome sequence of Itersonilia has enabled detailed phylogenetic 
analysis of isolates, and will assist in the development of a PCR based diagnostic assay.  In addition parsnip seedling and detached root bioassays 
have been developed to identify a range of resistance responses to Itersonilia, Mycocentrospora and Cylindrocarpon in parsnip parent lines.  
In a root assay using 96 breeding lines and 10 parent lines, a range of resistance responses to Itersonilia and Mycocentrospora was observed 
amongst the different lines. A further SNP-genotyped parsnip mapping population has been screened to try and determine the QTLs conferring 
resistance.  
The project will have a direct impact upon the industry by enabling improved sustainability of parsnip production in the UK. 
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Identification of Candidate Genes Responsible for the Branchness Induction to Develop the High Quality Standard Type 
Chrysanthemum 
Tae-Sung Kim, Jie Yu and Yong-Jin Park, Kongju National University, Chungnam, South Korea 
The standard type chrysanthemum is one of the most important crops in the floral industry of Korea, covering 50~60% of the domestic 
chrysanthemum explant production. The branschness induction has been a critical problem to develop the high quality stdardard type 
chrysanthemum, which wastes 30-40% of the total labor cost during the production. Our research is to identify underlying candidate genes 
responsible for the branchess induction to develop the high quality standard type chrysanthemum. 
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Genome-Wide Annotation, Tissue Specific Expression, and Diurnal Expression Profiling of Transcription Factors Revealed 
Candidate Components of Circadian Clock in Pineapple Genome 
Anupma Sharma1, Ching Man Wai2, Ray Ming2 and Qingyi Yu1, (1)Texas A&M AgriLife Research, Dallas, TX, (2)University of 
Illinois at Urbana-Champaign, Urbana, IL 
Circadian clocks provide fitness advantage by coordinating internal metabolic processes and fine-tuning physiological events to external cyclic 
environments. Core clock components exhibit rhythmic changes in gene expression over a 24 hour period, and many of them are transcription 
factors (TFs) and transcription coregulators (TCs). In this study, we annotated TF/TCs in pineapple genome, and analyzed their tissue-specific 
and diurnal expression patterns. We identified 1,398 TFs from 67 TF families and 80 TCs from 20 TC families. Nine TF families (bHLH, MYB, 
ERF, NAC, C2H2, MYB_related, FAR1, WRKY, and bZIP) and two TC families (AUX/IAA and OFP) were most abundant, accounting for 
approximately 50% of TF/TCs. We classified TF/TCs as tissue specific (50X) or enriched (10X) based on fold-changes relative to the lowest 
expression among the four analyzed tissues - leaf, flower, root, and fruit. A total of 476 TF/TCs, mostly in the root and fruit tissues, were either 
tissue-specific or tissue-enriched. The MIKC type MADS box (56.2%, 18 out of 32 members) and AP2 (55%, 11 out of 20 members) families 
showed predominantly tissue-specific/enriched expression pattern. Temporal expression profiles of pineapple TF/TCs in the green leaf tip and 
white leaf base tissues revealed diel peak in the expression of 39% (547/1392) of TFs and 45% (36/80) of TCs. A total of 158 TF/TCs were 
cycling only in the white leaf base, 251 were cycling only in the green leaf tip, and 174 were cycling in both tissues. We identified a set of 66 



TF/TCs whose expression was phase-locked between the green and white tissue, and this set was enriched in homologs of known Arabidopsis 
circadian system components. Our results suggest that phase-locked TF/TCs are prospective circadian system components, and their functional 
characterization may be instrumental in understanding the regulation of CAM photosynthesis in pineapple. 
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A Metabolomics Approach to the Assessment of Banana Diversity and Quality Traits 
Margit Drapal1, Elisabete Carvalho2, Nicolas Roux3, Mathieu Rouard3, Delphine Amah4, Ronny Swennen5 and Paul D. Fraser6, 
(1)Royal Holloway University of London, London, United Kingdom, (2)Royal Holloway University of London, Surrey, United 
Kingdom, (3)Bioversity International, Montpellier, France, (4)IITA, Ibadan, Nigeria, (5)Division of crop biotechnics, Leuven, 
Belgium, (6)Royal Holloway University of London, Egham, United Kingdom 
Banana (Musa) is one of the most important economic and staple crops in the world. The majority of edible cultivated banana species arises from 
two species of the Eumusa group, Musa acuminata (A genome) and Musa balbisiana (B genome). In order to assess the biochemical diversity 
that exists in our banana germplasm collections multi-platform metabolomics platforms has been established for banana. These include Lc-MS in 
untargeted and targeted mode, GC-MS based metabolite profiling pathway targeted UPLC-PDA for compounds such as carotenoids where MS 
ionisation is poor.    
Metabolomic finger printing and complementary targeted analysis has been performed on in vitro vegetative material for 20 diverse Musa 
accessions, including diploid varieties, wild Musa acuminata and Musa balbisiana as well as different triploids and distant wild species (Musa 
ornata). The data allowed the separation of the genotypes on the basis of genotypes and differentiating metabolites identified between accessions. 
Comparisons with field grown material was carried out in selected cases and clear correlation was observed including the potential to predict 
fruit phenotypes on vegetative profiles. These robust techniques can now be utilised in combination with of omic approaches to characterise 
consumer and agronomic traits within breeding populations. 
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Uncovering the Non-Flowering Mystery of Epipremnum aureum 
Chiu-Yueh Hung1, Jie Qiu2, Ying-Hsuan Sun3, Jianjun Chen4, Farooqahmed S. Kittur1, Richard J. Henny4, Gulei Jin2, Longjiang 
Fan2 and Jiahua Xie1, (1)North Carolina Central University, Durham, NC, (2)Department of Agronomy, Zhejiang University, 
Hangzhou, China, (3)Department of Forestry, National Chung Hsing University, Taichung, Taiwan, (4)University of Florida, 
Apopka, FL 
Epipremnum aureum, a popular houseplant belonging to Araceae family of angiosperms does not flower in wild or cultivation. The underlying 
mechanisms affecting its flowering have remained a mystery. Here we show that its non-flowering is due to the deficiency of bioactive 
phytohormone gibberellic acids (GAs). We employed next-generation sequencing technique to build its transcriptome and then performed 
differentially expressed gene analysis to investigate the potential causes. It is known that transition from juvenile to adult phase is a prerequisite 
for flowering, and that the gene network controlling this process is highly conserved across species. Thus we utilized a group of flower-related 
genes from Arabidopsis and examined the expressions of their orthologs in vertical growth (VG, adult) and horizontal growth (HG, juvenile) E. 
aureum plants to understand the molecular basis of its non-flowering nature. Results showed that the transcripts of floral meristem identity gene 
EaLFY and GA biosynthetic gene EaGA3ox1 were absent in both plants, suggesting that the deficiency of bioactive GAs may be responsible for 
its non-flowering. Supporting to this hypothesis, all three bioactive GAs were either undetectable or low in both VG and HG plants,  and GA3 
treatment triggered flowering in both plants. GA3 treatment was found to induce EaLFY expression by relieving the activity of flowering 
repressor EaGNC resulting in the activation of EaAGL17, EaAP1 and other floral meristem identity genes. This study resolves the mystery of 
why E. aureum fails to flower, and reveals the positive role of GAs on floral transition in perennials. 
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Crassulacean Acid Metabolism (CAM) Ppc Promoter and Transcription Factor Analysis in Kalanchoe Species 
Jungmin Ha1, Sung Don Lim1, Won Cheol Yim1, James Hartwell2, Xiaohan Yang3 and John C. Cushman1, (1)Department of 
Biochemistry and Molecular Biology, University of Nevada, Reno, Reno, NV, (2)University of Liverpool, Liverpool, United 
Kingdom, (3)Oak Ridge National Laboratory, Oak Ridge, TN 
Crassulacean acid metabolism (CAM) decreases daytime transpirational water loss and improves water-use efficiency by shifting part or all 
atmospheric CO2 fixation to the nighttime. This temporal shift in atmospheric gas exchange is presumably controlled by a complex 
transcriptional network orchestrated by the core circadian clock. To understand the transcriptional regulation of CAM-specific genes under 
circadian clock control, yeast-one-hybrid (Y1H) experiments were performed with target putative cis-regulatory elements within the promoter 
region of the phosphenolpyruvate carboxylase (PEPC) gene (Ppc1) in Kalanchoe laxiflora. PEPC is a key CAM enzyme that catalyzes the 
primary carboxylation reaction resulting in the nocturnal formation of C4 acids. Ppc mRNA exhibits an evening-phased pattern of transcriptional 
expression. By mapping RNA-seq data from K. laxiflora, CAM Ppc orthologs were characterized from draft genome sequence assemblies for 
both diploid Kalanchoe fedtschenkoi and tetraploid Kalanchoe laxiflora. Candidate cis-regulatory elements for evening-specific mRNA 
expression and mesophyll expression were used to design five bait sequences for Y1H screening. Nine candidate transcription factors that bound 
to the bait sequences were selected for more detailed evaluation and the identification of their cognate cis-elements by Systematic Evolution of 
Ligands by Exponential Enrichment (SELEX) and verification by Electrophoretic Mobility Shift Assays (EMSA). In parallel, deletion series of 
Ppc promoter/reporter genes were stably transformed into diploid K. laxiflora to dissect the in vivo function of cis-regulatory regions within the 
promoter. Such information will facilitate our understanding of the temporal mRNA expression patterns of key CAM genes that underpin the 
function of CAM over the diel cycle. 
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Characterization of the Transcriptional Regulation of Crassulacean Acid Metabolism (CAM) in Kalanchoe laxiflora 
mesophyll Tissue 



Travis Michael Garcia, University of Nevada, Reno, NV 
Increasing bioenergy crop production will be vital to meet energy demands in the future.  However, about 40% of the world’s surface area is too 
arid for biomass production.  Engineering biofuel crops for growth in these environments could greatly increase biomass yields.  Introducing 
crassulacean acid metabolism (CAM) into these crops might confer the improved water-use efficiency required for biomass production in semi-
arid lands.  CAM is strongly reliant on rhythmic circadian clock-dependent mRNA regulation.  Using the CAM models Kalanchoe and 
Mesembryanthemum crystallinum, several putative CAM-related transcription factors were identified.  These transcription factors’ mRNA 
expression profiles fluctuate in a circadian rhythm distinct from that of C3 photosynthesis and become highly induced upon transition from C3 to 
CAM.  To elucidate the temporal regulation of CAM in mesophyll tissue as an initial step in engineering CAM into C3 crops, target genes of 
these transcription factors will be identified.  To accomplish this, Isolation of Nuclei Tagged in Specific Cell Types (INTACT) will be employed 
to purify mesophyll nuclei from diploid Kalanchoe laxiflora expressing epitope-tagged transcription factors of interest.  INTACT utilizes 
mesophyll-specific nuclear biotin labeling followed by affinity isolation of biotinylated nuclei.  Chromatin immunoprecipitation followed by 
sequencing (ChIP-seq) will then be conducted to identify transcription factor cis-regulatory genomic targets.  Complementary approaches 
consisting of Y1H screening and transient co-transfection assays will be employed to validate ChIP-seq results and determine the functional roles 
of these transcription factors. Through these experiments, insights into the transcriptional control of CAM will be obtained to inform its 
engineering into bioenergy crops. 
 
P0084: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Extremophyte Crucifer Species: A Comparative Framework to Study Genome Variations That Lead to Niche Adaptations 
Guannan Wang, Dong-Ha Oh and Maheshi Dassanayake, Louisiana State University, Baton Rouge, LA 
Schrenkiella parvula and Eutrema salsugineum (formerly Thellungiella parvula and T. salsuginea) are wild-relatives of Brassica crops and 
adapted to extremely saline habitats.  Native to the shores of Lake Tuz ("salt" in Turkish), S.parvula can survive the presence of toxic levels of 
multiple ions, including Na+, as well as Li+, K+, Mg2+, and borates. In comparison with the genome of Arabidopsis, variations in genome 
structures and transcriptome expression profiles of ion transporter genes have been identified. Among these genome structural variations (SVs), 
for exmaple, a large insertion, around 15 kb, is found at the upstream of SpBOR5, a putative boric acid transporter.  Basal level expression of 
SpBOR5 is >500 fold higher than that of AtBOR5, further highlighting the possibility of SpBOR5 being determinant for borate tolerance in 
S.parvula, and the significance of the large insertion than might lead to significant this significant expression difference.  We present the on-
going study identifying and functionally characterizing structural variations within the crucifer lineage, based on a comparative framework 
including genomes of extremophytes, crop, and model species. 
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New Insights in the Desiccation Related Proteins of the Lichen Photobiont Trebouxia gelatinosa 
Elisa Banchi, Marco Gerdol, Fabio Candotto Carniel, Alice Montagner, Lucia Muggia, Alberto Pallavicini and Mauro Tretiach, 
University of Trieste - Life Science Department, Trieste, Italy 
Poikilohydric plants are able to colonize very harsh environments, thanks to their ability to survive desiccation and to recover full metabolic 
activity after rewetting. The molecular bases of this adaptation, known as desiccation tolerance, are still largely unknown.  
Trebouxia is the most common lichen-forming genus of green algae and in this study we describe our findings about the desiccation related 
proteins (DRPs) in Trebouxia gelatinosa transcriptome. Its diversification finds no parallelism in other desiccation tolerant organisms 
investigated so far. DRPs, firstly described in plants, are present also in several unrelated bacterial groups, including the Deinococcus/Thermus 
phylum. 
Thirteen sequences could be classified as DRPs in T. gelatinosa; they are characterized by a c.170 aa long ferritin-like domain (PF13668), 
followed by one or two domains of unknown function. This gene family has undergone relevant expansion in T. gelatinosa; in the majority of 
green algae DRPs are present in few copies or completely absent. Furthermore, Bayesian phylogenetic inference clearly points out that DRPs of 
green algae are unlikely to be orthologous to those found in Embryophytes. Alternatively, they share a surprising sequence similarity to DRPs 
found in Bacteria. This result led us to consider the possibility of a bacterial origin for Trebouxia DRP genes, which may have been ancestrally 
acquired by horizontal gene transfer (HGT) from lichen-associated bacteria species. 
Our future goals aim at increasing the knowledge about DRP family in Trebouxia, in order to understand the role and the evolution of these 
proteins both in lichen symbiosis and in the desiccation tolerance. 
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Transcriptomic and Phenotypic Changes in Young Bull Liver Caused By Low-Impact and Nutraceutical Diets 
Sara Pegolo1, Núria Mach2, Alessio Cecchinato1, Christos Dadousis1, Massimiliano Babucci3, Marianna Pauletto3, Luca 
Bargelloni3, Stefano Schiavon1 and Giovanni Bittante1, (1)Department of Agronomy, Food Natural resources, Animals and 
Environment - University of Padova, Padova, Italy, (2)INRA, UMR1313 Animal Genetics and Integrative Biology, Jouy-en-Josas, 
France, (3)Department of Comparative Biomedicine and Food Science - University of Padova, Padova, Italy 
The administration of low-impact diets (low in protein and mineral content) and nutraceutical diets (enriched in n-3 fatty acids (FA),and 
conjugated linoleic acid (CLA)) in young Belgian Blue X Holstein bulls might involve transcriptional modifications in liver. Therefore, the aim 
of the present study was to identify liver regulatory networks underlying physiological and metabolic responses to specific nutrient ingestion, 
using RNA-sequencing. A total of 198 differentially expressed (DE) genes were identified when comparing low-impact, nutraceutical and 
conventional diets, with the nutraceutical diet showing the greatest effects on liver transcriptome. We used ClueGo and Ingenuity Pathway 
Analysis to gain a better understanding of the biological functions regulated by the DE genes. Notably, DE genes were involved variously in 
energy reserve metabolic process, glutathione metabolism, and carbohydrate and lipid metabolism. Additionally, nutraceutical diet significantly 
reduced fat covering in vivo, and liver pH. Dietary treatments did not affect overall liver fat content, but significantly modified the CLA, n-3 and 
n-6 FA composition, as well as the ratio n-6/n-3. In bulls fed linseed, the percentage of n-3 and CLA FA increased around 2.5-fold compared 
with the other diets, whereas the ratio of n6/n3 decreased by 2.5-fold. The CLA and n-3 FA were positively correlated with the expression profile 



of many DE genes, likely regulating their synthesis or metabolism. This study provides interesting insight into the molecular changes occurring 
after nutrient variation in diets (aiming at reducing the environmental impact and improving human health) and broadens the understanding of 
relationship between nutrients and phenotypic variations. 
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Long Non-Coding RNA (lncRNA) Is Abundantly Expressed in the Gastro Intestinal Tract of Calves 
Eveline M. Ibeagha-Awemu, Ran Li and Pier-Luc Dudemaine, Dairy and Swine Research and Development Centre, Agriculture 
and Agri-Food Canada, Sherbrooke, QC, Canada 
Long non-coding RNA (lncRNA) constitutes the largest portion of the mammalian non-coding transcriptome and information on its regulation of 
gene expression and involvement in many biological processes is beginning to emerge.  While relatively more is known about occurrence and 
functions of lncRNA in the human genome, little information exist on bovine. To gain insights into the occurrence, expression pattern and 
possible functions of lncRNA in the gastro-intestinal-tract of calves, rumen and ileum tissue samples from 32 calves were subjected to next-
generation RNA sequencing (RNA-Seq). Calves were managed following standard procedures. Sixteen calves were humanely euthanized at 33 
days of age (pre-weaning) and another sixteen at 96 days of age (post-weaning) for collection of ileum and rumen tissue samples. Total RNA 
from tissues were subjected to 100 bp paired end RNA-Seq. Sequencing generated 1,919,500,055 unique reads corresponding to approximately 
79% of the total after alignment against the bovine genome (UMD3.1). Reads were assembled into transcripts using Cufflinks v2.2.1. Transcripts 
≥180 nt were retained and those that matched to small ncRNA, tRNA, rRNA and mRNA were removed. Coding potential of transcripts were 
assessed using Coding-Non-Coding Index and Coding Potential Assessment Tool programs and only transcripts that were considered by both 
softwares as non-coding were kept. Finally, transcripts with no hit in Swiss-Prot database were retained. Using NONCODE data base as a 
reference, a total of 715 and 631 known and 37687 and 25682 novel lncRNAs were identified respectively in ileum and colon tissues. This 
number is higher than the number of bovine lncRNAs deposited in NONCODE data base. In Rumen, more lncRNAs were identified on day 33 as 
compared to day 96. Majority of identified lncRNAs are located within intergenic regions followed by intronic regions. Furthermore, more than 
half of identified lncRNAs are composed of one exon followed by two and three exons. Some lncRNAs had >7 exons. Our data suggest that 
lncRNAs may play roles in the development of the gastro-intestinal tract and that they are widely distributed in the bovine genome. 
Computational challenges in managing lncRNA data abound and no unified system of nomenclature exist. 
 
P0088: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Detection and Expression of Genes Involved in Innate and Adaptive Responses in Ruminants 
Emmanuel K Asiamah1, Kinglsley Ekwemalor1, Sarah Adjei Fremah2, Mulumebet Worku1 and Hamid D Ismail Mukhtar1, 
(1)North Carolina Agricultural and Technical State University, Greensboro, NC, (2)North Carolina A&T State University, 
Greensboro, NC 
Pathogen associated molecular patterns (PAMPS) are known to stimulate immune gene expression. A study was conducted to compare the 
expression and modulation of genes involved in innate and adaptive responses to bacterial infection and sepsis in three species of ruminants 
(cow, sheep and goats). Blood was collected from adult, female Holstein Friesian cows, Spanish x Boer goats and St Croix sheep (N=4 from each 
species). Total RNA was isolated using Trizol, RNA integrity number (RIN) was determined and samples with RIN >7 for each treatment were 
pooled together and used for cDNA synthesis amplification in PBS samples.  
The RT2 profiler array was used to assay expression and fold change in 84 genes involved in innate and adaptive immunity in untreated cow 
blood. Expression of individual genes encoding TLR2, TNFalpha, TLR4 and  Frizzled was evaluated in cow, sheep and goat blood treated with 
PAMPs. Fold change in transcript abundance was calculated using the Livak method with samples maintained in PBS serving as control. In 
untreated cow blood 29 genes were expressed. Both plant and pathogen AMPS modulated gene expression in cow sheep and goat blood. Plant 
AMPs modulate the impact of bacterial AMPS on TLR2 and Frizzled expression. Gene expression and modulation was species specific. Immune 
gene transcription in ruminant species is variably responsive to different bacteria cell wall components. Such modulation may offer an avenue for 
the exploitation of plant AMPS to regulate inflammatory response and enhance the cow, goat and sheep immunity.  
Keywords: PAMPS, innate and adaptive, immunity 
 
P0089: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Goat Neutrophils Express Innate and Adaptive Response Genes that can be Modulated by Exposure to Mushroom (Coriolus 
versicolor) Extracts 
Kinglsley Ekwemalor1, Emmanuel K Asiamah1, Sarah Adjei Fremah2, Mulumebet Worku1 and Hamid D Ismail Mukhtar1, 
(1)North Carolina Agricultural and Technical State University, Greensboro, NC, (2)North Carolina A&T State University, 
Greensboro, NC 
Neutrophils are the first line of defense and central to many disease processes in animals. A study was conducted to determine the expression on 
84 genes involved in innate and adaptive responses. The modulation by extracts of the mushroom Coriolus versicolor was also determined. 
Blood was collected from adult female SpanishXBoer (N=10) goats, before and after supplementation with mushroom extract for 30 days. 
Neutrophils was isolated from whole blood. Total RNA was isolated from neutrophils using Trizol, RNA integrity number (RIN) was determined 
and samples were pooled by treatment group (N=5) and used for cDNA synthesis. The RT 2profiler array was used to determine the expression of 
84 genes involved in innate and adaptive immunity. Fold change in transcript abundance was calculated using the Livak method with GAPDH as 
the reference gene for normalization.  On day 0, 54 genes were expressed from both treatment groups. On day 30, mushroom extracts had an 
effect on the expression of 68 genes of which 45 were upregulated, 23 genes were down regulated and 16 genes were unchanged. The control 
group expressed 8 genes which were upregulated and 76 were undetected. Treatment with mushroom extracts resulted in increase differential 
expression of genes related Toll-like Receptor (TLR) signaling pathway. Mushroom extracts may have probiotic effects in goats by modulating 
neutrophil gene expression. This will also help advance understanding of the genetics of gene expression and neutrophil biology in goats.  
Keywords: Neutrophils, Mushroom, Probiotic 
 



P0090: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Pleiotropic Effect of Probiotics Administration on Gene Expression of in Goats Impacting Immunity and Homeostasis 
Mulumebet Worku, Hamid D Ismail Mukhtar, Sarah Adjei-Fremah, Emmanuel K Asiamah and Kinglsley Ekwemalor, North 
Carolina Agricultural and Technical State University, Greensboro, NC 
In animal production the use of probiotics supplements to promote animal health is increasing. The objective of this study was to assess 
molecular impact of Probiotic administration on activation of genes involved in homeostasis and immunity. Following initial screening for 
infection, one week post weaning, female SpanishXBoer  goats were drenched daily with 10 ml sterile water containing recommended doses of 
FASTtrak microbial pack (treatment I) or  sterile water (treatment II) for an 8 week period.  Blood samples were collected weekly. Total RNA 
was isolated from blood collected at the beginning of the study (Day 0) and at the end of the study (day 60) using Tri-reagent and then reverse-
transcribed to cDNA using the Ambion-Retroscript kit. The cow Wingless signaling pathway, Cow Cytokine and Human Innate & Adaptive 
Immune Responses RT² Profiler™ PCR Arrays (SABiosciences) were used to profile the expression of 84 genes involved in each pathway. 
Different levels of these genes were expressed at day 0. Treatment increased the expression of innate and adaptive immune response, cytokine 
and Wingless pathway genes. The highest fold changes were observed wingless pathway genes. This study provides evidence for a pleiotropic 
effect of probiotics administration in goats impacting immunity and homeostasis. 
 
P0091: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Elucidating Porcine Reproductive and Respiratory Virus (PRRSV) Induced Changes in the Molecular Regulatory Networks 
of Alveolar Macrophages 
Julie Hicks1, Dongwan Yoo2 and Hsiao-Ching Liu1, (1)North Carolina State University, Raleigh, NC, (2)University of Illinois at 
Urbana-Champaign, Urbana, IL 
Porcine Reproductive and Respiratory Syndrome (PRRS) is a contagious viral disease in pigs characterized by poor reproductive health, 
increased mortality, and reductions in growth rates. PRRS is caused by PRRS Virus (PRRSV). To better understand PRRSV pathogenesis and 
the host’s response to PRRSV infection, we performed regulatory and transcriptome studies in PRRSV-infected porcine alveolar macrophages 
(PAMs), which is the natural host.  PRRSV-induced changes in the PAM transcriptome were characterized from PAMs infected with PRRSV 
(VR-2332) at an M.O.I. of ten or from mock-infected controls. RNA was collected at 12, 24, or 48 hpi and sequenced. Differential expression 
analysis revealed that 676 genes were significantly (p<0.05) altered in at least one time point. The top Gene Ontology classes included genes that 
participate in defense response, inflammatory response, cytokine-cytokine receptor interaction, and regulation of programmed cell death.  For 
regulatory analyses, we employed a yeast-one hybrid scheme to understand the regulation of microRNA (miRNA), which we have previously 
found to be altered in PRRSV-infected PAMs. Our analysis indicated that miR-147, which is down-regulated in PRRSV-infected PAMs, may be 
regulated by TCF7L1, BACH1, GTF2A2, and GTF3A, which are known to regulate Wnt signaling and IL4 signaling events during T-cell 
responses to infections.  Furthermore, miR-380, which is up-regulated in PRRSV-infected PAMs, may be regulated by BATF, BCLAF1, and 
WWTR1, which are known to regulate immune cell differentiation and activation and apoptosis.  Taken together, the observed changes in 
regulatory and transcriptome elements suggest that PRRSV infection induces complex changes in the host molecular regulatory networks. 
 
P0092: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Whole Genome Transciptome Co-Expression Network Analysis Identifies Pharmacogenetic Variation in Individual, Breed 
and Gender Drug Metabolism 
Jeremy Howard, Melissa Merrill, Ronald Baynes and Christian Maltecca, NCSU, Raleigh, NC 
Drug use in animal agriculture has received increased attention due to welfare concerns, food safety, and drug resistance. Therefore 
characterizing pathways resulting in variation across animals and/or inherent breed and sex differences in how they metabolize drugs is of 
importance. Our objective was to characterize networks and/or genes involved in metabolizing fenbendazole (FBZ) and flunixin meglumine 
(FLU). The population consisted of progeny that were derived from sires across four breeds (Duroc, Hampshire, Landrace and Yorkshire) that 
were mated to a common sow population. Progeny were randomly placed into groups: no drug (untreated), FLU or FBZ administered. An initial 
dose of FLU or FBZ was administered and blood collected over a 48-hour period to collect pharmacokinetic (PK) parameters and a second dose 
was given with animals sacrificed one hour later. Liver RNA-Seq transcriptome profiles from 20 animals with extreme PK profiles within each 
treatment group balanced across breed and sex were generated. Weighted gene co-expression network analysis identified 5 and 3 modules of co-
expressed genes correlated (P-value <0.10; r >0.30) with PK parameters for FBZ and FLU, respectively. A portion of genes within modules for 
either FBZ or FLU with previously reported drug metabolism functions were differentially expressed across breed or sex (FDR <0.05) and 
included HSD17B2, CYP2A19, CYP4V2, CYP7A1, CYP2B22, CES2, MT1A, ABCC3 and GSTA1. The correlation between the differential 
connectivity of a gene between treated and untreated for FBZ and FLU was moderate (r =0.56). The current work has characterized modules and 
genes that impact drug metabolism. 
 
P0093: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Evaluation of Multiple Differential Gene Expression Pipelines to Study Spinal Cord Injury in Monodelphis domestica 
Ben J. Wheaton1, Anitha Sundararajan2, Nicolas Devitt2, Johnny A. Sena2, Faye Schilkey2 and Rob Miller1, (1)University of New 
Mexico, Albuquerque, NM, (2)National Center for Genome Resources (NCGR), Santa Fe, NM 
Injury to the mature spinal cord typically results in complete loss of function below the level of the injury. This loss of function is usually 
permanent and currently there are no effective curative treatments. However, when the spinal cord is injured during early development the axons 
have the capacity to grow across the injury site and form functional circuitry. This ability is lost as the as the spinal cord matures.  
In this study, we employ a developmental model of spinal injury using Monodelphis domestica, a grey short tailed opossum, whose young are 
born at an extremely immature stage of development (equiv. to rodent embryonic day E13). In these animals, spinal injury in 7-day-old pups (P7) 
results in pronounced axonal regrowth through the injury site, but following injuries made 28-days (P28) no regrowth occurs.  
Here we present RNA sequencing analyses aimed at identifying key developmentally regulated facets of the nervous system’s response to injury 
that result in a state that is either ‘permissive’ or ‘non-permissive’ to axonal regrowth.  



In this study, we have evaluated multiple pipelines for differential gene expression analysis. This sort of comparative study will enable us to 
obtain a more optimum gene set which will in turn help better address the biological questions at hand. Workflows described in this study 
integrate a variety of tools for alignments, read count generation, differential gene expression and pathway analysis. A full understanding of these 
genetic factors may yield new therapeutic targets in future. 
 
P0094: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Characterizing Differential Pectoralis Muscle miRNA Transcriptional Profiles Between Modern and Legacy Gallus Broiler 
Lines 
Richard V.N. Davis1, Chris Ashwell2, Michael E. Persia3, Max F. Rothschild4, Susan J. Lamont4 and Carl J. Schmidt1, 
(1)University of Delaware, Newark, DE, (2)North Carolina State University, Raleigh, NC, (3)Virginia Polytechnic and State 
University, Blacksburg, VA, (4)Iowa State University, Ames, IA 
Modern meat-type chickens (broilers) exhibit enhanced growth, especially of the skeletal muscle, relative to their legacy counterparts. 
Comparative studies of modern and legacy broiler chickens provide an opportunity to identify genes and pathways affected by this human-
directed evolution.   We previously used messenger RNA sequencing to compare the transcriptomes of a modern and a legacy broiler line to 
identify differentially enriched genes in the breast muscle at days 6 and 21 post-hatch. This study expands our transcriptional profiling to identify 
important genes and pathways that may be affected by miRNA regulation.  At day 6 post-hatch 20 miRNAs, including several associated with, 
cell proliferation, metabolism, myogenic growth and development were differentially enriched between the two lines.  The miRNA profiles 
between lines at day 21 post-hatch identified only 7 miRNAs differentially enriched nearly all of which remain enriched from the D6 
samples.  Several differentially enriched myomiRs and other miRNAs that may play a role in regulation of myogenic growth and differentiation 
were identified between the modern and legacy broiler lines.  Specifically, differences in the ratios of several miRs enriched in Ross samples, 
such as miR-146a, miR-194, miR-215, may affect the myostatin signaling pathway.  Additionally, miRs enriched in the legacy line, such as miR-
193a, are associated with cell cycle and the Akt/PI3k signaling pathway.  These differentially enriched miRs help to further clarify the 
transcriptional profiles of these two broiler lines and further elucidate the effects of human directed selective pressures on domesticated 
organisms. 
 
P0095: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Generation of Genomic Resources for Atlantic Sturgeon Using Next Generation Sequencing 
Tiago Hori1, Jason Stannard2, Debbie Plouffe3, John Buchanan2 and Mark Fast4, (1)The Center for Aquaculture Technologies, 
Souris, PE, Canada, (2)Center for Aquaculture Technologies, San Diego, CA, (3)Center for Aquaculture Technologies Canada, 
Souris, PE, Canada, (4)University of Prince Edward Island, Charlottetown, PE, Canada 
Caviar producing sturgeon is a high-value species and over the past decade sturgeon aquaculture has grown. However, market demand and 
growth may have negative impacts on production due to the need for higher throughput, which can strain the physiological limits of the fish and 
lead to greater susceptibility to pathogens and external stressors. A broader knowledge of sturgeon biology and genetics will be required to 
maximize culture and to fulfill the market demand for sturgeon products. Unfortunately, there is a paucity of genomic information available for 
sturgeon species, and thus the generation of these resources may help to identify high-quality broodstock and facilitate optimization of culture 
conditions. RNA-seq was used to identify Atlantic sturgeon (Acipenser oxyrhynchus) genes that respond to lipopolysaccharide (LPS) stimulation. 
A reference transcriptome assembly for Atlantic sturgeon spleen was using over 750,000,000 pair-end Illumina reads. The reference assembly 
was comprised of ~ 400,000 cDNAs, and ~ 70% of the 750,000,000 pair-end reads re-mapped properly to the reference. This transcriptome was 
used for the identification of sturgeon LPS-responsive genes such as interleukin-8, cathelicidin, major histocompatibility complex (MHC) I and 
II. In addition, existing pipelines were used to identify 3 million single-nucleotide polymorphisms (SNPs) for this emerging aquaculture species. 
Due to the duplicated nature of the Atlantic sturgeon, following read mapping, consensus calling and SNP identification, we used an in-house 
custom filtering algorithm and reduced the SNPs to a collection of ~ 50,000 high-quality markers. Further studies are under way to validate the 
LPS-responsive genes and SNPs.  
 
P0096: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
The FAANG Bioinformatics and Data Analysis Group 
Mick Watson, The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom 
FAANG is a co-ordinated, international effort to improve and annotate farm animal genomes.  
The purpose of the FAANG bioinformatics and data analysis group is:  

• To agree and define standard pipelines for the analysis of FAANG data, with the aim that data sets are comparable because they have 
been analysed using the same pipeline.  

• These pipelines to include software names, versions and parameter sets and the order in which they should be applied. Software chosen 
should be "industry standard"  

• The group should work together to investigate methods to integrate the primary analysis results to high level summaries of functional 
state  

• To communicate with the "Metadata and Data Sharing" group to ensure samples come with all sample and experimental metadata 
needed to run said pipelines.  

• To communicate with the "Samples, Assays and Animals group to ensure we know the number and type of samples that will arrive.  
• To communicate with the "Samples, Assays and Animals" group to define metrics which we will feed back regarding the quality of the 

data we receive and the quality of the analysis that has been carried out.  
• To define computational data standards and make recommendations to the Samples, Assays and Animals" group about minimal 

experimental standards in terms of depth, read length, pairedness etc  
• The group will be responsible for defining standard datasets such as reference genome, gene sets, mappability sets/black lists  
•  



P0097: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Communications as an important Component of the Functional Annotation of Animal Genomes (FAANG) Consortium 
Martien A.M. Groenen, Wageningen University, Wageningen, Netherlands, Alan L. Archibald, The Roslin Institute and 
R(D)SVS, University of Edinburgh, Midlothian, United Kingdom and Christopher K. Tuggle, Iowa State University, Ames, IA 
The Communications (Com) committee aims to provide the community with information about FAANG activities and provide links among the 
various FAANG groups and committees. The Com committee major effort lies with developing and maintaining the website at 
http://www.faang.org. This website aims to provide the scientific community and the public with information about the project and its working 
groups. The website also facilitates information exchange between working groups.  
The Com committee helps to organize meetings that promote the goals and objectives of FAANG. A full list of these meetings can be found on 
our meetings page. Example meetings include the 2015 GO-FAANG meeting as well as annual workshops at the Plant & Animal Genome and 
International Society of Animal Genetics conferences. The Com committee is also cooperating with the Genome to Phenome Research 
Communications Network funded by the National Science Foundation, which has overlapping goals.  
Finally, a key role of the Com group is communicating the potential benefits of the FAANG initiative to the wider community, including funding 
agencies, industry and the general public since the FAANG initiative is an opportunity to really drive domesticated animal genomics forward. 
Genome sequencing efforts have already paid off through increasing the rate of genetic improvement as well as increasing the range of traits that 
can be addressed. A greater understanding of the architecture of the genome and its control circuits offer even greater opportunities for 
understanding biological mechanisms that create phenotype from genotype for the biological and medical research communities. Connecting and 
creating new dialogue with Government and funding agencies including NGOs and charities will support our contribution to the Grand 
Challenge of feeding 9 billion by 2050. 
 
P0098: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Towards Common Standardized Procedures for the Functional Annotation of Animal Genomes (FAANG) 
Huaijun Zhou, University of California, Davis, Davis, CA and Elisabetta Giuffra, INRA, UMR de Génétique Animale et Biologie 
Intégrative, Jouy-en-Josas, France 
A central goal of ASA is to foster collaborations, avoid redundancies and enhance synergies in terms of animal/sample collection for each of the 
related molecular assays. Currently, a large set of tissues is shared by several pilot projects. Breed, age, environment and physiological state at 
sampling vary, which increases heterogeneity but also the potential for comparisons across tissues and cell types. To organize FAANG 
collections and deal with this complexity, ASA collaborates with the ‘Metadata & Data Sharing’ Committee for defining the minimum 
requirements, suitable ontologies, reference databases and example metadata for the FAANG collections. Protocols for assays are being 
developed based on standards defined by the ENCODE projects and the International Human Epigenome Consortium (IHEC) as references. A 
set of core assays, which primarily employ technologies (whole genome re-sequencing, RNA sequencing, chromatin accessibility and histone 
marks) that work across all targeted species  are the starting point; additional assays are being developed by individual research groups based on 
specific needs and research interests (Box 1 in Andersson et al. 2015; PMID: 25854118). The Committee is working to adapt these assays where 
necessary, taking into account the complexities of individual species and the different tissues available. These protocols will then be refined 
through the Committee’s page of the FAANG wiki (http://www.ebi.ac.uk/seqdb/confluence/display/FAANG/) and become standards. The 
expected outcome of these activities is to standardize the best practice tools and resources for facing the genotype-to-phenotype challenge in 
domesticated animals. 
 
P0099: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
The Conserved Functional Role of Non-CpG Methylation in Mammalian and Avian Brain 
Kyle M Schachtschneider1,2, Ole Madsen2, Veronika N. Laine3, Martijn F.L. Derks2, Lawrence B. Schook1, Martien A.M. 
Groenen2, Koen J.F. Verhoeven3 and Kees van Oers3, (1)University of Illinois, Urbana, IL, (2)Wageningen University, 
Wageningen, Netherlands, (3)NIOO, Wageningen, Netherlands 
DNA methylation is an epigenetic regulator of gene expression that plays a role in many cellular processes affecting a variety of traits. In this 
study DNA methylation was assessed in neuronal tissue from three pigs (frontal lobe) and one great tit (whole brain) using reduced 
representation and whole genome bisulfite sequencing, respectively. In addition, gene transcription patterns were profiled using RNA-seq. In 
total over 1.5 and 10.2 million CpG, and 5.5 and 167.4 million non-CpG sites were covered in the porcine and great tit samples, respectively. The 
observed genome-wide DNA methylation patterns in both species were consistent with previous mammalian findings, including low but 
significant non-CpG methylation that occurred predominantly at CpA dinucleotides. Both CpG and non-CpG methylation were negatively 
correlated with gene expression in porcine (Spearman’s rho < -0.053, P < 1x10-15) and great tit brain (Spearman’s rho < -0.22, P < 0.0001). In 
addition, increased CpG and decreased non-CpG methylation was found within transposable elements (TEs) compared to surrounding regions in 
the great tit brain. TE activity was negatively correlated with non-CpG methylation both within TEs (Spearman’s rho -0.12, P < 1x10-15) and the 
surrounding 2 kb regions (Spearman’s rho < -0.19, P < 1x10-15). These findings provide the first evidence for conservation of non-CpG 
methylation in mammalian and avian neuronal tissue, and suggest a functional role for non-CpG methylation in avian neuronal tissue. These 
results raise interesting questions regarding the universal role of non-CpG methylation in neuronal epigenetic regulation and its potential role in 
learning and memory. 
 
P0100: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Epigenetic Mechanisms Associated with Endocrine Disrupting Chemicals (EDCs): Their Association with Disease  
Acacia Alcivar-Warren, Environmental Genomics, Inc., Southborough, MA 
Information on transgenerational epigenetic inheritance (TgEI) and epigenetic mechanisms associated with EDCs will be presented, in light of 
globalization and climate change. EDCs are associated with DNA methylation changes, histone modifications (acetylation, methylation, 
phosphorylation, sumoylation, ubiquitination), RNAi mechanisms (microRNAS and other non-coding RNAs). Exposure to environmental 
contaminants of concern (COCs) such as EDCs (PCB pesticides, heavy metals, PAHs, herbicides, antibiotics), bacterial transgenes (Bacillus 



thuringiensis) and other stressors, can cause long-term adverse health effects to environment, animals and people. In animal models, EDCs 
produce abnormal reproductive or metabolic phenotypes that are transgenerationally transmitted, increasing incidence of obesity, polycystic 
ovary syndrome, pregnancy defects, germ cell apoptosis. EDCs are associated with chronic conditions (diabetes, cardiovascular, renal diseases, 
congenital malformations. When EDCs introduce epigenetic changes during early development, they permanently alter the epigenome in the 
germline, and the changes can be transmitted to subsequent generations. If epigenetic changes are introduced during adulthood, the changes 
within an individual occur in somatic cells and are not permanent or transmitted to subsequent generations (Gore et al. 2015). Siklenka et al. 
(2015) reported paternal epigenetic transmission of a transgene, both intergenerational effects (F1) and intragenerational effects (F2, F3). 
Evidence predicts TgEI of current COCs in humans will severely impact the incidence of non-infectious diseases in future generations, due to 
long-lasting alterations in the gametes epigenome. Limited information has been published for Glyphosate, the most used herbicide worldwide, 
an EDC, bactericide and metal chelator. Host–microbe interactions are also capable of mediating TgEI of a stress-induced Drosophila phenotype. 
 
P0101: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Co-Overexpression of C/EBP Beta and C/EBP Delta Genes Induces Lipid Synthesis in Bovine Fibroblasts 
Hongbao Wang, College of Animal Science, Northwest A&F University, Davis, CA and Linsen Zan, NWSUAF, Yangling, China 
Although fat is unpopular in many countries, being considered unhealthy, and while appropriate fat deposition in the muscle of beef cattle can 
improve meat tenderness and palatability, marbling beef is very popular and expensive, especially in the orient. However, little is known about 
the molecular mechanisms of fat deposition in bovine muscle. In mouse 3T3-L1 preadipocyte, differentiation led to the expression of C/EBPβ 
and C/EBPδ simultaneously increasing. In the very early stage, the cell activates other genes, such as PPARγ and C/EBPα, and adipocytes start 
differentiating. Therefore if both C/EBPβ and C/EBPδ are overexpressed simultaneously in the fibroblasts, the question is whether this can 
induce lipid synthesis in fibroblasts. These are the main issues of this study, in which we have constructed adenovirus overexpression vectors 
carrying bovine C/EBPβ and C/EBPδ genes, which are also packaged and amplified the corresponding C/EBPβ+δ adenovirus to co-infect 
primary bovine fibroblasts, using empty adenovirus as control. Bovine fibroblasts treated with C/EBPβ+δ adenovirus undergo adipogenesis and 
accumulate lipid droplets soon after treatment. RT-PCR showed the expression patterns of 3 recognized transcriptional regulators, PPARγ, 
C/EBPα and SREBP1 are distinctive. PPARγ was suppressed in the initial stage, and significantly increased later on; C/EBPα had sharp ups and 
downs in the middle stage, whereas there were no significant changes (but slightly lower than control) in SREBP1 expression. LPL and ACCα 
were significantly upregulated throughout the differentiation. FAS increased in the initial 4 days before returning to normal. Considering the 
fibroblasts lipid droplet and gene expression occurring together, we speculated that the regulatory mechanism in bovine fibroblast adipogenesis is 
different from that in adipocytes. Simultaneously overexpressed C/EBPβ and C/EBPδ can activate PPARγ and C/EBPα gene expression, but 
they are not essential for inducing lipid droplets in bovine fibroblasts. 
 
P0102: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Evidence of microRNA Regulation of Intramuscular Fat Deposition in Beef Cattle 
Gabriella B. Oliveira1, Aline S.M. Cesar2, Andrezza M. Felício1, Berna I.G. Kappeler1, Mirele D. Poleti1, Luciana C.A. Regitano3 
and Luiz L. Coutinho1, (1)University of São Paulo/ESALQ, Piracicaba, Brazil, (2)University of São Paulo/ESALQ and Iowa State 
University, Ames, IA, (3)Embrapa Southeast Livestock, São Carlos, Brazil 
This study aims to identify known and novel microRNAs expressed in Bos indicus muscle, as well as changes of the expression level of these 
molecules, in order to investigate the influence on regulatory pathways for intramuscular fat (IMF) deposition in Nelore cattle. Total RNA was 
extracted from 30 animals divided into High (H) and Low (L) IMF content groups, based on extreme genomic estimated values (GEBV) for this 
trait. MicroRNA libraries were constructed and sequenced using NGS technology (Miseq-Illumina) generating 1 million reads/sample. 
MicroRNAs were filtered by FastX, annotated by miRDeep2 and differentially expressed (DE) microRNAs were identified by DESeq2 package. 
Twenty-six novel and 463 known microRNAs were identified and six of them were DE (FDR <0.1), which bta-let-7f, bta-let-7a-5p and bta-miR-
423 were downregulated; bta-miR-100, bta-miR-143 and bta-miR-146b were upregulated in the L group. MicroRNAs target genes were 
identified by TargetScan program and filtered by muscle RNA-seq data obtained in previous studies, creating a list with 2,579 target genes. The 
regulatory pathways associated with the miRNA target gene list were identified and analyzed by IPA® software. The most important pathway 
related with lipid metabolism herein identified was PPAR-RXR signaling, with 44 target genes involved. This pathway showed to be 
downregulated for adipogenesis and upregulated for fatty acid oxidation in the L group, through regulating gene expressions of PPARa and PKA 
by let-7a and let-7f; ADIPOR2 by miR-423; STAT5b by miR-100. These results agree with our hypothesis that microRNA expression can 
modulate lipid metabolism and fat deposition, although in vitro analyzes are required to complement this research. 
 
P0103: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Meta-Analysis Based Approach for Analyzing Bovine RNA-Seq Data 
Minseok Seo1, Heebal Kim1 and Seoae Cho2, (1)Seoul National University, Seoul, South Korea, (2)C & K Genomics, Seoul, South 
Korea 
Despite increment of supply and demand on milk in the market, the gravity of research on milk production of cattle was somewhat 
underestimated; only a few studies have attempted to identify milk-synthesizing genes using RNA-seq data. Most of studies focused solely on 
detecting for the genes associated with milk yield rather than milk components such as protein, fat, and solid, using transcriptional analyses. In 
this study, we performed RNA-seq analysis using samples harvested from 21 cows, along with group information about diverse milk production 
abilities; milk yield; and protein, fat, and solid contents, to identify the genes which can induce milk yielding and milk nutrients synthesis. Then, 
Meta-analysis was employed to characterize its genes. We identified 271 genes (FDR adjusted P-value < 0.1) as milk production related DEGs. 
Among these genes, five of them, including ALB, NOS3, RNPC3, SECTM1 and SPTSSB were selected and validated using qRT-PCR for the 
technical verification. According to analyses, biological functions of the detected genes, are highly enriched in the circulatory system and 
mammary gland. We concluded that identified 271 genes would be strong candidates for determining milk production such as CAV1, M-
SAA3.2, LAP, CATHL4, and CATHL6, which were also significantly associated with milk yielding in other species. 
 



P0104: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
A Proteomic Strategy to Discover the Composition, Localization, and Dynamics of Endogenous Protein Complexes in 
Arabidopsis Leaves 
Dan Szymanski, Purdue University, W. Lafayette, IN 
A given eukaryotic cell contains thousands of protein complexes that enable  the cell to generate and respond to signals, fine tune and integrate 
metabolic activities, and carry out complicated mechanical tasks. Therefore broad knowledge about protein complex composition and dynamics 
is needed to analyze systems-level behaviors.  To date, affinity purification-mass spectrometry and yeast-two-hybrid are the most widely used 
methods for high throughput analysis of protein complexes. However, these methods are not suitable for many plant species that are refractory to 
transformation or genome-wide cloning of open reading frames. To overcome these problems, we recently developed a new method that 
combines size exclusion chromatography with quantitative MS to analyze thousands of proteins leading to the discovery of hundreds of novel 
protein complexes  (Aryal et al., 2014).  We have recently expanded this technique in several important ways. First we have incorporated stable 
isotope labeling to anlayze how protein complexes rearrange in respose to metabolic stress. Second, we developed a new method to predict 
protein complex composition by combining SEC with an orthogonal ion exchange chromatography separation to generate abundance profiles of 
thousands of proteins using MS1 extracted ion chromatograms. These abundance profiles were subjected to clustering analysis to identify 
proteins that co-fractionate, and are putative subunits of native complexes. Last, our analysis has been extended to include membrane-associated 
proteins. Our update will include validations using both analyses of known protein complexes and Arabidopsis mutant in predicted complex 
subunits in order to identify true positives and false negatives. 
 
P0105: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Gene Expression Differences Associated with Fatty-Acid Deposition in Beef Cattle Fed Diets with Supplemental Flaxseed 
Aidin Foroutan1, Mike E.R. Dugan2, Paul Stothard1, Jason R. Grant1, Francois Paradis1, Le Luo Guan1, Tim A. McAllister3, 
Urmila Basu1, Changxi Li1,2 and Carolyn Fitzsimmons1,2, (1)Department of Agricultural, Food and Nutritional Science, University 
of Alberta, Edmonton, AB, Canada, (2)Agriculture and Agri-Food Canada, Lacombe, AB, Canada, (3)Agriculture and Agri-Food 
Canada, Lethbridge, AB, Canada 
Supplementation of beef cattle diets with flaxseed has been shown to increase the omega-3 fatty-acid (FA) content of muscle and fat tissues. 
Towards the goal of enhancing beef FA composition, 64 crossbred cull cows (~30 months of age) of  similar breed  were ranked by weight/body 
condition and randomly assigned to one of four 50:50 forage:concentrate (DM basis) diets. The diets contained either hay or barley silage, 
supplemented with 0 or 15% ground flaxseed. Forty genes related to FA metabolism were selected for high-throughput real-time PCR gene 
expression analysis in the Longissimus thoracis (LT) muscle and subcutaneous (SC) fat samples collected at slaughter to identify expression 
differences between flax-supplemented  versus non-supplemented cows. Correlation analysis of the 40 expressed genes and FA profiles of LT 
and SC resulted in the identification of 22 genes significantly associated with an increase in percentage of desirable FAs such as omega-3s, or in 
the amount of harmful saturated-FAs. For example, expression of sphingomyelin synthase 1 (SGMS1) was associated with higher amounts of 
omega-3 and omega-6 FAs, and lower amounts of C15:0.  The sterile alpha motif domain containing 8 (SAMD8) was associated with lower 
amounts of saturated-FAs such as C14:0 and C15:0. Gene expression that correlates to FAs may have the potential to screen cattle for healthier 
FAs in their tissues, and the sequence of these genes can be interrogated to discover new single nucleotide polymorphisms associated with FA 
profiles. 
 
P0106: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Compensatory Upregulation of X Chromosome in Bovine Genome 
Jin Nam Kim, C&K Genomics, Seoul, South Korea, Sojeong Ka, Seoul National University, Seoul, South Korea and Seoae Cho, C 
& K Genomics, Seoul, South Korea 
Ohno suggests that dosage compensation system with X chromosome upregulation and inactivation have evolved to overcome genetic imbalance 
between sex chromosomes in the male and female of mammals. Recent developments of chromosome-wise technologies have enabled us to test 
X upregulation. So far, several species such as human and mouse have been examined for dosage compensation and the studies demonstrated 
that X upregulation is not for all X-linked genes, rather applied to dosage sensitive genes especially in eutherian mammals. In this study, we 
tested the genome-wide transcriptional upregulation in X chromosome in bovine using a next generation sequencing method. The result showed 
that brain expresses more genes than somatic tissues, which is consistent with the results observed in human and mouse. Complete dosage 
compensation in bovine seemed to be clear for highly expressed genes, supporting the observation that dosage-sensitive genes are tightly 
regulated for doubled expression. We suggest that, similar to other mammalian species including human and mouse, bovine genome exhibits 
incomplete dosage compensation considering global gene expression, but complete dosage compensation when tested with highly expressed 
genes. 
 
P0107: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Characterization of a Mouse Model for Bovine Developmental Duplications 
Jocelyn Denae Delhotal, Jonathan E. Beever, Brandy Marron and Anna M Phillips, Department of Animal Sciences, University of 
Illinois at Urbana-Champaign, Urbana, IL 
Developmental duplications is a genetic condition recently discovered in Angus cattle. It is a congenital abnormality where duplication of neural 
crest derived tissues occurs during embryonic development. A common phenotypic presentation of the condition includes calves born with 
polymelia having frequent duplication of the front limbs originating from the neck or shoulder region. Genome-wide association studies have 
identified a single locus associated with this disease phenotype. Further investigation has indentified the mutation as a nonsynonymous 
substitution in exon 5 of the NHLRC2 gene. TALENs targeting exon 5 were used for gene-editing of the orthologous locus in mice to further 
investigate the role of NHLRC2 in development. Three mouse lines were generated having mutations with varying impacts on the NHLRC2 
protein. Two mutations (-2 bp and -19 bp) are predicted to cause a prematurely truncated protein and one mutation (-12 bp) the deletion of four 
amino acids adjacent to the corresponding bovine substitution. Heterozygous mice for each line were mated to phenotypically characterize 



homozygous progeny. Genotyping of the offspring revealed absence of homozygous individuals suggesting embryonic lethality. Initiation of 
neural tube closure in mice occurs at day E8.5. Thus, the developmental stage for embryonic death was assessed by harvesting embryos from 
heterozygous matings at day E8.5 with subsequent genotyping. Yolk sacs containing no embryos were observed, however the number of yolk 
sacs exceeded the number of live births by 41% (9.5 vs. 6.7), indicating embryonic lethality of homozygous individuals occurs between 
fertilization and E8.5. Earlier embryonic developmental stages are being analyzed. 
 
P0108: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Polymorphisms and Splice Variants in a Polygenic Disease Induced By High-Altitude in Fattening Angus Steers Using RNA-
Sequencing and Systems Biology 
Angela Cánovas1, Rebecca R. Cockrum2, Dale Brown3, Suzette Riddle3, Joe M. Neary4, Tim Holt5, Greta Krasfur5, Juan F. 
Medrano6, Alma Islas-Trejo6, Richard M. Enns5, Scott E. Speidel5, Kristi M. Cammack7, Kurt Stenmark3 and Milt Thomas5, 
(1)Centre for the Genetic Improvement of Livestock, Department of Animal Biosciences, University of Guelph, Guelph, ON, 
Canada, (2)Virginia Polytechnic Institute and State University, Blacksburg, VA, (3)University of Colorado-Denver, Denver, CO, 
(4)Texas Tech University, Lubbock, TX, (5)Colorado State University, Fort Collins, CO, (6)University of California-Davis, Davis, 
CA, (7)Department of Animal Science, University of Wyoming, Laramie, WY 
High-altitude (>1800m) disease is a challenging problem for beef cattle. The disease is a consequence of hypoxia-induced right ventricular (RV) 
heart failure as per vascular inflammation of the pulmonary artery (PA) and hypertension. An indicator trait of this condition, pulmonary arterial 
pressure (PAP) has moderate to high heritability (0.2-0.4) when measured in yearling cattle; however, knowledge of candidate genes that can be 
used in genetic improvement for this trait and physiological-disease condition are minimal. The transcriptomes of RV,LV,PA, aorta, muscle, and 
lung were examined from fattening-yearling Angus steers phenotyped to be of low or high PAP (LPAP and HPAP;n=10/group). RNA-Seq data 
and analyses revealed the highest number of differentially expressed genes (DEG) between groups were in RV (n=1,394) and aorta 
(n=1,173;p<0.01;Fold-change>2). Also, splice variant analyses revealed the highest DEG in RV (n=555), aorta (n=547) and PA (n=152) between 
LPAP and HPAP animals. Pathway analyses of DEG in RV suggested importance of IL-8/IL-10 signaling, factors promoting cardiogenesis, 
coagulation, thrombin and cardiac hypertrophy. Systems biology analyses of RV data suggested that 101 genes were acting as key transcriptional 
regulators of 705 DEG between LPAP and HPAP steers. Most of the key regulators had roles in cardiomyopathy (NFATC1), movement of 
leukocytes/neutrophils (OLR1,PLAUR), failure of heart (CTGF), ventricle hypertrophy (TREM1,GATA2,P38-MAPK) and vascularization 
(SYVN1). Several SNP variants segregated specifically in either the LPAP or HPAP animals in key regulator genes. The integration of structural 
and functional genomic data associated with high-altitude disease will help to develop more robust approaches for genetic selection in beef cattle. 
 
P0109: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Camelid Peptidomics: Logical Sequel to Transcriptomics 
Elena V. Romanova1, Bruce R. Southey1, Michael Greenwood2, Charles Hindmarch2, F. Zahra Djazouli Alim3, David Murphy2 and 
Jonathan V Sweedler1, (1)University of Illinois at Urbana-Champaign, Urbana, IL, (2)University of Bristol, Bristol, England, 
(3)Université Saad Dahleb, Blida, Algeria 
One of the striking examples of plasticity in nature is the ability of one-humped Arabian camel (Camelus dromedarus) to survive extended 
periods of water deprivation and to tolerate water loss of up to 30% its body weight. The brain regulates water balance through the hypothalamo-
neurohyophysial system (HNS). In the camel, the HNS is thought to go into a state of permanent activation during arid summers in preparation 
for the prospect of water deprivation.  Progress in the sequencing of Arabian camel genome and HNS transcriptome has laid the foundation for a 
functional analysis of gene products mediating this unique physiology in this species. However, the immense challenge is due to the complexity 
of molecular readout: a single gene can produce many products as a result of SNPs, alternative gene splicing, post-translational processing of 
precursor proteins, and chemical post-translational modifications to cleaved peptides that often cannot be inferred from genomic data. To 
determine the actual gene products, neuropeptides and hormones which mediate this vital physiology, direct measurements at peptide level are 
invaluable. Mass spectrometry-based direct analysis of endogenous peptides, e.g. peptidomics, is capable of characterizing of highly diverse 
peptide complement in camel HNS. Here, we used this approach to de novo sequence hundreds of peptides in camel HNS (pituitary and 
supraoptic nucleus, SON). Sequence tags were identified against our custom camel transcriptome database. The obtained peptidomics data can be 
used to gain insights into evolutionary adaptation among camels and to advance the functional study of the seasonal adaptations in the camel 
HNS. 
 
P0110: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Cloning and Characterization of Functional Naïve VHH Library That Can be Used in Phage Display for Selection of 
Antigen-Specific Nanobodies 
Abdullah A. AL-Doss1, Adel Zakri2, Ahmed A. Ali2 and BasemS. Ahmed2, (1)Plant Production Dept.- King Saud University, 
Riyadh, Saudi Arabia, (2)King Saud University, Riyadh, Saudi Arabia 
Heavy Chain Antibodies (HCAB) found in camelids and shark are relatively newly-discovered class of antibodies that are getting increased focus 
for their potential use in different applications such as drug discovery and plant protection. The antigen-binding variable fragment of heavy chain 
HCAB (VHH; also called Nanobody) possess a unique combination of physical and chemical properties that makes it a promising target for 
medical and plant applications. Here we report the generation and characterization of functional naïve VHH phage library. Several nanobodies 
against different antigens were isolated from the naïve library using phage display technology.  
Acknowledgment:  This project was funded by the National Plan for Science, Technology and Innovation (MAARIFAH), King Abdulaziz City 
for Science and Technology, Kingdom of Saudi Arabia, Award Number BIO2833. 
 
P0111: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
A New Method for Generating Arrayed RNAi Screening Tools for Any Genome-Annotated Organism 



Angela Schoolmeesters, Jesse Stombaugh, Megan Basila, Amanda Haas, Annaleen Vermeulen, Melissa L. Kelley and Anja van 
Brabant Smith, Dharmacon part of GE Healthcare, Lafayette, CO 
RNA interference (RNAi) using small interfering RNAs (siRNAs) is an important technology for down-regulation of gene expression and a 
powerful tool to study cellular processes and pathways. Previously, large collections of siRNAs were available only for traditional experimental 
model systems, such as human and mouse, and predominantly provided as chemically synthesized libraries. For studies in alternate species, 
siRNAs needed to be custom synthesized at a relatively high cost and very long manufacturing time. To improve the accessibility of these large 
screening libraries to researchers working in non-human or mouse model systems, we have recently developed a new cost-effective 
manufacturing method to enzymatically generate large collections of siRNAs, called Zoonome siRNAs (z-siRNAs). Like other well-established 
Dharmacon siRNA product lines, they are designed using the Dharmacon proprietary SMARTselection design algorithm for potent and specific 
gene expression knockdown, but are manufactured on-demand using a novel enzymatic method. Customized collections are available in arrayed 
plate format with a pool of four z-siRNAs per well to each gene target for screening hundreds or thousands of genes for any organism with an 
annotated genome. Here we show successful gene knockdown in Cricetulus griseus (Chinese hamster) and Bos taurus (bovine) cell lines using 
Zoonome siRNAs. With this new availability of large screening libraries, the power of unbiased functional screening in nearly any species can 
accelerate findings important to animal health, food safety, and infectious disease. 
 
P0112: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Long-Non Coding RNAs Repertoire in Liver and Adipose Tissue in Chicken 
Kevin Muret1, Christophe Klopp2, Valentin Wucher3, Diane Esquerre4, Fabrice Legeai5, Frederic Lecerf6, Colette Desert6, Morgane 
Boutin6, Herve Acloque7, Elisabetta Giuffra8, Sarah Djebali9, Sylvain Foissac10, Thomas Derrien3 and Sandrine Lagarrigue6, 
(1)Agrocampus Ouest - INRA, UMR1348 PEGASE, Rennes, France, (2)INRA - SIGENAE, Castanet Tolosan, France, 
(3)University of Rennes I, RENNES, France, (4)Plateforme Genomique, Castanet tolosan, France, (5)INRA - UMR IGEEP, 
RENNES, France, (6)Agrocampus Ouest - INRA, UMR1348 PEGASE, Rennes, France, (7)INRA-GenPhySE, Castanet-Tolosan, 
France, (8)INRA, UMR de Génétique Animale et Biologie Intégrative, Jouy-en-Josas, France, (9)INRA, GenPhySe, Castanet 
Tolosan, France, (10)INRA-GenPhySE, Castanet Tolosan, France 
Improving the functional annotation of the chicken genome is a key challenge in bridging the gaps between genotype and phenotype. Among all 
transcribed regions, long non-coding RNAs (lncRNAs) are a major component of the transcriptome and the use of whole transcriptome 
sequencing (RNA-seq) has greatly improved the identification and characterization of these non-coding genes.  
In this study, we focused on liver and adipose tissues because of their importance in various economically traits in which energy storage and 
mobilisation play a roles and also due to the high cell homogeneity of these tissues. We thus investigated 16 RNAseq experiments from each 
tissue with strand-specific reads for identifying lncRNAs. We automated and implemented a program, called FEELnc, which allowed us to 
identify around 3,000 chicken lncRNAs longer than 200 bp, multi and mono-exonic and without protein-coding capabilities. FEELnc also 
classified lncRNAs based on their genomic localizations with respect to the ENSEMBL protein-coding annotation.  
The intergenic lncRNAs class (~90%) was characterized with respect to the distance and orientation with the closest mRNAs and the intragenic 
lncRNAs class (~10%) was extracted based on their overlap with mRNAs exons and introns. We then characterized more deeply this repertoire 
in terms of structure and expression and compare these features with the latest human lncRNA repertoire (Derrien et al 2012). In particular, we 
identified tissue-specific lncRNAs, and one lncRNA as a good candidate to the regulation of lipid metabolism in liver. This study will further be 
extended to more species and tissues/cell lines in the context of the FAANG project “Fr-AgENCODE”. 
 
P0113: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
RNA-Seq and Pathway Analysis of Chicken Breast Muscle Revealed Important Genes Associated with Metabolism Under 
Heat Stress 
Andrezza Maria Felício1, Aline S.M. Cesar2, Ana Silvia Alves M. T. Moura3, José Roberto Sartori3 and Luiz L. Coutinho1, 
(1)University of São Paulo/ESALQ, Piracicaba, SP, Brazil, (2)University of São Paulo/ESALQ and Iowa State University, Ames, 
IA, (3)São Paulo State University/FMVZ, Botucatu, Brazil 
Heat stress is a major problem for the poultry industry; it affects broiler performance decreasing growth rate, increasing mortality, and causing 
negative changes in meat quality attributes. This research aims to identify genes and biological pathways associated with heat stress in the breast 
muscle of broilers using the technology of total RNA next generation sequencing (RNA-Seq). At 28 days of age, the chickens were assigned to 
two groups: heat stress (32 °C) and thermo neutral (24 °C). Four samples of Pectoralis major muscle per treatment collected 16 days after the 
start of heat stress were used for RNA-Seq. Total RNA was extracted from muscle samples; the libraries preparation was carried out using the 
TruSeq Stranded mRNA LT Sample Prep Kit and sequenced using the HiSeq2500 equipment. The quality of raw reads was analyzed with 
FastQC software; the reads were mapped to the Gallus gallus-4.75 reference genome by Bowtie2 and TopHat2 softwares. To obtain raw reads 
counts mapped for each annotated gene the HTSeq-count package was employed. Comparisons between treatment groups were made using the 
DESeq2 software, a package of R/Bioconductor. A total of 5,590 DEG were identified (5% FDR) between the two groups, from which 2,741 
were up-regulated and 2,849 were down-regulated. Ingenuity Pathways Analysis (IPA) revealed important pathways related to metabolism such 
as Apoptosis, mTOR, and PPAR signaling, and also the Regulation of Cellular Mechanics by Calpain Protease. The mTOR signaling Pathway 
may mediate most of the negative impact of heat stress on growth performance, given its important role in mass accumulation and responsiveness 
to environmental cues. 
 
P0114: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Gene Expression Analysis Of Wooden Breast Disease In Three Distinct Modern Broiler Lines 
Michael Babak1, Marie Mutryn1, Weixuan Fu1, Erin Brannick1, William Lee2 and Behnam Abasht1, (1)Department of Animal 
Science, University of Delaware, Newark, DE, (2)Maple Leaf Farms, Leesburg, IN 
Wooden Breast Disease (WBD) is a relatively new muscle disorder known to affect the pectoral muscles in modern broiler chickens raised under 
modern commercial conditions. This disorder significantly decreases meat quality resulting in substantial economic losses in the poultry industry. 



To establish the molecular profile associated with this disorder, we compared gene expression profiles between affected and unaffected birds 
from 2 purebred lines and one crossbred commercial broiler (CB) population. Breast muscle samples were taken from affected and unaffected 
birds at day 47 or 48 post-hatch and subsequently processed for RNA-seq analysis using the Ilumina Hiseq platform. The numbers of 
differentially expressed (DE) genes at >1.3 fold change (FC) with a false discovery rate (FDR) of <0.05 between affected and unaffected birds in 
lines 1, 2 and CB were 3854, 3119 and 3682, respectively. 1328 genes out of all DE genes overlapped and exhibited the same expression 
direction in all three populations. A comparative analysis of all DE genes using Ingenuity Pathways Analysis (IPA®) revealed 47 canonical 
pathways with relatively consistent Z-scores across three populations. The same presentation was also reflected on upstream regulators. The top 
canonical pathways such as RhoA signaling and upstream regulators such as TGFβ1 were activated in affected chickens. Based on the relative 
similarities of molecular and biological processes in the three distinct broiler populations, the present study demonstrates the existence of a 
unique gene expression signature for this disorder, which could aid in diagnosis of WBD as well as in understanding its cause and pathogenesis. 
 
P0115: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
RNA-Seq Data Challenges for Novel Drosophila Species 
Carrie L. Ganote1, Thomas Williams2 and Sumant Grover2, (1)Indiana University, Bloomington, IN, (2)University of Dayton, 
Dayton, OH 
Drosophila melanogaster is one of the most widely studied invertebrates, but fruit flies are a large group with a lot of variation among its 
members. Drosophila funebris is a novel species that is a distant relative of melanogaster. There is currently no draft genome for funebris, so as a 
first-pass analysis of its genome, we will delve into transcriptomics to find differences between this species and its rock star cousin.  
The main interest for this project is in abdominal pigmentation and the genes that control it. Samples were collected from pupal abdominal 
epidermis tissue in triplicate from males and females o funebris and melanogaster for a total of 12 samples. Sequencing was done at Tufts Core 
Facility using Illumina Rapid 150 bp paired-end libraries. 
Reads were trimmed, filtered, and normalized before being combined in a co-assembly with Trinity. The resulting gene models were analyzed 
for differential expression using RSEM and EdgeR. Yellow and tan were identified among the differentially expressed genes between the sexes. 
The signal for differential expression was higher between the sexes than between the Drosophila species. The Trinotate pipeline was used to 
create a rough annotation for the gene models. In this poster, the pipeline is presented along with the results and a description of various obstacles 
and how they were overcome. 
 
P0116: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Bacterial Symbiont Metacomunities Infecting Whiteflies and a Case Study on Their Molecular Interactions with the Host 
Somayeh Fattah-Hosseini, Boyce Thompson Institute-Cornell University, Ithaca, NY and Murad Ghanim, Volcani Center, Bet 
Dagan, Israel 
Many whitefly species are phloem-feeding insects and cause tremendous losses to the worldwide agriculture. Because of their unbalanced diet, 
those insects harbor bacterial symbionts which complete their diet and can significantly impact their lifestyle. Whitefly populations have been 
surveyed in terms of infection with secondary symbionts, and showed varying levels of infection and co-infection with one or more reported 
symbionts worldwide. In this study we report a recent survey of infection with symbionts among populations of the whitefly species Bemisia 
tabaci, Trialeurodes vaporariorum and Siphoninus phillyreae in Iran. Furthermore, the symbionts spatial localization patterns inside the insects 
were studied.  In B. tabaci B biotype, infection with Hamiltonella, Arsenophonus and Rickettsia was detected, while T. vaporariorum was 
infected with Arsenophonus, Hamiltonella and Rickettsia and S. phillyreae with Arsenophonus, Hamiltonella, Wolbachia, Cardinium and 
Rickettsia. We extended studying the symbiont-insect interactions with Rickettsia, a prevalent secondary symbiont in whiteflies; which was 
reported to influence many aspects of the whitefly biology. Unlike the rest of the symbionts in whiteflies, Rickettsia occupies the whole body 
cavity outside the bacteriosomes. The transcriptome of B. tabaci adults was monitored in populations infected and uninfected with Rickettsia and 
the results showed that whitefly genes, such as vitellogenin, has a significant role in the insect-symbiont interactions, and possibly act to regulate 
the symbiont levels within the whitefly. Our studies shed light on the nature of these multitrophic interactions and provide foundation for the 
development of symbiont-based control strategies against whiteflies. 
 
P0117: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparison of Annotation Methods for Comprehensive Crustacean Transcriptome Functional Analysis 
Sunetra Das1, David S. Durica2 and Donald L. Mykles1, (1)Colorado State University, Fort Collins, CO, (2)University of 
Oklahoma, Norman, OK 
Next generation sequencing platforms and improved computational resources can be used to identify novel genes and pathways in a non-model 
organism. Although there are multiple resources available for de novo assembly, annotation, and measurement of differential expression of 
RNAseq data, this bioinformatics field is still evolving to generate a standard method of analyzing data. Our goal was to evaluate the current 
tools and databases available for a comprehensive and comparative annotation of the molting gland, or Y-organ, transcriptome of the blackback 
land crab, Gecarcinus lateralis. Following assembly using Trinity and sequence clustering via CD-HIT-EST, a transcriptome with 229,278 
contigs were generated. We have used multiple resources and databases to assign functional and pathway annotation to sequences. Both 
nucleotide and protein sequences, obtained via Transdecoder, were used to BLAST against the NCBI non-redundant, Swissprot, and Uniprot-
Uniref90 databases that resulted in annotation of 20% of the sequences. The functional annotation of the sequences was performed using 
Blast2GO and the pathway annotation was generated via Kyoto Encyclopedia of Genes and Genomes. In addition to assigning BLAST 
information to nucleotide and protein sequences, Trinotate suite was used to identity protein domains, transmembrane domains, and presence of 
signal peptide sequences. Furthermore, we have used Interproscan resource to match the protein sequences against multiple protein signature 
databases. A comparison of the above methods is necessary to analyze and predict a standard manner for comprehensive annotation of sequences 
generated from non-model organisms. Supported by NSF (IOS-1257732). 
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Gene Expression Analysis of Hepatopancreas Tissue from Families of Farmed Banana Shrimp (Fenneropenaeus 
merguiensis) that Exhibit Differing Levels of Hepatopancreatic Parvo-Like Virus Infection 
Daniel Powell, Wayne Knibb and Abigail Elizur, University of the Sunshine Coast, Sippy Downs, Australia 
Viral pathogens pose a serious threat to the cultured shrimp industry. Hepatopancreatic parvo-like virus (HPV) is a shrimp pathogen that has 
been reported to be widely distributed in a variety of wild and cultured penaeid shrimp species throughout the world. The occurrence of HPV 
infection was examined in a population of commercially produced banana shrimp (F. merguiensis) in North Queensland, Australia. Large 
differences (up to 3 orders of magnitude) were observed in HPV copy numbers between families bred and grown together. To further investigate 
the genetic mechanisms of HPV resistance, hepatopancreas tissue sampled from 4 animals from each of 6 families (3 exhibiting high viral load 
and 3 exhibiting lower viral load, n=24), were subjected to RNA-Seq, de-novo transcriptome assembly and subsequent gene expression analysis. 
These data revealed over 400 transcripts that were differentially expressed between the high and low families and uncovered a rich set of genes 
involved in immune system-related functions. Over 80 of these differentially expressed transcripts exhibited homology with genes associated 
with invertebrate innate immune responses to known bacterial and viral pathogens. Comparative analysis of gene sequences among family 
groups revealed a number of interesting single nucleotide variations (SNVs). This research provided some insight into our understanding of the 
mechanisms involved in the response of this shrimp species to a naturally occurring viral pathogen. SNVs identified in this study may be further 
investigated to determine their efficacy as a mechanism of selection for families with a higher resistance to infection from this pathogen. 
 
P0119: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Systematic Integration of GWAS with Co-Expression Networks to Detect Causal Genes for Elemental Accumulation in Zea 
Mays and Arabidopsis thaliana Using Camoco 
RJ Schaefer1, Jean-Michel Michno2, Joseph R Jeffers1, Owen Hoekenga3, Brian P. Dilkes4, Ivan Baxter5 and Chad Myers1, 
(1)University of Minnesota, Minneapolis, MN, (2)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, 
MN, (3)Independent Consultant, NA, NY, (4)Department of Horticulture and Landscape Architecture, Purdue University, West 
Lafayette, IN, (5)Danforth Plant Science Center, St. Louis, MO 
Genome wide association studies (GWAS) have become the de facto approach to identify agriculturally important genes. However, complex 
traits such as elemental accumulation are often associated with potentially hundreds of statistically significant SNPs, many of which are located 
outside known gene models. Identifying causal genes for complex traits quickly become unwieldy even using straightforward marker to gene 
mapping such as the closest flanking gene.  
Here, we present a computational framework called Camoco (Co-analysis of molecular components)  that integrates loci identified by GWAS 
with co-expression networks to identify a focused set of candidate loci with functional coherence. This framework analyses the overlap between 
candidate loci generated from GWAS and the co-expression interactions that occur between them. Camoco implements a suite of functions that 
perform SNP-to-gene mapping, builds and functionally validates co-expression networks, and provides a robust bootstrapping model to evaluate 
the statistical significance of candidate loci.  
Using Camoco, candidate genes were identified from GWAS measuring elemental accumulation in maize seeds as well as arabidopsis leaves, 
seeds and roots. Three maize and four arabidopsis co-expression networks were generated using diverse genotypic as well as tissue based gene 
expression data. On average, candidate gene lists identified by GWAS were reduced by two orders of magnitude by integrating co-expression 
network information, which produced a focused set of candidates with both strong associations with the phenotype as well as evidence for 
functional coherence in the co-expression network. Identifying candidates is an important step to resolve genes responsible for elemental 
accumulation and other agriculturally important traits. 
 
P0120: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Cloning and Characterization of a Multifunctional Promoter from Maize (Zea mays L.) 
Suwen Zhu, School of Life Science, Anhui Agricultural University, Hefei, China 
The use of tissue-specific promoters to drive the expression of target genes during certain developmental stages or in specific organs can prevent 
unnecessary gene expression caused by constitutive promoters. Utilizing heterologous promoters to regulate the expression of genes in transgenic 
receptors can help prevent gene silencing. Here, we engineered heterologous maize promoters that regulate gene-specific expression in rice plant 
receptors. We performed a histochemical and quantitative β-glucuronidase (GUS) analysis of the Zea mays legumin1 (ZM-LEGF) gene promoter 
and detailed detection of stably transformed rice expressing the GUS gene under the control of the promoter of ZM-LEGF (pZM-LEGF) and its 
truncated promoters throughout development. When the promoter sequence was truncated, the  
location and intensity of GUS expression changed. The results suggest that the sequence from −140 to +41 is a critical region that confers the 
expression of the entire promoter. Truncation of pZM-LEG (3′-deleted region of pZM-LEGF) markedly increased the GUS activity, with the 
core cis-elements located in the −273 to −140 regions, namely pZM-LEG6. Detailed analysis of pZM-LEG6::GUS T2 transformant rice seeds 
and plant tissues at different developmental stages indicated that this promoter is an ideal vegetative tissue-specific promoter that can serve as a 
valuable tool for transgenic rice breeding and genetic engineering studies.  
Keywords Vegetative tissue . Promoter.Oryza sativa.Maize (Zeamays L.) .Heterologousgene 
 
P0121: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Investigating Diversity and Possible Functions of G-Quadruplexes in Regulatory Regions of Maize Genes 
Mingze He1,2, Carson M Andorf3,4, Drena Dobbs1,2, Justin W. Walley5,6, Karen Koch7, Peng Liu1,8, Hank W. Bass9 and Carolyn J. 
Dill1,10, (1)Bioinformatics and Computational Biology Program, Iowa State University, Ames, IA, (2)Department of Genetics, 
Development and Cell Biology, Iowa State University, Ames, IA, (3)USDA-ARS Corn Insects and Crop Genetics Research Unit, 
Iowa State University, Ames, IA, (4)Department of Computer Science, Iowa State University, Ames, IA, (5)Iowa State University, 
Ames, IA, (6)Plant biology program,Iowa State University, Ames, IA, (7)Plant Molecular and Cellular Biology Program, 
Horticultural Sciences Department, Genetics Institute, University of Florida, Gainesville, FL, Gainesville, FL, (8)Department of 



Statistics, Iowa State University, Ames, IA, (9)Department of Biological Science, Florida State University, Tallahassee, FL, 
(10)Department of Genetics, Development and Cell Biology and Department of Agronomy,Iowa State University, Ames, IA 
 
G4-quadruplexes are DNA tertiary structures that follow the general pattern G-G-G-N(1,7)-G-G-G-N(1,7)-G-G-G-N(1,7)-G-G-G-N(1,7).  They 
occur at sites associated with gene regulation in maize and are disproportionately associated with genes that encode biochemical pathways 
involved in energy status, hypoxia, low sugar, and nutrient deprivation (Andorf et al. 2014. Journal of Genetics and Genomics 41:627-647). We 
are conducting analyses that seek  to determine whether and how G4 elements: (1) contribute to plant developmental processes, (2)  vary in 
constitution across diverse germplasm, and (3) could be stacked to modulate the stress response. Here we describe our initial results and outline 
next steps for these investigations. 
 
P0122: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Allele-Specific Expression in Zea mays Hybrids 
Lena Altrogge1, Caroline Marcon2, Frank Hochholdinger2 and Heiko Schoof1, (1)INRES Crop Bioinformatics, University of Bonn, 
Bonn, Germany, (2)INRES Crop Functional Genomics, University of Bonn, Bonn, Germany 
Heterosis results in superior heterozygous F1-hybrids compared to their homozygous parental inbred lines. This effect is often associated with 
gene expression variation between hybrids and parents. Analysis of allele-specific gene expression (ASE) allows to differentiate between cis- and 
trans-acting genetic variation. This study was conducted to determine ASE in reciprocal Zea mays hybrids in comparison with their parental 
inbred lines in two conditions (control, drought) using four replicates per genotype and condition. Raw reads originating from Zea mays parental 
inbred lines B73 and Mo17 and their reciprocal heterozygous hybrids were mapped against the B73 reference genome. The aligned reads were 
inspected for SNPs between B73 and Mo17. Overall, 19744 genes with identified SNP were found. A special case are single-parent expressed 
genes (SPE), whose expression could only be detected in one parent. About 9% of all expressed genes were detected as SPE both in control and 
drought conditions. A gene was considered as cis-regulated if the proportion of the B73 allele in B73 SPE genes or the Mo17 allele in Mo17 SPE 
genes was ≥90%. For all hybrids and conditions, about 17% of the SPE genes showed cis-acting regulation. 
 
P0123: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Aggregation of Biochemical and Genetic Evidence Allows Refinement of Metabolic Models for Various Plant Tissues 
Samuel M. D. Seaver and Christopher Henry, Argonne National Laboratory, Argonne, IL 
The effective metabolic and genetic engineering of plants will be of great benefit to human society at many levels but is nevertheless confounded 
by the layers of complex biological networks that affect plant growth and the production of key metabolites under different conditions. The 
modeling community has responded to this challenge by publishing several large metabolic networks that can be manipulated and explored in 
silico in order to benefit research efforts in vivo. However, all hypotheses that a researcher may explore in such metabolic reconstructions are 
dependent on the gene-reaction associations. Over-annotation in public biochemical databases is common and leads to an inflated number of 
gene-reaction associations and unreliable predictions of metabolic phenotypes. We introduce a process of building metabolic reconstructions 
based on the biochemical and genetic evidence that is available, demonstrating significant improvements in the number of the gene-reaction 
associations in a genome-scale model for maize. Furthermore, we present a new approach for integrating transcript profiles with the genome-
scale model, allowing us to construct several refined tissue-specific metabolic models for the maize leaf, embryo, and endosperm. We validate 
our models using fluxomics data for the endosperm and embryo, demonstrating an improved capacity of our models to fit the available fluxomics 
data. All models and methods are publicly available via the DOE Systems Biology Knowledgebase, paving the way for further in silico studies 
with a wide variety of plant genomes. 
 
P0124: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Differential Gene Expression Analysis of Two Sorghum Bicolor Germplasm Accessions Representing Diverse Races 
Sivasubramani Selvanayagam, ICRISAT, Hyderababd, India, Santosh Deshpande, ICRISAT, HYDERABAD, India and Andrew 
H. Paterson, Plant Genome Mapping Laboratory, University of Georgia, Athens, GA 
Diversity in cultivated Sorghum bicolor is represented by five diverse races with specific geographical adaptations. To understand underpinning 
genetic factors for these variations, we conducted an RNA-Seq experiment to study Differential Gene Expression (DGE) and Genome wide 
variants between two diverse sorghum accessions, viz., N13, an accession representing race durra and E36-1, an accession representing race 
caudatum. Total RNA from representative plants was extracted at nine growth stages, from germinating seed to mature dry grain. The total RNA 
samples were pooled across stages for each accession, processed and libraries were constructed in order to sequence mRNA using Illumina 
Genome Analyzer (Illumina GAIIx). A total of 5.1Gb (33.6 million reads) and 4.1Gb (27.5 million reads) high quality (at Q20) paired end data, 
respectively for N13 and E36-1, was generated with maximum 150bp read length. A transcriptome assembly was built using the reference 
annotations available through Phytozome v10 (Sorghum bicolor (BTx623)). Assembly generated 37K and 33K transcripts, respectively for N13 
and E36-1. DGE analysis was carried out for the resulted assembly using Cuffdiff (version 2.2.1) with upper quartile FPKM normalization 
method. Out of all transcripts, we found 190 isoforms had significant expression, with 67 and 120 isoforms only in N13 and E36-1 samples, 
respectively. We propose to perform pathway analysis on the differentially expressed transcripts to generate expression profile heat-maps. For 
further genome-wide variant analysis, we will map the data against the reference genome and variations (SNPs and In-Dels) will be detected 
between the samples.  
 
P0125: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Sporisorium scitamineum Infection Alters Transcription Profile of Genes Related to Hormone Synthesis and Signaling in 
Sugarcane 
Patricia D.C. Schaker, Lucas M. Taniguti, Leila P. Peters and Claudia B. Monteiro-Vitorello, University of São Paulo, Piracicaba, 
Brazil 



Sugarcane smut disease is caused by the biotrophic fungus Sporisorium scitamineum. The most prominent disease symptom is the development 
of a structure like a whip in host primary meristems at the end of the disease cycle, which is associated with a reduction in sugar content and 
lignification. To study the role of plant hormones in smut disease, Illumina paired-end sequencing was used to obtain transcriptional profiles of a 
susceptible variety in early interaction (5 days after infection -DAI) and after whip emission (200 DAI). Enrichment analysis of differentially 
expressed genes (DEs) indicates that early infection reduces JA biosynthesis and SA-mediated signaling pathways, which can be directly related 
to an inefficient SAR response, leading to plant susceptibility. Genes up-regulated at 5 DAI were enriched in GO terms related to the auxin 
signaling pathway, which may be related to the meristem reprogramming occurring very early in susceptible plants. Late interaction is 
characterized by regulation in expression of genes involved in synthesis and signalization of five main hormones: auxin, cytokinin, ethylene, 
brassinosteroid and gibberellin, whose cross-talk could contribute to whip development, tillering and poor cane formation. Auxin is the hormone 
with the highest number of responsive genes up-regulated at 200 DAI, including those involved in auxin influx/efflux and Aux/IAA. This 
scenario suggests that increased auxin signaling is necessary to whip emission, also contributing to the loss of apical dominance leading to 
growth of secondary buds. 
 
P0126: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
BrUGE1 Transgenic Rice Showed Improved Growth Performance with Enhanced Drought Tolerance 
Hye-Jung Lee1, Sailila E. Abdula2, Joonki Kim1, Marjohn C. Niño1, Yu-Jin Jung3, Young-Chan Cho4, Illsup Nou5, Kwon-Kyoo 
Kang3 and Yong-Gu Cho1, (1)Chungbuk National University, Cheongju, South Korea, (2)Philippine Rice Research Institute-
Midsayap, Midsayap, Philippines, (3)Hankyong National University, Ansung, South Korea, (4)National Institute of Crop Science, 
Wanju_Gun, South Korea, (5)Sunchon National University, Suncheon, South Korea 
UDP-glucose 4-epimerase (UGE) catalyzes the reversible conversion of UDP-glucose to UDP-galactose. To understand the biological function 
of UGE from Brassica rapa, the gene BrUGE1 was cloned and transformed into wild type ‘Gopum’ genome of Oryza sativa L. using 
Agrobacterium-mediated methods. Out of six transgenic plants, four lines which showed a single copy through Southern analysis were selected 
and developed into T3 generation. Agronomic traits evaluation of the transgenic T3 lines (CB01, CB03, and CB06) under optimal field condition 
revealed enriched biomass production particularly in panicle length, number of productive tillers, number of spikelets per panicle, and filled 
spikelets. These remarkable improved agronomic traits were ascribed to higher photosynthetic rate complemented with higher CO2 assimilation. 
Transcripts of BrUGE1 in transgenic lines continuously accumulated at higher levels after the 20% PEG6000 treatment implying its probable 
role to drought stress regulation. This was paralleled by rapid accumulation of soluble sugars which act as osmoprotectants, leading to a delayed 
leaf rolling and drying. Our findings entail the potential of BrUGE1in improving rice growth performance under optimal and water deficit 
conditions.  
This work was supported by grants from the Next-Generation BioGreen 21 Program (PJ01131901), Rural Development Administration, and 
from the iPET (PJ008529), Ministry of Agriculture, Food and Rural Affairs, Republic of Korea.                 * Corresponding author: Tel. 82-43-
261-2514, E-mail: ygcho@cbnu.ac.kr 
 
P0127: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Overexpression of a Maize WRKY58 Gene Enhances Drought and Salt Tolerance in Transgenic Rice 
Yan Xiang, Anhui Agricultural University, Hefei, China 
WRKY transcription factors (TFs) are reported to play crucial roles in the processes of plant growth and development, defense regulation and 
stress responses. In this study, a WRKY group IId TF, designated ZmWRKY58, was isolated from maize (Zea mays L.). Expression pattern 
analysis revealed that ZmWRKY58 was induced by drought, salt and abscisic acid treatments. Subcellular localization experiments in onion 
epidermal cells showed the presence of ZmWRKY58 in the nucleus. Oerexpression of ZmWRKY58 in rice resulted in delayed germination and 
inhibited post-germination development. Further investigation showed that ZmWRKY58 overexpressing transgenic plants had higher survival 
rates and relative water contents, but lower malonaldehyde contents and relative electrical leakage compared with wild-type plants, following 
drought and salt stress treatments, suggesting that overexpression of ZmWRKY58 leads to enhanced tolerance to drought and salt stresses in 
transgenic rice. Additionally, yeast twohybrid assay showed that ZmWRKY58 could interact with ZmCaM2, suggesting that ZmWRKY58 may 
function as a calmodulin binding protein. Taken together, these results suggest that ZmWRKY58 may act as a positive regulator involved in the 
drought and salt stress responses.  
Keywords   ZmWRKY58  WRKY  Transgenic rice Drought and salt stresses 
 
P0128: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptome Characterization and Expression Analyses in Salt-Tolerant and Salt-Sensitive Cultivars of Oryza sativa after 
Exposure to Salt Stress 
Matthew Geniza1, Samuel Fox2,3, Nuno Fonseca4, Robert Petryszak4 and Pankaj Jaiswal5, (1)Oregon State University, Corvallis, 
OR, (2)Linfield College, Corvallis, OR, (3)Saint Martin's University, Lacey, WA, (4)EMBL-EBI, Hinxton, United Kingdom, 
(5)Department of Botany & Plant Pathology, Oregon State University, Corvallis, OR 
Rice is a major cereal crop that is responsible for feeding the world population. Rice varieties must be developed and improved to provide high 
quality grain and yield in addition to being tolerant and resistant to abiotic and biotic stresses. Salt stress is an abiotic stress that ultimately 
reduces the grain yield and quality in rice. To better understand the transcriptional regulation a rice undergoes during salt exposure, we 
constructed genome-wide transcriptomes of two Oryza sativa Indica group varieties under salt stress; the natural salt-tolerant, Pokkali and the 
salt-sensitive breeding line, IR29.  
More than 105,000 transcripts represent the de novo transcriptome assemblies of IR29 and Pokkali. The assemblies successfully mapped to 
~99% of the Japonica genome, but only ~90% of the currently available gene models. Over five time points (1, 2, 5, 10, 24 hours post salt 
exposure) IR29 had 6,595 unique transcripts differentially expressed whereas Pokkali had 7,209 in response to salt stress. Sequence reads were 
aligned to the reference Japonica genome and led to the identification of ~190,000 single nucleotide polymorphisms and ~40,000 simple 
sequence repeat (SSR) sites that have potential as genetic markers.  



In collaboration with the Gramene database and EBI Gene Expression ATLAS, this project’s gene expression data is available for public access 
via direct database queries as well as using ATLAS widgets and Webservices. The Expression Atlas provides information on gene expression 
profiles from RNA-Seq and Microarray experiments using standardized protocols. 
 
P0129: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
MiR528 Plays Critical Roles in the Regulation of Arsenite Tolerance in Rice (Oryza sativa L.) 
Qingpo Liu1, Haichao Hu1 and Ying Feng2, (1)Zhejiang A&F University, Lin'an, China, (2)Zhejiang University, Hangzhou, China 
In our previous study, tens of miRNAs were established as being arsenic (As) stress responsive in rice. However, their functional role in As 
tolerance remains unclear. Here, we demonstrated that transgenic plants carrying the overexpressed (Ubi::MIR528) and inhibited miR528 
(Ubi::MIM528) were more sensitive and tolerant to arsenite [As(III)] compared with wild-type (WT) rice. Under normal and stress conditions, 
miR528-5p and -3p were highly up-regulated in both the roots and leaves of Ubi::MIR528 transgenic plants, which exhibited a negative 
correlation with the expression of seven target genes. On the other hand, based on the expression patterns of miR528s and their potential target 
genes in Ubi::MIM528 transgenic plants, we inferred that LOC_Os07g38290.1 might play a critical role in the miR528-mediated As(III) 
tolerance. Moreover, compared with WT plants, Ubi::MIR528 plants showed excessive oxidative stress generation and remarkable amino acid 
content changes in the roots and leaves upon As(III) exposure. Notably, the expression profiles of diverse functional genes were clearly different 
between WT and transgenic plants. Thus, the observed As(III) sensitivity of Ubi::MIR528 plants was likely due to the strong alteration of 
antioxidant enzyme activity and amino acid profiles and the impairment of the As(III) uptake, translocation, and tolerance systems of rice. 
 
P0130: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
A Novel Mode of Interactions Between Two Sterility-related Mitochondrial Genes and Two Restorer Genes in HL-CMS 
Rice 
Yanping Tan1, Xin Xu1, Gang Cheng2, Wei Lu3, Xingqiong Liu1, Chuntai Wang1 and Xuequn Liu1, (1)South-Central University for 
Nationalities, Wuhan, China, (2)South Central University for Nationalities, Wuhan, China, (3)South-Central University for 
Nationalities, Wuahn, China 
As a new source of germplasm in rice, the Honglian gametophytic cytoplasmic male sterility (HL-CMS) has been demonstrated to have great 
potential for hybrid rice production and theoretical studies. In the rice HL-CMS/Rf system，the two sterility-related mitrochondrial genes 
(orf216 and orfH79) and two restoring genes (Rf5 and Rf6) being detected, make it difficulty to study the mechanism of their nucleo-cytoplasmic 
interaction. In our project, through screening a great deal rice germplasm using orf216 and orfH79 as the markers, the isonuclear alloplasmic 
male sterile lines, L-orf216 and L-orfH79 carrying orf216 and orfH79 respectively, were created. And through the cross of YTA//YTA/9311, the 
near-isogenic restorer lines, L-Rf5, L-Rf6 and L-Rf5-6, were established. The expression model of the sterility genes and restorer genes in the 
offsprings from the crosses between different isonuclear alloplasmic male sterile lines and near-isogenic restorer lines were then studied through 
RT-PCR, qRT-PCR, Northern blotting as well as pollen fertility testing. And the interactions betwenn the expression products of the 2 sterility 
genes and the 2 restorer genes were further studied with Western blotting and gel blocking method. Based on the results, a novel mode of 
interactions between two sterility-related mitochondrial genes and two restorer genes in HL-CMS rice was proposed. 
 
P0131: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Using Genomics Approaches to Study Formation of Nodule-like Structures in Rice 
Arijit Mukherjee, University of Central Arkansas, Conway, AR 
Legumes can develop a symbiotic association with soil bacteria, rhizobia, that leads to the formation of specialized root structures, nodules, 
inside which nitrogen fixation can occur. Unfortunately, this symbiosis is species-specific and is restricted only to legumes. Therefore, cereals 
are heavily dependent on fertilizers for their nitrogen needs. Several studies have shown that plant hormones play important roles during legume-
rhizobia symbiosis. For instance, auxins induce the formation of nodule-like structures (NLS) on legume roots in the absence of 
rhizobia.  Furthermore, these NLS can be colonized by rhizobia and successful nitrogen fixation can occur inside them. Interestingly, auxin also 
induces similar NLS in cereal roots. While several genetic studies have identified plant genes controlling NLS formation in legumes, 
unfortunately, no studies have investigated the genes involved in NLS formation in cereals. In this study, we were successful in inducing NLS in 
rice roots, using auxin, 2,4-D, consistently at a high frequency under controlled sterile conditions. These structures were characterized by a broad 
base, a diffuse meristem, and increased cell differentiation in the vasculature. Next, we performed a comprehensive RNA-Sequencing experiment 
to identify the differentially expressed genes during NLS formation in rice. We identified several interesting genes based on their biological and 
molecular functions and we validated the expression pattern of fourteen genes using RT-PCR. Future efforts will focus on identifying and 
validating the expression pattern of additional genes and genetically characterizing them. These studies will make important advances towards 
improving nitrogen fixation in cereals and will benefit agriculture. 
 
P0132: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Improvement of Cold Tolerance in Rice by Cold Induced Expression of Heat Shock Genes 
Yoshiyuki Sagehashi, Hiroshi Yasuda and Yutaka Sato, NARO Hokkaido Agricultural Research Center, Sapporo, Japan 
The world’s population will surpass 9 billion in 2050. Hence, stable food production to satisfy human demands is an important target in plant 
breeding programs. Cold injury is the most serious problem for stable rice production in marginal regions. However, the molecular mechanism of 
cold tolerance in rice is still unknown. Cold tolerance of rice seedlings can be improved by a mild cold treatment before cold treatment. 
Microarray analysis showed that the expression of many heat shock protein (HSP) genes increased after cold treatment. The expression of HSP 
genes induce tolerance to abiotic stresses such as cold, drought, or salt. Heat shock transcription factors (HSFs) play a central role in this 
phenomenon. We identified that the HSF gene, HsfA2c, was induced after a mild cold treatment. Our strategy was to activate HSF genes under 
cold conditions by using the cold-inducible promoter WCR (wheat cold response) to induce the gene expressions of HSPs under cold conditions. 
However, an HSP, HSP90, acted as a suppressor of HSF activity by binding to HSF, resulting in low gene expression of HSPs. To inhibit the 
native HSP90, we designed dominant negative HSP90 mutants (HSP90-D80N), in which the activity of HSF is not suppressed. Thus, we 



developed transgenic rice plants by using HsfA2c and Hsp90-D80N, which showed extremely high gene expression of HSPs under cold 
conditions and exhibited improved cold tolerance during various growth stages. Our results show that modification of the gene expressions of 
HSFs and HSPs could be useful for improving cold tolerance in rice. 
 
P0133: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Quantitative Shotgun Proteomics Analysis of Rice Anther Proteins after Exposure to High Temperature 
Mijeong Kim1, Hijin Kim1, Wondo Lee1, Yoonjung Lee1, Soon Wook Kwon2 and Joohyun Lee1, (1)Konkuk University, Seoul, 
South Korea, (2)Kongju National University, Yesan, South Korea 
In rice, the stage of development most sensitive to high temperature stress is flowering, and exposure at this stage can result in pollen sterility, 
thereby leading to significant yield losses. In this study, protein expression patterns of rice anthers from Dianxi4, a high temperature tolerant 
Japonica rice variety, were compared between samples exposed to high temperature and those grown in natural field conditions in Korea. 
Shotgun proteomics analysis of three replicate control and high-temperature-treated samples identified 3,266 non-redundant rice anther proteins 
(false discovery rate, 0.01). We found that high levels of ATP synthase, cupin domain-containing proteins, and pollen allergen proteins were 
present in rice anthers. Comparative analyses of 1,944 reproducibly expressed proteins identified 139 differentially expressed proteins, with 95 
increased and 44 decreased in response to high-temperature conditions. Heat shock, DnaK family, and chaperone proteins showed highly 
increased expression, suggesting that the high temperature tolerance of Dianxi4 is achieved by stabilization of proteins in pollen cells. Trehalose 
synthase was also highly increased after heat treatment, suggesting a possible role for trehalose in preventing protein denaturation through 
desiccation. 
 
P0134: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Gene Expression Dynamics of Blackleg Disease Development Revealed by Dual-RNAseq Approach in Differential Lines of 
Canola (Brassica napus) 
Humira Sonah1, Xuehua Zhang2, Hossein Borhan3, Dilantha Fernando2 and Richard R. Bélanger1, (1)University Laval, Quebec 
City, QC, Canada, (2)Department of Plant Science, University of Manitoba, Winnipeg, MB, Canada, (3)Agriculture and Agri-Food 
Canada, Winnipeg, MB, Canada 
Blackleg disease caused by the hemibiotrophic fungus Leptosphaeria maculans is responsible for significant yield losses in canola (Brassica 
napus) worldwide. Use of durable resistance source for the development of new cultivars is required for its effective management. The 
identification of genes underlying the host-pathogen interaction will be helpful to understand resistance mechanisms. Here we have used a host-
pathogen dual-RNAseq approach to identify candidate disease resistance genes from canola and avirulence genes from L. maculans.  To 
understand the differential effect of major resistance genes, an isogenic line carrying a single Rlm2 resistance gene and the line Topaz DH16516 
(no resistance) were inoculated with L. maculans isolate D5 carrying the corresponding AvrLm2 allele. A total of 96 cDNA libraries from five 
biological replicates of canola leaves collected at five different developmental stages were sequenced on Illumina Hiseq2000 sequencer. An 
average of 35 million reads per sample were obtained and mapped to Brassica napus and L. maculans reference genomes to identify 
differentially expressed genes across different conditions and genotypes. Several differentially expressed classically secreted effector proteins 
that appear to have a role in host-pathogen recognition and the subsequent primary response were identified. The atlas of gene expression 
provided here will be helpful to understand molecular crosstalk between canola and L. maculans that could be the basis for the deployment of 
novel strategies to overcome blackleg disease. 
 
P0135: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Enhancement of Rice Resistance to Bacterial Blight by Overexpressing BrCP3 Gene of Brassica rapa    
Marjohn C. Niño1, Hye-Jung Lee1, Joonki Kim1, Sailila E. Abdula2, Yu-Jin Jung3, Kwon-Kyoo Kang3, Illsup Nou4 and Yong-Gu 
Cho1, (1)Chungbuk National University, Cheongju, South Korea, (2)Philippine Rice Research Institute-Midsayap, Midsayap, 
Philippines, (3)Hankyong National University, Ansung, South Korea, (4)Sunchon National University, Suncheon, South Korea 
Brassica rapa cysteine protease 3 is an endopeptidase member of C1A family (papain-like) and CA clan of cysteine protease. Members of 
papain-like CP have emerged to be key enzymes involved in cell death in response to biotic and environmental stresses. Recent progress of CP 
research features its diverse and overlapping role in basal and effector-triggered immunity. This study was carried out to characterize BrCP3 
gene in Chinese cabbage and explore its function in rice – Xanthomonas oryzae pv. oryzae pathosystem. Phylogenetic analysis and BLASTP 
search of its amino acid sequence to the Arabidopsis Protein TAIR 10 database identified BrCP3 as the closest ortholog of Arabidopsis RD21a. 
The full-length cDNA of BrCP3 was cloned and transformed into the genome of japonica rice cv. ‘Gopum’. Constitutive overexpression of the 
transgene is driven by Ubi-1 promoter in pFLCIII vector. Regenerated single copy overexpression rice lines were inoculated with three 
XooKorean isolates. Regulation of rice resistance through cysteine protease activity is evident in the overexpression lines which showed 
enhanced immunity to three isolates as depicted by reduced lesion length compared with the wild type. Our initial results implicate an interesting 
biological function of BrCP3 in rice system that has never been reported before.  
 Acknowledgment: This work was supported by grants from the National Research Foundation (NRF) programs (2014R1A2A1A11052547), the 
Korean Ministry of Science, ICT and Future Planning, and the Korea Institute of Planning and Evaluation for Technology in Food, Agriculture, 
Forestry and Fisheries(IPET) through Golden Seed Project (213001-04-3-SB220), funded by Ministry of Agriculture, Food and Rural 
Affairs(MAFRA), Republic of Korea.     *Corresponding author: Tel. 82-43-261-2514, E-mail: ygcho@cbnu.ac.kr 
 
P0136: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Screening and Functional Characterization of Rice Gene Candidates Affecting Rice Stripe Virus Replication and/or 
Infection Cycle 
Hangil Kim, Sun Woong Jeong, Won Kyong Cho, Sen Lian, Sang-Min Kim and Kook-Hyung KIM, Seoul National University, 
Seoul, South Korea 



Rice stripe virus (RSV) is a single-stranded RNA virus which is one of the most harmful virus of rice in East Asian countries. In infected rice, 
RSV causes severe symptoms including chlorotic stripes, chlorosis, and necrosis of leaves. MicroRNAs (miRNAs) are small non-coding RNAs, 
which is consisted of 19-24 nucleotides. It is known that miRNAs regulate gene expression in transcriptional or post-transcriptional manner as a 
defense mechanism for viral infection. We have conducted RNA-Seq and small RNA sequencing analyses to identify differently expressed rice 
genes and miRNAs which is induced upon RSV infection in three different time points. From 8 to 11% of rice genes was differently expressed 
and 374 conserved miRNAs were identified from miRBase database. Among the 374 conserved miRNAs, 19 novel miRNAs were differentially 
expressed in 3 different time points. Based on result of RNA-Seq and small RNA sequencing data, we selected a total of 23 miRNA target genes 
as candidate host factors that might affect RSV infection. Furthermore, we selected 9 Arabidopsis gene orthologues in rice which is involved in 
jasmonic acid (JA) and mitogen-activated protein kinase (MAPK) pathways in Arabidopsis thaliana. To verify possible function(s) of these 
selected candidate genes, we induced a transient over-expression system with Nicotiana benthamiana in which RSV can replicate and cause 
visible disease symptoms. This study will provide an efficient method for screening of rice genes involved in RSV infection and for 
characterizing possible functions of selected rice genes differentially expressed in RSV infection. 
 
P0137: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Exploring the Genetic Control of Lignin Biosynthesis and Carbon Sequestration 
Sarah Ellen Hill-Skinner1, Wei Zhang1, Li Li1, Ho Man Tang1, Sanzhen Liu1, Tieming Ji1, Danielle Beuchle1, Wei Wu1, Cheng-
Ting Yeh1, Michael Thompson1, Michael Castellano1, Dan Nettleton2 and Patrick S. Schnable1, (1)Iowa State University, Ames, IA, 
(2)Department of Statistics, Iowa State University, Ames, IA 
Lignin is a heteropolymer component of plant cell walls that provides structural strength and contributes to resistance to some pests and 
pathogens. The maize brown midrib (bm) mutants accumulate less and altered lignin relative to non-mutants. The cloning of bm2 and bm4 
reveals a previously uncharacterized link between lignin biosynthesis and components of the methylation and polyglutamylation pathways. The 
bm2 gene encodes a functional methylene tetrahydrofolate reductase (MTHFR), and the bm4 gene encodes a functional folylpolyglutamate 
synthase (FPGS). We cloned the bm2 gene via traditional mapping, RNA-sequencing, and BSR-Seq (Tang et al., 2014). To clone the bm4 gene, 
we combined traditional mapping, Seq-Walking, and PCR-based sequencing methods (Li et al., 2015). Mutants in the bm2 and bm4 genes 
accumulate 7-14% less lignin in stalks than their wild-type siblings at anthesis and senescence. We confirmed the functionality of the bm2 and 
bm4-encoded enzymes via yeast complementation studies. In addition to cloning single-gene mutants, we are also taking a genome-wide 
approach to understanding lignin biosynthesis. We have phenotyped the 5,000 maize NAM RILs and 600 diverse sorghum lines for lignin 
content with the goal of identifying previously uncharacterized controls of lignin biosynthesis through a genome-wide association study 
(GWAS). We are also exploring the connection between lignin content and the carbon sequestration potential of maize and sorghum stover via 
similar genome-wide approaches. 
 
P0138: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Identification of Fusarium Head Blight Resistance Genes from Wheat QTL-Fhb2, through Forward and Reverse Genetics 
Dhananjay Dhokane, McGill University, SAINTE-ANNE-DE-BELLEVUE, QC, Canada, Ajjamada Chengappa Kushalappa, 
McGill University, Saint-anne-de-bellevue, QC, Canada and Curt A. McCartney, Agriculture and Agri-Food Canada, Winnipeg, 
MB, Canada 
Fusarium head blight (FHB) caused by Fusarium graminearum not only cause loss in yield but also reduces quality of grain by accumulating 
mycotoxins in wheat. Breeding for resistance is considered to be the best option to manage FHB. FHB resistance is quantitative in nature, 
involves “many, many genes,” each with small effect, that confer resistance when combined. The incomplete understanding of genetics and lack 
of precise phenotyping hindered the development of FHB resistant cultivars. Though, more than 100 QTL's imparting FHB resistance are 
reported, no study has reported specific genes localized within the QTL locus, nor the mechanisms of resistance. In this study, an attempt was 
made to dissect second major QTL, imparting rachis resistance (Type-II). The wheat lines carrying resistant and susceptible alleles of QTL-Fhb2 
were subjected to metabolic profiling and transcriptome analysis (RNAseq), post inoculation with Fusarium graminearum spores and water 
(control). Non-targeted metabolite profiling and transcriptome analysis revealed the higher accumulation of metabolites and up-regulation of 
transcripts belonging to glycerophospholipid, fatty acid, phenylpropanoid, flavonoid, lignin and terpenoid biosynthetic pathways. The dissection 
of QTL-Fhb2 using flanking marker sequences identified 4-Coumarate-CoA Ligase (4CL), basic Helix Loop Helix (bHLH) transcription factor, 
Glutathione S-transferase (GST) and ABC transporter as putative candidate genes localized within QTL locus, imparting resistance. Upon further 
functional characterization these genes would be transferred to susceptible genotypes or the susceptible alleles may be replaced with resistant 
genes/alleles using CRISPR-Cas genome editing technique, making crop plant resistant to FHB. 
 
P0139: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Progress in Omics of Wheat Resistance Responses to Necrotrophic Fungal Pathogens 
Zengyan Zhang, Institute of Crop Science, CAAS, Beijing, China 
Common wheat (Triticum aestivum L.) is a major staple crop in the world. Necrotrophifungal diseases, such as sharp eyespot, common root rot, 
and take-all, limit wheat production around the world. Breeding resistant wheat varieties is an effective and environmentally safe approach to 
control diseases. However, traditional resistance breeding is difficult because the resistance in wheat accessions is partial and quantitative To 
improve wheat resistance to these diseases, it is vital to identify important genes in these defense responses and to study their roles through 
functional genomics. Firstly, the resistance-related genes were mined based on differential expressing sequences between resistant and 
susceptible wheat genotypes using the microarray analysis, RNA-seq and bioinformatics analyses. Then, the candidate genes were identified 
through resistance-associated analysis. Finally, the defense roles of these genes were studied through evaluating the disease resistance of 
silencing wheat plants generated by barley stripe mosaic virus-based virus-induced gene silencing (VIGS) and overexpressing transgenic wheat 
lines. Using this strategy, certain wheat genes encoding kinases and transcription factors have been identified as being positive contributors to 
wheat resistance to sharp eyespot, common root rot, and take-all. For example, the wheat ERF transcription factor TaPIE1 has been isolated and 
proven to positively regulate resistance to Rhizoctonia cerealis (the pathogen of sharp eyespot). The wheat MYB transcription factor TaPIMP1 



has been isolated and revealed to mediate resistance to the infection of Bipolaris sorokiniana (the pathogen of common root rot). The wheat 
protein kinases TaPK-R1 and TaCPK7-D identified have been evidanced to be positive contributors to wheat resistance to sharp eyespot disease 
caused by Rhizoctonia cerealis. Furthermore, the mechanisms underlying certain genes have been explored. These techniques including genomic 
sequence, RNA-seq, VIGS and transformation can also be applied to study the interaction between wheat and pathogens.  
The National Key Facility for Crop Gene Resources and Genetic Improvement, Institute of Crop Science, Chinese Academy of Agricultural 
Sciences, Beijing 100081, China 
 
P0140: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Promoter Deletion Analysis of the Wheat Disease Resistance Gene Lr34 
Mark Jordan, Agriculture and Agri-Food Canada, Morden, MB, Canada 
The wheat leaf rust resistance gene Lr34 conditions durable adult plant, race non-specific resistance. It also provides resistance to stem rust, 
stripe rust and other biotrophic diseases. Lr34 has been identified as an ABC transporter (Krattinger et al. 2009) however the mechanism by 
which the transporter conditions resistance is unknown. In order to examine the expression pattern of Lr34 a series of promoter deletions was 
created using the 5’ sequence information from Chinese Spring which carries Lr34 (Genbank FJ436983.1) fused to the reporter gene coding for 
beta-glucuronidase (GUS). The vectors of the deletion series contained 2kb, 1.5kb, 1kb and 0.5kb of upstream sequence. These vectors were co-
bombarded into embryos of wheat cultivar Fielder along with a vector carrying a selectable marker. Multiple stable transgenic plants were 
obtained from each vector. No visible GUS expression using the histochemical assay was observed in freshly germinated seedlings but 
expression was visible in coleoptile tissue and leaf auricles and ligules at the 3-4 leaf stage. No differences were observed at this stage between 
the various promoter lengths. Leaf blades at this stage exhibited no visible GUS expression but expression was confirmed using RT-PCR 
indicating a low level of expression in leaf tissue at this stage of development.  
References  
Krattinger et al. 2009. Science 323:1360-1363 
 
P0141: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genome-wide expression profiling of barley in response to drought stress under different potassium application levels 
Ershad Tavakol, IAPN – Institute of Applied Plant Nutrition - Goettingen University, Goettingen, Germany, Klaus Dittert, 
Department of Plant Nutrition and Crop Physiology- Goettingen University, Goettingen, Germany and Mehmet Senbyram, 
Department of Soil Science & Plant Nutrition, Harran University, Sanliurfa, Turkey 
Climate models predict a gradual increase of temperature and CO2 concentration leading to the escalation of drought incidence and duration in 
many regions around the world. Potassium is one of the most abundant elements in plants and performs vital functions in drought stress 
adaptation, growth and metabolism.  
In this study the physiological responses of two candidate cultivars (cv. Sahin-91 and cv. Milford) were monitored over a time period where 
plants were subjected to different potassium application levels and two drought stress conditions. Massive analysis of cDNA ends was performed 
on selected cultivar (Milford) to study the genome wide expression responses under selected treatments.  
The results showed that H2O2 concentration raised about three folds when K supply decreased from 0.8 mM (adequate K) to 0.04 mM (low K) in 
both cultivars. In line with H2O2 concentration, the activities of antioxidant enzymes such as APX, CAT and GR increased significantly with 
distinct response patterns. On an averaged normalized basis, of the total 113.601.960 reads, almost 23000 genes were transcribed more than 5 
times. In drought induced treatments, 2784 genes were significantly up/down regulated under low and adequate potassium levels. Among these, 
81 genes related to processes of photosynthesis were expressed differently which the function of few up-regulated (psbD,pasbZ) is to repair the 
photosystem (ll) and thereby maintaining its activity under ROS damaging conditions. Highest rate of differentially expressed photosynthetic 
genes which were down regulated belong to (CAB and PORC) being responsible for production of chlorophyll a/b binding proteins 
and chlorophyll biosynthesis, respectively. 
 
P0142: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Assembly and Expression Analysis of Oat Vitamin E Biosynthesis Gene Homeologs during Seed Development 
Juan J Gutierrez-Gonzalez, University of Minnesota, Saint Paul, MN and David F. Garvin, USDA-ARS, PSRU, St. Paul, MN 
Among the cereal grains, hexaploid oats (Avena sativa L.) are particularly rich in vitamin E, an essential lipid-soluble vitamin that maintains 
membrane stability and possesses antioxidant and anti-inflammatory properties. To date, no gene sequences involved in vitamin E biosynthesis 
have been reported for oats. We used deep sequencing and an orthology-guided assembly to reconstruct coding sequences of genes for each step 
in the vitamin E synthesis pathway, including resolution of the sequences of homeologs. Three homeologs, presumed to represent each of the 
three oat subgenomes, were identified for the main steps of the pathway. Pairwise comparisons among homeologs revealed that, for each gene, 
two of the three putative subgenome-specific homeologs are very similar. We estimated divergence times between the three oat subgenomes and 
used this information to shed light on different evolutionary scenarios that may have led to the emergence of hexaploid oat. Homeolog-specific 
gene expression was quantified during oat seed development and compared with vitamin E accumulation. Homeolog expression largely appears 
to be similar for most of genes; however, for some genes homoeolog-specific transcriptional bias was observed. Our findings expand our 
understanding of oat genome evolution, and will assist efforts to modify vitamin E content and composition in oats. 
 
P0143: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptomics Study in Tall Fescue for Summer Dormancy 
Shyamal K Talukder1, Junil Chang1, Shreyartha Mukherjee2, Liang Sun1, Konstantin Chekhovskiy1, Yuhong Tang1 and Malay C. 
Saha1, (1)The Samuel Roberts Noble Foundation, Ardmore, OK, (2)Syngenta, Stanton, MN 
Summer dormancy is an important drought adaptation trait of cool season perennial grasses in the Mediterranean climates to survive under harsh 
summer conditions. In the southern Great Plains, the persistence and productivity of cool season perennial grasses is significantly affected by hot 
and dry summer. Thus understanding and utilization of summer dormancy mechanism in tall fescue would help in developing suitable cultivars 



for the region. RNA-seq study has been conducted among one continental (R43-64) and two summer dormant (Agrafa 103-2 and GK45115-11) 
tall fescue genotypes to identify genetic mechanism involved in summer dormancy. All the genotypes were subjected under both summer 
dormant and optimum growing condition following two replications. Sample of leaves, crowns and roots were collected for RNA-Seq at three 
different time point of induction, transition and dormancy condition. De novo assembly was performed which assembled total of 710125152bp 
sequence assembly. In the assembly, 1,031,513 RTs were identified in 583,736 contigs. Average contigs size of the assembly was 688.43 with 
the N50 value of 988. Differential transcriptional response was encountered among the genotypes, samples as well as the time points. This study 
will lead to identify genes or transcript involved in inducing and implementing summer dormancy in tall fescue which will eventually help 
understanding dormancy mechanism as well as assisting the breeding efforts for integrating dormancy in tall fescue as a desired trait. 
 
P0144: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptome Analysis of a Warm-Season Grass, Spartina pectinata, in Response to Freezing Stress 
Moonsub Lee1, Gyoungju Nah2, A.L. Rayburn1, Do-Soon Kim2 and D.K. Lee1, (1)University of Illinois Urbana-Champaign, 
Urbana, IL, (2)Seoul National University, Seoul, South Korea 
Prairie cordgrass (Spartina pectinata Link) is a perennial C4 grass native to the North American Prairie. Prairie cordgrass has several distinctive 
characteristics that make it a potential candidate as a model crop tolerating stressful environments. However, little is known about the 
transcriptome dynamics of prairie cordgrass despite its unique freezing stress tolerance. The purpose of this experiment was to understand the 
transcriptome dynamics of prairie cordgrass in response to freezing stress at -5oC for 5-min and 30-min. Prairie cordgrass RNA was extracted 
and sequenced using an Illumina HiSeq 2500. Over 385 million high quality paired-end reads was generated and assembled into 44,465 contigs. 
Our transcriptome analysis identified 942 differentially expressed genes (DEGs) and among those, 342 DEGs showed the fold changes of  > 1 or 
<-1 in response to freezing stress. Those 342 genes were categorized into three main groups and six sub-groups based on expression patterns; 
more than 14% were immediately up-regulated at 5-min and maintained until 30-min, 12% were immediately down-regulated at 5-min and up-
regulated through 5-min to 30-min, and 13% were immediately up-regulated at 5-min and down-regulated through 5-min to 30-min. To validate 
the expression profiles of the gene in our Illumina sequencing data, 12 DEGs, including six transcriptomes factor, was selected, and there was the 
significant correlation between qRT-PCR analysis and RNA sequencing data.  Interestingly, we found transcriptional, post-translational and 
epigenetic components in DEGs, suggesting dynamic change in multiple cellular mechanisms during early response to freezing exposure. 
 
P0145: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Identification and Characterization of Non-Host Resistance Mechanisms Against Puccinia graminis and Puccinia coronata 
in Brachypodium species 
Feng Li1, Matthew J. Moscou2, Leif van Lierop1, Shahryar F. Kianian3, Davinder Singh4, Robert Park4, Michael Ayliffe5, John P. 
Vogel6 and Melania Figueroa1, (1)University of Minnesota, St. Paul, MN, (2)The Sainsbury Laboratory, Norwich, United Kingdom, 
(3)USDA ARS, Saint Paul, MN, (4)The University of Sydney, Camden, NSW, Australia, (5)CSIRO, Canberra, Australia, 
(6)Department of Energy Joint Genome Institute, Walnut Creek, CA 
Puccinia graminis, the causal agent of wheat stem rust, and Puccinia coronata, the causal agent of oat crown rust are two devastating pathogens 
that affect the worldwide production of small grains such wheat, barley and oat. Advancing our understanding of rust disease resistance is critical 
to develop strategies to prevent agronomic losses and enhance grain production. Possible strategies to facilitate durable disease resistance include 
the introduction of genes from closely related species into crops or genome editing based on sequence information from other plants. 
Brachypodium distachyon is an experimental model plant for which numerous genetic resources have been developed; the phylogenetically 
relatedness of the species to temperate cereals makes this system highly attractive to investigate various biological traits in monocots. Because B. 
distachyon demonstrates genetic resistance against several wheat rust fungi including stem rust, this species is considered a valuable resource 
with applications to crop improvement and translational research.  Here, we propose the amenability of Brachypodium as a model system to 
study crown rust and present an initial screen to identify genetic factors responsible for restricting rust infection. Furthermore, we are examining 
the putative roles of several Brachypodium genes in mediating pathogen recognition and defense responses against rust. We utilize a library of B. 
distachyon T-DNA insertional mutants in the genetic background of Bd21-3 to assess whether disruption of candidate genes have an effect in 
rust resistance. After implementing a screening platform to work with these mutants, we report three candidate genes likely associated in rust 
resistance. 
 
P0146: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Developing EMS Flax Mutant Lines with Altered SDG Lignan Glucosides 
Bourlaye Fofana1, Kaushik Ghose1, Jason McCallum1, Ashok Somalraju1, Sylvie Cloutier2, Michael Deyholos3 and Gordon 
Rowland4, (1)Agriculture and Agri-Food Canada, Charlottetown, PE, Canada, (2)Agriculture and Agri-Food Canada, Ottawa, ON, 
Canada, (3)University of British Columbia, Kelowna, BC, Canada, (4)University of Saskatchewan, Saskatoon, SK, Canada 
Health benefits for flax seed and its seed coat-containing secoisolariciresinol (SECO) diglucoside (SDG) lignan are rising. SDG is known to be 
less bioavailable to human intestinal Caco-2 cells than its aglycone SECO, which along with the monoglucoside SMG, are not found naturally in 
planta. Recently, UGT74S1 was identified and characterized as SDG glucosylation gene. However, whether UGT74S1 mutants would produce 
altered SDG profiles in planta was unknown. We developed and characterized a flax EMS mutant population by functional genomics approach. 
Reverse genetics using UGT74S1 targeted amplicon resequencing of 1996 M2 families identified 94 SNP loci, with 4, 44, 8, and 38 loci in the 
5’UTR, exon 1, intron, and exon 2, respectively. The 94 SNP loci covered 138 and 23 SNPs detected as heterozygotes and homozygotes, 
respectively, for a total of 161 SNP mutations in 138 independent M2 families. Eighteen of the 23 homozygote mutations were in exons. Among 
those, two were nonsense and thirteen missense, of which two located in the PSGP region of 3 M2 lines. Forward genetics assessing the plant 
characteristics showed morphological variants, and 69 M2 families carrying UGT74S1 exonic mutations displayed large diversity in SDG 
profiles, highlighting segregation for the trait. M3 and M4 generations were generated from 30 selected families and genotyped using KASP 
genotyping assays. Five homozygote M3 lines were identified and of which 2 lines showed null SDG production. The data will be discussed in 
line with the mutational sensitivity of EMS-induced amino acids towards developing flax lines with highly bioavailable metabolites. 



 
P0147: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Understanding the Molecular Regulation of Senescence in Glycine max 
Anne V. Brown, Purdue University, West Lafayette, IN and Karen Hudson, USDA-ARS, West Lafayette, IN 
A leaf undergoes several important changes during development. As the newly initiated leaf expands and gains photosynthetic competency, it 
undergoes a transition from nutrient sink to source. Later it undergoes a natural aging process called senescence, where nutrients that remain in 
the leaf are mobilized and exported to new sinks such as the seed. The time and length of senescence is crucial to seed quality and overall plant 
yield.  However plants that do not produce a sink, such as depodded and sterile plants have a delayed senescence (or a “stay green” phenotype). 
An RNA-seq timecourse approach was used to compare levels of gene expression in normal, depodded, and sterile trifoliate leaves and 
cotyledons to identify transcriptional changes throughout development. Over 38,000 transcripts were found to be expressed during the course of 
both leaf and cotyledon development. Differentially expressed genes were identified between stages of the timecouse in all samples, and were 
placed into developmental profiles. Analysis of the enrichment of biological functions within genes sharing common expression profiles 
highlights the main processes occurring within these defined temporal windows of normal leaf and cotyledon development. Genes expressed 
during the later stages of both tissues shared common functions, suggesting that the mechanisms of senescence are conserved between tissues. 
Over 1,000 genes were identified with predicted regulatory functions that may have a role in control of leaf or cotyledon senescence. Biological 
functions identified during normal leaf developments were compared with depodded and sterile plants to identify differences between the tissues. 
 
P0148: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Leaf Proteomic Studies Reveal Cross-Tolerance to Abiotic Stresses in Soybean 
Nitya Murthy, Emory University, Miramar, FL, Ramesh Katam, Florida A&M University, Tallahassee, FL, Raja Reddy 
Kambham, Mississippi State University, Mississippi State, MS, Katsumi Sakata, Maebashi Institute of Technology, Maebashi, 
Japan and Mudassar Khan, Institute of Biotechnology and Genetic Engineering, Peshawar, Pakistan 
Water stress (WS) and high temperatures (HS) have a negative effect on soybean crop productivity. During WS, soybean plants opt for survival 
through ion homeostasis and the conformations of proteins are perturbed as plant cells lose water, while HS leads to difficulties in flowering and 
fruiting. Proteomic studies were conducted to obtain insight into the effects of WS and HS on molecular and cellular functions. Two soybean 
cultivars (A: Slow wilting and high yielding; and B: High protein with moderate yield potential) were exposed to different heat and water stress 
conditions in plant growth chambers. Changes in the leaf protein composition were studied using 2-DE complemented with MALDI-TOF mass 
spectrometry. Thirty-nine proteins were differentially expressed in response to WS and HS in both cultivars. Gene ontology analysis revealed 
majority of the functional categories including photosynthesis, metabolism, transport, stress and defense, and glycolysis. Expression of proteins 
was largely affected to WS in Cultivar A, while HS affected their expression in cultivar B suggesting genetic variation for stress tolerance. 
Combined abiotic stresses (WS+HS) equally affected both cultivars. RT-PCR studies and enzyme assays of selected genes suggest a positive 
correlation with protein expression among the cultivars. Proteins involved in metabolism, glycolysis, photosynthesis, such as HSPs, enolase, 
rubisco activase, were over expressed during combined WS+HS stress in both cultivars. Based on protein interaction studies, we hypothesize the 
plant’s development of cross-stress tolerance. 
 
P0149: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Deciphering the Regulatory Network and Underlying Mechanism for Flavonoid Biosynthesis in Soybean (Glycine max L) 
Penghui Li1, Gaoyang Zhang1, Qiang Dong1, Qiuqiang Hou1, Zulfiqar Ahmad1 and Jian Zhao2, (1)Huazhong Agricultural 
University, Wuhan, China, (2)Huazhong Agricultural University, Wuhan, Hubei province, China 
Soybean flavonoids are important for plant growth and defense as well as human nutrition. Great efforts have been made to understand the 
flavonoid biosynthesis and regulation in allopolyploid soybean; e.g. quantitative trait loci for anthocyanin accumulation in seeds, flowers, and 
hypocotyls and isoflavone production in soybean varieties have been explored. However, little is known about their regulatory mechanisms. We 
have noticed that anthocynanin or proanthocyanidin production is often negatively correlated with isoflavonoid biosynthesis, while the 
mechanisms underlying the counteraction between anthocyanin and isoflavonoid accumulation in plant is not clear. In tetraploid soybean 
genome, the components of the well-known regulatory complex MYB-B-HLH-WD40 (MBW) and other MYB factors negatively regulating 
flavonoids in a temporal-spatial patterns in other model plants exist in multiple copies and their functional evolution (de-,sub-, or neo-
functionalization) are not evaluated. In our studies, transcriptional regulators of anthocyanin and proanthocyanidin biosynthesis were shown to 
negatively regulate isoflavone accumulation. We investigated the mechanisms by combined transcriptomic analysis, metabolic profiling, and 
biochemical approaches to dissect how these transcription factors and their complex regulate anthocyanin, proanthocyanidin isoflavone 
production to distinguish each single copy’s function. It was revealed that several of these regulators may directly regulate the expression of IFS 
and other isoflavone biosynthetic genes, whereas others may indirectly impact on isoflavone through feedback regulatory loops. The known QTL 
loci and GWAS candidate genes are partially consistent with these transcription factors in regulations of isoflavone production in soybean. 
 
P0150: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Cloning and Functional Analysis of an Aluminum Tolerance Candidate Gene GmSTOP1 in Soybean 
Yahui Cong, Juge Liu, Junyi Gai and Yan Li, National Center for Soybean Improvement, Nanjing Agricultural University, 
Nanjing, China 
Aluminum toxicity is one of the major factors that limits crop growth and production in acidic soils. AtSTOP1 transcription factor plays an 
important role in aluminum tolerance in Arabidopsis. To study the expression features and functions of the STOP1-like gene in soybean, we 
cloned a STOP1 gene located on chromosome 16 from the aluminum-toxicity tolerant soybean cultivar (Kefeng-1) using RT-PCR, and 
designated as GmSTOP1. Diverse cis-acting promoter elements involved in hormone and stress responses were discovered in the 1500 
bp upstream region of GmSTOP1, such as ABRE, HSE and other elements. Protein structure prediction showed that GmSTOP1 contained four 
conservative Cys-2-His-2 zinc-finger domains. Phylogenetic analysis demonstrated that GmSTOP1 was similar to the putative STOP1-like 
protein from Phaseolus vulgaris. Subcellular localization showed that GmSTOP1 protein was located in the cell nucleus. The transcripts 



of GmSTOP1 were detected in all seven tissues tested including roots, shoot apical meristems, stems, leaves, flowers, pods and 
seeds. GmSTOP1 was up-regulated in soybean roots by 25 μM AlCl3 treatment, and reached the highest relative expression level at 24 hours, 
which was about 9.2 times of the level in control (0 μM AlCl3). Under 15 μM AlCl3 (pH 4.3) treatment, the root lengths of 
two GmSTOP1 overexpressing transgenic Arabidopsis lines were significantly (P <0.05) greater than the wild type, as well as the relative root 
growth on AlCl3 vs. pH 5.8 and pH 4.3 vs. pH 5.8. These results indicated that GmSTOP1 might participate in soybean response to aluminum-
toxicity. 
 
P0151: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative Transcriptomics Reveals Distinct Transcription Factors and Hormone Action Pathways in Nodules and 
Lateral Roots of Soybean 
Sajag Adhikari, Suresh Damodaran and Senthil Subramanian, South Dakota State University, Brookings, SD 
Symbiotic legume nodules and lateral roots arise away from the root meristem via dedifferentiation events. While these organs share some 
morphological and developmental similarities, whether legume nodules are modified lateral roots is an open question. We identified genes 
enriched in emerging nodules, mature nodules, emerging lateral roots and young lateral roots in soybean by comparing global gene expression 
profiles between each of these organs and adjacent root segments. There was very little overlap in transcription factor expression profiles 
between emerging nodules and emerging lateral roots. Indeed, singular enrichment analysis indicated that cell division was the most common 
biological process between these organs. Expression profiles of key hormone biosynthesis and signaling genes were also distinct between 
nodules and lateral roots. While local auxin biosynthesis appeared to be active in both nodules and lateral roots, auxin signaling was markedly 
enriched in lateral roots. Conversely, genes associated with cytokinin biosynthesis and signaling were enriched in nodules compared to lateral 
roots. In addition, expression profiles of genes associated with gibberellin metabolism indicated that active gibberellin biosynthesis might occur 
in nodules. Members of genes families associated with shoot axillary meristem formation were enriched in nodules, but not lateral roots. These 
observations suggested that hormonal and developmental signaling pathways active during nodule development are more similar to that of shoot 
axillary meristems than lateral roots. In addition, we identified a number of novel transcribed regions in soybean and report an accurate set of 
nodule-specific genes using adjacent root tissues as control. 
 
P0152: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Quantitative Amplification of Cleaved Ends (qACE) to Assay MiRNA-directed Target Cleavage 
Suresh Damodaran, Sajag Adhikari, Marie Turner and Senthil Subramanian, South Dakota State University, Brookings, SD 
microRNA (miRNA) regulation is crucial to achieve precise spatio-temporal expression patterns of their target genes. This makes it crucial to 
determine the levels of cleavage of a particular target mRNA in different tissues and under different conditions. We developed a quantitative 
PCR method “quantitative Amplification of Cleaved Ends (qACE)” to assay levels of specific cleavage products in order to determine the extent 
of miRNA regulation for a specific target gene. qACE uses cDNA generated from adapter-ligated RNA molecules and relies on a carefully 
designed fusion primer that spans the adapter-cleaved RNA junction in qPCR to specifically amplify and quantify cleaved products. The levels of 
full-length transcripts can also be assayed in the same cDNA preparation using primers that span across the miRNA cleavage site. We used 
qACE to demonstrate that soybean roots over-expressing miR164 had increased levels of target cleavage and that miRNA deficient Arabidopsis 
thaliana hen1-1 mutants had reduced levels of target cleavage. We used qACE to discover that different levels of cleavage by miR164 in nodule 
vs. adjacent root tissue contributed to nodule-specific expression of NAC1 transcription factors in soybean. These experiments show that qACE 
can be used to discover and demonstrate differential cleavage by miRNAs to achieve specific spatio-temporal expression of target genes in 
plants. 
 
P0153: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Sequences Flanking the Classical G-Box Element (CACGTG) Affect Gene Expression 
Ning Zhang, The Ohio State University, Wooster, OH and John J. Finer, The Ohio State University/OARDC, Wooster, OH 
Cis-elements in promoters or enhancers are major determinants of the binding specificity of transcription factors for transcriptional regulation. 
To improve our understanding of how these short DNA sequences affect gene expression, synthetic promoters consisting of a classical G-box 
core sequence (CACGTG) along with different flanking sequences were constructed and used to regulate a gfp gene. Evaluation of the effects of 
these flanking sequences on gene expression was performed using both transient expression in lima bean cotyledons and stable expression in 
soybean hairy roots. Use of the classical 6-bp G-box provided a base level of gene expression while the four flanking bases on either side of the 
G-box were modified and the effects on gene expression were evaluated. The proximal 2-bp sequences on either flank of the G-box significantly 
affected the activity of G-box, while the distal 2-bp flanking nucleotides also influenced gene expression albeit with a decreasing effect. 
Mutagenesis of 2-4 bp flanks of the G-box showed that a G-box could drive higher gene expression only if its flanking nucleotides had widening 
minor groove widths (MGWs), indicating the flanking sequences of promoter elements might affect the binding specificity and intensity of 
transcription factors via influencing the DNA shape for protein binding. Our study could lead to a better understanding of the mechanism of cis-
acting elements on gene regulation and also provide key information for precise promoter modulation in plants through targeted mutagenesis. 
 
P0154: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
CSGM Designer: A DB-Linked Bioinformatic Platform for Designing Cross-Species Intron-Spanning Genic Markers 
Jin-Hyun Kim1, Chaeyoung Lee1, Joo-Seok Park1, Douglas R Cook2 and Hong-kyu Choi1, (1)Dong-A University, Busan, South 
Korea, (2)University of California at Davis, Davis, CA 
Genetic markers are tools that can facilitate molecular breeding, even in species lacking genomic resources. An important class of genetic 
markers is those based on orthologous genes, because they can guide hypotheses about conserved gene function. For under-studied species a key 
bottleneck in gene-based marker development is the need to develop molecular tools that reliably access genes with orthology to the genomes of 
well-characterized reference species. Here we report an efficient platform for designing cross-species gene-derived markers in legumes. The 
automated platform, named CSGM Designer (URL: http://tgil.donga.ac.kr/CSGMdesigner), facilitates rapid and systematic design of cross-



species genic markers. The underlying database is composed of genome data from five legume species whose genomes are substantially 
characterized. Use of CSGM designer is enhanced by graphical displays of query results, which we describe as “circular viewer” and “search-
within-results” functions. CSGM platform provides a virtual PCR representation, called eHT-PCR, that predicts the specificity of each primer 
pair simultaneously in multiple genomes. CSGM Designer output was experimentally validated for the amplification of orthologous genes using 
16 genotypes representing 12 crop and model legume species, distributed among the galegoid and phaseoloid clades. Successful cross-species 
amplification was obtained for 85.3% of PCR primer combinations. CSGM Designer spans the divide between well-characterized crop and 
model legume species and their less well-characterized relatives. The outcome is PCR primers that target highly conserved genes for 
polymorphism discovery, enabling functional inferences and ultimately facilitating trait-associated molecular breeding. 
 
P0155: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Elucidating the Biosynthesis of Prenylated Stilbenoids in Peanut through an Integrated Metabolomics and Transcriptomics 
Approach 
Fabricio Medina-Bolivar1, Tianhong Yang1, Lingling Fang1 and Keithanne Mockaitis2, (1)Arkansas State University, State 
University, AR, (2)Indiana University, Bloomington, IN 
Peanut (Arachis hypogaea) produces stilbenoids upon exposure to abiotic and biotic stresses. Among these compounds, the prenylated 
stilbenoids exhibit higher or novel biological activities in vitro when compared to their nonprenylated analogs. However, assessment of these 
bioactivities in vivo has been challenging because of their limited availability. Herein, hairy root cultures of peanut were used to produce 
prenylated stilbenoids. Co-treatment of the hairy root cultures with the elicitor methyl jasmonate and cyclodextrin led to sustained high levels of 
prenylated stilbenoids which were characterized by HPLC and mass spectrometry. To identify genes involved in the biosynthesis of prenylated 
stilbenoids, RNA-Seq analysis was performed with samples of elicited peanut hairy roots.  These studies led to the identification and functional 
characterization of the first stilbenoid-specific prenyltransferase gene. We demonstrated the feasibility of hairy root cultures to elucidate the 
biosynthesis bioactive compounds with applications for plant and human health.  
 
P0156: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Cloning and Characterization of Two Novel Genes Related to Stress Responses from Peanut (Arachis hypogaea L.) 
Yin Li, Zhongkang Wu, Zhou Zhang and Lanlan Feng, School of Life Sciences, Sun Yat-sen University, Guangzhou, China 
Peanut (Arachis hypogaea L.) is an economic crop cultivated in tropical and subtropical regions around the world. The objective of the study was 
to clone highly expressed genes from peanut seed and analyze their functions. Two full-length cDNA sequences were cloned by PCR according 
to ESTs in the GenBank database of developing peanut seed. They were a GSL (gibberellin stimulated-like proteins) gene encoding 267 bp ORF 
named AhGSL1, and a SNARE11 gene encoding a 675 bp ORF named AhSNARE11. Transgenic overexpressing lines of Arabidopsis were 
generated and preliminary analysis showed that these two genes were related to abiotic stress responses. In low temperature stress conditions, 
overexpression of AhGSL1 inhibited root growth of Arabidopsis seedlings in transgenic plants compared with wild type. The qRT-PCR analysis 
revealed that under low temperature treatment, expressions of some gibberellin-related genes in transgenic Arabidopsis were altered. 
Overexpression of AhSNARE11 enhanced sensitivity to ABA and salt stress in transgenic lines during the early post-germination growth stages. 
Overexpression of AhSNARE11 also conferred drought tolerance to transgenic Arabidopsis. The qRT-PCR analysis revealed that after drought 
treatment, the mRNA levels of RD22, ABF3, NCED3 and CYP707A3 in Arabidopsis were more up-regulated in one-week-old seedlings of 
transgenic lines compared with those in wild type, indicating that AhSNARE11 may involved in ABA biosynthesis and signaling. 
 
P0157: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Difference of Inflorescence Architecture in Solanaceae Drived By Divergent Evolution of Genes and Gene Expression 
Programs during Reproductive Transition 
Soon Ju Park1,2, Ke Jiang2, Zachary H. Lemmon2 and Zach Lippman2, (1)Wonkwang university, Iksan, South Korea, (2)Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY 
Inflorescence architecture is remarkably divergent in Solanaceae, developing a single flower to highly branched multi-flower inflorescences. The 
phenotypic variations might be caused by evolution of regulation of genes and proteins that lead to differential execution of conserved 
developmental programs. One hypothesis for is that meristem mature at different rates, affecting the final inflorescence form. To test this 
hypothesis and characterize the evolutionary variation in rates of maturation, we used deep sequencing to capture transcriptomes during meristem 
maturation from Solanaceae species representing the quantitative range of inflorescence architecture. We find that transcriptomes are more 
similar at both early (vegetative) and late (floral) meristem maturation stages, and genes that peak in expression in these two stages are 
evolutionarily more conserved than genes peak in expression at the transition stage from vegetative to reproductive phase. We also found that the 
transcripts of AN orthlogs, known as floral initiation marker, and S orthologs, known as inflorescence meristem marker, are diversely expressed 
in the transition meristems, which are a precocious expression of them in single flower species (N. benthamiana) and  a delayed expression of 
them in multi branched flower species (S. peruvianum). Therefore, we suggest that greater branching is associated with a pronounced delay in 
meristem maturation whereas production of simple inflorescence such as single flower is associated with significantly faster progression of 
maturation. We also propose “bubble” model for the evolution of meristem maturation, showing divergent evolution in both gene sequences and 
their expression patterns at reproductive transition, drives Solanaceae inflorescence architecture evolution. 
 
P0158: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Constitutive Expression of the Tomato C2H2-Type Zinc Finger Protein SlZF3 in Arabidopsis Alters Its Development, 
Anthocyanin Accumulation and Abiotic Stress Tolerance 
Ying Li, Zhuannan Chu, Yuhong Zhou, Yujing Cai, Yongen Lu, Hanxia Li, Hanhui Kuang and Bo Ouyang, Huazhong Agricultural 
University, Wuhan, China 
The zinc finger transcription factor superfamily participates in regulating various aspects of plant development and stress response. SlZF3 is a 
C2H2-type zinc finger protein with double C2H2 domains isolated from tomato. Obvious accumulation of anthocyanin was evident in SlZF3-



expressing Arabidopsis lines under illumination richen with yellow light. Delay in development, and enhanced drought and salt tolerance were 
also observed in the transgenic lines. Besides, the ascorbic acid content was increased significantly in the transgenic lines as compared to the 
wild-type. Real time RT-PCR data demonstrated that the key regulators MYB (PAP1 and PAP2) and genes involved in the flavonoid and 
anthocyanin biosynthesis were strongly induced in the transgenic lines under yellow light environment. Transcript profiling revealed that four 
key genes (FT, SOC1, AP1 and LFY) regulating flowering and their upstream regulators (FLC) were significantly altered in the transgenic lines. 
Yeast two hybridization and bimolecular fluorescence complementation assays showed that SlZF3 interacts with CSN5B and RD21A from 
Arabidopsis. Taken together, our results suggest multiple roles of SlZF3 in plant development and stress response, and some of them were 
potentially dependent upon yellow light. 
 
P0159: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Tomato (Solanum lycopersicum) HD-Zip I Transcription Factor, SlHZ24, Positively Regulates the Ascorbic Acid 
Biosynthetic Gene, GDP-D-Man Pyrophosphorylase 
Tixu Hu, Jie Ye, Yuyang Zhang, Zhibiao Ye and Hanxia Li, Huazhong Agricultural University, Wuhan, China 
Ascorbic acid (AsA) is an antioxidant that can scavenge the reactive oxygen species (ROS) produced when plants encounter stressful conditions. 
Here, it was revealed by a yeast one-hybrid assay that a tomato (Solanum lycopersicum) HD-Zip I family transcription factor, SlHZ24, binds to 
the promoter of an AsA biosynthetic gene, SlGMP3. A transient expression system and an electrophoretic mobility shift assay (EMSA) showed 
that SlHZ24 binds to a regulatory cis-element in the SlGMP3 promoter, and overexpression of SlHZ24 in transgenic tomato lines resulted in 
increased AsA levels, while suppressing expression of the gene using RNA interference (RNAi) had the opposite effect. These data suggest that 
SlHZ24 can positively regulate AsA accumulation, and in support of this it was shown that SlGMP3 expression increased in the SlHZ24-
overexpressing lines and declined in SlHZ24-RNAi lines. SlHZ24 also affected the expression of other genes in the D-mannose/L-galactose (D-
Man/L-Gal) AsA biosynthesis pathway, such as SlGMP4, SlGME2, SlGGP and SlcAPX. The EMSA indicated that SlHZ24 bound to the 
promoters of SlGME2 and SlGGP, indicating a multiple-targeted regulation of AsA biosynthesis. Finally, SlHZ24-overexpressing plants showed 
less sensitivity to oxidative stress and so we conclude that SlHZ24 promotes AsA biosynthesis, which in turn enhances oxidative stress tolerance. 
 
P0160: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Insect Control by the Expression of Long dsRNA in Plastids 
Jiang Zhang, Hubei University, Wuhan, China 
Double-stranded RNAs (dsRNAs) targeted against essential genes can trigger a lethal RNAi response in insect pests. However, although 
expression of dsRNAs targeted against insect genes in transgenic plants has impaired growth and development, complete protection of the plants 
and efficient killing of the insects were not achieved due to the presence of an endogenous RNAi pathway in plants that processes dsRNAs into 
short interfering RNAs (siRNAs). We found that long dsRNAs can be stably produced in plastids, a cellular compartment that appears to lack an 
RNAi machinery. When expressed from the chloroplast genome, dsRNAs accumulated to as much as 0.4% of the total cellular RNA. 
Transplastomic potato plants producing dsRNAs targeted against the β-actin gene of the Colorado potato beetle, a notorious agricultural pest, 
were efficiently protected from herbivory and were lethal to its larvae. Thus, plastid-expressed long dsRNAs can provide full crop protection 
without chemical pesticides and without synthesis of foreign proteins in the plant. Shifting the target of transgesis from the nucleus to the plastid 
removes the major hurdle on the way to exploiting transgenically delivered RNAi for efficient crop protection in the field. 
 
P0161: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative Abiotic Stress Tolerances of Saccharum MYB18 Orthologs in Stable Transgenic Tobacco Plants 
Prashant Shingote1,2, Prashant Kawar3 and Amolkumar Solnke1, (1)National Research Center on Plant Biotechnology, New Delhi, 
India, (2)Shivaji University, Kolhapur, India, (3)Central Potato Research Institute, Shimala, India 
Differentially expressed, stress-responsive, orthologs MYB transcription factors MYB18 were identified and isolated from sugarcane and its wild 
relative species. A genomic 1557 bp SoMYB18 was isolated from sugarcane var. Co740 encodes 1284 bp ORF while SsMYB18 1,470bp 
isolated from a wild relative Saccharum spontaneum gene encodes ORF of 1,074bp. SoMYB18 is a member of the R2R3-MYB subfamily, 
containing two MYB DNA-binding domains (R2, R3) and a SANT/MYB DNA-binding domain, In contrast SsMYB18 belongs to single repeat 
(R3) DNA binding domain family. These genes were transferred into tobacco, and stable transgenic plants expressing SoMYB18 and SsMYB18 
were assessed for salt, drought and cold tolerance through biochemical estimations. In these transgenic lines, the activities of antioxidant 
enzymes (SOD, POD and CAT) were notably increased virtually to non-transformed ones. The MDA content was less and levels of chlorophyll 
and proline were also markedly high in both SoMYB18 and SsMYB18 overexpressing plants than that of non-transformed. Ectopic expression of 
SoMYB18 in tobacco conferred enhanced tolerance to salt stress, whereas overexpression of SsMYB18 exhibited appreciable tolerances to salt 
and cold. Single-repeat MYB transcription factor isolated from Saccharum spontaneum, SsMYB18 seems to be more promising candidate than 
the R2-R3-SoMYB18 gene as it is providing high level of tolerance to salt and cold stress and moderate to drought and has greater prospects in 
plant improvement provided that further studies at molecular level needs to be done. 
 
P0162: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Global Insights into the Geminivirus and Potyvirus Interaction with Nicotiana benthamiana at the Transcriptome Level 
Pirasteh Pahlavan1,2, Muhammad Naseem2, Cristina Della Beffa3, Thomas Dandekar2 and Stephan Winter1, (1)Leibniz Institute - 
DSMZ, German Collection of Microorganisms and Cell Cultures, Brunswick, Germany, (2)University of Wuerzburg, Wuerzburg, 
Germany, (3)Helmholtz Centre for Infection Research, Brunswick, Germany 
Plant-virus interactions are characterized by changes in host gene expression. Plant gene expression changes can reflect active responses to 
counteract virus infection which can be either virus specific or, a general response to biological stress. 
This research focuses the question how viruses manipulate their host. The RNA virus Cassava brown streak virus (CBSV) and the ssDNA virus 
African cassava mosaic virus both with distinct plant invasion characters and replication strategies were studied. A RNA-seq time course (6, 
12,19 dpi) study was conducted monitoring gene expression in the model plant N. benthamiana. At 12dpi, virus content was found similar for 



both viruses hence this time point was chosen. After normalization and calculating the logarithmic fold change as well as filtering of data (pvalue 
< 0.1) we identified 30-38% differentially expressed genes (DEG) were identified with significantly more differences in plants infected with 
CBSV compared to ACMV. Altered transcripts involved in several gene ontology categories; primary metabolite processes, localization, cellular 
biosynthesis were similar in both disease processes while transferase and catalytic activities differed significantly between the viruses. KEGG 
pathway analysis showed that energy metabolism, signal transduction, transcription, folding, sorting and degradation mechanisms were 
influenced similarly. In contrast replication and repair, terpenoids and polyketide metabolism were more strictly regulated in response to ACMV 
while infection with CBSV resulted in altered carbohydrate and amino acid metabolism.  
This study clarifies transcriptome modification during infection processes by identifying common and specific responses to DNA and RNA 
viruses, and highlights the correlation between symptom severity and transcriptional changes in a susceptible virus/host interaction. 
 
P0163: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Fishing for Genes Involved in Nonhost Disease Resistance Lead to the Identification of a Gene Involved in Ribosome 
Processing 
Saritha Kallimakula Venkata Reddy, Ramu Vemanna, Satish Nagaraj, Keri Wang, Senthilkumar Muthappa and Kirankumar S. 
Mysore, THE SAMUEL ROBERTS NOBLE FOUNDATION, ARDMORE, OK 
Nonhost resistance is the resistance exhibited by all the cultivars of a plant species against all races of a particular pathogen. To identify genes 
involved in nonhost disease resistance, we used a virus-induced gene silencing based fast forward genetics screen of a Nicotiana benthamiana 
cDNA library obtained from mixed elicitors treated leaves. In the present study, a cDNA clone named 19A10 was identified as one of the 
candidate genes involved in nonhost resistance. 19A10 silenced N. benthamiana plants compromised nonhost resistance against several bacterial 
pathogens. Sequence analysis of 19A10 showed the presence of BRIX domain.  BRIX domain containing proteins are shown to be involved in 
the maturation of 60s ribosomal subunit. In order to determine the function of 19A10 in plant defense, we performed a yeast-two hybrid screen to 
identify plant proteins that interact with 19A10. We have now identified at least 12 proteins that interact with 19A10.  Further characterization of 
these proteins will be presented. 
 
P0164: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Approaches to Enhance Photosynthetic Capacity in Crops 
Taity Changa, University of Nebraska, Lincoln, NE 
Enhancing photosynthetic capacity of both C3 and C4 crops is one of the means that may translate to improved yield potential and/or protect 
yield or abiotic stress conditions. As a means to explore this approach, we are exploring the expression of an inorganic carbon transporter B 
(ictB), from cyanobacteria Synechococcus sp. and sedoheptolose-1, 7-bisphosphatese (SBPase) from tomato which were previously shown to 
increase photosynthesis in transgenic plants. A total of five constructs for each crop with codon-optimized versions of both genes were 
assembled and used for Agrobacterium-mediated transformation of soybeans and wheat (C3) and sorghum (C4). These constructs either 
harboured individual ictB with or without small pea small subunit of Rubisco transit peptide (TP) to target protein to the plastid, SBPase or both 
genes in a stack. ictB gene in both soybean and wheat are constitutively expressed under 35S CaMV promoter while SBPase is under the control 
of pea Rbcs promoter. Additionally, all constructs used in sorghum transformation were under the control of pea Rbcs promoters. Molecular 
analysis of transgenic events carrying these genes show stable integration and expression in their progenies. In addition, phenotypic analysis of 
transgenic soybean events overexpressing stacked genes with or without TP and TP-ictB alone show improved photosynthesis during vegetative 
and reproductive stages under greenhouse conditions. Furthermore, transgenic sorghum overexpressing both ictB and SBPase in stack showed 
improved photosynthesis compared to wild type under salt stress.  Results indicated that overexpression of ictB and SBPase have the potential to 
increase photosynthetic capacity in soybean and sorghum. 
 
P0165: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Characterisation of FLOWERING LOCUS T (FT) and SUPPRESSOR OF OVEREXPRESSION OF CONSTANS1 (SOC1) 
Homologs: Functional and Evolutionary Insights 
Pratiksha Mayee, Tanu Sri, Shikha Tyagi, Anupama Atri, Shivaraj S.M and Anandita Singh, TERI University, New Delhi, India 
Flowering in angiosperms is an outcome of complex regulatory network involving multiple genes wherein FT and SOC1 are defined as pathway 
integrators. Herein, we characterize Brassica homologs of FT and SOC1 to provide evolutionary perspectives on fate of duplicate genes in 
polyploids. Twenty-eight and 27 transcripts; 7 and 8 genomic copies of FT and SOC1, respectively, were isolated from Indian cultivars of 
Brassicas. Sequence analysis permitted identification of signature sequences within FT and SOC1. Coexistence of interrupted and intronless 
SOC1 gene copies was identified. Phylogenetic analysis unambiguously established ancestry of SOC1 sequences and revealed sub-genomic 
organisation in uncharacterised Brassica genomes. Analysis of cumulative expression pattern of FT homologs revealed increasing levels 
correlating with attainment of physiological maturity; highest levels were detected in older leaves implying conservation in expression domains 
vis-à-vis Arabidopsis. Expression analysis of sub-genome-specific SOC1 homeologs of B. juncea revealed near identical expression pattern with 
evidence for regulatory diversification. Representative FT and SOC1 variants were characterized using gain-of-function mutants in Brassica and 
Arabidopsis. Transgenic plants exhibited earliness in flowering and crop maturity correlating to enhanced transgene levels relative to control. 
Brassica transgenics over-expressing FT displayed increased seed yield/plant, number of pods/plant due to increased number of lateral shoots 
vis-à-vis control. In contrast, knockdown mutants in B. juncea expressing artificial miRNA targeting FT and SOC1 displayed delayed flowering, 
decreased seed yield/plant and lateral shoots concomitant to presence of cleaved target transcripts. Overall, homologs of FT and SOC1 exhibit 
functional conservation highlighting criticality in floral induction with homeologs undergoing regulatory evolution. 
 
P0166: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genome-wide Analysis of a Small Family of Atypical Non-DNA Binding Basic helix-loop-helix Transcription Factors in 
Auxin Responses in Arabidopsis 



Kaijie Zheng1,2, Jay Chen2 and Shucai Wang1, (1)Northeast Normal University, Changchun, China, (2)Oak Ridge National 
Laboratory, Oak Ridge, TN 
Auxins are a class of plant hormones that regulate multiple aspects of plant growth and development. In Arabidopsis, Paclobutrazol Resistance 
(PRE) transcription factors are a subfamily of atypical non-DNA binding basic helix-loop-helix (bHLH) proteins that have been shown to be 
involved in response to hormonal signals. Here, we provide molecular and genetic evidence that PRE proteins are involved in auxin signaling. 
We found that among a small family of PREs, the expression of PRE2, PRE5 and PRE6 can be induced by auxins. Transgenic plants 
overexpressing each of these three PRE genes displayed various auxin-related phenotype including elongated hypocotyl, elongated petiole and 
narrow leaves. Consistent with these observations, PRE2 and PRE6 overexpression lines displayed altered responses to auxin in the DR5:GUS 
reporter and auxin inhibition of root elongation assays. Collectively, these results demonstrate that some members of PRE proteins play 
regulatory roles in auxin responses. 
 
P0167: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Metabolic Characterization of Arabidopsis thaliana Sirtuins and Lysine Acylation 
Dana M. Freund, Adrian D. Hegeman and Jerry D. Cohen, University of Minnesota, St. Paul, MN 
Sirtuins from the Sir2 (silent information regulator 2) gene family are highly conserved, from prokaryotes to eukaryotes. Sirtuins are NAD+–
dependent deacetylase enzymes that have recently been described as general deacylases. Sirtuins target diverse protein substrates that regulate a 
broad range of cellular metabolism especially central carbon metabolism. Lysine acylations are readily reversible post-translational modifications 
(PTMs) that can alter enzyme activity and protein function. Lysine acylation as a regulator of metabolism is a fairly new discovery and very little 
is known about sirtuins and lysine acylation in plants beyond histone acetylation. There are two Sir2 family genes in Arabidopsis thaliana, 
SIRT1 and SIRT2. Here we explore the role sirtuins have on the regulation of acylation in Arabidopsis wildtype, sirtuin single and double 
knockout mutants. Western blot analyses using an anti-acetyl-lysine antibody to investigate global differences in lysine acetylation in the SIRT 
mutants compared to wildtype indicate that a large number of proteins are acetylated in aerial and root tissue. Currently, we are also investigating 
other acylation modifications via Western blot analyses. We have identified lysine propionylation, crontonylation, and succinylation as prevalent 
PTMs in plant proteins. Lysine acetylation is the only lysine-acyl PTM that has previously been identified in plants. To increase our 
understanding of the regulation of metabolism by sirtuins a metabolomics comparison of the ecotypes was also conducted using liquid 
chromatography mass spectrometry. Principal component analysis illustrates a separation of wildtype and the sirtuin mutant metabolic profiles, 
suggesting sirtuins have a role in regulating plant metabolism. 
 
P0168: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Role of KAT2 Oxidation in the Antagonistic Relationship Between Salicilic Acid and Jasmonic Acid in Plant Immnunity 
Kelly Balmant1, Jennifer Patker2, Mi-Jeong Yoo1, Craig Dufresne3, Ning Zhu1 and Sixue Chen1, (1)University of Florida, 
Gainesville, FL, (2)University of North Carolina, Raleigh, NC, (3)Thermo Fisher Scientific, West Palm, FL 
Unlike mammals with adaptive immunity, plants rely on their innate immunity based on pattern-triggered immunity (PTI) and effector-triggered 
immunity (ETI) for pathogen defense. Reactive oxygen species, known to play crucial roles in PTI and ETI, can perturb cellular redox 
homeostasis and lead to changes of redox-sensitive proteins through modification of cysteine sulfhydryl groups. Although redox regulation of 
protein functions has emerged as an important mechanism in several biological processes, little is known about redox proteins and how they 
function in PTI and ETI. In this study, cysTMT proteomics technology was used to identify similarities and differences of protein redox 
modifications in tomato resistant (PtoR) and susceptible (prf3) genotypes in response to Pseudomonas syringae pv tomato infection. 
Interestingly, the protein 3-ketoacyl-CoA thiolase (KAT2) was found to undergo oxidation at late stage of infection in PtoR. KAT2 is one of the 
three core enzymes that catalyze b-oxidation, which is an important pathway for JA synthesis. At 24 h after pathogen inoculation, SA is expected 
to play a big role in plant defense. Therefore, oxidation of KAT2 may be the functional switch in the antagonistic interaction between SA and 
JA.  Arabidopsis thaliana KAT2 is known to be a sensitive redox switch protein, where the oxidized form of the enzyme is inactive and the 
reduced for is active. Currently, in vitro enzyme activity assays and in vivo phenotypic resistance testing in WT and KAT2 mutant plants have 
been conducted in order to confirm the role of KAT2 oxidation in plant immunity response. 
 
P0169: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Homo- and Hetero-Dimerization of BrbZIP Transcription Factors Containing Asparagine-Rich Region 
Hee-Jeong Jung1, Indeok Hwang1, Sung Cheol Koo2, MiYoung Chung3 and Illsup Nou1, (1)Sunchon National University, 
Suncheon, South Korea, (2)Rural Development Administration, Miryang, South Korea, (3)Sunchon national university, Suncheon, 
South Korea 
Members of the bZIP family function in abiotic stress tolerance in plants. Previously, we identified six candidate cold related genes using 
transcript profile analysis of BrbZIP family members. In this study, we performed interaction analysis between the candidate proteins and found 
that two BrbZIP proteins formed homo- and hetero-dimers with each other. These two proteins and their homologs from Arabidopsis contained 
N-rich low complexity regions (LCRs). The results obtained from this study provide valuable information for understanding the molecular 
mechanism of the signal transduction involving BrbZIP proteins containing N-rich LCRs, particularly in cold stress response. Additionally, it 
supports the idea that the study of LCRs in bZIP proteins might provide another clue for elucidating bZIP protein function. (213003-04-3-SB110) 
 
P0170: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Phylogenetic and Functional Analysis of Enzyme Families to Reveal Enzyme Evolution 
Jing Jin, Megan K. Moore and Seiichi P.T. Matsuda, Rice University, Houston, TX 
Many studies, including genomic analysis, have supported the idea that plants devote significant energy into synthesizing secondary metabolites. 
Plant secondary metabolites are involved in specialized functions, such as plant defense; and they are much greater in number and structural 
diversity than primary metabolites. One major class of plant secondary metabolites is triterpene alcohols. These compounds are biosynthesized 
by cyclization of oxidosqualene, and this reaction is catalyzed by oxidosqualene cyclases (OSCs). Higher plant species encode a variety of OSCs, 



which catalyze various triterpene syntheses leading to diverse derivatives. Those different OSCs have evolved to produce different products 
while maintaining high substrate specificity. Because of that, an approach that combines genome mining and heterologous expression of the 
OSCs has led to the discovery of many new OSCs of different products.  
The model plant Arabidopsis thaliana is the only plant with all of its OSCs characterized. Other plants with sequenced genomes present great 
opportunities to uncover new OSCs. While phylogenetic analysis of different OSCs from related plants can give insights into how enzymes 
evolve, our approach brings functional assessment of those enzymes into the analysis. Therefore, OSCs are a powerful system to investigate how 
enzymes evolve to give closely-related homologs that have diverse functions. Moreover, this study can give insights into the divergence of 
enzymatic capabilities of related plant species. Correspondingly, this study can be applied to explore the limitations of using model species in 
questions of secondary metabolism. 
 
P0171: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Molecular characterization of the UDP-glucose 4-epimerase (BrUGE) gene family in response to biotic and abiotic stress in 
Chinese cabbage (Brassica rapa) 
Yu-Jin Jung1, Jung Ho Kyoung1, Illsup Nou2, Yong-Gu Cho3 and Kwon-Kyoo Kang1, (1)Hankyong National University, Ansung, 
South Korea, (2)Sunchon National University, Suncheon, South Korea, (3)Chungbuk National University, Cheongju, South Korea 
UDP-glucose 4-epimerase (UGE; EC 5.1.3.2) is an enzyme that plays an essential role in the interconverts UDP-D-glucose (UDP-Glc) and UDP-
D galactose (UDP-Gal). Five members of the Chinese cabbage (Brassica rapa) UDP-glucose 4-epimerase gene family, designated BrUGE1 to 
BrUGE5, have been cloned and characterized. Quantitative PCR shows that the BrUGE1and BrUGE4 mRNA are most abundant among other 
BrUGE genes, accounting for more than 55% of total BrUGE transcripts in most of the tissues examined. All genes showed organ specific 
expression pattern, two of which (BrUGE1 and 4) actively responded after Pectobacterium carotovorum subsp. carotovorum infection, while 
four genes (BrUGE-1, -3, -4 and -5)were shown to respond considerably against salt, drought and abscisic acid (ABA) treatments. To better 
understand the function of the UGE gene, we constructed a recombinant pART vector carrying the BrUGE1 gene under the control of the CaMV 
35S promoter and nos terminator and transformed using Agrobacterium tumefaciens. We then investigated BrUGE1 overexpressing rice lines at 
the physiological and molecular levels under biotic and abiotic stress conditions. Bioassay of T3 progeny lines of the transgenic plants in Yoshida 
solution containing 120 mM NaCl for 2 weeks, confirmed that the BrUGE1 enhances salt tolerance to transgenic rice plants. Also T3 progeny 
lines of the transgenic plants, when exposed to infection caused by Xanthomonas oryzae pv oryzae, showed tolerance to bacterial blight. These 
results showed that BrUGE1 can be used as potential genetic resource for engineering Brassica with multiple stress resistance.  
Acknowledgments: This research was supported by Golden Seed Project (Center for Horticultural Seed Development, No. 213003-04-1-SBC10), 
Ministry of Agriculture, Food and Rural Affairs (MAFRA), Ministry of Oceans and Fisheries (MOF), Rural Development Administration (RDA) 
and Korea Forest Service (KFS).    
* Corresponding author: Tel. 82-31-670-5104, E-mail: kykang@hknu.ac.kr 
 
P0172: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Conservation and Adaptability of Ascorbic Acid D-Mannose/L-Galactose Pathway Genes in Brassica rapa 
Weike Duan, College of Horticulture-Nanjing Agricultural University, Nanjing, China 
Ascorbic acid (AsA) participates in diverse biological processes, is regulated by multiple of factors and is a potent antioxidant and cellular 
reductant. The D-mannose/L-galactose pathway, the major plant AsA biosynthetic pathway, is highly connected within biosynthetic networks; 
thus, genes of this pathway exhibit preferential retention and conservation. However, in response to fluctuating environmental conditions, plants 
change their AsA levels. In our study, we used Brassicas to further explore the conservation of these genes. Similar retention and a high degree 
of gene sequence similarity were identified in AA and CC Brassicas genomes. Additionally, their divergence was analyzed in Brassica rapa. We 
found two major divergence types: the divergence of multigene families, i.e., GMPs; and divergence of duplicated genes, i.e., VTC2 and VTC5, 
which were paralogous genes, although VTC5 retained less than VTC2 and might be regulated by FLC. For the complex environments, under 
light/darkness treatment, we found that the mechanism of the AsA pool size is light regulated as is the co-regulation of D-Man/L-Gal pathway 
genes except for PMI2; under NaCl, Cu2+, MeJA and wounding stresses, GME and GPP are the key regulatory enzymes that limit AsA 
biosynthesis. More importantly, the genes that did not express under normal growth conditions would be regulated in response to multiple 
stresses. The retention, gene structure and associated expression data under stress treatments suggests that D-Man/L-Gal pathway genes are 
conservative and adaptable that allows Brassica to adapt better to complex environments. In addition, GME and GPP play key roles in the 
regulation and limitation of AsA biosynthesis in Brassica. 
 
P0173: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Retention, Molecular Evolution and Expression Divergence of the Auxin/Indole Acetic Acid and Auxin Response Factor 
Gene Families in Brassica rapa Shed Light on the Evolution of Increasing Morphotypes in Plants 
Zhinan Huang, State Key Laboratory of Crop Genetics and Germplasm Enhancement, College of Horticulture - Nanjing 
Agricultural University, Nanjing, China 
IAAs and ARFs, major components of the auxin signaling network, are involved in many developmental processes in plants. Investigating their 
evolution will shed light on the relationship between these genes and the increasing morphotypes of plants. We constructed comparative analyses 
of the retention, structure, expansion and expression patterns of IAAs and ARFs in Brassica rapa and their evolution in 8 other plant species, 
including algae, bryophytes, lycophytes and angiosperms. All 33 of the ARFs, including 1 AL (a type of ARF-like protein), and 53 IAAs were 
identified in the B. rapa genome. The genes mainly diverged approximately 13 million years ago. After the split, no IAAs were completely lost, 
and they were more preferentially retained than ARFs. In land plants, compared to ARFs, which increased in stability, IAAs expanded more 
rapidly and were under more relaxed selective pressure. Moreover, BraIAAs were expressed in a more tissue-specific fashion than BraARFs and 
demonstrated functional diversification during gene duplication under different treatments, which enhanced the cooperative interaction of 
homologs to help plants increase their morphotypes and adapt to their complex environments. In addition, ALs existed widely and had a closer 
relationship with ARFs, suggesting that ALs might be the initial structure of ARFs. Our results suggest that the rapid expansion and preferential 



retention of IAAs are likely paralleled by the increasingly complex morphotypes in Brassicas and even in land plants. Meanwhile, the data 
support the hypothesis that the PB1 domain plays a key role in the origin of both IAAs and ARFs. 
 
P0174: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Molecular Evolution, Characterization and Expression Analysis of NAT Gene Family in Pak-Choi (Brassica rapa ssp. 
chinensis) 
ZhongWen Chen, Nanjing Agriculture University, Nanjing, China 
Ascorbic acid (AsA) is an important antioxidant in plants and an essential vitamin for humans.ASA must be obtained via the diet by 
humans,primates and a few other animals due to the unable to synthesize ASA endogenously.ASA is transported by sodium-coupled ascorbic 
acid transporters or SVCT in humans.However, little information is available about the nucleobase–ascorbate transporters (NATs) inPak-choi 
(Brassica rapa ssp. chinensis).By screening genome databases, 12 genes encoding membrane proteins homologous to nucleobase-ascorbate 
transporters (NATs) were identified inPak-choi. Consequently we investigated the evolution patterns, footprints and retention of NAT genes in 
selected plants and then the NAT genes were cloned and analyzed in Pak-choi.The plant NAT proteins split into five clades (I-V) based on 
protein multisequence alignments. Interestingly, expression of BrNAT3 (clade IV) and BrNAT10 (clade III) were found to be up-regulated under 
wounding, cold and heat treatments. NAT genes show different level of expression in plant root, stem, leaf and flower under wounding, cold and 
heat treatments. Expression of BrNAT3 (clade IV) and BrNAT6(clade I) were higher Compared with other NAT genes. All the data indicate that 
NAT genes especially BrNAT3 were Involved in the ASA transportation. The genes that are not generally expressed may serve as substitutes 
during emergencies. Our systematic analysis will provide a useful platform for molecular clone and functional identification of NAT genes in 
Pak-choi and probably other Brassicaceae plants.  
 
P0175: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative Transcriptome Analysis of Different Chemotypes of Withania somnifera to Elucidate Withanolide Biosynthesis 
Parul Gupta1, Ridhi Goel2, Aditya V Agarwal2, Mehar H Asif2, Rajender S Sangwan3 and Prabodh K Trivedi2, (1)Department of 
Botany & Plant Pathology, Oregon State University, CORVALLIS, OR, (2)CSIR-National Botanical Research Institute, Lucknow, 
India, (3)Bio Processing Unit (BPU), Punjab, India 
Withania somnifera is one of the most valuable medicinal plants synthesizing secondary metabolites known as withanolides. Despite 
pharmaceutical importance, limited information is available about the biosynthesis of withanolides. Chemo-profiling of leaf and root tissues 
suggests differences in the content and/or nature of withanolides in different chemotypes. To identify genes involved in chemotype and/or tissue-
specific withanolide biosynthesis, we established transcriptome sequences of leaf and root tissues of distinct chemotypes. The transcriptome data 
obtained was in range of 172 to 260 MB with at least 598000 ESTs in each library. For digital differential expression analysis, reads from each 
library were tagged, pooled and assembled into 43287 contigs with average length of 617 bps. Through annotation based approach, genes 
encoding enzymes for each intermediate steps of terpenoid backbone biosynthesis were identified with their paralogs. Analysis identified a large 
number of differentially expressed genes among leaf and root tissues of the chemotypes. The study also identified differentially expressing 
transcripts encoding cytochrome P450s, glycosyltransferases, methyltransferases and transcription factors which might be involved in 
chemodiversity in Withania. Virus induced gene silencing of the gene encoding sterol Δ7-reductase (WsDWF5) suggest role of this enzyme in 
biosynthesis of central key precursor for biosynthesis of variety of withanolides in different chemotypes. Information generated in this study 
provides a rich resource for functional analysis of withanolide-specific genes to elucidated chemotype- as well as tissue-specific withanolide 
biosynthesis. This genomic resource will also help in development of new tools for functional genomics and metabolic engineering. 
 
P0176: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genome-wide Analysis of Lectin Receptor-like Kinases in Populus 
Jay Chen, Yongil Yang, Wellington Muchero, Xiaohan Yang, Jessy Labbe and Gerald A. Tuskan, Oak Ridge National Laboratory, 
Oak Ridge, TN 
The Lectin Receptor-like Kinases (LecRLKs) play important roles in plant development, innate immunity and stress responses. LecRLKs are 
typically comprised of an N-terminal lectin domain, an intermediate transmembrane domain and a C-terminal kinase domain. There are 75 and 
173 LecRLKs in Arabidopsis and rice, respectively. However, little is known about LecRLKs in the woody model plant Populus. Here we report 
the genome-wide analysis of classification, domain structure and expression of LecRLKs in Populus. We found that the LecRLK family has been 
significantly expanded in Populus. The total number of LecRLKs in Populus is three time that in Arabidopsis. Moreover, some of Populus 
LecRLKs possess novel domain structures that have not been previously reported in any other plant species. A number of Populus LecRLKs are 
present as tandem repeats derived from whole-genome duplication. Expression analysis indicated that some LecRLKs are tissue-specific. These 
studies offer a comprehensive view of LecRLKs in the woody model plant Populus and provide a foundation for functional characterization of 
this important family of receptor-like kinases.   
 
P0177: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Identification by Deep Sequencing and Profiling of Conserved and Novel Hickory microRNAs Involved in the Graft Process 
Bingsong Zheng, Zhejiang A&F University, Lin'an, China 
MicroRNAs (miRNAs) play a vital role in plant development and growth through negative regulation of post-transcriptional gene expression. 
Carya cathayensis (hickory) is an important species for dried nuts and oil in China, with high nutritional and economic value. The graft 
technique is an important strategy for hickory cultivation. To understand the role of miRNAs involved in the hickory graft process, we 
constructed three small ribonucleic acid (RNA) libraries from hickory rootstock (2 years old) and scion (1 year old) at 0, 7, and 14 days post 
grafting. Sequence analysis of the three libraries identified 21 conserved miRNAs belonging to 13 families, and 10 novel and 8 potentially novel 
miRNAs belonging to 15 families. Among these miRNAs, 12 miRNAs were differentially expressed during the graft process in hickory and two-
thirds were downregulated. Quantitative real-time polymerase chain reaction (qRT-PCR) validated that 14 miRNAs and their expression trends 



were similar to the results obtained by Solexa sequencing. Further, a total of 89 target genes for conserved and 26 target genes for novel miRNAs 
were predicted. This study will help in understanding the roles and regulatory modes of miRNAs involvement in the hickory graft process. 
 
P0178: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
The First Identification of the Gene Conferring Aroma in Tree Plant, Coconut (Cocos nucifera) 
Siwaret Arikit1, Chatree Saensuk2, Samart Wanchana3, Wachiraya Imsabai4, Ekawat Chaichoompu5, Tippaya Kraitong6 and 
Apichart Vanavichit1, (1)Kasetsart University Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Nakhon 
Pathom, Thailand, (2)Kasetsart University, Kamphaeng Saen Campus Rice Science Center, Nakhon Pathom, Thailand, (3)Rice 
Gene Discovery, National Center for Genetic Engineering and Biotechnology, National Science and Technology Development 
Agency, Nakhon Pathom, Thailand, (4)Kasetsart University, Kamphaeng Saen campus Department of Horticulture, Nakhon 
Pathom, Thailand, (5)Kasetsart University, Kamphaeng Saen Campus, Rice Science Center, Nakhon Pathom, Thailand, 
(6)Chumphon Horticultural Research Center, Department of Agriculture (DOA), Chatuchak, Bangkok, Thailand 
The aroma contributed by the potent volatile compound 2-acetyl-1-pyrroline (2AP) is an economically important trait in several crops including 
aromatic rice and soybean. The genes conferring this trait have been identified in rice (OsBADH2) by a positional cloning and in soybean 
(GmAMADH2) by a similarity search the genome for the rice orthologous gene. The lack of function of the gene has been reported contributing 
to the 2AP biosynthesis in both rice and soybean. Aromatic coconut, which the meat of young endosperm and juice can be consumed fresh, is 
also found to produce and accumulate 2AP. Due to the lack of complete genome sequence of coconut (Cocos nunifera), the identification of the 
aromatic gene by a similarity search is not possible. In this study, we constructed two RNA-seq libraries from immature endosperms of non-
aromatic and aromatic coconut, sequenced them by HiSeq 2500 system, Illumina, and performed a de novo assembly of the transcriptome data in 
order to identify the aromatic gene. The candidate gene, CnuAMADH2, was characterized and compared between non-aromatic and aromatic 
coconut. A base substitution from G to C in the coding sequence that causes one amino acid change, from alanine to proline, was revealed in the 
aromatic coconut. A functional marker for the aromatic trait was developed and verified in a collection of coconut germplasm. The result was 
clearly shown that all of the aromatic coconut accessions contain the same mutation in the gene CnuAMADH2. Our results confirmed that plants 
share the orthologous gene for the aromatic trait. This study firstly reported the gene that confers aroma in the tree plant, coconut. 
 
P0180: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Proteome and Metabolite Changes in Various Cultivars of Grape Berry Provide Insights into Central Metabolism 
Ramesh Katam, Florida A&M University, Tallahassee, FL, Steve Van Sluyter, Macquarie University, Macquarie Park NSW, 
Australia, Dana Pascovici, Australian Proteome Analysis Facility, Macquarie University, Macquarie Park NSW, Australia and Paul 
A. Haynes, Macquarie University, North Ryde, NSW, Australia 
Grape berries (Vitis sps.) are well known for variety of nutraceutical characteristics, with potential anticancer activity. Florida hybrid bunch grape 
(FH) are unique as they also show tolerance to Pierce’s disease (PD). This study integrates proteome and metabolite analysis to gain insight of 
changes in metabolic activities during berry development. Total, 2602 proteins were identified in cv. Blanc Du Bois (BDB) on an LTQ XL mass 
spectrometer and 163 were differentially expressed (p value <0.05) spread in 6 clusters across the developmental stages. GO terms revealed 32 
proteins, known to be antioxidant activity. Comparative proteome studies on mature berries of different cultivars (cv. BDB, Suwanee, Blue Lake) 
showed 67 differentially expressed proteins suggesting the genetic diversity for disease and stress tolerance. Cultivar, Blue lake showed high 
expression level of active energy and secondary metabolism that enhanced the synthesis of active compounds. Semi-quantitative RT-PCR 
analysis of selected genes followed similar expression pattern as in proteins. Protein-protein interaction studies using pull down assay reveal that, 
differentially expressed proteins are associated with transcriptional regulation, scavenging ROS and the biosynthesis of nutraceutical compounds. 
Our findings suggest the tolerant characteristics of cv. Blue lake by increased expression of resistant genes, and morphological plasticity due to 
epigenetic modifications. Supported by NSF Awards 0741876/1156900. 
 
P0181: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
A Genetic Locus Determines Glycosylation Specificity of Anthocyanins in Cranberry 
James Polashock, USDA - ARS, Chatsworth, NJ and Nicholi Vorsa, Rutgers University, New Brunswick, NJ 
American cranberry (Vaccinium macrocarpon) fruit contain flavonoids known to benefit human health. Providing high antioxidant levels is one 
of the benefits and the main contributors to this activity are the anthocyanins. In vivo activity of these antioxidants can be limited by 
bioavailability. Although anthocyanidin-glucose conjugates are reported to be more bioavailable than those of other sugars, American cranberry 
fruit contain mainly galactosides and arabinosides of the aglycones, cyanidin and peonidin, with less than 8% glucosides. In contrast, small-
fruited cranberry (V. oxycoccos) contains mostly glucose conjugates. We propose that the glycosylation difference is mediated by a 3-O-
glycosyltransferase gene. We amplified the anythocyanidin 3-O-glycosyltransferase from both cranberry species using primers based on 
comparison of published sequences from other plant species and the cranberry genome sequence as a reference. The aligned full-length gene 
sequences revealed 96% identity and only 39 SNPs and 2 gaps in V. oxycoccos relative to V. macrocarpon. The SNPs resulted in 21 amino acid 
differences and 2 gaps in the V.oxycoccos enzyme relative to that of V. macrocarpon. The plant secondary product glycosyltransferase (PSPG) 
box is involved in binding to the UDP moiety of the sugar donor and is thus one of the regions of interest. The PSPG box is 44 amino acids long 
and 4 amino acids differ in this region between the two cranberry species (N352T, N357S, V359L, H378Q). We are sequencing this region from 
representative F2 hybrids, for which the anthocyanin phenotype has been determined to confirm the amino acid differences impacting 
glycosylation specificity. 
 
P0182: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptomic Analysis of Sweet Cherry Floral Buds During the Development of Cold-Hardiness, Endodormancy and Bud 
Break 
Paul A. Wiersma, Denise Neilsen and Nadia R. Sokal, Agriculture AgriFood Canada, Summerland, BC, Canada 



A change in climate has the very real potential of affecting our ability to grow crops due to spring frosts, drought, or reduced chilling 
accumulation.  It is necessary to have detailed information on the processes involved in order to effectively model these changes.  The effect of 
temperature on dormancy/phenology models is missing a clear understanding of the induction and completion of dormancy.  Sweet cherry floral 
buds are initiated in the summer of the year prior to flowering and over-winter in a dormant state and require a prolonged exposure to moderate 
temperatures (chilling units) to induce bud-break in the spring.  We have examined cold-hardiness of buds using low temperature exotherms 
(LTE) associated with intra-cellular freezing as well as greenhouse forcing of buds to determine state of endodormancy.  We have sampled 
dissected floral buds from the same source throughout winter to correlate these physiological processes with anatomical and gene expression 
changes.  We have constructed 23 RNA-Seq libraries to follow the changes in gene expression throughout the entire late fall to early spring bud-
break period.  Genes showing significant transitions in expression preceding or associated with physiological changes have been confirmed with 
quantitative PCR over three years with significant differences in seasonal weather patterns. 
 
P0183: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptome Sequencing to Detect Genes Involved in Nucellar Embryony Mechanism in Citrus 
Ozhan Simsek1, Dicle Donmez2, Yesim Yalcin Mendi1, Turgut Yesiloglu1 and Yildiz Kacar3, (1)Department of Horticulture, 
Faculty of Agriculture, University of Cukurova, ADANA, Turkey, (2)Institute of Natural and Applied Sciences, Department of 
Biotechnology, University of Çukurova, ADANA, Turkey, (3)CUKUROVA UNIVERSITY, ADANA, Turkey 
Many citrus cultivar produce apomictic seeds by a mechanism termed nucellar embryony in which the adventive embryos develop from nucellus 
tissue surrounding the embryo sac and have the same genetic constitution as the female plant. The aim of the present study is to determine 
differentially expressed genes involved in nucellar embryony mechanism. In this study we used ‘Orlando Tangelo’ producing almost 100% 
apomictic seeds and ‘Clementine Mandarin’ known as monoembryonic for high-throughput sequencing. Firstly it is determined that the stage of 
nucellar embryo initial cells when began to develop in ‘Orlando Tangelo’ by histological analysis. Nucellar embryo initial cells were observed in 
third day after anthesis. Ovarium samples were collected from Orlando and Clementine before anthesis and third day after anthesis for 
transcriptome sequencing. Primary sequencing were produced by Illumina HiSeqTM 2000, called as raw reads, was subjected to quality control 
(QC). After QC, raw reads were filtered into clean reads aligned to the reference sequences. Full genome of Citrus clementina was used as a 
reference genome. We performed downstream analysis including gene expression, deep analysis based on gene expression, deep analysis based 
on DEGs, including Gene Ontology (GO) enrichment analysis. We identified 2359 differentially expressed genes (DEGs) (1996 up-regulated, 
363 down-regulated), 2123 (1372 up-regulated, 751 down-regulated), genes from the samples at Orlando balloon stage - Orlando third day and 
Clementine third day - Orlando third day, respectively. This dataset provides valuable information regarding citrus transcriptome changes for 
nucellar embryony mechanism and may help guide future identification and functional analysis of genes that are important for polyembrony. 
 
P0184: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
The Auxin Receptor Homologues in Cucumber (Cucumis sativus L.) Perform Overlap and Non-Redundant Fuctions During 
Fruit Development 
Jian Xu, Chunyan Cheng, Ji Li and Jinfeng Chen, Nanjing Agricultural University, Nanjing, China 
Auxin plays a pivotal role in many aspects of plant growth and development. It regulates various developmental processes by modulating gene 
transcription through a SCFTIR1/AFB-Aux/IAA-ARF module. In this study, two cucumber auxin receptor genes were cloned and designated as 
CsTIR1 and CsAFB2 which were homologous to Arabidopsis AtTIR1 and AtAFB2. CsTIR1 contains an F-box region and six leucine-rich repeat 
(LRR) domains, and is localized in the membrane and nucleus. CsAFB2 comprises an F-box region and seven LRR domains, and is uniquely 
expressed in the nucleus. Transcriptional analysis of genes in different cucumber organs and ovaries with different treatments shows that CsTIR1 
and CsAFB2 perform the similar expression pattern. Overexpressing of CsTIR1 and CsAFB2 in tomato (Solanum lycopersicum, cv Micro Tom) 
both results in an alteration of early fruit development and seedless (parthenocarpic) fruit formation. The CsTIR1 transgenic lines exhibit severely 
dwarfed phenotype and alterd leaf morphological characters, while the size of CsAFB2 transgenic lines is between CsTIR1 transgenic lines and 
wild type. However, phenomena such as stigma out of reach of the stamens and long fruit type of tomatoes were uniquely observed in CsAFB2 
transgenic lines. This work provides novel insights into the demonstration of pleiotropic functions of TIR1/AFB protein families during leaf 
morphogenesis and fruit development of cucumber. 
 
P0186: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative transcriptome profiling of Allium sativum L. (garlic) plantlet in vitro during hyperhydricity 
Min Liu, Zhen Wu, Fangling Jiang, Xiangyu Kong and Rong Zhou, Nanjing Agricultural University/ Key Laboratory of Biology 
and Germplasm Enhancement of Horticultural Crops in East China, Nanjing, China 
Hyperhydricity (HH) is considered to be one of the most serious problems in plant tissue culture and there is no effective solution to solve and 
control HH, especially for garlic. The most important reason is that the underlying molecular mechanism of hyperhydricity is largely unknown. 
In order to investigate the HH-related genes and pathways, Illumina sequencing technology was used to catalog global gene expression profiles 
in two treatments (0.3%agar and 0.7%agar) of endogenesis H2O2 at different time (treat 0h, 4h, 24h and 8d). Results found that 0.3%agar will 
induced the ROS burst. During the process of HH, low concentration of Hydrogen peroxide (H2O2) plays as a signal substance which can 
alleviate HH and high concentration of H2O2 plays as a poisonous material which can aggravate hyperhydricity. In the results of assembly, 
101298 unigenes are detected, 45133 unigenes are annotation and 42339 CDS are mapped to protein database. Genes relating to biosynthesis, 
transport, and response of phytohormones, such as auxin, cytokinin, and ethylene, were differentially expressed in the ROS burst stages. 
Differential expression of 30 genes identified by sequencing in 8 different treatments during the process of HH was independently confirmed by 
quantitative real-time-polymerase chain reaction. We found that the HH and associated processes are highly ROS demanding. Our study is the 
first study about the HH-related genes, and will sheds light on the transcriptional changes that accompany HH and aid in controlling method for 
HH. 
 
P0187: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 



Assessing Diversity in Cassava through the Application of Metabolomics 
Margit Drapal, Royal Holloway University of London, London, United Kingdom, Elisabete Carvalho, Royal Holloway University 
of London, Surrey, United Kingdom, Elliott James Price, Royal Botanic Gardens, Kew, Richmond, United Kingdom, Laura Perez, 
University of London, London, United Kingdom, L. Augusto Becerra Lopez-Lavalle, International Center for Tropical Agriculture, 
CIAT, Cali, Valle del Cauca, Colombia and Paul D. Fraser, Royal Holloway University of London, Egham, United Kingdom 
Cassava (Manihot esculenta) is an important staple food in tropical and sub-tropical countries, primarily due to the relatively low resource input 
required and tolerance to drought and abiotic stress. Breeding has focussed on improved traits such as productivity, pest and disease resistance 
and nutritional quality. With the advent of modern omic technologies the opportunity now exists for more strategic approaches towards modern 
breeding. In order to capture the biochemical diversity existing in cassava the metabolomic profile of 20 diverse varieties generated in vitro and 
in the field has been obtained using a multi-platform approach. The varieties were chosen to reflect diversity based on traits of interest such as 
secondary metabolite production that confer biotic stress resistances and valuable commodities such as starch (and modified starch) content. 
These accessions have also formed the basis of several breeding programmes on-going and previously over several decades, as a result the 
metabolic markers associated with specific traits can be assessed as well as gaining knowledge of the metabolic diversity existing and their routes 
to domestication. Integration of these datasets with genomic information will assist future breeding studies. 
 
P0188: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative in silico Analysis of Phosphoglycerate Kinase (PGK) Genes in Selected Plants 
Kuaybe Yucebilgili Kurtoglu1,2, Ertugrul Filiz3, Ibrahim Ilker Ozyigit2, Ilhan Dogan4, Recep Vatansever2 and Huseyin 
Tombuloglu5, (1)Istanbul Medeniyet University, Istanbul, Turkey, (2)Marmara University, Istanbul, Turkey, (3)Duzce University, 
Duzce, Turkey, (4)Izmir Institute of Technology, Faculty of Science, Department of Molecular Biology and Genetics,, İzmir, 
Turkey, (5)Fatih University, Istanbul, Turkey 
Phosphoglycerate kinase (PGK; EC 2.7.2.3) is a major phosphoryl group transfer enzyme which catalyzes the formation of ATP to ADP in 
glycolysis, the generation of ATP in fermentation and carbon fixation. The enzyme is found in all living organisms, particularly in plants with 
two main cytosolic and chloroplastic isoforms. In this study, PGK gene and protein sequences from six selected plants were identified. 
Nucleotide level analysis showed higher sequence variation in lower plants compared to higher plants. PGK expression profiles in Arabidopsis 
found to be correlated with the energy demand of cells based on their anatomical parts and developmental stages. Protein sequence lengths were 
in 398-597 range, mainly resulting from N-terminal “transit peptide” residues in chloroplastic isoforms. PGK proteins were 28.39-63.73 kDa in 
molecular weight with 5.47-8.92 pI value. Phylogenetically, chloroplastic and cytosolic PGKs of higher and lower plants belonged to different 
branches with a distinct separation. In spite of the well-conserved topological structure found in modelled proteins, and similar biochemical 
activities of cytosolic and chloroplastic PGK forms, different binding residues were predicted to involve in catalysis of biochemical reactions in 
glycolysis/gluconeogenesis (cytosolic form) and Calvin cycle (chloroplastic form). These divergences in PGKs either do not change the protein 
structure, stability and function or they bare new functional roles at species-dependent way. 
 
P0189: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Using Plantago ovata As a Model System to Unravel the Molecular Basis of Xylan Biosynthesis 
Jana L. Phan, Matthew R. Tucker, Neil J. Shirley and Rachel A. Burton, ARC CoE in Plant Cell Walls, Adelaide, Australia 
Xylans are one of the most prominent non-cellulosic cell wall polysaccharides in plants and yet their synthesis and assembly remains poorly 
understood. They are one of the major dietary fibres consumed by humans, our major source of xylan comes from wheat, and upon regular 
consumption xylans confer positive health benefits through their fermentation by microbiota present in the colon. The heteroxylan 
polysaccharides are characterised by a backbone of 1,4-B-xylosyl units, where heterogeneity arises from the combinations of monosaccharide 
substitutions attached to the central backbone. Enzymes from the glycosyl transferase family catalyse the specific glycosyl linkages between each 
monosaccharide moiety.  
This study aims to identify genes involved in heteroxylan biosynthesis using a forward genetics approach and the relatively novel model system 
Plantago ovata, commonly referred to as psyllium. P. ovata seeds are myxospermous; when seeds are imbibed in an aqueous solution, a 
polysaccharide-rich layer of mucilage is extruded from the seed coat. This seed mucilage is predominantly composed of heteroxylan that has 
similar glycosyl linkages to that of wheat arbainoxylan. A mutant population of P. ovata has been established using gamma-irradiation and two 
mutants, fugitive and hikikomori, with altered heteroxylan phenotypes have been identified. Physical and chemical characterisation of the two 
mutants indicates differences in polysaccharide structure, amount and composition, and RNA-sequencing analysis of data obtained from the 
mucilage-producing tissue, is revealing possible candidate genes that may affect xylan biosynthesis. 
 
P0190: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptome Assembly, Gene Annotation and Variation Discovery in Cultivated Chia 
Noor Al-Bader1, Matthew Geniza1, Justin Elser1 and Pankaj Jaiswal2, (1)Oregon State University, Corvallis, OR, (2)Department of 
Botany & Plant Pathology, Oregon State University, Corvallis, OR 
Chia (Salvia hispanica L.), is a plant in the mint family, Lamiaceae. Chia was consumed by many native people from the Americas for its rich 
source of nutrients, protein and oil. However, in the developed world, recent consumption of Chia seeds has grown in popularity as super food 
for its nutritional content, such as high omega-3-acids and dietary fiber. In order to understand the genetic and environmental impacts its rich 
nutritional quality, we need to develop genomic and genetic resources that are almost non-existent. Therefore, Salba, a cultivated variety, was 
chosen to develop genomic resources. We estimated its genome size by flow cytometry and generated a de novo transcriptome assembly and 
gene annotation derived from mRNA samples extracted from different tissue types and developmental stages. The transcriptome data was further 
investigated for gene homology, species phylogeny and scoring differentially expressed genes across different tissue types and developmental 
stages thus creating an expression atlas. Additional analysis include SNP and indel variations by comparing the white and black varieties against 
the Salba transcriptome. Downstream analysis include curation of omega-3-acid biosynthesis and regulatory pathways. 
 



P0191: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comprehensive Transcriptomic Analysis of the Wild Plant Species Calotropis procera in Response to Water Irrigation 
Hussien F. Alameldin1,2, Tamer A. Mansour3, Ahmed Bahieldin4, Ahmed M. Ramadan5, Ahmed Shokry4, Nour O. Gadalla4, Shreif 
Edris4, Magdy A. Al-kordy4, Ahmed Atef4, Mardi M. Algandaby4, Sabah M. Hassan4, Hala F. Eissa2,6, Fotouh M. El-Domyati4 and 
Jamal Sabir7, (1)Plant Soil and Microbial Scince Department, Michigan State University, East Lansing, MI, (2)Agricultural Genetic 
Engineering Research Institute (AGERI), Agriculture Research Center, Giza, Egypt, (3)School of Veterinary Medicine, UC Davis, 
Davis, CA, (4)Biological sciences Dep., Faculty of science, King abdulaziz university, Jeddah, Saudi Arabia, (5)Faculty of science- 
king AbdulAziz university, Jeddah, Saudi Arabia, (6)College of Biotechnology, Misr University of Science and technology, Giza, 
Egypt, (7)Biotechnology Research Group, Department of Biological Sciences, Faculty of Science, Jeddah, Saudi Arabia 
Calotropis procera is a desert flowering plant in the dogbane family (Apocynaceae) native to North Africa, Tropical Africa, Western Asia, South 
Asia, and Indochina. It is widely used in traditional medicinal uses. C. procera has been shown to withstand arid conditions and maintain high 
rates of photosynthesis. In this study, we seek to understand the molecular mechanisms by which C. procera tolerates drought. We performed a 
transcriptomic profiling of the plant leaves at three time points; one hour after dawn, midday, and one hour before sunset. All three-time points 
were collected before and after irrigation. We pooled about 400 million paired end fragments of illumina RNAseq for de novo assembly of C. 
procera transcriptome using Trinity software.  The final assembly has 89838 ESTs with contig N50 of 1614 bp. Expression abundance was 
assessed by an express software followed by exclusion of low abundant ESTs (<10 FPKM in all samples). Subsequent differential expression 
analysis was done using EdgeR package. ANOVA of the two-time series showed significance at 3 < fold change (p value < 0.001) for 275 
Arabidopsis matched ESTs across one day before irrigation and 1210 Arabidopsis matched ESTs in the irrigation day. Interaction between the 
irrigated and the non-irrigated conditions is 229 ESTs. Pathway enrichment analysis using Arabidopsis orthologs revealed a role of 
phenylpropanoid metabolism in response to sun light and water availability. Further analyses to detect other drought-related genes and metabolic 
pathways are underway. 
 
P0192: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genomic Pathway Analyses of Fungal-like Marine Protists for Understanding their Biotechnological Potential and 
Ecological Function 
Guangyi Wang, Tianjin University, Tianjin, China 
Thraustochytrids are unicellular fungal-like marine protists. They have long been considered as a key player in ocean carbon cycling and also 
known to produce diverse interesting high-valued bioproducts (e.g. docosahexaenoic acid (DHA)). However, the genomic features for these 
interesting marine microbes remain largely unexplored. In this context, two thraustochytrid strains were isolated from the coastal waters of Pearl 
River Delta for Miseq and PacBio analyses. Genomic analyses indicated they were closely related to Aurantiochytrium_limacinum with the 
genome size less than 60 Mbp. Pathway analyses confirmed the existence of two fatty acid biosynthesis pathways, i.e., Standard (elongase-
desaturase) and PUFA (PKS) synthase pathways, in their genomes. Several gene clusters encoding hydrolytic enzymes related to nutrient cycling 
(e.g., carbon and nitrogen) were also identified in the genomes of these two strains. This study provides the first-hand genomic information for 
deciphering fatty acid biosynthesis and better understanding ecological functions of these interesting marine microbes. 
 
P0193: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Regulation of aflatoxin biosynthesis and branched-chain amino acids metabolism in Aspergillus flavus by 2-phenylethanol 
reveal biocontrol mechanism of Pichia anomala 
Sui-Sheng T. Hua, USDA-ARS, Western Regional Research Center, Albany, CA, PerngKuang Chang, USDA, ARS, Southern 
Regional Research Center, New Orleans, LA, John Beck, USDA, ARS, Western Regional Research Center, Alabny, CA and Robert 
W. Li, ARS, USDA, Beltsville, MD 
Pichia anomala WRL-076 is a biocontrol yeast which has been shown to inhibit growth and aflatoxin production of A. flavus. Using the SPME-
GC/MS analysis we identified that the volatile, 2-phenylethanol (2-PE) produced by this yeast and demonstrated that the compound inhibited 
aflatoxin production. We further characterized the temporal transcriptome response of A. flavus to 2-PE at a subinhibitory level (1µl/ml). A total 
of 131 of the 13,485 A. flavus genes were significantly impacted during the 72h experimental period at False Discovery Rate <0.05. Eighty-two 
of these genes exhibited decreased expression including those that encode conidiation proteins. All genes in the aflatoxin gene cluster were 
significantly decreased during the first 48 h treatment. Gene Ontology (GO) analyses showed that GO terms related to metabolism of propionate 
and branched-chain amino acids were significantly enriched in the down-regulated gene group, while those associated with ribosome biogenesis, 
translation, and biosynthesis of α-amino acids were over-represented among the up-regulated genes. Encyclopedia of Genes and Genomes 
(KEGG) pathway analysis revealed that metabolic pathways negatively impacted among the down-regulated genes were those involved in valine, 
leucine and isoleucine degradation, propanoate metabolism, and tryptophan metabolism. These degradation and metabolic pathways most likely 
are required for aflatoxin biosynthesis by providing building blocks and energy. A better understanding of the mode of action of 2-PE at low 
concentrations, a scenario likely to be encountered in field applications of the biocontrol yeast, is critical to the development of an effective 
biocontrol strategy.  
 
P0194: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Potential Roles of Secondary Metabolite Production in Environmental Oxidative Stress Responses Revealed in the 
Aspergillus flavus Transcriptome 
Jake Fountain1, Prasad Bajaj2, Manish K Pandey2, Spurthi N. Nayak2, Vinay Kumar2, Anu Chitikineni2, Liming Yang1, Dewey Lee3, 
Bob Kemerait1, Rajeev K Varshney2 and Baozhu Guo4, (1)University of Georgia, TIFTON, GA, (2)ICRISAT, Hyderabad, India, 
(3)University of Georgia, Crop Science Department, TIFTON, GA, (4)USDA-ARS, Crop Protection and Management Research 
Unit, Tifton, GA 



The contamination of agricultural crops with aflatoxins is exacerbated in the dry and hot season worldwide, and poses a serious food security 
concern, particularly in developing countries. Drought stress results in the accumulation of reactive oxygen species (ROS) in the tissues of plants. 
Previously, we have shown that ROS stimulate the production of aflatoxin by Aspergillus flavus in vitro, and that aflatoxin production is 
correlated with fungal isolates that have greater oxidative stress tolerance. In order to investigate the role of aflatoxin in oxidative stress 
responses, we sequenced the transcriptomes of both toxigenic and atoxigenic isolates of A. flavus in aflatoxin conducive and non-conducive 
media amended with increasing levels of H2O2. Isolates which previously exhibited greater oxidative stress tolerance exhibited fewer 
differentially expressed genes than those with less tolerance demonstrating a less vigorous response to oxidative stress. In addition, mechanisms 
related to the production of three secondary metabolites, aflatoxin, aflatrem, and kojic acid, were regulated in response to increasing stress. 
Aflatoxin and aflatrem genes were expressed only in the conducive medium while kojic acid genes were expressed to a greater extent in the non-
conducive medium. Also, monooxygenase genes were among the most commonly regulated genes including those involved in aflatoxin and 
aflatrem production. Therefore, the biosynthesis of these mycotoxins may consume ROS in order to alleviate oxidative stress in A. flavus. Kojic 
acid, as a bidentate iron chelator, may also alleviate oxidative stress by inhibiting Fenton-derived ROS production in order to alleviate ROS in 
aflatoxin non-conducive media. Continuing biochemical and proteomic analyses will examine these mechanisms in greater detail. 
 
P0195: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Spacing Between NPA Domain Is a Key Regulatory Feature of Aquaporins for Silicon Transport 
Rupesh Deshmukh, Julien Vivancos, Gowsica Ramakrishnan, Valérie Guérin, Gabriel Carpentier, Humira Sonah, Caroline Labbe, 
Paul Isenring, Francois Belzile and Richard R. Bélanger, University Laval, Quebec City, QC, Canada 
Silicon (Si) provides benefits to plants by enhancing resistance against biotic and abiotic stresses. The debate surrounding essentiality and 
benefits derived from Si is exacerbated by the differential ability of plant species to uptake the element from the soil. Uptake of Si is apparently 
higher in species carrying the specific aquaporins subclass nodulin 26-like intrinsic proteins (NIPs). In this study, we have characterized plant 
aquaporins to describe the features required for Si permeability. Thirty Si transporters were identified through comparative analysis of ca. 1000 
aquaporins in 25 species with differing abilities to Si uptake. Our results showed that only species harbouring NIP-III aquaporins with a GSGR 
selectivity filter and a precise spacing of 108 amino acids (AA) between the NPA domains were able to absorb Si actively. The NPA spacing is 
of particular significance since it had never been considered in previous studies. Functional characterization performed using Xenopus oocyte 
expression system showed that only NIPs with 108 AA spacing exhibited Si permeability, while proteins differing in that distance did not. 
Furthermore, a Si transporter from poplar mutated into variants with 109- or 107-AA spacing failed to import, while a tomato NIP gene mutated 
from 109 to 108 AA exhibited a rare gain of function. The functionality of different tomato NIP and their mutant with varying spacing were also 
confirmed by heterologous expression in transgenic Arabidopsis plants. The study provides a basis for the understanding of NPA spacing 
evolution and its essentiality for Si permeability in plants.  
 
P0196: Genome Sequencing & ESTs 
Orthology-Based Genome Annotation and Interpretation 
Robert M. Waterhouse, Massachusetts Institute of Technology & Broad Institute of MIT and Harvard, Cambridge, MA; 
University of Geneva Medical School & Swiss Institute of Bioinformatics, Geneva, Switzerland 
The OrthoDB [Kriventseva, et al. 2015] catalog of orthologs, www.orthodb.org, represents a comprehensive resource of comparative genomics 
data to help researchers make the most of their newly-sequenced genomes. OrthoDB’s sets of Benchmarking Universal Single-Copy Orthologs, 
BUSCO [Simão, et al. 2015], provide a rich source of data to assess the quality and completeness of these genome assemblies and their gene 
annotations. These resources and tools enable improved and extended orthology-based genome annotation and interpretation in a comparative 
genomics framework that incorporates the rapidly growing numbers of newly-sequenced plant and animal genomes. Such comparative 
approaches are well-established as immensely valuable for gene discovery and characterization, helping to build resources to support biological 
research. Orthology delineation is a cornerstone of comparative genomics, offering evolutionarily-qualified hypotheses on gene function by 
identifying “equivalent” genes in different species, as well as highlighting shared and unique genes that offer clues to understanding species 
diversity and provide the means to begin to investigate key biological traits – for both large-scale evolutionary biology research and targeted 
gene and gene family studies. The success of such interpretative analyses relies on the comprehensiveness and accuracy of the input data, making 
BUSCO quality assessment an important part of the process of genome sequencing, assembly, and annotation. Orthology-based approaches 
therefore offer not only a vital means by which to begin to interpret the increasing quantities of genomic data, but also to help prioritize 
improvements, and to ensure that initial “draft” genomes develop into high-quality resources that benefit the entire research community. 
 
P0197: Genome Sequencing & ESTs 
Improving Reference Genome Resources Using Long-Read Sequencing Technology 
Bo Wang1, Elizabeth Tseng2, Michael Regulski1, Tyson A. Clark2, Ting Hon2, Yinping Jiao3, Jerry Lu1, Andrew Olson1, Joshua 
Stein1 and Doreen Ware4, (1)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (2)Pacific Biosciences, Menlo Park, CA, 
(3)USDA-ARS/Cold Spring Harbor Laboratory, Lubbock, TX, (4)Cold Spring Harbor Laboratory/USDA-ARS, NY, NY 
Zea mays is an important crop species and genetic model for elucidating transcriptional networks in plants. Uncertainties about the complete 
structure of mRNA transcripts, particularly with respect to alternatively spliced isoforms, limit the progress of research in this system. In this 
study, we used single-molecule sequencing technology to investigate the maize transcriptome. Intact full-length cDNAs from six tissues of the 
maize inbred line B73 were barcoded, pooled, size-fractionated (<1 kb, 1–2 kb, 2–3 kb, 3–5 kb, 4–6 kb, and 5–10 kb), and sequenced on the 
PacBio RS II platform with P6-C4 chemistry. The resultant 111,151 transcripts captured ~70% of the annotated genes of the maize RefGenV3 
genome assembly. A large proportion of transcripts (57%) represented novel, sometimes tissue-specific, isoforms of known genes, and 3% 
corresponded to novel gene loci. In other cases, the identified transcripts have improved existing gene models. To validate transcript structures 
we checked for occurrence of each splice-junction within high-depth Illumina reads generated from matched tissues. Averaging across all six 
tissues, 90% of splice-junctions were well supported by short-reads in matched tissues. In addition, we identified a large number of novel long 
non-coding RNAs (lncRNAs) and fusion transcripts, and found that DNA methylation plays important roles in generation of various isoforms. 



Our results show that the characterization of the maize B73 transcriptome is far from complete, and that maize gene expression is more complex 
than previously thought. 
 
P0198: Genome Sequencing & ESTs 
Whole Genome, Transcriptome and Metagenomic Applications: Successful Sample Preparation and Experimental Designs 
Chris Wright, Mark Band, Mark A. Mikel and Alvaro G. Hernandez, Roy J. Carver Biotechnology Center, University of Illinois at 
Urbana-Champaign, Urbana, IL 
During the past decade, next-generation sequencing technologies have been instrumental in advancing plant and animal research. Regular 
improvements in protocols, techniques and instruments constantly spawn new opportunities for enhancing genomic exploration.  
Here, we discuss recent advancements and their application to support a diverse portfolio of research projects in animal health and behavior, 
plant breeding and development, and host-microbiome interactions.  We present the latest library construction techniques for de novo assembly 
and resequencing of a variety of organisms, from simple bacteria through large complex polyploid genomes.  This includes strategies for library 
preparation of genomic DNA, stranded RNASeq, mate-pair, synthetic long reads, small RNA and ChIP-Seq and applying these libraries across 
the span of current next-generation DNA sequencing platforms to bolster genomic research.   
Notably, metagenomics and microbial community profiling have been tremendously empowered by these technologies. We have developed 
unique capabilities that go well beyond 16S studies by using a combined approach of Fluidigm plus Illumina platforms to generate a broad 
profile of microbial communities.  This is accomplished by employing a flexible collection of primer sets covering not just 16S, but also 18S, 
archaea, ITS, gene-specific targets, and functional genes to develop a comprehensive understanding of the community profiles and metabolic 
activities at a fraction of the cost of full metagenomic sequencing.  These protocols can also be readily applied to high-throughput multi-loci 
screening on any plant or animal species of interest. 
 
P0199: Genome Sequencing & ESTs 
A Simple Multiplex PCR Approach for Target Enrichment in Next-Gen Sequencing 
Chris Hebel, LC Sciences, Houston, TX 
Multiplexing PCR is a simple way to extract genomic regions of interest for various genetic tests such as variant analysis or genotyping. Somatic 
mutations such as SNPs are unlikely to be best detected using regular whole genome sequencing and genotyping by sequencing (GBS) in any 
large genome species requires reduction of genome complexity. Therefore, many current genetic test workflows start with multiplexing PCR to 
extract genetic marker carrying regions from whole genomes before running hybridization, sequencing, or electrophoresis tests to identify the 
markers.  
We have developed a new multiplexing PCR approach with a significantly simplified workflow and significantly improved robustness. When 
applied to sequencing target enrichment application, the workflow for producing amplified targets involves only one hands-on step and one PCR 
run. Both sample barcodes and molecular tags are incorporated during this single PCR run. The approach is designed to require low sample input 
and to produce superior amplicon uniformity and sequence specificity. The approach involves a novel primer design and a proprietary reaction 
composition. A PCR run consists of two functionally separated reaction phases, namely target capture and library amplification, without any 
hands-on step in between. 
 
P0200: Genome Sequencing & ESTs 
BACseq: Cost-effective, High-throughput Strategy for BAC-by-BAC Sequencing 
Hung-Ying Lin, Heng-Cheng Hu and Patrick S. Schnable, Iowa State University, Ames, IA 
Prior to the Next Generation Sequencing (NGS) revolution a typical genome project involved generating BAC libraries, assembling the resulting 
BACs into minimum tiling paths (MTPs) and the sequencing individual BACs.  Subsequent to the NGS revolution genomes whole genome 
shotgun (WGS) sequencing has largely replaced BAC-based genome sequencing. The ability to quickly and cost-effectively to generate genome 
assemblies via the WGS strategy BAC-based approaches still provide the highest quality results, but are typically cost-prohibitive. Although 
various strategies for pooling BACs prior to sequencing with NGS technologies have been developed, these also suffer from potential repeat-
induced artifacts in genome assembly.  In response to the need for cost-effective methods to generate high quality genome sequences, we 
developed the “BAC-seq” technology, which combines the cost efficiency and high-throughput of NGS with the accuracy of BAC-by-BAC 
sequencing strategies.  The protocol for BAC-Seq will be described and results of pilot studies presented. 
 
P0201: Genome Sequencing & ESTs 
Next Generation Sequencing of Highly Damaged, Degraded DNA 
Cassie Schumacher1, Phillip A. Morin2,3, Kelly M. Robertson2, Jonathan Irish1, Lorenzo Rojas-Bracho4 and Timothy Harkins1, 
(1)Swift Biosciences Inc., Ann Arbor, MI, (2)Southwest Fisheries Science Center, National Marine Fisheries Service, NOAA, La 
Jolla, CA, (3)Scripps Institution of Oceanography, La Jolla, CA, (4)Coordinación de Investigación y Conservación de Mamíferos 
Marinos, Instituto Nacional de Ecología y Cambio Climático, Ensenada BC, Mexico 
A critical problem in preparing libraries for Next-Generation Sequencing (NGS) stems from the quality of input DNA.  Samples are often 
damaged or degraded, resulting in failed, poor quality, or highly biased libraries using traditional methods.  Further, the challenge of accurately 
representing AT- and GC-rich regions of the genome can be exacerbated when the DNA is damaged or degraded.  
We have developed two library preparation methods to generate libraries that accurately reflect the original DNA input, even when that input is 
damaged or degraded.  The Accel-NGS 2S family of DNA library kits adapts double-stranded DNA molecules with high efficiency, and the 
Accel-NGS 1S Plus DNA library kit adapts single-stranded DNA molecules in a template-independent manner.  
As a pilot study, we obtained vaquita DNA from NOAA Fisheries’ Southwest Fisheries Science Center.  The vaquita is the world’s most 
endangered marine mammal and the tissue available is highly degraded due to post-mortem sampling and sub-optimal long-term preservation 
and storage conditions.  Using the Accel-NGS 1S Plus DNA library kit, libraries were generated with zero sample failures and an average nuclear 



DNA alignment rate of 93%.  Additionally, the Accel-NGS 2S PCR-Free kit was used to construct libraries from degraded Harbor porpoise 
samples with an alignment rate of 96%.   
We have demonstrated the ability of the Accel-NGS 1S and 2S kits to generate libraries with minimal bias from highly degraded porpoise 
samples.  With these kits, scientists are empowered to sequence DNA previously thought to be unusable for NGS due to their damaged or 
degraded nature. 
 
P0202: Genome Technology: High-throughput Methods 
Full-Length cDNA Sequencing for Genome Annotation and Analysis of Alternative Splicing 
Tyson A. Clark1, Bo Wang2, Ting Hon1, Elizabeth Tseng1, Michael Regulski2 and Doreen Ware3, (1)Pacific Biosciences, Menlo 
Park, CA, (2)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (3)Cold Spring Harbor Laboratory/USDA-ARS, NY, NY 
In higher eukaryotic organisms, the majority of multi-exon genes are alternatively spliced.  Different mRNA isoforms from the same gene can 
produce proteins that have distinct properties and functions.  Thus, the importance of understanding the full complement of transcript isoforms 
with potential phenotypic impact cannot be understated.  While microarrays and other NGS-based methods have become useful for studying 
transcriptomes, these technologies yield short, fragmented transcripts that remain a challenge for accurate, complete reconstruction of splice 
variants.  
The Iso-Seq™ protocol developed at PacBio offers the only solution for direct sequencing of full-length, single-molecule cDNA sequences to 
survey transcriptome isoform diversity useful for gene discovery and annotation.  Knowledge of the complete isoform repertoire is also key for 
accurate quantification of isoform abundance. As most transcripts range from 1 – 10 kb, fully intact RNA molecules can be sequenced using 
SMRT® Sequencing without requiring fragmentation or post-sequencing assembly.  Our open-source computational pipeline delivers high-
quality, non-redundant sequences for unambiguous identification of alternative splicing events, alternative transcriptional start sites, polyA tail, 
and gene fusion events.  
We applied the Iso-Seq method to the maize (Zea mays) inbred line B73.  Full-length cDNAs from six diverse tissues were barcoded and 
sequenced across multiple size-fractionated SMRTbell libraries.  A total of 111,151 unique transcripts were identified.  More than half of these 
transcripts (57%) represented novel, sometimes tissue-specific, isoforms of known genes.  In addition to the 2250 novel coding genes and 860 
lncRNAs discovered, the Iso-Seq dataset corrected errors in existing gene models, highlighting the value of full-length transcripts for whole gene 
annotations. 
 
P0203: Genome Technology: High-throughput Methods 
Validation of MO BIO’s PowerMag Soil DNA Isolation Kit on the Automated Liquid Handling VERSA 1100 Workstation 
Sikander Gill1, Rajwant Gill1, Matthew Lemay2 and Dong Liang1, (1)Aurora Biomed Inc, Vancouver, BC, Canada, (2)University 
of British Columbia, Vancouver, BC, Canada 
Purification of DNA from soil samples is a challenging process due to the presence of humic acid, fulvic acid, phenolics, and polysaccharides 
that inhibit the downstream applications including PCR, and NGS. Moreover, these inhibitors co-extract with the DNA template that makes the 
DNA purification ineffective. Therefore, the soil samples need special kit chemistry and equipment in removing these inhibitors before DNA 
binds to the magnetic beads.  
 Keeping in view these challenges, automation of MO BIO’s PowerMagâ Soil DNA isolation Kit was performed on VERSA 1100 Workstation. 
The automation resulted in consistent yield of high quality DNA from contaminated soil types including garden soil known to contain high levels 
of humic acids and other inhibitors. The VERSA workstation automates the entire process (except centrifugation) from the soil samples to 
isolated DNA due to the presence of a powerful shaker-heater on its deck. VERSA thus offers merit over the other available systems that 
automate from the pre-processed soil extract carried off deck of such systems. The successful PCR carried on the DNA isolated from these soils 
indicated high inhibitor-free DNA with intact molecular size over 50kb.  
 The study, although, carried on limited number of samples but demonstrated that VERSA Workstation and its modules on the deck are optimal 
in their performance. The system allows processing of 96 samples in a single run minimizing human error. 
 
P0204: Genome Technology: High-throughput Methods 
Assembling Whole Genomes from Mixed Microbial Communities Using Hi-C 
Ivan Liachko, University of Washington - Department of Genome Sciences, Seattle, WA 
Assembly of whole genomes from next-generation sequencing is inhibited by the lack of contiguity information in short-read sequencing.  This 
limitation also impedes metagenome assembly, since one cannot tell which sequences originate from the same species within a population.  We 
have overcome these bottlenecks by adapting a chromosome conformation capture technique (Hi-C) for the deconvolution of metagenomes and 
the scaffolding of de novoassemblies of individual genomes.  
In modeling the 3D structure of a genome, chromosome conformation capture techniques such as Hi-C are used to measure long-range 
interactions of DNA molecules in physical space.  These tools employ crosslinking of chromatin in intact cells followed by intra-molecular 
ligation, joining DNA fragments that were physically nearby at the time of crosslink.  Subsequent deep sequencing of these DNA junctions 
generates a genome-wide contact probability map that allows the 3D modeling of genomic conformation within a cell.  The strong enrichment in 
Hi-C signal between genetically neighboring loci allows the scaffolding of entire chromosomes from fragmented draft assemblies.  Hi-C signal 
also preserves the cellular origin of each DNA fragment and its interacting partner, allowing for deconvolution and assembly of multi-
chromosome genomes from a mixed population of organisms.   
We have used Hi-C to scaffold whole genomes of animals, plants, fungi, as well as prokaryotes and archaea.  We have also been able to use this 
data to annotate functional features of microbial genomes, such as centromeres in many fungal species.  Additionally, we have applied our 
technology to diverse metagenomic populations such as craft beer, bacterial vaginosis infections, soil, and tree endophyte samples to discover 
and assemble the genomes of novel strains of known species as well as novel prokaryotes and eukaryotes.  The high quality of Hi-C-based 
assemblies allows the simultaneous closing of numerous unculturable genomes, placement of plasmids within host genomes, and microbial strain 
deconvolution in a way not possible with other methods. 
 



P0205: Genome Technology: High-throughput Methods 
Genotyping with Arrays and Targeted GBS – Doing More with Less Expense 
Heather Koshinsky, Affymetrix, Santa Clara, CA 
Rapid access to affordable genotype information is a cornerstone of increased revenue through managing genetics.  This applies to all species: 
cattle, goats, sheep, fish, poultry, soy, wheat, oil palm, blueberries, etc.  The number of markers of genotype information needed depends on the 
application.  While parentage assignment or seed lot verification require tens to hundreds of markers, marker assisted management or marker 
assisted breeding requires a few thousand markers and full characterization requires tens to hundreds of thousands of markers.  Example 
technologies to obtain genotype information include low to mid marker plex Eureka™ Genotyping and mid to high plex Axiom® arrays.  When 
sires can be accurately assigned based on a few hundred markers, multi-sire mating may be practical.  As the genetic diversity of a species 
becomes well characterized, new marker discovery saturates, and there is dense genotype information on high influence individuals (plants or 
animals).  In this scenario the genotype of a few thousand well-chosen markers on a single sample can be used to create the imputed dense 
genotype of that sample.  Breeding and /or management decisions may be informed by imputed dense genotypes obtained at the cost of the 
genotypes of a few thousand markers.  It is expected that increasing the number of samples being tested decreases the per sample cost of 
obtaining the genotype, especially when tens to hundreds of thousands of samples are committed by an organization or association.  The access 
to rapid affordable genotype information will allow agriculture to do more with less expense. 
 
P0206: Genome Technology: High-throughput Methods 
IDeal Fast ID Kit for DNA Extractions from Saliva Samples 
Pranav Chhaliyil, Genetic-ID, fairfield, IA, Bernd Schoel, Genetic ID NA, Inc, Fairfield, IA and Pradheep Chhalliyil, Genetic-ID, 
Genetic-ID Inc, IA 
The Ideal DNA Direct Lyse kit is an Ideal kit for molecular biologist that yields high quantities of DNA, with high DNA quality at a low cost in 
a relatively low time with few steps  for various downstream molecular applications including quantitative Real Time PCR (qPCR).  
Saliva testing has great potential as a diagnostic fluid especially in periodontal diseases. We isolated DNA from Saliva samples using the IDeal 
kit and checked the DNA quality in qPCR with universal primers that  amplify the 16S ribosomal RNA gene. We found both the gram positive 
and gram negative species tested yielded good  amplification, comparable with magnetic silica extraction method.  
The IDeal kit does not require organic extraction or ethanol precipitation and uses a lysis step and centrifugation step in the same tube avoiding 
transfers. The obtained supernatant was ready for qPCR. This simplistic procedure makes it economical and rapid for high throughput DNA 
extractions especially in 96-well plate format. The low cost per reaction of this kit makes it very attractive kit in the market. 
 
P0207: Genome Technology: High-throughput Methods 
Tandem Repeat Detection Using Next-Generation Mapping and Its Application in Detecting rDNA Copy Number Variation 
in Plant and Human Genomes 
Xiang Zhou, Saki Chan, Jinghua Shi, Weiping Wang, Zhanyang Zhu, Alex Hastie, Zeljko J. Dzakula and Han Cao, BioNano 
Genomics, San Diego, CA 
Eukaryotic genomes harbor large tandem repeats, such as rDNA repeats. Copy number variation of rDNA has been shown to correlate with 
global changes in gene expression. These repeat elements, as special genetic markers, are essential for genomic functions, disease diagnosis, and 
mapping studies. However, rDNA regions normally span several megabase, which is far beyond the accessibility of current NGS technologies.  
The BioNano Genomics Irys® System images fluorescently labeled long DNA molecules of 150 kb to 1 Mb. The exceptional integrity of DNA 
provides us a method to accurately determine repeat copy numbers and identify boundaries for alignment to physical maps.  
We present a robust tool (in development) for the detection of both simple and compound tandem repeats in complex genomes. We detected a 
45S rDNA unit as a 5-label compound repeat and estimated their copy numbers in 36 human samples. In Arabidopsis and maize, 43S rDNA unit 
was detected as a 9-10 kb simple repeat, while in tomato genome, rDNA unit was detected as a two-label compound repeat. We further 
discovered rDNA copy number and unit size variances between wild and cultivated tomato samples. Molecules containing these repeats play 
vital roles in precisely locating the rDNA regions on the physical map.  
Based on the genome annotations, we validated 83% and 68% of the compound repeats detected in Arabidopsis and maize at sequence level, 
respectively. We concluded that the tool was fast (8 gigabases per minute), accurate, and robust using the default parameters, single threaded. 
 
P0208: Genome Technology: High-throughput Methods 
From PhénoBlé to AirPhen : Field Phenotyping Technologies Take Off 
David Gouache, ARVALIS, Boigneville, France, Benoit de Solan, ARVALIS - Institut du végétal, Avignon, France, Fred Baret, 
INRA, Avignon, France and Alexis Comar, HiPhen, Avignon, France 
Field phenotyping technologies are regularly cited as one of the new frontiers to accelerate genetic progress in plant breeding. Remote sensing 
specialists regrouped in Avignon, France have led successive research and development projects to create a number of new technological tools 
that allow canopy traits to be screened on large panels of genotypes. In this poster, we will present the successive generations of tools that have 
been created and tested to screen genotypes of diverse field crops for their response to different stresses. A first prototype based on reflectance 
measurements and RGB cameras was developed and tested to screen wheat genotypes for their response to nitrogen. This prototype was 
improved and automated, allowing higher throughput, and integrating LIDAR to access canopy architecture. This system has been tested and 
developed on wheat and maize response to drought via an autonomous vehicule, the Phenomobile, and a gurney mounted system on rails. 
Finally, the reflectance and camera based approach has been developped into a commercial system, coined AirPhen,vectored by UAV, that is the 
first of a series of dedicated field phenotyping systems proposed by a spin-off company, HiPhen. The AirPhen system has been tested on maize, 
wheat and sugar beet to screen for nitrogen, drought and disease response. 
 
P0209: Genome Technology: High-throughput Methods 
Data Management and Visualization in Digital Phenotyping 



Christiaan Biemond1, Gert-Jan Speckmann1, Maarten Hekkelman2, Koen Huvenaars2, Timo Doeswijk3, Marco van Schriek2 and 
Sireen Khan4, (1)KeyGene, Wageningen, Netherlands, (2)KeyGene NV, Wageningen, Netherlands, (3)Keygene NV, Wageningen, 
Netherlands, (4)KeyGene, Rockville, MD 
Digital Phenotyping is the future for product development in the breeding and crop protection industry. Camera’s and sensors can automatically 
phenotype plants and reveal information about plant morphology, color, root architecture and even physiological traits, while  plant development 
can be followed over time from multiple angles. As a result, the size of the total data set is increasing dramatically compared to traditional 
phenotyping methods, and users tend to get lost in the tremendous amounts of images, growth movies, data tables and figures. The challenge is to 
make data and results easily accessible to all users in the company, allow them to mine the results themselves at different levels, and ensure that 
results are optimally used for product development and evaluation. Therefore, KeyGene developed Phenoreport, an interactive data visualization 
tool. Phenoreport allows researchers to mine the results by creating tables and graphs and performing a comprehensive data analysis. Phenoreport 
can handle large amounts of digital phenotype data and allows researchers to easily store and share the data within the company. It contains a 
dashboard interface with all phenotypic data collected in a single research project, ranging from raw to outlier corrected data, from growth curves 
to scatterplots, and from results to reporting. A unique feature is that researchers can apply filters and sorting to easily draft their own tables and 
graphs. This poster will share the bottlenecks of data management in digital phenotyping, present an approach to overcome them, and underlines 
the benefits of accessibility and utilization of digital phenotyping data inside of a company or institute. 
 
P0210: Genome Technology: High-throughput Methods 
Performance of the D5000 and High Sensitivity D5000 ScreenTape Assays for the Agilent 4200 TapeStation System 
Rainer Nitsche, Agilent Technologies, Waldbronn, Germany and Solange Borg, Agilent Technologies, San Diego, CA 
The Agilent 4200 TapeStation system provides automated, fast and reliable DNA and RNA electrophoresis for up to 96 samples using pre-
packaged reagents and minimal manual handling. The Agilent D5000 and High Sensitivity D5000 ScreenTape assays have been developed for 
the separation and analysis of DNA fragments from 100 bp to 5000 bp, a size range that complements and resides between the D1000 
ScreenTape and the Genomic DNA ScreenTape assays. The Agilent 4200 TapeStation system and the DNA ScreenTape assays can be used at 
several steps of the Next Generation Sequencing (NGS) workflow. With the emergence of new methodologies, such as the use of Transposomes, 
NGS library sizes are tending to increase beyond 1000 bp, even for the short-read NGS technologies.  
This Poster focuses on the performance of both D5000 ScreenTape assays with respect to the accuracy and precision of quantification and sizing, 
as well as the sensitivity of these assays. Data analysis for quantification and molarity determination further directly compared to the 
corresponding assay for the Agilent 2100 Bioanalyzer system. Additionally, performance of both D5000 and High Sensitivity D5000 assays on 
the 4200 TapeStation was compared to the 2200 TapeStation system.  
 
P0211: Genome Technology: High-throughput Methods 
Paramagnetic Cellulose DNA Isolation Improves DNA Yield and Quality Among Diverse Plant Taxa 
Jackson Moeller, Nick R Moehn, Thomas J Givnish and Don M Waller, Department of Botany. UW-Madison, Madison, WI 
The immobile nature of land plants requires adaptation to their local environment.  They handle this constraint in part by being effective 
‘chemical factories’.  These compounds, such as tannins, tough fibrous material, and/or secondary compounds perform essential functions for the 
plant but may interfere with DNA isolation and inhibit PCR amplification reactions.  This chemical diversity confers difficulty in designing a 
single low-effort DNA isolation method resulting in high yield and purity.  Here we evaluate a new method that gave a twofold advantage in 
average yield and greater consistency in sample purity (as inferred from 260:280 and 260:230  nm absorption ratios) in 25 plant species 
representing 21 families and 15 orders. This technology was originally developed for forensic science, based on MagnaCel paramagnetic 
cellulose particles (PMC).  The PMC method outperformed two popular plant DNA isolation methods:  the DNeasy Plant Mini Kit (silica 
column) and a common cetyltrimethylammonium bromide (CTAB) method.  In addition to higher yields and more consistent purity, the use of 
the MaxwellR 16 instrument with the PMC method increases productivity and lowers cross-contamination by automating several steps.  A 
scientist can push ‘run’ and return in 40 minutes to samples ready for downstream applications. 
 
P0212: Genome Technology: High-throughput Methods 
Computer Vision for Digital Phenotype Measures In Livestock 
M.J. Woodward-Greene1,2, Jason M. Kinser2, Tad Sonstegard3, Heather J Huson4, Johann Soelkner5, Iosif Vaisman2 and Curtis P. 
VanTassell6, (1)USDA-ARS, Beltsville, MD, (2)George Mason University, Manassas, VA, (3)Acceligen Inc. Animal Ag. 
Subsidary of Recombinetics, St. Paul, MN, (4)Cornell University, Ithaca, NY, (5)University of Natural Resources and Life 
Sciences, Vienna, Austria, (6)Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD 
The United Nations Food and Agriculture Organization (FAO) Global Plan for Action for Animal Genetic Resources (AnGR), affirmed that 
accurate, consistent phenotypic data is integral to understanding and effectively conserving AnGR. They published guidelines for phenotypic 
characterization for “systematically documenting” phenotype, and to promote “the use of standard practices and formats for describing (animal) 
characteristics” so credible comparisons between livestock populations are possible. However, the published guidelines do not provide 
standardized or exact data. The purpose of this research is to integrate digital image analysis for a reliable enumeration and capture of traditional 
livestock (goat) phenotypic data (size, weight, shape, horns, coat color and texture) over varied situations and locations for more meaningful 
research comparisons. Digital images of 77 goats were acquired under highly controlled conditions, and physical measures (height, length, front 
and rear width, barrel, etc.) were recorded for comparing digital image analysis results. Software was developed to isolate the animal to extract 
digital measures and for calibration to real-world measure. Accuracy of prediction varied with the trait considered, but most had a coefficient of 
determination of 70-80% in the initial predictions. 
 
P0213: Genome Technology: High-throughput Methods 
NGS Library Preparation Method for Transcriptome Profiling With Enhanced Sensitivity of Transcript Detection 



Vaishnavi Panchapakesa, Daniela B Munafo, Deyra N. Rodriguez, Erbay Yigit, Mehmet Karaca, Pingfang Liu, Lynne M. Apone, 
Christine J. Sumner, Christine Chater, Laurie Mazzola, Joanna Bybee, Danielle Rivizzigno, Fiona J Stewart, Eileen T Dimalanta 
and Theodore B Davis, New England Biolabs, Ipswich, MA 
Transcriptome profiling by Next Generation Sequencing (RNA-seq) is a powerful technique for large-scale genome-wide expression analysis, 
including mRNA, non-coding RNA, and miRNA profiling. RNA-seq is beginning to have multiple applications in clinical diagnostics; providing 
better insights into how altered RNA expression impacts the biological pathways and the molecular mechanisms associated with disease 
progression. The successful adoption of NGS into the clinical laboratory will depend on the library preparation techniques that can capture the 
entire molecular repertoire within a sample without any sequence bias. Here, we present a method for directional or strand-specific RNA-seq that 
retains information about which strand of DNA is expressed. Determining the polarity of RNA transcripts is important for the correct annotation 
of novel genes, identification of antisense transcripts with potential regulatory roles, and for correct determination of gene expression levels in 
the presence of antisense transcripts.  This method is based on the labeling and excision of the second strand cDNA, and it is compatible with 
both poly A-tail enriched and ribosome-depleted RNA. We will provide a comprehensive analysis of different eukaryotic and prokaryotic RNA 
libraries including library performance, library complexity, duplication rate, and continuity of gene coverage and strand specificity. Our results 
show this improved method generates high library yields that allow use of low amount of input RNA with reduced PCR duplicates, delivering 
high quality strand-specific RNA-seq data. This streamlined protocol is also amenable to large-scale library construction and automation. 
 
P0214: Genome Technology: High-throughput Methods 
Development of Automated DNA and RNA Plant Extraction Kits Using the New Maxwell® RSC Platform 
Chris Moreland, Lyndsey Jager, Samantha Lewis, Brad Hook, Adam Blatter and Cristopher Cowan, Promega Corporation, 
Madison, WI 
The wide diversity among plant taxa makes it difficult to find universal and robust solutions for extracting DNA and RNA. Poor and inconsistent 
extraction methods can carry over secondary compounds such as phenols and carbohydrates resulting in inaccurate quantification and inhibition 
of downstream amplification analyses. With this challenge in mind, Promega has developed an automated system that provides consistent DNA 
and RNA extraction from a variety of plant tissue samples.  The DNA extraction protocol was specifically optimized for purifying high 
molecular weight DNA, balancing the need for maximizing DNA yield per sample while minimizing multiple types of qPCR and next-
generation sequencing inhibitors.  Likewise, the RNA extraction protocol was optimized to prevent degradation of RNA, improve purity, 
minimize RT-qPCR inhibitors, and maximize yield.  Both the RNA and DNA Plant kits require a minimal amount of sample input for the 
purification of high quality nucleic acids, compatible with all common downstream amplification-based assays.  While optimizing these 
protocols, we also discovered some advantages and pitfalls of various quantification methods that apply specifically to plant samples.  In some 
species, absorbance peaks in the 225-245 nm regions cause a drastic overestimation of the UV-based concentration estimation. As a 
consequence, performance of downstream applications may suffer due to incorrect input estimation.  We show that fluorescent dye-based 
quantification methods more accurately estimate nucleic acid concentration and correlate well with qPCR quantification. 
 
P0215: Genome Technology: High-throughput Methods 
Advances in Small RNA Library Preparation Allow Combination of Bias Reduction with Gel-free or Low Input Protocols 
Dawn Obermoeller, Masoud Toloue, Adam Morris, Kevin Allen and Suk Ho Eun, Bioo Scientific, Austin, TX 
NGS small RNA library preparation has historically suffered from two major drawbacks: substantial bias introduced during ligation steps and 
necessity of size-selecting libraries by PAGE, which greatly limits throughput and ease of automation. The NEXTflex Small RNA Sequencing 
Kit v3 uses adapters with randomized ends to substantially reduce ligation bias, and employs a two-pronged adapter-dimer reduction strategy to 
greatly reduce formation of adapter-dimer, allowing gel-free library preparation. Following 3' adapter ligation, excess 3' adapter is depleted with 
a size-based selection, followed by inactivation of any leftover 3' adapter with an enzymatic method. This two-pronged strategy results in 
negligible adapter-dimer product in the post-PCR sample when a limited number (≤18) of amplification cycles are used, allowing final selection 
by SPRI beads rather than with PAGE. This gel-free protocol significantly improves the throughput and potential for automation for small RNA 
library preparation.  
Substantial reduction of adapter-dimer also allows a library preparation protocol from low inputs (≥1 ng total RNA), as substantially more PCR 
cycles can be performed without adapter-dimer dominating the final library. At least two independent studies have shown that PCR introduces 
negligible bias into small RNA library preparation, so reliable data may still be generated with high PCR cycle numbers, although size selection 
by PAGE will typically be necessary. This low input protocol allows reduced-bias small RNA libraries to be created from samples with limited 
amounts of available RNA that previously would have been impossible, greatly increasing the accessibility and applicability of small RNA-Seq.   
In conclusion, the NEXTflex Small RNA Sequencing Kit v3 combines reduced bias with either gel-free or low-input library preparation, 
allowing greater throughput, automation potential, and creation of libraries from a greater variety of sample types where limited starting material 
previously made small RNA-Seq impossible. 
 
P0216: Genome Technology: High-throughput Methods 
High PCR Efficiency Using Ideal DNA Extraction Kit 
Pradheep Chhalliyil, Genetic-ID, Genetic-ID Inc, IA and Bernd Schoel, Genetic ID NA, Inc, Fairfield, IA 
DNA loss in varying percentages is inevitable in most DNA extraction methods. The IDeal  DNA extraction kit is ideal to be used with very 
small sample sizes especially with valuable samples. In this kit the lysed extract can be used without much loss with high quality DNA for many 
molecular biology application.  
 Here we present qPCR data using Ideal direct lyse DNA extraction kit, showing that DNA purified from animal tissue (mouse tail), bovine 
blood, formalin-fixed paraffin-embedded tissue, soil, cigarette  and herbarium samples.   The  superior quality using the IDeal kit is better than 
the  other commercial Direct Lyse DNA extraction kits.  The most consistent Relative PCR Efficiency (RPE), a measure of suitability of purified 
DNA for qPCR, was observed with DNA purified using the IDeal kit.  



 The IDeal kit. does not require organic extraction or ethanol precipitation and is suitable for many downstream applications. In addition, the 
IDeal kit.  isolation procedure is simple, economical and rapid. For high throughput DNA extraction, the IDEAL kit is currently available in 96-
well plate format.  
The low cost per reaction of this kit and minimum loss of DNA makes it very attractive kit in the market. 
 
P0217: Genome Technology: High-throughput Methods 
Evolinc: A Pipeline for Comparative Genomic and Transcriptomic Analyses of Long Non-Coding RNAs 
Andrew D Nelson1, Upendra K Devisetty2, Asher K Haug-Baltzell3, Evan S Forsythe1, Eric Lyons3 and Mark A Beilstein1, 
(1)School of Plant Sciences, University of Arizona, Tucson, AZ, (2)Oregon State University, Corvallis, OR, (3)University of 
Arizona, Tucson, AZ 
Transcriptomic analyses from across eukaryotes have led to the conclusion that most of the genome is transcribed at some point in the 
developmental trajectory of an organism. One class of these transcripts is termed long noncoding RNAs (lncRNAs). Reported lncRNA 
repertoires in mammals vary, but are commonly in the thousands to tens of thousands of transcripts, accounting for ~90% of the genome. 
Recently, attention has focused on understanding the evolutionary dynamics of lncRNAs, particularly their conservation within genomes. To 
facilitate lncRNA discovery and comparative analyses at the genomic and transcriptomic level, we present Evolinc.  Evolinc is a custom pipeline 
that identified long non-coding RNAs from transcriptome assembly files and then searches for homologs in other species. Using sequence 
similarity, Evolinc reconstructs families of homologous lncRNAs, aligns the constituent sequences, builds gene trees, and uses gene tree / species 
tree reconciliation to infer evolutionary processes. The novelty of this pipeline is that it allows the user to investigate factors affecting lincRNA 
diversity within a large number of species. This pipeline is scaleable, working on one to thousands of lncRNAs and can perform comparisons 
between both large and small genomes. For ease of use we have pre-packaged Evolinc into an instance available in the iPlant's Atmosphere cloud 
computing service, as well as in iPlant's Discovery Environment. Evolinc is useful not only for inferring mechanisms affecting lncRNA diversity, 
but also for identifying lncRNAs in non-model systems where genome data is available. 
 
P0218: Genome Technology: High-throughput Methods 
Performance of a Multi-Species-Plant Illumina BeadChip 
Marie-Christine Le Paslier1, Aurélie Bérard1, Aurélie Chauveau1, Elodie Marquand1, Anne Boland-Auge2, André Eggen3, 
Dominique Brunel4 and Patricia Faivre Rampant1, (1)INRA, US1279 EPGV-Etude du Polymorphisme des Génomes Végétaux, 
CEA-IG/Centre National de Génotypage, F-91057 Evry, France, (2)CEA-Intitut de Génomique/Centre National de Génotypage, F-
91057 Evry, France, (3)Illumina, EMEA - Ag, San Diego, CA, (4)INRA, US1279 Etude du Polymorphisme des Génomes 
Végétaux, CEA-IG / Centre National de Génotypage, Evry, France 
Since mid-2005, Illumina Infinium® genotyping array provide data with good accuracy for thousands of SNPs (single nucleotide polymorphism) 
in thousands individuals for many organisms including plants. These extensive data used in large studies gave new insight in population and 
molecular genetics. Nevertheless, flexible high density genotyping tools at reasonable costs are still to be developed. Low cost genotyping assays 
would allow many applications including control of individuals, marker assisted management and genetic approaches in species where molecular 
developments have a comparatively low value relative to the cost of SNP arrays. The initial cost and/or the minimum sample number 
requirement are limiting factors for developing a new genotyping tool. An add-on option on already existing product gives a first opportunity to 
reduce the cost of a beadchip. Designing a multi-species array could be another alternative to increase the number of SNPs and decrease the 
minimum number of samples for each species, reaching lower genotyping cost assay per species. For the first time ever, we successfully validate 
the genotyping accuracy of a multi-species-plant beadchip. Four custom Illumina bead pools originally manufactured for pea, rapeseed, grape 
and poplar genomic studies developed at INRA (French National Institute of Agriculture) were combined in a single array. Individuals/DNA 
already genotyped were newly genotyped with this 4-species array. For each SNP, the performance in terms of genotype call rate, cluster 
separation and reproducibility were assessed and compared. Our results are very encouraging towards the development of further multi-species 
beadchips. 
 
P0219: Genome Technology: High-throughput Methods 
Plant Virus Identification and Detection Using High-Throughput Sequencing 
Michel Ebskamp1, Ellis Meekes1, Iris Stulemeijer2, Maarten de Kock2 and Fleur Gawehns-Bruning1, (1)Naktuinbouw, 
Roelofarendsveen, Netherlands, (2)BKD, Lisse, Netherlands 
Identification and detection of plant viruses is an important part of the testing and certification system provided by Naktuinbouw (Netherlands 
Inspection Service for the Horticulture) and BKD (Flower Bulb Inspection Service). Traditionally, ELISA and the more recently PCR based 
assays are applied to screen for known viruses or virus families. Furthermore, indicator plants are used as a safety net to detect the presence of 
unknown viruses or unusual combinations. Despite the wide acceptance, robustness and low costs of these methods, viruses can be missed using 
these targeted detection methods. The numbers of unidentified viruses in plants are estimated relatively high due to a fast mutation rate, host 
specificity or low abundance. They can cause novel disease symptoms, can be part of a virus complex or can be present without showing any 
symptoms. Using the non-targeted High-throughput sequencing of RNA from infected leaves, both known and unknown viruses can be detected. 
We generated a fast detection tool by sequencing the total RNA fraction (RNAseq) or the small RNAs in combination with an in house plant 
virus database. All tested viruses (including a viroid) could be detected with both the methods. However, a by far higher mapping percentage was 
reached at lower sequencing costs with small RNA sequencing. Preliminary results show that both RNAseq and small RNA sequencing are 
suitable to also identify unknown viruses de novo.  
 
P0220: Genome Technology: High-throughput Methods 
Digital PCR Efficiency of Stool and Soil Samples Using Ideal DNA Extraction Kit 
Bernd Schoel, Genetic ID NA, Inc, Fairfield, IA and Pradheep Chhalliyil, Genetic-ID, Genetic-ID Inc, IA 



Digital PCR is a promising technology in  microbial research and infectious disease management, especially in characterizing changes in 
microbiomes. However, the presence of PCR inhibitors, cost and quick DNA extraction limits the use of dPCR.  
The IDeal DNA extraction kit  is an ideal kit for digital pcr. Here we present the extracted DNA in digital droplet PCR using inhibitors rich stool 
and soil samples.  
The IDeal kit. does not require organic extraction or ethanol precipitation or using any time consuming binding columns or magnetic silica and is 
suitable for many downstream applications.  This makes, the IDeal kit.  isolation procedure a  simple, economical and rapid kit which is also 
available in 96-well plate format for high throughput analysis..  
The low cost per reaction of this kit and minimum loss of DNA makes it very attractive kit in the market. 
 
P0221: Genome Technology: High-throughput Methods 
Quantitative Genotyping from GBS Data in Autopolyploids 
Guilherme Da Silva Pereira1, Gabriel Rodrigues Alves Margarido2, Marcelo Molinari2, Antonio Augusto Franco Garcia2 and 
Zhao-Bang Zeng1, (1)North Carolina State University, Raleigh, NC, (2)University of São Paulo, Piracicaba, Brazil 
Despite of the importance of polyploid crop species in agriculture, their genetic studies have been limited by the exclusive usage of single dosage 
markers (SDMs). However, SDMs may not allow full exploitation of all available, polymorphic markers. In this work, we extend upon the 
results of Li et al. [G3: Genes, Genomes, Genetics, 4(10), 1971-1979 (2014)] to also look for multiple dosage markers (MDMs) into genotyping-
by-sequencing (GBS) data from 384 full-sibs of Medicago sativa, an autotetraploid alfalfa (2n = 4x = 32). Actual allele read depth from GBS was 
used to perform quantitative genotype calling in SuperMASSA software. We were able to find 7,596 SDMs and 77 MDMs. Here, we calculated 
pairwise recombination fractions between SDMs using the R Onemap package and heatmap plot revealed 8 marker clusters. The previous study 
has shown a map composed by 3,591 markers distributed over 64 linkage groups (32 for each parent). Although that previous map has driven 
important insights on Medicago genome evolution, an integrated map is still preferable due to its statistical and genetic properties when looking 
for quantitative trait loci. In conclusion, using count data for genotyping calling ends up with the detection of both SDMs and MDMs for more 
in-depth genetic studies in autopolyploid species. 
 
P0222: Genome Technology: High-throughput Methods 
A High-Throughput and High-Resolution Microfluidics System for SNP Genotyping 
Jing Wang, Jian Qin, Janet Ziegle and Ramesh Ramakrishnan, Fluidigm Corp, South San Francisco, CA 
A single-nucleotide polymorphism (SNP) is a single base pair mutation at a specific locus, usually consisting of two alleles. SNP genotyping 
measures genetic variations of SNPs between members of a species. It has been widely used to measure genetic variation, and it is one of the 
most important tools for clinical, pharmaceutical, and agricultural gene analysis. Microfluidic measurement can provide high throughput with 
fast turnaround, low consumption of reagents, and an automated workflow for SNP genotyping. For many low-quality samples, a 
preamplification step is required. The preamplification step, however, could add extra cost, operator error, time, and risk of contamination in the 
lab.  
Fluidigm has developed a High Precision integrated fluidic circuit (IFC) that integrates preamplification function into the high-throughput, PCR-
based genotyping 96.96 Dynamic Array. The loading was greatly accelerated by combining open-channel loading with the typical dead-end 
filling for a PDMS-based microfluidic IFC. The IFC takes 96 different samples, tests for 96 different SNPs for each sample simultaneously, and 
delivers 9,216 datapoints within 2½ hours. Since both preamplification and genotyping reactions are performed within the closed IFC, the 
process is highly simplified and automated, with no risk of contamination from open vessels. Starting with 1 ng of human genomic DNA, the 
system generated an auto call rate of higher than 99.5% and accuracy of greater than 99.75%, thereby demonstrating the performance and power 
of the system.   
 
P0223: Genome Technology: High-throughput Methods 
High Quality Library Construction and Reliable Quantitation with NEBNext Reagents 
Pingfang Liu, Lynne M. Apone, Nathan A. Tanner, Janine G. Borgaro, Vaishnavi Panchapakesa, Deyra Rodriguez, Erbay Yigit, 
Bradley W Langhorst, Don Johnson, Julie F. Menin, Christine J. Sumner, Christine Chater, Fiona J Stewart, Laurie Mazzola, 
Joanna Bybee, Danielle Rivizzigno, Nicole M. Nichols, Eileen T Dimalanta and Theodore B Davis, New England Biolabs, Ipswich, 
MA 
The field of next generation sequencing (NGS) has matured significantly over the past few years. As the quantity of data generated per NGS run 
increases and the time required per run decreases, the ability to quickly produce large numbers of high quality libraries inexpensively is 
becoming increasingly important. Moreover, maximizing data output & minimizing instrument run failure are imperative. In this poster, we 
present data showing: 1) the improvements we have made in library preparation with the development of the NEBNext Ultra II Library Prep kit; 
and 2) the development of the NEBNext Library Quant Kit for Illumina, a simple and robust method for quantitation of Illumina libraries. In the 
first part, we show that libraries made with the Ultra II kit have low DNA input requirements; additionally, we significantly improved library 
yields and reduced sequence bias. Moreover, the workflow is simple and streamlined, greatly reducing the time required to produce high quality 
DNA libraries and the possibility of errors. In the second part, we demonstrate the effectiveness of the NEBNext Library Quant Kit for a broad 
range of library types and sizes as well as advantages offered by qPCR quantitation for obtaining optimal cluster density and user-to-user 
consistency. The NEBNext Quant Kit offers an efficient and cost-effective qPCR library quantitation workflow for users looking to optimize 
both sequencing yield and throughput. 
 
P0224: Genome Technology: High-throughput Methods 
Direct Target Enrichment, a Hybridization-Based Capture Method for Selective Acquisition of NGS Data 
Sarah K. Bowman1, Amy Emerman1, Daniel Kraushaar1, Kruti M. Patel1, Noa Henig1, Salvatore Russello2, Theodore B Davis2 and 
Cynthia L. Hendrickson1, (1)Directed Genomics, Ipswich, MA, (2)New England Biolabs, Ipswich, MA 



High throughput sequencing is the method of choice for connecting genotype to phenotype in many organisms. However, sequencing an entire 
genome is not desirable if the focus of inquiry is limited to certain genomic areas. DIRECT target enrichment is a unique and highly specific 
method for hybridization-based-capture of regions of interest. Using this method, target genomic DNA sequences are isolated and converted into 
an Illumina-compatible library within seven hours. Unlike alternative approaches that convert the entire genome into a library and select the 
targets as a final step, DIRECT target enrichment enzymatically removes off-target sequences and converts only desirable and original DNA 
molecules into sequencing-ready libraries. DIRECT target enrichment can be applied to any organism with a reference genome sequence, 
including incomplete assemblies. Application of this method can streamline the production of target-enriched NGS libraries and make the 
acquisition of sequence data focused and cost-effective.   
 
P0225: Genome Technology: High-throughput Methods 
Comprehensive, Cost Competitive, Genomics Capabilities at The McDonnell Genome Institute at Washington University 
Robert Fulton, Vincent Magrini, Daniel Koboldt, Wesley Warren and Richard K Wilson, McDonnell Genome Institute at 
Washington University, St. Louis, MO 
The McDonnell Genome Institute at Washington University (MGI) is a large-scale genomics institute that brings significant experience, 
knowledge, and capacity to bear on genomic questions.  In existence since, 1993, the MGI has contributed to a wide range of genomics projects 
from model organisms such as human, mouse, and C. elegans, to commercial organisms such as chicken, oil palm, and maize.  With the recent 
release of the Illumina HiSeq X platform for 30X non-human genomes, whole genome sequencing (WGS) on non-human species at significantly 
lower costs is now possible.  In addition to WGS capabilities, MGI also offers a variety of RNA-seq and methyl-seq applications, targeted 
sequencing including both exomes and custom spaces, multiplex amplicon sequencing, 16S microbial applications,  PacBio sequencing for long 
read applications, and BioNano mapping capabilities.  Additionally, techniques tailored towards low quality samples, low quantity samples, or 
both are also specialties.  From the computation side, genome assembly, as well as various genomic analysis packages are available.   
This presentation highlights some key capabilities, strategies, and examples of work at MGI, and is meant to engage the genomics community for 
potential genomics collaborations. 
 
P0226: Genome Technology: High-throughput Methods 
Improved Signal-to-Noise Ratios in qPCR Assays for Genomic Copy Number Variation (CNV) Determination Using Dual-
Quenched BHQ® Probes 
James Flynn, Albert Wong, Luan Le and Ben Sowers, LGC Biosearch Technologies, Petaluma, CA 
Copy Number Variation (CNV) is an important form of genetic diversity with medical and agricultural significance. CNV determination with 
quantitative PCR requires a sensitive and specific detection chemistry that is quantitative across a broad dynamic range.  In this study, we 
introduce a dual-quenched probe format with a unique configuration of the Black Hole Quencher® (BHQ) dye to improve quenching efficiency 
and enhance signal-to noise values. Probe-based qPCR assays were designed using LGC Biosearch Technologies RealTimeDesign™ software to 
target specific regions in human, plant, and animal genomes that are known to harbor sequence rearrangements, producing variation in copy 
number.  Each CNV assay was paired into a duplexed reaction with a reference assay to a genomic region that remains a constant copy number, 
to act as a normalizer for the variable target assay. The differential of cycle threshold values provides an accurate determination of copy number 
per genome. Quantification is initially demonstrated by supplying template at fixed ratios, and further verified in the context of wheat and bovine 
samples. These results reveal lower background fluorescence accompanied by enhanced signal release compared to standard probes containing 
only a single quencher.  Dual-quenched BHQ probes are a robust tool for all manner of qPCR applications such as copy number variation. 
 
P0227: Genome Technology: Large Insert Libraries 
SMRT Sequencing of the Alala Genome 
Jill R Muehling1, Primo Baybayan2, Richard Hall2, Emily Hatas2, Jenny Gu2, Leona G. Chemnick3, Bryce Masuda3, Marisa L. 
Korody3, Cynthia C. Steiner3, Oliver Ryder3 and Jolene Sutton4, (1)PACBIO, Menlo Park, CA, (2)Pacific Biosciences, Menlo Park, 
CA, (3)San Diego Zoo Institute for Conservation Research, Escondido, CA, (4)University of Hawaii at Hilo, Hilo, HI 
Single Molecule Real-Time (SMRT) Sequencing was used to generate long reads for whole genome shotgun sequencing of the genome of 
the`alalā (Hawaiian crow). The ‘alala is endemic to Hawaii, and the only surviving lineage of the crow family, Corvidae, in the Hawaiian Islands. 
The population declined to less than 20 individuals in the 1990s, and today this charismatic species is extinct in the wild. Currently existing in 
only two captive breeding facilities, reintroduction of the ‘alalā is scheduled to begin in the Fall of 2016. Reintroduction efforts will be assisted 
by information from the ‘alalā genome generated and assembled by SMRT Technology, which will allow detailed analysis of genes associated 
with immunity, behavior, and learning.  
Using SMRT Sequencing, we present here best practices for achieving long reads for whole genome shotgun sequencing for complex plant and 
animal genomes such as the ‘alalā genome. With recent advances in SMRTbell library preparation, P6-C4 chemistry and 6-hour movies, the 
number of useable bases now exceeds 1 Gb per SMRT Cell.  Read lengths averaging 10 - 15 kb can be routinely achieved, with the longest reads 
approaching 70 kb.  Furthermore,  > 25% of useable bases are in reads greater than 30 kb, advantageous for generating contiguous draft 
assemblies of contig N50 up to 5 Mb.  De novo assemblies of large genomes are now more tractable using SMRT Sequencing as the standalone 
technology.  We also present guidelines for planning out projects for the de novo assembly of large genomes. 
 
P0228: Genome Technology: Large Insert Libraries 
How to Solve Plant Genome Complexity? A Strategy to Focus on Specific Genomic Regions of Interest 
Nathalie Rodde, Sonia Vautrin, Stephane Cauet, Genséric Beydon, William Marande, Arnaud Bellec and Hélène Bergès, INRA - 
CNRGV, Castanet Tolosan, France 
Plant genomes are complex regarding many aspects: genome size, polyploidy and the high percentage of repetitive elements. Next-generation 
DNA sequencing technologies (NGS) have revolutionized the genomic research by offering the capacity to obtain large amount of sequences in a 
short time. However, this approach is not sufficient to decipher the high complexity of plant genomes and Bacterial Artificial Chromosome 



(BAC) libraries are still invaluable tools for plant genome analysis. In this poster we aim at better characterize genomic regions using low 
coverage BAC library approach and NGS. We developed a new strategy using low coverage BAC libraries in order to efficiently focus on 
genomic region of interest. This strategy reduces BAC clones handling steps to isolate the most interesting region. Apart from this, we can now 
obtain high quality DNA sequences using long read sequencing technologies. In this poster we discuss the interest of combining these two 
technologies to explore the diversity of various plant species (a study case will be presented). This approach is an efficient way to perform 
comparisons of various genotypes by decreasing time and cost of library construction. 
 
P0229: Genome Technology: Large Insert Libraries 
BAC Sudoku Sequencing Strategy for in silico Screening of Large-Insert Soil Metagenomic Libraries 
Scott Monsma1, Jinglie Zhou2, Alinne Pereira2, Blaine Pfeifer3, XingCong Li4, Scott Santos2, Megan Niebauer1, Erin Ferguson1, 
Ronald Godiska1, Cheng Cang Wu5, David Mead1 and Mark Liles2, (1)Lucigen Corporation, Middleton, WI, (2)Auburn University, 
Auburn, AL, (3)State University of New York- Buffalo, Buffaly, NY, (4)Ole Miss (University of Mississippi), University, MS, 
(5)Intact Genomics, St. Louis, MO 
Soil microorganisms express diverse bioactive natural products; however, the majority of soil microbes are recalcitrant to cultivation. We are 
using a metagenomic approach to bypass cultivation and directly capture the DNA from diverse microbial genomes in natural environments such 
as soils. A metagenomic library from an agricultural soil (Cullars Rotation, Auburn, AL) was constructed in a broad host-range BAC vector that 
contained 19,200 clones with an average insert size of 110kb. Screening was accomplished using strategy termed BAC Sudoku sequencing, 
wherein a pooling strategy is used to multiplex the results, while still providing the ID of individual clones. BAC clones were sequenced in pools 
(row, column, and plate) using indexed primers and paired end reads on an Illumina HiSeq. Contigs were assembled for each pool and screened 
for secondary metabolite gene clusters using antiSMASH, resulting in identification of  >1000 novel PKS/NRPS pathway-containing clones. The 
cloned pathways are very divergent from known pathways, with the GC content varying from 41 to 76% and the amino acid identity of the KS 
domains ranging from 32 to 83% to the best matching BLAST hit. Expression of these PKS pathway-containing clones in E. coli strain BTRA 
engineered for polyketide expression has resulted in multiple clones with evidence for heterologous expression of a cloned PKS pathway. These 
results indicate a high degree of unique sequence space has been recovered from large-insert metagenomic clones and a subset of these clones are 
capable of being heterologously expressed to produce secondary metabolites, thereby expanding our available resources for natural product 
discovery. 
 
P0230: Genome Technology: Other Genome Methodology 
Targeted Sequencing of Genes and Transcripts from Soybean and Wheat using NimbleGen SeqCap EZ and PacBio SMRT 
Sequencing 
Jenny Gu1, Kevin Eng1, Anand Sethuraman1, Denise Raterman2, Daniel Burgess2, Todd A. Richmond3 and Steve Kujawa1, 
(1)Pacific Biosciences, Menlo Park, CA, (2)Roche NimbleGen, Madison, WI, (3)Roche NimbleGen, Mercer Island, WA 
Full-length gene capture solutions offer opportunities to screen and characterize structural variations and genetic diversity to understand key 
traits in plants and animals. Through a combined Roche NimbleGen probe capture and SMRT Sequencing strategy, we demonstrate the 
capability to resolve complex gene structures often observed in plant defense genes and developmental genes spanning multiple kilobases. The 
custom panel includes members of the WRKY plant-defense-signaling family,  members of the NB-LRR disease-resistance family, and 
developmental genes important for flowering.  The presence of repetitive structures and low-complexity regions makes short-read sequencing of 
these genes difficult, yet this approach allows researchers to obtain complete sequences for unambiguous resolution of both gene models and 
transcript isoforms.  This strategy has been applied to both genomic DNA and RNA samples from soybean and wheat coupled with barcoding for 
multiplexing. 
 
P0231: Genome Technology: Other Genome Methodology 
Study on the Effect of Biological Damage in Plant Caused by Low Energy Ion Beam Implantation 
Qiuxia Liang, Henan Province Key Laboratory of Ion Beam Bioengineering, Zhengzhou university, Zhengzhou, China, Gangqiang 
Cao, School of Life Sciences Zhengzhou University, Zhengzhou, China, Zhen Jiao, Zhengzhou University, Zhengzhou, China and 
Qunce Huang, Henan Province Key Laboratory of Ion Beam Bioengineering, Zhengzhou University, Zhengzhou, China 
We compared the biological effects of 30 keV low energy nitrogen ion beam implanted in the seeds of plants. The curve of dose-response in seed 
germination ratio displayed falling and then rising with the increase of ion influx. It is different from the effect of high energy 
ion(Mev)implanted in plant. The low energy ion beam owns the characteristics of wide mutation spectrum and low damage. We have chosen 
some mutants of tomato, radish, rice and wheat to be used in plant breeding. And we detected the effect of cell signaling with OsRop GTPase 
after low energy ion beam implanting in rice using qRT-PCR. There exist seven OsRops in rice genome. The results showed that the response of 
each OsRop GTPase expressed significant differently by different ion flux. The expression levels of OsRop1, OsRop2 and OsRop3 were very 
sensitive at germination 24h, but they were severely down-regulated at germination 48h after low energy ion beam implanted. But OsRop3 
expression level of control enhanced very much at 24h. OsRop4 expression level raised at 24h at the dosage of 4×1017ions/cm2 and 72h 
2×1017ions/cm2. After 24h OsRop5 gene expression was more sensitive at the dosage 6×1017ions/cm, but it’s intensified in vacuum (no ions 
implanted) at 72h. OsRop6 and OsRop7 gene expression level were obviously up-regulated in vacuum at 6×1017ions/cm after 48h germination. It 
is interesting that OsRop7gene expression level was lower at 24h and 72h with low energy ion beam influx. 
 
P0232: Genome Technology: Other Genome Methodology 
Genome-wide Annotation of Mutations in a Phenotyped Mutant Library Provides an Efficient Platform for Discovery of 
Causal Gene Mutations 
Yinping Jiao1, John Burke2, Ratan Chopra2, Gloria Burow2, Junping Chen2, Bo Wang3, Chad Hayes2, Yves Emendack2, Doreen 
Ware4 and Zhanguo Xin5, (1)USDA-ARS/Cold Spring Harbor Laboratory, Lubbock, TX, (2)USDA-ARS, Lubbock, TX, (3)Cold 



Spring Harbor Laboratory, Cold Spring Harbor, NY, (4)Cold Spring Harbor Laboratory/USDA-ARS, NY, NY, (5)USDA ARS, 
Lubbock, TX 
Ethyl methanesulfonate (EMS) efficiently generates high-density mutations in genomes. Conventionally, these mutations are identified by 
techniques that can detect single-nucleotide mismatches in heteroduplexes of individual PCR amplicons. We applied whole-genome sequencing 
to 256-phenotyped mutant lines of sorghum (Sorghum bicolor L. Moench) to 16x coverage. Comparisons with the reference sequence revealed 
>1.8 million canonical EMS-induced G/C to A/T mutations, 22% of which were in genic regions, affecting >95% of genes in the sorghum 
genome. The vast majority (97.5%) of the induced mutations were distinct from natural variations. By applying the mutation database to 
phenotype analysis, we identified four causal gene mutations affecting drought tolerance, two mutations affecting heat tolerance, and two 
mutations affecting seed size that corresponded to previously reported seed size QTLs. Our results demonstrate that this collection of sequenced 
mutant lines can be used to efficiently discover new traits and their underlying causal mutations, thereby accelerating sorghum breeding. 
 
P0233: Genome Technology: Other Genome Methodology 
plantGPS: A Whole-Genome Modeling Framework to Accurately Predict Quantitative Traits 
Yuri V. Nikolsky, George Mason University, Fairfax, VA and Tatiana Tatarinova, University of Southern California, Los Angeles, 
CA 
Understanding the relationship between genomic variation and variation in phenotypes for quantitative traits such as physiology, yield, fitness or 
behavior, will provide important insights for predicting adaptive evolution and for breeding schemes. A particular question is whether the genetic 
variation that influences quantitative phenotypes is typically the result of one or two mutations of large effect, or many more mutations of small 
effect.  
In the past, we developed GPS method to infer provenance for human subjects. Recently,   we expended the approach to the wild model legume 
Medicago truncatula. We show that phenotypes, such as quantitative disease resistance, can be well-predicted using genome-wide patterns of 
admixture, from which it follows that there must be many mutations of small effect.  
Our findings prove the potential of our novel “whole-genome modeling” – method and experimentally validate, for the first time, the 
infinitesimal model as a mechanism for adaptation of quantitative phenotypes in plants. This insight can accelerate breeding and biomedicine 
research programs. 
 
P0234: Genome Technology: Other Genome Methodology 
Rational Design of High-Number DNA Fragments for Gene Construction 
Bhagyashree S Birla and Hui-Hsien Chou, Iowa State University, Ames, IA 
Gene synthesis is frequently used in modern molecular biology research either to create novel genes or to obtain natural genes when the synthesis 
approach is more flexible and reliable than cloning. DNA chemical synthesis has limits on both its length and yield, thus full-length genes have 
to be hierarchically constructed from synthesized DNA fragments. Gibson Assembly and its derivatives are the simplest methods to assemble 
multiple DNA fragments. Previously, up to 52 oligonucleotides have been assembled at once with Gibson Assembly, but that success is specific 
to a viral genome. Generally, the number of single-stranded oligonucleotides or double-stranded DNA fragments that can be assembled in a 
single reaction are much lower. We have developed a rational design method for gene construction that allows high-number DNA fragments to 
be assembled into full-length genes in a single reaction. Using this new design method and a modified version of the traditional Gibson 
Assembly protocol, we have assembled three different genes with up to 45 DNA fragments at once. Our design method uses the thermodynamic 
analysis software Picky that identifies all unique junctions in a gene where consecutive DNA fragments are specifically made to connect to each 
other. Our novel method is generally applicable to any gene sequences, and can improve both the efficiency and cost of gene assembly. This 
technology can be used to construct bacterial, animal and plant genes. 
 
P0235: Genome Technology: Other Genome Methodology 
A Powerful Tool for Efficient Recurrent Selection: Positively and Negatively Selectable Male-Sterile Rice 
Junichi Tanaka1, Maiko Akasaka2, Yojiro Taniguchi2, Masao Oshima3, Kiyomi Abe3 and Yutaka Tabei3, (1)National Agriculture 
and Food Research Organization, Tsukuba, Japan, (2)NARO Institute of Crop Science (NICS), Tsukuba, Japan, (3)National 
Institute of Agrobiological Sciences (NIAS), Tsukuba, Japan 
Recurrent selection is a powerful breeding method of maize: populations are improved by shuffling the many types and highly diverse genomes 
of maize through its allogamous mode of reproduction. To use the same selection method in an autogamous crop like rice, breeders are required 
to do several and continuous artificial crossings, furthermore recurrent selection is difficult to perform on a large scale. To circumvent these 
issues, we propose a novel method based on the development and application of a negatively and positively selectable, single-locus dominant 
transgenic male sterility. This method is will allow for an efficient recurrent selection in autogamous crop species (Tanaka 2010). The male 
sterility trait is used only during the breeding procedure and will be removed from the final products (‘null segregant’) since male-sterile 
individuals cannot self-pollinate to produce inbred lines. Currently at the NARO institute of crop science and NIAS, the development of 
transgenic rice for an efficient recurrent selection is in progress. We have developed anther-specific expression promoters from a comprehensive 
study using the expression profile database RiceXPro. The developed promoters were confirmed to be effective in producing dominant male-
sterile individuals. Herbicide tolerance genes can be used as positively selectable markers. Fluorescent protein expressed under the gluteline 
promoter accumulate in the endosperm (Qu and Takaiwa 2006) and can be efficiently used as either positive or negative selectable, 
visible  markers. We are now in the prototype development stage and will present our study and envisioned future applications. 
 
P0236: Genome Technology: Other Genome Methodology 
Improved Isolation Methods of HMW DNA from Plants and Animal Tissues 
Boudewijn F.H. ten Hallers, Claire Q. Yang, Michael G. Saghbini and Kenneth G. Sugerman, BioNano Genomics, San Diego, CA 
Traditional methods to isolate High Molecular Weight (HMW) DNA from plants typically use liquid nitrogen grinding and mortar and pestle, 
and usually require from 10 to 30 grams of starting material, yet the process often results in low DNA yield.  



We present a new DNA isolation method using a commercially available tissue disruptor that requires significantly less starting material and 
provides a significant increase in yield. For plants, 0.5 to 3 grams of young leaves from dark treated seedlings are required for the starting 
material, yielding 1.5 to 9 micrograms of DNA (species dependent): an approximate tenfold increase in DNA yield compared to liquid nitrogen 
grinding methods. For animal, 5 milligrams of tissue is required for the starting material, yielding 5 to 6 micrograms of HMW DNA.  
We fix the nuclei with formaldehyde, then blend using the Qiagen TissueRuptor®. Standard filtration and centrifugation steps are followed 
before agarose embedding. Finally, HMW DNA is obtained after a Proteinase K and β-Agarase digestion, followed by drop dialysis. This 
method has been successfully tried with numerous samples, such as Papaya, Tobacco, Asparagus, Goatgrass, Eucalyptus, Hummingbird 
(muscle), C57BL/6 mouse (spleen, liver) and Rabbit (spleen). 
 
P0237: Genome Technology: Other Genome Methodology 
A Novel Method for Generating Dihaploids in Tall Fescue 
Bryan Kindiger, USDA-ARS, Grazinglands Research Lab, El Reno, OK and Devesh Singh, Barenbrug Seeds, USA, Albany, OR 
Within the Lolium-Festuca genome complex there is a need for modern breeding approaches that can facilitate the rapid development of 
improved germplasm or cultivars. Traditional recurrent or mass-selection methods for population or synthetic development are labor intensive 
and time consuming.  The recent development of dihaploid (DH) inducer lines of annual ryegrass (Lolium perenne L. subsp. multiflorum (Lam.) 
Husnot (syn. Lolium multiflorum Lam.) that exhibit genome loss when hybridized with tall fescue (Festuca arundinacea Schreb. syn. Lolium 
arundinaceum (Schreb.) Darbysh.) can provide an alternative breeding approach.  Hybridizations between the inducer lines and tall fescue result 
in F1 hybrids which can lose the ryegrass genomes resulting in an embryo with a full tall fescue genome.  This behavior results in the occasional 
generation of tall fescue DH lines through parthenogenic embryo formation within the F1 inflorescence.   This method has application toward 
developing homozygous lines of tall fescue, F1 hybrid tall fescue cultivars, applications in molecular marker-to-trait association studies and 
complementary nuclear/endophyte genome interactions. 
 
P0238: Genome Technology: Other Genome Methodology 
In-Depth Analysis of the Microbial Diversity in Saliva Samples Preserved at Ambient Temperature for over 6 years 
Won-Sik KIM, Bernard Lam, Vanja Misic and Yousef Haj-Ahmad, Norgen Biotek Corp., Thorold, ON, Canada 
Norgen’s Saliva DNA Collection and Preservation Device was introduced several years ago to stabilize DNA in saliva samples during 
transportation at ambient temperature. Prior studies also have shown that the preservative could suppress the viability of microorganisms during 
transportation which might have benefits for many core facility lab workers dealing with potentially infectious samples daily. Furthermore, 
allowing ambient temperature sample shipping has been beneficial to many collaborative research projects which have been limited by sample 
transportation conditions and shipping cost. Here we present and discuss about the Microbial Diversity analysis using Illumina NGS platform (as 
a part of Norgen’s 16s rRNA metagenomics sequencing service) for the preserved saliva samples for over 6 years at ambient temperature. Saliva 
DNA was isolated at various time points using different saliva DNA isolation methods.  The complexity of the datasets was analyzed in 
phylogenetic trees, principal coordinate analysis (PCoA) and relative abundance of predominant phyla. The sets of data showed that a level of 
microbial diversity can be affected by the time of preservation and the method of DNA isolation. 
 
P0239: Genome Technology: Other Genome Methodology 
Genome Wide Evaluation of the Impact of Targeted Gene Editing in Diploid Potato 
Satya Swathi Nadakuduti1, Nathaniel M. Butler1, Courtney Leisner1, Colby Starker2, Dan Voytas3, C. Robin Buell4 and David S. 
Douches1, (1)Michigan State University, East Lansing, MI, (2)University of Minnesota, St. Paul, MN, (3)University of Minnesota, 
Saint Paul, MN, (4)Department of Plant Biology and DOE Great Lakes Bioenergy Research Center, Michigan State University, 
East Lansing, MI 
Genetically engineered (GE) crops are a key component of U.S. agriculture and quantitative data to facilitate informed risk assessment of GE 
crops is important. Aim of this project is to utilize the targeted genome editing technologies, Transcription Activator–like Effector Nucleases 
(TALENs) and Clustered Regularly Interspaced Short Palindromic Repeats/CRISPR-associated systems (CRISPR-cas) to engineer a crop species 
and detect the variability generated at the genomic level compared to non-GE approaches.  
A diploid inbred potato line 523-3 (M6) (S. chacoense 2n=2x=24) is used to engineer for herbicide resistance by modification of the endogenous 
acetolactate synthase (ALS) gene.  Specific mutations in ALS are known to confer resistance to sulfonylurea and imidizolinone herbicides. The 
genome of M6 was sequenced and assembled with an assembly size of 826 Mb, N50 scaffold of 715 kb. CRISPR/Cas reagents developed 
expressing single-guide RNA targeting the StALS1 gene successfully induced targeted mutations in other diploid and tetraploid potato lines using 
Agrobacterium-mediated transformation. TALENs reagents that included a repair template designed to incorporate herbicide-inhibiting point 
mutations within the ALS1 locus successfully integrated supporting herbicide resistance phenotype.  
Herbicide resistance will be generated using Ethyl methanesulfonate (EMS) and gene targeting reagents in M6. Genome wide identification of 
DNA double stranded breaks induced by the nucleases will be analyzed by sequencing using GUIDE-seq approach to detect the off-target 
sequences. Whole transcriptome profiling to assess the impact on expression patterns and agronomic phenotypes will be analyzed in the field. 
This data will quantify the potential of off-target effects in GE versus non-GE crops. 
 
P0240: Genome Technology: Other Genome Methodology 
ENVIRATRON - An Accelerator for Climate Change Research 
Stephen H. Howell1, Lie Tang1, Carolyn J. Dill2, Thomas Lubberstedt1 and Steven A. Whitham1, (1)Iowa State University, Ames, 
IA, (2)Bioinformatics and Computational Biology Program, Iowa State University, Ames, IA 
One of the grand scientific challenges of our times is to understand how organisms in the biosphere can adapt to climate change. How does the 
information encoded in a genome express under different environmental conditions? The ENVIRATRON project is a phenomics platform that 
enables researchers to monitor the performance of plants throughout their lifespan when subject to a variety of environmental conditions, 
including anticipated future environments. The ENVIRATRON will permit researchers to incrementally alter critical variables to better simulate 



changing conditions that we face in the future.  The ENVIRATRON consists of an array of plant growth chambers to create different 
environmental conditions. Unlike commercial plant phenomics systems, plants are not conveyed out of the growth chambers to monitor their 
growth performance, rather a rover with a robotically controlled arm will periodically visit each chamber to image and analyze the plants. In 
addition to more standard RGB, florescence, near IR and IR imaging, sensors on the rover will be capable of imaging and conducting analyses 
not available on commercial systems such as hyperspectral and holographic imaging and Raman spectroscopy. The robot-assisted sensing 
approach will enable precise location-specific data acquisition, resulting in improved sampling strategies and data quality. 
 
P0241: Genome Technology: Other Genome Methodology 
Telomere-to-Telomere Chromosome Assemblies and Identification of Structural Variations in Arabidopsis thaliana Ecotypes 
Florian Jupe1, Todd P. Michael2, Zhuzhu Zhang1, Chongyuan Luo1, Mark Zander1 and Joseph Ecker1, (1)Salk Institute for 
Biological Studies & Howard Hughes Medical Institute, La Jolla, CA, (2)IBIS Biosciences, Carlsbad, CA 
Individual genomes harbor structural variations, such as insertions and deletions ranging from several hundred to millions of base pairs. 
Although most identified variations have biological impact and are of evolutionary significance, technical limitations have not allowed the study 
of SVs on the whole-genome or population level until recently.  
Here we report the utilization of the BioNano Genomics Irys platform to create physical genome maps for 10 diverse Arabidopsis thaliana 
ecotypes. We identified over 300 SVs per ecotype between 2 kb to 1.2 Mb, if compared to the reference Col-0. Sites and types of SVs are similar 
between all ecotypes, mainly around the centromere, and evolutionary hotspots like NLR-type disease resistance gene clusters.  
The combination of physical Irys maps and PacBio SMRT sequencing allowed the hybrid assembly of all five chromosomes of A. thaliana 
ecotype Landsberg erecta (Ler-0) into single contigs. The Ler-0 genome size is 123 Mb, excluding rRNA and Telomere caps at chromosomes 2 
and 4. Irys maps were used to order PacBio scaffolds around the centromere, and the gained sequence information provides unprecedented 
insights of the centromeric structure, size and repeat vs. non-repeat content. RNAseq data was further used to identify the centromere specific 
transcriptome. 
 
P0242: Genome Technology: Other Genome Methodology 
Developing Protocols for Animal Genebanks : Exploiting Limited Amounts of DNA By Whole Genome Amplification 
Marie-Noelle Rossignol, INRA UMR GABI, Jouy-en-josas, France, Marco Moroldo, Institut National de la Recherche 
Agronomique, AgroParisTech, UMR1313 Génétique Animale et Biologie Intégrative, Jouy-en-Josas, France, Yves Amigues, 
LABOGENA DNA, Jouy-en-josas, France and Michèle Tixier-Boichard, INRA, UMR GABI, Jouy-en-Josas, France 
BRC missions are to provide a secure storage and easy access to samples for users. Limiting stocks of DNA do not always allow supplying 
enough material to perform genomic analysis. The CRB-Anim infrastructure project has supported technological developments for the 
exploitation of samples with limited DNA amounts.  
The whole genome amplification (WGA) methods, based on the multiple displacement amplification approach (MDA) using Phi29 polymerase, 
are effective strategies to generate high-quality genomic DNA (gDNA) in sufficient amounts for successful SNP high throughput genotyping. 3 
MDA kits, namely Repli-g (QIAGEN), TruePrime (SYGNIS) and GenomiPhi (GE Healthcare) were tested with various starting quantities of 
gDNA or directly on small amounts of blood. To assess the amplification quality and to estimate error rates, genotyping was performed on 
Illumina Bovine EuroG10K v4 chips. The first part of the test consisted in gDNA amplification and the second in direct amplification after blood 
cell lysis. First, each genomic DNA sample (3 bulls, 10 ng and 1 ng) was amplified 3 times; second, each blood sample (2 bulls, 0.5 µl and 1 µl) 
was amplified in duplicate, using the 3 WGA kits. Genotypes were compared to those previously obtained with native unamplified DNA. 
Whatever input source, the call rate was equal to the one observed with native DNA and the error rate ranged from 0.01 % to 30% according to 
the quality of DNA input. The direct use of small amounts of blood provided more homogenous results than the amplification from residual 
DNA. 
 
P0243: Genome Technology: Other Genome Methodology 
Dissecting Meiotic Recombination based on Tetrad Analysis by Single Microspore Sequencing in Maize 
Xiang Li1, Lin Li2 and Jianbing Yan1, (1)Huazhong Agricultural University, Wuhan, China, (2)University of Minnesota, Saint Paul, 
MN 
Meiotic recombination drives eukaryotic sexual reproduction and the generation of genome diversity. Tetrad analysis, which examines the four 
chromatids resulting from a single meiosis, is an ideal method to study the mechanisms of homologous recombination. Here we develop a 
method to isolate the four microspores from a single tetrad in maize for the purpose of whole genome sequencing. A high-resolution 
recombination map is constructed. The results reveal that crossovers are unevenly distributed across the genome and are more likely to occur in 
the genic than intergenic regions, especially common in the 5’ and 3’ end regions of annotated genes. The direct detection of gene conversion 
suggests that it likely occurs in most crossover tracts. Negative crossover interference and weak chromatid interference are observed at the 
population level. Overall our findings further our understanding of meiotic recombination with implications for both basic and applied research. 
 
P0244: Genome Technology: Other Genome Methodology 
A Simple Mixer-Mill Method for Fragmentation of Genomic DNA Templates for Droplet Digital PCR 
Sung-Jong Lee and Daniel Perry, Canadian Grain Commission, Winnipeg, MB, Canada 
Droplet digital PCR (ddPCR) has gained popularity for applications such as CNV assessment, rare target quantitation and gene expression 
analysis. In procedures involving genomic DNA, template viscosity can be challenging because it may interfere with droplet formation, 
potentially decreasing the accuracy of quantitative measurements. Fragmentation has been recommended as a means to reduce sample viscosity 
and may also enhance assay performance by improving template accessibility. Researchers have achieved fragmentation of ddPCR templates 
using a number of techniques including enzymatic digestion, hydrodynamic shearing, nebulization, sonication and passage through a biopolymer 
spin column (QiaShredder). Although effective, some of these approaches require specialized instrumentation and all will add considerable time 
and expense to analyses involving large numbers of samples.  



We propose agitation together with a steel ball in a mixer-mill as a simple means to achieve template fragmentation and improve ddPCR 
performance. We extracted DNA from F1 hybrid barley leaves and compared template performance in ddPCR (RainDrop, RainDance 
Technologies) of heterozygous targets following fragmentation using either a Hydroshear Plus (Digilab) or TissueLyser II (Qiagen) or with no 
treatment. Droplet generation failed with untreated template whereas templates sheared by either technique yielded allele ratio estimates 
consistently very close to expectations for heterozygous loci (50:50). Higher occupancy rates were attained using mixer-mill treated template, 
suggesting that there may be greater target loss with the Hydroshear method. The mixer-mill approach also offers high throughput; up to 192 
samples may be processed at one time, with an instrument already commonly found in many molecular biology laboratories. 
 
P0245: Genome Technology: Other Genome Methodology 
Comparative Analysis of Single Base Resolution Whole Genome Bisulfite Sequencing Methods for Low-Input Samples 
Taiji Kawakatsu1,2, Joseph R. Nery2 and Joseph Ecker3, (1)National Institute of Agrobiological Sciences, Tsukuba, Japan, (2)Salk 
Institute for Biological Studies, La Jolla, CA, (3)Salk Institute for Biological Studies & Howard Hughes Medical Institute, La Jolla, 
CA 
Whole genome bisulfite sequencing is the most accurate way to measure genome-wide DNA methylation levels at single-base resolution. 
However, it has been thought difficult to apply to low-input samples, such as sorted cells or rare samples. Here we systematically evaluated the 
performances of four whole genome bisulfite sequencing methods/kits, two bisulfite conversion kits, and four PCR enzymes using low amount of 
Arabidopsis thaliana genomic DNA sample from a single tube. We prepared and sequenced total 27 libraries from serially diluted genomic 
DNA, and compared 8 libraries against 1 control library in detail. We showed combination of MethylC-seq method, MethylCode bisulfite 
conversion kit and KAPA HiFi Uracil+ PCR enzyme performed best in all metrics with the least bias, although MethylC-seq is the most 
laborious method. On the other hand, EpiGnome kit and EpiTect bisulfite conversion kit caused sequence-specific biases. We also showed that 
MethylC-seq enabled accurate methylomes sequencing from at least 1 ng Arabidopsis genomic DNA and that MethylC-seq is the most versatile 
methods for this rage of input amount. 
 
P0246: Genome Technology: Other Genome Methodology 
Development and Application of a Codon-Optimized CRISPR/Cas9 System for Targeted Mutagenesis in Soybean and 
Medicago truncatula 
Junqi Liu1, Jean-Michel Michno1, Xiaobo Wang2, Shaun J Curtin3 and Robert M. Stupar1, (1)Department of Agronomy and Plant 
Genetics, University of Minnesota, St. Paul, MN, (2)Anhui Agricultural University, Hefei, China, (3)Department of Plant 
Pathology, University of Minnesota, St. Paul, MN 
With rapid technological advances in the past two years, the CRISPR/Cas9 system has become an efficient and valuable tool for gene editing in 
higher plants. Technical optimization includes the testing of codon-optimized Cas9 nuclease genes in combination with different promoters to 
obtain high expression levels in transgenic plant tissues.  Since targeted mutagenesis still depends on transgenesis, an efficient 
delivery/transformation system is essential for assessing the full potential of the CRISPR/Cas9 system, especially in recalcitrant crops such as 
soybean. Our design of the CRISPR/Cas9 system involves the utility of a soybean codon-optimized Cas9 coding region driven by various 
promoters, incorporation of a constitutively-expressed GUS reporter gene, and a medium-free hairy root induction system. Our initial results 
showed that mutations were generated efficiently in both soybean and the legume model species Medicago truncatula. Furthermore, analysis of 
the mutations revealed that microhomology-mediated end-joining occurs frequently in the repair of double-stranded breaks generated by the 
Cas9 nuclease in soybean. Depending on the genomic structure of the target genes, microhomologous sequences flanking the target site could 
serve as “hotspots” for generating precise deletions between microhomologous mini-repeats. 
 
P0247: Genome Technology: Other Genome Methodology 
Insertions of Mutator-Like Transposable Elements and Their Impact on Gene Expression in the Illinois Long-Term 
Selection Experiment Maize Strains 
Dongyan Zhao1, Stephen P. Moose2 and Ning Jiang1, (1)Michigan State University, East Lansing, MI, (2)University of Illinois, 
Urbana-Champaign, Urbana, IL 
Mutator-like elements (MULEs) are highly mutagenic and have the propensity to insert into low copy genic regions, which may influence the 
expression of adjacent genes as well as the relevant developmental processes. The Illinois Long-Term Selection Experiment (ILTSE) maize 
strains are elite experimental materials for a variety of studies, especially studies on the effects of selection on the kernel chemical composition 
(oil or protein). However, little is known about the molecular mechanism underlying the selection. Particularly, it is not clear whether 
transposons have played any role in the artificial selection. To this end, MULE insertions that are co-segregating with either high or low protein 
maize strains (IHP and ILP) were studied. Out of 200 co-segregating insertions detected, 191 produced significant alignments with the B73 
maize genomic sequence. Consistent with previous findings, ~79% of the 191 insertions were located in low-copy genomic regions. 
Interestingly, similar numbers of co-segregating insertions were located at the 5′ and 3′ regions of protein-coding genes, which is in contrast to 
the 5′ region preference of MULEs reported in previous studies. Compared with that in the B73 genome, the fraction of co-segregating MULE 
insertions in exons is over one fold higher, suggesting exonic insertions may be involved in the selection. Additionally, ten out of 55 genes 
(~18%) associated with MULE insertions showed reduced expression levels and five (~9%) showed enhanced expression levels compared to the 
alleles without MULE insertions in immature kernels. Eight of the differentially expressed genes were further tested in young leave, where half 
exhibited similar expression pattern as that in immature kernels but the alteration associated with MULE insertions was not observed with the 
other half of the genes, suggesting they might be involved in the selected trait. 
 
P0248: Genome Technology: Other Genome Methodology 
De Novo Genome Assembly of Heterozygous Vitis species Using Next-Generation Sequencing 
Sagar Patel1, Padmapriya Swaminathan1, Erliang Zeng2 and Anne Fennell1, (1)South Dakota State University, Brookings, SD, 
(2)University of South Dakota, Vermillion, SD 



Vitis vinifera cultivars are widely used for wine, table and raisin production throughout the world. A reference genome for the V. vinifera inbred 
line (PN40024, ~93% homozygous) is available; however, standard cultivars are highly heterozygous. We evaluated assemblers ALLPATHS-LG 
and PLATANUS for the assembly of heterozygous genomes using next-generation derived sequences. V. vinifera ‘Sultanina’ reads were 
downloaded from NCBI (accession no SRP026420) and V. riparia (PI588259) reads were generated from our laboratory. De novo assemblies 
were developed for the two heterozygous genotypes and the structure and quality of the assemblies were assessed in relation to V. vinifera 
(PN40024, V2). The Next-Gen sequence library diversity and assembler type influenced the quality of assembly for highly heterozygous species. 
 
P0249: Genome Technology: Other Genome Methodology 
Nucleic Acid Purification From Plant Tissues for Viral Detection 
Samantha Lewis1, Laurence Delaurière2, Becky Carroll1, Elisa Ruiz2, Ellyn Lepinski1, Doug Wieczorek1, Céline Ménager2, Eric B. 
Vincent1 and Trista Schagat1, (1)Promega Corporation, Madison, WI, (2)Promega Europe Training and Application Lab (PETAL), 
Charbonnières les Bains, France 
The transmission of virus and virus-like diseases through plants has implications throughout modern agriculture practices, not only in localized 
crop production, but in the trafficking of seeds and plant propagules between countries and continents.  Molecular screening for these infectious 
particles requires high quality nucleic acid extraction methods and robust amplification reagents.  Nucleic Acid purification from many 
economically important crops for pathogen detection is complicated by the presence of inhibitors within seed or leaf materials and oftentimes 
tedious protocols have been required to recover sufficient amounts of amplifiable material for screening assays. We explore the use of 
purification chemistries for extraction of high quality plant nucleic acid that is readily amplifiable without the need for organics or multi-step 
precipitation techniques.  We tested a variety of plant leaf and seed models including corn, soybean, and Arabidopsis leaves, and pepper, tomato 
and watermelon seeds.  Amplifiability in all cases was evaluated by delta Cq assessment of serially diluted inputs into qPCR and RT-
qPCR.  Using a Tobacco Mosaic virus model system we further examined viral RNA isolation from ground plant material.  On average, viral 
percent recoveries were greater than 90% using a particle-based method easily amenable to automated medium and high throughput purification 
formats. 
 
P0250: Genome Technology: Other Genome Methodology 
Direct DNA Amplification from Plants 
Sandra Nguyen, Leta Steffen, Samantha Lewis, Trista Schagat and Doug Storts, Promega Corporation, Madison, WI 
Genetic marker-assisted breeding of plants is limited by the need to purify nucleic acids from plant tissues.  Non-commercial protocols for 
preparing crude extracts suffer from limited utility across diverse plant species, limited utility in high-throughput applications, and the use of 
high temperature acids and bases.   
We have developed a reagent for preparing crude DNA extracts that are compatible with endpoint PCR, dye-based real time PCR, and probe-
based real time PCR in a variety of plant species.  Lysis can be performed in 5 minutes, uses no toxic or reactive chemicals, and is compatible 
with high-throughput automation.  Using single 6-8mm leaf punches from tomato, soy, corn, and cucumber leaf, lysates prepared with the 
Promega reagent showed earlier and more consistent amplification than those prepared using Hot Sodium Hydroxide and Tris (HotSHOT) 
methods.  Additional plant species, including oil palm, and seeds have also been successfully tested.  Lysates are compatible with standard and 
fast cycling using GoTaq® qPCR Master Mix and GoTaq® Probe qPCR Master Mix, and can be decanted and stored at 4°C for at least a year, or 
further purified as needed.   
Direct amplification without purification is now a workflow option for a wider selection of plants, enabling high throughput genetic mapping, 
genotyping, transgenic screening, and sexing. 
 
P0251: Genome Technology: Other Genome Methodology 
Profiling Metagenomic Communities Using Circular Consensus and Single Molecule, Real-Time Sequencing 
Richard Hall, Steve D, Oh and Cheryl Heiner, Pacific Biosciences, Menlo Park, CA 
There are many sequencing-based approaches to understanding complex metagenomic communities, spanning targeted amplification to whole-
sample shotgun sequencing. While targeted approaches provide valuable data at low sequencing depth, they are limited by primer design and 
PCR amplification. Whole-sample shotgun experiments require a high depth of coverage. As such, rare community members may not be 
represented in the resulting assembly.  
Circular-consensus, Single Molecule, Real-Time (SMRT®) Sequencing reads in the 1-2 kb range, with >99% consensus accuracy can be 
efficiently generated for low amounts of input DNA, e.g. as little as 10 ng of input DNA sequenced in 4 SMRT Cells can generate >100,000 such 
reads. While throughput is low compared to second-generation sequencing, the reads are a true random sampling of the underlying community 
because…. Long read lengths translate to a high number of the reads harboring full genes or even full operons for downstream analysis.  
Here we present the results of circular-consensus sequencing on a mock  metagenomic community with an abundance range of multiple orders of 
magnitude, and compare the results with both 16S and shotgun assembly methods. We show that even with relatively low sequencing depth, the 
long-read, assembly-free, random sampling allows to elucidate meaningful information from the very low-abundance community members. For 
example, given the above low-input sequencing approach, a community member at 1/1,000 relative abundance would generate 100 1-2 kb 
sequence fragments having 99% consensus accuracy, with a high probability of containing a gene fragment useful for taxonomic classification or 
functional insight. 
 
P0252: Genome Technology: Other Genome Methodology 
Nucleic Acid Purification for Monitoring Economically Important Aquatic Species 
Eric B. Vincent1, Laurence Delaurière2, Doug Wieczorek1, Elisa Ruiz2, Kevin Kershner3, Nans Bodet4, Céline Ménager4 and Trista 
Schagat1, (1)Promega Corporation, Madison, WI, (2)Promega Europe Training and Application Lab (PETAL), Charbonnières les 
Bains, France, (3)Promega Corp, Madison, WI, (4)Promega, Charbonnières les Bains, France 



Aquaculture is a significant contributor to the global food supply. As in other animal husbandry practices, confining large numbers of organisms 
in contained spaces increases the risk of infection and disease and close monitoring of animal populations is required to identify and control 
pathogens. Molecular analysis of aquaculture allows rapid approaches for 1) genetic screening for population diversity and authentication and 2) 
monitoring for microbial infections that may lead to stock decimation or human health risks. Analysis begins with efficient purification of high 
quality nucleic acids and requires that the isolated nucleic acid performs well in downstream PCR-based assays. We examined 3 key families: 
bivalve mollusks (mussel), Penaeidae (shrimp), and Salmonidae (trout and salmon). For mussels and Salmonidae, we focused on RNA 
purification as RNA viruses (e.g. Norovirus and Salmon Anemia Virus, respectively) are significant threats to the commercial value of these 
stocks. For shrimp, we focused on DNA purification as shrimp speciation and source determination are a critical aspect of food safety labeling. 
We present data demonstrating automated purification of DNA and RNA using automated nucleic acid technologies suitable for either moderate 
or high throughput walk-away purification. 
 
P0253: Genome Technology: Other Genome Methodology 
Whole Genome Amplification of Single Pollen Grains for Haplotype Determination in Citrus 
Sergio Pietro Ferrante, National Research Council of Italy - Institute of Biosciences and BioResources, Riverside, CA and Mikeal 
L. Roose, University of California Riverside, Riverside, CA 
Most sequencing studies do not reveal haplotypes at the whole chromosome level. However, relationships between DNA sequence and 
phenotype can be more fully understood with haplotype information. Reconstructing the haplotype of a diploid cell in heterozygous individuals 
has proven to be challenging and phasing entire genomes in GWAS data sets has been a computational bottleneck. Recently, Single-Cell 
Genomics (SCG) opened new opportunities to overcome the existing technological impediments to obtaining phase information. Genotyping of 
several haploid individuals (pollen grains) can reveal the haplotypes of the paternal plant. A multitude of methods for sample preparation have 
been introduced but, current WGA methods available are not suitable for plant cells unless they are protoplasts. Citrus mature pollen grains are 
bicellular and have a double wall. We developed an easy and reliable method for pollen grain isolation and lysis, and WGA of single pollen 
grains by optimizing the REPLI-g single cell kit (QIAGEN). We tested our method on different citrus genotypes and citrus relatives (Poncirus 
trifoliata) having haplotypes previous inferred by linkage mapping. To evaluate the amplification performance, we used SSR markers located on 
each linkage group (2 SSRs for each group) and a larger set of marker on one group. The mean call rate was 78% indicating effective whole-
genome amplification.  In this poster we also demonstrate the effectiveness of our method in citrus haplotype reconstruction. We plan to analyze 
WGA DNA on SNP genotyping arrays. 
 
P0254: Genome Technology: Other Genome Methodology 
MaGuS: A Tool for Map-Guided Scaffolding and Quality Assessment of Genome Assemblies 
Mohammed-Amin Madoui1, Léo d'Agata1, Carole Dossat2, Jan van Oeveren3, Edwin van der Vossen3 and Jean-Marc Aury1, 
(1)CEA - Genoscope, Evry, France, (2)Genoscope, evry, France, (3)Keygene, Wageningen, Netherlands 
Scaffolding is a crucial step in the genome assembly process. Current methods based on large fragment paired-end reads or long reads allow an 
increase in continuity but often lack consistency in repetitive regions, resulting in fragmented assemblies. Here, we describe a novel tool to link 
assemblies to a genome map to aid complex genome reconstruction by detecting assembly errors and allowing scaffold ordering and anchoring.  
We present MaGuS (map-guided scaffolding), a modular tool that uses a draft genome assembly, a genome map, and high-throughput paired-end 
sequencing data to estimate the quality and to enhance the continuity of an assembly. We generated several assemblies of the Arabidopsis 
genome using different scaffolding programs and applied MaGuS to select the best assembly using quality metrics. Then, we used MaGuS to 
perform map-guided scaffolding to increase continuity by creating new scaffold links in low-covered and highly repetitive regions where other 
commonly used scaffolding methods lack consistency.  
MaGuS is a powerful reference-free evaluator of assembly quality and a map-guided scaffolder that is freely available at 
https://github.com/institut-de-genomique/MaGuS. Its use can be extended to other high-throughput sequencing data (e.g., long-read data) and 
also to other map data (e.g., genetic maps) to improve the quality and the continuity of large and complex genome assemblies. 
 
P0255: Genome Technology: Other Genome Methodology 
Enriching for the Nucleic Acid of Interest before NGS Profiling of Plant and Animal Samples 
Daniela B Munafo, Erbay Yigit, Deyra N. Rodriguez, Bradley W Langhorst, Fiona J Stewart, Eileen T Dimalanta and Theodore B 
Davis, New England Biolabs, Ipswich, MA 
Next Generation Sequencing (NGS) is the standard method for large-scale nucleic acid profiling. Sequencing whole eukaryotic genomes and 
transcriptomes is not always necessary and often selection of regions of interest is required to increase sensitivity and reduce sequencing costs.  
For example, organelle genome sequencing projects have employed a variety of techniques to obtain sequence data enriched for the organellar 
DNA of interest. These include laborious centrifugation steps, long-range PCR, and hybrid sequence capture techniques that rely on prior 
knowledge of the sequence regions to be enriched, which can limit discovery. Here, we present a method that allows partitioning of DNA from 
different genomic compartments. We illustrate the use of human methyl-CpG-binding domain (MBD2) to fractionate angiosperm DNA into 
eukaryotic nuclear (methyl-CpG-rich) vs. organellar and prokaryotic (methyl- CpG-poor) elements for genomic and metagenomic sequencing 
projects.  
For RNA-seq, sequencing the entire transcriptome is inefficient since the majority of sequence reads correspond to a few extremely abundant 
transcripts. Here, we present a simple method to selectively degrade abundant, unwanted RNAs before library preparation. This method is based 
on the use of RNaseH to digest unwanted RNA sequences that are hybridized to DNA probes.  The DNA probes are designed to target 
cytoplasmic and organellar (mitochondrial and chloroplast) ribosomal RNA (rRNA). We assessed the performance of the method via extensive 
directional RNA sequencing. Efficiency (up to 99% rRNA depletion) was determined through comparison of targeted transcript levels between 
depleted and untreated samples. Excellent transcript correlation between depleted and non-depleted libraries demonstrated minimal off-target 
effect. 
 



P0256: Cytology, in situ and microcloning 
Fast-Tracking Yam Genetic Improvement Using High Ratio Propagation Technologies 
Morufat O. Balogun1, Norbert Godonou Maroya2, Adeola Olaitan Ajayi3, Chukwunalu Ossai4, Julius Olubusayo Taiwo3, P. Lava 
Kumar1, Beatrice Aighewi3 and Robert Asiedu1, (1)International Institute of Tropical Agriculture, Ibadan, Nigeria, (2)International 
Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, (3)IITA, Ibadan, Nigeria, (4)IITA University of Ibadan, Ibadan, Nigeria 
Genetic improvement of yam is slow due to slow conventional hybridization, worsened by slow vegetative propagation, with one selection cycle 
per year. In the current informal seed system, uncertified seed yam is used in production and breeding, which may harbor contaminants, 
distorting research results. Protocols were developed for rapid production of quality propagules and for generating new variations. Meristems 
were excised from aseptic, virus-infected, in vitro shoots incubated at 37°C for 21 days and cultured on modified MS medium. Regenerated 
plantlets were virus-tested using multiplex PCR. Clean materials were introduced into Temporary Immersion Bioreactor. Endosperm from 
zygotic seeds of two genotypes were used for callus induction and plantlet regeneration in modified MS medium in a CRD. Oil immersion light 
microscope was used to count the chromosome of the roots formed by the regenerated plantlet, callus and their mother plants. Plants were 
cleaned from Yam mosaic and Yam mild mosaic viruses, 84 and 100% of the time respectively. In a 56-day cycle, 8 and 14 nodes were produced 
from 1 initial node for TDr 95/19158 and TDa 98/01167 respectively. One plantlet introduced to aeroponics can yield 300 rooted vine seedling in 
1 year, much higher than a 1:6 ratio of the conventional minisett technique. Root from TDr95/18544 was pentaploid while the mother plant was 
tetraploid. The callus, plantlet and mother plant of TDr97/00917 were consistently tetraploid (4x). These ploidy variations can be exploited as 
new genotypes while rapid propagation technologies for quality seed yam will provide sufficient materials for multi-environment trials.  
 
P0257: Cytology, in situ and microcloning 
Development of Aneuploids in Wheat by Means of Doubled Haploid Technology- Corn Pollination Method 
Wenguang Cao1, Gavin Humphreys2, George Fedak3, Danielle Wolfe3, Brent McCallum4, Tom Fetch5, Allen Xue3, Lianquan 
Zhang6 and Dawn Chi3, (1)Ottawa Research Center, Agriculture and Agri-Food Canada, Ottawa, ON, Canada, (2)Agriculture and 
Agri-Food Canadda, Ottawa, ON, Canada, (3)Agriculture and Agri-Food Canada, Ottawa, ON, Canada, (4)Agriculture and Agri-
Food Canada, Morden, MB, Canada, (5)Agrcullture and Agri-Food Canada, Morden, MB, Canada, (6)Sichuan Agricultural 
University, Chengdu, China 
Development of aneuploids in wheat is traditionally conducted through crossing and backcrossing, followed by selfing for several generations to 
produce genetically stable progeny. The objective of this study was to develop aneuploids in wheat using the established maize- pollen based 
doubled haploid (DH) technology. A cross of 08-47-50/Crocus was made in 2011. Crocus is a wheat line (AABBDD) with three crossability 
genes (kr1kr2kr3), while 08-47-50 is a partial amphiploid (AABBEE) with resistance to leaf rust, stem rust, powdery mildew and Fusarium head 
blight (FHB). F1 plants were used for producing doubled haploids. Two hundred and eighty eight embryos were recovered from 15,186 florets 
pollinated with corn pollen. Thirty-two plantlets were obtained from these embryos. Finally, eight stable doubled haploid lines were obtained 
with chromosome numbers ranging from 42 to 48. The results of disease evaluation showed that the line DH-Cro50-5 was resistant to FHB and 
that the line DH-Cro50-7 was highly resistant to powdery mildew. The remaining lines were resistant to leaf rust, stripe rust and/or Ug99 stem 
rust races. Chromosome characterization of these DH lines was conducted using in situ hybridization techniques. Preliminary results revealed 
that the line DH Cro50-2 had 42 chromosomes with a terminal translocation.  The results of this study indicate that application of DH technology 
can save considerable time in the development of aneuploids in wheat compared to traditional methods. The resistant aneuplod lines developed 
using the DH method can be used directly as new sources of resistance in wheat breeding programs for improvement of FHB, powdery mildew, 
leaf rust and stem rust resistance. 
 
P0258: Cytology, in situ and microcloning 
Synthesis of First Stable Brassica Allohexaploid 
Mehak Gupta, Punjab Agricultural University, LUDHIANA, India, Surinder Banga, Punjab Agricultural University, Ludhiana, 
India and Chhaya Atri, Plant Breeding & Genetics Department, Punjab Agricultural University, Punjab, India 
Background: Crop Brassicas include monogenomic or digenomic species. A trigenomic or allohexaploid Brassica species (AABBCC) does not 
exist in nature. Past attempts to synthesize a stable allohexaploid failed due to meiotic aberrations and consequently the alloploid breakdown. We 
report the development of a stable allohexaploid Brassica (2n=54; AABBCC) for the first time.  
Methodolgy: Interspecific hybridization and colchiploidy.  
Results and Conclusions: Sixteen Brassica allohexaploids (2n=54; AABBCC) were synthesized and investigated for meiotic behaviour during 
H1 and H2 generations. Two allohexaploids (HB01 and HB02) developed using B. rapa R01 as A genome donor, exhibited a high proportion 
(0.90-0.94) of pollen mother cells with normal meiosis and an excellent hexaploid ratio (0.88-0.93) in the selfed progenies and remained stable 
even after three cycles of selfing. Genomic in situ hybridization confirmed the complete assemblage of three genomes in stable allohexaploids. In 
contrast, the remaining allohexaploids showed chromosome mispairing, multivalents, and aberrant anaphase segregations following one 
generation of selfing (H2), causing alloploid breakdown. The stabilizing influence of R01 was confirmed by synthesizing  more allohexaploids, 
all with same B. rapa genotype (R01) as the male parent, but different B. carinata genotypes as maternals. All showed very high frequency 
of  27I-27I separation in H1 generation. The allohexaploids and their progenitor species differed for allelic variation at meiosis-related genes. 
Association studies indicated possible involvement of some meiosis-related candidate genes (mmd1, msh2, ms5, sds2, smc1, smc3, syn2, spo11-1, 
swi1, and xrcc3) in meiotic stabilization. Transcriptome sequences revealed wide-ranging gene expression changes when compared with the 
parental species. Morphological assessment revealed excellent variation for key agronomic traits, including total biomass in the progenies of 
stable allohexaploids. We propose to name our synthetic allohexaploid as Brassica abcea. 
 
P0259: Cytology, in situ and microcloning 
Immunolocalization of the Synaptonemalcomplex in Astatotilapia latifasciata, Focusing on the Pairing of B Chromosome 
Natalia B. Venturelli1, Adauto L Cardoso1 and Cesar Martins2, (1)UNESP, Universidade Estadual Paulista 'Julio de Mesquita 
Filho", Botucatu, Brazil, (2)Biosciences Institute - São Paulo State University (UNESP), Botucatu, Brazil 



B chromosome is known as a supernumerary chromosome, which can resemble the normal complement of chromosomes as well as be 
distinguished. One characteristic that distinguishes it from other chromosomes of the A complement is the fact that it does not follow Mendelian 
laws and does not have a defined pattern of meiotic and/or mitotic division. Meiosis is the cell division through which haploid cells originate 
from the initial division of diploid cells. To perform such reductional segregation, homologous chromosomes must recognize and align to its 
mate. This process is called chromosome pairing and it is stabilized by docking of the synaptonemal complex (SC) among homologs. The SC is 
formed by lateral elements (LE) and a central element (CE), being the protein SYCP3 one of the components present in LEs and the protein 
SYCP1 especially present in CE. Proteins are essential to the correct formation of SC, avoiding chromosomal abnormalities during meiosis. The 
objective of this work was to locate and understand how the B chromosome behaves during formation of the synaptonemal complex. 
Immunostaining was performed with antibodies against the synaptonemal complex proteins SYCP1 and SYCP3, and localization of the B 
chromosome made by means of Fluorescent in situ Hybridization with a specific probe. Results shows that the meiotic chromosomes in the 
species A. latifasciata are performing the correct pairing and chromosome B is autopairing.  
Financial support: FAPESP, CAPES, CNPq 
 
P0260: Cytology, in situ and microcloning 
Karyotypic Variation among Somaclonal Variants of Caladium (Caladium ×hortulanum) 
Zhe Cao and Zhanao Deng, University of Florida, Wimauma, FL 
Plants regenerated from cell and tissue culture often display changes in morphology or other aspects, and such changes have been referred to as 
somaclonal variation. Somaclonal variants have been reported in caladium and a number of other aroids, but few of these variants have been 
characterized at the chromosome level. Recently we discovered 24 somaclonal variants among plants regenerated from leaf segment cultures of 
‘Red Flash’ caladium, and here we report karyotypic changes among 18 of the ‘Red Flash’ somaclonal variants in comparison to the wildtype. 
Wildtype ‘Red Flash’ caladium contains 15 pairs of chromosomes, including 20 metacentric chromosomes, four submetacentric chromosomes, 
and six subtelomeric chromosomes (2n = 2x = 20m + 4sm + 6st). Results showed that Chromosomes 4, 7, 11, 12, and 13 of ‘Red Flash’ were 
relatively stable, and none of the variants appeared to show structural or numerical changes on these chromosomes. Chromosome gains were 
observed for Chromosome 1, 9, 14, or 15 at a frequency of 5.6%. Chromosome losses were seen for Chromosome 1, 2, 3, 5, 6, 8, or 15, at a 
frequency from 5.6% (Chromosome 5 or 8) to 50.0% (Chromosome 2). New karyotypes appeared in seven variants were probably due to 
chromosome structural rearrangements. 
 
P0261: Cytology, in situ and microcloning 
Enriching and Understanding the Wheat Genome by Inducing Homoeologous Meiotic Recombination 
Yaping Cao1, Mingyi Zhang1, Wei Zhang1, Xianwen Zhu1, Shuangfeng Ren1, Shiaoman Chao2, Steven S. Xu2 and Xiwen Cai1, 
(1)North Dakota State University, Fargo, ND, (2)USDA-ARS, Fargo, ND 
Allopolyploidy of the wheat genome provides tremendous genetic flexibility for wheat improvement as well as complexity for wheat genome 
studies.  We have been taking advantage of the genetic flexibility to perform homoeologous recombination-based gene introgression and genome 
mapping in wheat.  Here we report gene introgression from diploid goatgrass Aegilops speltoides (genome SS) and tall wheatgrass Thinopyrum 
elongatum (genome EE) into wheat and physical mapping of the wheat B genome, the ancestor of which is still elusive, by inducing meiotic 
recombination of wheat B-genome chromosomes with their S- and E-genome homoeologs using ph1b mutant.  Homoeologous recombinants 
have been recovered using fluorescent genomic in situ hybridization (FGISH) and S-/E-genome chromosome-specific molecular markers.  To 
date, we have screened a total of 2,623 individuals from the homoeologous recombination populations and identified 536 recombinants involving 
10 homoeologous chromosome pairs, i.e. 1B-1S, 1B-1E, 2B-2S, 2B-2E, 3A-3S, 3B-3E, 4B-4S, 4D-4E, 5B-5S, and 5B-5E.  These homoeologous 
chromosome pairs had varied meiotic recombination frequencies in the absence of Ph1.  Most of the recombinants recovered are heterozygous 
for the recombinant chromosomes.  They have been either self-pollinated or crossed to CS (5B-5S and 5B-5E recombinants) to develop 
homozygous recombinants without ph1b deletion for seed increase and trait evaluation.  Some of the recombinants have been genotyped using 
wheat 90K SNP array.  A preliminary integrated physical and genetic map has been constructed for some of the B-genome chromosomes based 
on GISH- and marker-detected homoeologous recombination.  The recombinant lines with small alien chromosome segments will be evaluated 
for resistance/tolerance to biotic and abiotic stresses.  
 
P0262: Cytology, in situ and microcloning 
Introgression of a New Ug99-Resistant Gene from Thinopyrum junceum into Wheat 
Baljeet K. Gill1, Zhixia Niu2, Daryl L. Klindworth2, Shiaoman Chao2, Timothy L. Friesen2, Yue Jin3, Matthew N. Rouse3, Xiwen 
Cai1 and Steven S. Xu2, (1)North Dakota State University, Fargo, ND, (2)USDA-ARS, Fargo, ND, (3)USDA-ARS, University of 
Minnesota, St Paul, MN 
A wheat ‘Chinese Spring’ (CS) - Thinopyrum junceum disomic addition line, HD3505 (2n = 44), was previously identified to be resistant to three 
races in the Ug99 race group and several North American races of the stem rust pathogen (Puccinia graminis. f. sp. tritici). The objective of this 
study was to transfer the resistance gene from the Th. junceum chromosome in HD3505 into wheat through chromosome engineering.  The Th. 
junceum chromosome in HD3505 was identified as a group-4 chromosome based on marker analysis. Therefore, HD3505 was crossed to CS 
monosomic 4D and resistant F2 progeny with 42 chromosomes were analyzed for the presence of an induced Robertsonian translocation 
chromosome using genomic in situ hybridization (GISH). A resistant plant carrying a Robertsonian translocation chromosome with the short arm 
of wheat chromosome 4D and the long arm of the Th. junceum group-4 chromosome was identified and backcrossed to CS ph1b. The resistant 
BC1F1 plants that were homozygous for ph1b were backcrossed to CS.  From 1,207 BC2F1 plants tested for resistance to race TMLKC, we 
identified 172 resistant plants. Based on molecular marker and GISH analysis, 14 BC2F1 plants were identified to carry a translocation 
chromosome with reduced Th. junceum chromatin. Marker and GISH analyses of the translocation lines indicated that the stem rust resistance 
gene was located in the distal region of chromosome arm 4DL. 
 
P0263: Cytology, in situ and microcloning 



The Genome of African Native Yam (D. rotundata) Contain Several Endogenous Pararetroviral Sequences 
Aliyu Turaki, Natural Resources Institute - University of Greenwich, Birnin Kebbi, Kebbi State, Kebbi, Nigeria 
Cultivated yams (Dioscorea spp.) are propagated vegetatively through their tubers, which results in the accumulation of tuber-borne virus 
infections, and their perpetuation from one cropping season to the next. This had led to the accumulation of viruses decreasing yam production 
and hindering international movement of selected germplasm.  This study was to determine the prevalence and diversity of yam badnaviruses, as 
well as determine if badnavirus sequences are also integrated in the genomes of West African yam breeding lines.  DNAs were extracted from 
Nigerian yam leaf samples (125 breeding lines), using an optimised CTAB-extraction method and then screened using degenerate badnavirus-
specific PCR primers targeting a 579 bp RT-RNaseH region.  All 125 yam samples (100%) tested badnavirus PCR-positive.  Analysis of the 
PCR-amplified badnavirus RT-RNaseH sequences has grouped them into 12 species clusters each sharing <80% nucleotide identity to each 
other. As such species differences were not identifiable from their single RT-RNaseH PCR products, denaturing gradient gel electrophoresis 
(DGGE) was evaluated for its usefulness to discriminate these sequences. Seventeen RT-RNaseH PCR products from West African yam 
breeding lines produced 11 discrete DGGE bands that represented sequence variants. DGGE was found to be a successful technique for rapid 
identification of the true diversity of yam badnavirus sequences in a given sample. The existence of badnavirus PCR-positive, but rolling circle 
amplification (RCA) negative results indicated that some breeding lines contain integrated badnavirus sequences, and this has been supported by 
nucleic acid hybridization studies. In search to determine which of these sequences represent dead integrants, and which are activatable 
sequences that will pose a serious threat to yam germplasm health and movement, Fluorescent in situ hybridisation (FISH) was conducted using 
complete and partial virus genome sequences as probes, the results were inconclusive for the yam samples tested.  
 
P0264: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Pan-Microbial Detection Using Axiom® Genotyping Solution from Affymetrix 
Teresa A. Webster1, Paul G. Rack1, Kevin McLoughlin2, Shea Gardner2, Michael Mittmann1, Ali Pirani1, Conrad Sheppy1, Crystal 
Jaing2, Laurent R. Bellon1, Tom Slezak2 and Michael Shapero1, (1)Affymetrix Inc., Santa Clara, CA, (2)Lawrence Livermore 
National Laboratory, Livermore, CA 
Background  
The dynamic interplay between microbial, plant, and animal populations is an active area of study. Agrigenomics-related microbiotas include 
species from archaeal, bacterial, viral, and eukaryotic origins and can span the spectrum from beneficial to pathogenic roles. With the expansion 
of sequenced microbial genomes, microarrays are well-positioned to capitalize on this information content. Here we present an overview of 
Axiom® Genotyping Solution and a description of the design, development, and testing of an array for microbial detection.  
Experimental design  
Axiom® Microbial Detection Array (Axiom® MDA) contains approximately 1.3 million probe sequences targeted towards more than 12,000 
microbial organisms. Probe sequence parameters including length, Tm, and mismatch tolerance were studied for optimal discrimination. The 
array design enables species/strain-level resolution from individual samples using a Composite Likelihood Maximization (CLiMax) algorithm 
developed at LLNL. Defined samples of increasing biological complexity were used to assess array sensitivity and specificity. Additionally, 
Axiom® MDA was tested for the ability to identify microorganisms from bona fide biological samples, and results were compared to orthogonal 
approaches.  
Conclusions 
Axiom MDA offers a solution for the identification and enumeration of microbial entities comprising complex biological samples. The unbiased 
array content design is sample-type agnostic and thus has utility in the context of both plant and animal health and food safety. Furthermore, 
scalable sample throughput enabled by 24- and 96-array formats coupled with laboratory automation allows processing of thousands of samples 
per week with minimal manual intervention. This feature makes Axiom MDA a cost-effective means for detection and examination of 
microbiomes. 
 
P0265: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Multi-Omic Data Exploration Using Pathway and Correlation Analysis in Agilent’s Genespring 
Tom Vojtko, Agilent Technologies, La Jolla, CA 
Scientists today face serious challenges as they try to analyze increasingly large and more complex sets of data, such as those generated by 
genomics, transcriptomics, proteomics, and metabolomics experiments. GeneSpring provides a platform for data analysis and integration 
enabling comparisons across a variety of data types allowing for identification of co-regulated genes, proteins and metabolites in an intuitive 
way. An integrated approach for analyzing multi-omic data can significantly alleviate bottlenecks and provide valuable information that is often 
missed in individual experiments. One successful method for translating diverse analytical data into biological understanding can be achieved by 
projecting and visualizing experimental data onto the curated biological pathways (WikiPathways/BioCyc/KEGG) or literature-derived networks. 
GeneSpring makes it easy to resolve nomenclature inconsistencies by providing a powerful built-in tool, Agilent BridgeDB. This resource 
automatically links an annotated metabolite, protein, or gene identifier in the experiment to the corresponding identifier used by the pathway 
database, resulting in better annotation coverage for downstream analysis.  Complementing more traditional bioinformatics techniques, 
correlation tools and specialized visualizations allow investigators to identify co-regulated genes, metabolites, and proteins in an intuitive and 
easy-to-use manner. 
 
P0266: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Analysis of RNA-Seq Data from Complex Factorial Experiments 
David J Hughes, Rothamsted Research, Harpenden, United Kingdom 
RNA-Seq is now used routinely to investigate differential gene expression, and many methods are available to analyse simple experiments which 
compare two samples (treated and control).  However, biological processes often depend on several factors, and require experiments with more 
complex designs.  These experiments need methods to analyse RNA-Seq data which make full use of factorial design to identify differential gene 
expression associated with individual factors and their interactions.  



We present a method to analyse RNA-Seq data from a complex factorial experiment, designed to investigate gene expression in an elite biofuel 
willow subjected to reaction wood induction (tipping at 45°).  The experimental factors included tipping treatments and tissue type, with samples 
taken at 5 time points after tipping.  The RNA-Seq data were analysed within the generalized linear model framework, using analysis of deviance 
to identify differentially expressed genes in distinct groups.  The gene groups were related to precise biological questions based on the structure 
of the treatment model.  
RNA-Seq data from complex, designed factorial experiments can be analysed using established methods within the framework of generalized 
linear models.  This is more experimentally efficient and statistically powerful than conducting pairwise tests of single factors.  Alternative 
models can be formulated to answer different, specific biological questions of interest.  The same modelling framework could be used to analyse 
yields and other agronomic data from the same experiment, allowing more comprehensive interpretation of the combined data.  These methods 
extend the range of experiments amenable to RNA-Seq data analysis. 
 
P0267: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Insights into Ethylene-Driven Response during Sugarcane Ripening: A Combined Transcriptome and Hormone Profile 
Approach 
Camila Pinto da Cunha1, Guilherme G. Roberto2, Renato Vicentini1, Carolina G. Lembke3, Glaucia M. Souza3, Rafael V. Ribeiro1, 
Eduardo C. Machado2, Ana M. M. A. Lagoa2 and Marcelo Menossi1, (1)Universidade Estadual de Campinas (UNICAMP), 
Campinas, Brazil, (2)Instituto Agronômico de Campinas (IAC), Campinas, Brazil, (3)Universidade de São Paulo (USP), São Paulo, 
Brazil 
Ethylene-based ripeners are commonly applied to sugarcane fields to accelerate maturation or to delay flowering, with positive impact on sucrose 
yield and harvest management. Apart from phenotypic and physiological changes during ripening, the role of ethylene at the transcriptional level 
remains unknown. A transcriptome analysis combined with hormone profiling of sugarcane plants cv. IACSP95-5000 (high sucrose yield and 
mid-late maturing) exposed to an ethylene-releasing compound (ethephon) and ethylene biosynthesis inhibitor (AVG) prior to ripening led to 
ethylene-modulated gene expression and hormone crosstalk investigation. A significant proportion of differentially expressed genes 
(approximately 20 %) was found within hormone metabolism, transcription and signaling categories, coherent with the role of ethylene as 
triggers of multiple hormone signal cascades. There was a correlation between hormone levels and transcriptional changes of hormone-related 
genes, inferred by orthology with the model plant Arabidopsis, confirming the effect of ethylene on altering hormone homeostasis. Interestingly, 
a detailed analysis of gene expression suggests that only the upper internode tissue was prone to respond to ethylene, showing a high induction of 
genes involved in ethylene biosynthesis and signaling. Besides, ethylene seems to act synergistically with jasmonate, ABA, and cytokinin, which 
levels and marker genes increased upon ethephon exposure, and antagonistically with gibberellin, probably mediated by DELLA. Our analysis 
allowed not only the identification of potential ethylene target genes, but also the characterization of hormone status during ripening, providing 
insights into the action of ethylene in the site of sucrose accumulation. A molecular model of ethylene interplay with other hormones was 
devised. 
 
P0268: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Global Gene Expression Profiling and Impact of Cowpea Phenolic Extract (CPE) on Wnt Signalling Genes in Bovine 
Peripheral Blood 
Sarah Adjei-Fremah, Kingsley Ekwemalor, Emmanuel K Asiamah, Louis EN. Jackai and Mulumebet Worku, North Carolina 
Agricultural and Technical State University, Greensboro, NC 
Phenolic-rich forages are beneficial for animal health and nutrition. In this study, the global gene expression profile in cattle whole blood was 
investigated in response to stimulation with cowpea leaf phenolic extract in vitro. Whole blood from Holstein Friesian cows (n=10) was treated 
with 10 µg/mL of CPE and untreated samples served as control. Total RNA was isolated, pooled together, reverse transcribed and PCR amplified 
using gene-specific primers. The Agilent bovine (v2) 4x44K array was used and preliminary gene expression profiles generated using Cy3 
labeled cDNA from CPE-stimulated and untreated samples. Fold change in gene expression and pathway analysis was conducted using the 
GeneSpring GX 13.0 software. A total of 3170 genes were expressed- 1716 up regulated and 1454 down regulated genes respectively. Pathway 
analysis revealed association with 106 bovine pathways, out of which 66 were significant (p<0.05) including the Wnt signaling pathway. A Real-
time quantitative PCR was performed to validate the expression of Wnt signaling genes using the cow Wnt signaling pathway RT-PCR profiler 
array (Qiagen) with 84 test genes. On the WNT signaling array, 60 genes were expressed- 19 up regulated and 9 downregulated genes 
respectively. CPE treatment specifically modulated the expression of  the canonical pathway genes which is β-Catenin dependent whiles 
inhibiting the expression of gene members associated with the planar cell polarity and Wnt /Ca2+ signaling pathways. Our study results have 
implication for the role of diet in maintaining homeostasis and health. 
 
P0269: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Comprehensive gene regulatory networks to uncover the interplay of diverse pathways in ocular development and disease 
Deepti Anand, Department of Biological Sciences, Newark, DE, Atul Kakrana, Delaware Biotechnology Institute, Newark, DE and 
Salil A. Lachke, Department of Biological Sciences, Center for Bioinformatics and Computational Biology, Newark, DE 
Over the past two decades, genetic perturbation analyses in distinct animal models have significantly expanded the molecular basis of vertebrate 
lens development. We hypothesized that this wealth of functional data can be represented as a systems-level resource, to serve as a core base for 
assembly of comprehensive co-expression based gene regulatory networks (GRNs). Toward this goal, we curated genetic perturbation evidences 
from the lens literature on several distinct lens development stages representing early events during initiation, differentiation through post-natal 
development. Furthermore, other publicly available high-throughput datasets such as those containing protein-protein interaction data were 
systematically integrated to this core “evidence-based” network to identify gene regulatory modules in the lens. This condition-dependent 
network reveals several major regulatory modules. In a module representing early development, known regulators such as Pax6, Six3, Foxe3 and 
Hmx1 are represented. On the other hand, in a module representing late development, lens structural and refractive proteins such as bead filament 
proteins and crystallins were represented. Several new candidates are also identified by this analysis.  For example, a transcription factor Sall4 



that is involved in early sensory placode development and Dmrta2, belonging to the doublesex and mab-3 related transcription factor like family 
A2 are identified as promising candidate. Conclusively, in present study we build on published perturbation studies and lens gene expression data 
to derive condition-dependent gene networks, that informs on regulatory interactions in the lens at specific stages, and makes new predictions of 
promising transcription factors candidates in early stages of lens development. 
 
P0270: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Potential Metabolic Pathways Associated with Differences in Weight Maintenance and Gain in Mature Cow Skeletal and 
Adipose Tissue 
Hannah C. Cunningham1, Kristi M. Cammack1, Kathleen J. Austin1, Harvey C. Freetly2 and Amanda K. Lindholm-Perry2, 
(1)Department of Animal Science, University of Wyoming, Laramie, WY, (2)USDA-ARS, U.S. Meat Animal Research Center, 
Clay Center, NE 
Feed costs are the greatest expenditure for beef cow operations. During the production year of a cow, the majority of nutrients are used to support 
maintenance. Differences in feedstuff utilization and metabolism can impact the ability of the cow to meet maintenance requirements. The 
objective of this research was to determine whether cows that differ in efficiency of weight maintenance and weight gain differ in the relative 
abundance of transcripts for enzymes associated with protein turnover of skeletal muscle and lipid turnover of adipose tissue. Crossbred cows (n 
= 121) were feed restricted for 112 d followed by an ad libitum feeding period for 98 d. Individual feed intake was monitored and body weights 
were collected to estimate average daily gain (ADG). Adipose and muscle biopsies were collected at d 105 of restricted feeding and at d 49 of ad 
libitum feeding. Total RNA was extracted from these tissues of cows (n = 12) with the highest and lowest ADG during the ad libitum period. The 
Affymetrix GeneAtlas microarray system was used to determine relative transcript abundance differences across feeding periods and ADG 
classes within tissue type. Subsequent analyses using the Database for Annotation, Visualization, and Integrated Discovery (DAVID) and 
Ingenuity Pathway Analysis (IPA) programs identified key gene clusters and pathways associated with differential gene expression, including 
propanoate metabolism, PPAR signaling pathway, glutathione metabolism, mitochondrial dysfunction, and oxidative phosphorylation. This study 
suggests key metabolic pathways may be driving differences in weight maintenance and gain. 
 
P0271: Marker Systems Diversity: SNP 
Adoption of LGC’s ‘Complete Solution’ Approach to Maximise Data Quality and Turnaround Times throughout Varietal 
Development. a Case Study from CIMMYT-Kenya 
Darshna Yvas and Jon Curtis, LGC Genomics Ltd, Hoddesdon, United Kingdom 
From confirmation of QTLs in individual accessions through to large-scale field testing, the identification and translation of trait-based SNP 
markers is integral for successful new varietal development. At the earliest stages, careful experimental design  for genotyping can have a 
significant impact on how quickly traits are introgressed and confirmed in novel elite varieties. A simple kit and steps to preserve plant sample 
quality can dramatically improve the amount of scorable data obtained and, downstream, laboratory processing and analysis. Since 2013 LGC 
Genomics has been providing their ‘Complete solution’ of KASP genotyping and extraction services to CIMMYT-Kenya at various stages 
throughout their cultivar development pipeline. This case study illustrates how intelligent design and planning from the start helped achieve 
higher quality data, significantly reduced costs and turnaround times ultimately enabling an additional growing cycle in a season. Cultivar 
development can be significantly enhanced by outsourcing to a high throughput lab which has the extensive knowledge and experience of project 
design and implementation enables faster, cheaper and better data.  This is achieved with specialised instrumentation, reagents, expertise, full 
LIMS data tracking and data analysis. In three weeks LGC was able to screen 3 bi-parental populations with up to 200 KASP SNP markers for 
confirmation of QTLs for MLN and MSV, and to screen up to 14,000 samples and 10 KASP SNP markers for field scale testing. 
 
P0272: Marker Systems Diversity: SNP 
Polymorphisms within Angiotensin II Receptor Type 1 Gene Associated with Essential Hypertension in Chinese Hani and 
Yi Minorities 
Hongju Yang, The First Affiliated Hospital of Kunming Medical University, Kunming, China 
Introduction: Angiotensin II receptor type 1 mediates the major cardiovascular effects of angiotensin II to regulate blood pressure. The aim of 
the present study is to assess the association between angiotensin II receptor type 1 polymorphisms and essential hypertension risk in the Chinese 
Hani and Yi minorities.  
Methods: This study recruited 692 unrelated Chinese Hani subjects (case vs. control = 346:346) and 615 unrelated Chinese Yi subjects (case vs. 
control = 303:312). Twelve selected single nucleotide polymorphisms in the Angiotensin II receptor type 1 gene were genotyped by using a 
polymerase chain reaction-restriction fragment length polymorphism method.  
Result: Statistical analysis indicated that the C allele and GC+CC genotype of rs387967 were significantly associated with the decreased risk of 
essential hypertension and the decreased levels of systolic blood pressure and diastolic blood pressure among the Yi population. The C allele of 
rs2638360 showed a consistent risk trend for essential hypertension in both two independent populations. Meta-analysis also revealed that the C 
allele could significantly increase the risk of essential hypertension.  
Conclusion: Our findings suggest that rs387967 is associated with the susceptibility to essential hypertension in a Yi population and the 
tendency was replicated in systolic blood pressure and diastolic blood pressure detection. Meta-analysis revealed that C allele of rs2638360 could 
significantly increase the risk of essential hypertension. The two single nucleotide polymorphisms maybe play a role in the pathology of essential 
hypertension. 
 
P0273: Marker Systems Diversity: Other Marker Related Topic 
Resveratrol Inhibits Inflammatory Responses via the Mammalian Target of Rapamycin Signaling Pathway in Cultured 
LPS-Stimulated Microglial Cells 
Lianmei Zhong, The First Affiliated Hospital of Kunming Medical University, Kunming, China 



Background: Resveratrol have been known to possess many pharmacological properties including antioxidant, cardioprotective and anticancer 
effects. We investigate the effect of anti-inflammatory and mechamisms of resveratrol by using lipopolysaccharide (LPS)-stimulated murine 
microglial BV-2 cells.  
Methodology/Principal Findings: BV-2 cells were treated with resveratrol (25, 50, and 100 mM) and/or LPS (1 mg/ml). Nitricoxide (NO) and 
prostaglandin E2 (PGE2) were measured by Griess reagent and ELISA. The mRNA and protein levels of proinflammatory proteins and 
cytokines were analysed by RT-PCR and double immunofluorescence labeling, respectively. Resveratrol increased PTEN, Akt and mTOR 
phosphorylationin a dose-dependent manner or a time-dependent manner. Rapamycin (10 nM), a specific mTOR inhibitor, blocked theeffects of 
resveratrol on LPS-induced microglial activation.  
 Conclusion and Implications: This study indicates that resveratrol inhibited LPS-induced proinflammatory enzymes andproinflammatory 
cytokines via down-regulation phosphorylation of NF-kB, CREB and MAPKs family in amTOR-dependentmanner. These findings reveal, in 
part, the molecular basis underlying the anti-inflammatory properties of resveratrol. 
 
P0274: Marker Systems Diversity: Other Marker Related Topic 
Comparison of tGBS and AFLP Technologies for Molecular Marker Development and Gene/QTL Mapping 
Huangjun Lu, University of Florida, Belle Glade, FL 
Amplified fragment length polymorphism (AFLP) is a molecular marker system that has been used for gene/QTL mapping for nearly two 
decades. Genotyping-by-sequencing (GBS), based on the Next-generation sequencing (NGS) technology, is the newest molecular marker system 
that was developed several years ago. AFLP and tGBS (tunable GBS) were compared for effectiveness of marker development and mapping in 
two F2 populations in lettuce. In one population in which the two parents were closely related, AFLP generated 86 polymorphic markers that 
failed to form linkage groups for mapping, whereas tGBS yielded 1726 SNPs that generated 23 linkage groups and were successfully used for 
mapping of the target QTLs. In the other population of two diverse parents, AFLP produced 176 markers that generated 11 linkage groups and 
the target gene was mapped to one linkage group at 11.2 cM to the closest AFLP marker. The tGBS method yielded 2632 SNPs that generated 14 
linkage groups and the same target gene was mapped to one linkage group with the closest SNP marker being 13.1 cM from the gene. It appears 
that tGBS is more effective in mapping than AFLP when the parents are closely related but these two methods have similar effectiveness in 
molecular mapping if the parents are diverse in genetic backgrounds.  
 
P0275: Bioinformatics: Algorithms 
Cogent: Reconstructing the Coding Genome from Full-Length Transcriptome Sequences 
Elizabeth Tseng1, Xiang Qin2, Muthuswamy Raveendran2, Yue Liu2, Shwetha C. Murali2, Yi Han2, Kim C. Worley2, Jeffrey 
Rogers2, Ting Hon1, Tyson A. Clark1 and Nathan Tublitz3, (1)Pacific Biosciences, Menlo Park, CA, (2)Baylor College of Medicine, 
Houston, TX, (3)University of Oregon, Eugene, OR 
For highly complex and large genomes, a well-annotated genome may be computationally challenging and costly, yet the study of alternative 
splicing events and gene annotations usually rely on the existence of a genome. Long-read sequencing technology provides new opportunities to 
sequence full-length cDNAs, avoiding computational challenges that short read transcript assembly brings. The use of single molecule, real-time 
sequencing from Pacific Biosciences to sequence transcriptomes (the Iso-SeqTM method), which produces de novo, high-quality, full-length 
transcripts, has revealed an astonishing amount of alternative splicing in eukaryotic species.  With the Iso-Seq method, it is now possible to 
reconstruct the transcribed regions of the genome using just the transcripts themselves. We present Cogent, a tool for finding gene families and 
reconstructing the coding genome in the absence of a reference genome. Cogent uses k-mer similarities to first partition the transcripts into 
different gene families. Then, for each gene family, the transcripts are used to build a splice graph. Cogent identifies bubbles resulting from 
sequencing errors, minor variants, and exon skipping events, and attempts to resolve each splice graph down to the minimal set of reconstructed 
contigs. We apply Cogent to a Cuttlefish Iso-Seq dataset, for which there is a highly fragmented, Illumina-based draft genome assembly and little 
annotation. We show that Cogent successfully discovers gene families and can reconstruct the coding region of gene loci. The reconstructed 
contigs can then be used to visualize alternative splicing events, identify minor variants, and even be used to improve genome assemblies. 
 
P0276: Bioinformatics: Algorithms 
GeneMark Family of Gene Prediction Tools for Prokaryotic and Eukaryotic Genomes 
Mark Borodovsky, Shiyuyun Tang and Alexandre Lomsadze, Georgia Institute of Technology, Atlanta, GA 
Gene prediction has a fundamental role in genomics. Still, the precise annotation of protein-coding genes in a new genomic sequence is the target 
difficult to reach.  
   Prokaryotic genes can be predicted with much higher average accuracy than eukaryotic ones. Nevertheless, the error rate is not negligible and 
largely species-specific. Most errors are made in prediction of genes located in genomic regions with atypical G+C composition. We present here 
results of further development of GeneMarkS, a self-training tool used in many genome projects. The new tool, GeneMarkS-2 (Tang et al. in 
preparation), uses local G+C-specific heuristic models for scoring individual ORFs in the first step of analysis. Predicted atypical genes are 
retained and serve as ‘external’ evidence in subsequent self-training iterations.  GeneMarkS-2 controls the quality of training process by 
effectively computing a measure of relative entropy between competing sequence models parameterized by self-training, the measure that guides 
the selection of optimal model orders.  
   We also report progress in developing tools for structural annotation of eukaryotic genomes. We are constantly updating the self-training ab 
initio gene prediction tool, GeneMark-ES. This tool was extended to fully automated GeneMark-ET (Lomsadze et al., 2014) that integrates into 
the training process mapped RNA-Seq reads as well as to GeneMark-EP (Lomsadze et al. in preparation) that integrates information on footprints 
of homologous proteins. The automated tool that combines all the options, GeneMark-EX (paper in preparation) selects the mode of running 
depending on the availability and volume of the types of external evidence (transcripts and proteins). 
 
P0277: Bioinformatics: Algorithms 
Bagging Strong Bayesian Learners for Genomic Prediction 



Alencar Xavier, William Muir and Katy Martin Rainey, Purdue University, West Lafayette, IN 
Whole-genome regression models in Bayesian framework represent the main family of prediction methods, where there is much space for 
improvement. Over the past decade, researches have tried to overcome the tradeoff of genome-wide prediction modeling associated increase in 
computational burden and gain in prediction accuracy.  
Here, we propose the use of machine learning ensemble algorithm with potential to reduce the computational burden while increasing the model 
predictive ability. The strategy consists in weakening strong learners from the Bayesian alphabet using bootstrap aggregating (aka. bagging) in 
each round of Monte Carlo Markov Chain (MCMC), working as a cross-validation as the model fits to generate a more stable distribution of 
parameters a posteriori.  
To evaluate the efficacy of bagging strong learners, we evaluated the prediction mean square error (PMSE) and correlation between prediction 
and observation in a five-fold cross validation scheme, increasing the proportion of resampling data using to fit the model. Bagging was 
performed without replacement. The Gibbs sampling algorithm was implemented in C++ to run in R. The dataset in study is a wheat panel from 
CIMMYT, with 599 lines and 1279 markers available in R package BGLR.  
By ensemble bagging and Gibbs sampler, we observed enhanced predictive ability with reduced the computational burden associated to the 
model fitting. Our results suggest that data-resampling techniques can and shall be incorporated in the Gibbs sampling. 
 
P0278: Bioinformatics: Algorithms 
Towards Building Complete Genome Assemblies using BioNano Next-Generation Mapping Technology 
Andy Wing Chun Pang, Thomas Anantharaman, Palak Sheth, Xiang Zhou, Jian Wang, Joyce Lee, Alex Hastie, Zeljko J. Dzakula 
and Han Cao, BioNano Genomics, San Diego, CA 
High-quality assemblies are important when trying to understand the biology of genomes. Current short-read assemblers are memory intensive 
and have difficulties constructing contiguous assemblies; collecting deep coverage data by long-read technologies can be time-consuming and 
expensive. BioNano’s next-generation mapping data complements short-read data and alleviates the need to collect high-coverage long-read data.  
BioNano Genomics Irys® System utilizes high-molecular-weight DNA to construct ultra-long genome maps. These assemblies reveal large 
structural variants and combined with sequencing assemblies produce hybrid scaffolds of unprecedented lengths, some spanning chromosomal 
arms. Chimeric joins are formed when short reads, molecules, or paired-end inserts are unable to span across long DNA repeats. These errors 
appear as conflicting junctions when one compares the sequence and the BioNano assemblies.  
We developed a method to detect and resolve these conflicting junctions. At a conflicting region, where the BioNano genome map does not have 
long BioNano molecule support, the map is split into halves, thus resolving the conflicting junctions. If it does have BioNano molecule support, 
the sequence fragment is split. Using this approach on a karyotypically normal human genome, we resolved 12 (85.7%) erroneous translocation 
calls from the sequence assembly and one (11.1%) erroneous translocation call from the BioNano assembly. Then, by combining the two refined 
assemblies, we built long hybrid scaffolds achieving an N50 of 21.3 Mb (which is over 2.2 times the input sequence assembly N50).  
Our plan is to use this novel hybrid scaffold functionality for constructing correct and contiguous reference assemblies for complex plants and 
animal genomes. 
 
P0279: Bioinformatics: Algorithms 
A Survey of the SMR Gene Family in the Plant Kingdom, Using a Motif Oriented Search Tool 
Matthew C. Johnson, Dong-Ha Oh, John Larkin and Maheshi Dassanayake, Louisiana State University, Baton Rouge, LA 
Next-generation sequencing has made genomes available at a faster rate. Consequently, effectively searching for homologous genes in a wide 
array of species has become increasingly important. The BLAST algorithm has been widely used to identify homologous sequences in taxa, 
based on sequence similarity. However, BLAST recovers a high frequency of false positives when identifying diverse sequences. I have 
developed a protein search method based on conserved motifs to detect homologous proteins with high sequence divergence. Initially, I 
developed this to search for the SMR protein family, cyclin-dependent kinase inhibitors specific to plants in cell cycle regulation and 
endoduplication. The SMR family proteins cannot be identifiable through BLAST because the conservation contains few short motifs. SMR loss 
of function mutants in Arabidopsis thaliana, the model angiosperm, can be complemented by the transgenic introduction of an SMR gene from 
the distantly related moss Physcomitrella patens. I searched for genome-wide SMR genes from twenty plant genomes using a Perl-based script 
that was developed to find conserved motifs in peptide sequences.  The algorithm I developed accounts for empirical evidence of essential 
residues in defined motifs. My algorithm was able to parse the entire A. thaliana genome and correctly identify only the 17 known SMR 
sequences. Candidate SMR protein sequences were aligned with BAli-Phy alignment program and a consensus tree was generated using 
RAxML. I will be presenting the SMR family divergence with relevance to gene family duplications, rapid radiation, and positive selection in 20 
diverse plant lineages. 
 
P0280: Bioinformatics: Algorithms 
A New Approach for Increased Participation of Orthologs for Evolutionary Studies 
Kyu-Won Kim1, Il-Pyung Ahn2, Tae-Sung Kim1, Min-Young Yoon1, Qiang He1, Eun-Beom Heo1 and Yong-Jin Park1, (1)Kongju 
National University, Chungnam, South Korea, (2)Rural Development Administration, Jeonju, South Korea 
Differential proportions of non-synonymous changes between orthologs under selective environments are being used for estimating that how 
differently have been set the two or more genus or species. However, one-to-one orthologs have been used only for the estimating due to 
methodological limitation. We reported a new approach participating one-to-many and many-to-many orthologs to estimate differentially 
evolved history. Using this method, we increased number of orthologs from 2,903 to 7,166 for conducting an evolutionary study among four 
Oryza genus plants. 
 
P0281: Bioinformatics: Algorithms 
Pangenomics for Eukaryotes 



Sandra Smit, Siavash Sheikhizadeh Anari, M. Eric Schranz and Dick de Ridder, Wageningen University, Wageningen, 
Netherlands 
Large-scale sequencing projects cause an increase in the number of available genome sequences and genomic data sets. Many plants and animals 
are therefore no longer represented by a single reference genome, but by a set of related genomes. This development asks for a shift from 
reference-centered analyses to pangenome analyses. Here we address the question: how can we condense multiple annotated genomes for a 
(group of) species in a single representation, which can be used to study genome variation and evolution? We have developed an algorithm to 
transform multiple sequences into a compressed de Bruijn graph and to store this highly connected data in a graph database. Genome annotation 
is added to the sequence graph, and even relationships between annotated features (such as orthology) can be included. The indexed graph 
representation can be queried and traversed to address biological questions, and our approach is scalable to large eukaryotic genomes. Methods 
for read mapping, structural variation detection, and visualization are under development. We believe a computational pangenome approach is 
essential if we want to study and exploit the genomic diversity in plant and animal genomes. 
 
P0282: Bioinformatics: Algorithms 
Leveraging the Marine Microbial Eukaryote Transcriptome Sequencing Project for Algal Genome Annotation 
Richard D Hayes1, Andrew E. Allen2, Jeremy Schmutz3, David M. Goodstein1 and Daniel S. Rokhsar1, (1)DOE Joint Genome 
Institute, Walnut Creek, CA, (2)J. Craig Venter Institute, San Diego, CA, (3)HudsonAlpha Institute for Biotechnology, Huntsville, 
AL 
Algorithms utilizing protein homology for gene model prediction and annotation continue to be widely adopted. However, annotation quality is 
highly dependent on the input sequences included in your gene finding pipeline. Especially for highly divergent or understudied taxa, 
identification of appropriate sequences can be a difficult process. 
A genome annotation project is underway for the photosynthetic marine microalgal species Phaeocystis globosa at the DOE Joint Genome 
Institute, where initial work has included homology seeds for GenomeScan and FgenesH algorithms from a set of 15 full transcriptomes and 
heavily filtered subsets of both Swiss-prot and TrEMBL databases. Phaeocystis is a component of the large-scale Marine Microbial Eukaryote 
Transcriptome Sequencing Project (MMETSP) that includes a total of 305 diverse species, totaling nearly 10 million protein sequences. 
Beginning with a set of 811,000 MCL sequence clusters (and 2.3 million singletons), we report a method for exploring the homology of the full 
MMETSP dataset to a single genome assembly. Phaeocystis annotation refinement to include the resulting filtered dataset of highly homologous 
MMETSP protein sequences, and this method’s general applicability to annotation of other marine microbial eukaryotes, is also discussed. 
 
P0283: Bioinformatics: Algorithms 
AHRD: Automated Assignment of Human Readable Descriptions and Gene Ontology terms 
Florian Boecker1, Asis Hallab1,2, Kathrin Klee1,3 and Heiko Schoof1, (1)INRES Crop Bioinformatics, University of Bonn, Bonn, 
Germany, (2)Max Planck Institute for Plant Breeding Research, Cologne, Germany, (3)Life and Medical Sciences Center, 
University of Bonn, Bonn, Germany 
We present a tool that assigns human readable descriptions (HRD) and Gene Ontology (GO) terms to unknown protein sequences, thus proving 
protein function prediction. AHRD scores BLAST hits taken from searches against different databases on the basis of the trust put into these 
databases and the local alignment quality. The BLAST hit descriptions are tokenized into informative words and a lexical analysis scores these 
tokens according to their frequency and the quality of the BLAST hits they occur in. Finally the best scoring description is assigned, and Gene 
Ontology terms transferred.  
We have evaluated the performance of AHRD on different test sets and optimized parameters. For HRD, an F1 score is computed based on 
words shared with the reference annotation. For GO terms, we implement both a simple scoring based on shared GO terms considering all 
ancestor terms as well as semantic similarity. AHRD outperforms Blast2GO, Interpro2GO and best blast based methods. 
 
P0284: Bioinformatics: Algorithms 
Development of a Candidate Gene Selection Model Based on Multiple Species and Data Types 
Brian Sayre, Virginia State University, Petersburg, VA 
Although multiple large data sets have been generated for identification of candidate genes for disease or economically important phenotypic 
traits, many of the key genes involved remain unknown.  Previously, we have developed an algorithm that incorporates weights for genes 
quantified in multiple species and types of data into an aggregated gene weight to assess their relative importance.  The objective of this project 
was to develop methods for inclusion of other gene or phenotype specific data types to the weighting model.  A simulated data set of QTL and 
gene expression (GE) data were created from data available from the Animal QTL Database and NCBI GEO, which led to the identification of 
myostatin in muscle hypertrophy phenotypes.  Genes from QTL and GE projects were assigned weights, normalized and aggregated to determine 
a specific gene’s relative importance, as previously described.  Pathway data and protein-protein interactions were developed using the ranked 
gene weights from the QTL and GE data.  Gene weights were modified by the inclusion of weighting scores from significant pathways and 
interactions with proteins.  The inclusion of additional data types improved the prediction of myostatin in the simulated data set.  Generally, 
increased number of QTL within the simulated projects decreased the predictability of myostatin.  The predictability of myostatin in simulated 
projects with a low percentage of the myostatin QTL and larger simulated projects was improved by the inclusion of data from multiple species 
and data types. 
 
P0285: Bioinformatics: Algorithms 
Redefining the Structural Motifs that Determine RNA Binding and RNA Editing by Pentatricopeptide Repeat Proteins in 
Land Plants 
Shifeng Cheng, The University of HongKong, HongKong, China 
The nucleus-encoded pentatricopeptide repeat (PPR) proteins form one of the largest protein families in land plants. They are characterized by 
tandem 30-40 amino acid motifs that form an extended binding surface capable of sequence- specific recognition of RNA strands. Almost all of 



them are post-translationally targeted to plastids and mitochondria where they play important roles in post- transcriptional processes including 
splicing, RNA editing and the initiation of translation. A code describing how PPR proteins recognise their RNA targets promises to accelerate 
research on these proteins, but making use of this code requires accurate definition and annotation of all of the various nucleotide- binding motifs 
in each protein. We have used a structural modelling approach to define 10 different variants of the PPR motif found in plant proteins, in addition 
to the putative deaminase motif that is found at the C-terminus of many RNA editing factors. We have developed detailed structural models of 
each set of motif combinations commonly found in plant proteins. We show that the super- helical RNA binding surface of RNA editing factors 
is potentially longer than previously recognised. We used the redefined motifs to develop accurate and consistent annotations of PPR 
genes/proteins from 111 genomes/proteomes, providing a rich repository of PPR sequence datasets. We have been extending our researches of 
PPRs to the model fern genome (Azolla) and the 1000 transcriptome dataset (1kp project), to provide more comprehensive insights into this 
amazing gene family.  
 
P0286: Bioinformatics: Databases 
Araport - A Community Platform for Data Sharing, Discovery and Integration 
Agnes P Chan1, Vivek Krishnakumar1, Chia-Yi Cheng1, Irina Belyaeva1, Sergio Contrino2, Erik Ferlanti1, Seth Schobel1, Matt 
Hanlon3, Walter Moreira3, Joe Stubbs3, Rion Dooley3, Steve Mock3, Gos Micklem2, Jason R. Miller1, Matthew Vaughn3 and 
Christopher D. Town1, (1)J. Craig Venter Institute, Rockville, MD, (2)Cambridge University, Cambridge, United Kingdom of Great 
Britain and Northern Ireland, (3)Texas Advanced Computing Center, Austin, TX 
Araport (https://www.araport.org) aims to to provide Arabidopsis and plant scientists direct access to a new generation web-based data platform. 
Users can browse and analyze a wide array of data through Araport.  Users can also publish their own modules for sharing data with the 
community or building analysis workflows.  
ThaleMine houses a wide array of Arabidopsis genomic information including the latest gene structures and functional annotation, coexpression, 
orthologs, interactions, pathways, publications, germplasm, phenotypes, etc.  Users can browse gene reports, run gene list enrichment analysis, 
export data tables, and save or share their work.  
JBrowse hosts close to 100 data tracks that include data sources accessed in real-time. Examples include the latest gene structures, RNA-seq, T-
DNA and TDNA-seq, 1001 genomes variants, whole-genome alignments, etc. Users can also upload and view their own data (BAM or GFF 
files) for side-by-side viewing.  
Science Apps consist of  a growing collection of data or analysis modules that will serve as building blocks for creating discovery 
workflows.  The modules will be built and shared by the research community for interoperability and reuse. Users are encouraged to provide 
feedback on modules that they might need or could contribute.  
Araport11 annotation contains comprehensive updates to both gene structures and functions of the Col-0 genome using public RNA-seq data, 
and has recently been completed and submitted to NCBI for final review.  The latest Araport11 data release can be accessed via Araport.  
Araport tutorials are available at, https://www.araport.org/tutorials.  
Araport is supported by the NSF and the BBSRC. 
 
P0287: Bioinformatics: Databases 
Prometheus: Omics Portal for Comparative Genomics 
Seongjin Park, Korea Research Institute Bioscience and Biotechnology(KRIBB), Daejeon, South Korea, Yong-Min Kim, Korea 
Bioinformation Center, Korea Research Institute of Bioscience and Biotechnology, Daejon, South Korea, Insu Jang, Korea 
Research Institute of Bioscience and Biotechnology, Daejeon, South Korea and Yong Jin Jeon, Korea Research Institute of 
Bioscience and Biotechnology, Daejeon, Korea, The Republic of 
Since NGS (Next Generation Sequencing) technology were developed in mid 2000s, the huge amount of genome information has been generated 
and analyzed. Studies of reference genomes were contributed to unveiling biological responses, cloning of interested genes, molecular marker 
development, and development of new medicine. As number of sequenced genomes were increased, a lot of tools or pipelines were developed to 
identify the gene function or gene families such as InterPro, Pfam, SignalP, PSortII, ChloroP, TMHMM2, and NetPhos. Furthermore, rapidly 
increasing - genome information have been a major reason for spurring - genome wide functional studies of genes of interest or gene families 
through comparative genomics. Although many web-based platforms for comparative genomics were developed, application of those platforms 
were limited as they allow only small numbers of genome or tools. The web-based comparative genomics platform for large amount of genome 
information and various tools is desirable for comprehensive genome wide gene family studies or functional studies for interested genes as well 
as their evolutionary studies. Here we present Prometheus, the omics portal for comparative genomics. The Prometheus is a web-based and cloud 
computing-based comparative genomics platform and contains more than 30,000 of genome information from prokaryotic to eukaryotic genome 
with 3 primary and 20 secondary database generated from various analysis such as InterPro, TargetP, and OrthoMCL. In addition, the system of 
My Genes in the Prometheus gives chance to analyze interested genes with various tools or Chlosha, cloud-based analysis pipeline in the 
Prometheus as well as Chlosha II, a version for advanced users to allow customized analysis pipeline. Furthermore, assembly and annotation 
pipeline for genome or transcriptome will be added in the Prometheus in the near future. 
 
P0288: Bioinformatics: Databases 
PMR metabolomics and transcriptomics database and its RESTful web APIs: A data sharing resource 
Manhoi Hur, Iowa State University, Ames, IA 
PMR database is a community resource for deposition and analysis of metabolomics data and related transcriptomics data. PMR currently houses 
metabolomics data from over 25 species of eukaryotes.  In this talk, we introduce PMRs RESTful web APIs for data sharing, and demonstrate its 
applications in research using Araport to provide Arabidopsis metabolomics data. 
 
P0289: Bioinformatics: Databases 
Ensembl Genomes: Genomic Resources for Plants, Pests, Pathogens and Pollinators 



Paul J. Kersey, EMBL - The European Bioinformatics Institute, Cambridge, United Kingdom 
Ensembl Genomes (http://ensemblgenomes.org) is a resource for genome-scale data, covering bacteria, protists, fungi, plants and invertebrate 
metazoa, supplementing the coverage of vertebrate species by the Ensembl project (http://www.ensembl.org).  Collectively, Ensembl and 
Ensembl Genomes offer access to data from farm animals and crop plants, from pests, pathogens and pollinators and symbionts, via an 
interactive web browser and a variety of routes for programmatic access including Perl and RESTful APIs.  Data available include alignments, 
polymorphisms, comparative analysis, and functional annotation; in addition, tools are provided to allow users to perform sequence similarity 
search, coordinate projection and variant effect prediction.  Recent improvements include an extension of resource to handle the polyploid 
genome of bread wheat, and the up-scaling of pipelines to incorporate more fungal and protist genomes: the resource now contains over 500 
eukaryotic microorganisms.  Two sister projects both using Ensembl technology cover plant pathogens: PhytoPath (http://phytopathdb.org) 
focuses on fungi and oomycetes, while WormBase ParaSite (http://parasite.wormbase.org) includes data from parasitic helminths.  A current 
focus of work is the automation of processes to represent RNA-seq data deposited in the ENA/GenBank/DDBJ archives as alignments on the 
reference genome, and of new tools to allow users to select such data for display. 
 
P0290: Bioinformatics: Databases 
Expert Curation of Plant Proteins in UniProtKB/Swiss-Prot 
Damien Lieberherr and Sylvain Poux, SIB Swiss Institute of Bioinformatics, Geneva, Switzerland 
The UniProt KnowledgeBase (UniProtKB) provides a single, centralized, freely available resource for protein sequences and functional 
information.  For Arabidopsis, our main targets for expert annotation are proteins with some functional characterization and most of them are 
now included in UniProtKB/Swiss-Prot. Expert curation combines the manually verified sequence with experimental evidence derived from 
biochemical and genetic analyses, 3D-structures, mutagenesis experiments, information about protein interactions and post-translational 
modifications.  Besides harvesting, interpreting, standardizing and integrating data from literature and numerous resources, curators are also 
checking, and often correcting, gene model predictions.  
Our annotation program has been actively collaborating with other resources. We recently started to collaborate with Araport, the Arabidopsis 
portal, and we provide Araport with all the gene model corrections that we introduced on the bases of our trans-species family annotation. We are 
also completing the knowledgebase by importing missing information from EnsemblPlants. 
The UniProt consortium is also actively involved in GO annotation and manual annotation has been added to more than 4500 plant proteins. 
Experimental peptides from high-throughput proteomics experiments that uniquely match the product of a single gene are used to generate 
annotations describing post-translational modifications and protein processing events. UniProtKB serves as a central hub for biomolecular 
information with access to more than 100 other resources, such as nucleotide sequence database, 3D protein structure databases, InterPro or 
MODs. 
 
P0291: Bioinformatics: Databases 
Database Resources of DNA Data Bank of Japan 
Yuichi Kodama1, Jun Mashima1, Eli Kaminuma2, Osamu Ogasawara1, Kousaku Okubo1, Yasukazu Nakamura1 and Toshihisa 
Takagi1, (1)DNA Data Bank of Japan, Mishima, Shizuoka, Japan, (2)Genome Informatics Laboratory, NIG, ROIS, Shizuoka, Japan 
The DNA Data Bank of Japan (DDBJ, http://www.ddbj.nig.ac.jp) Center is a public data center of nucleotide sequences established at the 
National Institute of Genetics (NIG) at Mishima, Japan. Since 1987, DDBJ has been collecting annotated nucleotide sequences in collaboration 
with the National Center for Biotechnology Information and the European Bioinformatics Institute within the framework of International 
Nucleotide Sequence Database Collaboration. To accept large scale data generated from new sequencing platforms, we have launched the DDBJ 
Sequence Read Archive for raw and alignment data from next-generation sequencing platforms, the BioProject for sequencing project metadata, 
and the BioSample for sample information. In addition to these open-access databases, we have operated the restricted-access database, Japanese 
Genotype–phenotype Archive, to securely store genotype and phenotype data collected from individuals whose consent agreements authorize 
data release only for specific research use.  
In addition to these archival services, we provides the DDBJ Read Annotation Pipeline which is a high-throughput web annotation system of 
next-generation sequencing reads.  
NIG has operated the NIG supercomputer system for the purpose of (i) construction of the DDBJ databases, and (ii) making research and 
educational resources available to life science researchers in Japan. This supercomputer comprising large-scale cluster-type computers and is 
designed primarily for genome analysis. More than two thousands users are using the supercomputer for their studies. All our services including 
web, submission, data retrieval, analysis and archival systems are running on the supercomputer system.  
In this poster, we introduce our services focusing on archival services. All resources are available from http://www.ddbj.nig.ac.jp.  
 
 
P0292: Bioinformatics: Databases 
Plant Genome Database Japan (PGDBj) in 2016: A Comprehensive Database Covering Information of Plant Genome-
Related Database in Japan 
Hisako Ichihara1, Sachiko Shirasawa1, Taeko Shibaya1, Yasukazu Nakamura1, Akihiro Nakaya2, Masataka Kikuchi3, Erika 
Asamizu4, Hideki Hirakawa1 and Satoshi Tabata1, (1)Kazusa DNA Research Institute, Kisarazu, Chiba, Japan, (2)Graduate School 
of Medicine, Osaka University, Suita, Osaka, Japan, (3)Osaka University, Suita, Osaka, Japan, (4)Ryukoku University, Otsu, Shiga, 
Japan 
We have developed a portal website named PGDBj (Plant Genome DataBase Japan; http://pgdbj.jp/en/) providing the interfaces to access 
information extracted from many plant genome-related databases (DBs). PGDBj provides Google-like search system against itself, e.g., DBs 
related to orthologous genes, DNA markers, and resources for plant species. In updating the contents of PGDBj in this year, the user interface has 
been improved by integrating the new cross-search system based on semantic web technology (SWT). The current system would be useful for 
researchers to obtain extensive knowledge from several kinds of DBs.  



This work is supported by the National Bioscience Database Center (NBDC) of Japan Science and Technology Agency (JST). The Life Science 
Dictionary (LSD; http://lsd.pharm.kyoto-u.ac.jp/en/index.html) is used to add synonyms to search query in cross-search system of PGDBj. 
 
P0293: Bioinformatics: Databases 
The NCBI Transcriptome Shotgun Assembly (TSA) Database 
Susan Schafer, NIH/NLM/NCBI, Bethesda, MD 
Scientists determine transcriptomes using a variety of computational techniques to assemble sequences from transcribed RNAs into longer 
transcripts that may represent a complete expressed gene.  By analyzing an organism's transcriptome, researchers can determine expression levels 
of genes in different cells and tissue types to better understand health and disease.   
The Transcriptome Shotgun Assembly (TSA) division of GenBank was developed specifically for high-throughput shotgun assemblies of 
RNASeq data.  The database serves as an archive of computationally assembled transcripts from primary sequence reads  deposited in the 
Sequence Read Archive (SRA).  Sequences are deposited to TSA through the NCBI Submission Portal.  Submitting rich contextual metadata 
along with the transcriptome data is important for providing users with a complete understanding of the source of the biological data.  This 
information is captured in two databases designed specifically to house contextual metadata, BioProject for project-specific information and 
BioSample for sample-specific attributes. All data associated with a transcriptome project is linked via the BioProject ID.  The data can be 
retrieved by both  Entrez and the Shotgun Assembly Sequences browser.   TSA  is a resource for scientists to retrieve and analyze transcriptomic 
data to make important scientific discoveries.  
Also, the NCBI's eukaryotic genome annotation pipeline, uses transcript sequences including TSAs for genome mapping and to compensate for 
gaps in genome assemblies. The pipeline automatically constructs model RefSeq transcripts and proteins (XM_ and XP_ accession prefixes) that 
combine genome and transcript sequence, resulting in a more accurate and complete model than is possible from using only the genome 
sequence.  
 
P0294: Bioinformatics: Databases 
dbSNP and dbVar: NCBI Databases of Simple and Structural Variations for All Organisms 
Lon Phan1, Ming Ward1, Hua Zhang1, Qiang Wang1, Rama Maiti1, David Shao1, Eugene Shekhtman1, Juliana Sampson1, Tim 
Hefferon2, John Garner1 and John Lopez1, (1)NIH/NLM/NCBI, Bethesda, MD, (2)NIH, Bethesda, MD 
The National Center for Biotechnology Information (NCBI) creates and maintains the dbSNP and dbVar databases that archive, process, display 
and report information related to germline and somatic variants from multiple species.  dbSNP houses short (<=50bp) genetic variations that 
include SNV, small indels, and microsatellites.  dbVar houses large (>50bp) genomic structural variations that include CNV, large indels, and 
complex variations.   The combined databases have over a billion variants from over 360 species, including many agriculturally important plants 
and animals.   The primary roles of both databases are to process submissions, archive the data, and distribute it for general use.  Each 
submission is assigned a database accession identifier (ss# in dbSNP or nsv#/esv# in dbVar) based either on flanking invariant sequence or 
locations asserted on reference sequences.  Because these assigned accession numbers are stable and can be cited in publications, they facilitate 
aggregation of additional information from many diverse organisms.  These submissions are then processed to aggregate information from 
multiple submitters (assign rs# in dbSNP), mapped and annotated on the latest genome assembly and NCBI Reference Sequences 
(RefSeqs).  The data are also integrated with other NCBI resources including Gene, PubMed, Nucleotide, Protein, ClinVar, BioSample, and 
BioProject.  dbSNP and dbVar data are made available in diverse ways: Entrez searches, study-specific reports, annotation on the genome, 
Sequence Viewer, and ftp downloads as BED, VCF, and other formats.  This presentation focuses on dbSNP and dbVar, summarizing current 
function and highlighting recent improvements. 
 
P0295: Bioinformatics: Databases 
Curation of Genome Assemblies by NCBI Tools and Resources 
Tayebeh Rezaie, Clifford O. Clausen, Nathan Bouk, Hsiu-Chuan Chen and Valerie A. Schneider, National Center for 
Biotechnology Information (NCBI/NLM/NIH), Bethesda, MD 
The increasing availability of genome sequences, together with genome analysis tools and resources, is advancing biological research. NCBI 
offers several resources that facilitate the analysis of assembly data, including the Assembly database, Genome pages, Clone DB and graphical 
displays, such as Map Viewer and Sequence Viewer. NCBI is also a member of the Genome Reference Consortium (GRC), which curates the 
human, mouse and zebrafish reference genome assemblies. As part of its involvement in this group, NCBI has developed a number of tools used 
to assess global and local assembly quality and manage curation activities. The use and application of these tools is not restricted to GRC-
supported organisms and they have contributed to curation of other organisms’ reference assemblies, including chicken, chimpanzee and tomato. 
We will present results from our recent collaboration with members of Maize GDB utilizing GRC tools to assess the B73 v3 assembly. In 
addition, we will discuss our ongoing efforts to develop new resources for curation of whole genome shotgun (WGS) assemblies.  
For organisms with complex genomic sequences, genomic clones remain an important resource in genome assembly and evaluation. The NCBI 
Clone DB, which facilitates association of these biological resources with genomic sequences, provides end-sequence based clone placements on 
the genome assemblies of more than 45 organisms. Graphical views of the placements are available on Clone DB webpages and the placement 
data is available for download from the Clone DB FTP site. We will demonstrate how to use Clone DB to find clones covering specific 
sequences and identify assembly regions associated with structural variation or possible assembly error. 
 
P0296: Bioinformatics: Databases 
Centralizing Bioinformatics via High-Performance Computing: Applications, Opportunities, and Challenges in the Era of 
Large-scale -Omics Data 
Rakesh Kaundal, University of California, Riverside, CA 
The beginning of the 21st century has seen an increased interest in the approaches to data analysis in scientific computing as essentially every 
field is seeing an exponential increase in the size of the data deluge. The data sizes imply that high-performance computing is becoming essential 



to process the information in a timely fashion. For example, executing large number of independent tasks or tasks that perform minimal inter-task 
communication in parallel is a common requirement in many domains. In computational biology / bioinformatics, the global market continues to 
experience double-digit growth and so is the deluge of bigdata, especially with the advances in recent sequencing technologies creating Terabytes 
of -omics based datasets. Despite this data globalization, the data / algorithmic complexity, heterogeneous data sources and nomenclatures, 
impractically excessive runtimes, etc. make the data exploration and mining a huge challenge. It is thus obvious that comprehensive studies to 
understanding complex biological organisms will require computational processing power and alternative paradigms for efficient data 
integration, replication and organization.  
At UCR’s high-performance computing | bioinformatics facility, we have developed a series of parallel-, multi-core-CPU-based open-source 
pipelines for large-scale -omics data analysis, which enables efficient and parallel analysis of multiple datasets in a short time. The facility 
provides access to high-performance compute resources, data analysis, hosting, programming expertise, backups and storage. The resources 
serve scientists at UC Riverside and external academia / industry partners to master the informatics needs of their research in a proficient and 
cost-effective manner. Our unit has been contributing to different research projects by providing, (i) Support and expertise in programming and 
advanced data analysis, focusing primarily on high-throughput genomics technologies including microarrays, genotyping and next-generation 
sequencing (RNA-seq, ChIP-seq, SNP-seq, etc.), (ii) Virtual server environments, secure and public web portals, and a large suite of open source 
applications, (iii) Instruction of hands-on tutorials and workshops on a wide variety of informatics topics, (iv) Custom data analysis and 
consultation services, and (v) Establishment of research collaborations with experimental scientists from different departments. The facility is 
open to all researchers, UCR as well as to external users anywhere in the world. Detailed information about the services, research, manuals 
developed, etc. is available at http://facility.bioinformatics.ucr.edu/. 
 
P0297: Bioinformatics: Databases 
Efficient Curation of Gene Banks Using Next-Generation Sequencing 
Narinder Singh1, Shuangye Wu2, John Raupp2, Bikram S. Gill3 and Jesse Poland3, (1)Interdepartmental Genetics, Wheat Genetics 
Resource Center, Kansas State University, Manhattan, KS, (2)Wheat Genetics Resource Center, Department of Plant Pathology, 
Kansas State University, Manhattan, KS, (3)Kansas State University, Manhattan, KS 
The reduction of genetic diversity in elite germplasm of many crop species poses a problem in terms of crop improvement that also limits the 
modern breeding efforts. The use of wild germplasm to bring in the novel genetic diversity from wild germplasm can help mitigate this issue. 
Gene banks play an important role by facilitating ex-situ conservation of the wild germplasm and providing a platform for germplasm sharing. 
More than 7 million plant accessions are stored in over 1700 gene banks around the world, and millions of dollars are spent every year in 
maintaining them. Every gene bank is limited in their capacity and resources; therefore, the better management strategies are needed. Modern 
next-generation sequencing techniques, such as genotyping-by-sequencing (GBS), along with bioinformatics tools can be used to identify and 
remove duplicate accessions within and among gene banks. In a preliminary study, we found ~30% redundant accessions within Wheat Genetics 
Resource Center and two other Aegilops tauschii collections. Based on these findings, a globally unique set of accessions for a particular species 
can be defined that captures the genetic diversity without being redundant. In addition, these techniques can be used to infer missing information, 
such as ancestry and geographical origin that is often misidentified or lost. Ultimately in the long run, the removal of duplicate accessions will 
result in the availability of more resources for novel germplasm collection, cost reduction and efficient management of germplasm databases. 
 
P0298: Bioinformatics: Databases 
Using GFF for Genome Annotation Submissions to GenBank 
Terence D. Murphy, Karen Clark, Frank Ludwig, Vincent Calhoun, Sergiy Gotvyanskyy and Colleen Bollin, National Center for 
Biotechnology Information, NLM, NIH, Bethesda, MD 
GenBank submission improvements in the last few years have made it easier for users to deposit whole genome sequence data in the public 
INSDC archives, which provides data standardization and greatly expands access to these important datasets. Whole genome sequence data can 
be more useful when it incorporates at least basic annotation information about the location of genes and proteins. The resulting annotations are 
available in many NCBI resources, including the nuccore, protein and BLAST NR databases, and are provided on NCBI's redesigned genomes 
FTP site in standardized formats, making it advantageous for submitters to provide valid annotation along with their genome sequencing 
data.  Traditionally, annotation submission to GenBank has used a five-column feature table that is not a typical output of most annotation 
software. NCBI is developing tools to read annotation from GFF3 or GTF-formatted files, convert it to NCBI's standard formats, and validate the 
data before submission to GenBank. This talk will discuss basic requirements for using GFF3 or GTF to submit annotation, including an 
overview of required and optional attributes, and describe markup that will be automatically added if not available in the original submission 
files. 
 
P0299: Bioinformatics: Databases 
From Plants to Human Health: Bridging the Gap with Knowledge Based Discovery 
Richard Linchangco, University of NC Charlotte, Charlotte, NC, Jeremy Jay, University of North Carolina at Charlotte, 
Kannapolis, NC and Cory Brouwer, University of North Carolina at Charlotte, Charlotte, NC 
Diet related chronic diseases have reached epidemic proportions, prompting researchers to investigate the complex effects diet has on human 
health. Fruit and vegetable rich diets have been associated with health benefits but the molecular mechanisms describing these associations 
remain largely unknown. The scientific literature contains associations of bioactive components in fruits and vegetables and their interaction with 
human genes and gene products. The literature spans a multitude of life science domains and presents a massive volume of data for mining.  
Identifying descriptive associations from scientific literature between dietary components and their molecular interactions with the human 
genome requires high throughput text-mining methods to process massive volumes of free text.  
An NLP-based software package was used to extract semantic relationships to explain the molecular mechanisms between diet and human health. 
Text-mined results were integrated with relationships extracted from curated ontologies and association databases from NCBI, USDA, and 
EMBL-EBI to generate a high-density graph database.  



This study produced a graph-based semantic network of dietary components and disease related genes to assist in the elucidation of health 
benefits conferred by plant-based foods. This work provides a foundational resource for further research in nutritional genomics to discover 
bioactive compounds for disease management through personalized nutrition. 
 
P0300: Bioinformatics: Databases 
DNA Polymorphism Annotation Database (DNApod): Toward an Integration of SRA-Driven Genotypic Data and Public 
Phenotypic Data 
Takako Mochizuki1, Yasuhiro Tanizawa1, Takatomo Fujisawa1, Naruo Nikoh2, Tokurou Shimizu3, Atsushi Toyoda4, Asao 
Fujiyama4, Nori Kurata5, Hideki Nagasaki1, Eli Kaminuma1 and Yasukazu Nakamura1, (1)Genome Informatics Laboratory, NIG, 
ROIS, Shizuoka, Japan, (2)Liberal Arts, OUJ, Chiba, Japan, (3)NARO Institute of Fruit Tree Science, Shizuoka, Japan, 
(4)Comparative Genomics laboratory, NIG, ROIS, Shizuoka, Japan, (5)Plant Genetics Laboratory, NIG, ROIS, Shizuoka, Japan 
With advances in next-generation sequencing (NGS), datasets for DNA polymorphism among various species and strains have been produced, 
stored and distributed. However, reliability among datasets varies because the experimental and analytical conditions are different among assays. 
Furthermore, such datasets have often been distributed from the websites of individual sequencing projects. It is desirable to integrate DNA 
polymorphism data into a database with uniform quality control distributed from a single platform in a single place. The DNA polymorphism 
annotation database (DNApod) (http://tga.nig.ac.jp/dnapod/) is an integrated database that stores genome-wide DNA polymorphism datasets 
acquired under uniform analytical conditions, including the quality of raw data, reference genome version and evaluation algorithms. DNApod 
genotypic data is re-analysed whole-genome shotgun (WGS) datasets extracted from the Sequence Read Archive (SRA) and distributes genome-
wide DNA polymorphism datasets and known-gene annotations for each DNA polymorphism. The purpose of the database is to store genome-
wide DNA polymorphism datasets of plants, with crops as a first priority. The DNApod genotypic database currently contains 679 rice lines, 404 
maize lines, and 66 sorghum lines. The analytical methods are available as a DNApod workflow in the DNA Data Bank of Japan (DDBJ) Read 
Annotation Pipeline (DDBJ pipeline) that allows users to perform NGS analyses with their own data. To advance the sharing of organism 
knowledge, DNApod offers basic and ubiquitous functions towards multiple alignment and phylogenetic tree construction using orthologous 
gene information. Then, DNApod provides the tables of id links between DNApod and public phenotypic data. 
 
P0301: Bioinformatics: Databases 
Increasing Discoverability and Connectivity of Scientific Media Through Annotation with iCLiKVAL 
Todd D. Taylor and Naveen Kumar, RIKEN Center for Integrative Medical Sciences, Yokohama, Japan 
Scientific media comes in a variety of languages and formats, including journal articles, books, images, videos, blog and database entries, etc. In 
the case of textual media, there is often additional information such as tables, figures and supplementary data, associated with or embedded in the 
text. While are there are many good resources for browsing, searching and annotating some of this media, there is not one place where you can 
search everything, and generalized search engines such as Google do not allow for the type of comprehensive and precise searches that 
researchers require. To address this, we created iCLiKVAL (http://iclikval.riken.jp/), an easy-to-use web-based tool that uses the power of 
crowdsourcing to accumulate annotation information for all scientific media found online (and potentially offline). Annotations in the form of 
key-relationship-value tuples (in any language), added by users with a variety of options, make information easier to find and allow for much 
richer data searches. Users can create or join common interest groups, both public and private, to annotate related media together as a 
community. Users can also create and edit their own controlled vocabulary lists, or import established vocabularies such as MeSH and GO. 
Within the user groups, vocabulary and bookmark lists can easily be shared. iCLiKVAL is an open-access online tool. While the software itself 
is not open-source, the database is completely searchable, and all of the collected data is freely available to the research community via our API. 
 
P0302: Bioinformatics: Databases 
Deliver Searchable Genomic, Genetic and Related Data Online Using Tripal v2 
Stephen P. Ficklin1, Lacey-Anne Sanderson2, Chun-Huai Cheng1, Sook Jung1, Alex Feltus3, Kirstin Bett2 and Dorrie Main1, 
(1)Washington State University, Pullman, WA, (2)University of Saskatchewan, Saskatoon, SK, Canada, (3)Genetics & 
Biochemistry, Clemson University, Clemson, SC 
Tripal v2 is an open-source software package designed to assist research communities or individuals build online “research databases” that 
publish genomics, genetics and related biological data in a searchable web interface (http://tripal.info).  Additionally, Tripal is intended to 
decrease cost-of-ownership related to development of such sites. Biological data is housed using the GMOD Chado database schema and content 
is delivered and managed using the Drupal Content Management System (CMS).  Tripal is already in use by several research communities that 
spans both plants and animals.   By default, site developers are provided with content pages (e.g. gene pages), data loaders (e.g. GFF, FASTA, 
OBO, GAF and support for tab-delimited files), and simple search tools (e.g. genomic features, publications, etc.).  Because Tripal uses Drupal, 
all pages are customizable either through a graphical user interface, or for more advanced changes, via an Application Program Interface 
(API).  Each site is able to tailor data delivery for the community served.  An active community of developers from around the world uses the 
API to develop new tools and infrastructure which in turn are shared by others. Development of Tripal 3 is currently funded and ongoing, and 
once completed will allow for integration of non-Chado data stores (e.g. no-SQL options), and will make use of Semantic Web technologies to 
foster data exchange between Tripal sites, and other applications via linked data markup (e.g. RDFa) and RESTful web services. 
 
P0303: Bioinformatics: Databases 
An Integrated Database Connecting Expression Data, Meta-Data and Variants 
Modupeore Adetunji and Carl J. Schmidt, University of Delaware, Newark, DE 
Given the massive amounts of high throughput transcriptome RNA-seq data required to postulate suitable hypothesis and conclude accurate 
results; the need for an efficient organizational structure is paramount. Here, we present an integrated MySQL database for connecting 
expression analysis obtained from the fRNAkenseq software with corresponding meta-data. In addition to the efficient storage and management 
of the transcriptome expression analysis, the database also stores gene-associated variants (such as SNPs) and their predicted gene effects 



obtained from our Variant Analysis Pipeline. The Variant Analysis Pipeline consist of a fully automated suite of bioinformatics resources to 
efficiently identify and characterize gene-associated variants from high-throughput RNA-seq data. Ultimately, this integrated database provides 
an information-rich or targeted platform for researchers to focus on specific genes or gene lists of interest and be able to retrieve expression data 
based on defined parameters, as well as to easily access the variants associated with the genes specified and their predicted impact(s). 
 
P0304: Bioinformatics: Databases 
iPTMnet: An Integrated Resource for Protein Post-Translational Modification Network Discovery 
Jung-Youn Lee1, Hongzhan Huang2, Jia Ren3, Cecilia Arighi4, Karen Ross5, Gang Li2, Catalina Oana Tudor Tudor2, Mengxi LV3, 
Vijay Shanker3 and Cathy H. Wu6, (1)Plant and Soil Sciences – University of Delaware, Newark, DE, (2)Center Bioinformatics & 
Comp Bio – University of Delaware, Newark, DE, (3)University of Delaware, Newark, DE, (4)CBCB – University of Delaware, 
Newark, DE, (5)Georgetown University Medical Ctr., Washington, DC, (6)CBCB, University of Delaware, Newark, DE 
To address gaps in the current resources available for analysis of post-translational modification (PTM) networks, we have developed iPTMnet, 
an integrated resource for protein post-translational modification network discovery in the systems biology context. iPTMnet integrates high 
quality PTM information from multiple sources covering phosphorylation, acetylation, glycosylation, methylation, myristoylation, sumoylation 
and ubiquitylation in a range of organisms. We employ our RLIMS-P/eFIP text mining system to extract kinase, substrate, and site relations as 
well as mentions of phosphorylation dependent protein-protein interactions (PPIs) from the scientific literature. These results are combined with 
information from manually curated PTM databases. Proteins and PTM protein forms (proteoforms) are organized using the Protein Ontology 
(PRO), enabling representation of forms modified on combinations of PTM sites and orthologous relationships between forms.  The iPTMnet 
database contains more than 250,000 PTM sites in more than 45,000 modified proteins, along with more than 1,000 PTM enzymes for human, 
mouse, yeast, Arabidopsis and other organisms. The web interface links the underlying system components to support interactive scientific 
queries and visualization of PTM information. Example of iPTMnet queries include: i) finding the PTM substrates for a given PTM enzyme; ii) 
finding PTM sites for a given protein; iii) finding the PTM enzymes that modify a protein; iv) comparing modified sites and proteoforms for a 
given protein; v) finding phospho-dependent PPIs, vi) visualizing modification sites in an alignment of a protein across species, including known 
proteoforms; and vii) visualizing networks of PTM-enzyme/substrate relations along with sites, proteoforms and phospho-dependent PPIs. 
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GSP: A Web-Based Platform for Designing Genome-Specific Primers in Polyploids 
Yong Q. Gu1, Yi Wang1, Vijay K. Tiwari2, Nidhi Rawat2, Bikram S. Gill2, Naxin Huo1, Frank M. You3 and Devin Coleman-Derr4, 
(1)USDA ARS, Western Regional Research Center, Albany, CA, (2)Kansas State University, Manhattan, KS, (3)Agriculture and 
Agri-Food Canada, Winnipeg, MB, Canada, (4)Plant Gene Expression Center, USDA-ARS, Albany, CA 
The sequences among subgenomes in a polyploid species have high similarity, making it difficult to design genome-specific primers for 
sequence analysis. We present GSP, a web-based platform to design genome-specific primers that distinguish subgenome sequences in a 
polyploid genome. GSP uses BLAST to extract homeologous sequences of the subgenomes in existing databases, performs a multiple sequence 
alignment, and design primers based on sequence variants in the alignment. An interactive primers diagram, a sequence alignment viewer, and a 
virtual electrophoresis image are displayed as parts of the primer design result. GSP also designs specific primers from multiple sequences 
uploaded by users. GSP is a user-friendly and efficient web platform freely accessible at http://probes.pw.usda.gov/GSP. 
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Repbase: A Comprehensive Database of Eukaryotic Repeat Sequences and Transposons 
Kenji K. Kojima, Weidong Bao and Oleksiy Kohany, Genetic Information Research Institute, Los Altos, CA 
Repbase Update (RU) is a comprehensive collection of representative repeat sequences in eukaryotic genomes. Since its first development as a 
database of human repetitive sequences in 1992, RU has been serving as a well-curated reference database fundamental for almost all eukaryotic 
genome sequence analyses. One main usage of RU is to mask repetitive sequences from the genome of interest with software such as Censor or 
RepeatMasker. Because most of the repetitive sequences originated from various transposons as well as integrated viruses, RU is also a 
fundamental source for the studies of transposons and their impact on the genome evolution.  
One distinguished feature of Repbase is the detailed characterization/annotation of the repeat sequences that includes the classification into a 
particular transposon superfamily, the average identity/similarity of sequence copies to the consensus, and the reconstructed protein sequences 
that were originally encoded by their ancestral transposons.  
These characteristics are published in Repbase Reports (RR), a monthly e-journal accompanying RU releases. RU and RR sincerely invite a 
broader submission of repeat sequences from the research community. RU and RR can be accessed on the website of the Genetic Information 
Research Institute at http://www.girinst.org/repbase/, and the tools and software, such as Censor, Repbase Submitter, and Visual Repbase, for 
analyzing, submitting, and visualizing repeat sequences in the genomes, are available at http://www.girinst.org/downloads/software/. 
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Functional Genomics Data and Expression Look-up Tools: ArrayExpress and Expression Atlas 
Amy Tang, EMBL-European Bioinformatics Institute, Hinxton, United Kingdom 
Expression Atlas at EMBL-EBI contains pre-analyzed RNA-seq and expression microarray data for researchers to discover and query which 
genes are expressed in which tissues, cell types, developmental stages, and many other experimental conditions.  Queries can either be in a 
baseline context, e.g. find genes expressed in the bovine kidney, or in a differential context, e.g. find genes that are up/downregulated in response 
to salt stress in rice. All datasets are manually curated to a high standard by our in-house curators and processed by our standardised statistical 
pipeline, both in consultation with experts around the world. As of October 2015, Expression Atlas consists of 2162 datasets, including 120 
RNA-seq experiments. All data in Expression Atlas is free to browse, download, re-use, and is originated from the ArrayExpress archival 
database of functional genomics experiments at EMBL-EBI.  



ArrayExpress experiments were either directly submitted by scientists working in diverse fields, or imported systematically from NCBI GEO 
weekly. As of October 2015, ArrayExpress consists of 60838 datasets (80% from microarrays) studying a wide variety of organisms, from cattle 
and chicken to barley and sorghum. Public ArrayExpress data sets are free for download, either from the website or programmatically.  
Both databases employ EFO ontology-driven query expansion, enabling powerful searching across thousands of datasets.  
Submission to ArrayExpress is a free service via a webform-based tool called Annotare.  To facilitate peer review, accession numbers are 
generated usually within 15 minutes of submission, pre-published data sets can be kept private, and submitter's identity can be hidden for double-
blind review. 
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Functional Organization of Public Gene Expression Data 
Hidemasa Bono and Hiromasa Ono, Database Center for Life Science, Mishima, Japan 
In order to promote life science researches in Japan, we have made databases easier to use under the integrated database project in Japan. 
Sequence Read Archive(SRA) stores raw sequencing data and alignment information from high-throughput sequencing platforms, and it 
currently contains thousands of RNA-seq data from transcriptome sequencing. But transcriptome data from microarray is still the majority of 
data in public gene expression databases known as NCBI Gene Expression Omnibus (GEO) and EBI ArrayExpress.  
It is not easy to draw new discoveries by comparing datasets from those transcriptomes because of the complexity of relationships among those 
databases.As a part of the integrated database project in Japan, we are developing the yellow pages for publicly available gene expression data, 
called AOE (All Of gene Expression; http://aoe.dbcls.jp/).  
Concurrently, we have developed reference gene expression data set of mammalian tissues and cell lines measured by different types of methods 
(EST, GeneChip, CAGE and RNA-seq). The data set, which is called RefEx, is archived with user-friendly web interface (http://refex.dbcls.jp/) 
in addition to bulk download of the whole data set. RefEx now integrates gene expression data (hundreds of cell lines, primary cells, adult and 
fetal tissues  in human and mouse) by FANTOM5 CAGE to be re-used in comparative transcriptomics. 
AOE and RefEx is freely available without registration. 
 
P0309: Bioinformatics: Databases 
ORCAE: Online Resource for Community Annotation of Eukaryotes 
Lieven Sterck1, Stephane Rombauts2, Pierre Rouzé2 and Yves Van de Peer3, (1)VIB Ghent University, Department of Plant 
Biotechnology and Bioinformatics, Ghent, Belgium, (2)VIB Ghent University, Department of Plant Biotechnology and 
Bioinformatics, Ghent, Belgium, (3)VIB Ghent University, Department of Plant Biotechnology and Bioinformatics, Zwijnaarde, 
Belgium 
Conducting gene and genome annotation typically relies on diverse information resources going from sequence to expression data depending on 
whether structural or functional annotation is performed. To help researchers doing gene annotation while having access to these different data 
types, we developed ORCAE (Online Resource for Community Annotation of Eukaryotes), a web-technology-compliant portal for use in 
community genome annotation efforts.  
ORCAE allows browsing and on the fly editing of gene structures and descriptions, moreover all manual curations are immediately visible for 
other users and for each locus a history of modifications is available. 
Through its interface, ORCAE offers easy access to precomputed information that greatly facilitates the work of a curator. The gene page offers 
several informative graphics with a focus on gene structure quality (eg. multiple alignments of homologs) helping human annotators in 
improving the proposed automated annotation. Annotators can then use the build-in GenomeView interface to easily check/modify gene 
structures. A unique feature of ORCAE is that the portal is highly dynamic: on modification of a gene model, all the available information is 
immediately updated and presented on the gene page. 
ORCAE can both be used to coordinate ongoing annotation efforts as well as to present published genomes to the public by acting as a genome 
portal. Therefore it is equipped with all the necessary features: advanced text-search, Blast functionality and a genome browsing interface 
(AnnoJ).  
Currently it offers public access to 16 eukaryotic genome projects and restricted access to another 30 genomes.  
ORCAE is available at http://bioinformatics.psb.ugent.be/orcae/. 
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Recent updates in the Eukaryotic Genome Annotation Pipeline 
Francoise Thibaud-Nissen, National Center for Biotechnology Information (NCBI/NLM/NIH), Bethesda, MD and the Eukaryotic 
Genome Annotation Team, NCBI/NLM/NIH, Bethesda, MD 
The NCBI Eukaryotic Genome Annotation Pipeline (www.ncbi.nlm.nih.gov/genome/annotation_euk/) has been used to annotate over 260 
organisms, ranging from plants to insects and mammals. The pipeline provides content for various NCBI resources including RefSeq sequence 
databases, Gene, BLAST databases and the Map Viewer genome browser.  
The pipeline uses a modular framework for the automated execution of all annotation tasks from the fetching of raw and curated data from public 
repositories to the submission of the RefSeq-accessioned annotation products to public databases. The quality of the annotation is highly 
dependent on the availability of evidence for the species or closely related species. Alignments of RNA-Seq, traditional transcripts, ESTs, 
transcript assemblies and proteins by Splign and ProSplign all contribute to the prediction of gene models by Gnomon, an alignment- and HMM-
based gene prediction program developed at NCBI. High-quality annotation is achieved also by weighting RefSeq curated evidence more heavily 
than non-curated evidence, and by producing models that compensate for assembly issues. The final products of the pipeline include the 
annotated genomic sequences, the genes, and the transcript and protein products named based on orthology to model organisms or Blast hits to 
SwissProt/UniProtKb.  



We aim to re-annotate every organism we maintain every two years, so that the annotation incorporates recent evidence deposited in public 
databases, and benefits from improvements in the software. We will present a new type of report, to be published which each re-annotation, 
which categorizes the changes for each gene between two annotation releases.  
See all NCBI-annotated eukaryotes at: http://www.ncbi.nlm.nih.gov/genome/annotation_euk/all 
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Search Functionality Intended for Medical Research in a Bioresource Database 
Mika Nagahora, Haruka Kouyama, Tohru Watanabe, Hiroki Watanabe, Gaku Kimura and Yukiko Yamazaki, National Institute of 
Genetics, Mishima, Japan 
BioResource World (BRW) is a biological resources portal site and comprises of information from 39 groups which are participants of Japan’s 
National BioResource Project (NBRP). BRW contains a wide range of taxon groups (animals, plants and microbes). At present, there are 6.5 
million resources ranging from wild species to clones. BRW offers services for users to cross-search for biological resources of all species. In 
recent years, in order to provide added value to resources, we have been developing Research Resource Circulation (RRC), a database which 
holds information on publications based on researches which utilized NRBP resources. RRC is registered with PubMed’s LinkOut to provide 
easy access to resources.  
Recently, we have been putting a lot of effort into mapping resources with Disease Ontology (DO) in attempts to make the resources more 
searchable for medical research. Genes directly related to the resource are mapped to DO through databases such as OMIM (Online Mendelian 
Inheritance in Man), homologene, DictyBase, WormBase and FlyBase. Furthermore, MeSH terms can also be utilized now and we were able to 
make good progress with DO mapping.  
Although the accuracy of the search results might not be fully optimized yet, by increasing the number of resources searchable through disease 
names or including plant resources in the search results, we hope to bring new possibilities to these resources.  
Please access BRW and RRC at the following links:  
BRW http://resourcedb.nbrp.jp/  
RRC http://rrc.nbrp.jp/ 
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Planteome: A Resource for Common Reference Ontologies and Applications for Plant Biology 
Pankaj Jaiswal1, Laurel Cooper1, Justin L. Elser1, Austin Meier2, Marie-Angélique Laporte3, Christopher Mungall4, Barry Smith5, 
Ethan KS. Johnson2, Megan Seymour2, Justin Preece6, Xu Xu2, Ryan S. Kitchen2, Botong Qu2, Eugene Zhang2, Elizabeth Arnaud3, 
Seth Carbon7, Sinisa Todorovic2 and Dennis Wm. Stevenson8, (1)Department of Botany & Plant Pathology, Oregon State 
University, Corvallis, OR, (2)Oregon State University, Corvallis, OR, (3)Bioversity International, Montpellier Cedex 5, France, 
(4)Berkeley Bioinformatics Open-Source Projects, Berkeley, CA, (5)University at Buffalo, Buffalo, NY, (6)Department of Botany 
& Plant Pathology, Oregon State University, Corvallis, OR, (7)Lawrence Berkeley National Laboratory, Berkeley, CA, (8)New 
York Botanical Garden, Bronx, NY 
Around the world, a small number of plant species serve as the primary source of food for the human population, yet these crops are vulnerable 
to multiple stressors, such as diseases, nutrient deficiencies and unfavorable environmental conditions. Traditional breeding methods for plant 
improvement may be combined with next-generation methods such as automated scoring of traits and phenotypes to develop improved varieties. 
Linking these analyses to the growing corpus of genomics data generated by high-throughput sequencing, transcriptomics, proteomics, 
phenomics and genome annotation projects requires common, interoperable, reference vocabularies (ontologies) for the description of the data. 
The Planteome initiative (www.planteome.org) is developing the needed suite of common reference ontologies that describe anatomy and 
development in Plant Ontology (PO), Plant Trait Ontology (TO), and Plant Environment Ontology (EO) and the Plant Stress Ontology (PSO) for 
describing the abiotic and biotic stresses. The project will also host ontologies such as Gene Ontology (GO), Chemical Entities of Biological 
Interest (ChEBI), Protein Ontology (PRO) and the Phenotypic Qualities Ontology (PATO) developed by collaborators. The project database and 
the online resources will provide researchers tools to search and browse and remote access via APIs for semantic integration in annotation tools 
and data repositories providing resources for plant traits, phenotypes, diseases, genomes, gene expression and genetic diversity data across a wide 
range of plant species. The project is supported by the National Science Foundation award IOS #1340112 
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Plant Omics Data Center: An Integrated Web Repository for Interspecies Gene Expression Networks with NLP-based 
Curation 
Shin Terashima1, Toru Kudo1, Tomoyuki Takano1, Maasa Kanno1, Misa Saito1, Noriko Matsuda1, Satomi Asano1, Yohei Sasaki1, 
Koji Yokoyama1, Hajime Ohyanagi1,2 and Kentaro Yano1, (1)School of Agri., Meiji University, Kawasaki, Japan, (2)Computational 
Bioscience Research Center, King Abdullah University of Science and Technology, Thuwal, Saudi Arabia 
Large-scale omics information is an important source for a clue to gain insight into gene functions. To provide a platform for seamless access to 
the omics information across multiple plant species, we have developed and been maintaining a web-database Plant Omics Data Center 
(PODC;http://bioinf.mind.meiji.ac.jp/podc/). PODC stores information such as NGS-based gene expression profile, gene expression networks 
(GENs), orthologous relationships, and literature-based functional annotations. Here, we report about recent major updates in PODC.  
    For species, information on Nicotiana tabacum and Zea mays become available in addition to 8 species in the previous version (Arabidopsis 
thaliana, Solanum lycopersicum, Solanum tuberosum, Oryza sativa, Sorghum bicolor, Vitis vinifera, Medicago truncatula, and Glycine max). 
PODC has been greatly improved in the database functions for data mining (e.g., GEN construction with an arbitrary gene(s), a statistical test for 
gene sets and gene expression data). Since the original descriptions of experimental conditions (e.g., developmental stages, treatments, organs) 
for each RNA-seq dataset in SRA are not practically controlled, we also organized the descriptions into easily accessed and manipulated formats. 
In PODC, the controlled descriptions of experimental conditions are provided to easily compare gene expressions among experimental 
conditions. The records for highly-reliable functional annotations, obtained from NLP and manual curation processes, for genes have 



considerably increased (approximately 18,000 records). With the comprehensive omics and knowledge-based information, PODC provides a 
powerful platform for identification of novel genes and biological functions.  
    This research was supported by Research Funding for Computational Software Supporting Program from Meiji University. 
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Gene Family Construction and Analysis in Phytozome 
Jeremy L. Phillips, Joseph W. Carlson, Sajeev Batra, David M. Goodstein and Daniel S. Rokhsar, DOE Joint Genome Institute, 
Walnut Creek, CA 
Phytozome (http://www.phytozome.net) is a comparative hub for plant genome data and analysis. As a key feature of Phytozome 11, we 
provide a set of automatically generated protein-coding gene families along with corresponding profiles and ortholog and paralog assignments. 
Using family membership data, gene annotations from PFAM, KOG, KEGG, and PANTHER, and gene descriptions from highly curated plant 
genomes, we provide informative names for most of these families. In addition, we inventory sets of pan-angiosperm and pan-grass families with 
signatures broadly represented among Phytozome organisms, forming a “core” set of families that can be used to expand and improve upon 
poorly-curated genome annotations. We also investigate the origins of several lineage-specific genes and cases of lineage-specific family 
expansion and contraction in our set. Finally, we present search, visualization, and assignment tools available at Phytozome for working with 
plant gene families and homology data. 
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Developing Bioinformatics Core Competencies for Agricultural Biotechnology 
Todd M Smith, Bio-Link.org, Seattle, WA, Sandra Porter, Digital World Biology, Seattle, WA and Linnea Fletcher, Austin 
Community College, Austin, TX 
Students graduating from college in the 21st century need to be skilled in using a computer. Through several experiences including Austin 
Community College’s (ACC’s) interactions with industry, DWB’s experience, and combined participation in efforts such as the Network for 
Integrating Bioinformatics into Life Sciences Education (NIBLSE), it is clear students need to be more aware of how computing is used in the 
life sciences and the role that bioinformatics plays in modern biology and biotechnology research. As biotechnology becomes increasingly data 
driven, the jobs that employers seek to fill will have increasing demands for candidates with strong computing skills.  
Less clear is what the specific job descriptions will look like and how they will segment in terms of biological knowledge vs. specialty software 
skills in custom programming, data analysis, and information architecture. This is especially true in agricultural biotechnology where the 
diversity of organisms and applications such as marker assisted breeding and genetic engineering, with tools like CRISPER/Cas9 and related 
systems, are high. Further, as studies move from single organisms to populations of organisms as ecosystems, the general knowledge of plant and 
animal molecular biology must include systems biology and an understanding of the contribution that microbial communities make to the 
organism.  
Our preliminary assessments indicate that core competencies in bioinformatics need to be defined. When articulated into certificate programs 
they can validate a student’s understanding and proficiency with biology, computers, software, and bioinformatics and bring value for both 
students and their future employers. However, designing a program that has the right balance between biology, general computer skill, and 
specific bioinformatics expertise is an ongoing process and requires input from both academia and industry. 
 
P0316: Bioinformatics: Databases 
PIGD: A Database for Intronless Genes in the Poaceae 
Jun Fan, School of Life Science, Anhui Agricultural University, Hefei, China 
Background: Intronless genes are a feature of prokaryotes; however, they are widespread and unequally distributed among eukaryotes and 
represent an important resource to study the evolution of gene architecture. Although many databases on exons and introns exist, there is 
currently no cohesive database that collects intronless genes in plants into a single database. Description: In this study, we present the Poaceae 
Intronless Genes Database (PIGD), a user-friendly web interface to explore information on intronless genes from different plants. Five Poaceae 
species, Sorghum bicolor, Zea mays, Setaria italica, Panicum virgatum and Brachypodium distachyon, are included in the current release of 
PIGD. Gene annotations and sequence data were collected and integrated from different databases. The primary focus of this study was to 
provide gene descriptions and gene product records. In addition, functional annotations, subcellular localization prediction and taxonomic 
distribution are reported. PIGD allows users to readily browse, search and download data. BLAST and comparative analyses are also provided 
through this online database, which is available at http://pigd.ahau.edu.cn/. Conclusion: PIGD provides a solid platform for the collection, 
integration and analysis of intronless genes in the Poaceae. As such, this database will be useful for subsequent bio-computational analysis in 
comparative genomics and evolutionary studies.  
Keywords:  Poaceae, Intronless Genes, Database 
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Exploring Gramene’s Comparative Genomics Datasets Using New Search Tools 
Joseph Mulvaney1, Andrew Olson1, Jim Thomason2 and Doreen Ware3, (1)Cold Spring Harbor Laboratory, Cold Spring Harbor, 
NY, (2)Cold Spring Harbor Laboratory, NY, NY, (3)Cold Spring Harbor Laboratory/USDA-ARS, NY, NY 
Gramene is a unique comparative genomics resource that comprises genomic, pathway, diversity, and expression databases for economically 
important species across the plant kingdom.  
I am excited to introduce and demonstrate a new search interface (http://search.gramene.org) that integrates data from these databases and helps 
users search, interpret and explore our data. You will see how the application proactively suggests appropriate terms as you type; shows an 
interactive distribution of result sets across genomes and species; provides statistics and enriched terms in the result set; and allows users to use 
details of a result to expand or narrow down a search.  



The search interface uses a public web service (http://data.gramene.org) that is well documented and available for access from custom scripts. I 
will demonstrate how to construct simple queries and receive the results either in CSV or JSON format.  
These tools are in active development and we would love to hear what you think about them and how you think they can be improved. 
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MaizeGDB: New Tools and Resources 
John Portwood1, Ethalinda Cannon2, Bremen M Braun3, Lisa Harper4, Mary Schaeffer5, Jack Gardiner6, Michael Brumfield2, 
Kyoung Tak Cho2, Brittney Dunfee2, David Schott2, Taner Z. Sen7 and Carson M Andorf8, (1)USDA-ARS, Ames, IA, (2)Iowa State 
University, Ames, IA, (3)MaizeGDB, Ames, IA, (4)USDA ARS, Albany, CA, (5)USDA ARS and University of Missouri, 
Columbia, MO, (6)Department of Genetics, Cellular, and Developmental Biology, Ames, IA, (7)USDA -ARS /Iowa State 
University, Ames, IA, (8)USDA-ARS Corn Insects and Crop Genetics Research Unit, Iowa State University, Ames, IA 
MaizeGDB, the USDA-ARS genetics and genomics database, is a highly curated, community-oriented informatics service to researchers focused 
on the crop plant and model organism Zea mays.  MaizeGDB facilitates maize research by curating, integrating, and maintaining a database that 
serves as the central repository for the maize community. In 2009, the first publicly released reference assembly became available.  At this time 
MaizeGDB became sequence driven while still maintaining traditional maize genetics datasets.  The research focus of the maize community has 
continued to evolve, making it necessary to continually redefine the paradigm for data access and data analysis tools.  This poster will highlight 
the latest reinvention of MaizeGDB to meet maize researcher’s needs and facilitate their goals. Our goal at MaizeGDB is to create a redesign that 
expands the overall functionality of MaizeGDB while simultaneously creating a clean, modern interface with enhanced user interaction and 
improved response times. The redesign creates a new look and feel as well as reorganizing existing data and incorporating new data, data types, 
and analysis tools (including, e.g., gene models, diversity data, and functional genomics datasets) into the MaizeGDB resource.  Our latest work 
has involved providing genome stewardship for maize reference quality assemblies, providing better access to the MaizeGDB database, and 
developing new datasets and tools for maize breeders. A key component has been community involvement by offering their perspectives via 
email, website feedback, and personal interactions. 
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Data Management and Analysis Solutions for Maize Predictive Phenomics: A Partnership with the GxE Subgroup of the 
Genomes to Fields (G2F) Initiative 
GXE Data Management Team, Iowa State University, Ames, IA, Genome2Fields Initiative, University of Wisconsin, Madison, WI, 
Jack Gardiner, Department of Genetics, Cellular, and Developmental Biology, Ames, IA, Ramona Walls, University of Arizona, 
Tucson, AZ, Jeremy de Barry, IPlant Collaborative, Tucson, AZ, Matthew Berrigan, Leafnode, New Zealand and Carolyn J. Dill, 
Bioinformatics and Computational Biology Program, Iowa State University, Ames, IA 
Breeding decisions to develop improved cultivars for industrial and agricultural uses are greatly facilitated by simultaneously leveraging 
phenotypic, genotypic, weather, and image data.  Development of standardized data collection and analysis practices by working directly with 
the data generators in the initial stages of the data collection process, is an important first step to support a multi-institutional, multi-year 
breeding projects.  The Genotype by Environment (GXE) subproject within the maize Genomes to Fields (G2F) is a multi-institutional project 
spanning 25 North American locations.  The GXE group is collectively addressing environmental effects on the performance of a large collection 
of maize inbreds and hybrids grown in 25 diverse locations.  Each location is collecting data on 14 core phenotypic traits, as well as weather 
measurements with image data for a subset of locations.  To assist in the management of these diverse data types, we are developing and 
deploying a robust, yet flexible, data management and analysis platform that meets their immediate needs but is also extendable to the broader 
plant breeding community.  In this poster, we present progress made over the past year working with partners at the iPlant Collaborative and the 
Breeding Management System software development team at CIMMYT, as well as plans for next steps in 2016. 
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TENOR: Database for Comprehensive mRNA-Seq Experiments in Rice 
Yoshihiro Kawahara1, Youko Oono1, Hironobu Wakimoto1,2, Jun Ogata1, Hiroyuki Kanamori3, Harumi Sasaki1, Satomi Mori3, 
Takashi Matsumoto3 and Takeshi Itoh1, (1)National Institute of Agrobiological Sciences, Tsukuba, Japan, (2)BITS. Co., Ltd., 
Tokyo, Japan, (3)National Institute of Agrobiological Sciences, Tsukuba, Ibaraki, Japan 
Here we present TENOR (Transcriptome ENcyclopedia Of Rice, http://tenor.dna.affrc.go.jp), a database that encompasses large-scale mRNA-
Seq data obtained from rice under a wide variety of conditions. Since the elucidation of the ability of plants to adapt to various growing 
conditions is a key issue in plant sciences, it is of great interest to understand the regulatory networks of genes responsible for environmental 
changes. We used mRNA-Seq and performed a time-course transcriptome analysis of rice, Oryza sativa L. (cv. Nipponbare), under ten abiotic 
stress conditions (high salinity; high and low phosphate; high, low and extremely low cadmium; drought; osmotic; cold; and flood) and two plant 
hormone treatment conditions (abscisic acid and jasmonic acid). A large number of genes that were responsive to abiotic stresses and plant 
hormones were detected by differential expression analysis. Furthermore, several responsive genes were found to encode transcription factors 
that could control the transcriptional network of stress responses, but the timing of the induction of these genes was not uniform across 
conditions. A significant number of cis-regulatory elements were enriched in the promoter regions of the responsive genes and were shared 
among conditions. These data suggest that some key components of gene regulation networks are shared between different stress signaling 
pathways. All the resources (novel genes identified from mRNA-Seq data, expression profiles, co-expressed genes and cis-regulatory elements) 
can be searched for and are available in TENOR. 
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Exploration of Genomic Selection Options for a Commercial Perennial Ryegrass Breeding Program 



Zibei Lin1, Junping Wang2, Noel O. I. Cogan1, John Forster1, German Spangenberg1, Ben Hayes1 and Hans D. Daetwyler1, 
(1)Biosciences Research, DEDJTR, Bundoora, Australia, (2)Hamilton Centre, Biosciences Research, DEDJTR, Hamilton, Australia 
Traditional ryegrass breeding programs have long breeding cycles (10-14 years), with multiple crossing and phenotypic selection stages 
(individual and swards/plots). Previous simulation work has shown that replacing phenotypic selection with genomic selection (GS) could 
substantially increase genetic gain for plot traits (e.g. yield), through reduced cycle time and the selection of individual plants using genomic 
breeding values (GEBVs) predicted from a plot reference population. However, GS also resulted in higher inbreeding than phenotypic selection. 
In this study we expanded the number of simulated GS scenarios to 9, aiming to balance genetic improvement, inbreeding rate and cost 
efficiency. Selection accuracy and intensity are factors affecting genetic gain and inbreeding. We simulated three plot reference population sizes 
(Nplots 100, 200, 500) and individual plant numbers selected based on GEBVs (Nindividuals 2000, 5000, 10000). Cost efficiency was approximated as 
the breeding program cost of achieving 1kg/ha/year extra utilised yield for dairy farmers.  
All genomic scenarios delivered more genetic gain for yield than conventional breeding (up to 4 times). Scenarios with larger Nplots and Nindividuals 
contributed significant extra genetic gain and increased cost. Plots were especially costly and the extra gain from recruiting more plots in 
reference was generally not worth the extra expense. Thus, 10,000Nindividuals&100Nplots and 5,000Nindividuals&100Nplots were the most cost effective 
scenarios with inbreeding levels of 0.092 and 0.067, respectively, which could potentially affect sustainable long-term genetic gain. Overall, 
scenarios that genotyped moderate to high numbers of selection candidates, while maintaining moderate plot numbers, seemed most optimal in 
this breeding program design. 
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TreeGenes: Enabling Visualization and Analysis in Forest Tree Genomics 
Emily Grau1, Steven A Demurjian Jr1, Hans Vasquez-Gross2, Damian Gessler3, David Neale4 and Jill Wegrzyn5, (1)University of 
Connecticut, Storrs, CT, (2)University of California Davis, Davis, CA, (3)Semantic Options, Santa Fe, NM, (4)Dept. Plant Sciences 
University of California Davis, Davis, CA, (5)Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, 
CT 
Successfully identifying genes and alleles associated with traits of interest in forest trees requires robust integration of genotype, phenotype, and 
environmental data. Feasibility of these association studies depends on next-generation sequence data, ontologically sound phenotypes, and geo-
referenced measures. The TreeGenes project provides custom informatics tools and databases to manage the flood of information resulting from 
high-throughput genomics projects in forest trees, from sample collection to downstream analysis. We will discuss tools available through 
TreeGenes to access data from over 1700 forest tree species.  
The TreeGenes database is designed to store and integrate data from public repositories as well as information that is not typically curated or 
submitted. In specific, we are actively collecting and curating metadata resulting from genotype:phenotype and genotype:environment 
association studies. The database is accessible through a variety of interfaces that deliver taxonomy views, literature searches, transcriptome 
annotations, genetic  maps (CMap), genome browsers (Gbrowse), and variant annotations.  
TreeGenes hosts custom-developed tools that allow users to: track and manage high-throughput projects through the Forest Tree Genetic Stock 
Center, query and download bulk datasets through DiversiTree, and perform analysis of data on HPC resources using CartograTree. The 
upcoming transition to the more standardized Tripal database solution  will allow TreeGenes to integrate with other valuable repositories, 
including the Hardwood Genomics Web and the Genome Database for Rosaceae. The in-development Tripal Galaxy module will allow 
TreeGenes to offer an expanded set of analytical tools and flexible computing resources to users. 
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Hardwood Genomics Database (HGD): A Genomic and Genetic Web-Database for Hardwood Trees Research 
Ming Chen1, Nate Henry1, Thomas Lane2, Nathaniel Cannon3, Mark Coggeshall4, Oliver Gailing5, Haiying Liang6, Jeanne Romero-
Severson7, Scott Schlarbaum2, Ketia Shumaker8, John E. Carlson3 and Margaret Staton1, (1)University of Tennessee, Knoxville, 
TN, (2)University of Tennessee, Knoxville, Knoxville, TN, (3)Penn State University, University Park, PA, (4)University of 
Missouri, Columbia, MO, (5)Michigan Technological University, Houghton, MI, (6)Clemson University, Clemson, SC, 
(7)University of Notre Dame, Notre Dame, IN, (8)The University of West Alabama, Livingston, AL 
The Hardwood Genomics Database (HGD, www.hardwoodgenomics.org) is an integrated web-based database providing access to genomic and 
genetic data for 16 economically and phylogenetically important hardwood species. HGD contains assembled transcriptome sequences for eight 
species from several tree tissues and stress treatments such as ozone levels, cold, heat, drought and wounding.  Low coverage whole genome 
sequences are available with in silico predicted genomic Simple Sequence Repeats (gSSRs) resources for ten species. The annotated genome 
reference sequence, targeted QTL sequences1 and genetically anchored physical map2 for Chinese Chestnut are also available. The web site 
provides access to online tools for mining and visualization of these data sets. Alignments, DNA/RNA variants and genome annotations for 
Chinese chestnut can be viewed using Jbrowse3, and users can annotate genes with the Apollo4 software tool. Syntenic relationships between 
Chinese chestnut and nine other plant organisms can be examined using SyMAP5. HGD also provides online BLAST for comparing sequences to 
transcriptome sequences or predicted proteins. Ongoing work includes development of an interface to the Galaxy data analysis platform6, 
integration of a gene expression viewer, a robust site-wide search function and additional RNASeq datasets. 
1. Staton M, Zhebentyayeva T, Olukolu B, Fang GC, Nelson D, Carlson JE, Abbott AG: Substantial genome synteny preservation among woody 
angiosperm species: comparative genomics of Chinese chestnut (Castanea mollissima) and plant reference genomes. BMC Genomics 2015, 
16:744.  
2. Fang G-C, Blackmon BP, Staton ME, Nelson CD, Kubisiak TL, Olukolu BA, Henry D, Zhebentyayeva T, Saski CA, Cheng C-H: A physical 
map of the Chinese chestnut (Castanea mollissima) genome and its integration with the genetic map. Tree Genet Genomes 2012:1–13.  
3. Skinner ME, Uzilov AV, Stein LD, Mungall CJ, Holmes IH: JBrowse: a next-generation genome browser. Genome Res 2009, 19:1630–1638.  
4. Lee E, Helt GA, Reese JT, Munoz-Torres MC, Childers CP, Buels RM, Stein L, Holmes IH, Elsik CG, Lewis SE: Web Apollo: a web-based 
genomic annotation editing platform. Genome Biol 2013, 14:R93.  



5. Soderlund C, Bomhoff M, Nelson WM: SyMAP v3. 4: a turnkey synteny system with application to plant genomes. Nucleic Acids Res 
2011:gkr123.  
6. Goecks J, Nekrutenko A, Taylor J, others: Galaxy: a comprehensive approach for supporting accessible, reproducible, and transparent 
computational research in the life sciences. Genome Biol 2010, 11:R86. 
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FragariaCyc: A Metabolic Pathway Network for Diploid Strawberry F. vesca 
Sushma Naithani, Christina Partipilo, Rajani Raja, Justin L. Elser and Pankaj Jaiswal, Department of Botany & Plant Pathology, 
Oregon State University, Corvallis, OR 
FragariaCyc is a strawberry-specific cellular metabolic network based on the annotated genome sequence of Fragaria vesca L. ssp. Vesca, 
accession Hawaii 4 (available online at http://pathways.cgrb.oregonstate.edu/pgdb/fragariacyc.shtml). FragariaCyc, built using BioCyc platform, 
harbors 66 super pathways, 488 unique pathways, 2348 metabolic reactions, 3507 enzymes, and 2134 compounds. Researchers can search and 
browse FragariaCyc for its various entities; compare pathways across various plant metabolic networks that available from our website; and 
analyze their own data using OMICs-viewer tool. We view FragariaCyc as a resource for the community of researchers working with strawberry 
and related fruit crops that can help in understanding the overall strawberry metabolism and how it is regulated during plant’s development, and 
in response to biotic and abiotic stresses. We look forward to collaborating with strawberry researchers in developing a community based 
curation model for FragariaCyc. 
 
P0325: Bioinformatics: Databases 
LIS (Legume Information System): A Clade Based Web Resource for Legumes 
Sudhansu Dash1, Wei Huang2, Jacqueline D. Campbell2, Jugpreet Singh3, Alex G. Rice1, Pooja E. Umale1, Alan Cleary4, Scott R. 
Kalberer5, Nathan T. Weeks5, Vijay Karingula2, Prateek Gupta2, Shivan Gunda2, Ethalinda Cannon2, Andrew D. Farmer1 and Steven 
B. Cannon5, (1)National Center for Genome Resources (NCGR), Santa Fe, NM, (2)Iowa State University, Ames, IA, (3)ORISE 
Fellow, USDA-ARS-CICGRU, Ames, IA, (4)Montana State University, Bozeman, MT, (5)USDA-ARS-CICGRU, Ames, IA 
LIS (legumeinfo.org) is a resource for trait genetics and comparative genomics for legumes. The site hosts annotated genomes for nine species: 
common bean, chickpea, pigeonpea, Medicago truncatula, Lotus japonicus, mungbean, soybean (SoyBase.org) and two Arachis  species 
(PeanutBase.org).  
A major effort at LIS is to leverage data from information-rich species, such as soybean and Medicago, to aid the interpretation of data from 
other species, using phylogenetic and synteny-based approaches. Genes from all hosted genomes have been placed into ~18,500 gene families - 
searchable and viewable as gene trees and multiple alignments. These families enable traversal among orthologous and paralogous sequences 
across the legumes. This complements functional annotations based on protein domains and multi-species microsynteny views using a genome 
“context viewer” showing genomic regions with similar local gene content and ordering. Chromosome-scale synteny blocks are presented in per-
species genome browsers.  
The other emphasis at LIS is integration of genetic and genomic data. QTLs from many studies (so far focused on common bean and peanut) 
have been collected and integrated into a common database, and projected onto composite genetic maps (in CMap) when possible. Molecular 
markers are being mapped on to the genome to make possible traversal from traits to genome, and vice versa. Germplasm data is also being 
incorporated in readiness for future sequence-based genotyping and phenotype data.  
 LIS, funded by the USDA-ARS and jointly developed with NCGR, is a major component of the NSF-funded Legume Federation project that 
promotes sharing common resources and standards among its member databases. 
 
P0326: Bioinformatics: Databases 
The LegumeIP (2016 Release) - a Web-Based Comparative Genomics and Gene Expression Atlas Platform for the Study of 
Gene Function and Genome Evolution in Legumes 
Jun Li1, Xinbin Dai2, Zhaohong Zhuang2 and Patrick Xuechun Zhao2, (1)University of Texas MD Anderson Cancer Center, 
Houston, TX, (2)The Samuel Roberts Noble Foundation, Ardmore, OK 
Legumes are one of the most evolutionarily well-adapted plant families that play vital roles in ecology and agriculture. They have the unique 
ability to carry out symbiotic nitrogen fixation (SNF) through endosymbiotic interactions with bacteria. Aside from the root nodulation and 
nitrogen fixation symbiosis with rhizobia, legumes possess many unique features that are not found in the model plant Arabidopsis thaliana, such 
as mycorrhization, compound leaf development, protein-rich physiology, a profuse secondary metabolism, glandular trichome development and 
border cells in roots.  
We present LegumeIP (http://plantgrn.noble.org/LegumeIP/) - a web-based comparative genomics and gene expression atlas platform that 
integrates large-scale genomics, transcriptomics data and bioinformatics tools to study gene function and genome evolution in legumes. The 
LegumeIP database  (2016 release) hosts 1) large-scale genomic data such as genomics sequences, gene models and annotations that are cross-
refereed to the UniProt TrEMBL, InterProScan, Gene Ontology (GO) and the Kyoto Encyclopedia of Genes (KEGG) reference database for six 
model and crop legumes: Medicago truncatula, Glycine max (soybean), Lotus japonicus, Phaseolus vulgaris (common bean), Cicer arietinum 
(chickpea) and Cajanus cajan (pigeon pea), and two reference model plants: A. thaliana and Poplar trichocarpa; 2) gene expression atlases that 
that include 550 array hybridizations from M. truncatula, 962 gene expression profiles of G. max, 276 array hybridizations from L. japonicas and 
56 RNA-Seq-based gene expression profiles for C. arietinum; and 3) gene families, orthologous groups, gene family phylogenetic trees and 
syntenic regions across hosted species. LegumeIP (2016 release) also integrates a suite of bioinformatics tools for exploring and analyzing 1) 
whole-genome synteny and detailed syntenic gene alignments; 2) gene annotations, gene families and orthologous groups; and 3) gene 
expression patterns, clusters and co-expression networks. 
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Cool Season Food Legume Genome Database: An up-to-Date Resource Enabling Genetics, Genomics and Breeding 
Research in Pea, Lentil, Faba Bean and Chickpea 
Jodi L. Humann1, Sook Jung1, Ping Zheng1, Chun-Huai Cheng1, Taein Lee1, Morgan Frank1, Deah McGaughey1, Kristin Scott1, 
Jing Yu1, Stephen P. Ficklin1, Marwa N.M.E. Sanad2, Heidi Hough1, Clare Coyne3, Rebecca McGee1 and Dorrie Main1, 
(1)Washington State University, Pullman, WA, (2)National Research Center- Egypt, Pullman, WA, (3)USDA ARS, Pullman, WA 
The new, mobile-friendly version of the Cool Season Food Legume Genome Database (CSFL, www.coolseasonfoodlegume.org) has been 
redesigned to allow for more efficient access to data, tools, and resources by users.  The database has been updated with all current genetic maps, 
molecular markers, and QTL data in addition to the most current genome data for pea, lentil, chickpea, and faba bean.  The new interface allows 
users to quickly search and retrieve data from the database.  Quick access to popular tools which allow users to use BLAST for searches with 
current genome sequences and transcripts, view genomes in the JBrowse genome browser, make comparisons of genetic and physical map data 
with CMap, and view metabolic PlantCyc maps are also easily found from the website header.  The ultimate goal of CSFL is to provide a single 
website where researchers can view/query/download all current genetics, genomics and breeding data for pea, lentil, chickpea and faba bean as 
well as have access to analysis tools that are useful for research.  This project is supported by USDA NRSP10, the USA Dry Pea and Lentil 
Council, Northern Pulse Growers Association, USDA-ARS and Washington State University. 
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The Vigna Genome Server, 'VigGS': A Genomic Knowledge Base of the Genus Vigna 
Hiroaki Sakai, Ken Naito, Yu Takahashi, Takeshi Itoh and Norihiko Tomooka, National Institute of Agrobiological Sciences, 
Tsukuba, Japan 
The genus Vigna includes legume crops such as cowpea, mungbean, and azuki bean as well as over 100 wild species.  A number of the wild 
species are highly tolerant to severe environmental conditions including high salinity, acid or alkaline soil; drought; flooding; and pests and 
diseases, making it a good target for investigation of genetic diversity in adaptation to stressful environments. However, a lack of genomic 
information has hindered such research in this genus.  Here, we present a genome database of the genus Vigna, Vigna Genome Server ‘VigGS’, 
based on the recently sequenced azuki bean genome, which incorporates annotated exon-intron structures, along with evidence for transcripts and 
proteins, visualized in GBrowse.  VigGS also facilitates user construction of multiple alignments between azuki bean genes and those of six 
related dicots.  In addition, the database displays sequence polymorphisms between azuki bean and its wild relatives and enables users to design 
primer sequences targeting any variant site.  To incorporate up-to-date genomic information, VigGS automatically receives newly deposited 
mRNA sequences of preset species from the public database once a week.  Users can refer to not only gene structures mapped on the azuki bean 
genome on GBrowse but also relevant literature of the genes.  Currently genome sequencing of 13 wild Vigna species is in process.  Comparative 
protein mapping data based on each species genome and genome alignment for each pair of closely related species will be implemented in 
VigGS, which will shed light on the genetic consequences of the adaptive evolution of the Vigna species. 
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PeanutBase: A Resource for Peanut Researchers and Breeders 
Ethalinda Cannon1, Wei Huang1, Sudhansu Dash2, Jugpreet Singh3, Scott R. Kalberer4, Longhui Ren1, Pooja E. Umale2, Nathan 
Weeks4, Julie Dickerson5, Andrew D. Farmer2 and Steven B. Cannon4, (1)Iowa State University, Ames, IA, (2)National Center for 
Genome Resources (NCGR), Santa Fe, NM, (3)ORISE Fellow, USDA-ARS-CICGRU, Ames, IA, (4)USDA-ARS-CICGRU, Ames, 
IA, (5)National Science Foundation, Arlington, VA 
The PeanutBase website (http://peanutbase.org) includes genome browsers, genetic map viewers, sequence search tools, and a database of traits 
and QTLs. We have created marker-assisted selection pages with detailed information about markers and accessions for some high-value peanut 
traits. The website and database hold the genome sequences of the two closest ancestors of cultivated peanut (Arachis duranensis and Arachis 
ipaensis – progenitors of the cultivated tetraploid, Arachis hypogaea).   
New features in 2015 include a gene expression atlas for cultivated peanut, new tools for exploring genes and gene families; improved marker 
metadata, diploid and tetraploid genetic maps; additional QTLs (root-knot nematode resistance, bruchid resistance, kernel quality, and other 
traits). We have added more than a thousand images of germplasm accessions (pods, seeds, and plants), with links to the USDA GRIN 
germplasm database.  
This resource is being developed for peanut researchers and breeders worldwide, with support from The Peanut Foundation/Peanut Genomics 
Initiative and the many contributors that have made the Peanut Genomics Initiative possible. Additional support has come from USDA-ARS. 
This database is developed and hosted by Iowa State University and the USDA-ARS SoyBase and Legume Clade Database group in Ames, 
Iowa, with contributions from the National Center for Genomic Resources (NCGR) and other participants. 
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The Federated Plant Database Initiative for the Legumes 
Steven B. Cannon1, Ethalinda Cannon2, Jacqueline D. Campbell2, Sudhansu Dash3, Wei Huang2, Akshay Yadav2, Nathan T. 
Weeks1, Andrew Wilkey2, Sam Hokin3, David Grant4, Rex Nelson1, Kevin H. Feeley1, Vivek Krishnakumar5, Jeremy D. DeBarry6, 
Andrew D. Farmer7, David Fernandez-Baca2 and Christopher D. Town5, (1)USDA-ARS-CICGRU, Ames, IA, (2)Iowa State 
University, Ames, IA, (3)National Center for Genome Resources, Santa Fe, NM, (4)USDA-ARS-CICGR, Ames, IA, (5)J. Craig 
Venter Institute, Rockville, MD, (6)University of Arizona, Tucson, AZ, (7)National Center for Genome Resources (NCGR), Santa 
Fe, NM 
The "Legume Federation" (http://legumefederation.org) is an NSF project to foster data standards, distributed development, and comparative 
analysis, via gene families and shared phenotypes, to support research across the legume family – and to support robust agriculture for a world 
that is significantly legume-fed. Participating Genomic Data Portals (GDPs) currently include, but are not limited to MedicagoGenome 
(http://medicagogenome.org), SoyBase (http://soybase.org), PeanutBase (http://peanutbase.org), the Legume Information System 



(http://legumeinfo.org), Climate Resilient Chickpea Lab (http://chickpealab.ucdavis.edu), Alfalfa Genomics Network (http://www.alfalfa-
genome.org), Medicago Hapmap project (http://www.medicagohapmap.org), KnowPulse (http://knowpulse.usask.ca), and the Cool Season Food 
Legume Database (http://www.coolseasonfoodlegume.org). The goals of the Legume Federation include 1) sharing knowledge, development, 
and data sets across all legume crops; 2) defining standards for data formats, metadata standards, Web service protocols, and ontology use; 3) 
establishing an open repository for data exchange; and 4) encouraging the use of common, open-source model organism database tools. Clear 
standards and formats, with templates and tools for data collection and submission, will enable broader participation. Although a major focus of 
the project is on methods for distributed development, we emphasize that the fundamental mission is to enable improved agricultural productivity 
for this important group of crop plants by integrating genetic, genomic, and phenotypic data across species to enable identification of common 
molecular bases for important traits. 
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Protocols for Representation of Protein Domain Annotations in Clade-Oriented Databases: a Case Study at the Legume 
Information System using Chado/Tripal 
Pooja E. Umale and Andrew D. Farmer, National Center for Genome Resources (NCGR), Santa Fe, NM 
Protein domains can be conceptualized from a number of perspectives, from their role in defining an individual protein’s structure and function 
to their evolutionary role in creating novel molecular functions through duplication and recombination into unique multi-domain protein 
architectures. Although many species- and clade-oriented databases use standard protein domain analyses to characterize the putative functions 
and cellular localizations of the gene products represented in the genomes and transcriptomes of their species of interest, this is often limited to 
treating the matched domains as properties of the genes that are simply an aid to their classification and retrieval. While this gene-centric 
perspective is clearly of great importance, elevating domains to a prominent position in the context of such databases has the potential to provide 
insights into many interesting biological questions, from the role of domains in constraining and shaping intra-species diversity patterns 
(including SNPs, splice isoforms, and gene fusions) to their role in providing the basis for the definition of gene family groupings of orthologous 
and paralogous genes as well as providing insights into their evolutionary dynamics. We have utilized and extended a set of widely used open 
source tools for analysis, storage and web-based presentation of protein domain data to populate the Chado database underlying the Legume 
Information System (http://legumeinfo.org) and to make this data available through a shareable Tripal extension module for enabling search by 
domains, exploiting the ontological structure of InterPro and interlinking our domain-oriented representation to other modules for presentation of 
gene and gene families. 
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HRGRN: Model and Decipher Arabidopsis Signaling Transduction, Metabolism and Gene Regulation Networks using 
Graph Theory 
Xinbin Dai and Patrick Xuechun Zhao, The Samuel Roberts Noble Foundation, Ardmore, OK 
The biological networks controlling plant signal transduction, metabolism and gene regulation are composed of not only tens of thousands of 
genes, compounds, proteins, and RNAs but also the complicated interactions and coordination among them. These networks play critical roles in 
many fundamental functions, such as plant growth, development and environmental responses. Although much is known about these complex 
interactions, the knowledge and data are currently scattered throughout published literatures, third-party databases and publicly available high-
throughput datasets. Many "unknown" yet important interactions among genes need to be mined and established through extensive computational 
analysis. However, exploring these complex biological interactions at genome-scale network level from existing heterogeneous resources 
remains challenging and time-consuming for biologists.  
We developed a graph-search empowered web platform named HRGRN to search known and, more importantly, discover the new relationships 
among genes, proteins, compounds, and small RNAs in the signal transduction, metabolism, and gene regulatory networks in the model plant 
Arabidopsis thaliana. The HRGRN includes over 51,000 “nodes” that represent very large sets of genes, proteins, small RNAs, and compounds 
and approximately 150,000 “edges” that were defined/classified into nine types to comprehensively model the complex interactions between 
nodes. These include the interactions between proteins, compounds and proteins, transcription factors (TFs) and their downstream target genes, 
small RNAs and their target genes, kinases and downstream target genes, transporters and substrates, as well as substrate/product compounds and 
enzymes. The gene pairs with similar expression patterns were also defined as connected nodes, which will provide deep insight into gene-gene 
relationships. All the edges were extracted or predicted from various data sources, such as protein-protein interactions from thirty party databases 
based on two-hybrid experiments and homolog analysis, co-expressed gene pairs from computational analysis of transcriptome data, and sRNA-
target gene pairs from experimental and computational analysis.  
By applying various graph traversal algorithms, the HRGRN provides users a series of integrative analysis tools to discover novel interactions 
between genes and/or pathways, and build sub-networks from user-specified seed nodes based on the extensive collections of interactions stored 
in its back-end graph databases. HRGRN offers rich graphics and user-friendly web interfaces that allow users to search, analyze, and visualize 
their query results. The HRGRN database is freely available at http://plantgrn.noble.org/hrgrn/. 
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CAMbase: Developing A Resource for CAM Plant Genomics 
Robert Clifford Moseley1, Xiaohan Yang2 and Gerald A. Tuskan2, (1)University of Tennessee-Knoxville, Knoxville, TN, (2)Oak 
Ridge National Laboratory, Oak Ridge, TN 
Crassulacean acid metabolism (CAM) is a physiological adaptation of plants that live in environments under stress conditions, in particular, 
drought and heat stress.  This specialized mode of photosynthesis facilitates increased water-use efficiency (WUE) in the plant, which has 
prompted the increase in research to define the genetic elements of CAM.  To assist this effort, CAMbase is designed to be a versatile and 
comprehensible web portal focused on CAM plant species genomics data for integrative utilization of the increasingly large collection of CAM 
plant genomics resources.  This web portal incorporates tools supporting the use of data produced by the CAM biodesign project, as well as 
publicly available data.  It features an instance of WebApollo with Jbrowse for the Kalanchoe laxiflora genome to facilitate community 



annotation updating.  Also, an instance of an eFP browser is available for comparative analysis of time-course gene expression in K. laxiflora 
leaves.  Blast instances are available to quickly blast a sequence of interest against selected plant genomes.  Other data is also available for 
individual genes such as gene ontology and homologs identified from other plant genomes.  As more genomics data are being produced in the 
CAM biodesign project, they will be incorporated for further development of the portal, such as allowing the visualization of gene expression 
between CAM plant species in the eFP browser all at once. 
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Animal QTLdb: Towards a Comprehensive Database and Tool Set for Livestock Genome Research 
Zhiliang Hu, Carissa Park and James M. Reecy, Iowa State University, Ames, IA 
The Animal QTL Database (QTLdb; http://www.animalgenome.org/QTLdb) has been actively developed over the past 11 years and has become 
one of the most used database resources in the animal genome research community. With 28 releases to date, the phenomenal growth of the 
QTLdb is evidenced by ongoing data curation, database expansions, and addition of new functions, among many other improvements. Our 
efforts are effectively transitioning the QTLdb into a comprehensive database and tool set for the research community. The updates presented 
here serve as a summary of our progress over the past few years and as an introduction to several new features, including data types, species, trait 
mapping to ontologies, data alliances, user interface tools and curation tools, and federation with an Animal Trait Correlation Database 
(CorrDB). With these updates we would also like to solicit ideas and input from the research community regarding how we should focus our 
development efforts to better serve our users in the long run. For example, what data presentation, download, formatting, integration, and 
analysis tools might help with your research? What future database development efforts would help us keep pace with genome biology research? 
With your help we hope to continue to expand the utility of the QTLdb/CorrDB in the coming years. 
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The Vertebrate Gene Nomenclature Committee (VGNC): Standardising Gene Names and Symbols Across Vertebrate 
Genomes 
Susan Tweedie1, Bethan Yates1, Ruth Seal2, Kristian Gray1 and Elspeth Bruford2, (1)European Bioinformatics Institute (EMBL-
EBI), Hinxton, United Kingdom, (2)EMBL-EBI, Hinxton, United Kingdom 
Standardised gene nomenclature provides an essential resource for all researchers. However an ever-increasing number of vertebrate genomes are 
being sequenced and the data released into the public domain without any systematic annotation or gene naming. There are currently only six 
vertebrate model organisms with an official gene nomenclature group (mouse, rat, chicken, Anolis, Xenopus and zebrafish), all of which base 
their gene names on those approved by the HUGO Gene Nomenclature Committee (HGNC) for human genes. The Vertebrate Nomenclature 
Committee (VGNC) is a new initiative that extends the remit of the HGNC to approve gene names and symbols across vertebrates.  
The HGNC Comparison of Orthology Predictions (HCOP) (http://www.genenames.org/cgi-bin/hcop) search tool aggregates orthology 
predictions between human and 17 other species from a range of data sources.. We are leveraging a subset of the homology data in HCOP to 
identify a consensus set of 1:1 orthologs between human and other vertebrate species. These 1:1 orthologs are candidates for being named in a 
semi-automated manner, with the human gene nomenclature being transferred the orthologous vertebrate gene. We are starting with Chimpanzee 
and dog as prototypes before expanding the system to other vertebrate species. Genes with non-consensus orthologs, complex gene families, 
pseudogenes and RNA genes will require manual curation.  
A vertebrate gene nomenclature portal is under development that will store, display and make this new nomenclature data accessible thus 
enabling consistent, standardised gene naming across vertebrate species. 
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BovineMine: A Data Mining Warehouse for the Bos taurus Genome 
Christine G. Elsik1,2, Colin M. Diesh1, Deepak R. Unni1, Aditi Tayal1, Hung N. Nguyen2 and Darren E. Hagen1, (1)Division of 
Animal Sciences, University of Missouri, Columbia, MO, (2)MU Informatics Institute, University of Missouri, Columbia, MO 
BovineMine (http://BovineGenome.org/bovinemine) is a data mining and warehousing system based on InterMine. Datasets include bovine gene 
annotations (NCBI, Ensembl, bovine OGS), protein annotations (UniProt), protein families and domains (InterPro), homologs and orthologs 
(OrthoDB, TreeFam, EnsemblCompara, HomoloGene) pathways (Reactome), gene-gene interactions (BioGRID), Gene Ontology (GO), QTL 
(AnimalQTLdb), SNP (dbSNP), and tissue-specific gene expression (SRA). BovineMine provides reports for various entities, such as genes, 
transcripts, proteins and ontology terms, along with tools that allow users to analyze and download genome-wide datasets. A central feature of 
BovineMine is the QueryBuilder tool, which allows users to explore the data and construct custom queries that integrate the BovineMine 
datasets. Researchers can load their own lists of identifiers using the List tool  (which accepts various types of identifiers or symbols) or the 
Genomic Regions tool (which accepts chromosome identifiers and coordinates), allowing them to connect their data to information in the 
BovineMine database. Results are provided as tables that can be filtered, reorganized and downloaded in various formats. We have created pre-
defined query templates that provide starting points for data exploration. A strong point of BovineMine is the ability to mine tissue specific gene 
expression levels together with genomic variation data, a function not previously available to bovine researchers. BovineMine enables 
researchers to leverage the curated gene pathways of model organisms (e.g. human, mouse and rat) based on orthology, and is especially useful 
for GO and pathway analyses in conjunction with GWAS and QTL studies. 
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EpiDB: An Omics Data Resource for Cattle 
James E. Koltes, Department of Animal Science, University of Arkansas, Fayetteville, AR, Eric Fritz-Waters, Department of 
Animal Science, Iowa State University, Ames, IA and James M. Reecy, Iowa State University, Ames, IA 
Livestock genomics researchers are generating mountains of next generation sequencing data that must be deposited in a public repository for 
publication.  The NCBI short read archive (SRA) is a repository for many types of sequence data including RNA-seq and various regulatory 
markings that may mediate epigenetic regulation.  The livestock Epigenetics database (EpiDB) is a resource that filters public RNA-seq, small 



RNA-seq, ChIP-seq and methyl-seq data by species, tissue and sequencer type.  Only Illumina data that passes quality control (FASTQC) and is 
annotated for tissue type is retained for analysis.  All metatdata is captured and stored in a MySQL database that is linked to a web portal where 
data can be queried based on species, data type, and tissue.  Users can download metadata and access all sequence data through links to 
NCBI.  RNA-seq data is processed to allele specific expression values that can be used to identify differential splicing or other gene regulatory 
effects.  In addition, standardized expression panels were calculated to identify tissue specific transcripts and relative expression levels.  As a 
proof of principle, we analyzed publically available bovine functional genomics datasets to develop reference expression profiles.  These data 
will allow tissue specific transcripts and expression levels to be generated to allow for the comparison of gene expression levels across species as 
well as other downstream analyses. 
 
P0338: Bioinformatics: Databases 
The i5k Workspace@NAL - Updates and New Developments of an Arthropod Genome Portal 
Monica Poelchau1, Christopher Childers1, Vijaya Tsavatapalli1, Gary Moore1, Ursula Pieper1, Mei-Ju May Chen2 and Yu-Yu Lin3, 
(1)USDA/Agricultural Resarch Service/National Agricultural Library, Beltsville, MD, (2)Genome and Systems Biology Degree 
Program, National Taiwan University and Academia Sinica, Taipei, Taiwan, (3)Graduate Institute of Biomedical Electronics and 
Bioinformatics, National Taiwan University, Taipei, Taiwan 
The i5k Workspace@NAL is a genome portal designed to meet the genome curation, visualization, and dissemination needs of the arthropod 
genomics community. Any orphaned arthropod genome project in need of manual curation or other genome portal resources is welcome to 
submit their data to us for hosting. The i5k Workspace provides a central organism page for each project, data downloads, a BLAST search 
engine, the Jbrowse genome browser, and the Web Apollo manual curation tool. Updates to our services including new content, as well as a new 
user interface, which enables a more streamlined user experience, facilitated by new tutorials to allow the users to better understand i5k 
Workspace functions. Several tools are under active development. Clustal Omega and HMMer are being integrated into our web services to 
provide users more ways to search the sequence data. Finally, we are developing a new pipeline that constructs Official Gene Sets to establish 
representative gene annotations for future studies. The pipeline incorporates two steps: (1) quality control of formatting errors caused by manual 
curation; and (2) integration of computationally predicted gene models with manually curated gene models. The updates of i5k 
Workspace@NAL facilitate the genome annotation process of arthropod genomes, and are expected to benefit the arthropod genomics 
community in future. 
 
P0339: Bioinformatics: Databases 
Development of an Integrated System to Support Genomics-Based Crop Improvement 
Yeisoo Yu, Phyzen Genomics Institute, Seoul, South Korea and Beom-Soon Choi, Phyzen Genomics Institute, Seoul, Korea, The 
Republic of 
Next generation sequencing (NGS) technologies make it easier to generate various “omics” data, and improved bioinformatics algorithms allow 
collectively interpreting genomes, transcriptomes, regulatory elements and their interactions. Many agriculturally important crops including rice, 
maize, soybean, tomato, potato, and cotton have been sequenced and many more genomes are under way. With those genome sequences, 
resequencing or Genotyping-By-Sequencing (GBS) approach allows efficiently collecting sequence information from hundreds of individuals to 
identify genetic variations in populations. Coupled with high-throughput phenotyping data, the genetic variations in populations will be used to 
predict direct/indirect association of traits of interest using association mapping. The genetic variation in multi-parental population also will be 
served to identify minor quantitative trait loci (QTLs) and even predict genomic estimated breeding value (GEBV) to practice precision breeding 
using genomic selection (GS) approach. We are developing an integrated system in order to support the genomics-based molecular breeding 
supported by "Next-Generation BioGreen21 Program (PJ011011)" and the objectives are; 1) to construct an integrated genome database 
including genomes, annotations, transcriptomes, molecular markers, SNP information, 2) to develop an efficient pipeline for variant discovery 
using NGS data, and 3) to develop a visualization tool for browsing variants and tools for marker development. The conventional molecular 
breeding is evolving to genomics-assisted molecular breeding and this effort contributes to effectively develop new and better crops. 
 
P0340: Bioinformatics: Software 
Multi-Trait Genome Wide Association Tests Result in a Reduction in False Positives 
Anthony Greenberg, Bayesic Research, Ithaca, NY, Jean-Luc Jannink, USDA-ARS / Cornell University, Ithaca, NY and Susan 
McCouch, Cornell University, Ithaca, NY 
In plant and animal genetic research and breeding, typical experiments measure multiple traits. However, standard quantiative trait locus and 
genome-wide association tests only consider one trait at a time. Multivariate tests are of interest because they could provide an increase in power 
by borrowing information from correlated phenotypes. Using a Bayesian framework, we implemented three tests that use information from 
multiple phenotypes. We compared their performance with a standard single-trait test using an extensive set of simulated data. We find that the 
Bayesian analog of the Hoteling test, while slightly less powerful than other approaches, incurs far fewer false positives. A model that identifies 
associations for a trait conditional on all other phenotypes is the least powerful, but identifies markers missed by other tests. 
 
P0341: Bioinformatics: Software 
BUSCO: Assessing Genome Assembly and Annotation Completeness with Single-Copy Orthologs 
Felipe A. Simão1, Robert M. Waterhouse2,3, Panagiotis Ioannidis4, Evgenia V. Kriventseva4 and Evgeny M. Zdobnov4, (1)Swiss 
Institute of Bioinformatics, Geneva, Switzerland, (2)University of Geneva Medical School & Swiss Institute of Bioinformatics, 
Geneva, Switzerland, (3)The Broad Institute of MIT and Harvard, Cambridge, MA, (4)Department of Genetic Medicine and 
Development, University of Geneva Medical School, Geneva, Switzerland 
With ever-lowering sequencing costs, genome sequencing projects have been initiated for a wide range of organisms, however the vast majority 
of genomes currently exist in the form of draft assemblies. Considering that an important driving force behind genome projects is the acquisition 
of a complete catalog of genes, an important task lies in assessing the integrity and completeness of the assembled genome. Although some 



indications of assembly quality may be gleaned from statistical measures, a key measure of assembly quality lies in its completeness in terms of 
the expected gene content. The identification of genes from many diverse species that are evolving under single-copy control defines such an 
evolutionarily-informed expectation regarding gene content. Selected from the major species clades of the OrthoDB catalog of orthologs, the 
Benchmarking Universal Single-Copy Orthologs (BUSCOs) defines sets of genes expected to be present in any newly-sequenced genome from 
the appropriate species clade. The BUSCO assessment tool, available from http://busco.ezlab.org, implements a computational pipeline to 
identify and classify matches from genome assemblies, annotated gene sets, or transcriptomes. This approach provides a novel and 
complementary metric to assess genome assembly quality, integrity and completeness that can be easily applied to draft genome assemblies even 
in the absence of any gene annotations. This facilitates informative comparisons and allows the quantification of iterative improvements to 
assemblies or annotations. BUSCO assessments therefore offer intuitive metrics, based on evolutionarily-informed expectations of gene content 
from hundreds of species, to gauge completeness of rapidly-accumulating genomic data. 
 
P0342: Bioinformatics: Software 
solGS: A Web-based Solution for Genomic Selection 
Isaak Y. Tecle, Naama Menda and Lukas Mueller, Boyce Thompson Institute for Plant Research, Ithaca, NY 
Genomic selection, due to its reliance on dense genome-wide markers and statistical complexity, presents significant challenges in data 
management, analysis and sharing results. solGS, a web-based tool, meets these challenges; it has a database to store phenotype and genotype 
data and an intuitive web-interface for statistical analyses. It uses RR-BLUP for the statistical modeling and GBLUP method for breeding values 
estimation. It performs also descriptive statistics, population structure, phenotypic and genetic correlations, and selection index analyses. It 
visualizes data in interactive plots on the browser. solGS is, currently, used by the NextGen Cassava Breeding Project (http://nextgencassava.org) 
and implemented on http://cassavabase.org/solgs. GS breeders can adapt the tool for any organism. 
 
P0343: Bioinformatics: Software 
AgroPortal : A Proposition for Ontology-Based Services in the Agronomic Domain 
Clement Jonquet, Laboratory of Informatics, Robotics, and Microelectronics of Montpellier (LIRMM), Montpellier, France, 
Esther Dzalé-Yeumo, French National Institute for Agricultural Research (INRA), Versailles, France, Elizabeth Arnaud, Bioversity 
International, Montpellier, France, Pierre Larmande, IRD, UMR DIADE, Institut de Biologie Computationnelle, Montpellier, 
France, Anne Toulet, University of Montpellier - LIRMM, Montpellier, France and Marie-Angélique Laporte, Bioversity 
International, Montpellier Cedex 5, France 
Our project is to develop and support a reference ontology repository for the agronomic domain. By reusing the NCBO BioPortal technology, we 
have already designed and implemented a prototype ontology repository for plants and a few crops. We plan to turn that prototype into a real 
service to the community. The AgroPortal project aims at reusing the scientific outcomes and experience of the biomedical domain in the context 
of plant, agronomic and environment sciences. We will offer an ontology portal which features ontology hosting, search, versioning, 
visualization, comment, but we will also offer services for semantically annotating data with the ontologies, as well as storing and exploiting 
ontology alignments and data annotations. All of these within a fully semantic web compliant infrastructure. The main objective of this project is 
to enable straightforward use of agronomic related ontologies, avoiding data managers and researchers the burden to deal with complex 
knowledge engineering issues to annotate the research data. The AgroPortal project will specifically pay attention to respect the requirements of 
the agronomic community and the specificities of the crop domain. We will first focus on the outputs of a few existing driving agronomic use 
cases related to rice and wheat, with the goal of generalizing to other Crop Ontology related use cases. AgroPortal will offer a robust and stable 
platform that we anticipate will be highly valued by the community. 
 
P0344: Bioinformatics: Software 
NDEx: Sharing and Publishing Biological Networks for Any Species 
Dexter Pratt, UC San diego, La Jolla, CA 
NDEx, the Network Data Exchange is an online commons where scientists can share and publish biological networks in many formats. NDEx 
users manage access to the networks that they store, keeping some private, sharing others with collaborators or making them publicly accessible. 
NDEx provides a venue in which researchers can create and distribute species-specific networks. NDEx also provides a versatile API to make 
networks accessible to software, from simple scripts to Cytoscape and other analytic applications. Finally, this novel infrastructure promotes the 
development of new applications and services such as viewers to embed ‘live’ networks directly in peer-reviewed publications. NDEx is an 
important step towards an ecosystem in which crowd curation allows networks bearing data, hypotheses, and findings to flow easily between 
scientists. 
 
P0345: Bioinformatics: Software 
PlantTribes: A Collection of Automated Plant Gene Family Analysis Pipelines 
Eric Kenneth Wafula1, Joshua P. Der2, Loren Honaas1, Saravanaraj Ayyampalayam3, Norman Wickett4, Jim Leebens-Mack5 and 
Claude dePamphilis1, (1)Penn State University, University Park, PA, (2)California State University, Fullerton, Fullerton, CA, 
(3)The University of Georgia, Athens, GA, (4)Chicago Botanic Garden, Glencoe, IL, (5)University of Georgia, Athens, GA 
PlantTribes is a collection of automated modular analysis pipelines that utilize objective classifications of complete protein sequences from 
sequenced plant genomes to perform evolutionary studies. It post-processes de novo assembly transcripts into putative coding sequences and 
their corresponding amino acid translations, estimates paralogous/orthologous pairwise synonymous/non-synonymous substitution rates for a set 
of gene sequences, classifies gene sequences into pre-computed orthologous plant gene family clusters, and builds gene family multiple sequence 
alignments and their corresponding phylogenies. A user provides de novo assembly transcripts, and PlantTribes produces predicted coding 
sequences and their corresponding translations, a table of pairwise synonymous/non-synonymous substitution rates for reciprocal best blast 
transcript pairs, results of significant duplication components in the distribution of Ks (synonymous substitutions) values, a summary table for 
transcripts classified into orthologous plant gene family clusters with their corresponding functional annotations, gene family amino acid and 



nucleotide fasta sequences, multiple sequence alignments, and inferred maximum likelihood phylogenies. Optionally, a user can provide 
externally predicted coding sequences and their corresponding amino acid translations derived from a transcriptome assembly or gene predictions 
from a sequenced genome. PlantTribes is freely available at https://github.com/dePamphilis/PlantTribes. 
 
P0346: Bioinformatics: Software 
Highly Interactive Data Analysis and Productivity (HIDAP) tools for Breeding 
Reinhard Simon1, Omar Benites1, Raul Eyzaguirre1, Awais Khan2 and Luka Wanjohi1, (1)International Potato Center (CIP), Lima, 
Peru, (2)International Potato Center, Lima, Peru 
Plant breeders routinely work with large datasets that increasingly also add new levels of dimensionality and complexity using, for example, –
omics data. This gives breeders additional work for data analysis, which can be addressed at least partially using computational tools. To some 
extent, field trials are routine and repetitive and can benefit from standardized reporting; high density data sets and complex relationships can 
benefit from visualization and visual navigation; and complex relationships can benefit from applying linked data concepts and interactivity. 
Here we apply a new generation of R based libraries to implement a custom platform (HIDAP) for productively handling such breeding data. The 
HIDAP platform consists of a set of R libraries addressing tasks like data quality control, basic analysis of single and multiple breeding trials, 
and integrating environmental, phenotypic and genomic data. It also creates printable reports based on modifiable and extensible templates. It can 
be used as a companion tool with software platforms like the Integrated Breeding Platform (IBP) and the Sweetpotatobase since it can directly 
exchange files with these two and exchange data in general via implementing the ‘Plant Breeding Application Programming Interface API’. Like 
R, the platform is fully open source and available across operating systems, and can be used offline and online. The libraries are available from a 
dedicated mini CRAN server, and can also be used individually. 
 
P0347: Bioinformatics: Software 
GACD: Integrated Software for Genetic Analysis in Clonal F1 and Double Cross Populations 
Luyan Zhang1, Jiankang Wang2, Lei Meng2 and Wencheng Wu2, (1)Instititue of Crop Sciences, Chinese Academy of Agricultural 
Sciences, Beijing, China, (2)Chinese Academy of Agricultural Sciences, Beijing, China 
Clonal species are common among plants. Clonal F1 progenies are derived from the hybridization between two heterozygous clones. In self- and 
cross-pollinated species, double crosses can be made from four inbred lines. A clonal F1 population can be viewed as a double cross population 
when the linkage phase is determined. The software package GACD (Genetic Analysis of Clonal F1 and Double cross) is freely-available public 
software, capable of building high-density linkage maps and mapping quantitative trait loci (QTL) in clonal F1 and double cross populations. 
Three functionalities are integrated in GACD version 1.0: binning of redundant markers (BIN); linkage map construction (CDM); and QTL 
mapping (CDQ). Output of BIN can be directly used as input of CDM. After adding the phenotypic data, the output of CDM can be used as input 
of CDQ. Thus, GACD acts as a pipeline for genetic analysis. GACD and example datasets are freely available from www.isbreeding.net. 
 
P0348: Bioinformatics: Software 
Field Book: An Open-Source Android App for Collecting Phenotypic Data 
Trevor W. Rife and Jesse Poland, Kansas State University, Manhattan, KS 
Plant breeding and genetics research is an inherently data-driven enterprise. Typical experiments and breeding nurseries contain thousands of 
unique entries and programs will often evaluate tens of thousands of plots each year. To operate efficiently on this scale, electronic data 
management becomes essential. Many research programs, however, continue to operate by scribing and transcribing massive amounts of data on 
paper field books. This form of data management places heavy burdens on human resources, decreases data integrity, and limits future utilization 
of data. To help address these constraints, we have developed Field Book, an open-source app for electronic data capture that runs on consumer-
grade Android phones and tablets. By focusing on a simple, stand-alone application with an intuitive interface, we attempt to decrease both 
technological and cost barriers that hinder adoption of electronic data management in breeding programs. The simplicity of Field Book allows 
adoption without a steep learning curve. With low-cost, accessible solutions, the vision of one handheld per breeder can become a reality for 
breeding programs around the world. Transformational capacity in electronic data collection and management will be essential to realize a 
contemporary green revolution. 
 
P0349: Bioinformatics: Software 
TheSNPpit - A Multi Panel SNP Data Management Package 
Eildert Groeneveld, Institute of Farm Animal Genetics (FLI), Neustadt, Germany and Helmut Lichtenberg, Institute of Farm 
Animal Genetics (FLI), Neustadt am Rbge, Germany 
TheSNPpit is a database system for managing multi panel SNP genotype data. It has implemented three new ideas: highly compressed vector 
storage in a database, set based manipulation, and a very fast export written in C with Perl as the base for the framework and PostgreSQL as the 
database backend. Its novel subset system allows the creation of named subsets based on the definition of SNP (through MAF, no calls, and 
chromosomes) and sample lists at basically no storage costs, thus avoiding the issue of proliferating file copies. The named subsets are exported 
for down stream analysis.  
Plink ped and map files are processed as inputs and outputs with a 2 bit storage of SNPs in the database allowing to fill 4 mio SNPs/1MB. 
TheSNPpit can handle SNP data from panels of any size. To investigate performance scaling, a database with more than 18.5 mio samples has 
been created with 3.4 trillion SNPs from 12 panels ranging from 1000 through 20 mio SNPs resulting in a database of 850GB. The performance 
scales linearly with the number of SNPs and is largely independent from panel and database size. Import speed is around 6 mio SNPs/sec, export 
between 60 and 120 mio SNPs/sec.  
A completely generalized procedure allows storage of phenotypes, which will automatically be exported with the SNP genotypes for further 
downstream processing. Being command line based, imports and exports can easily be integrated into pipelines. TheSNPpit is available under the 
Open Source model. 
 



P0350: Bioinformatics: Software 
An RNA-Seq Analysis Pipeline for Switchgrass Integrating Co-Expression Network Analysis 
Qin Ma, South Dakota State University, Brookings, SD 
Recent developments of high-throughput sequencing biotechnologies enable monitoring thousands of molecules (RNA, protein or metabolites) 
simultaneously. These technologies have the potential to revolutionize how we study plants and other organisms. For example, RNA-sequencing 
can show a complete overview of expressed genes (transcriptome) in a cell. The bottleneck, however, is the lack of computational tools and 
expertise in making effective use of massive datasets generated in the life sciences. Specifically in plants, a serious problem for RNA-seq 
analysis with plants is mapping uncertainty. With repetitive and/or greater than diploid genomic sequences from outcrossing tissue, one short 
RNA-seq read sequence can be mapped to different locations with the same weight. In switchgrass (Alamo or many other lowland populations), 
25%-40% mapping uncertainty is caused by its tetraploidy nature as well as high level of repetitive sequences of the genome. This study is to 
develop a much-needed computational pipeline for analyzing RNA-sequencing data in plant genomes. We propose a computational model 
integrating co-expression module analyses, attempting to reduce mapping uncertainty and therefore increase the power of existing data to 
identify additional genes that may decrease cell wall recalcitrance. 
 
P0351: Bioinformatics: Software 
Functional Annotation of Alternative Splicing in Plants by the AStafunk Pipeline 
Michael Sammeth, Institute of Biophysics / Federal University of Rio de Janeiro, Rio de Janeiro, Brazil and Vitor L. Coelho, 
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil 
Alternative splicing (AS) is an important process in gene regulation and substantially contributes to the proteome diversity. Modern genomics 
employ increasingly high-throughput technologies to obtain the genome and all forms of expressed genes from a studied plant or animal. To 
overcome difficulties of maintaining AS databases updated with all newly available transcriptome data, we previously introduced AStalavista, a 
computer program that reports within minutes all AS events on a genome-wide scale.  
Here we present AStafunk, an automated pipeline to annotate the functional impact caused by AS. Employing knowledge about protein families, 
we integrate algorithms for the prediction of functional domains with the efficient detection of AS events. Such studies have hitherto been 
hampered by difficulties to map the effect of genomic events on the proteome level, which required cumbersome projections between aminoacid 
and nucleotide coordinates and also implied the inefficient analysis of highly redundant sequences intrinsic to AS transcriptomes.  
In a nutshell, the AStafunk software requires as an input (1st) the genomic context, (2nd) gene models and (3rd) protein domain models to provide 
the exhaustive landscape of AS events and how these are modifying protein domains (i.e., events creating/disrupting or modifying a domain). In 
the light of recent advances in plant genomics, with even more transcriptomes expected to become available soon from the 1000 Plants 
Consortium, we focus in this presentation on AStafunk annotations of publicly available transcriptomes throughout the plant kingdom (green 
algae, mosses, trees and other flowering plants): http://astalavista.sammeth.net 
 
P0352: Bioinformatics: Software 
Mango: An Environment for Combining Massive Heterogeneous Networks 
Jennifer Chang, Hui-Hsien Chou and Hyejin Cho, Iowa State University, Ames, IA 
Biological data include diverse types such as sequences, gene expressions, protein-protein interactions, genome-wise associations, biochemical 
and genetic pathways, etc. Heterogeneous data can be merged within graphs, or networks, associating data to one another. However, analyzing 
modern heterogeneous biological data can easily overwhelm existing software. The complexity and polymorphic nature of modern biological 
data sets requires a more standardized method for integration, exploration and inference.  
The Mango network analysis and visualization software enables the integration and analysis of large heterogeneous networks. Mango is highly 
scalable; it can load and merge several large networks containing up to 4 million links on a desktop computer. Mango facilitates network 
analyses with its integrated Graph Exploration Language and real-time visualization of intermediate analysis results. The Graph Exploration 
Language automates graph attribute merging and promotion among many graph types and contains rich expressive syntax for graph analyses. 
Mango provides 3D visualization of multiple graphs, allowing users to map data attributes to visual effects. Many sophisticated graph analysis 
functions such as force-directed layouts, traversal and subsetting of graphs, direct online network database queries, and import and export 
options, are built into Mango. To sum up, Mango provides a standard, fast, flexible and powerful method for integrating and analyzing massive 
heterogeneous biological networks, which can significantly speed up serendipitous discoveries in complex data.  
Mango is a C++ program that runs on 32 and 64 bit versions of Mac, Windows and Linux. Mango provides a standalone environment for graph 
analysis and is freely available from http://www.complex.iastate.edu/download/Mango. 
 
P0353: Bioinformatics: Software 
A New Streamlined Workflow for De Novo Transcriptome Assembly and Annotation in Non-Model Organisms 
Matthew Keyser, DNASTAR, Inc., Madison, WI 
De novo transcriptome assembly of NGS data sets from organisms with limited available genomic and transcriptomic reference sequences 
presents several significant challenges:  1) de novo assembly of large NGS data sets requires massive amounts of memory; 2) managing tens of 
thousands of output contigs is difficult and error-prone; 3) identification and annotation of assembled mRNAs is arduous and time 
consuming.  DNASTAR is offering a new de novo transcriptome assembly and annotation solution as part of its integrated software suite that 
provides de novo assembly of the largest transcriptomic data sets, producing full-length and accurate mRNA sequences, with minimal RAM 
requirements (<16GB). In addition, the software provides the ability to view and edit assembled contigs and automates identification and 
annotation of assembled mRNA sequences. By utilizing this workflow, users can quickly create mRNA reference gene sets for their non-model 
organisms. 
 
P0354: Bioinformatics: Software 
Fast-GBS: A New Pipeline for the Efficient and Accurate Calling of SNPs from Genotyping-By-Sequencing Data 



Davoud Torkamaneh, Laval University, Quebec, QC, Canada, Francois Belzile, Laval University, Québec, QC, Canada and 
Jérôme Laroche, Université Laval, Québec, QC, Canada 
Genotyping-by-sequencing (GBS) has been demonstrated to be a robust and cost-effective genotyping method capable of producing thousands to 
millions of SNPs across a wide range of species. Undoubtedly, the greatest barrier to its broader use is the challenge of data analysis. We 
describe a new bioinformatics pipeline, Fast-GBS, allowing the efficient processing of raw GBS sequence data into SNP genotypes. Fast-GBS 
can call SNPs, MNPs, and Indels from reads of variable length obtained using different sequencing platforms (Illumina and Ion Torrent). It 
requires a reference genome but modest computing resources.  We compare the efficiency and accuracy of this pipeline to five other existing 
pipelines (IGST, TASSEL-GBSv1, TASSEL-GBSv2, UNEAK and Stacks). Using Illumina sequence data from a set of 24 re-sequenced soybean 
lines, we performed SNP calling and compared the GBS SNP calls with the re-sequencing data to assess their accuracy. The number of SNPs 
called ranged between 4,435 (UNEAK) and 54,412 (TASSEL-GBSv1) while accuracy ranged from 76.4% (TASSEL-GBSv1) up to 98.9% (Fast-
GBS).  Among pipelines offering a high accuracy (>95%), Fast-GBS called the largest number of polymorphisms (close to 40,000 SNPs + 
Indels). Using Ion Torrent sequence data for the same 24 lines, we compared the performance of Fast-GBS with its closest competitor (TASSEL-
GBSv2). It again called more polymorphisms (25.8K vs 22.9K) and these proved more accurate (96.4 vs 91.3%). Overall, 89% of the SNPs 
called by TASSEL-GBSv2 were also called by Fast-GBS. We conclude that Fast-GBS provides a highly rapid, efficient and reliable tool for 
calling SNPs from GBS data. 
 
P0355: Bioinformatics: Software 
VirusDetect: Efficient and Accurate Discovery of Virus By Deep Sequencing of Small RNAs 
Yi Zheng, Boyce Thompson Institute for Plant Research, Ithaca, NY, Shan Gao, Nankai University, Tianjin, China, Kai-Shu Ling, 
USDA-ARS, U.S. Vegetable Laboratory, Charleston, SC, Jan Kreuze, International Potato Center, Lima, Peru and Zhangjun Fei, 
Boyce Thompson Institute for Plant Research, Cornell University, Ithaca, NY 
Accurate detection and identification of virus infection in plants and animals is critical for agriculture production and human health. 
Conventional methods such as PCR or microarrays are useful but they require the prior knowledge and sequence information of the potential 
pathogens, thus they are highly inefficient in detecting novel or emerging viruses. RNA silencing constitutes a fundamental antiviral defense 
mechanism in both plants and animals in which host enzymes cut and amplify viral RNA into pieces of 20-24 nt. Deep sequencing of these virus-
derived small RNAs (sRNAs) and proper assembly or alignment of these sRNA sequences can reconstruct genomic sequence information of the 
viruses being targeted in the plants and animals. This approach is independent of the ability to culture or purify the virus and does not require any 
specific amplification or enrichment of viral nucleic acids as it automatically enriches for small RNAs of viral origin by tapping into a natural 
antiviral defense mechanism.  
ViruDetect is a software package that can efficiently and exhaustively analyze large-scale sRNA datasets for virus identification. The program 
aligns the sRNA reads to the known virus reference sequence database (GenBank gbvrl) as well as assembles the sRNA sequences de novo using 
Velvet with automatic parameter optimization. The alignment derived contigs and de novo assembly derived contigs are concatenated to remove 
redundancy and the resulted unique contigs are compared to the reference virus sequences for virus identification. 
 
P0356: Bioinformatics: Software 
Web-Based Bioinformatics Workflows for RNA-Seq Data Analysis in Agricultural Animal Species 
Weizhong Li1, Robert W. Li2 and Alexander Richter1, (1)J Craig Venter Institute, La Jolla, CA, (2)ARS, USDA, Beltsville, MD 
Remarkable advances in NGS technologies, bioinformatics algorithms and computational technologies have significantly accelerated genomic 
research. However, complicated NGS data analysis still remains as a major bottleneck in many projects. In order to address the computational 
challenges, we developed ���a bioinformatics web portal, which offers RNA-seq NGS data analysis for agriculturally important animal species.  
We developed several integrated workflows that can perform end-to-end computational analysis, including sequence QC, reads mapping, 
transcriptome assembly and reconstruction and quantification, differential analysis, visualization and so on. One workflow mainly utilizes 
Tophat2, Cufflink, Cuffmerge and Cuffdiff suite of tools. Another workflow deploys Trinity for de novo assembly and uses RSEM for transcript 
quantification. Another workflow uses STAR and RSEM combination for computation. For all the workflows, he server supports analysis for 
multiple samples and multiple groups of samples and performs differential analysis between samples or groups, all in a single job submission. 
The calculated results are available for download and post analysis.  
The supported animal species including chicken, cow, duck, goat guinea pig, horse rabbit, sheep, turkey, as wells as several other model 
organisms for validation purpose (fruit fly, human and yeast), whose genomic sequences and annotations are obtained from ENSEMBL.  
The portal is implemented with many state-of-the-art HPC, workflow and web development software tools including Galaxy, StarCluster, 
OGS/GE utilizing modern scalable cloud compute and storage sources from AWS.  
The RNA-seq portal is freely available from http://weizhongli-lab.org/RNA-seq. 
 
P0357: Bioinformatics: Software 
Rascaf: Improving Genome Assembly with RNA-seq Data 
Liliana Florea, Johns Hopkins University School of Medicine, Baltimore, MD, Li Song, Johns Hopkins University, Baltimore, MD 
and Dhruv Shankar, University of North Carolina, Chapel Hill, NC 
Low sequencing costs have recently made it possible for groups and even individual researchers to sequence the genome of the species they are 
studying. Two critical steps in every genome sequencing project are genome assembly and gene annotation. While abundant, short reads 
make assembly from next generation sequencing data difficult and lead to fragmented genomes, which in turn complicates gene annotation. To 
enhance both assembly and annotation, we propose to use the vast resources of RNA-seq data generated by each project to improve the 
completeness and contiguity of the assembled sequence. For this purpose, we developed Rascaf (RnA-seq SCAFfolder), a fast and efficient tool 
that leverages the long-range contiguity information from intron-spanning RNA-seq read pairs to detect new contig connections and improve the 
assembly, in particularly in the gene regions. When tested on both simulated and real data, the program was very accurate and found hundreds 



of new connections in the Rosaceae genomes. Rascaf is fast, has a small memory footprint and is easy-to-use, and can be readily incorporated 
into genome assembly projects to help improve the assembly and the gene annotations simultaneously. Funding: NSF IOS-1339134. 
 
P0358: Bioinformatics: Software 
fRNAkenseq: a Powered-by-iPlant RNA Sequencing Analysis Platform 
Allen Hubbard1, Wayne Treible1, Matthew Bomhoff2, Eric Lyons2 and Carl J. Schmidt1, (1)University of Delaware, Newark, DE, 
(2)University of Arizona, Tucson, AZ 
We present fRNAkenseq: a novel, server based software platform for integrating multiple RNA sequencing analyses into a single Powered-by-
iPlant platform with access to thousands of curated genome files.  Using iPlant’s computational resources and existing Powered by iPlant 
platforms, fRNAkenseq leverages the Tuxedo pipeline and several R Bioconductor packages into a scalable workflow that requires no prior 
computational experience.  fRNAkenseq is a complete fastq to enrichment analysis package, encompassing all stages of informatics 
processing.  Thus, it is an ideal tool for biologists and biostatisticians working with large-scale data.  Capitalizing on its integration with the 
Powered by iPlant Program and use of APIs, fRNAkenseq allows access to thousands of curated annotation and FASTA files of all species from 
the NCBI, BGI, Ensembl and JGI databases, making them easily available for RNAseq analysis. To our knowledge, this is the only RNAseq 
platform available which couples a diverse set of differential expression algorithms with a centralized infrastructure for data 
management.  Private genomes may also be uploaded through another iPlant platform, CoGe, and accessed for RNA-Seq analysis by 
fRNAkenseq. To aid the transition from data to insight, fRNAkenseq employs the visualization abilities of cummeRbund and provides access to 
pathway resources. By combining multiple analyses in a scalable fashion, fRNAkenseq provides a functional tool that enables researchers to 
select the most promising genes for further investigation from mRNA sequencing as well as manage the challengingly large sequence files.  In 
the future, fRNAkenseq will continue development for improved integration with iPlant computing infrastructure to allow cross talk with novel 
pathway resources and the iPlant datastore. 
 
P0359: Bioinformatics: Software 
Lighter and Rcorrector: Tools for Next Generation Sequencing Error Correction 
Li Song1, Ben Langmead1,2 and Liliana Florea2, (1)Johns Hopkins University, Baltimore, MD, (2)Johns Hopkins University School 
of Medicine, Baltimore, MD 
Next generation sequencing (NGS) has tremendously accelerated the pace at which new genomes are being produced. While abundant, reads 
produced by NGS platforms often contain low-rate sequencing errors. Errors in DNA reads can complicate genome assembly, while errors in 
RNA-seq reads can lead to fragmentation of gene assemblies or may cause some splice variants to be missed. Error correction of NGS reads can 
significantly improve the quality of assembly, and ultimately of downstream functional analyses. We developed two software tools, Lighter and 
Rcorrector, to correct sequencing errors in short DNA and RNA reads produced with Illumina instruments. Both tools employ a k-mer spectrum 
approach, converting low frequency k-mers in a read into high frequency ones, taking into account characteristics of the data. The DNA read 
error corrector, Lighter uses a sampling method implemented with two Bloom filters to determine the set of all high-frequency k-mers that are 
trusted to be error-free. The RNA read corrector, Rcorrector, employs a de Bruijn graph to trace the most likely path, or transcript of origin, for 
each read. Both tools are fast and accurate, and can fit in the memory of most desktop machines. In applications, Lighter and Rcorrector lead to 
better genome and transcript assemblies, and therefore will contribute effectively to improving the assembly and annotation of plant and animal 
genomes.  
Availability: https://github.com/mourisl/{Lighter,Rcorrector}.  
Funding: NSF IIS-1349906 to BL; NSF IOS-1339134 and ABI-1356078 to LF. 
 
P0360: Bioinformatics: Software 
A Bioinformatics Tool Searching for Genome-Wide SSR Markers by Using High-Throughput Sequencing Data 
Masaaki Kobayashi and Kentaro Yano, School of Agriculture, Meiji University, Kawasaki, Kanagawa, Japan 
In plant breeding, simple sequence repeats (SSRs) have been widely used as genetic markers. SSR markers are important to perform positional 
cloning, construction of genetic maps and so on. Generally, SSR markers were developed by some methods based on PCR such as random 
amplified hybridization microsatellites (RAHM), 5’ anchored PCR in non-model species. To developing SSR markers economically in non-
model species, we developed a bioinformatics tool. This tool detects polymorphic SSR markers among samples (e.g. lines and individuals) by 
using high-throughput sequencing data. For developing SSR markers, this tool performs follow steps (i) finding SSRs in each high-throughput 
sequencing read by pattern matching with regular expressions of Java computer programing language, (ii) extracting reads containing SSRs, (iii) 
clustering the extracted reads by SSRs and both flanking sequences of SSRs, (iv) determining consensus sequences of SSR loci in each sample, 
(v) finding polymorphisms in each SSR locus among multiple samples. In this presentation, we demonstrate a performance of the tool through 
discovering SSR markers of rice by using high-throughput sequencing data of The 3,000 rice genomes project. 
This research was partially supported by Research Promotion Projects by Meiji University (Research by Young Researchers) to M.K., MEXT-
Supported Program for the Strategic Research Foundation at Private Universities (2014-2018); and Research Funding for Computational 
Software Supporting Program from Meiji University to K.Y.. Computations were partially performed on the NIG supercomputer at ROIS 
National Institute of Genetics. 
 
P0361: Bioinformatics: Software 
sRNAprimer: A Fast, Flexible Oligonucleotides Design Tool for Small Non-Coding RNAs 
Shengsong Xie1, Wubin Qu2, Yuhua Fu1, Zhong Xu1, Xiangdong Liu1, Zhiliang Hu3, Xinyun Li1, Guanglei Li1, Shijun Li1, Lisheng 
Zhang1, Wuzi Dong4 and Shu-Hong Zhao1, (1)Key Lab of Agricultural Animal Genetics, Breeding, and Reproduction of Ministry 
of Education, Huazhong Agricultural University, Wuhan, China, (2)iGeneTech Biotech(Beijing) Co., Ltd., Beijing, China, (3)Iowa 
State University, Ames, IA, (4)College of Animal Science and Technology, Northwest A & F University, Yangling, China 



Small non-coding RNAs (sRNAs), including microRNA (miRNA), piwi-interacting RNAs (piRNAs) and siRNA et al., have attracted 
considerable attention as an emerging class of gene expression regulators. As the length of sRNAs are relatively short, such as miRNAs, which 
size are ranging from 18 to 24 nucleotides(nts), and  piRNAs with size ranging from 26 to 32-nt, cause hard to design primers for detection of 
sRNAs. Few existing public software tools are capable of designing primers for specific detection of sRNAs. In this study, we have developed an 
easy-to-use comprehensive primer design online tool called sRNAPrimer (http://srnaprimer.org/), which can be used for designing primer pairs 
or probes for up to nine type of sRNA detection assays: Liner poly(A)-tail RT-PCR, Liner S-poly(A)-tail RT-PCR, Stem-loop RT-PCR, Stem-
loop poly(U)-tail RT-PCR, Stem-loop poly(T)-tail RT-PCR, Stem-loop S-poly(T)-tail RT-PCR, One-step sRNA RT-PCR, Double-Stem-loop 
LH-PCR and Northern blot or In Situ Hybridization. Key parameters were chosen to build in the software based on principles on each PCR-
based detection methods, such as length of reverse transcription primer binding to sRNA, maximal primer melting temperature (Tm) difference 
between PCR forward and reverse primers, PCR primer hairpin and dimer etc., We have made it flexible to use and fit various situations by 
allowing users to set thresholds for most parameters. We have also coupled a database to collect all miRNA primers designed which can be 
useful for users to compare for better primers. The database currently contains 2 8645 miRNA primer pairs among 193 species. 
 
P0362: Bioinformatics: Software 
Bioinformatic Analysis of Genotype by Sequencing (GBS) Data with NGSEP 
Claudia Samantha Perea de La Torre, Juan Fernando De la Hoz, Daniel F. Cruz, Juan David Lobaton, Paulo Izquierdo, Juan 
Camilo Quintero, Bodo Raatz and Jorge A. Duitama Castellanos, International Center for Tropical Agriculture (CIAT), Cali, 
Colombia 
Genotype by sequencing (GBS) protocols provide a cost-effective approach to perform high-resolution genomic analysis of entire populations in 
different species. These protocols are based on the initial digestion of DNA with known restriction enzymes, to generate sequencing fragments at 
predictable and reproducible sites. This allows to genotype thousands of genetic markers on hundreds of individuals.  
Because GBS protocols achieve parallel genotyping through high throughput sequencing (HTS), every GBS protocol must include a 
bioinformatics pipeline for analysis of HTS data. Our bioinformatics group recently developed the Next Generation Sequencing Eclipse Plugin 
(NGSEP) for accurate, efficient, and user-friendly analysis of HTS data. Here we present the latest functionalities implemented in NGSEP in the 
context of analyzing GBS data.  
We developed a one step wizard to perform parallel read alignment, variants identification and genotyping from HTS reads from entire 
populations. We added new filters for variants, samples and genotype calls, as well as calculation of summary statistics overall and per sample, 
and diversity statistics per site. For integration with downstream analysis tools (e.g: to calculate population structure, genetic maps, GWAS or 
genomic selection), NGSEP translates genotype calls to several widely used formats.  
We assessed the accuracy of NGSEP on two F1 cassava populations and on an inbred bean population. We showed that NGSEP provides similar 
or better accuracy compared to other commonly used software for variants detection such as GATK, Samtools and Tassel. NGSEP is an efficient 
bioinformatic package for analyzing the genomic variability obtained from GBS experiments for population genomics. 
 
P0363: Bioinformatics: Software 
A GUI Application 'CA Plot Viewer' for Large-Scale Gene Expression Analysis and Databases for Gene Expression 
Networks 
Kentaro Yano1, Shin Terashima1, Yukino Nakamura1, Minami Katayama1, Yuno Takaki1, Kataru Onosato1, Tomoyuki Takano1, 
Yohei Sasaki1, Maasa Kanno1, Misa Saito1, Noriko Matsuda1, Satomi Asano1, Koji Yokoyama1, Yoshifumi Tada2, Hiroshi Chiba2, 
Hajime Ohyanagi1, Toru Kudo1 and Masaaki Kobayashi1, (1)School of Agri., Meiji University, Kawasaki, Japan, (2)TOHOKU 
CHEMICAL CO., LTD., Morioka, Japan 
High-throughput RNA sequencing technologies with next generation sequencers (NGS) facilitate identification of novel genes and their 
biological functions. The large-scale gene expression data from NGS leads to more detailed classifications of genes according to similarities in 
expression profiles. However, the current method, such as hierarchical clustering, for a large-scale dataset requires long calculation time and 
large-scale computer system. To overcome this problem, we have developed a statistical method based on correspondence analysis (CA). For 
even large-scale data, it permits us to quickly classify genes and construct gene expression networks (GENs) in a personal computer. We have 
also developed the GUI software 'CA Plot Viewer' which assists us to quickly perform the calculations and detect genes with similar expression 
profiles by the 3D graphical viewer. 'CA Plot Viewer' is available from our web-site (http://bioinf.mind.meiji.ac.jp/lab/).  
With the large-scale analysis method, we have maintained databases providing information on GENs in plants such as OryzaExpress 
(http://bioinf.mind.meiji.ac.jp/OryzaExpress/) for rice and TOMATOMICS (http://bioinf.mind.meiji.ac.jp/tomatomics/) for tomato. A database 
PODC (http://bioinf.mind.meiji.ac.jp/podc/) also provides information on GENs for Arabidopsis and crops. PODC allows us to compare GENs 
among species with orthologues, and detect a species-specific gene module (a gene set showing similar expression profiles). To efficiently detect 
genes through GENs in PODC, we have accumulated highly-reliable functional annotations for genes and proteins on the basis of both natural 
language processing techniques and manual curation processes. The large-scale omics data and knowledge-based information in the databases 
facilitate the improvement of key agronomic traits in crops.  
This work is supported by Research Funding for Computational Software Supporting Program in Meiji University. Computations were partially 
performed on the NIG supercomputer at ROIS National Institute of Genetics. 
 
P0364: Bioinformatics: Software 
GenSAS v4.0: An Easy-to-Use, Web-Based Platform for Structural and Functional Genome Annotation and Curation 
Jodi L. Humann1, Stephen P. Ficklin1, Taein Lee1, Chun-Huai Cheng1, Sook Jung1, Jill Wegrzyn2, David Neale3 and Dorrie Main1, 
(1)Washington State University, Pullman, WA, (2)Department of Ecology and Evolutionary Biology, University of Connecticut, 
Storrs, CT, (3)Dept. Plant Sciences University of California Davis, Davis, CA 
The Genome Sequence Annotation Server (GenSAS) is a web-based annotation platform (gensas.bioinfo.wsu.edu) that packages multiple 
command line annotation tools under one, easy-to-use interface.  GenSAS walks researchers through each step of the annotation process and 



provides instructions and hints as each step progresses.  These steps include: uploading of genomic sequence; uploading of supportive repeat 
library files, species-specific (or species-related) protein and transcript files; execution of repeat masking tools (including de novo repeat 
identification); execution of gene prediction tools; consensus gene prediction; functional annotation; manual structural annotation editing; and 
assistance with organization of files for final publication.  GenSAS is integrated with the popular JBrowse genome browser for feature 
visualization, and manual curation of structure and function is provided by an integrated Web Apollo interface.  GenSAS was designed with 
researchers as the target user group and based on feedback, GenSAS is an easy-to-use, customizable, online DNA annotation platform that allows 
users with little computer science knowledge to create a custom DNA annotation for their sequence(s) of interest. 
 
P0365: Bioinformatics: Software 
GVCHAP: A Computer Package for Genomic Prediction and Estimation Using Haplotypes and Single SNPs 
Dzianis Prakapenka, Chunkao Wang, Cheng Tan and Yang Da, Department of Animal Science, University of Minnesota, Saint 
Paul, MN 
The GVCHAP computer package is designed to integrate haplotype and single-SNP analysis for genomic prediction and estimation. This 
package currently has three shared-memory parallel computing programs: GVCHAP for genomic prediction and variance component estimation, 
GCORRMA for calculating genomic relationships for multi-allelic markers such as microsatellite markers or haplotypes where each haplotype is 
treated as an allele, and HAPBLOCK for defining haplotype blocks and haplotypes within each block. GVCHAP calculates GBLUP, reliability 
of GBLUP, additive and dominance variance components, heritability of each haplotype block (or a multi-allelic marker) and heritability of each 
SNP, and total hertitability of haplotype blocks and single SNPs. The user has the option to use haplotypes only, single-SNPs only, or haplotypes 
and single-SNPs jointly; or additive effects only, dominance effects only, or additive and dominance effects jointly. GCORRMA calculates 
additive and dominance relationship matrices for multi-allelic markers or haplotypes treated as multiple alleles. HAPBLOCK defines haplotype 
blocks according to user specified boundaries of each block and defines haplotypes within each haplotype block. These results are used as an 
input file for GVCHAP and GCORRMA. Defining haplotype blocks and haplotypes otherwise is an extremely labor intensive process. 
HAPBLOCK reduces this labor intensive process to an automatic process and greatly improves the efficiency of haplotype analysis for genomic 
prediction and estimation.  
 
P0366: Bioinformatics: Software 
QTLNetMiner – a Modern Web Application for Network Based Gene-Phenotype Discovery 
Keywan Hassani-Pak, Ajit Singh and Christopher Rawlings, Rothamsted Research, Harpenden, United Kingdom 
Discovering those genes and biological processes that are involved in the expression of complex traits in crops, animals or humans is a 
challenging task for many geneticists and biologists. QTLNetMiner is a web application that efficiently interrogates large genome-scale 
knowledge networks (built using the free and open-source data integration software www.ondex.org) with user data such as search terms, QTL 
and gene list. The data visualisation components have been developed specifically for facilitating candidate gene prioritization and gene-
phenotype discovery. The main key benefits of QTLNetMiner are: i) the user is guided and supported when writing the search terms through 
features such as real-time user feedback and query term suggestions; ii) the output is dynamic and rich in detail including different visualisations 
such as tables, networks and genome coordinate-based maps that are easy to navigate through a tabbed interface, and with extensive cross-
referencing; iii) a lightweight JavaScript-based network viewer, called KNETviewer, that is optimised for visualising and exploring data rich 
knowledge networks and incorporates search-specific visualisation effects; iv) the underlying knowledge networks are regularly updated to 
include the latest database releases and v) the software platform is configurable and portable so that developers can easily build instances for new 
species. We have developed genome-scale knowledge networks and QTLNetMiner instances for various plant and animal species: 
https://ondex.rothamsted.ac.uk/QTLNetMiner/. 
 
P0367: Bioinformatics: Software 
MAGIC BOX – Automated Primer Assay Design for Haploid, Diploid and Polyploid Species 
J D Curry, LGC Ltd, Hoddesdon, United Kingdom 
Genome specificity is integral to any PCR / amplicon-probe technology but is often overlooked. The required skills for basic programs such as 
BLAST, sequence manipulation and alignment are sometimes missing.  Alternatively, the sheer number of alleles to be designed to makes the 
analysis a laborious process. Correctly targeting genomic regions for KASP genotyping assays  can be the difference between good, useable data, 
giving the correct frequency, or a poor functioning assay causing loss of data or misleading data. In order to help create target-specific assays we 
developed 3’-end anchoring of the common reverse primer in KASP primer sets. To do this quickly and efficiently we have developed MAGIC 
BOX, an automated sequence analysis, alignment and primer design tool for any genome. The central hub of MAGIC BOX pipeline is its 
BLAST interpreter, which has been developed to automatically analyse and annotate sequence where unique base(s) or clusters of bases occur. 
The interpretation time takes around 1 second for 300 bp sequences returning a depth of, on average, 40 aligned sequences. BLAST interpreter 
then hands over to Primer Picker to design the assays. MAGIC BOX can be connected to an offline server containing private databases and 
BLAST executables, or BLAST results can be downloaded and imported from other repositories such as NCBI along with target sequences for 
assay design. Here we outline how MAGIC BOX pipeline functions along with some examples of treated assay designs. 
 
P0368: Bioinformatics: Software 
Improving Genome-Specific KASP Markers for Hexaploid Wheat – Application of MAGIC BOX Automated Design 
Pipeline for Abiotic Stress QTL Dreb1 
J D Curry, LGC Ltd, Hoddesdon, United Kingdom 
We have recently developed a KASP marker design pipeline called MAGIC BOX. This pipeline uses an internal BLAST output interpreter to 
design genome-specific KASP genotyping assay primers. Here we looked at hexaploid wheat (Triticum aestivum) in order to determine how well 
the pipeline functions. Initially we chose 65 test assays that functioned poorly because of target non-specificity. We were interested to know 
whether MAGIC BOX would be able to design targeted KASP marker assays for each, but also whether the pipeline would identify whether 



there were no suitable anchoring points and thus no way to make the assay specific. We tested the assays using a selection of global wheat 
accessions and nullasomic lines in order to view the effect on frequency and confirm that each of the assays discriminated between genomes 
correctly. We then looked at the published drought tolerance QTL Dreb1, part of an osmotic regulation pathway, to show how MAGIC BOX can 
be used to correctly assign unique bases for primer design so that assay Dreb1_JC could correctly target chromosome 5BL. We also showed the 
effect of anchoring to different genomes on the resulting assay frequencies to highlight the importance of correctly designing KASP marker 
assays. We show that MAGIC BOX can be used to quickly and effectively target the correct genomic region with minimum effort. 
 
P0369: Bioinformatics: Software 
CrossLink: Genetic Mapping Software for Outbreeding Species 
Robert J. Vickerstaff, East Malling Research, WEST MALLING, United Kingdom and Richard J. Harrison, East Malling 
Research, West Malling, United Kingdom 
Genetic mapping plays a central role in the study and breeding of plants, facilitating scaffolding of full chromosome-length genome sequences, 
interspecies synteny comparisons and quantitative trait loci identification. 
Map construction is relatively straightforward where a traditional backcross or F2 population from inbred lines can be used. Some species, 
including many crops, suffer inbreeding depression from the recessive deleterious alleles present in outbreeding populations. To avoid excessive 
segregation distortion, maps must therefore be produced from outcrosses between highly heterozygous parents, making more specialized 
mapping approaches necessary. 
We present CrossLink, software for the rapid and automated construction of genetic maps for outbreeding species, using biallelic markers such as 
can be obtained from SNP arrays, genotyping-by-sequencing or whole genome sequencing. 
Incorporating the best methods available from existing mapping programs, our software groups, phases and orders markers using algorithms 
designed to scale efficiently to dense maps. Initial ordering uses the fast minimum spanning tree method of the (outcross-incompatible) MSTmap 
program. Final map ordering and multipoint map distance estimation are implemented using a genetic algorithm and Gibbs sampler respectively, 
similar to the methods employed by JoinMap(R). The whole mapping process is designed to be suitable for automation and scripting in a UNIX 
environment. The software was tested on simulated data and SNP array data from an outcross between Redgauntlet and Hapil octoploid 
strawberry cultivars. 
Our source code will be made available on github under an open source licence to facilitate customization and improvement by the research 
community. 
 
P0370: Bioinformatics: Software 
CLC Microbiome Genomics Module: Interactive Metagenome Analysis Tools 
Mari Miyamoto, QIAGEN K.K., Tokyo, Japan and Arne Materna, QIAGEN Aarhus, Aarhus, Denmark 
Next generation sequencing has enabled to study a range of new applications. Metagenome analysis is one of those applications. Now researchers 
are able to examine sample from a variety of resources such as soil, river water and gut microbiome. There are several analysis tools however 
those tools are not easy to use for everyone. Therefore interactive and intuitive tool can overcome the difficulties. We created CLC Microbial 
Genomics Module (MGM) that is metagenomics analysis module for CLC Genomics Workbench. The module includes standard analysis 
pipelines that include quality check, trimming, alignment to greengens, alpha and beta diversity, adding metadata and PCoA anlsysis. MGM 
provides interactive viewer that will be helpful to interpret the result and possible to add metadata. Metadata can be added with multiple formats. 
We present analysis results using publically available chicken gut microbiome data that genomic DNA was extracted from two different parts of 
the intestines (ilea and caeca) with different ages (7, 14, 21 and 42 days-old). The analysis included alpha diversity, bar charts with different level 
of taxonomy, PCoA analysis. With these analysi we will show how these results was obtained by implemented analysis pipeline in details. 
 
P0371: Bioinformatics: Software 
A New Tool for Annotating Locus-Specific Alternate Assemblies and its Application to the Bovine Genome 
Colin M. Diesh1, Sidharth Sen1,2, Darren E. Hagen1, Deepak R. Unni1 and Christine G. Elsik1,2, (1)Division of Animal Sciences, 
University of Missouri, Columbia, MO, (2)MU Informatics Institute, University of Missouri, Columbia, MO 
Genome assembly discrepancies are major sources of gene annotation errors. A discrepancy can arise due to errors in the assembly process or 
due to structural variations among individuals or breeds. To address the issue, we have created a tool that allows users to manually correct local 
assembly errors or provide localized information about genomic structural variants in a genome browser environment. The tool is built on 
JBrowse and WebApollo2.0, a community gene annotation tool. Our tool allows users to create “locus-specific alternate assembly” (LSAA) 
annotations, which provide the locations and alternative sequences to correct assembly errors or describe variants. To help users identify 
assembly issues, the LSAA tool includes visualizations of genomic read alignments that display arcs between read pairs or show discordant read 
pairs. The LSAA tool provides report pages showing the alternate loci. It provides easy navigation, and allows the results to be searched with 
BLAT in the WebApollo environment. Future goals are to provide viewing of gene annotations and evidence with updated genome coordinates 
and to allow users to export LSAA and alternate genome assemblies in FASTA and GFF format for downstream analyses.  
We demonstrate the LSAA annotation procedure with examples showing correction of assembly errors in the Bos taurus genome. The LSAA 
tool can also be used early in genome projects to allow annotators to provide feedback on the assembly. We encourage bovine researchers to use 
the LSAA tool available at the Bovine Genome Database (http://BovineGenome.org) to provide feedback on new bovine reference genome 
assemblies. 
 
P0372: Bioinformatics: Software 
Variant Calling in Cats and Humans: Are Human-Based Evaluations of Bioinformatic Tools Sufficient? 
Holly C. Beale1, Patricia P. Chan1 and Leslie A. Lyons2, (1)Maverix Biomics, San Mateo, CA, (2)University of Missouri-
Columbia, Columbia, MO 



In humans, the effect of bioinformatic choices on genotype accuracy can be assessed using reference data such as that generated by the Genome 
in a Bottle consortium. No equivalent tool exists in feline genomes. While many of the fundamental genomic characteristics are similar across 
mammals, there are differences, and the quality of the reference genome itself differs because of the much larger amount of research into human 
genes and the human genome. We ask whether the relative accuracy of genotype callers is similar in human and feline genome resequencing. In 
order to determine this, we look for instances of Mendelian error, in which the genotype of the offspring is not consistent with inheriting alleles 
from the parents, violating Mendelian principles. In NGS data, Mendelian errors are approximately 1000x more likely to be due to genotyping 
error than to be the result of de novo mutations, and thus can be used as a proxy for genotyping error, although not all genotyping error causes 
Mendelian error. Here we have evaluated variant callers including Platypus, GATK Haplotype Caller, and GATK Unified Genotyper. 
 
P0373: Bioinformatics: Software 
Micro-Syntenies Detected by MicSyn Make It Possible to Show Clearly The Vestige of Ancient WGDs of Plants 
Tae-Ho Lee, Rural Development Administration, Jeonju-si, South Korea 
Synteny is the homologous region between or within chromosomes caused by genome duplication and speciation events. Particularly, detection 
of the synteny in plants is very important to understand plant genome because there were many WGD events. Thus, many programs such as 
MCScan and i-ADHoRe had been developed. Synteny tends to get smaller over time because of many evolutionary events such as recombination 
between chromosomes. However, there are not currently appropriate methods to identify the small synteny block (micro-synteny) containing, in 
generally, less than five genes. To detect micro-synteny precisely, a step to exclude the false-positive micro-synteny blocks is essential because 
small homologous regions were able to appear by chance. Thus, we developed MicSyn, a program to detect micro-synteny within/between 
genomes. The tool determines small homologous regions by DAGchainer then excludes the false-positive micro-synteny regions by the fisher’s 
exact test for the number of substitution and non-substitution in the synonymous site between corresponding genes. As an application of the 
program, we determined micro-syntenies within a genome for several plants and drew a heatmap (keatmap) with Ks values between paralogs 
determined from the micro-syntenies. The map more clearly shows a vestige of the eudicot hexaploidy event as well as the monocot tetraploidy 
event, in contrast to a map from relatively long syntenies. 
 
P0374: Bioinformatics: Software 
Mix²: An Efficient Software Tool for Accurate Gene Isoform Quantification from RNA-Seq Data 
Andreas Tuerk, Gregor Wiktorin and Serhat Gueler, Lexogen GmbH, Vienna, Austria 
Quantification of RNA transcripts with RNA-Seq is inaccurate due to positional fragment bias, which is not represented appropriately by current 
statistical models of RNA-Seq data. We developed the Mix2 (rd. ”mixquare”) model, which uses a mixture of probability distributions to model 
the transcript specific positional fragment bias. The parameters of the Mix2 model are efficiently trained with the Expectation Maximization 
(EM) algorithm resulting in simultaneous estimates of the transcript abundances and transcript specific positional biases. We compare the Mix2 
model to state-of-the-art RNA-Seq quantification methods eXpress, RSEM, PennSeq and Cufflinks on synthetic data and real RNA-Seq data 
from the Microarray Quality Control (MAQC) consortium. On the MAQC data the Mix2 model achieves improved correlation to qPCR 
concentration measurements with an increase in R2 value between 4% and 50%. The Mix2 model yields furthermore repeatable concentration 
estimates across technical replicates with an increase in R2 between 8% and 47% and leads to more accurate detection of differential expression 
with an increase in true positive rate between 74% and 378% for a false positive rate of 5%. We also use the Mix2 model to investigate biases in 
the MAQC data. This reveals 5 dominant biases which deviate from the common assumption of a uniform fragment distribution. We developed a 
highly efficient implementation of the Mix2 model in C++, which is slightly faster than RSEM and considerably faster than eXpress and 
Cufflinks by a factor of 13 and 70, respectively. The Mix2 software is available for free for academic researchers at 
https://secure.lexogen.com/solo/products/ProductOption.aspx?ProdOptionID=1030. 
 
P0375: Bioinformatics: Software 
Mikado: Leveraging Multiple Transcriptome Assembly Methods for Improved Gene Structure Annotation 
David Swarbreck, The Genome Analysis Centre, Norwich, United Kingdom of Great Britain and Northern Ireland 
The reconstruction of transcript sequences from RNA-Seq reads is a powerful approach to study alternative splicing and improve gene structure 
annotation. However, while numerous methods have been proposed to infer the original transcript structure from sequencing data, all of them 
exhibit idiosyncratic strengths and weaknesses that make them particularly adept at reconstructing certain classes of transcripts while failing with 
others. The best performing methods identify ~21% of spliced protein coding transcripts accurately in human with substantial variation in 
accuracy across methods. Pooling together the assemblies of multiple methods provides a potential strategy to improve sensitivity, but creates the 
problem of determining which of the alternative assemblies best represents the correct structure at each locus. To solve this conundrum, we have 
developed a novel algorithm capable of defining expressed loci and selecting the best transcript assemblies at each position. We tested our 
method on human, D. melanogaster and A. thaliana, recovering several thousand gene structures that were either missed entirely, incorrectly 
fused or with erroneous or incomplete gene models in the best of the assembly methods tested, while also removing the majority of 
incorrect/undesirable gene structures. The algorithm is implemented in a novel software tool, Mikado, currently under active development. 
 
P0376: Bioinformatics: Software 
GMOD in the Cloud 2.0 
Scott Cain, Ontario Institute for Cancer Research, Medina, OH, Stephen P. Ficklin, Washington State University, Pullman, WA, 
Colin Diesh, Division of Animal Sciences, University of Missouri, Columbia, MO, Lacey-Anne Sanderson, University of 
Saskatchewan, Saskatoon, SK, Canada and Lincoln Stein, Ontario Institute of Cancer Research, Toronto, ON, Canada 
GMOD in the Cloud is a virtual server, available through the Amazon compute cloud, equipped with a suite of preconfigured GMOD 
components and GMOD in a Box is an identical implementation in a VirtualBox virtual machine. The 2.0 versions of both include updated 
releases of several GMOD components including a Chado database, JBrowse, Tripal 2.0, and WebApollo 2.0. Users can clone the GMOD 
Amazon Machine Image (AMI) or download the VirtualBox implementation from the GMOD ftp site, and either way create their own server for 



storing data and making it available to the public or a select group of users. Making use of virtualization--hosting data and/or applications on 
existing networked computer systems--to give users access to preconfigured, extensible servers is an alternative to building and maintaining large 
computing infrastructure in-house. Potential applications of the GMOD images range from short term usage, such as during annotation 
jamborees, to the long term provision of access to genome data and applications to the community. 
 
P0377: Bioinformatics: Software 
Simultaneous Gene Finding in Aligned Genomes 
Mario Stanke, Stefanie König, Lizzy Gerischer and Lars Romoth, University of Greifswald, Greifswald, Germany 
In many recent sequencing projects entire clades are sequenced whose member genomes are close enough to have widely conserved gene 
structures, yet diverse enough so information from mutation and selection can be exploited. We have extended the gene-finder AUGUSTUS for 
comparative gene prediction. The new AUGUSTUS-CGP takes a whole-genome alignment of multiple closely related species and 
simultaneously predicts the protein-coding genes in all input genomes. This approach is conceptually different from previous programs which 
model only the structure of a single (N-SCAN, CONTRAST) or two genomes (pair-HMMs) at a time. Joint gene structures in all input genomes 
are scored considering the phylogeny, conservation of sequence and exon boundaries and selective pressure. Furthermore, evidence from content 
and signal models and evidence from RNA-Seq or existing annotations are considered where available.  
We applied AUGUSTUS-CGP to predict the genes in 12 Drosophila genomes aligned with Cactus and evaluated 
it on D.melanogaster. The comparative approach improves the accuracy of AUGUSTUS single-species gene finding both when no extrinsic 
evidence is used (ab initio) and when RNA-Seq data is included for a subset of the input genomes. In the de novo category, where only the 
aligned genomes are input, AUGUSTUS-CGP outperforms N-SCAN. The task of exploiting a trusted annotation of a related species for the 
annotation of a new target genome, can be considered a special case of comparative gene-finding. AUGUSTUS-CGP outperforms the homology-
based gene-finder GeneWise for transferring the annotation of D.simulans to D.melanogaster. 
 
P0378: Bioinformatics: Software 
High-Performance and Complex Information Visualization for Genomic Data 
Asher K Haug-Baltzell, Sean Stephens, Matthew Bomhoff, Sean Davey, Carlos Scheidegger and Eric Lyons, University of 
Arizona, Tucson, AZ 
Due to recent advances in sequencing technologies and corresponding decreases in sequencing costs, biological researchers are awash in 
data.  This surge of genome datasets, combined with the vast collection of already available data, is incredibly exciting for researchers. However, 
the scale of the available information and complex relational nature pose significant challenges, particularly when performing comparisons of 
many genomes and datasets. The Comparative Genomics platform CoGe is working towards developing novel visualizations that will allow for 
researchers to draw meaningful conclusions from such massive genomic datasets. With a current database of nearly 25,000 genomes for 17,000 
species, a huge collection of experimental data, and underlying infrastructure for computational pipeline integration and execution, CoGe is 
uniquely positioned to begin investigating these new visualizations. Over the last year, CoGe has implemented two new data visualization tools: 
a high-performance dot-plot viewer and a three-dimensional three-genome synteny browser, both discussed here. These systems are important 
steps for increasing researchers’ ability to visualize and interact with high-dimensionality data, both through modern web-based technologies and 
newly-available virtual reality environments. 
 
P0379: Bioinformatics: Software 
Automated Construction of High-Quality LTR Exemplars from Plant Genomic Sequences 
Shujun Ou and Ning Jiang, Michigan State University, East Lansing, MI 
Long terminal repeat (LTR) retrotransposons represent the largest component in most plant genomes. Construction of the LTR library becomes 
one of the critical tasks in a genome annotation project, as well as understanding the evolution of genome size across species. Ab initio discover 
of LTR elements computationally has been achieved based on their highly structured characteristics, however extensive efforts are still required 
for library constructions, often due to false positives and significant redundancy. We observed that most false positives generated by ab initio 
LTR searching software are due to the vicinity of highly similar repetitive elements but LTR retrotransposons (e.g., LINE, SINE, solo-LTRs, 
DNA transposons, tandem repeats, and etc.). By taking advantage of these features, we developed a package that distinguishes true and false 
LTR elements. Moreover, we reduced the redundancy to minimize the computational requirement for genome annotation. When testing in the 
rice genome (Oryza sativa c.v. Nipponbare) which has a well curated TE library, the constructed LTR exemplars had 94.7% specificity and 
94.6% sensitivity. Among all LTR-searching software, LTR-modeler has shown the highest overall performance. With tests in various plant 
species, e.g., the maize genomes (Zea mays c.v. B73 and Mo17), the Arabidopsis genome and the sacred lotus genome (Nelumbo nucifera) , our 
package has shown well adaptable and accurate to construct LTR exemplars in plant genomes. 
 
P0380: Bioinformatics: Software 
Semantic Integration of Information Layers in Plant Sciences with the BioXMTM Knowledge Management Environment 
Mercedes Ames Sevillano1, Dieter Maier2, Sascha Losko2 and Jonathan Sheridan1, (1)Biomax Informatics AG, New Glarus, WI, 
(2)Biomax Informatics AG, Planegg, Germany 
Current demands in plant science to provide crops with higher yield and nutritional value as well as varieties adapted to different environmental 
conditions are continuously increasing. A large amount of knowledge about plant physiology is available in the literature and is recently being 
complemented with Systems Biology approaches on data generation. However, for the most part, knowledge and data remain in isolated 
databases. Integrating different types of information like diversity, geographical, phenotypic, genetic, regulatory, metabolic as well as data 
generated by high-throughput methodologies is needed for better understanding of plant systems. The BioXMTM Knowledge Management 
Environment semantically integrates different layers of knowledge, information and data sources. The system is configuration-based, allowing 
designing and adapting a knowledge model, import or federate to existing information and query the network of knowledge and report results. 
The system is enriched by integrated data sets (EntrezGene, PubChem, Literature) and ontologies (NCBI-Taxonomy, GO, EnvO, PO and Trait-



ontology). We have taken datasets from the literature to illustrate what BioXMTM offers.  Areas of plant research including exploration of natural 
genetic variation, field trials for morphological, biochemical and molecular characterizations in different geographical locations as well as 
genetic mapping experiments to identify QTL associated with disease resistance are presented. These examples show how the BioXMTM 
Knowledge Management Environment can help researchers to integrate experimental data with other sources of information, query, navigate the 
knowledge-network and generate knowledge-based hypotheses. It opens avenues for understanding aspects of plant biology like plant responses 
to environmental stress, plant-pathogen interactions and assisting trait improvement. 
 
P0381: Bioinformatics: Software 
Improvements to the Flipper Genetic Mapper 
Charles F. Crane, USDA-ARS, West Lafayette, IN 
The original Flipper mapping program was able to order tens of thousands of genetic markers in linear running time, but it was very sensitive to 
genotyping errors and missing data.  Therefore, it was not reliable with real genotyping data.  Several changes have overcome this sensitivity, 
permitting more robust mapping with realistic data while retaining the linear-time ordering for most markers.  The changes include a smaller 
banding increment between iterations, annealed joins of free ends, restricting insertions to require a free end, testing proposed joins with parallel 
arrays before committing them to the map arrays, identification and correction of frozen-out linkage groups, and identification and correction of 
misplaced markers at gap boundaries.  The last two changes address the situation where an erroneously genotyped marker cannot be attached to 
the proper end of a growing linkage group because there are always closer correctly genotyped markers.  Results of simulations detail Flipper’s 
response to genotyping errors and gaps within linkage groups. 
 
P0382: Bioinformatics: Software 
TagDigger: User-Friendly Extraction of Read Counts from GBS and RAD-seq Data 
Lindsay V. Clark, University of Illinois, Urbana, IL 61801, USA, Urbana, IL and Erik J. Sacks, Dept of Crop Sciences, University 
of Illinois, Urbana, IL 
In genotyping-by-sequencing (GBS) and restriction site-associated DNA sequencing (RAD-seq), read depth is important for assessing the quality 
of genotype calls and estimating allele dosage in polyploids.  However, existing pipelines for GBS and RAD-seq do not provide read counts in 
formats that are both accurate and easy to access.  Additionally, although existing pipelines allow previously-mined SNPs to be genotyped on 
new samples, they do not allow the user to manually specify a subset of loci to examine.  We created the software TagDigger, which includes 
three scripts for analyzing GBS and RAD-seq data.  The first script, tagdigger_interactive, rapidly extracts read counts and genotypes from 
FASTQ files using user-supplied sets of barcodes and tags.  Input and output is in CSV format so that it can be opened by spreadsheet 
software.  Tag sequences can also be imported from the Stacks, TASSEL-GBSv2, or TASSEL-UNEAK pipelines, and a separate file can be 
imported listing the names of markers to retain.  A second script, tag_manager, consolidates marker names and sequences across multiple 
projects.  A third script, barcode_splitter, assists with preparing FASTQ data for NCBI/EMBL-EBI/DDBJ and generates md5 checksums for 
FASTQ files.  TagDigger is written in Python 3, will run on a laptop with any operating system, can process ~100 million FASTQ reads per 
hour, does not consume hard drive space with intermediate files, and does not require programming skill to use.  The software is available at 
https://github.com/lvclark/tagdigger. 
 
P0383: Bioinformatics: Software 
TreeGenes and CartograTree: Community Resources for Forest Tree Genomics 
Steven A Demurjian Jr, University of Connecticut, Storrs, CT, Emily Grau, Department of Plant Sciences, University of 
California, Davis, Davis, CA, Hans Vasquez-Gross, University of California Davis, Davis, CA, Damian Gessler, University of 
Arizona, Tucson, AZ, David Neale, Dept. Plant Sciences University of California Davis, Davis, CA and Jill Wegrzyn, Department 
of Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT 
Changes in the frequency, duration, or severity of drought and heat stress associated with climate change could modify the composition, 
structure, and biogeography of forests in many regions.  It is critical to identify vulnerable populations as well as individuals that are resistant to 
the pests, pathogens, and fluctuating temperatures that result from climate change.  These identifications rely on reliable integration of high 
resolution genomic, phenotypic, and environmental data.  We will discuss recent development in the TreeGenes project, and specifically the 
CartograTree interface which aims to deliver this level of integration to the research community.  TreeGenes is a web-based database that 
provides interfaces and tools to collect, curate, visualize, and analyze data from over 1700 forest tree species.  The map-based CartograTree 
interface connects georeferenced trees with curated phenotypic and genetic data as well as environmental metrics from sources such as 
Ameriflux and WorldClim.  Through the use of SSWAP (Simple Semantic Web Architecture and Protocol) web services, researchers are able to 
directly access high performance computing resources to run specific applications such as  MUSCLE for sequence alignment or TASSEL for 
genetic association analyses.  Current development has been focused on improving the integration of robust environmental layers by migrating 
from the Google Maps API to a vector-tile map delivery method and switching to a NoSQL database to improve performance. Future plans 
include improvements to data filtering and visualization prior to association analysis and full implementation of trait and environmental 
ontologies to extend the utility of the search interface. 
 
P0384: Bioinformatics: Software 
Scalable Functional Classification Pipelines for Phytozome Plant Genes: InterProScan and PMN implemented in Nextflow 
Joseph W. Carlson, David M. Goodstein, Shengqiang Shu and Daniel S. Rokhsar, DOE Joint Genome Institute, Walnut Creek, CA 
Phytozome, the Joint Genome Institute’s portal for Comparative Plant Genomics, hosts ~60 assembled and annotated plant genomes, drawn from 
a broad range of Viridiplantae species with relevance to biofuels, climate change adaptation, and plant evolution. Approximately two-thirds of 
these genomes were assembled and/or annotated at the JGI, with the remainder acquired from external sources. All gene sets are processed 
through the Phytozome functional classification pipeline, which includes PFAM/KOG/PANTHER/KEGG and related components. 



Previous attempts to use InterProScan5 and the PMN pathway assignment workflow for functional classification of gene data sets released 
through Phytozome have had limited success. Few groups outside of EBI (InterPro’s sponsoring institution) have been able to run InterProScan5 
at scale on typical bioinformatics computing clusters implementing SGE-like schedulers. Similarly, the PMN family of assignment modules 
(E2P2, Pathologic, SAVI) requires significant integration and parallelization work to handle updates to ~60 genomes in an automated workflow. 
Therefore many groups continue running older versions of InterProScan and restrict their pathway classifications to the genomes available 
directly from PlantCyc. 
We report here on the use of the Nextflow system to implement InterProScan5 and PMN workflows for scalability and portability. We now have 
an implementation of InterProScan5 that runs on both single workstations and SGE-based compute clusters, and an integrated pipeline for 
pathway assignment, both of which handle job parallelization and dependencies in a lightweight framework. We report on the structure and 
performance of these pipelines, their availability, and plans for Nextflow implementations of additional analysis pipelines in Phytozome. 
 
P0385: Bioinformatics: Software 
Geneious R9: A Bioinformatics Platform for Biologists 
Christian Olsen1, Kashef Qaadri1, Helen Shearman1, Richard Moir2, Matt Kearse2, Sidney Markowitz2, Jonas Kuhn2, Sebastian 
Dunn2 and Alex Cooper2, (1)Biomatters, Inc., Newark, NJ, (2)Biomatters, Ltd., Auckland, New Zealand 
Biomatters' Geneious R9 is a bioinformatics software platform that allows researchers the use of industry-leading algorithms for their genomic 
and protein sequence analyses. R9 offers a comprehensive suite of functions, including peer-reviewed tools, that enable researchers to be more 
efficient with their bioinformatic workflows. Geneious is comprised of an extensive tool suite for next-generation sequence analysis, sequence 
alignment, molecular cloning, chromatogram assembly, and phylogenetics. This major version release includes tools for RNA-Seq expression 
analysis, support for scaffolding using paired data in de novo assemblies, a function to identify CRISPR sites and support for Golden Gate 
assembly. Additional features for this software release include the 16S Biodiversity tool and Sequence Classifier plugin. The 16S Biodiversity 
tool identifies high-throughput 16S rRNA amplicons from environmental samples using the RDP database, and visualizes biodiversity as an 
interactive chart using a secure web viewer. The Sequence Classifier plugin taxonomically classifies an organic sample by how similar its DNA 
is to your own database of known sequences using a BLAST-like algorithm with multiple loci and trees to assist with identification. New plugins 
include Blast2GO (Gene Ontology enrichment), FreeBayes (haplotype-based variant calling), Augustus (gene prediction), and FLASH (read 
merging). R9 enables real-time dynamic interaction with sequence data and empowers biologists to produce stunning publication quality images 
to increase the visibility of their research. By utilizing Geneious R9, biologists can easily streamline their sequence analysis workflows. This 
poster aims to demonstrate the new features and benefits of the highly integrated Geneious R9 tool-suite. 
 
P0386: Bioinformatics: Software 
BIRCH - Seamless Point and Click Data Pipelining for Bioinformatics 
Graham Alvare and Brian Fristensky, University of Manitoba, Winnipeg, MB, Canada 
The BIRCH system addresses many of the bioinformatics challenges faced by laboratory researchers, including the difficulty of installing 
programs, the learning curves associated with using each program and conversion of file formats. BIRCH includes a wide array of programs, all 
of which are accessible through a growing family of BioLegato interfaces. BioLegato interfaces embody the real world objects with which 
biologists are familiar. These include: DNA (bldna), protein (blprotein), DNA alignment (bnalign), protein alignment (bpalign), NCBI keyword 
queries (blncbi), molecular markers (blmarker), phylogenetic trees (bltree). Each interface gives the user an intuitive view of the data, and allows 
the user to launch programs relevant to that type of data. As importantly, in many cases output from one step opens a new BioLegato instance. 
For example, a sequence translated by bldna would appear in a new blprotein window. In many cases, complex data pipelines are launched from 
simple menus, and all file conversion functions performed automatically. The programs in BIRCH are launched through the birch launcher, and 
the system is managed using the birchadmin tool. Almost all of the functionality of BioLegato interfaces is specified by BioLegato's easy to use 
language PCD. PCD allows for the rapid addition of new 3rd party programs to the BIRCH repertoire, or the rapid creation of new BioLegato 
interfaces for new types of data. BIRCH can be installed on Mac or Linux systems using an automated install wizard. BIRCH Web site: 
http://home.cc.umanitoba.ca/~psgendb.  
 
P0387: Bioinformatics: Software 
Apollo: Improving Collaborative Genome Curation 
Monica C. Munoz-Torres1, Nathan A Dunn1, Deepak Unni2, Colin Diesh2, Christine G. Elsik2, Ian Holmes3 and Suzanna Lewis1, 
(1)Lawrence Berkeley National Laboratory, Berkeley, CA, (2)Division of Animal Sciences, University of Missouri, Columbia, MO, 
(3)Department of Bioengineering, Berkeley, CA 
New genomics tools lead to better understanding organisms in ways previously unthinkable. Apollo enables collaborative, real-time curation 
(akin to Google Docs) of genomic elements using structural and experimental information. Built on top of JBrowse, Apollo is composed of a 
web-based client, an annotation-editing engine, and a server-side data service. Users can visualize gene models, protein alignments, and 
expression and variant data to conduct structural and/or functional annotations. In our most recent release, version 2.0.x, the improved 
architecture allows users to more easily query data and build extensions, supports multiple organisms per server, and allows additional types of 
sequence annotations based on Sequence Ontology. The new, removable side-dock offers detailed view of annotations, sequences, and 
organisms, a new reporting structure, and WebSocket support to improve real-time communication. The new Grails framework (Spring / 
Hibernate / Groovy) in the server more robustly scales a single server over multiple organisms while better supporting additional curators. 
Apollo’s secure REST API is exposed, allowing genomic features to be injected into Apollo from an automated curation process or organization-
specific metadata to be extracted directly from Apollo using a SQL query or REST. The new version offers improved features, including the 
ability to bring together 2 or more scaffolds in order to annotate genes split across them, and increases the ability to customize and integrate 
Apollo into the curation pipelines of modern sequencing projects. Here we introduce the new architecture, highlight advantages for users, and 
detail our future plans. Project Website: http://genomearchitect.org/ 
 



P0388: Bioinformatics: Software 
Arabidopsis thaliana Iso-Seq and Gene Annotation 
Shengqiang Shu, Govindarajan Kunde-Ramamoorthy, Chris Daum, Chew Yee Ngan, Chia-Lin Wei, Jennifer Chiniquy, Rita Kuo, 
Kerrie W. Barry, David M. Goodstein and Daniel S. Rokhsar, DOE Joint Genome Institute, Walnut Creek, CA 
The ability to generate full-length or nearly full-length transcripts with PacBio Iso-Seq allows us to re-examine both lightly and heavily-curated 
plant genome annotations. We report on an initial study of the Arabidopsis thaliana TAIR 10 annotation using approximately 23,000 Iso-Seq 
transcripts generated at the JGI. With this somewhat small sample we were able to recover close to 60% (16,342 gene models) of TAIR 10 gene 
models with full length support. In addition, new gene loci, some of which have functional domains, were also recovered. In terms of existing 
models, we were able to add the UTR on approximately 1,790 loci, and some support for existing model mergers or splits was found in 29 cases. 
With larger Iso-Seq data sets, we could address the issue of support for full set and alternative splicing in the TAIR10 annotation. 
 
P0389: Bioinformatics: Software 
Simplified Access to SRA Genomic Data within GATK 
Stephen Sherry, National Center for Biotechnology Information - National Library of Medicine - National Institutes of Health, 
Bethesda, MD; NIH/NLM/NCBI, Bethesda, MD 
The NCBI Sequence Read Archive (SRA) is the primary sequence repository for NIH-funded high throughput sequencing activities, and the 
current 4.3 petabases of sequence of which 54% is open access without restriction. Computational access to SRA data, both public and 
controlled, is provided via the sra-toolkit, a software product developed by NCBI. It is freely available and runs in linux, mac and windows 
operating systems. Popular functions within the SRA toollkit include: fastq-dump to convert SRA data into FASTQ format; prefetch to transfer 
an SRA record to local disk in native format; sam-dump to write out SRA data in SAM format, and sra-pileup to generate pileup statistics for 
aligned SRA data, i.e. BAM submissions.  
NCBI has further simplified access to SRA data by developing software extensions within the Broad Institute’s GATK genomic sequence 
analysis package. This presentation will demonstrate the installation and execution steps for [aligning reads and] calling variants in Glycene max 
without the burden of pre-fetching accession sequences or genome reference. 
 
P0390: Other Category 
Laboratory Rodent Diets Contain Toxic Levels of Environmental Contaminants: Implications for Regulatory Tests 
Nicolas Defarge, CRIIGEN, Caen, France 
The quality of diets in rodent feeding trials is crucial. We describe the contamination with environmental pollutants of 13 laboratory rodent diets 
from 5 continents. Measurements were performed using accredited methodologies. All diets were contaminated with pesticides (1-6 out of 262 
measured), heavy metals (2-3 out of 4, mostly lead and cadmium), PCDD/Fs (1-13 out of 17) and PCBs (5-15 out of 18). Out of 22 GMOs tested 
for, Roundup-tolerant GMOs were the most frequently detected, constituting up to 48% of the diet. The main pesticide detected was Roundup, 
with residues of glyphosate and AMPA in 9 of the 13 diets, up to 370 ppb. The levels correlated with the amount of Roundup-tolerant GMOs. 
Toxic effects of these pollutants on liver, neurodevelopment, and reproduction are documented. The sum of the hazard quotients of the pollutants 
in the diets (an estimator of risk with a threshold of 1) varied from 15.8 to 40.5. Thus the chronic consumption of these diets can be considered at 
risk. The high background rate of pathologies in laboratory rodents could be due to dietary contaminants. This invalidates the use of external 
controls (historical data) in regulatory tests, consisting of comparisons of toxicological effects to control rats from other experiments, because 
these control rats are fed different mixtures of pollutants. This also questions the use of 50 rats per group in carcinogenicity studies to increase 
the statistical power lost due to the elevated pathological background. Efforts toward safer diets will improve the reliability of toxicity tests in 
biomedical research. 
 
P0391: Other Category 
Innovative Training in Plant Breeding to Increase Genetic Gain for Enhanced Food Security in Africa 
Paul Gibson1, Rufaro Madakadze2, Walter P. Suza3, Richard Edema1, Richard Akromah4, Julia Sibiya5 and Gary Atlin6, (1)CAES, 
Makerere University, Kampala, Uganda, (2)Alliance for a Green Revolution in Africa, Nairobi, Kenya, (3)Iowa State University, 
Ames, IA, (4)Kwame Nkrumah University of Science and Technology, Kumasi, Ghana, (5)University of KwaZulu-Natal, 
Scottsville, South Africa, (6)Bill & Melinda Gates Foundation, Seattle, WA 
Many African plant breeders work in isolation, with little funding, under challenging conditions.  Advanced techniques are rapidly becoming 
accessible through cooperative linkages and inexpensive outsourcing of molecular analyses. Breeders must learn to harness these tools within 
their own context in order to deliver more rapid genetic gains through varieties that become widely adopted.   Two innovative projects funded by 
the Bill and Melinda Gates Foundation -- “Improved MSc in Cultivar Development in Africa” (IMCDA), implemented by AGRA, and “Plant 
Breeding E-Learning in Africa” (PBEA), implemented by Iowa State University -- involve three pilot universities: Makerere University 
(Uganda), Kwame-Nkrumah University of Science and Technology (Ghana), and the University of KwaZulu-Natal (S. Africa).  These 
collaborative projects focus on core-competencies needed by industry-ready plant breeders, targeting increased rates of genetic gain by using 
modern tools: genomics, molecular markers, electronic data collection, data management, and breeding pipeline optimization.  Training activities 
and e-curriculum resources emphasize the integration and application of scientific knowledge to decision making in plant breeding with many 
applied learning activities to enhance relevance, practical application, critical thinking, and creative problem-solving.  Best practices are 
illustrated and experienced in a breeding program embedded in the training and through internships and linkages with progressive, efficient 
cultivar-development programs. Thesis projects focus on national or regional food security issues.  Employers and stakeholders are very 
complimentary about the graduates’ performance, and almost all graduates are using their training within the region. 
 
P0392: Other Category 
NIBLSE:  Network for Integrating Bioinformatics into Life Sciences Education 



William R. Morgan1, Elizabeth Dinsdale2, Anne Rosenwald3, William Tapprich4, Eric W. Triplett5 and Mark A. Pauley4, 
(1)College of Wooster, Wooster, OH, (2)San Diego State University, San Diego, CA, (3)Georgetown University, Washington, DC, 
(4)University of Nebraska at Omaha, Omaha, NE, (5)University of Florida, Gainesville, FL 
Bioinformatics is becoming increasingly important in all facets of biological research. Yet many undergraduate students in life sciences lack 
training in this crucial discipline, hampering both their future career options as well as overall research productivity. We have formed the 
Network for Integrating Bioinformatics into Life Sciences Education (NIBLSE; pronounced “nibbles”) to address this important issue. The goals 
of NIBLSE include 1) identifying, vetting, and refining a set of bioinformatics core competencies that are essential to undergraduate life sciences 
education; 2) identifying and vetting assessment tools that align with the core competencies and will facilitate educational research related to 
integrating bioinformatics into the life sciences; 3) organizing and simplifying the dissemination of curricular materials, assessment tools, and 
professional development resources that align with the core competencies. An inaugural NIBLSE conference was held in April 2014; 25 
representatives from life science and computer science faculty, industry, and education journals attended. We continue to grow the network and 
invite those interested to join with us. See http://niblse.unomaha.edu for more information.  
Initial funding for NIBLSE was provided by NSF (DBI 1346559). Future network activities will be funded by NSF RCN-UBE: Network for 
Integrating Bioinformatics into Life Sciences Education (NIBLSE) (DBI 1539900). 
 
P0393: Other Category 
Plant Breeding E-Learning in Africa – a Collaborative Effort to Develop and Deliver State-of-the Art Curriculum for the 
Next Generation of Plant Breeders 
Anthony Assibi Mahama1, Laura Merrick1, Jessica Barb1, William D. Beavis1, Shui-zhang Fei1, Thomas Lubberstedt1, Arti Singh1, 
Asheesh K. Singh1, Ana-Paula Correia1, Michael Retallick1, Lizhi Wang1, Gaylan Scofield1, Gretchen Anderson1, Kendall Lamkey1, 
Eric (Rick) Mills2 and Walter P. Suza1, (1)Iowa State University, Ames, IA, (2)Rick Mills Consulting LLC, Ames, IA 
Africa needs a critical mass of well-rounded practical plant breeders to effectively and independently manage and scale up breeding programs. 
Breeders are also critical in advancing the emerging African seed industry through increased uptake of improved crop varieties to ensure food 
security. With funding from the Bill and Melinda Gates Foundation, an innovative educational partnership was formed between Iowa State 
University (ISU), and Kwame Nkrumah University of Science and Technology, University of KwaZulu-Natal, and Makerere University.  Plant 
Breeding E-Learning in Africa (PBEA) is part of a larger project titled Improved Master of Science in Cultivar Development for Africa 
(IMCDA) managed by Alliance for a Green Revolution in Africa. The Integrated Breeding Platform of the CGIAR Generation Challenge 
Program is another collaborating organization affiliated with the project. The aim of PBEA is to develop state-of-the-art e-modules covering 
modern breeding approaches, data management, and technologies that will be freely available for use by any institution in the world. PBEA 
members bringing knowledge and expertise to the project include faculty from ISU Agronomy Department, an innovator in online and plant 
breeding education, ISU Departments of Agricultural Education & Studies, Industrial & Manufacturing Systems Engineering, Horticulture, and 
School of Education, as well as experts from educational technology centers (Brenton Center for Agricultural Instruction & Technology Transfer 
and the Agronomy Distance Programs Development Lab). Several e-modules and Applied Learning Activities delivered to partner universities in 
Africa are being used in teaching in the IMCDA program, and have been reported as a useful resource. 
 
P0394: Other Category 
P3: Predictive Phenomics in Plants, A NSF Research Traineeship Program 
Julie Dickerson1, Carolyn J. Dill2, Ted Heindel3, Mary Losch4 and Patrick S. Schnable3, (1)Iowa State University, Ames, VA, 
(2)Bioinformatics and Computational Biology Program, Iowa State University, Ames, IA, (3)Iowa State University, Ames, IA, 
(4)Center for Social and Behavioral Research, Cedar Falls, IA 
Understanding how particular genetic traits result in given plant characteristics under specific environmental conditions is a core goal of modern 
biology that will facilitate the efficient development of crops with commercially useful characteristics. Plant characteristics are influenced by 
genetics and a wide range of environmental factors, including, for example, rainfall, temperature and soil types. Developing methods to 
effectively integrate these diverse inputs that take advantage of existing biological, statistical, and engineering knowledge will be a key area in 
this research and training program that will bring together faculty from eight departments. Trainees will engage in cutting-edge research and 
development areas involving direct data collection and analysis from living plants, including sensor development, high throughput robotic 
technology, and biological feature extraction through image analysis. This traineeship will use the T-training model to provide students with 
training across a broad range of disciplines while developing a deep technical expertise in one area. This expertise, in combination with soft skills 
development, will enable the trainees to work across organizational and cultural boundaries as well as scientific disciplines. To develop 
understanding of how to share knowledge with diverse groups, the program will provide students with training beyond traditional coursework 
and research through activities that will develop advanced communication and entrepreneurship skills. Additionally, internship opportunities in 
industry, national labs, and other settings will equip trainees to choose among the diverse career paths available to scientists and engineers. 
 
P0395: Transformation 
The Functional Transfer of the Wheat Gene Lr34 into Rice and Its Resistance Against Rice Blast 
Justine Sucher1, Simon Krattinger1, Liselotte Selter1, Harsh Chauhan1, Bo Zhou2, Mingzhi Tang3, Narayana Upadhyaya4, Delphine 
Mieulet5, Emmanuel Guiderdoni5, Denise Weidenbach6, Ulrich Schaffrath6, Evans Lagudah7 and Beat Keller1, (1)University of 
Zurich, Zurich, Switzerland, (2)International Rice Research Institute, Los Banos, Philippines, (3)Zhejiang Academy of Agricultural 
Sciences, Hangzhou, China, (4)CSIRO Agriculture, Canberra, Australia, (5)CIRAD, Montpellier, France, (6)RWTH Aachen 
University, Aachen, Germany, (7)CSIRO, Canberra, Australia 
Lr34 is a wheat gene which confers a durable, partial and broad spectrum resistance against the three wheat rusts and powdery mildew. Lr34 
encodes for an ABC transporter protein and only one resistance-conferring Lr34 allele (Lr34res) has been found in wheat so far. Lr34res evolved 
as a result of two gain-of-function mutation that occured post domestication, 10000 years ago. Lr34res is only found in cultivated wheat but not 
in wild wheat progenitor. Consistent with the very recent emergence of Lr34res, an Lr34-like disease resistance with a similar durability and 



broad-spectrum specificity has not been reported in other important crop species sich as rice or barley. We therefore transformed the wheat 
Lr34res into rice, one of the most important cereals, and observed that the transgenic lines showed resistance against different rice blast 
(Magnaporthe oryzae) isolates on a macroscopic and a microscopic level. This hemi-biotrophic fungus is one of the most devastating rice 
diseases in the world and causes important yield losses every year. Lr34res was shown to provide resistance against biotrophic fungi in wheat but 
with these results we could show that the spectrum of resistance is even broader, including hemi-biotrophic fungi as well. More interestingly, it 
was possible to identify one transgenic line with a plant development and some yield parameters comparable to the sister line but with a 
resistance against rice blast. In the future, Lr34res would be a very useful tool in order to improve disease resistance in rice or other species. 
 
P0396: Transformation 
Optimizing Gene Editing using a Multi-Purpose Cloning System for Plant Genome Engineering 
Tomas Cermak1, Shaun J Curtin1, Javier Gil-Humanes1, Radim Cegan2, Becca Greenstein1, Colby Starker1 and Dan Voytas1, 
(1)University of Minnesota, Saint Paul, MN, (2)Institute of Biophysics ASCR, Brno, Czech Republic 
Genome engineering is a new field of biology that encompasses strategies and techniques for targeted genome modification in any organism. We 
have developed a comprehensive set of reagents that utilize both TALEN and CRISPR/Cas9 platforms for genome engineering in plant systems 
amenable to transformation. The reagents are organized into an easy-to-use modular cloning system based on the golden gate assembly protocol 
that can accommodate different regulatory sequences for either monocots or dicots. This versatile platform can be used for various genome 
engineering techniques including generating single or multiple gene knockouts and can be multiplexed for gene and chromosome deletions. 
Moreover, the platform can be integrated with a set of geminivirus-based constructs for precise gene editing through homologous recombination. 
One of the key advancements of this platform is the incorporation of the Csy4 ribonuclease or tRNA processing enzymes that allows for highly 
efficient multiplexed gRNA expression. For example, we can routinely generate targeted deletions in up to 6 genes using 12 different gRNAs. In 
addition, we show that the Csy4 and tRNA systems expressed from a single Pol II promoter are almost twice as effective in induction of targeted 
deletions as gRNAs expressed from individual Pol III promoters. We also show that mutagenesis can be further enhanced by the incorporation of 
the TREX2 exonuclease module into any reagent. Our data indicate a 2-fold increase in mutation frequency by CRISPR/Cas9 when employed 
with TREX2. To date we have successfully tested this platform in tomato, tobacco, Medicago truncatula, wheat, soybean and Theobroma cacao. 
 
P0397: Transformation 
Antibiotics as a Selection Marker for Development of Living Modified Organism 
Kil-Young Yun1, Roh Young-Hee2, Choi Kyung-Hwa2, Jang Jaeseon3, Chung Seong Pil2 and Song In-Ja2, (1)Ddoruroo Co., Ltd, 
Chungcheongbuk-do, South Korea, (2)National Research Safety Headquarters, Cheongju-si, South Korea, (3)Bio Campus of Korea 
Polytechnic, Nonsan-si, South Korea 
Over the past forty years, antibiotics as a selection marker have been used for development of a living modified organism (LMO). Since 
antibiotics have been selected first as a selection marker at early 1970, diverse application systems consisting of vectors and antibiotics were 
constructed by considering their kind and action mechanism. For the development of an effective and a safe LMO, we analyzed the kind and the 
frequency of antibiotics used until now. First, we collected articles published from 1999 to 2014 on the website. More than 463,000 volumes of 
research papers and 31 kinds of antibiotics were chosen. And then, we searched what kind of antibiotics to be used for research and how often 
they to be used for selection of transgenic organism. It is identified for 9,755 and 927 papers to utilize “transformation” and “selection marker” 
as keyword, respectively. Though sulphoamide shows most frequently in the collected papers, kanamycin is more frequently used in papers with 
transformation and selection marker as keyword. Hygromycin and sulfonylurea were used most frequently for transformation of plant and 
animal, respectively. In general, the use of antibiotics in the development of LMO is restricted by some reasons. Therefore, we suggest 
derivatives of antibiotics permitted legally to approve free usage in the development of LMO. The safety can be secure by right use and 
management in addition to the restriction to use.  
 
P0398: Transformation 
Expanding the Utility and Host Range of Ensifer-Mediated Transformation (EMT): A Novel Platform for Engineering Plant 
Genomes 
Manuel A. Lopez Vernaza, Teagasc, Carlow, Ireland 
To identify new plant associated bacteria strains that could be used as a substitute for Agrobacterium tumefaciens in existing transforming 
protocols, a functional screen using the open source vector pCAMBIA5105 was performed. “OV14”, a strain of the Gram negative, 
non pathogenic species Ensifer adhaerens was successfully isolated and has been confirmed to have the ability to stably integrate T DNA into 
dicotyledonous and monocotyledonous genomes1, 2. Comparative sequencing of the 7.7Mb genome of OV14 (versus A. tumefaciens C58) 
revealed that the OV14 genome contains two plasmids and two chromosomes in which several homologs to chromosomally based 
Agrobacterium genes that support T-DNA transfer were present3. Antibiotic profiling of OV14 showed its susceptibility/resistance to 14 
antibiotics, with a strong resistance to kanamycin identified4. This is currently being addressed by editing (via CRISPR/Cas9) two homologs 
(AHK42288 and AHK42618) whose transcription was significantly elevated within 2h exposure to kanamycin4. To date the confirmed host range 
of Ensifer-Mediated Transformation (EMT) includes potato, tobacco, canola, rice, cassava and safflower (verified via southern/sequencing) with 
transient assays indicating potential with wheat, barley, maize and soybean. Present research is focussed on (i) expanding the host range of EMT 
(ii) confirming EMT as a suitable platform for crop genome editing tools and (iii) examining the presence/absence of genotype dependency in 
select crops.  
 1: Wendt et al., Transgenic research 21, no. 3 (2012): 567-578  
2: Zuniga-Soto et al., SpringerPlus 4.1 (2015): 1-10  
3: Rudder et al. BMC Genomics, (2014): 15, 268, 1-17.  
4: Rathore et al., FEMS Microbiology Letters 362.17 (2015): fnv126. 
 
P0399: Transformation 



Stable Expression of Fungal Effector BEC1019 in Barley Following Agrobacterium-Mediated Gene Transfer 
Tufan Mehmet Oz1,2, Weihui Xu3, Roger Wise3,4 and Fredy Altpeter1,2, (1)University of Florida - IFAS, Gainesville, FL, 
(2)Agronomy Department, University of Florida, Gainesville, FL, (3)Department of Plant Pathology and Microbiology, Iowa State 
University, Ames, IA, (4)Corn Insects and Crop Genetics Research, USDA-Agricultural Research Service, Iowa State University, 
Ames, IA 
Powdery mildews, caused by obligate fungal pathogens, are a major threat to cereal grain production worldwide. Effector proteins secreted by 
these pathogens suppress or induce host processes to promote nutrient acquisition and colonization. As such, effectors serve as optimal probes to 
decode host signaling pathways. We are focusing on the interaction of barley with the powdery mildew fungus, Blumeria graminis f. sp. hordei 
(Bgh), to address fundamental questions in host resistance and susceptibility. Among ca. 540 predicted secreted effectors, Blumeria effector 
candidate (BEC) 1019 is a single-copy gene encoding a putative, secreted metalloprotease. BEC1019 is evolutionarily conserved among at least 
96 other diverse fungi, including obligate plant pathogens, necrotrophic animal pathogens, and free-living non-pathogens. It was recently 
demonstrated that BEC1019 suppresses host cell death and enhances Bgh virulence in barley. We postulate that BEC1019 represents an ancient 
fungal protein family, members of which have evolved to function as effectors in plant and animal hosts. Here we report overexpression of 
BEC1019 in barley cv. Golden Promise via Agrobacterium-mediated genetic transformation. Transgenic plants were regenerated following 
selection with hygromycin. Expression levels of BEC1019 gene variants with or without a signal peptide (SP) and an affinity purification tag 
(HPB tag), and production of transgenic seed progenies are reported. Transgenic plants will be crossed with resistance signaling mutants for 
biochemical (e.g. pull-down assay) and genetic assays to determine cellular localization and confirm target interactions.  
Supported by the National Science Foundation - Plant Genome grant 13-39348. 
 
P0400: Transformation 
Generation a Novel Type of Aphid Resistance Plants 
Lanqin Xia, Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing, China 
Aphids (Aphididae) are major agricultural pests that cause significant yield losses of crop plants each year by inflicting damage both through the 
direct effects of feeding and by vectoring harmful plant viruses. Expression of double-stranded RNA (dsRNA) directed against suitable insect 
target genes in transgenic plants has been shown to give protection against pests via a non-toxic mode of action through plant-mediated RNA 
interference (RNAi). Thus, as a potential alternative and effective strategy for insect pest management in agricultural practice, plant-mediated 
RNAi for aphid control has been received intensive attentions in recent years. Based on transcriptome profiling of grain aphid and comparative 
transcriptomic analysis between grain aphid and pea aphid, and artificial feeding assay, more than ten potential RNAi targets have been identified 
in our lab. Among these targets, 8 of them have been used to generate tobacco and wheat plants through plant-mediated RNAi. Whereas some of 
plants showed strong resistance to aphids, others are under aphid bioassay, indicating the potential applications of plant-mediated RNAi in 
development of transgenic plants for aphid control in agricultural practice. In addition, the potential mechanism underlying plant-mediated RNAi 
are also under investigation both in aphids and plants.  
Keywords: plant; aphid control; double-stranded RNA (dsRNA); RNA interference (RNAi) 
 
P0401: Transformation 
A High Throughput Switchgrass Genetic Transformation System for Gene Function Discovery and Genetic Improvement 
Chunxiang Fu1, Lichao Ma1, Yingping Cao1, Tianxiong Qi1 and Zeng-Yu Wang2, (1)Qingdao Institute of Bioenergy and 
Bioprocess Technology, Chinese Academy of Sciences, Qingdao, China, (2)The Noble Foundation, Ardmore, OK 
Switchgrass (Panicum virgatum L.) is a tall growing perennial C4 grass providing excellent forage for cattle and substantial feedstock for biofuel 
production. Genetic engineering for the improvement of forage quality and bioethanol yield has received more attention in switchgrass molecular 
breeding programs. With increasing information on gene sequences in switchgrass, large numbers of genes can be isolated in a relatively short 
time, while functional analyses of the isolated genes by genetic transformation have become a bottleneck. To produce large numbers of 
transgenic switchgrass plants with low cost and short time, we screened numerous seed-induced calli to obtain the high-quality embryogenic 
callus lines, and thereafter developed sonication-assisted Agrobacterium-mediated transformation (SAAT) to increase Agrobacterium infection 
efficiency and decrease labor force. The transformation efficiency reached more than 80%. One person easily produced more than 1, 000 
independent transgenic switchgrass lines in six months. Moreover, we established a simple and reliable multi-gene transformation system. The 
transformants were successfully selected by double selectable reagents, hygromycin and bialaphos. The transgenics showed various 
morphological phenotypes, indicating that our high throughput switchgrass transformation system can be employed for gene function discovery 
and genetic improvement. 
 
P0402: Transformation 
Transiently Expressed Human Tissue Specific Plasminogen Activator (t-PA) in Tobacco Leaves Dissolves Fibrin and Blood 
Clots 
Yves Saint Hall and Kevin Wang, Northeastern State University, Broken Arrow, OK 
Transient expression in tobacco leaves has been a very effective method of recombinant protein production. In this study we used the 
germinivirus-based single DNA replicon system viral vector, pBYr2fp, to transiently express t-PA in tobacco leaves. The ER retention signal, 
KDEL, was used for foreign protein accumulation. The t-PA protein was localized in the apoplast with LPH signal (plant codon-optimized leader 
peptide (LPH) derived from the heavy chain of the murine mAb24). Agroinfiltration was used to transiently expressed t-PA in wild type tobacco 
leaves. Leaf necrosis was observed 3 days after infiltration. The protein was purified with His-Tag affinity chromatography and the protein size 
was confirmed using SDS-PAGE. It degraded artificial fibrin with fibrin plate assay. Blood clot lysis assay was also performed. Fibrin 
degradation product (FDP) and D-dimer assay were used to quantify fibrin degradation, respectively. Our study indicated that plant system can 
produce functional recombinant t-PA production. 
 
P0403: Transformation 



Evaluation of Three Constitutive Citrus Promoters in Citrus Transgenic Plants 
Ligia Erpen1, Eveline Carla da Rocha Tavano2, Tatiana de Souza Moraes1, Beatriz Madalena Januzzi Mendes2 and Francisco de 
Assis Alves Mourão Filho1, (1)Universidade de São Paulo/USP/ESALQ, Piracicaba, Brazil, (2)Universidade de São 
Paulo/USP/CENA, Piracicaba, Brazil 
Transgenic technology can provides genetic solutions to major problems affecting citrus species. The success of gene transfer technologies 
depends on the selection of appropriate promoter that induces expression of transgene at desired levels. Among the promoters usually employed, 
there is the constitutive promoter CaMV35S isolated from the Cauliflower Mosaic Virus, which is the most widely used promoter in plant 
biotechnology. However, new approaches for plant transformation (intragenesis and cisgenesis) requires use of genetic material derived from the 
species itself or related species. Thus, it is necessary to increase the availability of constitutive promoters derived from citrus for genetic 
transformation. The aim of this study was to evaluate the functionality of three constitutive citrus promoters. Hence, the promoter region of the 
citrus genes GAPDH (glyceraldehyde-3-phosphate dehydrogenase), EF1-α (elongation factor 1-α) and CYP (cyclophilin) were isolated and 
inserted into a transformation vector fused to the reporter gene uidA (GUS). The promoter functionality was analyzed in transgenic lines of 
Citrus sinensis cv. Hamlin positive for PCR analysis. Histochemical staining of GUS activity showed GUS staining in the leaves and the roots of 
all transgenic plants with different promoter construct. The GUS expression was confirmed in transgenic plants containing each promoter 
construct by RT-qPCR analysis.  
Support: FAPESP 
 
P0404: Transformation 
Modulating Nitrogen Flux in Sorghum and Wheat 
Pamela A. Pena, Truyen Quach, Shirley Sato, Natalya Nersesian, Zhengxiang Ge, Soundararajan Madhavan and Thomas E 
Clemente, University of Nebraska-Lincoln, Lincoln, NE 
Nitrogen is one of the most important nutrients and it is essential for plant growth and development. Cereal crop species such as sorghum and 
wheat require inputs of nitrogenous fertilizers in order to maximize yield and plant productivity. Since nitrogen assimilation and remobilization 
require the presence of carbon skeletons, the modulation of carbon skeleton production has been explored as a strategy to enhance nitrogen use 
efficiency in plants. To this end we evaluated a transcription factor approach in which the maize Dof1,  (ZmDof1) was expressed in both wheat 
and sorghum under the control of two different promoters: a constitutive UBI4 promoter from sugarcane and tissue specific regulated via the 
maize rbcS1 promoter. The activity of the primary target of Dof1, phosphoenol pyruvate carboxylase (PEPC) was increased in transgenic plants 
overexpressing Dof1.  Moreover, a transcript profile of wheat plants overexpressing UBI4::ZmDof1 indicated the upregulation of 137 transcripts 
and downregulation of 94 transcripts. Evaluations for nitrogen use efficiency under hydroponic conditions in wheat indicated that the use of a 
strong constitutive promoter UBI4 results in plants with a stunted and abnormal phenotype, whereas the use of rbcS1 promoter which drives a 
reduced level of expression in vegetative tissues of Dof1, modulates carbon metabolic processes that can result in increased biomass and nitrogen 
use efficiency. Similar phenotypes were observed in evaluations for nitrogen use efficiency under field conditions including increased height and 
increased yield particularly under low nitrogen conditions in wheat plants overexpressing rbcS1::ZmDof1. Moreover, the stunted and abnormal 
phenotype was also observed in sorghum plants overexpressing UBI4::ZmDof1. However, no changes in biomass were observed when the 
expression of Dof1 was driven by the rbcS1 promoter. Furthermore, as a means to complement the transcription factor strategy for NUE we have 
also explored expression of the rice glutamine synthetase and barley alanine aminotransferase in the two commodity crops. 
 
P0405: Transformation 
Transcriptomic Analysis of the Impact of Transgene Insertion and Expression on the Endogenous Host Genome 
Lerato Bame Tsalaemang Matsaunyane1, Jasper Rees1, Dean Oelofse2 and Ian Dubery3, (1)Agricultural Research Council, 
Pretoria, South Africa, (2)Agricultural Research Council, Pretoria, Gauteng, South Africa, (3)University of Johannesburg, Auckland 
Park, South Africa 
It is important; as part of safety risk assessment during development and production of genetically modified (GM) crops; to include studies on 
the integration of the transgene within the host genome, the location of the transgene insertion site within the host genome, and sufficient 
biochemical and agronomic assays of the GM crop. Furthermore, it was highlighted that it is equally important to study the unpredictable and 
unintended effects of the insertion of a transgene into a host plant. Examples of these unpredictable and unintended effects include the expression 
of the transgene affecting endogenous gene expression, insertion of the transgene into an endogenous gene disrupting the function of the 
endogenous gene and production of new metabolites resulting from endogenous gene disruptions. A project was initiated to study the 
transcriptomics impact of the insertion and expression of a transgene within the host genome. The model plant for the study was a potato plant 
transformed with an apple antifungal gene for enhanced fungal disease resistance. Genome walking results revealed that the Agrobacterium-
mediated transformation of the potato plant only resulted in the insertion of the T-DNA, that is, no non-T-DNA sequences from the binary vector 
was inserted into the potato genome. Gene expression studies showed that the transgene was located in a gene-rich area which corroborates 
literature findings. A few quantifiable differences were observed where endogenous PsaC, afg3, Stpgip1 and xth genes were up-regulated in the 
transgenic. However, these alterations were not major thus the transgenic potato is significantly equivalent to its traditional counterpart. 
 
P0406: Transformation 
Genetic Transformation for Improvement of Yam 
Evans Nyaboga, Rajesh Manoharan, Jaindra Tripathi and Leena Tripathi, International Institute of Tropical Agriculture (IITA), 
Nairobi, Kenya 
Yam (Dioscorea spp.), is an important crop in the tropics and subtropics providing food security and income to over 300 million people. Despite 
the economic and socio-cultural importance, yam cultivation is generally limited by high costs of planting material, decreasing soil fertility, 
inadequate yield potential of yam varieties, field and storage pests and diseases. Nematodes are particular of concern as they manifest during 
storage and facilitate tuber rot by fungi and bacteria. Most biotic constraints affect seed productivity and viability, reducing germination, plant 
vigor and yield. The use of resistant and healthy seed material is therefore crucial for high and sustainable yam production, as yam is a clonally 



propagated crop. Genetic engineering offers a powerful tool, complementing conventional breeding approaches, for development of resistant 
varieties. Although genetic transformation of clonally propagated crops has been widely studied as a tool for crop improvement and as a vital 
part of the development of functional genomics resources, there has been no report of any existing Agrobacterium-mediated transformation of 
yam (Dioscorea spp.) with evidence of stable integration of T-DNA. Here, we report development of an Agrobacterium-mediated transformation 
of Dioscorea rotundata using reporter genes. Transgenic plants were regenerated on antibiotic selection medium. Successful transformation was 
confirmed by PCR, Southern blot analysis and reporter genes assay. We will present an efficient, fast and reproducible protocol for 
Agrobacterium-mediated transformation of D. rotundata using axillary buds as explants, which provides a useful platform for future genetic 
engineering studies in this economically important crop. 
 
P0407: Transformation 
Sequencing, Assembly, and Annotation of Maize B104, a Maize Transformation Resource 
Nancy Manchanda1, Carson M Andorf2, Liang Ye3, Wimalanathan (Gokul) Kokulapalan1, Steve Rounsley3, Kan Wang1 and 
Carolyn J. Dill4, (1)Iowa State University, Ames, IA, (2)USDA-ARS Corn Insects and Crop Genetics Research Unit, Iowa State 
University, Ames, IA, (3)Dow AgroSciences, Indianapolis, IN, (4)Bioinformatics and Computational Biology Program, Iowa State 
University, Ames, IA 
Maize transformation is complicated. Most lines are not readily cultured and transformed, making the germplasm available for genome 
engineering extremely limited. Developing a better understanding of the genomic regions responsible for differences in culturability and 
transformability would be a good start toward enabling the development of new transformation strategies. 
B104 was derived from the same populations as the B73 reference.  The genomes are very similar (93% similar as defined by Romay et al. 
Genome Biology 2013), but B104 is readily transformed whereas B73 is not.We have sequenced the B104 genome and are now working to 
create the genomics data infrastructure that would enable other researchers to work with their own transformants more easily and identify 
genomic differences that are associated with culturability and transformability 
This poster outlines our progress toward these goals. 
 
P0408: Transformation 
Target-Directed Mutation Using a RGEN Ribonucleoproteins (RNPs) and sgRNA in a Model Plant Petunia 
Geung-Joo Lee1, Saminathan Subburaj1 and Sangsu Bae2, (1)Chungnam National University, Daejeon, South Korea, (2)Hanyang 
University, Seoul, South Korea 
Recently cloning free CRISPR/Cas system has been applied to plant cells and experiments using direct delivery of RGEN ribonucleoproteins 
(RNPs and target specific in vitro transcribed sgRNA. Petunia (Petunia hybrida) protoplasts were isolated from 20-day-old in vitro grown 
seedlings after germination in MS medium. gRNAs were carefully prepared for 6 target sites which have higher out-of-frame scores for higher 
complete knock out efficiency in the coding regions of nitrate reductatse (NR) gene locus. The higher yield of protoplasts was obtained with 
cellulose and macerozyme enzymes, up to 1.6 × 106 protoplasts for 4–7 hours of incubation. After transformation, fluorescence microscopic 
analyses revealed that approximately 50% and 90% of transformed protoplasts had GFP expression after 24 and 72 h of incubation, respectively. 
The mutation frequencies of Indel ranged from 2.4 to 20% in successfully amplified four NR targets, which was also confirmed using T7E1 
assay. The average mutation rate obtained at five different sites in NR gene locus was 11.5 ± 2%. Our study demonstrated that direct delivery of 
engineered RGEN RNPs is an effective breeding tool for Petunia and possibly many other crops in a target-specific manner. 
 
P0409: Transformation 
The Effects and Regulation of the Synthetic Peptide Multi-11 on Root Growth in Arabidopsis thaliana 
Kiona R. Elliott and Kevin M. Folta, University of Florida, Gainesville, FL 
Food production is facing various obstacles including land degradation, dwindling natural resources and a rapidly increasing population. Plant 
biotechnology offers a series of tools that may be used to enhance cultivation of healthy and wholesome food. A novel approach called 
Biologically Active Random Peptides (BARPs), offers a new opportunity to produce safe, synthetic plant growth regulators. Evidence from root 
elongation assays suggested that the synthetic peptide Multi-11 can influence root growth. The ability to control root growth can have profound 
impacts on food production, carbon sequestration and the ability to grow plants in non-conducive areas. In this study, researchers examined the 
effect of Multi-11 on root growth through an in depth phenotypic and genotypic study. Transgenic Multi-11 and wildtype plants were grown on 
½ x MS Agar petri-plates in white, far red, red/blue and dark light conditions, measured for daily root growth, and then PCR analysis was 
conducted to confirm that the transgene presence matched with the root elongation trait. Our results found that there was a significant difference 
in the root elongation between Multi-11 and wildtype plants and on average Multi-11 plants had longer roots. However, there was no significant 
difference in the root growth of positive and negative plants in the segregating Multi-11 population. This suggests that other factors in the plants 
may be causing root elongation, not necessarily the transgene sequence itself, thus more investigation must be completed to further the 
understanding of Multi-11 and the possible applications it has for improving root systems. 
 
P0410: Genome Mapping, Tagging & Characterization: General Comparative 
Evolutionary Patterns of Genic DNA Methylation Across a Broad Taxonomic Sample of Land Plants 
Shohei Takuno, SOKENDAI (Graduate University for Advanced Studies), Miura, Japan, Jin-Hua Ran, Chinese Academy of 
Sciences, Beijing, China and Brandon S. Gaut, University of California, Irvine, Irvine, CA 
Little is known about patterns of genic DNA methylation across the plant kingdom or about the evolutionary processes that shape them.  To 
characterize gene body methylation within exons, we have gathered single-base resolution methylome data that span the phylogenetic breadth of 
Land Plants.  We find that a basal land plant, Marchantia polymorpha, lacks any evident signal of gene body methylation within exons; in 
contrast, conifers have high levels of both CG and CHG methylation in expressed genes.  To begin to understand the evolutionary forces that 
shape gene body methylation, we first tested for correlations in methylation levels across orthologs.  Genic CG methylation levels are correlated 
across orthologs for species as distantly related as ferns and angiosperms, which diverged ~400 million years ago.   Hence, CG methylation is a 



long-held property of individual genes.  We also find that gene body methylation levels in the CHG context correlate with genome size, 
suggesting that the host response to transposable elements also affects genes.  Altogether, our data indicate that the evolutionary forces acting on 
DNA methylation vary substantially across species, genes and methylation contexts. 
 
P0411: Genome Mapping, Tagging & Characterization: General Comparative 
Comparative Network Analysis of C4 Photosynthesis in Grass Species 
Sarit Weissmann1, Henry D. Priest1, Pinghua Lee2, Yang Zhang3, James C Schnable3, Todd C. Mockler4 and Thomas P. Brutnell5, 
(1)Donald Danforth Plant Science Center, St. Louis, MO, (2)Shandong Agricultural University, Tai'an, China, (3)University of 
Nebraska-Lincoln, Lincoln, NE, (4)Donald Danforth Plant Science Center, Saint Louis, MO, (5)Enterprise Institute for Renewable 
Fuels Donald Danforth Plant Science Center, St. Louis, MO 
Transcriptional regulatory networks are complex molecular systems that determine differential gene expression in response to environmental or 
developmental signals.  Transcriptional regulation relies on the combinatorial interplay of trans-acting protein complexes, and cis-regulatory 
sequence elements located in or near target genes.  C4 photosynthesis is an example of a complex metabolic pathway that requires special and 
temporal expression of specific gene combination for its proper function.  The C4 pathway coordinates its function between two distinct, 
specialized leaf cell types, mesophyll (ME) and bundle sheath (BS).  The C4 pathway has evolved independently in at least 60 lineages of 
angiosperms, and at least 17 times in the grasses alone.  In the current work, RNA-seq data from three developmental stages of each BS and M 
cells, were used to analyze transcriptional regulatory networks in three C4 species, Zea mays, Sorghum bicolor, and Setaria viridis.  These three 
species represent two independent events of C4 photosynthesis.  Our results show that genes in all three species cluster according to metabolic 
pathways, modules tend to have cell type specific expression patterns, and that modules in different species tend to include orthologues.  Our 
network comparison indicates changes in connectivity of core photosynthesis genes between species, suggesting alterations in the organization of 
photosynthetic networks in different origins of C4 species.  Understanding transcriptional regulatory networks in plants will promote the 
understanding of complex metabolic pathways thus allowing us to manipulate them to create better crops.   
 
P0412: Genome Mapping, Tagging & Characterization: General Comparative 
The Evolution of Secondary Metabolic Gene Clusters in Plants 
Jennifer H. Wisecaver, Abigail L. Lind, Alex Borowsky and Antonis Rokas, Vanderbilt University, Nashville, TN 
Eukaryotic gene order is not random. In extreme cases, genes become physically linked on the genome, forming tight gene clusters responsible 
for the production of specialized metabolites. Recently characterized gene clusters in plants produce metabolites associated with stress tolerance, 
an ecologically important trait as well as a useful one for agriculturalists seeking to develop crops resistant to changing environmental conditions. 
Additionally, many clustered plant pathways code for small molecules with antimicrobial and anticancer properties. Despite the importance of 
these gene clusters, the bioinformatic tools that can lead to their discovery have not been developed for plants, and the mechanisms that make 
and maintain gene clusters in plant genomes are poorly characterized. Examination of 37 plant genomes for the presence of secondary metabolic 
gene clusters revealed thousands of genes putatively belonging to hundred of distinct gene clusters, with the average plant genome containing 
44.6 metabolic gene clusters and 239.1 clustered genes. The number of metabolic gene clusters was variable across species, being high in many 
Angiosperms and low in algae.  GO terms overrepresented in clustered genes include those for biosynthesis of small molecules. To understand 
the evolution of gene content in plant gene clusters, we developed a phylogenetics pipeline to reconstruct the gene tree phylogenies for plant 
metabolic gene families. Preliminary results suggest that clustered genes are either members of large families consisting of largely unclustered 
genes or are members of small families consisting of only clustered genes present in one or two species. Ongoing analysis of the phylogenomic 
results will address the following questions: 1) Does gene family expansions correspond to an increase in secondary metabolism? and 2) Are 
clustered genes derived from duplication of existing protein families or from de novo origination and what is the relative contribution of the two 
processes in cluster formation? 
 
P0413: Genome Mapping, Tagging & Characterization: General Comparative 
A New Oat Smut Genome Sequencing and the Unique GENE Repertoire Among Smut Pathogens 
Juliana Benevenuto, Lucas M. Taniguti and Claudia B. Monteiro-Vitorello, University of São Paulo, Piracicaba, Brazil 
Smut diseases are caused by several species of Ustilaginaceae fungi which mainly affect Poaceae family members, leading to worldwide yield 
losses in  agronomically important crops as cereals, sugarcane, and forage grasses. To understand the repertoire of genes particular of each smut 
species we are performing a comparative analysis among the genomes available. Also, the genome of a smut isolated from oat was sequenced 
using Illumina HiSeq platform. The number reads added to 104,728,060 paired-end reads generating a coverage of 400X of the complete 
genome. A preliminary comparative analyzes of four smut genomes available (Ustilago maydis, Ustilago hordei, Sporisorium reilianum, 
and Sporisorium scitamineum) provided advances in understanding the particularities of each pathosystem. Through OrthoMCL results, unique 
genes from each species were detected (459, 762, 259, 438, respectively) using E-value cutoff of 1e-14. Most of these protein-coding genes are 
hypothetical or related to transposable elements. However, some of them were computationally predicted as secreted effectors and functional 
analysis via Blast2GO provided insights into the molecular pathways differentiated among these organisms. With these analyzes, good 
candidates for the specific interaction with their hosts can be selected for validation though functional experiments. 
 
P0414: Genome Mapping, Tagging & Characterization: General Comparative 
Phylogenomics and Transcriptomics of Galápagos Daisy Trees (Scalesia) 
Michael D. Martin1,2, Nathan Wales2, Jazmín R. Madrigal2, Anders J. Hansen2, John Williams Mundy3, Gitte Petersen4, Ole 
Seberg4 and Tom Gilbert5, (1)University of California, Berkeley, Berkeley, CA, (2)Natural History Museum of Denmark, 
University of Copenhagen, Copenhagen K, Denmark, (3)Department of Biology, University of Copenhagen, Copenhagen, 
Denmark, (4)Botanical Garden, Natural History Museum of Denmark, University of Copenhagen, Copenhagen K, Denmark, 
(5)Natural History Museum of Denmark, University of Copenhagen, Copenhagen, Denmark 



The Galápagos archipelago is home to the endemic plant genus Scalesia (Asteraceae, the daisy/sunflower family). All are descendants of a daisy-
like ancestor from the westestern coast of South America that arrived to the newly forming volcanic islands potentially within the last 4 million 
years. Then occurred a rapid radiation into at least 15 species with an astounding diversity in leaf morphology and habitat, ranging from woody 
rainforest canopy species to small shrubs that grow directly from bare lava rock. Known as the botanical equivalent of Darwin’s finches, the 
plants are important members of the islands’ endemic vegetation, famously specialized even amongst the organic riches of the Galápagos. But as 
rapid radiation left Scalesia species highly invariant at nuclear genetic markers, phylogenetic and biogeographic relationships within the genus 
are largely unknown.  
We exploit a unique collection of both living and herbarium specimens to investigate the phylogeny biogeography of these astonishing group of 
plants during millions of years of adaptive radiation and dispersal amongst newly forming volcanic islands. We employed in vitro chromatin 
assembly-derived libraries, enabling extremely long-range de novo genome assembly and phasing. We present reference genome and 
transcriptome assemblies for four species, which along with genus-wide shotgun sequencing, fully resolves the phylogeny of the genus in a first 
step towards understanding its biogeography. With this dataset we provide an initial look at the pace and architecture of plant genome evolution, 
the gene families that make this genus unique, and the evolutionary genomic processes that so rapidly generated Scalesia’s morphological 
diversity. 
 
P0415: Genome Mapping, Tagging & Characterization: General Comparative 
Comparative Transcriptome Analyses Reveal Core Parasitism Genes and Suggest Gene Duplication and Repurposing As 
Sources of Structural Novelty 
Zhenzhen Yang1, Eric Kenneth Wafula1, Loren Honaas1, Yeting Zhang2, Malay Das3, Monica Fernandez-Aparicio4, Kan Huang5, 
Pradeepa Bandaranayake6, Josh Der1, Christopher Clark7, Paula Ralph1, Lena Landherr1, Naomi Altman8, Michael P. Timko5, John 
Yoder9, James H. Westwood10 and Claude dePamphilis1, (1)Penn State University, University Park, PA, (2)Rutgers University, 
New Brunswick, NB, (3)Presidency University, Kolkata, VA, India, (4)French National Institute for Agricultural Research, Dijon, 
France, (5)University of Virginia, Charlottesville, VA, (6)Department of Crop Science, University of Peradeniya, Peradeniya, Sri 
Lanka, (7)Virginia Tech, Blacksburg, VA, (8)Penn State, University Park, PA, (9)University of California-Davis, Davis, CA, 
(10)Virginia Tech University, Blacksburg, VA 
The origin of novel traits is recognized as an important process underlying many major evolutionary radiations. We studied the genetic basis for 
the evolution of haustoria, the novel feeding organs of parasitic flowering plants, using comparative transcriptome sequencing in three species of 
Orobanchaceae. Around 180 genes are upregulated during haustorial development following host attachment in at least two species, and these are 
enriched in proteases, cell wall modifying enzymes, and extracellular secretion proteins. Additionally, about 100 shared genes are upregulated in 
response to haustorium inducing factors prior to host attachment. Collectively, we refer to these newly identified genes as putative "parasitism 
genes." Most of these parasitism genes are derived from gene duplications in a common ancestor of Orobanchaceae and Mimulus guttatus, a 
related nonparasitic plant. Additionally, the signature of relaxed purifying selection and/or adaptive evolution at specific sites was detected in 
many haustorial genes, and may play an important role in parasite evolution. Comparative analysis of gene expression patterns in parasitic and 
nonparasitic angiosperms suggests that parasitism genes are derived primarily from root and floral tissues, but with some genes co-opted from 
other tissues. Gene duplication, often taking place in a nonparasitic ancestor of Orobanchaceae, followed by regulatory neofunctionalization, was 
an important process in the origin of parasitic haustoria. 
 
P0416: Genome Mapping, Tagging & Characterization: General Comparative 
Genome Rearrangements Contribute to Vocal Learning in Birds: A Model to Study Evolution of Speech? 
Denis M. Larkin1,2, Marta Farré-Belmonte2, Joana Damas1 and Darren K. Griffin3, (1)Department of Comparative Biomedical 
Sciences, Royal Veterinary College, University of London, London, United Kingdom, (2)Royal Veterinary College, University of 
London, London, United Kingdom, (3)School of Biosciences, University of Kent, Canterbury, United Kingdom 
Homologous synteny blocks (HSBs) and evolutionary breakpoint regions (EBRs) in mammalian chromosomes are enriched for distinct DNA 
features, contributing to distinct phenotypes. To reveal HSB and EBR roles in avian evolution, we performed a sequence-based comparison of 21 
avian and five outgroup species using recently sequenced genomes across the avian family tree. We identified EBRs and HSBs in ancestral bird, 
archosaurian (bird, crocodile, dinosaur), and reptile chromosomes. Archosaurian-specific HSBs were enriched for genes that function in retina 
structures, while avian-specific HSBs for genes involved in limb development. The average rate of rearrangements in birds is ~1.25 EBRs per 
million years; however, bursts of genomic reorganization occurred in several avian lineages. For example, the origin of Neognathae was 
accompanied by an elevated rate of chromosome rearrangements. Intriguingly, all vocal-learning species had significantly higher rates of 
rearrangements than those of close vocal nonlearning relatives  and even higher relative to all vocal nonlearning species. EBRs leading to 
budgerigar after the divergence from the Passerimorphae ancestor tended to reshuffle genes involved in forebrain development. Remarkably, the 
forebrain development GO term was enriched in avian and archousaurian msHSBs as well. However, the gene pathways affected by EBRs and 
msHSBs were different. This example indicates that both EBRs and msHSBs are sources of variation used by natural selection to form complex 
phenotypes over evolutionary time. Our findings provide novel evolutionary insights into genome evolution in birds, particularly how 
chromosome rearrangements contributed to formation of phenotypes that make vocal-learning birds excellent models to study evolution of 
speech. 
 
P0417: Genome Mapping, Tagging & Characterization: General Comparative 
A Novel Hybrid Approach for Drafting Chromosome-Level Genome Assemblies Applied to Avian Genomes 
Joana Damas1, Rebecca E. O'Connor2, Marta Farré Belmonte1, Henry Martell2, Anjali Mandawala2, Sunitha Joseph2, Katie E. 
Fowler3, Cai Li4, Darren K. Griffin2 and Denis M. Larkin1, (1)Department of Comparative Biomedical Sciences, Royal Veterinary 
College, University of London, London, United Kingdom, (2)School of Biosciences, University of Kent, Canterbury, United 



Kingdom, (3)School of Human and Life Sciences, Canterbury Christ Church University, Canterbury, United Kingdom, (4)China 
National GeneBank, BGI-Shenzhen, Shenzhen, China 
The next-generation sequencing technologies made sequencing an animal genome a routine procedure, leading to a substantial increase in the 
number of available genome assemblies. However, most assemblies are highly fragmented limiting their use in genome evolution, genotype-to-
phenotype association and disease mapping studies. To start resolving this issue we here present a novel scaffold-to-chromosome anchoring 
approach combining: a) the reference-assisted chromosome assembly (RACA) and b) wet-lab techniques (PCR and zoo-FISH) to position 
scaffolds from assemblies with N50 >1-2Mb along chromosomes. Briefly, for a de novo sequenced genome RACA utilises the raw reads and 
comparative data to order scaffolds into ‘predicted chromosome fragments’ (PCFs). The PCF accuracy is verified using PCR across the regions 
of broken synteny between the de novo assembled and closely related genomes and false-joints are eliminated. The PCFs are then ordered along 
chromosomes using in situ hybridization (zoo-FISH) of a sparse set of BAC clones specially selected from evolutionary conserved intervals of 
multiple genomes. This ensures that the same set of clones is suitable for mapping related species. We currently apply our approach to 18 avian 
genomes. The verified PCF sets generated represent a reduction in the number of scaffolds by up to ~90% leading to a 3-17x increase in the 
assembly N50. Moreover, we produced drafts of chromosome assemblies for peregrine falcon and rock pigeon genomes. Our approach will 
facilitate a more detailed study of avian karyotype evolution and roles of chromosome rearrangements in adaptation and phenotypic diversity in 
birds and facilitate mapping of avian disease phenotypes. 
 
P0418: Genome Mapping, Tagging & Characterization: General Comparative 
South American Cichlid Fishes Comparative Genomics Using Large Scale Approach 
Érica Ramos1, Bruno Evaristo de Almeida Fantinatti1, Matthew A. Conte2, Thomas Kocher2, Carlos Henrique Schneider3, 
Guilherme Targino Valente4 and Cesar Martins1, (1)Biosciences Institute - São Paulo State University (UNESP), Botucatu, Brazil, 
(2)University of Maryland, College Park, MD, (3)Biosciences Institute - Amazonas Federal University (UFAM), Manaus, Brazil, 
(4)Agronomic Sciences Faculty - São Paulo State University (UNESP), Botucatu, Brazil 
Large scale analysis approach brings new insights to integration of cytogenetic and genomic data, leading to understand structural organization 
and evolution of genomes. Cichlid fishes experienced rapid and extensive adaptive radiation process, becoming a great model to evolutionary 
studies. African cichlids show a genomic organization conserved pattern in genomic and cytogenetic studies. In the other hand, only cytogenetic 
approaches have been applied to the South American cichlids. The current scenario to this group indicates that they present a greater variance 
than the African group, although they belong to the same family. Therefore, this project aims to relate cytogenetic and genomic data of South 
American cichlids, contributing to better understand its evolutionary history. Our hypothesis is that the genomic organization of this group 
presents more variation in sequences arrangement than the African cichlid group, based on its karyotype variation. We have sequenced, 
assembled, annotated and compared four South American cichlid species.  In S. discus, we verified different patterns during the assembly process 
and, also, during SNPs count related to sex libraries. Furthermore, C. vazzoleri, presented low substitution levels in repetitive sequences, 
indicating great amount of repetitive DNA recently inserted in the genome. In the other hand, all results obtained lead to a conserved pattern of 
genomic sequences (abundance and genomic proportion) among the South American species. In conclusion, our results refute the initial 
hypothesis, but they are just preliminary and further analysis such as multiple genome alignment must be performed to corroborate this idea.   
 
 
P0419: Genome Mapping, Tagging & Characterization: General Comparative 
Baby Genomics: Tracing the Evolutionary Changes That Gave Rise to Placentation 
Yue Hao, Informatic Institute, University of Missouri, Columbia, MO, Hyuk Jin Lee, Division of Biological Sciences, University 
of Missouri, Columbia, MO, Michael Baraboo, Department of Computer Science, Truman State University, Kirksville, MO, Katie 
Burch, Department of Psychology, Truman State University, Kirksville, MO, Taylor Maurer, Department of Biology, Kenyon 
College, Gambier, OH and Gavin Conant, Division of Animal Sciences, University of Missouri, Columbia, MO; Informatics 
Institute, University of Missouri, Columbia, MO 
It has long been a challenge to determine the genetic origin of new characters in the evolution. The molecular mechanisms behind many 
morphological innovations are still unknown, including such striking evolutionary transitions as the appearance of the placenta. Our approach is 
based on using orthology to link genotype to phenotype. Orthology describes a relation between homologous genes (or chromosomal segments) 
that last diverged by a speciation event. Orthologous genes are often used to study evolutionary history because they tend to be conservative in 
molecular and biological functions. Using our orthology assignment pipeline, we have inferred orthologs in 38, primarily mammalian, genomes 
with reference to the human genome. Our pipeline differs from the common orthology inference tools in the use of both robust, distance-based 
measures of gene relationships and in the use of synteny to clarify relationships that are ambiguous when using sequence data alone. A character 
matrix for these >20,000 ortholog pairs for each genome has been constructed. We then mapped these orthologs to a phylogenetic tree, 
reconstructed ancestral character states using Mesquite, and pinpointed genes that appeared on interesting evolutionary branches. These genes 
will be mined using functional analysis approaches , including ones using the GeneOntology framework. We plan to identify molecular functions 
or biological processes that are enriched in set of genes that appeared in evolutionarily important moments (especially, the appearance of 
placental mammals) relative to the rest of the genome. 
 
P0420: Genome Mapping, Tagging & Characterization: General Comparative 
Chromatin Accessibility in Porcine Liver, Spleen and Circulating Immune Cells 
Kylie Munyard, Curtin University, School of Biomedical Sciences, CHIRI Biosciences, Perth, Australia; INRA-GenPhySE, 
Castanet-Tolosan, France, Adeline Goubil, INRA - laboratory of Animal Genetics and Integrative Biology, Jouy-en-Josas, France, 
Silvia Vincent-Nailleau, INRA-GABI, Paris, France, Diane Esquerre, Plateforme Genomique, Castanet tolosan, France, Sylvain 
Foissac, INRA-GenPhySE, Castanet Tolosan, France and Elisabetta Giuffra, INRA, UMR de Génétique Animale et Biologie 
Intégrative, Jouy-en-Josas, France 



Chromatin accessibility is an essential form of control for all classes of cis-regulatory elements such as binding sites for transcription factors, 
promoters, enhancers/silencers and insulators. DNase-seq is commonly used to determine chromatin accessibility (e.g. in the ENCODE projects). 
Recently, the assay for transposase-accessible chromatin sequencing (ATAC-seq), which is based on direct in vitro transposition of sequencing 
adaptors into native chromatin, was introduced as an alternative to DNase-seq. ATAC-seq is able to interrogate an entire genome and provide 
information about chromatin accessibility, nucleosome occupancy and transcription factor occupancy. It has advantages over DNase-seq because 
it requires fewer cells, and has a fast and simple DNA fragmentation and library preparation protocol. 
As part of the Fr-AgENCODE project within the FAANG consortium we are optimizing conditions for conducting ATAC-seq on primary cells 
and tissues. We collected liver, spleen, CD4+ and CD8+ T cells from pigs, goats and chickens. In vitro transposition was carried out on fresh 
samples at the sampling site after cell dissociation (liver, spleen) or on CD4+ and CD8+ T-cells. We completed preparation and quality control of 
test libraries from pig CD3+CD4+, CD3+CD8+, T-cells, liver and spleen, plus a control library from the GM12878 human cell line; sequencing 
is currently in progress. We are concurrently developing a pipeline for data QC and analysis.  
This is the first time that ATAC-seq has been applied to pig primary tissues/ cells and the data generated will be used to optimize sample 
collection, library preparation and data analysis protocols for broader application of ATAC-seq within FAANG. 
 
P0421: Genome Mapping, Tagging & Characterization: General Comparative 
Profiling the Nuclear Spatial Conformation of Livestock Genomes in Cell Lines and Liver Cells 
Herve Acloque1, Florence Mompart1, Diane Esquerre2, David Robelin1, Magali San Cristobal1, Sarah Djebali1, Matthias Zytnicki3, 
Elisabetta Giuffra4 and Sylvain Foissac1, (1)INRA-GenPhySE, Castanet-Tolosan, France, (2)Plateforme Genomique, Castanet 
tolosan, France, (3)INRA - MIA, Toulouse, France, (4)INRA, UMR de Génétique Animale et Biologie Intégrative, Jouy-en-Josas, 
France 
The genome conformation within the nucleus is tightly organized, yet little is known about the underlying regulatory mechanisms of this 
architecture. Reportedly involved factors include the linear sequence of genes, epigenetic modifications on DNA or histones, protein-genome 
interactions and long distance interactions between co-regulated genes. However, how and to which extent the genome conformation regulates its 
function remains to be explained.  
As part of the FAANG consortium (Functional Annotation of Animal Genomes), the French pilot projet FR-AgENCODE aims at improving the 
characterization of livestock genomes by assessing gene expression and genome conformation in different animal tissues from 4 species: cattle, 
pig, chicken and goat. Transcriptome profiling involves sequencing of polyA+ and small (<200nt) RNAs, while genome topology is inferred 
from High-Throughput Chromosome Conformation Capture (Hi-C) experiments. Here we report the adaptation of the in situ Hi-C original 
protocol on samples from the FR-AgENCODE tissue collection, in mouse fibroblasts and pig liver cells. We also present the bioinformatics 
pipeline that has been used to process the data and drive the optimization of the experimental part of the protocol. Specific metrics have been 
proposed to be used as Quality Control references in the context of the FAANG Bioinformatics and Data Analysis sub-committee.  
Preliminary results shed some light on the spatial organization of the genome in animal cells and enable the exploration of the regulatory 
mechanisms between chromatin structure modification and gene expression. 
 
P0422: Genome Mapping, Tagging & Characterization: Natural Populations 
BIO Expedition: Plant Genomics as a Strategy to Improve the Sustainable Use of Natural Resources in Colombia 
Tatiana Arias, The Colombian Center for Bioinformatics and Computational Biology, Manizales, Colombia 
Plant genomics research will play a critical role in responding to the needs of growing human populations and the effects climate change may 
have on agriculture. The biggest challenges we face and can be solved through the study of genomics are sustainable food security and the use of 
renewable energy for daily activities. Colombia as a megadiverse country that holds a significant percentage of the world's diversity is obliged to 
know, understand and preserve that diversity.  
Expedition BIO is a proposal born from the need to support a national initiative from the Colombian government, for the collection of genomic 
resources of plant species with large and medium agricultural importance. The proposed research seeks to generate knowledge and advanced 
technological capabilities in Colombia through the sustainable use of the national diversity combined with the study of the "-omics" ultimately 
developing agriculture, protecting biodiversity and using bioprospecting resources.This proposal will identify genes that may help understand or 
improve agricultural production in the country and advance plant research.  
Given the magnitude of this project The Colombian Center for Bioinformatics and Computational Biology BIOS has the infrastructure and 
human resources needed to develop a biological collection of genes of interest that will strengthen the agriculture, energy and pharmacy 
industries. This will potentiate the socioeconomic status and scientific production of the country resulting in an economic growth through the use 
of bioinformatics and computational biology. 
 
P0423: Genome Mapping, Tagging & Characterization: Natural Populations 
Spatial Population Genetic Structure of Phytophthora sojae in Indiana, USA 
Hossam E. M. Abdel Moniem1, Tomara J. Fleury2 and Brandon J. Schemerhorn2, (1)Purdue University, West Lafayette, IN, 
(2)USDA-ARS Purdue University, west lafayette, IN 
The population genetic structure of Phytophthora sojae in the complex landscapes of Indiana, USA was assessed from 462 isolates collected 
from 136 sites of agricultural fields across the whole state. P. sojae specific primers were used to verify species identity. Isolates were genotyped 
using 12 microsatellite markers that were chosen from a larger set of 21 markers. Spatially explicit and non-explicit techniques were used to 
estimate the best K (describing the number of populations). Results indicate that there are about 17 populations of the pathogen in Indiana. 
AMOVA indicated significant yet different patterns of genetic variability both within and among populations at different spatial scales.  Spatial 
autocorrelation analyses showed that at smaller geographic distances, population dissimilarity reached a minimum of 0.1 at 500 m. Dissimilarity 
increased by distance to 0.74 at ≥ 2000 m. Average heterozygosity varied between 0.21 – 0.63. Some loci were in LD and departed from HWE, 
which could be attributed to limited sample size in some sites or comparing multiple loci pairs at different samples. We hypothesize that the 
presence of genetically structured populations indicates that P. sojae has different spatial range of dispersal. This dispersal is promoted mainly by 



environmental conditions (e.g. wind) and anthropogenic activities.  We will conduct a landscape genetics study that investigates the correlation 
between the pathogen’s gene flow between the populations and landscape connectivity between isolates. This will provide better understanding 
to the population dynamics of the P. sojae in the landscape. 
 
P0424: Genome Mapping, Tagging & Characterization: Natural Populations 
Exploring the Biological Meaning for Mathematically Synthesized Principal Component in Population Genetics 
Xianran Li1, Michael Scanlon2 and Jianming Yu1, (1)Department of Agronomy, Iowa State University, Ames, IA, (2)Cornell 
University, Ithaca, NY 
Principal Component Analysis (PCA) is widely applied in population genetics to reveal the hidden population structure. Through PCA, a few of 
variables (PCs) synthesized from high dimensional SNP matrix can capture the major variations. However, why PCs have such power to reveal 
population structure is not clear because reducing dimensions inevitably accompanies with reducing interpretability. We discovered striking 
correlation between PC1 (the most important PC variable capturing the highest variation) and Base composition across SNPs (BCS) from 
empirical datasets. Theoretical derivation further formulates the relationship between BCS and PC1. Therefore, we proposed BCS is an ideal 
indicator for exploring the biological meaning for invisible PCs. By analyzing the 3D geometric object formed by SNPs, subset of SNPs mainly 
contributing to PC1, PC2, and PC3 were able to be isolated, respectively. BCS developed from each subset is highly correlated with 
corresponding PC, which is developed from the whole SNPs. The biological meaning of each PC is further elucidated as such subset of SNPs has 
unique allele frequency for the group from which the corresponding PC separates. Therefore, our analysis suggests that PC variable highly 
concentrates information from the signature genome sequences possessed by subpopulation. 
 
P0425: Genome Mapping, Tagging & Characterization: Natural Populations 
Connecting DNA Repair Genes with Genome Divergence through Base Composition at Polymorphic Sites 
Xianran Li1, Michael Scanlon2 and Jianming Yu1, (1)Department of Agronomy, Iowa State University, Ames, IA, (2)Cornell 
University, Ithaca, NY 
DNA base composition is a fundamental genome feature. However, the evolutionary pattern of base composition and its potential causes have 
not been well understood. Leveraging the wealth of genome sequences, we characterized composition of nucleotides along the same DNA strand, 
which is the way sequence was stored and displayed in GenBank, from different levels. Two consistent patterns were discovered. Base 
composition follows the individual-strand base equality rule at the genome, chromosome and polymorphic site levels. More intriguingly, clear 
separation of basal and derived groups by Base Composition across SNPs (BCS) was consistently observed across multiple species, suggesting 
common underlying mechanisms. With BCS as a phenotype, genome scans with Human 1000 Genomes and HapMap3 data identified a set of 
significant genomic regions enriched with Gene Ontology terms for DNA repair. For three DNA repair genes (BRIP1, PMS2P3 and TTDN), 
ENCODE data provided evidence for interaction between genomic regions containing these genes and regions containing the significant SNPs. 
Our findings provide insights into the mechanisms of genome evolution. 
 
P0426: Genome Mapping, Tagging & Characterization: Natural Populations 
Microsatellites in Carya 
Xinwang Wang, USDA ARS Southern Plains Agricultural Research Center, College Station, TX, Patricia E. Klein, Department of 
Horticulture,Texas A&M University, College Station, TX, Bruce W. Wood, USDA ARS Southeastern Fruit and Tree Nut Lab, 
Byron, GA, Michael A. Grusak, USDA/ARS, Houston, TX and L.J. Grauke, USDA ARS Crop Germplasm Research, Somerville, 
TX 
The genus Carya consists of 17 species worldwide, divided into 3 sections (Carya, the “true” hickories; Apocarya, the pecan hickories; and 
Sinocarya, the Asian hickories). The focus of international horticultural attention has traditionally been on pecan (Carya illinoinensis), the most 
widely grown species internationally.  All members of section Apocarya are diploid and hybridize frequently with pecan, providing an avenue for 
introgression of genes between sympatric populations distributed across southeastern United States, and into Mexico. Section Carya includes 
both diploid and tetraploid species, with abundant hybrid combinations described based on phenotypic patterns. Section Sinocarya, the Asian 
Carya species, are poorly represented in world germplasm collections, but are noteworthy both for their distinctive morphology as a group and 
for their limited, isolated distributions as species.  The most valuable horticultural member of that section, Carya cathayensis, has been reported 
to exhibit nucellar embryony and to hybridize with pecan. Nuclear and plastid microsatellites have been useful in distinguishing sections, species, 
populations and individuals.  They provide evidence for hybridity between species, and can confirm heredity within crosses. As more 
sophisticated methods of genomic evaluation are cooperatively developed for use in pecan breeding and selection, their use will be supplemented 
and informed by the lessons provided by microsatellite markers, as interpreted across broad germplasm collections. 
 
P0427: Genome Mapping, Tagging & Characterization: Natural Populations 
Structural Gene Annotation of Fungal Genomes and Metagenomes 
Alexandre Lomsadze, Liexiao Ding and Mark Borodovsky, Georgia Institute of Technology, Atlanta, GA 
Accurate gene annotation presents a challenge well known to the fungal genomics community. Structural gene annotation of complete or draft 
fungal genomes is difficult both in ‘short’ genomes, e.g. yeast, where the number of introns is too small to parametrize intron models, and in 
‘long’ genomes, where large number of introns per gene presents, in fact, less issue than sequence composition heterogeneity and large 
populations of transposable elements. Finally, algorithms of structural annotation of fungal metagenomes simply do not exist. 
     We present here the first, to the best of our knowledge, method for gene identification in fungal metagenomes that takes advantage on 
availability of hundreds of already sequenced fungal genomes (Ding et al., in preparation). Development of this method was facilitated by 
experience gained in previous work of the gene prediction tool for prokaryotic metagenomes, MetaGeneMark (Zhu et al, 2010). The new 
algorithm uses G+C content of input sequence for selecting a model from a set of fungi kingdom specific heuristic models derived from more 
than 200 fungal genomes. The heuristic models also include G+C dependent sub-models for acceptor, donor and branch point sites.  A subset of 
parameters, such as exon length distribution, was modeled with respect to bins with different intron density: low, medium and high.  



    For ab initio gene prediction in draft fungal genomes we have developed a group of fungi specific self-training methods.  The constantly 
updated self- training tool GeneMark-ES has been used in a number of fungal genome sequencing projects since 2007. It remains to be a launch 
pad for integrated tools GeneMark-ET and GeneMark-EP that allow using mapped RNA-Seq reads and mapped homologous proteins, 
respectively, in training and prediction. 
 
P0428: Genome Mapping, Tagging & Characterization: Natural Populations 
Isolation and Characterization of Microorganisms that may Play a Role in White Truffle Mycorrhization and Fruitbody 
Production 
Emidio Albertini1, Giorgio Marozzi1, Benedetta Turchetti1, Domizia Donnini1, Gian Maria Niccolò Benucci2 and Gregory Bonito2, 
(1)University of Perugia, Perugia, Italy, (2)Michigan State University, East Lansing, MI 
Truffles are ascocarps produced from ectomycorrhizal ascomycetes belonging to Tuber spp.. Among all truffles, Tuber magnatum Pico is the 
most appreciated because of its peculiar taste and aroma. However, basic aspects of the biology of this Tuber species have not been fully 
elucidated. To date, cultivation of T. magnatum (white truffle) is still challenging and the reason is still unclear. In fact both the life cycle and 
soil/environmental conditions stimulating mycorrhizae and ascocarps formation in Tuber magnatum still remain unknown. Several studies have 
suggested a role played by bacteria, fungi and yeasts in the development of truffle fruit bodies and aromas but data are lacking for white truffle. 
The aim of this study was to describe the whole microbial composition present in two different natural orchards. The analysis was carried out on 
nine ascocarps and on soil samples collected at four distances (from 0.20 to 2 meters) from the place where each ascocarp was retrieved. 
Microorganisms were isolated both from the inside and the outside of each ascocarp as well as from each soil sample. DNA was isolated from all 
colonies and used for molecular characterization: ITS (Internal Transcribed Spacer rDNA) for Fungi (including yeasts), and 16S for Bacteria. 
Our analyses revealed a high level of microbial diversity in these samples, which increased proportionally to the distance from the fruitbody. In 
contrast, low but distinct fungal and bacterial diversity level was found inside ascocarp indicating that truffle fruitbodies select for a distinct 
microbiome. For instance Hypocreales dominated, but Sarcoscyphaceae and Pyronemataceae were also isolated from the peridium, while 
Herpotrichiellaceae and Cladosporiaceae were isolated mostly from the gleba. These results will be discussed in more detail pertaining to the 
autecology and microbiology of Tuber magnatum. 
 
P0429: Genome Mapping, Tagging & Characterization: Natural Populations 
Sporobolus spp. as Resources for Crop Improvement in Poaceae 
Christopher Hendrickson, National University, San Diego, CA, Roger Kjelgren, Utah State University, Logan, UT and Amit 
Dhingra, Department of Horticulture, Washington State University, Pullman, WA 
In the American southwest, crops’ exposure to abiotic stress threaten agricultural sustainability.  Food security from regional to international 
markets which rely on its production are consequently impacted.  New tools are needed to improve crops' environmental stress tolerance to 
ensure long-term sustainability.  North American-native grasses species have evolved the capacity to thrive in habitats where these stresses 
persist.  Such ‘extremophilic’ species can provide critical opportunities for improvement of crops’ water use efficiency and productivity under 
drought.  Among these, the Sporobolus genus is host to grasses closely related to grain crops such as corn, wheat, rice, and barley (Poaceae 
family).  Found in Southwest deserts, S. nealleyi is considered a gypsum-endemic grass.   Such ‘gypsophiles’, may be able to extract bound water 
from pure gypsum rock during periods of drought.  Establishing genetic information in this species is necessary to determine the underpinnings 
of its extreme drought tolerance and gypsum-endemism.  A long term sequencing, annotation and gene-discovery effort is being instigated 
among Sporobolus spp. to address this need and identify novel strategies for crop improvement in Poaceae.  Karyotyping is underway to reveal 
genome size and ploidy beginning in S. nealleyi.  Based on this, draft genomes are being acquired with a combination of next-generation 
sequencing platforms.  Results are expected to reveal genetic mechanisms responsible for the extreme drought, salt and heat tolerance among 
these species.  These are expected to be leveraged for crop improvement in arid agricultural regions possibly enabling maintenance or 
reclamation of productivity from marginal arable land. 
 
P0430: Genome Mapping, Tagging & Characterization: Natural Populations 
The Family of MSDIN Cyclic Peptide Genes in Amanita phalloides and Amanita bisporigera 
Jane Pulman1, Joshua Herr2, Jonathan Walton1 and Kevin L. Childs1, (1)Michigan State University, East Lansing, MI, 
(2)University of Nebraska, Lincoln, NE 
α-Amanitin and phallacidin are two bicyclic peptide toxins from the deadly Amanita genus of mushrooms.  These bicyclic peptides have unique 
structures and potent bioactivities, and these proteins are members of the MSDIN family, so named because of their first five conserved amino 
acids.  Proteins from MSDIN genes all have a conserved 10-amino acid C-terminal peptide sequence, a middle variable region of 6-10 amino 
acids and a conserved 17-amino acid N-terminal peptide sequence.  The amino acids of the variable region are processed into mature toxins by 
proteolytic excision, cyclization, cross-bridge formation, and hydroxylations.  The initial processing and cyclization reactions are performed by a 
specialized prolyl oligopeptidase called POPB.  We have generated draft genomes of two toxic fungi, A. bisporigera and A. phalloides, that both 
contain α-amanitin and phallacidin.  In addition to the genes for α-amanitin and phallacidin, these genomes contain many additional related 
sequences from the MSDIN gene family.  Based on the draft genomes, A. bisporigera has 36 MSDIN genes, and A. phalloides has 29.  However, 
only three genes are common to both genomes (α-amanitin, phallacidin, and one unnamed gene).  In A. bisporigera, transcript evidence indicates 
that 16 MSDIN family members are expressed.  The MSDIN gene family appears to have expanded rapidly and divergently since it arose within 
the genus Amanita.  Both A. bisporigera and A. phalloides are predicted to make an abundance of cyclic hexa-, hepta-, octa-, nona- and 
decapeptides, most of which have unknown biological activities. 
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The Vital Importance of Soil Health: from Laboratory Systems to Ecosystems 
Leland J. Cseke, The University of Alabama in Huntsville, Huntsville, AL 



Healthy soil is an important resource in both natural and agricultural ecosystems.  It harbors both chemical and biological sources of nutrients 
that are required for plant growth, reproduction, insect and pathogen resistance, and response to changing environments.  However, current 
agricultural practices rely heavily on the meticulous management of chemical nutrients.  In natural ecosystems, nutrients are taken up by 
microorganisms and delivered to plants during interactions with plant roots in exchange for fixed carbon.  While such symbiotic relationships 
play an essential role in the regulation of soil nutrient cycling and subsequent carbon management, the complexity and variation of such natural 
systems has hindered the accurate assessment of the factors that signal, establish and maintain these interactions.  Thus, our lab has made use of 
simplified Populus-Laccaria-Pseudomonas laboratory systems and multiple "omics" approaches to integrate RNA-Seq, SWATH proteomics, 
ChIP-Seq, biochemical and FTIR imaging analyses to enhance our understanding of how atmospheric carbon is sequestered as plant and/or 
subsurface fungal biomass during symbiotic interaction and/or nutrient limitation.  Our results indicate that molecular events at the protein level 
are key in drawing conclusions for such processes.  We aim to make use of these laboratory systems to study natural ecosystems by providing a 
mechanism to probe how nature so effectively controls availability of soil nutrients through the activity of beneficial microbes.  We discuss how 
holistic system design approaches, combined with modern molecular techniques, provide technologies for the deep repair of ecosystems and the 
development of solutions for depleted topsoil, broken hydrological cycles, and falling soil fertility. 
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Small RNA processing in the plant pathogenic fungus Sclerotinia sclerotiorum 
Shin-Yi Marzano, South Dakota State University, Brookings, SD and Leslie Domier, USDA-ARS, Urbana, IL 
RNA-based gene silencing serves as a regulatory mechanism for eukaryotic gene expression during development and in response to stress that is 
mediated by small non-coding RNAs, including microRNAs (miRNAs) and small interfering RNAs (siRNAs). RNA silencing also functions to 
suppress highly repeated mobile genetic elements, serves as an antiviral defense and has been used with mixed results to develop resistance in 
plants to bacteria, fungi, insects, nematodes and viruses. However, RNA silencing mechanisms in plant pathogenic fungi are under-studied. Once 
identified, they can be utilized to improve plant health by more effectively silencing fungal genes from host plants or viral vectors. In this study, 
we characterized changes in gene expression and small RNA accumulation in Sclerotinia sclerotiorum, a damaging and widely distributed fungal 
plant pathogen, in response to hypovirus infection. Unlike plants which produce primarily 21 nt small RNAs, high-throughput sequence analysis 
showed that the fungus produced small RNAs of predominantly 22 nt. The S. sclerotiorum genome was predicted to contain multiple families of 
miRNA-encoding genes, none of which were conserved with miRNAs produced by other eukaryotes. Similar to other systems, siRNA sequences 
were primarily derived from retrotransposons. Small RNA sequences derived from the hypovirus genome were predominantly 22 nt in size, and 
non-randomly derived from both RNA strands. These findings suggest that there is a lack of conservation in small RNA pathways among plant 
pathogenic fungi that will need to be considered for RNA-based pathogen resistance strategies. 
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Polyploidy-Associated Genome Modifications during Land Plant Evolution 
Yuannian Jiao, Institute of Botany, The Chinese Academy of Sciences, Beijing, China 
Polyploidy in land plant evolution has led to an acceleration of genome modifications relative to other crown eukaryotes and is correlated with 
key innovations in plant evolution. Extensive genome resources provide for relating genomic changes to the origins of novel morphological and 
physiological features of plants. Ancestral gene contents for key nodes of the plant family tree are inferred. Pervasive polyploidy in angiosperms 
appears likely to be the major factor generating novel angiosperm genes and expanding some gene families. However, most gene families lose 
most duplicated copies in a quasi-neutral process, and a few families are actively selected for single-copy status. One of the great challenges of 
evolutionary genomics is to link genome modifications to speciation, diversification and the morphological and/or physiological innovations that 
collectively compose biodiversity. Rapid accumulation of genomic data and its ongoing investigation may greatly improve the resolution at 
which evolutionary approaches can contribute to the identification of specific genes responsible for particular innovations. The resulting, more 
'particulate' understanding of plant evolution, may elevate to a new level fundamental knowledge of botanical diversity, including economically 
important traits in the crop plants that sustain humanity. 
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Evolutionary Genomics of Plant Adaptation to Local Climates 
Nana Zhang, University of Pittsburgh, pittsburgh, PA 
Evolutionary adaptation is a major driver in genetic diversity. Plants respond to local climate through various morphological and physiological 
adaptations, thus plants growing in various climates have evolved various mechanisms of adaptation to local climate. Understanding the adaptive 
patterns of both phenotype and genome will uncover both the natural variation of various phenotypic responses and the underlying genetic basis 
for the adaptive responses.  
Using the natural populations of a model species, Arabidopsis thaliana, my research fills in the gap between the adaptive phenotype and their 
underlying genomic evolutionary response. Here we performed whole genome sequencing (Illumina Hiseq 2500) on 16 (4 genotypes each) wild 
populations in northeastern Spain. The goal is to: 1) identify candidate genes underlying the major adaptive functional shifts that differentiate 
populations across the focal climate gradient; 2) look for regions of strong selection in genomes, e.g., selective sweeps; 3) construct phylogenetic 
relationship and identify the evolutionary history of the populations.  
This study is one of the first to explore natural variations in whole genome with high throughput sequencing from a large number of natural plant 
populations. It will be integrated with the 1001 Genomes project in Arabidopsis. PAG will be the first time to show some of our novel findings 
from this large project. This work will provide important information on predicting the impact of global climate change on evolutionary potential 
of populations. 
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The Genomics of Environmental Adaptation in Panicum hallii, a Diploid Model for the Biofueld Crop Switchgrass 



Billie Gould, Michigan State U. Dept. of Plant Biology, East Lansing, MI, Jerry Jenkins, DOE Joint Genome Institute, Huntsville, 
AL, Jeremy Schmutz, Hudson Alpha, Huntsville, AL, Thomas Juenger, University of Texas, Austin, TX and David Lowry, The 
Unviersity of Texas at Austin, Ausitn, TX 
In this study we have characterized variation across the genome of the wild grass Panicum hallii, a model species for the bioenergy crop 
switchgrass (Panicum virgatum). We identify SNP and structural variation within the genome using a set of deeply re-sequenced lines aligned to 
the recently completed P.hallii genome (v2.0). Similar to switchgrass, P. hallii occurs as two ecotypes: a xeric adapted upland variety (var. 
hallii) and a mesic adapted lowland variety (var. filipes). To begin to understand the genes underlying adaptive differences, we present the results 
of multiple genome scans and SNP outlier analyses between the two subspecies. We compare our results with loci identified in recent eQTL and 
allele specific expression studies. Our results yield a set of candidate genes and polymorphisms linked with ecotypic adaptation in P. hallii, 
which can be compared with the forthcoming results of QTL mapping for improvement traits in switchgrass. 
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Cheatgrass Genetic Varation in Montane Regions of the US Intermountain West 
Spencer Arnesen1, Craig E. Coleman1 and Susan E. Meyer2, (1)Brigham Young University, Provo, UT, (2)USDA Shrub Sciences 
Laboratory, Provo, UT 
Cheatgrass (Brumus tectorum) is a highly invasive winter annual grass that now dominates millions of hectares of primarily sagebrush steppe 
habitat in the Intermountain Western regions of the United States.  The high volume of cheatgrass is a hazard due to its displacement of natural 
flora and fauna and its role as a major fuel in rangeland fires.  Although cheatgrass previously was found primarily in mid-elevation habitats, it 
has recently begun to expand into higher elevation montane regions.  Understanding the reasons for this secondary expansion of cheatgrass is 
necessary for better prevention of habitat destruction and wildfire risk.  Studies using SSR markers suggest that montane cheatgrass populations 
are genetically distinct from mid-elevation populations.  In order to perform a deeper study of these differences, we have used single nucleotide 
polymorphism (SNP) markers, previously developed in a study of mid-elevation populations, to analyze the genetic structure of montane 
cheatgrass populations. We hypothesize that the genetic make-ups of montane populations are similar to each other but different from mid-
elevation populations.  Using 71 SNP markers, 19 populations have already been analyzed.  Results showed that plants from elevations above 
6800 feet are genetically distinct from plants of lower elevations.  9 common haplotypes were found in these montane populations.  These 
haplotypes were divided into 4 haplogroups.  The existence of these haplogroups suggests that several cheatgrass genotypes adapted to montane 
habitats from native ranges in Europe and Asia. 
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Nuclear and Organelle Population Structure in Eastern Cottonwood (Populus deltoides) 
Annette M. Fahrenkrog1, Leandro Gomide Neves1, Marcio Resende2, Christopher Dervinis1, Brad Barbazuk1 and Matias Kirst1, 
(1)University of Florida, Gainesville, FL, (2)RAPiD Genomics LLC, Gainesville, FL 
Knowledge about a species’ genetic diversity and population structure is fundamental for the development of effective conservation, 
management and breeding strategies. Nuclear and organelle markers provide complementary information about population differentiation. While 
nuclear genomes inform about the effects of gene flow through pollen and seed dispersal on genetic structure, organelle genomes (haploid and 
mostly maternally inherited in flowering plants) reflect only gene flow through seed dispersal. To analyze population structure and genetic 
diversity in eastern cottonwood (Populus deltoides), 495 unrelated individuals collected across the southeastern native range of the species were 
genotyped by resequencing 18,153 genes and 23,835 intergenic regions. A set of 535,532 single nucleotide polymorphisms (SNPs) was 
identified in the nuclear genome. Additionally, off-target reads were aligned to Populus trichocarpa organelle reference sequences to identify 
SNPs in chloroplasts and mitochondria. A set of 9,038 nuclear intergenic SNPs was used to analyze population structure using the software 
STRUCTURE. Principal component analysis was used to assess organelle population structure utilizing 304 and 584 SNPs detected in 
chloroplasts and mitochondria, respectively. Nuclear markers divided the population into two groups that follow largely a eastern and western 
distribution, with a pairwise FST value of 0.072. Organelle markers revealed genetic structure patterns that differed from the nuclear genome. 
Chloroplast SNPs didn’t identify a clear pattern of genetic differentiation, while mitochondrial SNPs further subdivided the eastern and western 
subpopulations into smaller groups. These results highlight the advantages of including nuclear and organelle markers in population genetics 
studies to attain a higher resolution of a species’ genetic structure. 
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Comparative DNA Sequence Analyses of Pyramimonas parkeae Chloroplast and Mitochondrial Genomes 
Anchittha Satjarak and Linda E. Graham, University of Wisconsin-Madison, Madison, WI 
Prasinophytes form a paraphyletic assemblage of early diverging green algae. The heterogeneity in their morphologies and the results of 
phylogenetic analyses of some marker genes suggest that prasinophytes have the potential to reveal the traits of the last common ancestor of the 
main two green lineages: 1) chlorophyte algae, the putative clade that includes the majority of the modern green algal species, and 2) 
streptophyte algae, a smaller paraphyletic assemblage known to be closely related to land plants. Therefore, understanding the genetic 
composition of prasinophyte algae is fundamental to understanding the diversification and evolutionary process that may have occurred in both 
green lineages. In this study, we constructed chloroplast genome and mitochondrial genome of a prasinophyte, Pyramimonas parkeae NIES254. 
The chloroplast genome obtained in this study is 104,809 bp showing quadripartite structure. Comparison between the newly constructed 
chloroplast of Pyramimonas parkeae NIES254 to the reported strain CCMP726 showed high variability at the intra-specific level. We found four 
large hotspot regions, evidence for expansion/contraction of IRA-SSC-IRB boundaries, and differences in ycf20, psaC, and ndhE copy number. 
The de novo mitochondrial genome obtained shows similarity in gene content to that of other prasinophyte mitochondrial genomes. However, 
this de novo mitochondrial genome differs in gene arrangement showing evolutionary diversification of mitochondrial genomes of early 
diverging green algae. 
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Mutation Accumulation Tools to Investigate Gene Function in Natural Daphnia Populations 
Kimberly Young and R. Nathan Keith, Indiana University, Bloomington, IN 
The freshwater microcrustacean Daphniahas long been the subject of ecological and physiological inquiry.  We present here a tool developed to 
further the study of genomics in Daphnia spp.  
We have developed extensive mutation accumulation (MA) lines in Daphnia.  This resource is comprised of 1000 founding individuals of 
clonally reproducing Daphnia evenly divided among four treatments.  Each line is bottlenecked through a single individual once per generation, 
allowing mutations to accumulate independently in each line over time.  Isolates in this experiment are, depending on the isolate, between 
generation 78-126, but the experiment is ongoing. 
 
P0440: Genome Mapping, Tagging & Characterization: Natural Populations 
Complete Genome Sequence of the Cold-Active Bacteriophage W-6A from Pseudomonas fluorescens 
Kunhao Qin, Xiuling Ji, Jiankai Li, Haoyu Li and Yunlin Wei, Faculty of Life Science and Technology - Kunming University of 
Science and Technology, Kunming, China 
The cold-active bacteriophage W-6A, its host is Pseudomonas fluorescens, belonging to the Siphoviridae, was isolated from Napahai wetland in 
China. Sequence analysis revealed that the genome is 37,917 bp long, with an overall G＋C content of 56.90 mol%. A total of 58 open reading 
frames (ORFs) (12 on the forward strand and 46 on the reverse strand) were identified. The sequence contains 126 promoter binding sites, 16 
transcription terminators, 5 inverted repeats, and no tRNAs. Phylogenetic analyses of complete genome revealed that W-6A is closely related 
to  Pseudomonas phage phi297 (NC016762). Of the 58 predicted ORFs, 37 were identified as encoding hypothetical proteins, and the remaining 
ORFs were classified into five functional groups, including structural proteins, DNA replications and transcription enzymes, DNA packing 
proteins, host lysis enzymes and other. ORF 17 shows a high sequence similarity to the Rha family transcriptional regulator protein from 
Pseudomonas fluorescens, From this information, we propose that the W-6A phage is at an intermediate phase in its co-evolution with its 
bacterial host. This is the first report of sequencing and characterization of any Pseudomonasfluorescence lytic cold-active bacteriophages from 
Napahai wetland region, and these observations add to our current knowledge about the co-evolution of bacteriophages and their hosts.  
Keywords: genome sequence, cold-active，bacteriophage, Pseudomonas fluorescence 
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Metagenomic Investigation of the Whale Gut Microbiome 
Armond June1, Fanqing Zhao2, Brian Person3, Craig George3, Bjarni Mikkelsen4, Steven Gill5, Stephan C. Schuster6 and Charlotte 
Lindqvist1, (1)University at Buffalo, Buffalo, NY, (2)Beijing Institutes of Life Science, Beijing, China, (3)North Slope Borough, 
Barrow, AK, (4)Faroese Museum of Natural History, Tórshavn, Faroe Islands, (5)Genomics Research Center, University of 
Rochester Medical Center, Rochester, NY, (6)Singapore Centre on Environmental Life Sciences Engineering, Singapore, Singapore 
All exposed surfaces of the animal body are inhabited by a multitude of microbial communities, referred to as the microbiome, that provide 
functional features the host may not need as part of their own genomic evolution. Comparative studies of mammalian microbiomes are key for 
understanding not only the composition, function, and evolution of these microbial symbionts, but also the possible codiversification of the 
microbiota and their hosts. Metagenomic sequencing can assemble the collective genomes of the microbiomes of multiple organisms, and 
identify overlapping or species-specific microbial diversity and some of the distinctive functional attributes encoded in these microbiomes. We 
explored the gut microbiomes of two marine mammals, a baleen and a toothed whale, that differ in their feeding strategies, digestive anatomy, 
and physiology. Based on 16S rRNA amplicon and shotgun genomic sequencing on distal gut samples, we show that these two whale species 
harbor unique gut microbiomes, with the pilot whale highly divergent from terrestrial mammals. On the other hand, at a superficial level, the 
functional potential of the microbiomes from the two whales are highly similar to terrestrial mammals, although functions may be encoded from 
different microbial assemblages in the two whales, with the pilot whale appearing more similar to carnivores. We hypothesize that the difference 
in microbial flora between the marine species is a result of different dietary, environmental, and evolutionary influences, and that their gut 
microbiomes co-diversified with their hosts to occupy functions largely convergent across mammalian phylogeny. 
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Whole Genome Analysis of Divergent Natural Selection Between Depth-Partitioned Sibling Species in the Sebastes Marine 
Species Flock 
Vincent Buonaccorsi, Juniata College, Huntingdon, PA 
Detailed examination of adaptation and reproductive isolation at the molecular level is very challenging in most species, yet to achieve a full 
understanding of these processes we must determine the genomic underpinnings of population divergence.  The genus Sebastes boasts over 100 
species worldwide and presents a natural evolutionary laboratory within which one may pursue hypotheses with the rare advantage of 
phylogenetic replication.  There are a series of depth segregated sister species within the Sebastes, allowing for replicate studies to identify loci 
that are likely linked to genes that produced and/or maintain species boundaries through reproductive and ecological differentiation.  We 
performed ddRAD-seq reduced representation whole genome population genomic analysis between individuals of two depth-segregated sister 
species, and one allopatrically separated pair with a known reference divergence time.  RAD-tags and their interspecific divergence levels were 
mapped against the draft Sebastes nigrocinctus genome, which itself was mapped against the finished three-spined stickleback genome to 
establish approximate gene order.  Three regions on the order of 0.5Mbp were divergent among S. carnatus and S. chrysomelas.  Only one such 
region was divergent between S. miniatus vs S. crocotilis, which was also in common between S. carnatus and S. chrysomelas and is estimated to 
contain 43 genes.  The region in common contained candidate genes that may be related to prezygotic reproductive isolation and niche 
partitioning. 
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Genomic Characterization of Sex-Identification Markers in Two Sebastes Rockfishes 



Ben Fowler and Vincent Buonaccorsi, Juniata College, Huntingdon, PA 
Fish have evolved a variety of sex-determining (SD) systems including male heterogamy (XY), female heterogamy (ZW), and environmental 
SD.  Little is known about SD mechanisms of Sebastes rockfishes, a highly speciose genus of importance to evolutionary and conservation 
biology.  Here we characterize the sex determination system in the sympatrically distributed sister species S. chrysomelas and S. carnatus.  To 
identify sex-specific genotypic markers double digest restriction site –associated DNA sequencing (ddRAD-seq) of genomic DNA from 40 sexed 
individuals of both species was performed.  Loci were filtered for presence in all of the individuals of one sex, absence in the other sex, and no 
heterozygosity.  Of the 74,965 loci present in all males, 33 male-specific loci met the criteria in at least one species and 17 in both. Conversely, 
no female-specific loci were detected, together providing evidence of an XY sex-determination system in both species. When aligned to a draft 
reference genome from Sebastes aleutianus, 26 sex-specific loci were interspersed among 1,168 loci that were identical between sexes.  The 
nascent Y-chromosome averaged 5% divergence from the X chromosome, and mapped to reference Sebastes genome scaffolds totaling 6.9Mbp 
in length.  These scaffolds aligned to a single chromosome in three model fish genomes.  Read coverage differences were also detected between 
sex-specific and autosomal loci.  A PCR-RFLP assay validated the bioinformatic results and correctly identified sex of five additional individuals 
of known sex.  A sex-determining gene in other teleosts gonadal-soma derived factor (gsdf) was present in the model fish chromosomes that 
spanned our sex-specific markers. 
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RNAseq Analysis of Herbicide Response in Imazamox Resistant and Susceptible Echinochloa colona Populations 
Alice Ann Wright1, Kurt C. Showmaker2, Vijay K. Nandula3, Jason A. Bond1, Daniel G. Peterson2, Jeffery D. Ray3 and David R. 
Shaw2, (1)Mississippi State University, Stoneville, MS, (2)Mississippi State University, Mississippi State, MS, (3)USDA-ARS, 
Stoneville, MS 
Weeds with resistance to multiple herbicides are increasing in incidence and are of growing concern to farmers.  MS1, a field population of 
Echinohcloa colona with resistance to imazamox, fenoxaprop, quinclorac, and propanil, was reported in Sunflower County, MS.  Treatment of 
MS1 with cytochrome P450 inhibitors in the presence of imazamox reduced the level of resistance, indicating involvement of herbicide 
metabolism in the resistance mechanism.  Due to the complexity of the mechanism and the lack of sequence data for this species, a RNA-seq 
approach was taken to explore the mechanism.  RNA was isolated from untreated and imazamox treated plants for MS1 and a susceptible 
population, Bond2.  MiSeq SE165 and HiSeq PE100 runs were performed.  Differential expression analysis of treated and untreated samples for 
preliminary assemblies of each population revealed an increase in expression of several genes associated with stress response, including genes 
involved in calcium signaling, ubiquitination, defense responses, cell wall modifications, and metabolism.  Of particular interest was a 
cytochrome P450 734A6 homolog.  In subsequent qPCR studies, this transcript showed a two fold increase in expression in MS1 compared to 
Bond2 four hours after imazamox treatment.  Additional research will be needed to determine the role (if any) of this enzyme in herbicide 
resistance.  Future work includes generating final transcriptomes for each population and analysis of expression differences to identify potential 
genes that may account for resistance.  A list of candidate genes associated with increased imazamox resistance will facilitate additional studies 
needed to elucidate the mechanism of resistance in this population. 
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de novo Hybrid Assembly of the White-tailed Deer Genome 
Theodore B Davis, Richard D. Morgan and Bradley W Langhorst, New England Biolabs, Ipswich, MA 
A hybrid assembly of the White-tailed deer (Odocoileus virginianus borealis) genome was generated from PacBio and Illumina reads. The New 
England Biolabs Ultra II DNA Library Prep Kit was used to generate a 250 bp, size-selected library from muscle tissue and paired-end 
sequencing (2 X 150) was performed on the Illumina NextSeq platform. A protocol modified from the PacBio SMRTbell Template Prep Kit was 
used to generate 10-50 kb DNA libraries from the same source material and sequencing was performed on the PacBio RSII platform. Coverage 
was estimated at 40X for PacBio and 150X for Illumina sequence.  
Multiple assemblies were performed using FALCON 3.0, Celera Assembler 8.3, dbg2olc and Spades 3. These assemblies were compared using 
varying amounts of Illumina and PacBio reads across multiple parameters for each assembler. Preliminary correction of PacBio reads with 
Illumina reads was also examined as a potential contributor to assembly quality. We assessed the effect of “stitching” paired-end Illumina reads 
into a single longer read using various software methods. A novel strategy for finishing and resolution of phasing by targeted enrichment is 
currently underway and interim results will be presented. 
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Highway to Heaven: Sequencing the Genome of the Waterfall Climbing Hawaiian Goby (Sicyopterus stimpsoni) 
Natalia Vinas1, Mark A. Arick II2, Natalie Barker1 and Heiko Schoenfuss3, (1)US Army ERDC, Vicksburg, MS, (2)Mississippi 
State University, Mississippi State, MS, (3)St Cloud State University, St Cloud, MN 
Certain animals have evolved unique characteristics necessary for survival in extreme environments. For example, closely related species of 
gobies have developed very different strategies to overcome extreme conditions such as climbing high waterfalls using repurposed mouthparts or 
walking out of water using modified fins. However, we lack information on how such novel adaptations arose. These species share a close 
ancestor and may have adapted preexisting structures to new uses. Therefore, in order to explore how the Hawaiian goby (or O’opu nopili, “the 
fish that clings”) Sicyopterus stimpsoni evolved to being able to climb waterfalls, we decided to sequence its genome. We will then compare and 
contrast with other goby genomes to identify specific regions of change and relate these to regions known to control physiology. Here, we 
extracted DNA from muscle tissue from two climbing gobies and performed two genomic libraries using the Bioo PCR Free kit. We sequenced 
these two libraries using one lane of the Illumina HiSeq 1x100bp and two lanes of 2x100 bp, which yielded 860 million reads total. We then used 
FASTQC for quality checking, Trimmomatic 0.32 for trimming and filtering, Abyss 1.5.1 for assembly, and SSPACE 3.0 for scaffolding. The 
resulting assembly contained 196,045 scaffolds with lengths greater than 500 nucleotides. The sum of lengths of these scaffolds is 812.4 MB, 
approximately 81% of the estimated genome size (1 Gb). This discrepancy is believed to be due to the more highly repetitive genomic regions 
being compressed during the assembly process to their shortest common sequences. The N50 statistic, the sequence length at which all sequences 



greater than or equal to it contain 50% of the sum of the lengths of all assembled sequences, is 7,078. The genome is now being annotated and 
further analysis will be performed to try to elucidate why the Hawaiian goby evolved to be a waterfall climbing species. Furthermore, samples 
have been taken for RNAseq from successful and unsuccessful climbers. Analysis is in process.  
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PacBio de novo Assembly of the Homalanthus nutans Genome Provides Insight into Prostratin Biosynthesis 
Jeff Wong, Universitiy of California, Berkeley, CA 
The need for effective anti-HIV drugs is urgent. Over 34 million people worldwide are infected with HIV, many of whom live in countries where 
medicine is inaccessible due to cost. Prostratin, a natural product derived from Homalanthus nutans, a small rainforest tree grown in Samoa, is 
being actively developed as an adjuvant therapy to clear latent viral reservoirs, the primary obstacle to eradication of HIV. However, the current 
supply of prostratin is produced in limited quantities via a semi-synthetic route and the scarcity of genetic resources available for H. nutans has 
been significantly hampering projects targeting microbial production of prostratin.  Tissue collected from Faleolupo, Samoa, was sequenced 
using PacBio’s new P6C4 chemistry for ultra-long reads; although the genomic DNA was severely degraded during transit to the United States 
for sequencing, these technologies still provided an average read length of 10kb. While the initial genome size was estimated to be ~400Mb, 
BUSCO statistics indicated only ~70% of the genes were present in the first draft assembly, placing the actual genome size around 1.2Gb. The 
preliminary assembly has a contig N50 of 20kb. The annotated H. nutans genome sequence will facilitate identification of genes involved in 
prostratin biosynthesis. Once the genes are determined, they will be expressed in yeast to produce prostratin.  
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Whole Genome Sequencing and Comparative Genomics of Five Isolates of Macrophomina phaseolina Isolated from 
Agronomic and Prairie Plant Species 
Osman Radwan, University of Illinois at Urbana-Champaign, Urbana, IL, Chris Little, Kansas Stae University, Manhattan, KS and 
Glen L Hartman, USDA-ARS, Urbana, IL 
Macrophomina phaseolina has a broad host range infecting more than 500 plant species, including soybean, corn, sorghum, cotton and 
sunflower. The aim of this work was to: (i) sequence and assemble the genome of five isolates of M. phaseolina isolated from agronomic 
(soybean, corn, and sunflower) and prairie (switchgrass and roundhead lespedeza) plant species; and (ii) dissect the genomes for comparative 
genomics and identification of novel proteins. The sequenced genome sizes varied from 45 Mb (soybean isolate) to 48 Mb (switchgrass isolate). 
The average nucleotide identity (ANI), between novel genomes and the reference genome, ranged from 91.1% to 92.6% with novel regions 
estimated at 4.6 to 6.4% of the whole genome. Comparative genomics between five genomes revealed some unique proteins for each isolate 
reflecting a diverse potential function from one genome to another. It is interesting to report that the genome size and the total number of novel 
proteins are higher in the switchgrass isolate compared to those isolated from agronomic crops. These results suggest that the switchgrass isolate 
has more genomic diversity than the other isolates. Information from the current study will lead to further understanding of the molecular 
interactions between M. phaseolina and different plant species and will assist in designing effective genetic control strategies for charcoal rot 
disease. 
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Spatial Genetic Structure, Genetic Diversity and Pollen Dispersal in a Natural Population of Astrocaryum aculeatum in 
Brazilian Amazonia 
Elizabeth A. Veasey1, Santiago L.F. Ramos1, Gabriel Dequigiovanni1, Alexandre M. Sebbenn2, Maria Teresa G. Lopes3, Paulo Y. 
Kageyama4 and Jeferson L.V. Macêdo5, (1)ESALQ - University of São Paulo, Piracicaba, Brazil, (2)Instituto Florestal de São 
Paulo, São Paulo, Brazil, (3)Universidade Federal do Amazonas, Gainevislle, FL, (4)ESALQ - Universidade de São Paulo, 
Piracicaba, Brazil, (5)Embrapa Amazônia Ocidental, Manaus, Brazil 
Astrocaryum aculeatum is widely appreciated in the Amazon where the pulp extracted from the fruits is consumed fresh and its production is 
almost exclusively made by extractive farmers. The aim of this research was to compare the genetic diversity between adult individuals and 
open-pollinated seeds, quantify pollen flow and dispersion, the spatial genetic structure, and the effective population size in a population 
subjected to fruit harvesting using 12 microsatellite loci. The study was carried out in a natural A. aculeatum population of approximately 8 ha 
and separated by 400 m from the nearest population in the State of Amazonas, Brazil. In this natural population we mapped 112 possible pollen 
donors, 12 mother plants and 120 offspring. Genetic diversity was high for both the parents and the offspring. The fixation indexes for adults (F 
= -0.035) and offspring (F = -0.060) were negative and not significant. A significant spatial genetic structure for the adult plants was detected up 
to the distance of 45 m, indicating short-distance seed dispersal. Paternity analysis detected 9.2% of pollen immigration and the average distance 
of pollination within the population was 81 m. The average effective pollination neighborhood area between plants was 1.51 ha. Our results 
indicate substantial input of alleles in the population through pollen immigration, contributing to the maintenance of genetic diversity, even when 
submitted to seed harvesting. The renovation with new selected offspring should be made from a minimum spacing of 50 m between mother 
plants to prevent collecting seeds from plant relatives. 
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Genotyping in Thousands By Sequencing (GT-seq): A Low Cost, High-Throughput, Targeted SNP Genotyping Method 
Nathan Campbell, Shawn Narum and Stephanie Harmon, Columbia River Inter-Tribal Fish Commission, Hagerman, ID 
GT-seq is a genotyping method which leverages large read numbers from Illumina sequencers to genotype hundreds of single nucleotide 
polymorphisms within pools of multiplex PCR amplicons generated from thousands of individual samples (Campbell et al. 2014).  This method 
produces genotypes that are 99.9% concordant to those produced using TaqMan™ assays at approximately 1/4th the cost.  Since its development, 
GT-seq panels have been created for several species (Chinook salmon, coho salmon, sockeye salmon, rainbow trout, and pacific lamprey) and 
has become the preferred SNP genotyping method in our laboratory.  New genotyping software allows genotypes and summary figures to be 
produced from a lane of raw sequencing data in under an hour using a desktop linux computer. 
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Monitoring of Endocrine Disrupting Chemicals (Pesticides, Metals) in Sediments of Aquaculture Development Areas and 
Natural Resources in Cuba 
Gustavo Arencibia Carballo, Raquel Silveira, Barbarito J. Jaime Ceballos, Rafael Tizol Correa, Raul E. Flores and Abel Betanzos 
Vega, Centro de Investigaciones Pesqueras, La Habana, Cuba 
Considering the persistence of EDCs in the environment, we monitored these compounds in areas of aquaculture development and the platform 
where commercially important fish stocks are exploited. We present results of surveys between 2000 and 2015 in the Gulf of Guacanayabo and 
areas of Guantánamo Bay, Nipe Bay and Bay of Pigs. The chemicals studied in surface sediments were: HCB, Lindane, Aldrin, DDE, α-
endosulfan, Dieldrin, DDD, DDT, endosulfan sulfate and β-endosulfan. All concentrations were below detection limits, except for DDE in Nipe 
Bay (16 mg/kg average). In Guantánamo Bay, an acuatorio with some fishing capacity, sediments were sampled during two seasons (2000-2002) 
but no pesticides found. Results from the Cauto River delta and Bay of Pigs, all areas with important fisheries and aquaculture development, 
indicated that pesticide residues in sediments of the estuarine zone and lagoon system were below detection limits for HCB, Lindane, Aldrin, 
DDE, Dieldrin, DDD, DDT, except for endosulfan. In 2007, endosulfan was found in the lagoon system (22.6 mg/kg) but not in areas of the 
Cauto river delta and sea front area.  Information will also be presented on 11 metals tested in Nipe Bay, some of which are nephrotoxic or 
chelated by the herbicide and antibiotic Glyphosate. The levels of EDCs found in sediment and shrimp from Cuba will be compared to those 
found in sediment and seafood from other countries (pag.confex.com/pag/asia2015/webprogram/Paper18059.html). We provide 
recommendations to continue these monitoring efforts based on new epigenetics and epidemiological information available to assess the long-
term safety of EDCs. 
 
P0453: Genome Mapping, Tagging & Characterization: Aquaculture 
Integrative and Comparative Analysis of Skin Transcriptome of Various Fish Species 
Sen Gao, Jun Yao and Zhanjiang Liu, Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, Auburn, 
AL 
Fish scales are physical barriers protecting them from various external stresses including infections. However, vast majority of catfishes are 
evolutionarily scaleless. How scaleless fish respond to external environment, particularly against infections, is of great interest to biologists. In 
this study, our objectives were to conduct comparative transcriptome studies using available RNA-Seq datasets from scaled and scaleless fish. 
We generated the RNA-Seq dataset of the channel catfish (scaleless) skin using the Illumina sequencing platform, and used skin RNA-Seq 
datasets of zebrafish (scaled), rhodeus (scaled), notothenia (scaled) and stickleback (barely scaled) from publicly available databases. The skin 
transcriptomes of the five species were first assembled de novo using Trinity. The transcriptomes were annotated by BLASTP analysis against 
the zebrafish reference protein database. Comparative analysis was conducted to identify genes specifically expressed in the skin of each 
species.  A total of 11,843 orthologous gene sets were established that are common to all five species. Species-specific transcripts were identified 
for each of the five species, with 1,536 genes as catfish-specific. Of the catfish-specific genes, 33 genes were involved in immune-related 
functions, suggesting that a significant fraction of catfish-specific skin genes are involved in both innate and adaptive immunity.  A total of 165 
genes were identified as genes preferentially expressed in the skin (at least 16 X more than expression in any of the four tissues used in the 
analysis: liver, gill, barbel, intestine; FDR < 0.01). 
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Genomic Approaches for Understanding Genetic Variation in Coho Salmon Populations 
Victor Martinez1, Alvaro Machuca2, Cristian Bravo3, Veronica Barra3, Nina Santi4, Thomas Moen5, Gabriela Schroeder6, Daniela 
Cichero6, Matias Medina7 and Alok Patel8, (1)FAVET-INBIOGEN. University of Chile, santiago, Chile, (2)FAVET-INBIOGEN. 
BLUE GENOMICS., SANTIAGO, Chile, (3)FAVET-INBIOGEN., SANTIAGO, Chile, (4)Aquagen, Norway. Blue Genomics., , 
Puerto Varas, Chile, (5)Aquagen, Trondheim, Norway, (6)Aquagen, CHILE Blue Genomics., , Puerto Varas, Chile, (7)Aquagen, 
CHILE Blue Genomics., Puerto Varas, Chile, (8)FAVET-INBIOGEN. UNIVERSIDAD DE CHILE, Santiago, Chile 
Due to the increased importance of the Coho salmon for the Chilean aquaculture, it is necessary to develop genomic resources aimed at 
implementing genomic selection for traits that are difficult to measure such as Piscirickettisa salmonis (PS) resistance. We first targeted regions 
of the genome for SNP discovery and paralogous assessment using different sources of information: Reduced Representation Sequencing (RRS) 
of haploid embryos, RRS of diploid individuals and RNAseq using information of susceptible and resistant families after being exposed to PS. 
We are further characterizing genomic variability using whole genome sequencing. Mapping and kmer based approaches were used for SNP 
discovery. A draft assembly was obtained from reduced representation data (60x). In all cases the rainbow trout and the salmon genome was used 
and results were compared. Without filtering around 25% of the SNPs appear to be paralogous. Overall, 200K SNPs could be predicted after 
stringent quality control. The ratio of Ts/Tv was 1.5. The SNPs discovered in coding regions appear to be mostly under balancing selection 
(Tajima D). The inbreeding of the population appeared to be small. Deseq2 analysis using survivors and moribund fish sampled at the peak of 
mortality showed that several genes related to metal ion binding and cellular processes appear to be differentially expressed.  The results obtained 
with this information will be crucial for measuring the effects of selection, mapping loci associated with disease resistance and broodstock 
management. FONDEF: ID14I10090. 
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Application of Genotyping-by-Sequencing (GBS) in Atlantic Salmon (Salmo salar) 
Rudiger Brauning1, Rayna Anderson2, John McEwan1, Tracey Van Stijn3, Ken G Dodds1, Shannon Clarke1 and Theódór 
Kristjánsson4, (1)AgResearch Ltd, Invermay Agricultural Centre, Mosgiel, New Zealand, (2)AgResearch Ltd., Mosgiel, New 
Zealand, (3)AgResearch Ltd. Invermay Agricultural Centre, Mosgiel, Otago, New Zealand, (4)Stofnfiskur hf., 221 Hafnarfjordu, 
Iceland 



Advances in next generation sequencing technology have made genotyping-by-sequencing (GBS) a viable and cost effective alternative to more 
traditional methods for studies of genetic diversity, parentage assignment and genomic selection in livestock and aquaculture species.  
High-throughput GBS methodology produces SNP genotypes that are supported by varying depth of sequence reads. The cost effectiveness of 
the method is determined by the number of samples and proportion of the genome assayed within a lane of sequencing. Selecting the most 
appropriate combination to sequence will depend on the read depth required to validate the SNP genotypes for use in the intended downstream 
application.  
Here we present results from Atlantic Salmon (Salmo salar) using GBS with the restriction enzymes ApeKI and PstI and the subsequent use of 
PstI for genetic diversity, parentage assignment and genomic selection studies. This work demonstrates how this approach can be implemented at 
low cost in a non-traditional species that contains a partially duplicated genome. 
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Selection Patterns in Geographically Separated Populations of Atlantic Salmon Reveal Biological Differences 
Erik Kjærner-Semb, Institute of Marine Research, Bergen, Norway 
Atlantic salmon from southern and northern regions in Norway display genetic differences, but these have remained uncharacterized. These 
differences may result from variation in recolonization times and patterns of salmon along the Norwegian coastline. The underlying drivers for 
these genetic differences are not known, but may include different environmental factors in the south and north, such as temperature, light and 
disease pressure. This study aims to elucidate the genetic differences between Atlantic salmon in southern and northern Norway using genome 
wide association studies (GWAS) to look for selection processes on genes and genomic regions in the Atlantic salmon genome.  
GWAS using 4,450,990 SNPs derived from genome resequencing data from four rivers in Northern Norway and four rivers in Western Norway 
revealed significantly different allele frequencies between salmon from north and south of Norway. The study identified 11 selective sweeps, 
comprising more than 50 genes, of which 16 contained missense mutations. Genotyping salmon from 19 other rivers along the Norwegian 
coastline showed that these missense mutations are separating the salmon populations in the north and south of Norway. Result from this study 
are relevant for the aquaculture community since different selection processes can be related to relevant characteristics in aquaculture such as 
disease resistance, metabolism (growth) and processes regulated by photoperiod such as timing of reproduction. 
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Genome Scan for Selection Signatures in Atlantic Salmon Populations Using a High Density SNP Array 
María Eugenia López Dinamarca1, Laura Benestan2, Jean-Sébastien Moore2, Charles Perrier3, Louis Bernatchez4, John Gilbey5, 
Alex Di Genova1, Alejandro Maass6, Roberto Neira1, Katharina Correa1, Jean P. Lhorente7 and José M. Yáñez1, (1)University of 
Chile, Santiago, Chile, (2)Université Laval, Quebec, QC, Canada, (3)Centre d'Ecologie Fonctionnelle et Evolutive, Montpellier, 
France, (4)Université Laval, Québec, QC, Canada, (5)Marine Scotland, Pitlochry, Scotland, (6)Center of Genome Regulation, 
Chile., Santiago, Chile, (7)Aquainnovo, Puerto Montt, Chile 
Detecting selection in domesticated species can provide insight into the biological process of artificial selection and the causal genes underlying 
phenotypic variation. In some cases artificial selection can drive genetic changes on a short time scale in domesticated animals. Atlantic salmon 
(Salmo salar) represent an ideal model for studying the genomic response to selection because some farmed populations of extant wild stocks 
have experienced intense artificial selection for traits such as growth for over 40 years.  
We used a high density SNP chip to screen 151,509 SNPs for selection signatures in two independently domesticated strains and their respective 
wild ancestor populations. The genome-wide genetic differentiation between the domestic and wild populations as measured by FST was 0.16 for 
Canadian populations and 0.08 for Scottish populations. We performed FST outlier and cross-population extended haplotype homozyogisty tests 
to identity signals of artificial selection in the genome. The FST scans produced a subset of 160 and 93 outlier SNPs showing evidence of 
selection for Canadian and Scottish stocks respectively.  
These identified outlier loci illustrate the usefulness of a high density, genotyping chip and provide a basis for further studies aimed at detecting 
genes involved in biological processes relevant to domestication and selection in Atlantic salmon. 
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Functional Studies in Atlantic Salmon (Salmo salar L.) Reveals Candidates for Sterility Vaccines 
Anna Troedsson-Wargelius1, Sven Leininger1, Lene Kleppe1, Kai Ove Skaftnesmo1, Tomasz Furmanek1, Rüdiger W. Schulz1,2, 
Helge Tveiten3, Geir Lasse Taranger1, Eva Andersson1 and Rolf B, Edvardsen1, (1)Institute of Marine Research, Bergen, Norway, 
(2)University of Utrecht, Utrecht, Netherlands, (3)NOFIMA AS, Tromsø, Norway 
Recent biotechnological innovations such as the CRISPR-Cas9 methodology, have allowed applying genetic engineering approaches also to non-
model organisms, including studies on gene function in Atlantic salmon. We have explored this methodology with the aim to target one of the 
major sustainability problems in salmon aquaculture: sexually mature escapees. Genetic introgression into wild populations is currently one of 
the factors limiting the expansion of the Norwegian salmon industry. To address this problem, we are investigating the possibility to induce 
sterility by vaccination against factors mediating germ cell survival in salmon. We have used CRISPR-Cas9 technology to elucidate the function 
of candidate genes in germ cell survival. Due to the long generation time of salmon we chose to analyze complete loss of function in F0. To 
avoid analysis of mosaic individuals, we simultaneously induced CRISPR-Cas9-mediated mutations in the albino (alb) and in the target gene. 
We observed that complete loss of pigmentation indicated bi-allelic disruption of alb but also of the second gene that was targeted. This 
methodology allowed producing germ cell-free salmon in F0. Different from medaka and zebrafish but similar to the loach, male and female 
somatic sex differentiation of the somatic gonadal elements did take place in germ cell-free salmon. We are also now following growth in germ 
cell free fish to evaluate if this type of sterility is suitable for the aquaculture industry. In addition we are at this time investigating a sterility 
vaccine using this target. 
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The vgll3 Locus Controls Age at Maturity in Wild and Domesticated Atlantic Salmon (Salmo salar L.) Males 



Fernando Ayllon1, Erik Kjærner-Semb1, Tomasz Furmanek1, Vidar Wennevik1, Monica F Solberg1, Geir Dahle1, Geir Lasse 
Taranger1, Kevin Glover1, Markus Almen2, Carl-Johan Rubin2,3, Rolf B Edvardsen1 and Anna Troedsson-Wargelius1, (1)Institute of 
Marine Research, Bergen, Norway, (2)University of Uppsala, Uppsala, Sweden, (3)Uppsala University, Uppsala, Sweden 
Wild and domesticated Atlantic salmon males display large variation for sea age at sexual maturation, which varies between 1-5 years. Previous 
studies have uncovered a genetic predisposition for variation of age at maturity with moderate heritability, thus suggesting a polygenic or 
complex nature of this trait. The aim of this study was to identify associated genetic loci, genes and ultimately specific sequence variants 
conferring sea age at maturity in salmon. We performed a genome wide association study (GWAS) using a pool sequencing approach (20 
individuals per river and phenotype) of male salmon returning to rivers as sexually mature either after one sea winter (2009) or three sea winters 
(2011) in six rivers in Norway. The study revealed one major selective sweep, which covered 76 significant SNPs in which 74 were found in a 
370 kb region of chromosome 25. Genotyping other smolt year classes of wild and domesticated salmon confirmed this finding. Genotyping 
domesticated fish narrowed the haplotype region to four SNPs covering 2386 bp, containing the vgll3 gene, including two missense mutations 
explaining 33-36% phenotypic variation. A single locus was found to have a highly significant role in governing sea age at maturation in this 
species. The SNPs identified may be both used as markers to guide breeding for late maturity in salmon aquaculture and in monitoring programs 
of wild salmon. Interestingly, a SNP in proximity of the VGLL3 gene in humans (Homo sapiens), has previously been linked to age at puberty 
suggesting a conserved mechanism for timing of puberty in vertebrates. 
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Genomic Prediction of Host Resistance to Sea Lice (L. salmonis) in Atlantic Salmon (S. salar) 
Hsin-Yuan Tsai1, Alastair Hamilton2, Alan E. Tinch3, Derrick Guy2, James E. Bron4, Karim Gharbi5, Michael Stear6, Oswald 
Matika1, Stephen C. Bishop1 and Ross D. Houston1, (1)The Roslin Institute and R(D)SVS, University of Edinburgh, Midlothian, 
United Kingdom, (2)Landcatch Natural Selection Ltd., Stirling, United Kingdom, (3)Landcatch, Stirling, United Kingdom, 
(4)Institute of Aquaculture, University of Stirling, Stirling, United Kingdom, (5)Edinburgh Genomics, University of Edinburgh, 
Edinburgh, United Kingdom, (6)Institute of Biodiversity, Animal Health & Comparative Medicine, University of Glasgow, 
Glasgow, United Kingdom 
Sea lice have a large negative economic and animal welfare impact for farmed Atlantic salmon. We tested the utility of genomic prediction using 
genome-wide SNP markers to predict breeding values for lice resistance and growth traits in commercial Atlantic salmon populations. The 
specific aims were (i) to estimate the heritability of lice resistance and growth traits using genomic and pedigree based methods, (ii) to assess the 
accuracy of genomic prediction using various SNP marker densities, and (iii) to test prediction accuracies in closely and distantly related training 
and validation populations.  
Two commercial populations from different year groups (n = 1,119) were measured for weight, length and counts of lice 7 days after challenge. 
All animals were genotyped for ~33K SNPs, and trait heritabilities were estimated using a mixed model fitting the pedigree-based and genomic 
relationship matrix respectively. Genomic prediction accuracies were tested using five-fold cross validation analysis. The accuracy was 
calculated as the correlation between the EBVs and the adjusted-phenotypes divided by the heritability(h-square) [~r(y1,y2)/h].  
Heritability estimates were ~0.25 for lice resistance and ~0.5 for growth traits.  Accurate genomic predictions of breeding values were possible 
for lice resistance (~0.6) and growth (~0.7) within populations; an improvement on using pedigree records alone. As few as 5K SNPs gave close 
to maximal accuracy, with little improvement using a higher marker density. Prediction accuracy was higher when training and validation 
populations were closely related, but less so with more distant relationships. In summary, genomic prediction is a useful tool for improving host 
resistance to sea lice in commercial salmon breeding schemes. 
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Evaluation of Genomic Selection for Sea Louse Resistance in Atlantic Salmon (Salmo salar L) 
Katharina Correa1, Jean P. Lhorente2, Rama Bangera2 and José M. Yáñez1, (1)University of Chile, Santiago, Chile, 
(2)Aquainnovo, Puerto Montt, Chile 
In animal breeding, selecting for improved disease resistance has become a common target. To achieve this goal, selection candidates are 
commonly evaluated using information of relatives that are challenged with the pathogen of interest and relying on pedigree information. The 
availability of molecular markers panels has led to the search of the best strategies to accelerate the selection process and to improve the accuracy 
of the evaluations.  
2600 Atlantic salmon smolts were experimentally challenged against Caligus rogercresseyi, sea louse species that causes severe losses in the 
salmon industry.  Parasite load was counted on each fish, and tank and final weight was recorded after the challenge.  DNA was extracted from 
fin samples and all were genotyped using a 50K SNP array.  
Genomic prediction was evaluated using three different models: GBLUP, BayesA and BayesB. The models differ with respect to assumptions 
regarding distribution of marker effects.  The predictive ability of genomic predictions was evaluated as the correlation between the predicted 
phenotype and the true phenotype, using five-fold cross validation.  Preliminary results indicate that the predictive ability of genomic selection 
approaches show a mean of 0.63 for this trait, outperforming the prediction accuracy obtained with classical pedigree-based approach in up to 
4%.  
These results indicate that there is potential to include the molecular information to assess the genetic merit of breeding candidates through 
genomic selection. The use of a reduced-density marker array should be assessed in order to determine the minimum number of markers needed 
to obtain the highest predictive ability. 
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Silver Pomfret ( Pampus argenteus ): A Draft Genome Sequence 
Sabah AlMomin1, Vinod Kumar2, Sami AlAmad3 and Mohsen Al-Hussaini3, (1)Kuwait Institute for Scientific Research, Safat, 
Kuwait, (2)Kuwait institute for scientific research., Kuwait, Kuwait, (3)Kuwait Institute for Scientific Research., Kuwait, Kuwait 



Silver pomfret, Pampus argenteus, is a fish species of high commercial value. Inspite of its importance, genetic and genomic studies have been 
limited. With the availability of the current advanced sequencing technologies, such as the Next Generation Sequencing (NGS), it has been 
possible to sequence the complete genomes of various plant and animal species. Here we report the first draft genome sequence of the silver 
pomfret. A total of 93.41 Giga bytes paired-end read-data was obtained by Illumina HiSeq2000, using 48 genomic libraries with an insert-size of 
about 500 bp. Using Kmer statistics, the sequencing depth was estimated as 58X. Genome size was estimated to be 549.84 Million bases (Mb), 
by dividing the total length of the assembly with the sequencing depth. Based on the estimated genome size, around 64% of the genome was 
covered in the assembled scaffolds of 350 Mb. These scaffolds represent 63.7% of the estimated silver pomfret genome length. The newly 
sequenced and assembled genome has 11.06% repetitive DNA regions, and this percentage is comparable to that of the tilapia genome. The 
genome analysis predicted over 16 thousand genes. About 91% of these genes showed homology with the known proteins. The genomic 
information will provide a better understanding of the molecular functions of genes, proteins, and metabolites that are involved in the biological 
functions of this species. The information is also useful for the identification of important genetic markers. Further studies are required to 
complete and enhance the currently reported draft. 
 
P0463: Genome Mapping, Tagging & Characterization: Aquaculture 
A High Density Genetic Linkage Map for Yellowtail (Seriola quinqueradiata) Containing EST-Based SNPs 
Akiyuki Ozaki1, Jun-ya Aoki1, Hironori Usuki1, Kazunori Yoshida2, Tsutomu Noda2, Takuro Hotta2, Hirotaka Mizuochi2, Taro 
Chujo2, Yasuhiro Shima2 and Kazuo Araki1, (1)National Research Institute of Aquaculture - National Research Development 
Agency, Mie, Japan, (2)Seikai National Fisheries Research Institute - National Research Development Agency, Nagasaki, Japan 
The marine products industry has developed as majority of the fishery, which are captured and directly using of aquatic resources. Only recently 
the breeding are considered as important research because available of aquatic resources are restricted gradually. The expectation of aquaculture 
research is getting higher in response to the prediction of aquatic resources depletion. Also the genetic improvement of economic traits are 
needed, it hopes apply to superior fish breeding, because artificial juvenile have a possibility to improve the phenotype for suited to aquaculture 
condition in every generation. We are researching practical application about selection of economic important traits from natural genetic 
resources using yellow tail (Seriola quinqueradiata) as target species.  
High density SNP arrays have become the tool of choice for QTL mapping, Genome-wide association studies, marker-assisted selection (MAS) 
and genomic selection (GS). More recently, high-density linkage maps generated by SNP array data have proven to be crucial for the accurate 
assembly of scaffolds and contigs in whole-genome sequencing efforts. Earlier mapping studies have identified QTL for important commercial 
traits including parasite disease resistance, and combining the resources of a high density genetic map with genome sequence data will facilitate 
the fine mapping of these loci and the identification of candidate genes. In this study, Affymetrix SNP array was used to genotype 460 samples 
collected across five families from wild population in coastal waters of Goto Fukue-island.  
To establish EST (expressed sequence tag) -based SNP array, a cDNA library was generated from pooled RNA samples extracted from 11 
tissues from a single individual. Sequencing on Roche/454 GS FLX platform generated 1,353,405reads. The sequencing of SNP identification 
produced 570,846 raw reads derived from the full-length library and 456,482 raw reads derived from the 3’-anchored library derived from 5 
hundred juveniles. Quality –based variant calling using CLC Genomics Workbench detected 9,356 biallelic putative SNPs in 6,025 contigs, with 
a minor allele frequency (MAF) >25%.  
A Linkage analysis was performed using application package of LINKMFEX version 2.3. This application can separate originated alleles from 
male or female. In order to avoid the error of genotyping, the accuracy of genotypes in their progenies was checked from parental male and 
female alleles. Genotype data were converted to a backcross format as though the grandparent genotype was unknown. Pairwise analysis was 
performed, and markers were sorted in linkage group at a minimum LOD threshold of 5.0. Linkage phases were determined retrospectively by 
examining the assortment of alleles among linked markers. A total of 6,275 EST-based SNPs were mapped to 24 linkage groups.  
This map is currently being used to map QTL for a number of commercially important traits, and will be used to improve the assembly of the 
yellowtail genome. It is possible to rapidly develop domesticated strains having commercially important traits in yellowtail aquaculture. 
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Genetic Variability at the Genome Level of Seriola lalandi Used for the Chilean Aquaculture 
Victor Martinez, FAVET-INBIOGEN. University of Chile, santiago, Chile, Veronica Barra, FAVET-INBIOGEN., SANTIAGO, 
Chile, Eric Hernandez, FAVET-INBIOGEN. Universidad de Chile, Santiago, Chile and Alok Patel, FAVET-INBIOGEN. 
UNIVERSIDAD DE CHILE, Santiago, Chile 
Developing breeding programs from wild species, invoke interesting questions regarding the genetic variability of the populations used for 
stocking. However, species such as Seriola lalandi   lacks of sufficient genomic resources required for assessing broodstock relationships, 
genetic contributions and population assessment. This is a very important issue in marine species, where, it is not possible to keep family records 
during the first stages of development due to communal spawning. Therefore, inbreeding and relatedness can increase dramatically if algorithms 
for maintaining the rate of inbreeding when selecting broodstock are not used. We are aiming at developing the required genomic tools using 
sequencing of whole genomes for SNP discovery and transcriptomes in order to discover new transcripts and for annotation of the genome. We 
obtained estimates of genetic diversity using individuals obtained recently gathered from fisheries along the Chilean coast. These founders are 
going to be used to develop the Chilean breeding program of this species, but little is known about the genetic variability of this group. Using 
extensive sequencing, we have predicted more than 200K SNPs in coding regions and more than 5 million SNPs at the whole genome level. 
Mean and distribution of estimates of the TajimaD’ estimates suggest a population subjected to balancing selection, but a slightly higher number 
of regions appeared to under directional selection. The ratio (Ts/Tv) was equal to 1.50.  The individual inbreeding using all data available was 
very small and it is not consistent with estimates based on microsatellites obtained from other Seriola species. The SNPs characterized at the 
genome level, will be available for use in genomic selection, calculation of inbreeding and relatedness at the genomic level, while developing a 
SNP chip platform specifically for this species. PDACH 09PDAC-7020  
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Sex Determination and Diversity of Seriola dorsalis in Three Distinct Geographical Location 
Andrew J. Severin1, Arun S. Seetharam1, Catherine Purcell2 and John Hyde2, (1)Iowa State University, Ames, IA, (2)Southwest 
Fisheries Science Center, National Marine Fisheries Service, La Jolla, CA 
Seriola species (S. dumerili, S. dorsalis, S. lalandi, S. rivoliana, S.quinqueradiata), collectively known as amberjacks, are fish of particular 
interest to the growing aquaculture industry due to their high value, forming a billion dollar plus component of the sashimi industry.  In this 
work, we resequenced 90 Seriola dorsalis individuals.  Thirty from three different locations: La Paz, Baja California, MX, Cedros Islands, Baja 
California, Mexico, and San Diego, CA.  From each location, roughly equal numbers of each sex were sampled. Several candidate molecular 
markers were identified that were linked to location and sex specificity. In addition, we have identified several regions in the genome that appear 
to be under local selection that may be linked to adaptive traits within each region. The development of these types of genetic resources is 
necessary to improve broodstock-based aquaculture of S. dorsalis and help make culture production sustainable and profitable. 
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Exploring Development in Slow- and Fast-Growing Seriola dorsalis Larvae Using RNA-Seq 
Catherine Purcell1, Andrew J. Severin2, Vincent Buonaccorsi3, Mark Drawbridge4, Kevin Stuart4 and John Hyde1, (1)Southwest 
Fisheries Science Center, National Marine Fisheries Service, La Jolla, CA, (2)Iowa State University, Ames, IA, (3)Juniata College, 
Huntingdon, PA, (4)Hubbs-SeaWorld Research Institute, San Diego, CA 
The California yellowtail (Seriola dorsalis) is a strong candidate for development of offshore commercial aquaculture in southern California and 
neighboring Baja California. Production from broodstock populations has been successful but has not yet reached a level where it can satisfy 
largescale production demand, due in part to difficulties from highly variable survival and growth rates through the larval stages. Extremely fast 
growth and major physical changes characterize the earliest life stages; one way to examine survival and growth variability is at the gene and 
molecular levels across those early-developmental periods. To improve our understanding of the molecular processes underlying development, 
we examined RNA-Seq profiles for several early life stages of yellowtail, categorized as either slow- or fast-growing. Gene expression was 
measured in three replicates of pooled larval samples at 2, 7, and 17 days post hatch for these two growth categories. Using the Illumina 
platform, an average of sixty million reads was obtained per replicate; genes of related function were sorted into clusters, and those found at high 
frequency in the differential gene expression set were identified. Differences in molecular pathways, biological processes, and gene regulating 
patterns between the two fitness groups were examined. There were many differentially expressed genes across developmental stages and 
between the fitness groups, for example, genes involved in oxidative phosphorylation pathways revealed interesting patterns both across 
developmental stages and between slow- and fast-growing larvae. Results of these analyses will be presented. 
 
P0467: Genome Mapping, Tagging & Characterization: Aquaculture 
A New and Improved Rainbow Trout (Oncorhynchus mykiss) Reference Genome Assembly 
Guangtu Gao1, Sigbjørn Lien2, Matthew Baranski3, Thomas Moen4, Michael Miller5, Sixin Liu1, Alvaro G. Hernandez6, Kobi 
Baruch7, Gil Ben-Zvi8, Doron Shem-Tov9, Omer Barad7, Gary H. Thorgaard10, Matthew P. Kent2 and Yniv Palti1, (1)USDA-ARS-
NCCCWA, Kearneysville, WV, (2)Centre of Integrative Genetics (CIGENE), Department of Animal and Aquacultural Sciences, 
Norwegian University of Life Sciences, Aas, Norway, (3)Nofima, Aas, Norway, (4)AquaGen, Aas, Norway, (5)Department of 
Animal Science, University of California, Davis, Davis, CA, (6)Roy J. Carver Biotechnology Center, University of Illinois at 
Urbana-Champaign, Urbana, IL, (7)NRGENE LTD., Ness-Ziona, Israel, (8)NRGENE, Ness Ziona, Israel, (9)NRGENE Ltd., Ness-
Ziona, Israel, (10)School of Biological Sciences and Center for Reproductive Biology, Washington State University, Pullman, WA 
In an effort to improve the rainbow trout reference genome assembly, we re-sequenced the doubled-haploid Swanson line using the longest 
available reads from the Illumina technology; generating over 510 million paired-end shotgun reads (2x260nt), and 1 billion mate-pair reads 
(2x160nt) from four sequencing libraries with fragment sizes ranging from 800bp to 15Kb.  We then generated a 2.17Gb genome assembly, 
containing 139,726 scaffolds with N50 greater than 1.7Mb using DeNovoMAGIC, the advanced genome assembly pipeline from NRGene.  To 
generate a dense genetic map for each chromosome, we genotyped more than 4,000 pedigreed fish with the Affymetrix 57K SNP array and with 
RAD SNPs.  Using these genetic maps’ information we anchored and ordered ≈80% of the assembly scaffolds within chromosomes.  Our initial 
analysis indicates that the new physical genome sequence assembly and its integration with the new genetic maps results in major improvements 
over the current rainbow trout reference genome in all categories; including genome coverage, scaffold size, precision, and anchoring and 
ordering of the scaffolds onto chromosome maps.  The assembly can be further improved by merging of neighboring scaffolds using overlapping 
long sequences from other trout assemblies or long reads sequencing technologies. 
 
P0468: Genome Mapping, Tagging & Characterization: Aquaculture 
Changes in Sex-Bias in Gene Expression in Migratory and Resident Oncorhynchus mykiss during the First Two Years of 
Development 
Matthew C. Hale, Texas Christian University, Fort Worth, TX, Garrett McKinney, University of Washington, Seattle, WA, Frank 
Thrower, Ted Stevens Marine Research Institute, NOAA, Juneau, AK and Krista M. Nichols, NOAA Fisheries, Seattle, WA 
Many organisms show patterns of sex-bias in gene expression. However, few studies have measured how sex-bias in expression varies over 
development, and how it varies between populations under different selection regimes. To that end we used an RNA-seq approach to measure 
sex-bias in gene expression in the brain transcriptome of migratory steelhead and resident rainbow trout (Oncorhynchus mykiss). Samples were 
taken from six time points during the first two years of development. A total of 1,716 (4.6% of assembly) genes showed evidence of sex-bias in 
gene expression in at least one time point, with a similar number of genes upregulated in males (883) and females (857). The majority (96. 7%) 
of sex-biased genes were differentially expressed in the second year of development. This coincides with the point in development when 
migratory O. mykiss are undergoing saltwater adaptation (smoltification). Moreover, more genes showed sex-bias in expression in progeny from 
the migrant population (1,638) than progeny from the resident population (87) suggesting these genes may also be important in the decision to 
migrate or remain resident. Mapping of differentially expressed genes to the O. mykiss genome revealed the X chromosome was enriched for 



female upregulated genes, and this may indicate a lack of dosage compensation in rainbow trout. Pathway analysis suggested that the functions 
of sex-biased genes varies, with some genes involved in functions such as spermatogenesis, as well as others with less obvious sex-biased 
functions such as calcium signaling, and phototransduction. Ultimately, this study adds to a growing body of literature that documents sex-bias in 
gene expression. Our study suggests that patterns of sex-bias vary between different populations, and changes rapidly during development. 
 
P0469: Genome Mapping, Tagging & Characterization: Aquaculture 
RNA-Sequencing in Trout Selected for Growth and Tolerance to Plant-Based Diets Reveals Differential Liver Gene 
Expression Compared to Control Fish Under Enteritic Conditions 
Jason Abernathy1, Andreas Brezas2, Ronald Hardy2 and Ken Overturf1, (1)USDA-ARS, Hagerman, ID, (2)University of Idaho, 
Hagerman, ID 
Rainbow trout (Oncorhynchus mykiss) and other salmonids are piscivorous fish. In aquaculture, fish-based feed ingredients are rapidly becoming 
unsustainable due to increased demand and diminishing supply. Total replacement of fishmeal with plant proteins causes severe intestinal 
enteritis, leading to reduced growth and lower feed efficiency. Through selective breeding, we have developed a strain of rainbow trout that does 
not develop distal intestine enteritis when reared on a high soy plant protein-based feed and also shows increased growth compared to other 
strains. Since central metabolism plays a role in dietary alterations, we set out to determine globally which liver gene pathways were 
differentially regulated between commercial and selected trout strains when fed plant-based diets. After 7.5 months of rearing on a high soy plant 
protein-based feed (PM), liver tissue (n=20) from a domestic non-selected strain (NS; enteritis) and a selected strain (ARS; no enteritis) was 
extracted and prepped for Illumina RNA-seq. Raw reads (~25M/liver) were screened for quality then aligned to the rainbow trout transcriptome 
(USDA 2015). Read-counts were used to assess differential expression between ARS-PM and NS-PM individuals. We identified a total of 533 
transcripts that were differentially expressed (adjusted p-value ≤ 0.01), including 279 transcripts that were up-regulated and 254 transcripts that 
were down-regulated in the ARS-PM fish compared to NS-PM fish. There was clear separation between strains by PCA. In addition, several 
hundred highly-variable genes contributed to a clear strain separation when clustering normalized distances and plotting on a heatmap. They 
included such genes encoding NODs, EGRs and transmembrane proteins of tight junctions – potential indicators of gastrointestinal disturbances 
and autoimmune responses. Ongoing work includes testing more individuals and tissues, additional sequencing analyses, and functional studies 
of differentially expressed genes. 
 
P0470: Genome Mapping, Tagging & Characterization: Aquaculture 
Genome-Wide Association Study for Identifying Genome Loci That Affect Fillet Yield in Rainbow Trout (Oncorhynchus 
mykiss) 
Dianelys Gonzalez-Pena1, Timothy D. Leeds1, Guangtu Gao1, Beth Cleveland1, Brett Kenney2, Roger L. Vallejo1 and Yniv Palti1, 
(1)USDA-ARS-NCCCWA, Kearneysville, WV, (2)West Virginia University, Morgantown, WV 
Fillet yield (FY, %) is an economically important trait in rainbow trout aquaculture that reflects production efficiency. Despite that, FY has not 
received much attention in breeding programs because it is costly to measure and difficult to select on, limiting the genetic progress in traditional 
selection programs. The recent development of high-density SNP array for rainbow trout has provided the needed tool for studying the 
underlying genetic architecture of this trait. Here, we conducted a genome-wide association study (GWAS) for FY using the synthetic population 
of rainbow trout developed at the National Center for Cool and Cold Water Aquaculture. The GWAS analysis was performed using the weighted 
single-step GBLUP method. Phenotypic records of 1,487 fish from ~ 300 full-sib families, in three successive generations, sacrificed at ~1.5 kg 
were analyzed with genotype data from 1,183 fish (875 with FY phenotypes and 308 non-phenotyped ancestors). A total of 38,107 effective 
SNPs were analyzed in a univariate model with hatch year and harvest group as fixed effects and animal and common environment as a random 
effect. Two non-overlapping windows of 20 SNPs located on chromosome Omy9 were responsible for 1.5% and 1.0% of the genetic variability 
for FY. Among the detected SNPs, 65% were in genes that participate in cations channel activity, ATP metabolism, and actin filament binding 
and 35% were near these genes. Further studies will evaluate the effects of these markers on growth performance and fillet quality in rainbow 
trout.  
 
P0471: Genome Mapping, Tagging & Characterization: Aquaculture 
Integrated Analysis of lncRNA and mRNA Expression in Rainbow Trout Families Showing Variation in Muscle Growth 
and Fillet Quality Traits 
Ali R. Ali1, Bam D Paneru1, Timothy D. Leeds2, Brett Kenney3 and Mohamed Salem1, (1)Middle Tennessee State University, 
Murfreesboro, TN, (2)USDA-ARS-NCCCWA, Kearneysville, WV, (3)West Virginia University, Morgantown, WV 
Muscle yield and quality are important traits for industry and consumers. Genetic selection for these traits is difficult because they result from the 
interaction of multiple factors.  Additionally, quality may signify one or a combination of attributes such as texture, color and composition. 
Importantly, these traits are polygenic or controlled by many genes. To study the genetic architecture of these traits at the transcription level, 
phenotypic characterization of total body weight, muscle yield, muscle fat content, shear force and whiteness were measured in 500 fish 
representing 98 families (5 fish/family) from a growth-selected line. RNA-Seq was used to sequence the muscle transcriptome of different 
families showing divergent phenotypes (high versus low ranked families) for each trait. Seventy-five differentially expressed protein-coding 
genes and 162 lncRNAs were identified between fish families with contrasting phenotypes. Remarkably, the expression of some differentially 
expressed protein-coding genes was correlated with that of differentially expressed lncRNAs. Transcripts encoding stanniocalcin, connective 
tissue growth factor-like isoform X1, large neutral amino acids small subunit 2-like transporter, and Response gene to complement-32 protein 
(RGC-32) were positively correlated with the following lncRNAs, respectively: Omy100092090 (R2=0.91), Omy100115680 (R2=0.81), 
Omy400009923 (R2=0.93) & Omy200090267 (R2=0.88), and Omy200080884 (R2=0.84). Interestingly, Omy200080884 was antisense (exonic) 
with RGC-32.  This study 1) defines muscle quality associated protein-coding and lncRNA genes and 2) provides the first evidence of lncRNA 
involvement in regulating growth and fillet quality traits in fish. This information enhances our understanding of molecular mechanisms 
regulating economically important phenotypic traits in aquaculture species. 
 



P0472: Genome Mapping, Tagging & Characterization: Aquaculture 
Weighted ssGBLUP Improves Genomic Selection Accuracy for Bacterial Cold Water Disease Resistance in a Rainbow 
Trout Population 
Breno O. Fragomeni1, Ignacy Misztal1, Daniela A. Lino Lourenço1, Roger L. Vallejo2 and Yniv Palti2, (1)University of Georgia, 
Athens, GA, (2)USDA-ARS-NCCCWA, Kearneysville, WV 
The objective of this study was to compare methods for genomic evaluation in a Rainbow Trout (Oncorhynchus mykiss) population for survival 
when challenged by Flavobacterium psychrophilum, the causative agent of bacterial cold water disease(BCWD). The used methods were: 
1)regular ssGBLUP that assumes all SNPs have the same variance; 2)weighted ssGBLUP(wssGBLUP) that gives more weight to SNPs that 
explain considerable portion of the genetic variance; both GEBV and SNP effects are updated iteratively; 3)BayesB that performs variable 
selection. The benchmark method was traditional BLUP. While BayesB used only phenotypes of genotyped animals, ssGBLUP considered all 
phenotypes, genotypes, and pedigrees jointly. Phenotypes for survival days and pedigrees were available for 4,004 and 5,104 individuals, 
respectively; whereas 2,490 animals were genotyped for 41k SNPs. Accuracy was the correlation between adjusted phenotype and GEBV 
divided by the square root of heritability, in a 5-fold cross validation. Accuracies obtained from BLUP, ssGBLUP, BayesB, and wssGBLUP 
were 0.19, 0.45, 0.61 and 0.63, respectively. The increased accuracy obtained by weighting SNP differently can be explained by presence of 
large QTL, by population structure (which can lead to fewer independent chromosome segments that may have larger effects), or by the small 
size of the genotyped population. In Manhattan plots, iteration number 3 had some SNPs explaining more than 7% of the genetic variance of the 
trait, meanwhile regular ssGBLUP had all regions explaining less than 0.25%. WssGBLUP utilizes all the available information, is simple to 
apply for complex models, and was the most accurate method in this study. 
 
P0473: Genome Mapping, Tagging & Characterization: Aquaculture 
Role of Long Non-Coding RNAs in Bacterial Cold Water Disease Pathogenesis in Rainbow Trout 
Bam D Paneru1, Rafet Al-Tobasei1, Yniv Palti2, Gregory D. Wiens2 and Mohamed Salem1, (1)Middle Tennessee State University, 
Murfreesboro, TN, (2)USDA-ARS-NCCCWA, Kearneysville, WV 
Background: Bacterial cold water disease (BCWD) caused by Flavobacterium psychrophilum is one of the major causes of mortality in 
salmonids. Three genetic lines of rainbow trout designated as ARS-Fp-R (resistant), ARS-Fp-C (control) and ARS-Fp-S (susceptible) have 
significant differences in survival rate following F. psychrophilum infection. Previous studies have identified transcriptomic differences of 
immune-relevant protein-coding genes at basal and post-infection levels among these genetic lines. Results: Using an RNA-seq approach, we 
quantified differentially expressed long non-coding RNAs (lncRNAs) in response to F. psychrophilum challenge. Pairwise comparison between 
genetic lines and different stages of infection identified 705 differentially expressed lncRNAs. A positive correlation was observed between the 
number of the differentially regulated lncRNAs and that of the protein-coding genes following infection.  Many of the differentially expressed 
lncRNAs were located near immune-related protein-coding loci. The expression patterns of several lncRNAs were either positively or negatively 
correlated with those of their neighboring and distant immune related protein-coding genes. The list includes complement components, 
suppressor of cytokine signaling, tumor necrosis factor receptor superfamily members, chemokines, and transcription factors involved in 
immunological responsiveness. Most of the protein-coding genes that correlated in expression with lncRNAs were transcription factors, 
activators, receptors, and molecules of signal transduction pathways related to the innate immune system. The correlated expression and genome-
wide co-localization suggested that some of the lncRNAs may be involved in regulating immune-relevant protein-coding genes. Conclusion: 
This study provides the first evidence of correlated expression between lncRNAs and immune related protein-coding genes in an important 
aquaculture species. 
 
P0474: Genome Mapping, Tagging & Characterization: Aquaculture 
Repetitive DNA Content of B Chromosomes in the Cichlid Fish Astatotilapia latifasciata 
Rafael L. B. Coan, Natalia B. Venturelli and Cesar Martins, Institute of Biosciences - São Paulo State University (UNESP), 
Botucatu, Brazil 
B chromosomes (B) are supernumerary elements, complementary and non-homologous to the regular (A) set of chromosomes. B chromosomes 
are enriched with repetitive elements and can carry functional genes. The cichlid fish Astatotilapia latifasciata can harbors 1 or 2 B chromosomes 
with high repetitive elements content, found using classical cytogenetics analysis. Next generation sequencing data is being applied to further 
characterize these elements and understand their role on the formation and perpetuation of B chromosome. Comparative analysis using graph 
based clustering, through the RepeatExplorer pipeline, was performed on Illumina sequencing reads from individuals without B chromosomes 
(0B) and with 2 B chromosomes (2B), in search of major classes of repetitive elements. Using contig data from RepeatExplorer, probes for 
Fluorescent in situ Hybridization (FISH) were constructed for candidate elements and mapped on chromosome preparations from individuals 
with 1B. Primers for Real-Time PCR (qPCR) were designed for mapped elements to inquire their relative quantification. Bioinformatics analysis 
revealed various transposable elements (TE) expanded on the B chromosome, specially a Bel/Pao like and a Gypsy like TEs, which are mainly 
found on the additional chromosome. FISH mapping showed strong signal from element probes mainly on the B chromosome and qPCR 
confirmed a higher element copy number on B positive individuals. Results suggest that some TEs are more abundant on the B chromosome of 
Astatotilapia latifasciata than on the A set. Transposition and duplication events can help explain the perpetuation and constitution of B 
chromosomes on the species.  
Financial support: FAPESP, CAPES, CNPq 
 
P0475: Genome Mapping, Tagging & Characterization: Aquaculture 
Genomic Selection For Bacterial Cold Water Disease Resistance In Rainbow Trout Reveals Large Within-Family Variation 
That Cannot Be Exploited In Traditional Family-based Selective Breeding 
Roger L. Vallejo1, Timothy D. Leeds1, Kyle Martin2, Jason P. Evenhuis1, Guangtu Gao1, Gregory D. Wiens1, James Parsons3 and 
Yniv Palti1, (1)USDA-ARS-NCCCWA, Kearneysville, WV, (2)Troutlodge, Sumner, WA, (3)Troutlodge, Inc., Sumner, WA 



Selective breeding is an effective strategy to improve resistance to specific pathogens, and thus has the potential to mitigate antibiotic use in 
aquaculture. Large family sizes of aquaculture species permits family-based selective breeding programs, but the need for specific-pathogen-free 
nucleus populations precludes the ability to exploit within-family genetic variation.  Genomic selection (GS) simultaneously incorporates dense 
SNP marker genotypes with phenotypic data from related animals to predict animal-specific genomic breeding value (GEBV), which 
circumvents the need to measure the disease phenotype in potential breeders. Here, using a commercial rainbow trout (Oncorhynchus mykiss) 
population, we provide empirical data demonstrating the power of GS to exploit within-family genetic variation for bacterial cold water disease 
(BCWD) resistance. Animal-specific GEBV was derived for pathogen-naïve breeding candidates based solely on genotypic data after estimating 
SNP effects in a related training population. Pairs of full-sib sisters with divergent GEBVs for BCWD resistance were mated to a common 
“random” sire to test the hypothesis that progeny from high-GEBV dams exhibit greater BCWD resistance than progeny from low-GEBV dams. 
Across 46 paternal half-sib families, the average survival following experimental BCWD challenge in progeny from the high-GEBV dams 
(44.5%) was 79% greater than in progeny from the low-GEBV dams (24.9%). This response to one generation of GS is attributable solely to 
within-family variation that cannot be exploited in traditional family-based breeding programs. Furthermore, genome-wide association analysis 
in this population identified moderate- to large-effect QTL distributed among 17 chromosomes explaining up to 53% of BCWD genetic variance. 
Similar genetic architecture for BCWD was observed in other unrelated rainbow trout population. 
 
P0476: Genome Mapping, Tagging & Characterization: Aquaculture 
Allelic-Imbalance Analysis in Pooled RNA-Seq Samples Identifies Muscle-Associated Genetic Markers in Rainbow Trout: 
Improved Bioinformatics Practices 
Rafet Al-Tobasei1, Mohamed Salem1, Timothy D. Leeds2 and Breet Kenney3, (1)Middle Tennessee State University, 
Murfreesboro, TN, (2)USDA-ARS-NCCCWA, Kearneysville, WV, (3)West Virginia University, Morgantown, WV 
Coding SNPs (cSNPs) are likely to change the biological function of a protein. We have demonstrated that assessment of phenotype-associated 
allelic imbalances in pooled RNA-Seq samples is a fast means of identifying “large-effect” genetic markers. In this study, we compared two 
main variant calling bioinformatics pipelines, GATK and SAMtools, for discovery of cSNPs with allelic-imbalances that are associated with 
total-body weight, muscle yield, fat content, shear force and whiteness. Phenotypic data were collected from 500 fish representing 98 families (5 
fish/family) of a growth-selected line.  RNA-Seq was used to sequence the muscle transcriptome from 26 families showing divergent phenotypes 
(4 high- versus 4 low-ranked families/each trait).  GATK detected 468,494 putative cSNPs: 6,228 showed allelic imbalances (>1.4 as an 
amplification and <0.7 as loss of heterozygosity). SAMtools detected 188,995 putative cSNPs; 943 had significant allelic imbalances between the 
low and high families.  A total of 648 cSNPs with allelic imbalances were common between the two datasets, indicating significant differences in 
algorithms. A total of 6,966 non-redundant cSNPs were identified in the two datasets; 3,904 mapped to 1,606 protein-coding genes (with 17.8% 
non-synonymous cSNPs), and 1,279 mapped to 588 lncRNAs. Twenty cSNPs mapped to 6 genes showing differential phenotypic expression. 
Optimization of GATK and SAMtools to fit RNA-Seq pooled-sample analysis will be presented. These results will be used to build a cSNP-chip 
for genomic selection of muscle growth and quality traits in rainbow trout. 
 
P0477: Genome Mapping, Tagging & Characterization: Aquaculture 
Mapping of Genetic Regions for Head Size in Catfish: The Involved GTPase Pathway Is Evolutionarily Conserved for Skull 
Morphometric Traits 
Xin Geng1, Shikai Liu1, Jun Yao1, Lisui Bao1, Jiaren Zhang1, Chao Li1, Ruijia Wang1, Xiaozhu Wang1, Jin Sha2, Peng Zeng3, 
Degui Zhi2 and Zhanjiang Liu1, (1)Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, Auburn, AL, 
(2)University of Alabama at Birmingham, Birmingham, AL, (3)Auburn University; Department of Mathematics and Statistics, 
Auburn, AL 
Skull morphology is fundamental to biological adaptation of species to its environments. With aquaculture fish species, head size is also 
important for economic reasons because of its direct impact on fillet yield. For instance, channel catfish generally have a larger head than blue 
catfish, and hybrid catfish provide a greater percentage of fillet yield than channel catfish. However, little is known about the underlying genetic 
basis. In this study, we performed a genome-wide association study using the catfish 250k SNP array with backcross hybrid catfish to identify 
the QTLs for head size. Several QTLs were identified, including one significantly associated region on linkage group (LG) 9 and four 
suggestively associated regions on LGs 7, 16, 28 for head length, five significantly associated regions on LGs 5, 7, 9, 29 and two suggestively 
associated regions on LGs 7, 27 for head width, and one suggestively associated region on LG 26 for head depth. Two of the QTLs on LG 7 were 
associated with both head length and head width. Phenotypic variance explained by the associated SNPs for head length, head width, and head 
depth were 0.16, 0.18, and 0.02 from the associated regions respectively. It is notable that each of these associated regions is rich of small 
GTPase related genes. Comparative analysis indicated that small GTPase pathway genes are also involved in skull morphology in various other 
species ranging from amphibian to mammalian species, suggesting evolutionary conservation of small GTPase pathway in the control of skull 
morphologies. 
 
P0478: Genome Mapping, Tagging & Characterization: Aquaculture 
Candidate genes for ESC Disease Resistance of Catfish as Revealed by a Genome Wide Association Study 
Tao Zhou, Shikai Liu, Xin Geng, Chen Jiang, Yulin Jin, Xiaozhu Wang, Ning Li, Suxu Tan, Lisui Bao, Jun Yao, Yu Zhang, Jiaren 
Zhang, Luyang Sun, Jianbin Feng, Ludmilla Kaltenboeck and Zhanjiang Liu, Auburn University; The Fish Molecular Genetics and 
Biotechnology Laboratory, Auburn, AL 
Enteric septicemia of catfish (ESC), caused by the bacterial pathogen Edwardsiella ictaluri, is the leading disease problem for the catfish 
industry. It causes tens of millions of dollars of economic losses each year. Channel catfish (Ictalurus punctatus) is generally susceptible to the 
disease while blue catfish (Ictalurus furcatus) is generally resistant. Therefore, the hybrid catfish is a great model system to study ESC resistance 
because of the strong phenotypic contrast between channel catfish and blue catfish. In this study, 499 individuals of the fourth generation of 
backcross progenies of hybrid catfish were used to conduct genome wide association study (GWAS) for ESC resistance. A genomic region on 
linkage group 1 was found significantly associated with ESC disease resistance. Within this region, 14 genes have known functions in immunity, 



including wwp1, inhba, fzd8, klf6, nck1, agtr1, racgap1, nlrp12, trpc1, acbd5a, apbb1ip, myo3a, stat2, nlrc3. Among the 14 genes, 8 genes or 
their paralogs were found differently expressed between ESC resistance and sensitive catfish by RNA-seq analysis of previous study. The genes 
within the significant QTL on LG1 were known to be related to immune functions, such as phagocytosis, defense response, stimulus response, T 
cell differentiation, B cell differentiation, macrophage development, antigen processing and presentation. In addition to the significant QTL, two 
suggestively associated QTL regions were identified on linkage group 12 and 16. It appears that the identified QTLs are limited to specific 
families of F4 fish, consistent with the segregation of the genomic regions derived from the original blue catfish parent. 
 
P0479: Genome Mapping, Tagging & Characterization: Aquaculture 
A Genome-wide Association Study for Low-oxygen Tolerance in Catfish using the 250K SNP Array 
Xiaozhu Wang, Chen Jiang, Shikai Liu, Xin Geng, Tao Zhou, Ning Li, Jun Yao, Lisui Bao, Yun Li, Qifan Zeng, Sen Gao, Yulin 
Jin, Yujia Yang, Rex Dunham and Zhanjiang Liu, Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, 
Auburn, AL 
Low-oxygen tolerance is a major performance trait for aquaculture because hypoxia can cause major mortalities. In addition, use of aerators 
increases production costs. Catfish, a dominant aquaculture species in the US, is highly tolerant to low oxygen, but enormous losses are still 
caused by exposures to hypoxia each year. Therefore, improving low-oxygen tolerance through genetics is of great interest to the catfish 
industry. To identify loci associated with hypoxia tolerance, in this work we conducted a genome-wide association study (GWAS) using the 
catfish 250K SNP array with 376 channel catfish from six different strains, including Marion Random, Marion Select, Thompson, Kansas 
Random, Kmix (Kansas × Kansas Select), and 103KS (NWAC 103 × Kansas Select). A genomic region on linkage group 6 was found to be 
significantly associated with low-oxygen tolerance. In addition, six additional suggestively associated QTL regions were identified on linkage 
group 4, linkage group 5, linkage group 10 and linkage group 12, respectively. The low-oxygen tolerance associated SNPs and candidate genes 
discovered in this study provided new insights into selection strategies for improving catfish brood stocks in aquaculture. Furthermore, some of 
these candidate genes are involved in MAPK, PI3K/AKT and mTOR signaling pathways, which are essential to hypoxia-mediated apoptosis, cell 
proliferation and tumor angiogenesis in cancer tissues, suggesting evolutionary conservation of functions of these genes across a broad range of 
species. 
 
P0480: Genome Mapping, Tagging & Characterization: Aquaculture 
High-Density Genetic Linkage Mapping in Hybrid Catfish Revealed Genomic Incompatibility Between Channel Catfish and 
Blue Catfish 
Shikai Liu, Yun Li, Tao Zhou, Zhenkui Qin, Xin Geng, Lisui Bao, Ludmilla Kaltenboeck, Huseyin Kucuktas, Rex Dunham and 
Zhanjiang Liu, Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, Auburn, AL 
Catfish is the leading aquaculture species in the United States. The interspecific hybrid catfish produced by mating female channel catfish with 
male blue catfish outperform either of their parent species in a number of traits. Aquaculture of hybrid catfish is predominating the catfish 
industry nowadays. However, mass production of the hybrids has been difficult because of reproductive isolation. Investigations of genome 
structure and organization of the hybrids provide insights into the genetic basis for maintenance of species divergence, thereby helping develop 
strategies for introgression and efficient production of the hybrids for aquaculture. In this study, we constructed a high-density genetic linkage 
map using the hybrid catfish system with the catfish 250K SNP array.  A total of 26,238 SNPs with 12,776 unique marker positions were mapped 
to 29 linkage groups. The linkage map spans approximately 3,240 cM with an average inter-marker distance of 0.25 cM.  A fraction of markers 
(986 of 12,776) exhibiting significant deviation from the expected Mendelian ratio of segregation were identified, which were clustered in major 
genomic blocks across 15 linkage groups, most notably on LG9 and LG15. The segregation distorted markers exhibited significant bias for the 
maternal alleles among the backcross progenies, suggesting the strong selection against the blue catfish alleles. The clustering of distorted 
markers within genomic blocks provides insights into speciation as marked by incompatibilities between the two species. Such findings should 
have profound implications for understanding of genome evolution of closely related species, and for introgression hybrid production programs 
in aquaculture. 
 
P0481: Genome Mapping, Tagging & Characterization: Aquaculture 
Genome Sequencing and de novo Assembly of the South American Tiger Catfish (Pseudoplatystoma punctifer) 
Francisco P. Lobo1, Leandro C. Cintra1, Eduardo Sousa Varela2, Anderson Luis Alves2, Naiara Milagres Augusto da Silva3, Patrícia 
Ianella3, Samuel Rezende Paiva4 and Alexandre R. Caetano3, (1)Embrapa Informática Agropecuária, Campinas, SP, Brazil, 
(2)Embrapa Pesca e Aquicultura, Palmas, TO, Brazil, (3)Embrapa Recursos Genéticos e Biotecnologia, Brasilia, DF, Brazil, 
(4)Embrapa Labex US – Secretariat of International Affairs, Fort Collins, CO 
The South American Tiger Catfish (Pseudoplatystoma punctifer) is a freshwater fish species naturally found in the Amazon river basin with an 
important role in local community and commercial fishing. Recent efforts to domesticate and raise the species in aquaculture systems has led to 
>10-fold production increases in the last decade. Current production levels are >15,000mt/year. Recently stablished initiatives to structure 
genetic improvement programs for increasing productivity-associated traits could greatly benefit from using genomic tools for broodstock 
management and assisted genetic evaluations and breeding. Multiple shotgun libraries with two different insert sizes and multiple Nextera mate 
pair libraries with three different sizes were sequenced (2x160bps) with Illumina HiSeq2000 technology. A total of 124.8Gbp quality-filtered 
nucleotides were sequenced which amount to 85x mean genome coverage, considering previously published information (C-value = 1.12pg = 
1.095Gbp). Initial sequence assembly was performed with SOAPdenovo and generated 686.171 scaffolds spanning 1.41 Gbp (N50 scaffold 
length: 908Kbp, L50 scaffold count: 420). Gene model prediction is underway with MAKER2 using as extrinsic evidence protein and EST data 
from phylogenetically related taxa. This represents the first report of a draft genome sequence for this species, which will be a valuable resource 
for basic biology studies, and marker detection/selection for use in genetic improvement and resource conservation activities. 
 
P0482: Genome Mapping, Tagging & Characterization: Aquaculture 



Comparative Transcriptome Analysis of the Swimbladder Reveals Expression Signatures in Response to Hypoxia in 
Channel Catfish, Ictalurus punctatus 
Qiang Fu, Qifan Zeng, Yun Li, Chen Jiang, Sen Gao, Tao Zhou, Jun Yao, Shikai Liu and Zhanjiang Liu, Auburn University; The 
Fish Molecular Genetics and Biotechnology Laboratory, Auburn, AL 
Low oxygen (hypoxia) can have adverse impacts on aquaculture fish production. Catfish is the leading aquaculture species in the US. In spite of 
the relatively high levels of tolerance of catfish against low oxygen, hypoxia can still lead to huge economic losses due to heavy mortalities. 
Studies on low oxygen tolerance, therefore, are important for aquaculture.  Fish swimbladder has long been believed to be the homolog of the 
tetrapod lung, but the molecular evidence is still lacking. In this study, we conducted RNA-Seq analysis using swimbladder samples of catfish 
under low oxygen and normal conditions to determine if swimbladder was involved in respiration, and to reveal genes, their expression patterns 
and pathways involved in response to hypoxia in catfish.  A total of 529 million 100bp paired-end reads were generated. The short reads were 
assembled by Tophat and Cufflinks software into 170,838 contigs using the reference genome sequence as a guide. The average contig length 
was 3,215 bp and contig N50 was 6,139 bp. The differentially expression genes (DEGs) were identified with respect to oxygen levels and body 
size. Subsequent function analysis revealed that many DEGs under hypoxia were involved in carbon dioxide transportation, respiration 
metabolism, stress response, collagen, and immune responses. In addition to these genes, DEGs between fingerling and adult also included 
adhere junction, growth regulation and signal transduction. Taken together, these results suggested that the teleost swimbladder indeed have 
functions for respiration, and that the teleost swimbladder resembles in function to the tetrapod lung. 
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The Catfish MicroRNAome: Identification, Annotation and Expression Profiling in Response to Bacterial Infections and 
Hypoxia Stress 
Shikai Liu, Yun Li, Chen Jiang, Tao Zhou, Qifan Zeng, Lisui Bao, Xin Geng, Jun Yao, Zhaohong Weng and Zhanjiang Liu, 
Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, Auburn, AL 
MicroRNAs (miRNAs) are a class of small noncoding RNAs that play important regulatory roles in multicellular organisms. miRNAs interact 
with mRNAs by complementing with their 3’-UTRs to suppress translation or initiate mRNA degradation.  While a large number of RNA-Seq 
have been conducted in catfish from various tissues, developmental stages and physiological conditions, expression data of noncoding RNA 
genes is limited. Generation of large-scale datasets for both coding and noncoding RNAs allow for integrated analysis of mRNA-ncRNA 
interaction networks. In this project, we conducted companion sequencing of small RNAs in catfish after ESC and columnaris disease infection 
and hypoxia stress. Over 330 million 50-bp reads were generated, ~25 million reads for each sample.  A total of 706 miRNA genes were 
identified from the channel catfish genome using homology-based and sequencing-based approaches with the programs of MapMi and 
miRDeep2.   Bioinformatic analysis identified 29, 17, and 15 differentially expressed miRNA genes after ESC infection, after columnaris 
infection and after hypoxia treatment, respectively, with distinct expression patterns. Correlated gene expression analysis of differentially 
expressed miRNAs revealed sets of negatively correlated expression of miRNAs and protein-coding genes, suggesting the potential target genes 
for the miRNAs.  Potential mechanisms for the induced and correlated expression were investigated, providing insights into miRNA-mRNA 
interaction networks in response to bacterial infections and hypoxic stress. This work should be valuable to develop catfish genome expression 
Atlas for both coding and noncoding genes, and is important for the identification of biomarkers of bacterial diseases and hypoxia. 
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SNP Discovery in the South American Freshwater Fish Tambaqui (Colossoma macropomum) by Deep Sequencing of 
Reduced Representation Libraries 
Patrícia Ianella1, Eduardo Sousa Varela2, Anderson Luis Alves2, Luciana Cristine Vasques Villela2, Naiara Milagres Augusto da 
Silva1, Michel E Beleza Yamagishi3, Fernanda Stringassi De Oliveira3, Samuel Rezende Paiva4 and Alexandre R. Caetano1, 
(1)Embrapa Recursos Genéticos e Biotecnologia, Brasilia, DF, Brazil, (2)Embrapa Pesca e Aquicultura, Palmas, TO, Brazil, 
(3)Embrapa Informática Agropecuária, Campinas, SP, Brazil, (4)Embrapa Labex US – Secretariat of International Affairs, Fort 
Collins, CO 
Tambaqui is the most important native fresh water fish species cultured in Brazil, with current yearly production levels exceeding 200.000mt. 
Efforts to structure genetic improvement programs for increasing productivity are recent and will greatly benefit from the use of genomic tools 
for broodstock management and assisted genetic evaluations and breeding. Recent efforts have produced a draft genome sequence for this 
species. Reduced representation libraries of varying fragment sizes were produced with bulked DNA samples and sequenced with 2x160bp 
Illumina protocols to produce >720million reads. Generated reads were aligned with the draft reference genome sequence using BWA and SNP 
discovery was performed using Freebayes. An estimated 12% of the tambaqui genome was sequenced with a depth of >100 reads. A total 
of  993.935 SNPs were observed with read depths >60 (median: 438) and minor allele frequencies >0.05 (MAF 0.05-0.15: 94.102 SNPs; 0.15-
0.25: 326.575; 0.25-0.35: 255.967; 0.35-0.45: 215.054; 0.45-0.50: 102.237).This represents the first report of an extensive effort to identify SNP 
markers for this species and will be a valuable source of information for designing marker panels with varying applications. 
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Candidate genes for ESC Disease Resistance of Catfish as Revealed by a Genome Wide Association Study 
Tao Zhou, Auburn University, Auburn, AL 
Enteric septicemia of catfish (ESC), caused by the bacterial pathogen Edwardsiella ictaluri, is the leading disease problem for the catfish 
industry. It causes tens of millions of dollars of economic losses each year. Channel catfish (Ictalurus punctatus) is generally susceptible to the 
disease while blue catfish (Ictalurus furcatus) is generally resistant. Therefore, the hybrid catfish is a great model system to study ESC resistance 
because of the strong phenotypic contrast between channel catfish and blue catfish. In this study, 499 individuals of the fourth generation of 
backcross progenies of hybrid catfish were used to conduct genome wide association study (GWAS) for ESC resistance. A genomic region on 
linkage group 1 was found significantly associated with ESC disease resistance. Within this region, 14 genes have known functions in immunity, 
including wwp1,inhba, fzd8, klf6, nck1, agtr1, racgap1, nlrp12, trpc1, acbd5a, apbb1ip, myo3a, stat2, nlrc3. Among the 14 genes, 8 genes or 



their paralogs were found differently expressed between ESC resistance and sensitive catfish by RNA-seq analysis of previous study. The genes 
within the significant QTL on LG1 were known to be related to immune functions, such as phagocytosis, defense response, stimulus response, T 
cell differentiation, B cell differentiation, macrophage development, antigen processing and presentation. In addition to the significant QTL, two 
suggestively associated QTL regions were identified on linkage group 12 and 16. It appears that the identified QTLs are limited to specific 
families of F4 fish, consistent with the segregation of the genomic regions derived from the original blue catfish parent. 
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Mapping of Quantitative Trait Loci (QTL) Associated with Timing of Metamorphosis from Leptocephali to Glass Eels in 
Japanese Eel (Anguilla japonica) 
Kazuharu Nomura1, Atushi Fujiwara2, Wataru Kai3, Akiyuki Ozaki1, Yuki Iwasaki2, Yoji Nakamura2, Issei Nishiki2, Nobuhiko 
Ojima2, Motoshige Yasuike2, Ryusuke Sudo1 and Hideki Tanaka1, (1)National Research Institute of Aquaculture, Mie, Japan, 
(2)National Research Institute of Fisheries Science, Yokohama, Kanagawa, Japan, (3)Fluidigm Japan K.K, Tokyo, Japan 
Japanese eel (Anguilla japonica) is a valuable economic aquaculture species in East Asia. Eel larvae, called leptocephali, grow much larger than 
typical fish larvae and have long larval periods. Here, we report on a genome-wide quantitative trait loci (QTLs) scan for timing of 
metamorphosis from leptocephali to glass eels and several morphological traits of glass eels after metamorphosis by using two-way pseudo-
testcross strategy. A total of 287 F1 offspring derived from a single female and a male phenotyped for timing of metamorphosis  (age at start and 
end of the metamorphosis), and five morphometric traits. Each 46 offspring metamorphosed in early (metamorphosis were started from 186 to 
247 days post hatch (dph)) and late (326 to 447 dph) were selected for QTL mapping. A new linkage map was compiled with 2,672 SNP markers 
derived from a RAD-seq analysis and 465 SSRs based on the previously published map. QTL mapping was performed with half-sib regression 
analysis (paternal and maternal) by simple interval mapping. One significant QTL (genome-wide P < 0.05) was found for timing of 
metamorphosis on linkage group 1 (LG1), and two suggestive QTLs (chromosome-wide P < 0.05) on LG14 and LG16. Three suggestive QTL 
for body size of glass eels were also found on LG4, LG5, and LG16. The QTL explained between 8% and 15% of phenotypic variance. The 
results are the first step towards identifying genetic architecture of important traits for mass-production of glass eels in the Japanese eel. 
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Progress of the Shrimp Genomic Sequencing Project 
Jianhai Xiang, Xiaojun Zhang, Jianbo Yuan and Fuhua Li, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 
China 
Penaeid shrimp are most economically important marine aquaculture species in China and also in the world. Genetic information, especially 
whole genome sequence is necessary to better understand the biological essence, and to promote the domestication and genetically improvement 
in shrimp. However, because its genome is large and complex in structure, estimated approximately 80% repetitive sequences, it is very difficult 
to sequence and good assemble. Both genomes of the Pacific white shrimp Litopenaeus vannamei and Chinese shrimp Fenneropenaeus chinensis 
have been sequenced and assembled for many years funded by grants of the National High Technology Research and Development Program of 
China. Using Next Generation Sequencing (NGS) technologies, different insert-size pair-end and mate-pair Illumina shotgun libraries were 
constructed, a total of 828GB and 530GB data were generated, covered 318X and 280X genome size of the two important cultured species of 
shrimp respectively. PacBio single molecule sequencing was adopted also and more than 70 GB data were generated for assisting assembling in 
each genome. A set of assembly methods were developed to solve the problems brought by high repetition and heterozygous character of shrimp 
genome, two preliminary genome drafts were constructed. A set of strategies have been utilized to facilitate assembly. The L. vannamei genome 
scaffold N50 was up to 123.98Kb; and the assembled F. chinensis genome scaffold N50 reached 154.2Kb. Paired BAC-end sequencing was 
conducted, 28,000 BAC ends were obtained. A high-density genetic map of L. vannamei has been developed, on which 6,359 SNP markers were 
mapped to the 44 linkage groups spanning 4,243 cM. Two dozen of transcriptomes were sequenced and all reads were assembled into 117,539 
and 188,201 unigenes in L. vannamei and F. chinensis, at least 95% unigenes were mapped into the assembled genomes. Annotation of the 
genome of both shrimp is going on. These genome sequences and resource will facilitate the understanding of shrimp and crustacean genome, 
and should improve the genetic breeding in shrimp. 
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Temporal Stability Evaluation of Population Structure of Blue Mussel (Mytilus chilensis) in Southern Chile Using SNP 
Markers 
Cristian Araneda1, M. Angelica Larrain2, Nathan Campbell3 and Shawn Narum3, (1)Universidad de Chile, Depto. de Produccion 
Animal, Santiago, Chile, (2)Universidad de Chile, Departamento de Ciencia de los Alimentos y Tecnología Química, Santiago, 
Chile, (3)Columbia River Inter-Tribal Fish Commission, Hagerman, ID 
Blue mussel aquaculture is an important economic activity in southern Chile, where landings are mainly exported to the European Union. This 
market has specific labeling regulations about traceability including the obligation to declare the area where the product was caught or farmed. 
Mussel populations in southern Chile have been thought to be panmictic with limited genetic structure (FST < 0.05) due to long-lived pelagic 
larvae and the translocation of seeds from natural banks to aquaculture farms. This challenging scenario for traceability can be overcome using 
multiple panels of FST outlier SNP loci, which has identified hidden population structure (FST > 0.10) not previously revealed with SSR markers. 
Here we used a combined panel of 172 SNP markers: 48 obtained from published EST and 124 obtained de novo from RADseq (58 FST outlier 
loci and 66 putatively neutral loci). Our goal was to study the temporal stability of population structure from six locations in three zones in 
southern Chile: Reloncaví Gulf, Chiloe Island and Magallanes in years 2009 and 2013. SNP genotyping was performed using the Genotyping-in-
Thousands by sequencing (GT-seq) approach. We discuss the stability of population structure and its implication in molecular traceability of this 
important commercial resource.  
Grant Fondecyt Regular 1130302 
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Cuban Experience in Genetics of White Shrimp Litopenaeus Schmitti (Burkenroad, 1936) 
Raquel Silveira1, Damir Hernandez Martinez1, Anna Perez Beloborodova1 and Georgina Espinoza López2, (1)Centro de 
Investigaciones Pesqueras, La Habana, Cuba, (2)Facultad de Biología, Universidad de La Habana, La Habana, Cuba 
Shrimp farming is a priority economic activity in Cuba. Genetic characterization of natural and culture populations are essential for the 
sustainable exploitation of shrimp. We have conducted studies in white shrimp, Litopenaeus schmitti, for the last 10 years. Variation in the 
electrophoretic patterns of enzymes and total proteins throughout the ontogeny was first characterized. Different specific protein patterns were 
observed in each of the stages studied, the complexity increased with ontogeny, with the exception of mysis 3 were the number of allozyme 
bands significantly decreased. The population structure of wild and cultured populations were studied using both protein (21 electrophoretic loci 
from 9 protein systems) and 5 microsatellites markers. DNA was isolated from wild L. schmitti populations from 4 South Cuban coast locations 
(Batabanó Gulf, Cienfuegos Bay, Tunas de Zaza, and two areas of Guacanayabo Gulf). The protein systems revealed that Tunas de Zaza 
population was the most variable (He:0.132), whereas the two areas from Guacanayabo showed the lowest variability values (He:0.082). 
Microsatellite results showed no significant differences among Cienfuegos and Tunas de Zaza (Ho=0.653 and Ho=0.605, respectively) or in the 
mean number of alleles per locus (11.0-11.6). Genetic variation of cultured populations was lower than in wild populations. The heritability and 
genetic correlations among the growing characters in different developing stages were also estimated and served as the basis for the 
implementation of a genetic improvement program for L. schmitti. Future research will focus on sequencing the L. schmitti genome in order to 
develop SNP-based linkage and QTL maps. 
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Horizontal Gene Transfer: The Transposases of Vibrios and Shrimp 
Acacia Alcivar-Warren1, Sonia Soto-Rodríguez2, Jianhai Xiang3, Raquel Silveira4, Gustavo Arencibia Carballo4 and Chinnaiah 
Amutha5, (1)Environmental Genomics, Inc., Southborough, MA, (2)CIAD, A.C. Unidad Mazatlán, Mazatlán, Sinaloa, Mexico, 
(3)Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China, (4)Centro de Investigaciones Pesqueras, La Habana, 
Cuba, (5)Madurai Kamaraj University, Tamilnadu, India 
Host-microbe interactions are capable of transgenerational epigenetic inheritance (TgEI) of stress-induced phenotypes. For example, exposure to 
antibiotic G418 induced TgEI phenotypes, including a delay in larval development, gene induction in the gut and morphological changes 
(Fridmann-Sirkis et al. 2014). G418 selectively depleted commensal Acetobacter sp and the depletion explained the heritable delay, but not the 
inheritance of other phenotypes. TgEI mechanisms could also be associated with Glyphosate, a bactericide and EDC present in genetically 
modified crops (GMCs) used to produce aquafeeds. Increased commercial use of genetically engineered (GE), GMCs or GMOs has renewed 
calls to assess their potential ecological and health risks, new zoonosis. We review the likelihood of tolerance of insects (and non-target species 
like shrimp) to insect-resistant GMCs, the health effects caused by microbial transgenes (Bacillus thuringiensis, Bt); and potential impact of Bt, 
Glyphosate, GE, GMCs, GMOs on biodiversity, in light of globalization, climate change, HGT and TgEI. We compare conserved protein 
domains of bacterial transposases of Tn3, Tn4, Tn5 transposons, Bt transposase, and transposase of new Tn6264 transposon in plasmids of 
Vibrio parahaemolyticus (Vp) and V. harveyi-causing Acute Hepatopancreatic Necrotic Disease (AHPND). Sequence variations of horizontally-
transferred TnpA transposase (E. coli Tn1000) into L. vannamei genome will be reviewed. Transposases of Mariner, EnSpm, other transposons 
of L. vannamei will be presented. This review represents background information for testing the hypothesis by ‘The Shrimp Epigenome 
(shrimpENCODE) Consortium’ collaborators that AHPND/EMS is TgEI mediated by both genomic and epigenetic mechanisms involving 
interactions of bacteria-shrimp genomes and environmental and nutritional factors. 
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Application of RNA-Seq to Clarifying the Immune Mechanism of Shrimp to WSSV Infection 
Fuhua Li, Shihao Li, Yumiao Sun, Zheng Sun, Xiaojun Zhang and Jianhai Xiang, Institute of Oceanology, Chinese Academy of 
Sciences, Qingdao, China 
RNA-Seq is an approach using deep-sequencing technologies for transcriptome profiling. It is more and more widely used in aquatic animal to 
clarify the molecular mechanism for reproduction, development and immunity. WSSV is the most dangerous pathogen which can result in 90 to 
100% mortality of shrimp. Understanding the immune mechanism of shrimp to WSSV infection is necessary for developing effective strategy for 
virus disease control. In the present study, RNA-seq was used to analyze the transcriptomic differences of the shrimp Fenneropenaeus chinensis 
between latent infection stage and acute infection stage of WSSV. Through differentiation analysis, 805 differentially expressed genes were 
identified and categorized into 11 groups based on their possible function. Genes in the Toll and IMD pathways, the Ras-activated endocytosis 
process, the RNA interference pathway, anti-lipopolysaccharide factors and many other genes, were found to be activated in shrimp from latent 
infection stage to acute infection stage. In order to learn the mechnism how temperature variation led to the break out of white spot syndrome, 
RNA-Seq was used to analyze the differential transcription between WSSV challenged shrimp Exopalamon carincauda Holthuis cultured at 
different temperature. About 6,421 differentially expressed genes (DEGs) were obtained, and they were involved in various biological processes, 
such as immune system process, metabolic process, energy production, organelle and cytoskeleton organization, cell cycle, signal 
transduction,etc., suggesting that WSSV propagation after temperature rising had a comprehensive influences on the host. The above data 
provide useful information for understanding the mechanism for the breakout of shrimp virus disease. 
 
P0492: Genome Mapping, Tagging & Characterization: Aquaculture 
Oyster Reef Connectivity Inferred Via Population Genetic Analysis 
Jan McDowell1, Brendan Turley1 and Kimberly S. Reece2, (1)VIMS, Gloucester Point, VA, (2)Virginia Institute of Marine 
Science, William and Mary, Gloucester Point, VA 
A panel of single nucleotide polymorphism markers (SNPs) was developed for use in genetic analysis of the Eastern Oyster, Crassostrea 
virginica, sampled from the lower Chesapeake Bay. This project was designed in collaboration with the Chesapeake Bay Foundation (CBF) to 
test a hydrodynamic connectivity model intended to predict where oyster larvae produced in the Lafayette River, Virginia would settle. To test 
the model, wild oysters from Tangier Island, VA and the Haskin NEH hatchery strain were planted in the Lafayette River. Baseline samples were 



taken from the nearby Lafayette, Elizabeth and James Rivers before deployment of the planted test oysters. Newly recruited oyster spat were 
sampled from the Lafayette River in the summer following deployment of the planted test oysters. The baseline samples and spat were genotyped 
and assignment tests were performed to identify the source population(s) for the spat. There was a weak pattern of isolation by distance among 
oysters sampled from the lower Chesapeake Bay, suggesting that the connectivity of the reefs is high. The Haskin NEH oysters were 
significantly different from the other oysters in the study; however, the Tangier Island oysters could not be discriminated from the oysters 
sampled in the lower Chesapeake Bay. The genetic data obtained could not provide unequivocal support for the predictions of oyster spat 
distributions by the connectivity model, although, the data do support the overall circulation patterns in the region predicted by the model. 
Results indicate that these markers could be useful for discriminating hatchery strains from wild populations. 
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Genomic Variation in Dogs and Wolves: Discovery, Genotyping, and Breakpoint Analysis of Structural Variants 
Amanda Pendleton1, Julia Wildschutte1, Feichen Shen1, Sarah Emery1, Dorina Twigg1, Thomas Marques-Bonet2, Carles Vila3, 
Ryan Mills1,4, Adam R. Boyko5 and Jeffrey Kidd1,4, (1)Department of Human Genetics, University of Michigan, ANN ARBOR, MI, 
(2)ICREA at the Institut de Biologia Evolutiva (Univ Pompeu Fabra/CSIC)., Barcelona, Spain, (3)Estación Biológica de Doñana, 
Sevilla, Spain, (4)Department of Biological Statistics and Computational Biology, University of Michigan, ANN ARBOR, MI, 
(5)Department of Biomedical Sciences Cornell University, Ithaca, NY 
Understanding canine genome structural variation will clarify important aspects of canine evolution and also shed light on important canine 
diseases and traits. Using various computational approaches, including read-depth, read-pair, split-read, and local assembly, we have identified 
structural variants and their putative breakpoints in a diverse collection of over eighty dog and wolf genomes. We detect nearly 20,000 reference 
deletions with resolved breakpoints, including 2,151 and 6,018 polymorphic LINE and SINE deletions, respectively. We also identify 8,731 
deletions that display microhomology at the breakpoints, which suggests origins from homology-based mechanisms (NAHR or NHEJ). In 
contrast, deletions likely caused by DNA replication-based mechanisms were found in 2,998 instances, as non-reference insertions at the 
breakpoints were present. In addition, similar methods and subsequent filtration steps found 2,310 tandem duplications, and multiple read-depth 
based approaches highlighted 8,658 regions of copy-number variation across the canine genomes. Finally, 7,268 contigs of novel sequence 
absent from the reference genome (over 8 Mb) were assembled from a Great Dane and Grey Wolf, providing the ability to improve the reference 
and expand the catalog of variation segregating among dogs and wolves. Validation and genotyping of the discovered deletions, tandem 
duplications, copy number variants, and mobile elements will be accomplished using comparative genomic hybridization arrays (aCGH). The 
results from this study will highlight the abundance, size, and distribution of structural variants in canine genomes and provide a resource for the 
imputation of structural and copy-number variation into ongoing studies of canine phenotypes. 
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Searching for Signals of Selection in Sled Dogs 
Alexander Valenti1, Adam R. Boyko2 and Heather J Huson1, (1)Cornell University, Ithaca, NY, (2)Department of Biomedical 
Sciences Cornell University, Ithaca, NY 
Racing sled-dogs are a good illustration of how working dogs are selected and breeds are created.  In this study, signals of selection were 
analyzed within sled dogs, focusing on variation in performance between dogs classified as “sprinters” versus “distance” runners. Sprinters have 
been optimized for speed, traversing courses of up to 30 miles. Distance runners have undergone selection for extreme endurance, running races 
traversing over 1000 miles. Multiple breeds have been introduced into the sled-dog population in an attempt to enhance performance; using 
several genome analysis tests we were able to identify the impact of these introductions on breed development. A principle component analysis 
(PCA), marker based Fst, and identification of runs of homozygosity were used to provide insight regarding genetic differentiation of these two 
classifications of dogs and how they vary from pure-breeds.  The outputs of the PCA verified that significant genetic differentiation existed 
between sprint and distance dogs. Following PCA, runs of homozygosity (ROH) were identified and grouped by size.  When comparing the two 
classifications, distance dogs exhibited a higher number of average runs (168) than sprinters (130) and also had a larger percentage of longer runs 
suggesting increased inbreeding.  A homozygosity association test identified ROH correlated to either performance classification within sled dog 
or as compared to ancestral breeds. Biological significance of genomic variants was investigated using PANTHER gene pathway analysis. 
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Discovery of Polymorphic ERVs in the Sequenced Genomes of Dogs and Related Canids 
Julia Halo Wildschutte1,2, Amanda Pendleton2, Robert K. Wayne3, Carles Vila4, Thomas Marques-Bonet5, Adam R. Boyko6 and 
Jeffrey Kidd2,7, (1)Bowling Green State University, Bowling Green, OH, (2)Department of Human Genetics, University of 
Michigan, ANN ARBOR, MI, (3)University of California, Los Angeles, Los Angeles, CA, (4)Estación Biológica de Doñana, 
Sevilla, Spain, (5)ICREA at the Institut de Biologia Evolutiva (Univ Pompeu Fabra/CSIC)., Barcelona, Spain, (6)Department of 
Biomedical Sciences Cornell University, Ithaca, NY, (7)Department of Biological Statistics and Computational Biology, University 
of Michigan, ANN ARBOR, MI 
During a retroviral infection, a DNA copy of the virus is permanently integrated into the nuclear DNA of the host cell. Thus, infection of cells 
contributing to the germline may result in an endogenous retrovirus, or ERV, that is transmitted vertically to the host’s offspring. Roughly 0.15% 
of the canine genome (canFam3.1) is recognizably derived from ERVs (CfERVs, so-named for discovery in Canis familiaris). The majority of 
full-length canFam3.1 CfERVs contain inactivating mutations, however retrovirus-like particles and polymerase activities have been reported in 
tissues associated with canine lymphomas and cancer derived canine cell lines, and several copies remain nearly intact with relatively little 
divergence from the subfamily consensus. These observations suggest the presence of recently formed CfERV loci, raising the possibility that 
additional non-reference variable sites remain to be identified. Despite this, characterization of CfERV loci remains limited and no exogenous 
retrovirus has been observed in canids. In order to determine the presence and distribution of such CfERV loci, we searched whole genome 
sequence data from ~90 dogs and related canids, identifying a total of 52 candidate non-reference CfERV loci. De novo assembly of CfERV-
supporting reads at each site permitted the complete reconstitution of 37 CfERV LTRs, including 8 intronic copies. These elements ranged in 



divergence from their subfamily consensus from 0.0 to 9.7% and varied in inferred distribution among samples, suggesting recent insertion and 
continued influence on canine genome structure. We anticipate these data will contribute to a canine variant resource and will be critical for 
understanding CfERV biology and the impact of CfERVs on canine phenotypes and evolution. 
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99 Lives Cat Whole Genome Sequencing Initiative Update - 2016 
Leslie A. Lyons and Barbara Gandolfi, University of Missouri-Columbia, Columbia, MO 
The 99 Lives cat whole genome sequencing initiative is a research community-based project that will sequence the genomes of cats to: 1) 
Identify normal and abnormal genetic variation, 2) Identify causative mutations for specific health concerns, 3) Allow veterinary hospitals to 
provide individual genome sequencing for cats for state-of-the-art health care. Illumina HiSeq 100 bp paired end sequencing reads from two 
PCR-free libraries per cat of 350 bp and 550 bp for 20X – 30X genome coverage is suggested. Maverix Biomics provides the bioinformatics 
support, aligning the reads to the cat genome Felis_catus-6.2 sequence and using Platypus to call variants. The cat reads and SNPs are overlaid 
onto a UCSC-type browser for easy viewing of the data. Data tables with specific filters can be accessed that provide the identified SNPs in 
specific genes, regions, chromosomes, or the entire genome. Once a genome dataset is transferred to Maverix, the contributor will be given 
access to the website for the 99 Lives cat genome data. Contributors are expected to provide the basic signalment of the cats when possible, such 
as gender, breed, place of origin, and coat color. All cats are welcome, including exotic and wild felids. The current dataset has 51 domestic cats 
and 4 wild felids. The new analysis will include 82 felids, comprised of 11 exotic felids and 71 domestic cats. The most recent complete database 
analysis will be performed in late fall 2015. Additional cat sequencing will likely employ updated illumina-based technologies. 
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Evidence of Selection Signatures that Shape the Persian Breed 
Francesca Bertolini1, Barbara Gandolfi2, Eui-Soo Kim1, Bianca Haase3, Leslie A. Lyons2 and Max F. Rothschild1, (1)Iowa State 
University, Ames, IA, (2)University of Missouri-Columbia, Columbia, MO, (3)University of Sydney, Sydney, Australia 
The Persian cat is mainly characterized by an extremely brachycephalic face as part of the standard body conformation.  Despite the popularity, 
world-wide distribution and economic importance of the Persian cat as a fancy breed, little is known about the genetics of their hallmark 
morphology, brachycephaly. Over 800 cats from different breeds including Persian, non-Persian breeds (Abyssinian, Cornish Rex, Bengal, La 
Perm, Norwegian Forest, Maine Coon, Manx, Siamese, and Oriental) and Persian-derived breeds (British Shorthair, Scottish Fold, Selkirk Rex) 
were genotyped with the Illumina 63K feline DNA array. The experimental strategy was composed of three main steps: i) the Persian dataset was 
screened for runs of homozygosity to find and select highly homozygotes regions; ii) selected Persian homozygous regions were evaluated for 
the difference of homozygosity between Persians and those considered non-Persian breeds, and, iii) the Persian homozygous regions most 
divergent from the non-Persian breeds were investigated by haplotype analysis in the Persian derived breeds. Four regions with high 
homozygosity (H > 0.7) were detected, each with an average length of 1 Mb. Three regions can be considered unique to the Persian breed, with a 
less conservative haplotype pattern in the Persian-derived breeds. Moreover, two genes, CHL1 and CNTN6 known to determine face shape 
modification in humans, reside in one of the identified regions and therefore are candidates for the brachiocephalic face in Persians. In total the 
homozygous regions contained several neuronal genes that can be involved in the Persian cat behavior and can provide new insights into cat 
domestication. 
 
P0498: Genome Mapping, Tagging & Characterization: Canine and Feline 
Histological Characterization and Genomic Localization of the Lykoi Breed Hair Variant 
Barbara Gandolfi1, Milchelle L. LeRoy2, David A. Senter2, Delia M. Bouhan2, Erica K Creighton2 and Leslie A. Lyons1, 
(1)University of Missouri-Columbia, Columbia, MO, (2)Department of Veterinary Medicine and Surgery University of Missouri, 
College of Veterinary Medicine, columbia, MO 
Naturally occurring hair type variants are often used to establish new feline breeds. Often a novel mutation associated with a hair texture variant 
can be fixed within several generations in a line used to create a new variety of cats. A new breed of cats called Lykoi characterized by a roaning 
coat type, was developed in United States from a domestic shorthair cat. The phenotype resembles a werewolf, due to the even mixture of black 
and white hair in their coat. Breeding experiments confirmed that the novel hair type variant has an autosomal recessive mode of inheritance. 
Histological examination of Lykoi and Domestic shorthair control skin biopsies showed a significant difference in follicles per hair follicle unit 
as well as the number of hairs per follicle. The Lykoi showed a significantly lower number in both measurements. A genome-wide association 
study was conducted by genotyping on the 63K Feline Illumina Infinium array, 20 cases and 12 controls sampled from the Lykoi breed. After 
SNPs frequency and genotyping pruning, over 40,000 SNPs were available for the analyses. A significant association was detected on cat 
chromosome B1, localizing the phenotypic locus within a haplotype block conserved across all cases spanning over 1 Mb in length. MDS and 
genomic inflation showed that the association is significant without biases by population stratification. To unravel the variant associated with the 
aesthetic trait, genes within the haplotype block will be sequenced and variants typed in several feline populations to confirm the association with 
the hair coat phenotype. 
 
P0499: Genome Mapping, Tagging & Characterization: Canine and Feline 
Effect of Anticoagulant Rodenticides on the Gene Expression in the Bobcats (Lynx rufus) of the Santa Monica Mountains, 
CA 
Devaughn Fraser1, Alice H Mouton1, Laurel Klein Serieys1, Seth Riley2 and Robert K. Wayne3, (1)Department of Ecology and 
Evolutionary Biology- University of California, Los Angeles, Los angeles, CA, (2)Santa Monica Mountains National Recreation 
Area, National Park Service, Los angeles, CA, (3)University of California, Los Angeles, Los Angeles, CA 
Anti-coagulant rodenticides (AR) are the primary chemical control method employed to control rodent populations worldwide. Despite recently 
implemented restrictions on the use of certain rodenticides in California in the last few years, AR exposure is still detected in multiple wildlife 
species, especially carnivores and raptors for which rodents are a staple food item. This is a major conservation concern as AR exposure poses a 



serious threat to wild populations. For example, our previous works showed a relationship between AR exposure and mange in 
bobcats (mortality) and distinct physiological differences between exposed and non exposed bobcats (immune dysregulation). 
The first purpose of this study was to use gene expressions analyses to investigate the molecular mechanisms underlying physiological 
phenotypes for bobcats exposed to ARs. Specifically, using a RNA-seq approach, we analyzed 19 samples of bobcats (8 wild non exposed, 2 
captive non exposed, and 9 exposed) from 4 populations in the Santa Monica Mountains National Recreational Area (CA). We are using a 
combination of logistic regressions and WGCNA to identify important physiological outcomes that relate directly to difference in gene 
expression.   
Our second aim is to apply the results of these analyses to enhance prevention and treatments as well as use scientific findings to support 
legislation ending the use of ARs. We hope that a more thorough understanding of the molecular mechanisms involved in such lethal effects will 
lead to further research on the reformulation of better methods of rodent control that do not pose a threat to non target wildlife. 
 
P0500: Genome Mapping, Tagging & Characterization: Canine and Feline 
Global DNA Methylation in Vermont Bobcat (Lynx rufus) Liver 
Bonnie Cantrell, Sydney Friedman, Hannah Lachance and Stephanie McKay, University of Vermont, Burlington, VT 
Bobcats (Lynx rufus) are at an increased risk for mortality within the next 20 to 30 years due to habitat loss and fragmentation in Vermont. 
Research has focused on the conservation of bobcat using genetics and ecological population structure.  However, the use of epigenetic effects 
for conservation purposes is novel. This study investigates the effects of global DNA methylation in the liver of 30 Vermont bobcat. Liver 
samples were obtained from the Vermont Fish and Wildlife and DNA was extracted using phenol chloroform. The percent of global DNA 
methylation was quantified and calculated using the MethylFlashTM Methylated DNA 5-mC Quantification Kit from Epigentek (Farmingdale, 
NY). Age, sex, weight, and location data were collected and correlated to percent global DNA methylation. The presence of differential 
methylation has the potential to provide insight into bobcat conservation within the different regions of Vermont. This study will lay the 
foundation for future research regarding the use of epigenetics as a mechanism for conservation. 
 
P0501: Genome Mapping, Tagging & Characterization: Canine and Feline 
Degree of Bengalness: A Measure of the Genomic Contribution of Asian Leopard Cats into Bengal Breed Cats 
Mona Abdi1, Hasan Alhaddad1, Barbara Gandolfi2, Robert A. Grahn3 and Leslie A. Lyons2, (1)Kuwait University, Safat, Kuwait, 
(2)University of Missouri-Columbia, Columbia, MO, (3)University of California, Davis, Davis, CA 
The Bengal cat breed results from hybridizing domestic cats and Asian Leopard Cats (ALC.  Hybrids can be further crossed to domestic cats and 
be considered Bengal cats as long as the desired hybrid phenotypes are retained.  While the phenotype is similar within the breed, cats have 
various degrees of genomic contribution from the ALC.  To test the proportion of ALC genome in different Bengal cats, we adopted the 
following strategy: (1) identify SNP markers that exhibit different alleles in the ALC and the domestic cats, (2) establish ranges of ALC genomic 
contribution in the cats from a multi-generation pedigree obtained by several crosses between ALC and domestic cats, and (3) use known 
proportions of shared ALC genomic from known crosses to test the degree of ALC contribution in Bengal cats of unknown pedigree 
information.  To achieve the objectives, we used a dataset of over 2000 cats genotyped using 63K Feline SNP array.  The dataset includes ALC 
cats (n=9), domestic cats from over 35 breeds (n = 1973), domestic-ALC pedigree crosses (n = 81), and random Bengal cats (n = 98).  Over 800, 
evenly distributed SNPs were found to be discriminatory between ALC and domestic cats.  The remaining objectives are under 
investigation.  The significance of the study may extend beyond the assessments of degree of “Bengalness” in domestic Bengal cats. In fact the 
panel of markers used to establish the level of wild hybridization between the two species can also provide information regarding the 
conservation genetics of the Asian Leopard cat. 
 
P0502: Genome Mapping, Tagging & Characterization: Cattle 
An Improved Genotyping Workflow for Genomic Selection Using the Axiom® Genotyping Solution from Affymetrix 
Ali Pirani1, Alessandro Davassi2 and Teresa A. Webster1, (1)Affymetrix Inc., Santa Clara, CA, (2)Affymetrix UK Ltd, High 
Wycombe, United Kingdom 
Background: 
The availability of highly parallel SNP genotyping technologies at low cost has enabled Genomic Selection (GS) as a practical tool for breeders 
that replaced traditional Marker-Assisted Selection. 
GS requires highly accurate and reproducible genotype calls often from small batches of samples.      
Methods: 
The standard analysis pipeline recommended by Affymetrix (Axiom® Best Practice Workflow), which uses AxiomGT1 as a genotyping 
algorithm, usually requires a larger collection of input samples to maximize accuracy and reproducibility than would be applicable in GS.  
A new analytical workflow has been developed, called “Axiom® Genomic Selection workflow” (GSW), and is targeted for the needs of the 
breeders. The new workflow achieves high accuracy and reproducibility using small sample data sets. Axiom® GSW exploits the Bayesian 
nature of the AxiomGT1 algorithm to use as “prior” information a model of the expected cluster positions and variances for each SNP. By 
adopting SNP Specific priors, the algorithm has an expectation of the cluster locations (therefore increasing reproducibility), but retains the 
crucial ability to update the priors to account for plate specific variations. 384 bovine samples were processed on a custom-design Axiom® array 
in parallel. Array data were genotyped using the Axiom® GSW method. SNP cluster models were empirically determined and tested 
Result: 
The new workflow was validated on a bovine dataset of 5376 samples. A significant improvement in the batch-to-batch reproducibility was 
observed. The concordance rate increased from 98% to greater than 99.7%. Marginal improvements on average Call Rates and number of 
recommended SNPs were also observed. 
 
P0503: Genome Mapping, Tagging & Characterization: Cattle 



Application of Affymetrix Analysis Tools on Eureka NGS Technology to Provide Accurate and Automated Animal and 
Crop Genotypes 
Sahar Nohzadeh-Malakshah1, Vineet Joshi1 and Ali Pirani2, (1)Affymetrix, Inc, Santa Clara, CA, (2)Affymetrix Inc., Santa Clara, 
CA 
The BRLMM-P two-dimensional clustering algorithm is utilized by mid- to high- plex, Affymetrix microarrays for genotyping SNPs and 
Indels.  The algorithm has successfully been implemented across arrays designed to study many dozens of organisms.  Its Bayesian step gives it 
the flexibility to automatically adapt to cluster patterns exhibited by diploid and various levels of allo-polyploidy.  BRLMM-P also incorporates 
methods for accurately genotyping samples originating from normal and inbred populations.  
SNPolisher is a tool developed by Affymetrix to calculate SNP quality control metrics, such as call rate, cluster separation, cluster variation, and 
deviation from expected cluster position.  These metrics are used to classify the SNPs into performance categories for downstream applications.  
Eureka Genomics is a developer of cost-effective, low- to mid-plex, high throughput genotyping assays that uses common next-generation 
sequencing (NGS) platforms for signal readout. It enables the detection of hundreds to thousands of genetic markers which are increasingly in 
demand for routine crop and animal agrigenomics testing.  
Utilizing the tools developed by Affymetrix for genotyping high density SNP microarrays to analyze the low density Eureka genotyping panels 
will automate the genotyping process, produce highly accurate results, and allow researchers to migrate between the Affymetrix and Eureka 
platforms seamlessly.  
The Eureka NGS read counts are appropriately scaled, normalized, and transformed to process genotyping in the BRLMM-P and SNPolisher 
framework. Various Eureka NGS panels are tested, including a Bovine panel, for which BRLMM-P generates an average sample call rate of 
99.6% and an average sample concordance of 99.6%. 
 
P0504: Genome Mapping, Tagging & Characterization: Cattle 
Differential Expression of Small RNAs and mRNAs in Bovine Skeletal Muscle with Extreme Saturated Fatty Acid Levels 
James E. Koltes, Department of Animal Science, University of Arkansas, Fayetteville, AR, Eric Fritz-Waters, Department of 
Animal Science, Iowa State University, Ames, IA and James M. Reecy, Iowa State University, Ames, IA 
Understanding the genetic control of fatty acid metabolism may allow for the production of healthier beef.  Twelve extreme skeletal muscle 
samples (high =6; low =6) for saturated to unsaturated fatty acid ratio were analyzed using Illumina RNA-seq technology to identify 
differentially expressed (DE) mRNAs.  The same samples, including an additional 10 samples (N=22), were also sequenced using the Illumina 
small RNA library preparation kit.  Sequencing runs were checked for quality parameters using FASQC and mapped to the UMD 3.1 reference 
genome using Bowtie2.  Aligned reads were quantitated using HTseq (small RNAs) or Cufflinks (mRNA).  Statistical analyses were conducted 
using the QuasiSeq R package (small RNAs) or a two-stage Poisson/ Quasi-Poisson model (mRNAs), where animal age, contemporary group 
and sex were included as covariates.  The residual saturated fatty acid ratio was also included as a covariate to determine it’s impact on 
differential expression of transcripts.  A total of 90 mRNAs were identified as DE (q < 0.15).  A total of 176 small RNAs were identified as DE 
(q < 0.15).  The small RNAs included 21 miRNA, 4 miscRNA, 11 snoRNAs, 5 snRNA, 3 unannotated small RNAs, and 132 5s rRNAs.   Targets 
of the DE miRNAs were identified using the expressed genes from the RNA-seq study and miRANDA software.  Enrichment analysis with 
DAVID software identified targets of mir-628 as enriched for terms related to fatty acid metabolism (Benjamini p< 0.10).  These results indicate 
that small RNA levels may play an important role in skeletal muscle fatty acid metabolism. 
 
P0505: Genome Mapping, Tagging & Characterization: Cattle 
Annotating the Bovine Genome with Single-Molecule Transcript Sequencing 
Christine G. Elsik1,2, Darren E. Hagen1, Tara G. McDaneld3 and Timothy P.L. Smith3, (1)Division of Animal Sciences, University 
of Missouri, Columbia, MO, (2)MU Informatics Institute, University of Missouri, Columbia, MO, (3)USDA-ARS, U.S. Meat 
Animal Research Center, Clay Center, NE 
Bovine genome annotation with RNAseq has been challenging due to the complexity of alternative splicing, potential for read mapping errors, 
high repeat content of the genome and expressed sequences, and the need to assemble full-length transcripts from short reads. PacBio Iso-Seq 
technology for generating long-read transcript sequences helps us overcome several of these issues. Advantages of Iso-Seq are that long read 
lengths allow us to map transcript sequences that have repeats and to avoid predicting only partial genes. We report our approach and results of 
annotating the Bos taurus genome using Iso-Seq data generated from seven tissues (adipose, cerebral cortex, liver, lung, muscle, testis and 
thalamus). We used the long reads to update both the Ensembl and RefSeq gene sets. Changes to the gene sets included the addition of isoforms, 
extension of coding regions, UTR extensions, and correction of predicted genes that needed to be merged. In addition to updating existing gene 
sets, we identified and characterized novel gene loci. 
 
P0506: Genome Mapping, Tagging & Characterization: Cattle 
A Searchable, Whole Genome Resource Designed for Protein Variant Analysis in Diverse Lineages of U.S. Beef Cattle 
Michael P. Heaton1, Theodore S. Kalbfleisch2, Jacky K. Carnahan1, Timothy P.L. Smith3, Gregory P. Harhay1, Barry Simpson4 and 
Jiansheng Qiu4, (1)USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE, (2)University of Louisville, 
Louisville, KY, (3)USDA, ARS, USMARC, Clay Center, NE, (4)GeneSeek, Inc., Lincoln, NE 
A key feature of a gene's function is the variety of protein isoforms it encodes in a population. However, the genetic diversity in bovine whole 
genome databases tends to be underrepresented because these databases contain an abundance of sequence from the most influential sires.  Our 
first aim was to create a unique set of 96 mapped genomes from 19 U.S. beef breeds, with bulls from distinct lineages.  Our second aim was to 
illustrate the utility of this publicly viewable set of genomes for identifying rare protein variants encoded by a gene of interest.  For each bull, the 
identity and quality of its mapped data set was tested by comparing more than 700k single nucleotide polymorphism (SNP) genotypes to those 
previously derived from other platforms.  The average read depth at parentage SNPs was about 12.5, and the scoring rate and accuracy were 
approximately 99% each. The bovine beta-2 integrin gene (ITGB2) was used as an example of protein variant analysis and found to contain 14 
missense SNPs affecting 12 codons.  Rare codon mutations, not previously detected by PCR-Sanger sequencing, were observed in Simmental 



and Santa Gertrudis bulls.  Eleven protein haplotypes were inferred by maximum parsimony, resulting in 66 possible paired combinations of 
ITGB2 protein variants.  Thus, this searchable, diverse, whole genome resource facilitates accurate identification of protein variants in silico for 
U.S. beef cattle and provides a means of translating WGS data into a biological context. 
 
P0507: Genome Mapping, Tagging & Characterization: Cattle 
Ensembl: Non-Coding RNA Gene Annotation 
Thibaut Hourlier, Konstantinos Billis, Carlos García Girón, Fergal J. Martin, Daniel N. Murphy, Rishi Nag, Bronwen Aken and 
Paul Flicek, European Molecular Biology Laboratory - EBI, Cambridge, United Kingdom 
Non-coding RNA (ncRNA) genes are genes that do not translate into proteins but instead produce functionally important RNA molecules. While 
some types of RNA (tRNAs, rRNAs and microRNA) have been studied for decades, others including long non-coding RNAs (lncRNAs), are less 
well studied. With the emergence and maturation of next generation sequencing, we now have more data and tools to capture and annotate the 
sequences from non-coding genes expressed in the genome.  
Ensembl provide annotation for both small and long ncRNA genes. lncRNA genes are annotated based on transcriptomic data as follows: The 
Ensembl RNASeq pipeline produces a set of gene models, both protein coding and non-coding, from which we extract the lncRNA candidates. 
This is done by selecting the models that do not overlap annotated protein coding genes and do not have protein domains. Annotation for 
microRNAs may be imported from miRBase when available for the target species. To obtain an exhaustive set of ncRNAs, we run the small 
ncRNA pipeline which uses RFam and miRBase to predict the possible location of small ncRNAs.  
Protein coding and ncRNA gene annotation from Ensembl are available on the cattle reference genome (UMD3.1). The lncRNA annotation was 
generated using a transcriptomic dataset containing multiple tissue samples. Small ncRNA annotation was generated using the public databases 
miRBase and RFam. All data in Ensembl are accessible through the website, www.ensembl.org, the Perl API and the REST API. Users can 
download data using our public FTP or view their own data alongside ours using Trackhubs. 
 
P0508: Genome Mapping, Tagging & Characterization: Cattle 
Genotypes Associated with Yearling Pulmonary Arterial Pressure Similar for Growth Measures in Angus Heifers 
Rebecca Cockrum1, Scott E. Speidel2, Natalie F. Berge2, Xi Zeng2, Harvey Blackburn3, Tim Holt2, Richard M. Enns2 and Milt 
Thomas2, (1)Virginia Polytechnic Institute and State University, Blacksburg, VA, (2)Colorado State University, Fort Collins, CO, 
(3)National Center for Genetic Resources Preservation, USDA, Fort Collins, CO 
The objectives were to 1) identify SNP associated with yearling pulmonary arterial pressure (YPAP) and growth traits, 2) evaluate variants 
common to YPAP and growth parameters, and 3) identify underlying genes for common variants in Angus cattle. Yearling heifers (n = 1,182) in 
a high altitude beef production system were measured for PAP. Additionally, growth measures such as birth weight (BW), weaning weight 
(WW), yearling weight (YW), hip height (HH), and post-weaning gain (PWG) were recorded. Isolated DNA from blood, hair, or blood card 
samples were analyzed using the Ilumina Bovine SNP50 Beadchip. Genome-wide association analyses were conducted using an additive multi-
locus mixed model with a 5% false discovery rate. Associated SNP (P < 1.00E-05; number of SNP) were identified for BW (2), WW (3), YW (4), 
PWG (1), and HH (7), but no SNP were common between YPAP and growth traits. Nominally associated SNP (P < 0.001) were identified for 
YPAP (41), birth weight (37), weaning weight (47), yearling weight (48), post-weaning gain (41), and hip height (63). There were four intronic 
SNP common between YPAP and YW on chromosomes BTA 4, 7, and 26. One SNP was also common with PWG and another with HH. 
Underlying genes within 1 kb of common SNP were SLC36A2 and CFAP58 that are involved in small AA transportation and cell cycle 
processes, respectively. Results suggested that three genomic regions may co-regulate YPAP and growth traits. 
 
P0509: Genome Mapping, Tagging & Characterization: Cattle 
Identification of Bovine Long Noncoding RNA Using Single-Molecule Transcript Sequencing 
Darren E. Hagen1, Tara G. McDaneld2, Timothy P.L. Smith2 and Christine G. Elsik1,3, (1)Division of Animal Sciences, University 
of Missouri, Columbia, MO, (2)USDA-ARS, U.S. Meat Animal Research Center, Clay Center, NE, (3)MU Informatics Institute, 
University of Missouri, Columbia, MO 
Long noncoding RNAs (lncRNA) lack the ability to code for protein, but serve as key regulators of diverse biological processes and can, for 
example, alter chromatin structure and regulate gene expression at the transcriptional and post-transcriptional levels. Criteria for identifying 
lncRNA sequences include lack of coding potential, lack of similarity to other noncoding RNA classes, and usually at least 200 nucleotides in 
length. One challenge in lncRNA identification is that they often lack evolutionary sequence conservation. Identifying the full repertoire of 
lncRNA in bovine remains a computational and technological challenge.  We have used PacBio’s Iso-Seq RNA sequencing technology 
supplemented with short read RNAseq (Illumina 100bp single-end) to identify bovine lncRNA and determine their expression values for various 
tissues. The bovine genome and transcriptome are filled with repetitive elements, making it difficult to accurately align short RNAseq reads to 
the genome. Some advantages of Iso-Seq are that long read lengths allow us to identify lncRNA that have repeats and to avoid splitting of 
predicted lncRNA into fragments, and the high proportion of sense strand reads in Iso-Seq provides confidence for the prediction of single exon 
lncRNA. This study adds to the growing list of lncRNA identified in the bovine genome. 
 
P0510: Genome Mapping, Tagging & Characterization: Cattle 
A Catalog of Variants in Zebu Dairy Cattle using Next Generation Sequencing 
Marcos Vinicius Barbosa da Silva1, Francisco P. Lobo2, Tatiane Chud3, Thiago Bruno R. Silva3 and Marco Antonio Machado4, 
(1)EMBRAPA Dairy Cattle – MG, Juiz de Fora, Brazil, (2)Embrapa Informática Agropecuária, Campinas, Sao Paulo, Brazil, 
(3)UNESP Jaboticabal, Jaboticabal, Brazil, (4)Embrapa Dairy Cattle Research Center, Juiz de Fora - MG, Brazil 
The indicine (Bos primigenius indicus) breeds are intensively used for meat and milk production in tropical countries, such as Brazil, due to their 
adaptability to the climate and parasite resistance. However, genomic variation in indicine breeds has not been as well-characterized as Bos 
primigenius taurus. Nowadays, the massive cost reduction in DNA sequencing technologies allows the identification of variants at a genomic 
scale. The aim of this study was to detect and describe high quality short variants (Single Nucleotide Variations and indels) in indicine dairy 



cattle. We have sequenced the genome of four sires (two Gir and two Guzerat) using DNA extracted from semen samples (HiSeq2000, average 
read depth of 30x per sample). The bioinformatics workflow was as follows: UMD 3.1 reference assembly plus BTAU 4.6 Y chromosome as 
reference genome, BWA for read mapping, picard tools for file manipulations, freebayes for variant calling and vcffilter to select high-quality 
variants. We identified a total of 25,190,842 high quality variants (quality > 30 and coverage > 8), with 590,315 shared among all samples. We 
also found Gir and Guzerat samples to share 598,815 and 736,429 breed-specific variants respectively. We are still surveying the molecular 
consequences of these variants and have already found variants in genes related to parasite resistance, such as LSP1, ELTD1, and RIPK2, as well 
as in PMEL, a gene related to coat color pattern variation. The deposition of these variants in public databases will allow Zebu dairy cattle 
breeding programs to make usage of this genomic information. 
Financial Support: Embrapa (01.11.07.002.01.00 and 02.13.05.011.00.00), CNPq (456450/2014-9 and 407246/2013-4), CAPES, FAPESP 
(15/08939-0) and FAPEMIG (CVZ PPM 00395/14) 
 
P0511: Genome Mapping, Tagging & Characterization: Cattle 
Ab initio Identification of Transcription Start Sites in the Bovine Genome 
Michelle M. Halstead1, Colin Kern2, Alma Islas-Trejo3, Juan F. Medrano3 and Pablo J. Ross4, (1)University of California, Davis, 
Davis, CA, (2)Univeristy of California, Davis, Davis, CA, (3)University of California-Davis, Davis, CA, (4)Animal Science, 
University of California Davis, Davis, CA 
Annotation of transcription start sites (TSS) is critical to our understanding of gene structure and regulation. Unfortunately, the bovine genome 
lacks thorough annotation of TSS. To improve the annotation of TSS in the bovine genome we therefore implemented RAMPAGE (RNA 
Annotation and Mapping of Promoters for the Analysis of Gene Expression), a 5’-transcript sequencing technique, to identify TSS in different 
cattle tissues. This technique uses template switching and CAP trapping for sequencing transcript ends, allowing for ab initio identification of 
TSS at base pair resolution, as well as quantification of the expression of their respective transcripts. From two steers, RNA was extracted from 
brain, liver, muscle and spleen, treated with DNase, and subjected to terminator digestion to remove ribosomal RNA and fragmented transcripts. 
A template-switching oligonucleotide was added by reverse transcription such that only 5’-complete cDNAs were amplifiable. The RNA was 
then pooled, subjected to CAP trapping, and PCR amplified. The purified library was sequenced in a single lane of a HiSeq2000 PE100, 
producing on average 15 million reads per tissue, ranging from 8.4 million to 23.5 million. Using the RNA-seq aligner STAR, we found that on 
average 53% of reads mapped uniquely to the bovine genome, ranging from 34% to 63.2%. These data were used to map TSS genome-wide, and 
compare the relative expression of transcripts produced from tissue-specific alternative TSS. Furthermore, the addition of these TSS annotations 
to the reference highlights putative regulatory regions warranting future analysis, and will facilitate further functional annotation of the bovine 
genome. 
 
P0512: Genome Mapping, Tagging & Characterization: Cattle 
Increasing Feed Efficiency and Reducing Methane Emissions Using Genomics: An International Approach 
Christine F. Baes1, Angela Cánovas1, Mike Coffey2, Erin E. Connor3, Ellen Goddard4, Birgit Gredler5, Getu Hailu6, Vern Osborne6, 
Jennie Pryce7, Mehdi Sargolzaei8, Flavio Schenkel1, Zhiquan Wang4, Paul Stothard9 and Filippo Miglior1,10, (1)Centre for the 
Genetic Improvement of Livestock, Department of Animal Biosciences, University of Guelph, Guelph, ON, Canada, (2)Scotland’s 
Rural College, Easter Bush, United Kingdom, (3)Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD, 
(4)University of Alberta, Edmonton, AB, Canada, (5)Qualitas AG, Zug, Switzerland, (6)University of Guelph, Guelph, ON, 
Canada, (7)Department of Environment and Primary Industries / La Trobe University, Victoria, Australia, (8)Semex Alliance, 
Saint-Hyacinthe, QC, Canada, (9)Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB, 
Canada, (10)Canadian Dairy Network & University of Guelph, Guelph, ON, Canada 
Genomic technology (including SNP arrays and next-generation sequencing) is a powerful driver for the genetic improvement of livestock. 
Strategic phenotyping of several thousand genotyped animals may now suffice for effective selection within an entire population. Rapid 
development of new technologies and precision farming allow more precise / automatic measurement of existing or new traits.  
In collaboration with partners from Australia, Switzerland, the United Kingdom, and the United States, we present a genomics-based approach to 
improve feed efficiency and reduce methane emissions in dairy cattle. The foundation of this research is the collection of individual daily feed 
intake and methane emission data for cows and heifers in Canada, as well as feed efficiency and methane emission data from partner countries. 
The ultimate outcome of this major research initiative will be routine genetic evaluation services for feed efficiency and methane emission to 
allow for genetic selection and improvement of these novel traits.  
The results of this $10 million project are expected to improve feed efficiency of dairy cattle and reduce the environmental footprint of the dairy 
industry, in part due to lower methane emissions and reduced land required for feed production. 
 
P0513: Genome Mapping, Tagging & Characterization: Cattle 
The Short and the Long of It: A Comparison of Short and Long Haplotypes in Dairy Cattle 
Birgit Gredler1, Christine F. Baes2, Beat Bapst1, Franz R. Seefried1 and Mehdi Sargolzaei3, (1)Qualitas AG, Zug, Switzerland, 
(2)University of Guelph, Guelph, ON, Canada, (3)Semex Alliance, Saint-Hyacinthe, QC, Canada 
Low (19K, 19,000 SNP), medium (50K; 54,609 SNP) and high-density (HD; 777,962 SNP) SNP arrays, and more recently whole genome 
sequence (WGS) data, are revolutionizing animal breeding. In dairy cattle populations, the population structure comprising large half-sib families 
facilitates imputation of animal genotypes from array-based densities up to sequence level using WGS information of key ancestors. Genotypes 
can be phased to reconstruct the haplotypes that represent the original allelic combinations that an individual received from its parents, equating 
to in silico reconstruction of parental haplotypes.  
Phasing and imputation methods are often broadly divided into family-based methods, which use linkage information from close relatives, and 
population-based methods, which use population linkage disequilibrium information. Family-based methods usually use long haplotypes, where 
population-based methods use shorter haplotypes in terms of number of SNPs and/or haplotype length in Mb. Shorter haplotypes could be more 
useful for across-breed analyses (e.g. genomic selection or GWAS for historical mutations), however require a much larger sample size for 



higher accuracy. Genotyping errors and especially misplaced SNPs may disturb long range phasing (observed more in higher density panels). 
Longer haplotypes are likely helpful to detect recent mutations (they appear only on long haplotypes, and have very low frequency).  
The correlations of SNP alleles within linkage disequilibrium (LD) blocks (local or short-range phasing) is related to haplotype length. In this 
study we compared both 50K and HD haplotypes determined using short and long windows. Window sizes used for 50K data were: 11, 20, 50, 
100, 200, 500, 1000 SNPs / window. For HD data, window sizes were: 100, 200, 500, 1000, 3200, 8200, 16800 SNPs / window, covering 0.6, 
1.2, 2.9, 5.9, 11.8, 29.5 and 59.0 Mb for 50K and HD, respectively.  
The average number of heterozygotes and the average relative haplotype accuracy (# of incompatible haplotypes / # heterozygotes) was 
evaluated for Brown Swiss, Braunvieh and Original Braunvieh animals. Longer haplotypes were generally more accurate than short haplotypes, 
however accuracy depended on relationships between individuals and likely on assembly accuracy. 
 
P0514: Genome Mapping, Tagging & Characterization: Cattle 
Reduced Representation Bisulphite Sequencing of the Cattle Genome Reveals DNA Methylation Patterning 
Yang Zhou, Animal Genomics and Improvement Lab, USDA, Beltsville, MD 
As a key epigenetic modification, DNA methylation is essential for normal development by regulating processes like gene expression, genomic 
imprinting, and suppression of repetitive elements. However, DNA methylation in the cattle genome is not well understood. Here we presented 
the first single-base-resolution maps of DNA methylation in 10 diversely somatic tissues harvested from animals related to L1 Dominette 01449 
using reduced representation bisulphite sequencing (RRBS). In total, we observed 1,868,049 high accuracy cytosines that located in the CG 
enriched regions. Similar to the methylation patterning in other species, the CG context was predominant methylated. Widespread differences 
were identified between the methylation patterns of CG and non-CG contexts. They were distributed differentially among the genomic features, 
including the genic regions, CpG island regions, and repetitive sequences. Autocorrelation analysis among adjacent residues illustrated that 
methylation level of CGs were highly correlated in a region. In contrast, weak or no correlation was found among non-CGs or between CGs and 
non-CGs. The distinct distribution and low correlation of CG and non-CG methylation suggested that non-CG methylation may be independent 
from CG methylation and may be mediated by different mechanisms. We also detected 798 tissue differently methylated (TDM) cytosines and 
131 TDM CpG islands. Combined analysis with the RNA-seq data, we discovered several TDM non-CGs also highly correlated with gene 
expression, which implied the potential function of non-CG methylation in somatic cells in addition to pluripotent cells. In summary, we showed 
that non-CGs exist in bovine tissues and some of them were correlated with tissue-specific functions. This study provided essential information 
for the cytosine methylation patterning in bovine somatic tissues. 
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Exploring DNA Methylation in the Bovine 5’ AMPK Gene Family 
Fernando Betancourt, Sydney Friedman, Sarah Perlee, Hannah Lachance and Stephanie McKay, University of Vermont, 
Burlington, VT 
The 5’ AMP-activated protein kinase AMPK gene family plays a primary function in regulating cellular energy and metabolism. The activation 
of this gene family primarily occurs when there is a depletion of cellular ATP due to environmental and nutritional stressors, which is associated 
with a rise of AMP levels.  Subsequently, the genes initiate energy-conserving measures within the cell to protect it from the decrease in ATP 
levels.  The regulation of these genes has been linked to the epigenetic mechanism of methylation.   DNA methylation primarily involves the 
addition of a methyl group to the 5 position of cytosines that are found in CpG dinucleotides.  When 5-methylcytosine is found in the 5’ 
promoter region of a gene, it can prevent transcriptional machinery from binding to its target site resulting in the silencing of gene 
transcription.  We have investigated the presence of methylation in five of the seven genes that comprise the AMPK gene family.  From these 5 
genes, a total of 13 primer pairs were designed using MethPrimer, in which 11 primer pairs could be optimized.  These primer pairs have been 
used to amplify the DNA extracted from liver and muscle tissue in each of six Angus and Charolais cattle (3 High RFI, 3 Low RFI). Levels of 
DNA methylation were determined by amplification of bisulfite treated DNA followed by combined, bisulfite restriction analysis 
(COBRA).  This study confirms the presence of DNA methylation in the bovine AMPK gene family and provides evidence of conservation of 
methylation across breeds of cattle. 
 
P0516: Genome Mapping, Tagging & Characterization: Cattle 
Mechanism and Influence of Early Developmental Capacity in Bovine Reconstructed Embryos in Somatic Cell Nuclear 
Transfer 
Yaqiong Huang1, Kenneth L White2, Kira Perry2 and Catherine Dickson2, (1)Yulin Normal University, Yulin City, China, (2)Utah 
State University, Logan, UT 
To elucidate developmental mechanisms of reconstructed embryos in somatic cell nuclear transfer, the early developmental capacity of bovine 
embryos is a vital period. Developmental mechanism and influences from different aspects are presented in this paper. Influences of early 
developmental bovine embryos are further discussed in laboratory protocols of Utah State University in this research.  
Through decreasing various influences in entire developmental process of bovine reconstructed embryos, it will improve the early developmental 
capacity and facilitate the technological application of somatic cell nuclear transfer as a research method in animal industries, such as, rescue of 
extinct animals and rare species, research in differentiation of embryonic stem cells, replacement of organs, embryonic gene expression, 
mediation of post-transcription and post-translation of DNA, epigenetic expression and genome expression in early reconstructed embryos. It is 
significant to integrate somatic cell nuclear transfer into other biotechnologies for problem-solving in human beings and all creatures.  
Somatic nuclear transfer has huge potential on deepening investigating some gradually serious diseases that are related humans’ health. By 
inducing genomes of diseases into the reconstructed embryos to cause diseases later in animals’ growth stage, both embryonic developments and 
disease’s dynamic changes in morphology, structural function and metabolic pathway will be monitored from an individual embryo to an adult. 
For making effective medical treatments early instead of loss the control to deadly diseases’ outbreak in globally, such as, cancers, tumors, 
cardiovascular diseases, respiratory diseases, hematologic disease, contagious diseases, etc. it is prospective in comprehensive collaboration of 



scientific researching technologies in animal sciences, life sciences, wellness industry, biomedicines and pharmaceutical industries in 
globalization. 
 
P0517: Genome Mapping, Tagging & Characterization: Cattle 
Towards the Identification of Gene Candidates for Maternal Effects on Weaning Weight in Six Beef Cattle Breeds 
Florence Phocas1, Marine Barbat2, Mekki Boussaha1 and Dominique Rocha1, (1)INRA UMR1313 Animal Genetics and Integrative 
Biology, Jouy-en-Josas, France, (2)ALLICE, Jouy-en-Josas, France 
Detection of quantitative trait loci was carried out for maternal effect on weaning weight in French Charolais, Limousin, Blonde d’Aquitaine, 
Partenaise, Aubrac and Salers breeds using a Bayesian Variable Selection method.  
A total of 2,540 animals were genotyped (87%) or imputed (13%) for 706,791 SNPs located on the Illumina BovineHD BeadChip®. These 
samples included 795 Charolais, 601 Limousin, 387 Blonde d’Aquitaine, 299 Aubrac, 263 Parthenais and 198 Salers animals, that were mainly 
well proven bulls. SNPs were mapped onto the UMD 3.1 bovine whole-genome sequence assembly.  
In total 706 QTLs were identified across the six breeds, number ranging from 56 QTLs in Limousin to 275 QTLs in Charolais cattle. Only 30% 
of those QTLs were detected at least in 2 breeds and never in more than 4 out of the 6 breeds analyzed. Most of the main QTLs were breed 
specific. For instance, among the 26 largest QTLs found in Charolais (Bayes factor above 400), only 8 QTLs were detected in another breed; 
including 3 detected in three different breeds. Only one major QTL in Charolais breed was evidenced as a major QTL in another breed (Salers) 
and contains IGF-I as a very likely causative candidate gene. In total, 50 QTLs regions were fine mapped with 14 harbouring only a single 
candidate gene, 10 with only 2 genes and 8 with only 3 candidate genes. 
 
P0518: Genome Mapping, Tagging & Characterization: Cattle 
SNP Discovery in RNA-Seq Across Breeds of Cattle in Puberty-Related Candidate Genes (i.e., Network Hubs) 
Marina Mortati Dias1, Milt Thomas2, Angela Cánovas3,4, Carolina Mantilla-Rojas5, David Riley5, Pablo Luna6, Stephen J. 
Coleman2, Scott E. Speidel2, Richard M. Enns2, Alma Islas-Trejo3, Juan F. Medrano3, Rebecca Cockrum7, Kristi M. Cammack8, 
Kurt Stenmark9, Stephen Moore10, Marina R. S. Fortes10, Loan To Nguyen10, Bronwyn Venus10, Iara Diaz1, Fabio Souza11, Larissa 
Fonseca1, Fernando Baldi12, Lucia Albuquerque1 and Henrique Nunes de Oliveira12, (1)UNESP, Jaboticabal, Brazil, (2)Colorado 
State University, Fort Collins, CO, (3)University of California-Davis, Davis, CA, (4)University of Guelph, Guelph, ON, Canada, 
(5)Texas A&M University, College Station, TX, (6)ITSON, Obregon, Mexico, (7)Virginia Polytechnic Institute and State 
University, Blacksburg, VA, (8)Department of Animal Science, University of Wyoming, Laramie, WY, (9)University of Colorado-
Denver, Denver, CO, (10)University of Queensland, Brisbane, Australia, (11)UFPEL, Pelotas, Brazil, (12)São Paulo State 
University, Jaboticabal, Brazil 
Fertility traits are economically important in cattle production systems and used in genetic selection programs. In an earlier study of Brangus (3/8 
Brahman x 5/8 Angus) heifers, various omics data were used in co-expression gene network analyses to identify gene-hubs indicative of puberty. 
The current study aimed to discover SNP in RNA-sequence in 62 of these candidate gene-hubs and determine their presence in other breeds. 
These genes were primarily transcription factors with conserved sequences. RNA-seq reads from Brangus and Nellore (Bos indicus) and Angus 
and Holstein (Bos taurus) cattle were assembled to the bovine reference genome and analyzed using CLC Genomics Workbench (variant 
detection module). The RNA from Brangus heifers were from reproductive and metabolic tissues, whereas the RNA from Nellore, Angus, and 
Holstein cattle were from tissues derived from studies of metabolism and health. Two SNP detection approaches were executed with the Brangus 
data: 1) samples were pooled and variant detection performed, and 2) SNP discovery was performed on each individual sample (8 heifers and 8 
tissues). The two approaches revealed 1,157 SNP in the 62 genes. These SNP were then compared with those identified in the pooled samples of 
the other breeds. We observed 177 SNP that existed in RNA of Brangus and the other breeds. The shared SNP were within 15 genes with an 
average of 11.8 ± 2.0 SNP/gene. This approach identified SNP that may be useful in multi-breed genotyping strategies; however, the number of 
SNP detected in RNA across various tissues and breeds was minimal. 
 
P0519: Genome Mapping, Tagging & Characterization: Cattle 
Evaluation and Development of SNP-Based Parentage Identification Panels in Commercial Beef Cattle Populations 
Justin W. Buchanan1, Steven T. James2, F. Leigh Marquess2, Grant N. Woronuk2, Heather Deobald2 and Alison Van Eenennaam1, 
(1)University of California, Davis, Davis, CA, (2)Quantum Genetix, Saskatoon, SK, Canada 
SNP-based sire assignment was analyzed in a known pedigree population containing 71 calves and 8 sires including two full sibling pairs, in 
addition to a commercial population with unknown parentage containing 8,480 calves with 460 sires. Parentage panels from the International 
Society of Animal Genetics (ISAG) were evaluated along with a population specific SNP panel. The ISAG core 100 SNP and 200 SNP panels 
yielded specificities (single correct sire assigned) of 1.0 and 1.0, respectively, allowing zero exclusions, and 0.92 and 0.99 allowing 1% 
exclusions in the known pedigree population. Sensitivity (correct sire not excluded) was 1.0 across both panels. The specificity of a 1000 SNP 
panel selected on high heterozygosity and call rate was 1.0, 1.0 and 1.0 when allowing 0, 1% and 2% exclusions, respectively, and sensitivity 
was 0.51, 0.67 and 1.0. At 2% exclusion allowance paternity from the 1000 SNP panel was in agreement with the ISAG panels. In the larger 
population allowing 1% exclusions the ISAG 100 panel assigned paternity to 7,010 calves with 416 duplicate sire assignments with 17.3% of 
calves unassigned. The ISAG 200 panel assigned parentage to 6,944 calves with 1 duplicate sire assignment and 18.1% unassigned. The 1000 
SNP panel assigned parentage to 4410 and 6,948 calves at 1% and 2% respectively, with 0 duplicate sire assignments. This meant 48.0% and 
18.1% calves were unassigned at 1% and 2% exclusions, respectively.  These results indicate optimal parentage identification procedures are 
population specific and depend on the number and relatedness of potential parents. 
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Identification of Putative SNPs in Bovine Pituitary Gland Transcriptome Using RNA-Seq 



Chandra S. Pareek1, Rafal Smoczynski1, Piotr Dziuba1, Pawel Blaszczyk1, Marcin Trzaska1, Paulina Walendzik1, Aleksandra 
Bukowska1, Brian Gelfand2, Feng Yaping3 and Dibyendu Kumar3, (1)Nicolaus Copernicus University in Torun, Torun, Poland, 
(2)Genomics Core Facility, Waksman Institute of Microbiology, Rutgers University, Piscataway, NJ, (3)Genomics Core Facility, 
Waksman Institute of Microbiology, Rutgers University, New Jersey, NJ 
Bovine pituitary gland transcriptome was investigated by RNA-seq to identify the putative SNPs that contribute to body growth trait. 
Investigated experimental design include young growing bulls of Polish Holstein-Friesian (P-HF), Polish Red (PR) and Hereford breeds at three 
developmental ages viz., 6 months, 9 months and 12 months. RNA-seq libraries were constructed from 18 young bulls, and sequenced using 
illumina NextSeq 500 platform. The distribution (n) of sequenced samples was as follows: six pituitary gland transcriptome samples for each 
breed and two pituitary gland transcriptome samples for each developmental age. Bioinformatics analysis was performed to detect SNPs, using 
mPileUp samtools package. The constructed database for three breeds yielded at 13 775 885 SNPs. The obtained results identified SNPs unique 
to a particular breed and age, and also randomly repetitive or completely unrelated to each other. The criteria of SNP filtering include two 
rigorous filtering conducted in parallel: at least ten reads in the locus with the probability of A ≥ 90% (598 815 SNPs), and B = 100% (495 626 
SNPs). The final results comprise only a common part (A∩B), so results are valid for the whole range of 90% -100%. Using an appropriate 
categorization, the final results were obtained with great accuracy. Highly possible candidates for further study include:  53 nucleotides to map 
de novo  Bos taurus specie, 567 annotation candidates, 98 single nucleotide polymorphisms specific to Hereford breed, 14 SNPs for Polish 
Holstein-Frisian and one polymorphism specific and unique to young bulls of all breeds. 
 
P0521: Genome Mapping, Tagging & Characterization: Cattle 
Mapping a Gene for Harelip in Cattle 
Brian W. Kirkpatrick, University of Wisconsin-Madison, Madison, WI and Donagh P. Berry, Teagasc, Fermoy, Ireland 
A harelip phenotype was detected at apparent low frequency among offspring of a phenotypically normal Holstein bull. Pedigree analysis of 
affected calves did not display obvious inbreeding to a common ancestor, suggesting the causative allele was not a rare recessive.  The normal 
phenotype of the sire suggests a dominant allele with incomplete penetrance or a mosaic mutation.  Half-sib offspring characterized as harelip 
(n=22) or normal (n=44) were genotyped with the BovineHD SNP chip to both test the hypothesis of a single gene controlling the phenotype and 
to map the gene.  Phased genotype data were used to predict paternally inherited haplotypes; Bovine50 Beadchip genotype data were available on 
the sire.  Segregation and mapping of a single gene was tested and performed by linkage analysis in two alternative approaches.  In the first, 
association of the paternally inherited haplotype with harelip phenotype utilized both harelip and phenotypically normal offspring in a typical 
linkage analysis.  In the second, only offspring with the harelip phenotype were used, testing the deviation of paternal haplotype inheritance from 
the expectation of equal representation of alternative haplotypes under the null hypothesis of no association.  In both analyses the most 
significant association was observed for a region on distal BTA13, though results were more significant for the analysis using only the harelip 
offspring (nominal p<1x10-24) vs harelip and normal offspring (nominal p<2x10-5) likely owing to the uncertain relationship between the normal 
phenotype and underlying harelip genotype for the latter. Subsequent research will sequence at least two affected half-sibs. 
 
P0522: Genome Mapping, Tagging & Characterization: Cattle 
Effects of Sex, Age, and Breed on Genetic Recombination Features in Cattle 
Botong Shen1, Zhiying Wang1,2, Jicai Jiang1, John B. Cole3, Derek Bickhart3, George R. Wiggans3, Yang Da4, George E. Liu5 and 
Li Ma1, (1)Department of Animal and Avian Sciences, University of Maryland, College Park, MD, (2)College of Animal Science, 
Inner Mongolia Agricultural University, Hohhot, China, (3)Animal Genomics and Improvement Laboratory, ARS-USDA, 
Beltsville, MD, (4)Department of Animal Science, University of Minnesota, Saint Paul, MN, (5)Animal Genomics and 
Improvement Laboratory, USDA-ARS, Beltsville, MD 
Meiotic recombination is a fundamental biological process which generates genetic diversity, affects fertility, and influences evolvability. Here 
we investigate the roles of sex, age, and breed in cattle recombination features, including recombination rate, location and crossover interference. 
Using genotype data from 1,357,628 three-generation families of dairy cattle in four breeds, we measured recombination rates between SNP pairs 
based on over 22.4 and 7.7 million identified paternal and maternal recombination events, respectively. Our analysis reveals a number of sex, 
age, and breed differences in the total number and distribution of recombination events. Using recombination features as phenotype, we also 
performed GWAS and identified several associated SNPs in multiple cattle breeds. By using the Housworth–Stahl interference escape model, we 
estimated the strength of crossover interference in Holstein cows and bulls. Our results show that the levels of both cross-over interference and 
interference escape are higher in females than in males. In addition, we find that both of the estimates of interference and escape parameters vary 
considerably across the 29 autosomes. After dividing the data into groups based on maternal age, we observed a peak for both interference and 
escape parameters in 9 year old cows. Collectively, this large-scale analysis of cattle meiotic recombination provides useful insights into the 
variation in recombination due to sex, age and breed differences. 
 
P0523: Genome Mapping, Tagging & Characterization: Cattle 
Genome-Wide Associations for Coagulation Traits, Individual Cheese Yield and Curd Nutrient Recoveries in Bovine Milk 
Christos Dadousis1, Sara Pegolo1, Claudio Cipolat-Gotet1, Stefano Biffani2, Ezequiel Nicolazzi3, Giovanni Bittante1 and Alessio 
Cecchinato1, (1)Department of Agronomy, Food Natural resources, Animals and Environment - University of Padova, Padova, 
Italy, (2)IBBA-CNR National Research Council, Lodi, Italy, (3)PTP Science Park, Lodi, Italy 
The cow’s ability to produce cheese was decomposed into eleven milk coagulation curd-firming and syneresis properties (MCP), three cheese 
yield (CY) and 4 milk component recoveries into the curd (REC) traits, and genome-wide association analyses were conducted. The MCP traits 
were: 3 traditional single point lacto-dynamographic properties (RCT: rennet coagulation time, min; k20: time to a curd firmness (CF) of 20 mm, 
min; a30: CF 30 min after rennet addition), 6 parameters modeling 360 CF data for each milk sample (CFP: potential asymptotic CF at infinite 
time, mm; kCF: curd firming instant rate constant, %×min-1; kSR: syneresis instant rate constant, %×min-1; RCTeq: RCT from modeling; CFmax: 
maximum CF, mm; tmax: time at CFmax, min), milk- protein (%) and pH. The 3 CY traits were the weight (wt) of fresh curd (%CYCURD), curd 
solids (%CYSOLIDS), and curd moisture (%CYWATER) as % of wt of milk processed. The 4 REC (RECFAT, RECPROTEIN, RECSOLIDS, and RECENERGY) 



were calculated as the % ratio between the nutrient in curd and the corresponding nutrient in processed milk. Animals (n=1,043) from 85 herds 
were genotyped with the Illumina SNP50 Beadchip v.2. A single marker regression was fitted using the GenABEL R package (GRAMMAR-
GC). The %CYCURD was linked to chromosome 6 (P<5x10-5). However, SNP located in 16 more chromosomes (1, 2, 9, 11, 12, 13, 14, 15, 16, 18, 
19, 20, 23, 26, 27 and 28) were significantly associated to other traits, displaying the importance of decomposing a complex phenotype into 
different parts, to unravel its genomic background. Acknowledgements: Trento Province (Italy), Italian Brown Swiss Cattle Breeders Association 
(ANARB, Verona, Italy) and Superbrown Consortium of Bolzano and Trento. 
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Accuracy of Haplotype Reconstruction from Genotypes in Dairy Cattle 
Younes Miar1, Mehdi Sargolzaei1,2 and Flavio Schenkel3, (1)Centre for Genetic Improvement of Livestock, University of Guelph, 
Guelph, ON, Canada, (2)The Semex Alliance, Guelph, ON, Canada, (3)Centre for the Genetic Improvement of Livestock, 
Department of Animal Biosciences, University of Guelph, Guelph, ON, Canada 
Haplotype inference is becoming increasingly important because of its applications in the study of diseases, population and evolutionary 
genetics, imputation, etc. Five popular methods for inferring haplotypes implemented in FIMPUTE, BEAGLE, SHAPEIT2, IMPUTE2 and 
FINDHAP were compared using 50K and 777k (HD) genotyping data and six different scenarios: no-parents, sire-progeny pairs, sire-dam-
progeny trios, with or without pedigree information in a large Holstein cattle population. Methods were compared with respect to their haplotype 
reconstruction accuracy and computational efficiency. In the absence of parental genotypes and pedigree information, IMPUTE2 (with 2x default 
number of states) and BEAGLE were the most accurate methods, although they were only slightly more accurate than FIMPUTE. FIMPUTE 
generally outperformed other methods when genotype information of at least one parent was available. SHAPEIT2 showed intermediate 
accuracies and speed. FINDHAP was the fastest method, but generally the least accurate, especially for HD genotypes. FIMPUTE was 30-131, 
87-786, and 353-1,400 times faster than BEAGLE, SHAPEIT2, and IMPUTE2, respectively. Therefore, FIMPUTE could efficiently handle (in 
10-20 minutes) the datasets in this study (2,200-13,500 animals). The method implemented in FIMPUTE efficiently utilizes the information from 
close and distant relatives allowing accurate haplotype inferences, while maintaining computational efficiency needed for large datasets. 
 
P0525: Genome Mapping, Tagging & Characterization: Cattle 
Effect of Runs of Homozygosity on Milk Yield Performance Breeding Value Estimation in Mexican Dairy Cattle 
Felipe de Jesús Ruiz, Garcia Ruiz Adriana and Román Ponce Sergio Ivan, CENID FyMA INIFAP, Ajuchitlán, Mexico 
Runs of Homozygosity (ROH) are contiguous lengths of homozygous genotypes present in an animal, and these are a product from mating 
related individuals or from implementing an intensive selection program. In cattle, ROH have been evaluated and used as an indicator of 
inbreeding. The purpose of this study was to determine the presence of ROH through the genome of Mexican Holstein cattle and study their 
effect on milk yield performance. Genotype quality control (QC) excluded animals and markers with call rates <90%, and markers deviated from 
Hardy Weinberg equilibrium (p<0.0001). After  QC analysis, 727 animals genotyped with the GeneSeek Genomic Profiler GGP-HD Chip and 
75,483 markers were used. ROH analysis included lengths of at least 50Kb and 50 Single Nucleotide Polymorphisms (SNP) by region with a 
minimum frequency of 20 animals. For the analysis, the SVS Golden Helix Software was used. Thirty-three ROH over the whole genome were 
detected in the population with a length range of 0.1 to 137Mb. When a regression analysis for milk yield estimated breeding values was 
performed with ROH as covariate, two regions were statistically significant (p<0.01), and those were located on chromosomes 6 and 26 with 
lengths of 122Mb and 51Mb respectively. The significant ROH have been referenced in the UMD_3.1 database, and the one located on 
chromosome 6 includes the position of the ABCG2 gene which is related with milk yield and milk quality and the one located on chromosome 
26 is related with milk yield and fat and protein percentage.  
This work is part of project INIFAP-SIGI: 11402733072 “Aplicación de herramientas genómicas en el mejoramiento genético de la fertilidad del 
ganado Holstein productor de leche”. 
 
P0526: Genome Mapping, Tagging & Characterization: Cattle 
Using Whole Genome Sequences to Identify Candidate Mutations of Bovine Milk Fatty Acids and Proteins in Dairy Cattle 
Marie-Pierre Sanchez1, Armelle Gion1,2, Anne Barbat1, Sébastien Fritz1,3, Guy Miranda1, Patrice Martin1, Marine Gelé2, Mickaël 
Brochard2, Mekki Boussaha1, Pascal Croiseau1 and Didier A. Boichard1, (1)INRA UMR1313 Animal Genetics and Integrative 
Biology, Jouy en Josas, France, (2)Idele, Paris, France, (3)Allice, Genetics Team, Paris, France 
The content in the 6 major proteins and 23 milk fatty acids was analyzed by GWAS at the whole genome sequence level. Phenotypes were 
estimated from Mid Infrared spectrometry for 116,495 cows in Montbeliarde (MO), Normande (NO) and Holstein (HO) cattle breeds. 3,032 MO, 
2,659 NO, and 2,954 HO cows were genotyped with the Illumina 50K Beadchip®. Genotypes were imputed with FImpute software to the HD 
level using 522 MO, 546 NO, and 776 HO HD genotyped bulls as a reference, and then to the whole genome sequence (27 millions of variants) 
using 1,147 sequenced bulls from the 1000 bull genomes project (run 4). Individual test-day records were adjusted for environmental effects and 
averaged per cow. Analyses were conducted within breed with GCTA software, accounting for the population structure through a HD-based 
genomic relationship matrix.  
From 11 to 69 QTL were detected according to traits and breeds. Resolution obtained in the present study was high enough to directly pinpoint 
strong candidate genes. For fatty acids, remarkable QTL were found on chromosomes 5 (MGST1), 14 (DGAT1) for saturated fat, 17 (BRI3BP) 
for C4:0, 19 (FASN) for C12:0, or 27 (AGPAT6) for C16:0. For proteins, major QTL were on chromosomes 6 (CSN3) for kappa-casein, 11 
(PAEP and GPSM1) for beta-lactoglobulin, 20 (ANKH) for alpha-lactalbumin,  1 (SLC37A1) for kappa-casein, and 2 (ALPL) for alpha-s2 
casein.  
The authors acknowledge the financial support from ANR, APIS-GENE, Ministry of Agriculture (CASDAR), Cniel, FranceAgriMer and FGE, 
and the contribution of the 1000 bull genomes consortium. 
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Genome-Wide Association Study for Milk Fatty Acids in First Lactation Holstein Cows 



Valdecy A R Cruz, University of Guelph, Guelph, ON, Brazil, Mehdi Sargolzaei, Semex Alliance, Saint-Hyacinthe, QC, Canada, 
Steven G. Larmer, University of Guelph, Guelph, ON, Canada, Saranya G. Narayana, University of Guelph, ON, Canada, Valentina 
Bonfatti, University of Padova, Italy, Filippo Miglior, Canadian Dairy Network & University of Guelph, Guelph, ON, Canada and 
Flavio Schenkel, Centre for the Genetic Improvement of Livestock, Department of Animal Biosciences, University of Guelph, 
Guelph, ON, Canada 
Detecting genes associated with milk fat composition could provide better biological understanding of bovine milk fat production and new 
possibilities to change the milk fat composition by genetic selection. In this study, we conducted a genome-wide association study (GWAS) for 
five groups of milk fatty acids (saturated, unsaturated, short, medium, and long chain) in a sample of 377 Holstein cattle using estimated 
breeding values via SNP1101 software. A single SNP regression model including a polygenic term fitting the SNP based genomic relationship 
matrix was used. Genotypes from the Illumina BovineSNP50 Bead chip were imputed to the Illumina high dense panel (777k). The GWAS 
identified a total of 75 genome-wide significant SNPs (FDR < 0.01) associated with the five milk fatty acid groups. The chromosome regions 
associated with milk fatty acid groups were located on BTA14 and 20. However, most of significant SNPs were detected on BTA14, around the 
DGAT1 gene, which is known to be a major gene for milk fat production. The GWAS was also repeated by fitting a single SNP located in the 
DGAT1 gene as a covariate in the model to adjust for the effect of this major gene and its potential carry over effects. The new analyses resulted 
in no significant associations with fatty acid groups (>10% FDR). However, several distinct peaks in the log-likelihood profile were observed 
across the genome indicating that an increase in sample size in future studies might lead to significant associations in addition to the one 
observed with the DGAT1 gene. 
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Dissecting Non-Additive Genetic Effects for Production and Reproductive Traits in Dairy Cattle 
Jicai Jiang1, Jeffrey R. O'Connell2, Paul M. VanRaden3 and Li Ma1, (1)Department of Animal and Avian Sciences, University of 
Maryland, College Park, MD, (2)University of Maryland Medical School, Baltimore, MD, (3)Animal Genomics and Improvement 
Laboratory, ARS-USDA, Beltsville, MD 
Genomic imprinting is an epigenetic mechanism by which a parent-of-origin-specific allele is silenced and only the other allele is expressed. 
Both dominance and imprinting play an important role in mammalian biology and development. Though one may naturally assume that 
dominance and imprinting effects contribute to economically important traits in plants and animals, it remains controversial how much these 
non-additive effects contribute to phenotypic variation and how many QTLs act in such a non-additive manner. To empirically answer these 
questions, we analyzed a large cattle dataset from USDA that consists of ~42,000 Holstein cows with both SNP genotype data and yield 
deviation phenotype data. The SNP genotypes were phased to determine the parent-of-origin of an allele and genetic values were decomposed 
into three components (i.e., additive, dominance and imprinting effects). For each of the three types of effects, corresponding genomic 
relationship matrix was built based on phased 60k SNP data. A three-component GREML was used to model the three components 
simultaneously and to obtain variance decomposition estimates. The results showed that the variance explained by imprinting effect was 
negligible for all three production traits, less than 2.0% of the total genetic variance. For reproductive traits that have a low heritability, however, 
imprinting effect explained a relatively large portion of the total genetic variance (17.9% for daughter pregnancy rate, 24.8% for cow conception 
rate, and 36.9% for heifer conception rate). Additionally, we performed a whole-genome single-marker scan for additive, dominance and 
imprinting effects on all eight traits. Using a genome-wide significance level of 1x10-6, we found no imprinting effect at single-SNP level. 
However, we identified a novel dominance signal around Chr23:18Mb that associates with milk yield. Collectively, our results show that non-
additive effects contribute a non-negligible amount (more for reproduction traits) to the total genetic variance of complex traits in cattle, and 
detection of individual associations for non-additive effect is possible using a large dataset. 
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Association of Selenocysteine Transfer RNA Fragments with Serum Antibody Response to Mycoplasma spp. in Beef Cattle 
Eduardo Casas1, Guohong Cai1, Larry A. Kuehn2, Karen B. Register1, John D. Neill1 and Tara G. McDaneld2, (1)USDA, ARS, 
National Animal Disease Center, Ames, IA, (2)USDA-ARS, U.S. Meat Animal Research Center, Clay Center, NE 
The objective was to identify transfer RNA fragments associated with a serum antibody response to Mycoplasma spp. in beef cattle. Serum from 
sixteen beef calves was collected at three points: in summer after calves were born, in fall at weaning, and in the following spring. All sera 
collected in summer were negative IgG reactive with Mycoplasma spp. By the fall, eight animals were seropositive (positive group), while eight 
remained negative (negative group). By spring, all animals in both groups were positive. Small non-coding RNAs were extracted and sequenced 
on the Illumina HiSeq next-generation sequencer. Based on prototypical features of the transfer RNAs, a total of 261,502,003 sequences were 
identified as 5’ transfer RNA fragments (tRF5), and were further characterized. Sera collected in the spring from the positive group had 4.8 times 
more selenocysteine tRF5 sequences when compared to sera collected in the same time point from the negative group (P= 0.0135). 
Selenocysteine is a rarely used amino acid that is incorporated into proteins by the opal stop codon (UGA), and its function is not well 
understood. Production of selenocysteine tRF5 may be associated to a host defense mechanism triggered by bacterial infection, or it may provide 
some advantage to a pathogen during infection of a host. Further studies are needed to establish if selenocysteine tRF5 could be used as a 
diagnostic indicator of chronic exposure, or whether intervention strategies could be developed to be used as an alternative to antibiotics for 
controlling disease due to Mycoplasma spp. 
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A Bayesian Approach to Investigating the Effects of Metaphylaxis on the Microbiome-Resistome of Commercial Feedlot 
Steers 
Noelle R. Noyes1, Zaid Abdo1, Pablo Rovira-Sanz1, Enrique Doster1, Xiang Yang1, Lyndsey M. Linke1, Kenneth L. Jones2, Brandy 
A. Burgess3, Jennifer Martin1, Christina A. Boucher1, Paul S. Morley1 and Keith E. Belk1, (1)Colorado State University, Fort 
Collins, CO, (2)University of Colorado School of Medicine, Aurora, CO, (3)Virginia Tech University, Blacksburg, VA 



In beef feedlots, metaphylaxis is used to prevent respiratory disease in high-risk cattle.  It is unknown whether or how this practice impacts the 
microbiome or resistome of treated cattle.  The goal of this study was to apply Bayesian modeling to metagenomic data in order to identify the 
effects of metaphylaxis in commercial feedlot cattle.  
Upon feedlot arrival, cattle were assigned to a treatment (N=193) or control (N=186) pen.  Fecal samples were obtained from 15 cattle per pen 
(“Day 0”).  All 193 cattle in the treatment group were injected with tulathromycin and cattle were then housed in separate pens.  After 11 days, 
fecal samples were obtained from the 30 steers sampled previously (“Day 11” samples).  Total DNA was subjected to shotgun 
sequencing.  Reads were aligned to a database of antimicrobial, metal and biocide resistance determinants (ARDs, MRDs and BRDs), and NCBI 
RefSeq for taxonomic classification.  Counts of features were compared between treated and control cattle.  
Sequencing produced 5.89B reads; 3.8M (0.06%) aligned to 343 unique ARDs/BRDs/MRDs, the majority of which were tetracycline ARDs. 
Frequentist analytic approaches showed no difference in the microbiome-resistome of treated and control cattle on either Day 0 or 11, but both 
groups experienced a dramatic shift between Day 0 and 11.  However, such methods do not optimally account for data hierarchy, overdispersion 
or zero-inflation.  Therefore, we are applying hierarchical Bayesian models to validate results and provide robust measures of group differences; 
results indicate this is a more suitable approach for metagenomic data from complex study designs. 
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Transcriptional Analysis of Muscle from Cattle with Alternative NCAPG/LCORL QTL Genotypes 
Fernanda Martins Rodrigues, Daniel W. Shike, Tara L. Felix, Anna C. Dilger and Jonathan E. Beever, Department of Animal 
Sciences, University of Illinois at Urbana-Champaign, Urbana, IL 
The NCAPG/LCORL locus is a major QTL on bovine chromosome 6 (BTA6) that influences growth and composition in cattle. Genetic variation 
at this locus is associated with alterations in the developmental program of individuals throughout life that may be detected through 
transcriptional and epigenetic variation. Here, we propose to characterize transcriptional and epigenetic differences between individuals with 
alternative NCAPG/LCORL haplotypes/genotypes. Charolais calves (n=804) were genotyped using the Illumina® BovSNP50 BeadChip and their 
sires (n=38) were genotyped with the BovineHD BeadChip. Sire genotypes were used to impute the calf genotypes, resulting in approximately 
638,230 markers per individual used for GWAS analyses. Twenty-four animals were selected based on alternative homozygous NCAPG/LCORL 
haplotypes/genotypes (i.e. 12 “QQ” and 12 “qq”, where “Q” is the QTL allele associated with increasing birth weight and “q” the alternative 
allele) and a muscle biopsy was taken from each animal at 300 days of age. Total RNA was isolated and used for NGS library construction and 
libraries were sequenced on a HiSeq2500 using single-end chemistry. Sequencing yielded 898 million reads (average >30 million reads/sample) 
that were mapped to the bovine reference genome (Build UMD3.1). Future experiments include differential gene expression analyses, and, 
depending on the results, MethylCap-seq followed by bisulfite sequencing for the identification of differentially methylated regions. The 
characterization of molecular changes influencing phenotypic differences between individuals with alternative NCAPG/LCORL 
haplotypes/genotypes will allow us to better understand the regulation of growth and composition in cattle. 
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Spatial Areas of Genotype Probability of Cattle Genomic Variants Involved in the Resistance to East Coast Fever: A Tool to 
Predict Future Disease-Vulnerable Geographical Regions 
Elia Vajana1, Estelle Rochat2, Licia Colli1, Riccardo Negrini3, Charles Masembe4, Stephane Joost2, Paolo Ajmone Marsan1 and 
The NEXTGEN Consortium5, (1)Inst. of Zootechnics, Università Cattolica del S. Cuore, Piacenza, Italy, (2)EPFL École 
polytechnique fédérale de Lausanne, Lausanne, Switzerland, (3)Associazione Italiana Allevatori, Rome, Italy, (4)Makerere 
Uiversity, Hill Road, Uganda, (5)EU funded project, http://nextgen.epfl.ch, Grenoble, France 
East Coast Fever (ECF) is a livestock disease caused by Theileria parva, a protozoan transmitted by the vector tick Rhipicephalus 
appendiculatus. This disease causes high mortality in cattle populations of Central and Eastern Africa, especially in exotic breeds. Here, we 
highlight genomic regions likely involved into tolerance/resistance mechanisms against ECF, and we introduce the estimation of their Spatial 
Area of Genotype Probability (SPAG) to delimit areas where the concerned genotypes are predicted to be present.  
During the NEXTGEN project, 803 Ugandan cattle were geo-referenced and genotyped (54K SNPs), while 532 tick occurrences were retrieved 
from a published database. To get a proxy of the parasite selective pressure, we used WorldClim bioclimatic variables to model vector ecological 
niche. Landscape genomics models were then used to detect cattle genotypes associated with vector probability of presence, and to estimate their 
SPAGs. Finally, climate change scenarios for 2070 were considered to compare the predicted shift in the vector niche with the estimated current 
SPAG.  
The analysis revealed two main areas of presence of possibly resistance-related genotypes, one South and one East of Lake Victoria. Climate 
change will probably shift tick niche southwards in the Eastern regions of Lake Victoria, inducing a critical area that currently does not show the 
candidate genotypes, but where disease will likely spread in the future.  
The combined use of SPAGs and niche maps could therefore facilitate the identification of regions of concern and to direct future targeted 
breeding schemes. 
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Evaluation of Response to Vaccination for Four Viruses That Contribute to Bovine Respiratory Disease Complex in Angus 
Cattle 
Luke Kramer1, Mary Sue Mayes1, Jazmine Brown2, Lyle Braun2, Eric Fritz-Waters1, Jamie Williams1, Amelia Woolums3, 
Christopher Chase2 and James M. Reecy4, (1)Department of Animal Science, Iowa State University, Ames, IA, (2)Department of 
Veterinary and Biomedical Sciences, South Dakota State University, Brookings, SD, (3)Department of Large Animal Medicine, 
University of Georgia, Athens, GA, (4)Iowa State University, Ames, IA 
Bovine Respiratory Disease Complex (BRDC) is a devastating problem for the US cattle industry, with estimated losses of greater than $800 
million per year. Although it is also one of the most in-depth studied complexes in cattle, it remains elusive in treatment. The objective of this 
study was to examine response to vaccination on four viruses involved in BRDC (BHV-1, BRSV, BVDV-1, and BVDV-2). Viral neutralizing 



antibody levels against BHV-1, BRSV, BVDV-1, and BVDV-2 were obtained on greater than 1300 calves for each virus and were measured on a 
tri-weekly basis.  Calves were vaccinated on week 0, booster vaccinated 3 weeks later, and booster response was measured at week 6. Maternal 
BVDV-1 and BVDV-2 antibody decay was evaluated between week -3 and 0.  The older the calf, the faster maternal antibody decay occurred. 
Antibody concentration at initial vaccination for the four viruses decreased as calf age increased. The initial response to vaccination was negative 
for BVDV-1 and BVDV-2 but positive for BRSV and BHV-1. Response to booster vaccination, overall response, and final antibody titer were 
positive for all viruses, but initial response to vaccination was negative for BVDV-1 and BVDV-2 and positive for BRSV and BHV-1. 
Phenotypic correlations between the viruses ranged from strongly correlated (0.668 for BVDV-1 and BVDV-2 overall response) to lowly 
correlated (0.018 for BVDV-1 and BHV-1 initial response). Phenotypic correlations and inconsistencies in response to vaccination between 
viruses indicate there may be different mechanisms of genetic control for antibody response between the four viruses. 
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Whole Transcription Sequencing Analyses of Beef Calves Persistently Infected by Bovine Viral Diarrhea Virus 
Sara M. Nilson, University of Nebraska-Lincoln, Lincoln, NE, Aspen M. Workman, USDA, ARS, U.S. Meat Animal Research 
Center, Clay Center, NE, Michael P. Heaton, USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE, Dale 
M. Grotelueschen, UNL Great Plains Veterinary Educational Center, Clay Center, NE and Jessica L. Petersen, University of 
Nebraska - Lincoln, Lincoln, NE 
Bovine Viral Diarrhea Virus (BVDV), one of the contributing pathogens to bovine respiratory disease, is economically one of the most costly 
pathogens in the cattle industry. Spreading of the virus occurs most frequently from persistent infection (PI) of immunotolerant calves resulting 
from acute dam exposure during 42-125 days of gestation. A PI calf will shed the virus its entire life, exposing herdmates and penmates to 
infection. If a genetic marker for resistance to infection could be identified, or if more is understood about the host response to infection, novel 
control strategies for BVDV could be designed. To examine the host response to PI, blood from 26 naturally infected PI animals with strains 1a 
(n=10), 1b (n=8), and 2 (n=8) were collected from commercial feedlot calves to compare gene expression among groups using RNA-Sequencing. 
Data from a high exposure group (n=10) consisting of animals that were not PI themselves but were penned with PIs, and a control group (n=9) 
of animals that were uninfected and presumed to be unexposed were also included in the analyses. An average of 58 million, stranded, 75bp 
paired-end reads per individual were sequenced on the Illumina Next-Seq. After quality control the reads were mapped to UMD3.1 and are being 
examined to identify differential expression among groups. Significant differential expression has been found between PI animals and controls 
and is being investigated to identify associated genomic variants as well as gene pathways involved in infection. 
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Genome-Wide Association Study for Female Fertility Traits in Canadian Holsteins 
Aline R. Guarini, University of Guelph, Guelph, ON, Canada, Mehdi Sargolzaei, The Semex Alliance, Guelph, ON, Canada, 
Valdecy A R Cruz, University of Guelph, Guelph, ON, Brazil, Filippo Miglior, Canadian Dairy Network & University of Guelph, 
Guelph, ON, Canada and Flavio Schenkel, Centre for the Genetic Improvement of Livestock, Department of Animal Biosciences, 
University of Guelph, Guelph, ON, Canada 
A genome-wide association study (GWAS) was conducted using a single SNP regression model, including a polygenic term fitting the SNP 
based genomic relationship matrix, for female fertility traits in Canadian Holstein cattle. Estimated breeding values and genotypes from 6,575 
bulls genotyped with Illumina Bovine SNP50 BeadChip were obtained from the Canadian Dairy Network. Genotypes were imputed to HD 
(~777k) using FImpute software and a reference population of 2,387 animals. Only the 29 bovine autosomes were considered in the analyses. 
Female fertility traits included: days from calving to first service, 56-day non-return rate, number of services per conception, and days from first 
service to conception. The identified significant SNPs were submitted to NGS-SNP for obtaining functional annotations and identifying nearby 
genes that might be causative using the Bos taurus UMD3.1 assembly. Evidence for presence of QTLs affecting fertility traits was observed on 
chromosomes 6, 7, 14, 17, 19, and 21. One genomic region showed evidence for pleiotropic QTL affecting three fertility traits. 
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Genomic Regions Associated with Udder Conformation Traits in the Mexican Holstein Cattle 
Garcia Ruiz Adriana, CENID FyMA INIFAP, AJUCHITLÁN, COLÓN, Mexico, Felipe de Jesús Ruiz, CENID FyMA INIFAP, 
Mexico, Queretaro, Mexico and Román Ponce Sergio Ivan, CENID FyMA INIFAP, Oaxaca, Mexico 
Genome Wide Association Study (GWAS) is a method which allows the detection of genes or quantitative traits loci related to economically 
important traits. The aim of this study was to identify the significant SNP markers associated to udder traits (Udder deep (UD), texture (TX), 
median suspensory (MS), fore attachment (FA), fore teat placement (FTP), fore teat length (FTL), rear teat placement (FTP), rear attachment 
height (RAH), rear attachment width (RAW) and dairy form (DF)), in Mexican Holstein cattle, and search if these markers were previously 
referenced in the UMD_3.1 database. The phenotypes used were genetic breeding values. After the quality control analysis, a total of 1,535 
individuals and 31,030 SNP (from a set of 42,224 imputed markers) were included. GWAS, were performed with a mixed model and regression 
analysis (GRAMMAR), accounting for the genomic kinship matrix, using the GenABEL package of R. SNP markers with a p<0.0001 were 
assumed significant. For all traits, a total of 10 SNP were statistically significant (indicating chromosome and position for each SNP), one for FA 
(11: 21535801), three for MS (19: 23701216, 29: 43498073, 29: 43429511), two for RTP (2: 50069820, 16: 3762358), two for UD (12: 
22885975, 29: 2324336) and two for TX (2: 12138830, 24:26189197). Eight significant SNP were located in genomic regions previously 
referenced to conformation traits in dairy cattle. The SNPs 11:21535801 and SNP 16:3762358 have not been referenced in dairy cattle but have 
been associated to body and carcass weight respectively in in Angus cattle. 
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Haplotype Block Structure in Portuguese Holstein Cattle 
Mohamed Mahmoud Ibrahim Salem1, G. Thompson2, S. Chen3, A. B. Pereira4 and J. Carvalheira2, (1)Alexandria University, 
Alexandria, Egypt, (2)Research Center in Biodiversity and Genetic Resources (CIBIO) - InBIO, University of Porto – ICBAS, 



Portugal, Porto, Portugal, (3)Research Center in Biodiversity and Genetic Resources (CIBIO) - InBIO, Porto, Portugal, (4)Research 
Center in Biodiversity and Genetic Resources (CIBIO) - InBIO, Dept of Biology, Faculty of Sciences from University of Porto, 
Portugal., Porto, Portugal 
Haplotype blocks are DNA segments that are inherited from generation to generation as a single unit. Therefore, the favourable genes will inherit 
together with undesirable genes if found in the same haplotype block.  The objective of this work was to describe haplotype block structure in 
Portuguese dairy cattle, and scanning these haplotype blocks for genes affecting milk production traits and mastitis.  The average marker interval 
and MAF were 67.80 kb and 0.264, respectively. The total numbers of blocks identified were 969 blocks consisted of 4259 SNPs and covered 
159.06 Mb on 29 autosomes. The maximum number of haplotypes was 91 Haplotype on BTA 1, and the minimum number of haplotypes was 7 
on BTA 27. The average size of haplotypes ranged from 55.73 kb on BTA 27 to 218.04 kb on BTA 5. The maximum blocks coverage length on 
chromosome was 14800 kb on BTA 1 and the minimum was 390.15 kb on BTA 27. The average number of SNPs forming haplotype was 4.21. 
We observed several genes inside haplotype blocks. CSN1S2 gene was observed in haplotype block 51 on BTA 6. IL6 and B4GALT1 genes on 
BTA 8 were observed in haplotype block 6 and 33 respectively. IL1B and ID2 genes on BTA 11 were found in haplotype block 19 and 29. 
DGAT1 gene on BTA 14 was observed in haplotype block 1. Scanning the blocks that contain favourable genes for deleterious genes is 
important before using favourable genes in selection programs to avoid unfavourable genetic correlation between favourable genes and 
deleterious genes. 
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Gene-Set Analysis of GWAS Data Identifies Candidate Genes Associated to Metabolic Stress and Adaptation in Italian 
Holstein Cows 
Stefano Capomaccio1,2, Marco Milanesi2,3, Sandy Sgorlon4, Katia Cappelli1, Yuri Tani Utsunomiya5, Marcello Del Corvo2, Andrea 
Minuti2, Jose Fernando Garcia3, Erminio Trevisi2, Riccardo Negrini6, Bruno Stefanon4 and Paolo Ajmone Marsan2, (1)Sport Horse 
Research Centre - University of Perugia, Perugia, Italy, (2)Inst. of Zootechnics, Università Cattolica del S. Cuore, Piacenza, Italy, 
(3)Faculdade de Ciências Agrárias e Veterinárias, UNESP - Univ. Estadual Paulista, Araçatuba (SP), Brazil, (4)Department of 
Agricultural and Environmental Science - University of Udine, Udine, Italy, (5)Faculdade de Ciências Agrárias e Veterinárias, 
UNESP - Univ. Estadual Paulista, Jaboticabal, Brazil, (6)Associazione Italiana Allevatori, Rome, Italy 
The identification of markers and genes associated to metabolic stress and adaptation may assist livestock breeders in further improving 
productive performance and animal welfare. We searched for genes associated to metabolic stress levels in a GWAS study on 397 Italian 
Holstein dairy cows genotyped with the new GeneSeek GGP Bovine 150k array.  
Ceruloplasmin, Gamma-Glutamyl Transferase and Paraoxonase blood levels were used as surrogate traits for the level of cow metabolic stress. 
We used single-marker regression analysis using a mixed model corrected for the fixed effects of farm, parity, days in milk and BCS to identify 
regions associated to the three target parameters. Single marker p-values were then combined to derive joint significance values in a gene-set 
analysis.  
Genes coding for the target proteins (ceruloplasmin-like, CP; gamma-glutamyltransferase 1 and 5, GGT1 and GGT5; paroxonase1, PON1) were 
significantly associated to plasma protein concentration. Additional associations were found in other genes, including: angiotensin II receptor1 
(AGTR1), glutathione S-transferase theta 1 (GSTT1) and 2 (GSTT2), and phospholipid scramblase1 (PLSCR), involved in inflammatory response 
and oxidative stress. Validation of these results and candidate causal nucleotide characterization with sequence data will contribute to the 
identification of informative markers to assist selection and to understand the complex physiology of metabolic stress and adaptation in lactating 
cows. 
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Characterization of Ancient DNA from Late Roman Age Cattle of North-Eastern Italy By Next-Generation Sequencing: 
Preliminary Results 
Licia Colli1, Elisa Eufemi1, Maurizio Buora2, Eleonora Di Centa3, Marco Milanesi1,4, Stefano Capomaccio1,5, Alessandro Spadotto3, 
Vania Patrone6, Raffaele Testolin7,8, Slobodanka Radovic3, Federica Cattonaro3,8, Michele Morgante7,8 and Paolo Ajmone Marsan1, 
(1)Inst. of Zootechnics, Università Cattolica del S. Cuore, Piacenza, Italy, (2)Società friulana di archeologia, Udine (UD), Italy, 
(3)IGA Technology Services, Udine (UD), Italy, (4)Faculdade de Ciências Agrárias e Veterinárias, UNESP - Univ. Estadual 
Paulista, Araçatuba (SP), Brazil, (5)Dipartimento di Medicina Veterinaria, Università degli Studi di Perugia, Perugia (PG), Italy, 
(6)Istitute of Microbiology, Università Cattolica del S. Cuore di Piacenza, Piacenza (PC), Italy, (7)Dipartimento di Scienze Agrarie 
ed Ambientali, Facoltà di Agraria, Università di Udine, Udine (UD), Italy, (8)Istituto di Genomica Applicata, Udine (UD), Italy 
The preliminary results of the molecular characterization of 4 Bos taurus individuals of late Roman period (I century B.C.-IV century AD) are 
here presented. The cattle remains have been found during the excavation of a villa rustica at the archaeological site of Muris di Moruzzo 
(province of Udine) in North-Eastern Italy. Skeleton completeness and lack of butchery marks point to a disease epidemic as possible cause of 
death, an hypothesis supported also by historical records describing the occurrence of “bovine plague” outbreaks in that period. Ancient cattle 
DNA (aDNA) has been extracted from teeth and dental calculus in a dedicated lab facility, following stringent protocols for ancient samples. 
After the construction of genomic libraries, the individually tagged samples have been sequenced on an Illumina® MiSeq platform to characterize 
the cattle genomes and to test the disease epidemic hypothesis.After quality control and filtering, sequence reads were analysed with mapDamage 
software to track and quantify DNA damage patterns typical of aDNA and subsequently mapped on the B. taurus reference genome. About 1% 
of total reads likely represented endogenous cattle aDNA. An analysis with MEGAN software showed that the remaining reads belonged to 
modern DNA of environmental origin (mostly fungi, plants and soil microorganisms). Presently ongoing analyses are focusing on i) the 
comparison of the Roman age bovines a DNA sequences to modern cattle genomes, and on ii) the investigation of the possible presence of 
pathogens by characterizing the bacterial sequences at the level of species. 
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Runs of Homozygosity in Sahiwal Cattle Using SNPs Genotyping 
Hamid Mustafa, University of Veterinary and Animal Sciences, Lahore, Pakistan, David Riley, 4Department of Animal Science. 
Texas A&M University, USA, Texas, TX, Heather J Huson, Cornell University, Ithaca, NY, Eui-Soo Kim, Iowa State University, 
Ames, IA, Tad S. Sonstegard, Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD and Adeela Ajmal, 
UVAS, Lahore, Pakistan 
Breeding schemes for dairy traits are very complex and often low progressive for Sahiwal (Bos indicus) cattle breed in Pakistan. Selection for 
dairy characteristics for this breed is mainly on phenotypic observation with zero knowledge of genomic information. Intro of SNP genotyping 
opens the new avenue for this important milch breed. Less numbers of phenotypic selected sires are used for breeding or semen production for 
this breed in the country since long. There are some serious concerns about the inbreeding, which direct affect not only the conservation of this 
important dairy genetic resource but also affect the sustainability of this breed. In this study, we investigate the distribution of autozygosity in 
Sahiwal cattle breed based on runs of Homozygosity (ROH). Total 14 pure different samples of Sahiwal cows were genotyped for 777, 962 
SNPs. The results revealed that the ROH segments are larger than 10MB in over 74% of the samples representing signatures most likely related 
to the recent use of few numbers of sires. Moreover, the average genomic coverage by ROH >0.9 MB, which was lower than the previous 
reported for other cattle breeds (~4-5%). Only 17 % of the markers were included by common ROH, which suggest that the ongoing selection for 
milk and reproduction traits in this selected population is too recent. Two short range ROH autosomal hotspots were observed in this study, 
which indicate candidate regions most likely under selection since long. The putative signature of selection on chromosomes 4 and 7 may be 
involved in resistance to infectious disease and should be a new topic for future selection of this important dairy breed. 
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Genomic Footprints of Natural Selection for Ecological Adaptation in Ethiopian Cattle Populations 
Kwan-Suk Kim, Chungbuk National University, Cheongju, South Korea 
Natural selection has shaped the genetic diversity of African indigenous cattle genetic resources to adapt to their local environments and to 
changing environmental conditions. This diversity is detectable in the form of diseases resistance and tolerance to climatic conditions, but has not 
yet been well understood at the molecular level. Genomic scans for ecological adaptation between breeds adapted to specific ecological 
conditions could help to elucidate the genomic basis of local adaptation and to understand the genomic changes associated with the responses of 
organisms to their a biotic  environments. We have sampled indigenous Ethiopian cattle populations from arid/semi-arid and highland agro-
ecologies and identified highly differentiated loci using Bovine SNP 80 K chip derived from the indicine breeds. Some of the highly 
differentiated loci were positioned within biologically important genes for skin pigmentation, hypoxia, feeding behavior, heat stress responses, 
immunity, body weight and meat quality. The follow-up study will include Ethiopian indigenous sheep populations collected in the same 
ecological zones/geographical regions. Positive selection of animals under similar local conditions might have accumulated key genomic 
components overlapping between species. 
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Insight into the Genetic History of South African Sanga Cattle from Dense SNP Data on Worldwide Breeds 
Sithembile Olga Makina1, Jerry Taylor2, Farai C. Muchadeyi3, Este Van marle-koster4, Mahlako Makgahlela5 and Azwihangwisi 
Maiwashe5, (1)Agricultural research council, Pretoria, South Africa, (2)University of Missouri, Columbia, MO, (3)Agricultural 
Research Council, Pretoria, South Africa, (4)University of Pretoria, Pretora, South Africa, (5)AGRICULTURAL RESEARCH 
COUNCIL, Pretoria, South Africa 
Sanga cattle are believed to be a cross between Bos indicus and Bos taurus cattle, which is assumed to have taken place between the cattle 
migrating south from Egypt and Sudan, and the cattle that migrated from Arabia and India. This is based on the hypothesis that mixing of the 
Egyptian Longhorn with Lateral Horned Zebu cattle resulted in the Sanga.  On the other hand, some suggests that the Sanga originated from a 
cross of the Egyptian Longhorn with Brachyceros. It is therefore unclear whether the Sanga originated from a Bos indicus cross with Bos taurus 
or is the result of natural selection from cattle originating from only one of the first two postulated domestication sites. The objective of this 
study was to assess the population structure of South African Sanga (Afrikaner, Nguni and Bonsmara) cattle relative to 148 cattle breeds of the 
world. Patterns of ancestry and admixture was assessed using model-based clustering (ADMIXTURE). Results of this study indicated that South 
African Sanga cattle had a little influence (≤0.1) from Bos indicus breeds (Brahman, Nelore, Gir and Boran). Nguni cattle shared 30 % of its 
genome with the Zebu cattle, while the Afrikaner cattle was shown to have little influence (0.7 %) from the Zebu cattle.  This study supported the 
hybrid nature of the Bonsmara cattle with its genome derived mainly from Nguni (13.4) %, Afrikaner (41.0%), Beef-Shorthorn (26.7 %) and 
Hereford (0.5 %). Results presented here will serve as the basis towards better understanding of the origin of the South African Sanga cattle. 
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Identification of Candidate Sequence Variants Driving Hotspots of Runs of Homozygosity in Nellore Cattle 
Marco Milanesi1,2, Yuri Tani Utsunomiya3, Ludmilla Zavarez3, Steven G. Schroeder4, Tad Sonstegard5, Paolo Ajmone Marsan1, 
Johann Soelkner6 and Jose Fernando Garcia2, (1)Inst. of Zootechnics, Università Cattolica del S. Cuore, Piacenza, Italy, 
(2)Faculdade de Ciências Agrárias e Veterinárias, UNESP - Univ. Estadual Paulista, Araçatuba (SP), Brazil, (3)Faculdade de 
Ciências Agrárias e Veterinárias, UNESP - Univ. Estadual Paulista, Jaboticabal, Brazil, (4)Animal Genomics and Improvement 
Laboratory, USDA-ARS, Beltsville, MD, (5)Acceligen Inc. Animal Ag. Subsidary of Recombinetics, St. Paul, MN, (6)University 
of Natural Resources and Life Sciences, Vienna, Austria 
We have recently reported hotspots of runs of homozygosity (ROH) on chromosomes 4, 7 and 12 in a sample of 1,278 Nellore cows genotyped 
for 777k SNPs. Based on ROH length (0.73 to 1.43 Mb), these hotspots were estimated to result from inbreeding events that may have occurred 
between 175 and 345 years ago. In an attempt to pinpoint candidate causal variants driving the formation of these hotspots, we sequenced 20 key 
Nellore founder bulls at 10x coverage each. After aligning paired-end reads to the UMDv3.1 reference genome, a standard variant calling and 
filtering procedure was performed. Only the bi-allelic SNPs were retained. The ROH were successfully validated, and we were able to narrow 



down the hotspots. Variants within these regions were annotated with the VEP software. On chromosome 4, two novel tolerated missense 
variants in the Lysine (K)-Specific Methyltransferase 2E (KMT2E) gene were found. The gene was previously shown to be associated with 
neonatal and postnatal lethality and reduced fertility and growth. In the glutathione peroxidase 4 (GPX4) gene, located on the chromosome 7 
hotspot, we found four rare missense mutations, two of which are predicted to cause changes to the protein structure based on SIFT scores. This 
region was also previously found to be highly divergent between Bos taurus and Bos indicus. GPX4 is deemed to protect cells against membrane 
lipid peroxidation and it was also associated with early embryonic death. The chromosome 12 region is a desert gene region and therefore no 
candidate variants were annotated. 
 
P0545: Genome Mapping, Tagging & Characterization: Cattle 
Search for Causal Mutations in Meat Tenderness Candidate Genes in Nellore Cattle 
Camila Urbano Braz1, Jerry Taylor2, Tiago Bresolin1, Rafael Espigolan1, Daniel Gustavo Mansan Gordo1, Fernando Baldi1, Lucia 
Galvão de Albuquerque1 and Henrique Nunes de Oliveira1, (1)São Paulo State University, Jaboticabal, Brazil, (2)University of 
Missouri, Columbia, MO 
The objective of this study was to identify genes with significant effects on meat tenderness and to search for the causal mutations in Nellore 
cattle. Phenotypic and genotypic data on 1,616 animals from two Brazilian animal breeding programs were used. All animals were genotyped 
with the Illumina BovineHD panel. Association analyses were performed to identify significant genes. Two haplotypes located in the ASAP1 and 
CAPN1 genes were significant after Bonferroni correction. To find new SNPs, six regions spanning these genes were sequenced from 298 
animals. Seven new SNPs were found in CAPN1 and four in ASAP1. The new SNPs were imputed into the 1,318 remaining animals using 
BEAGLEv3.3.2. FastPhase and HaploView were used for haplotype reconstruction and linkage disequilibrium analyses, respectively. Statistical 
analyses were performed using the MIXED procedure of SAS 9.3. Statistical model included fixed effects for contemporary groups (farm, year 
of birth, management group, month and year of slaughter), number of alleles in each haplotype as covariable (linear effect) and sire as random 
effect. For ASAP1, the haplotypes had no effect on tenderness. For CAPN1, 14 SNPs were found to be in strong linkage disequilibrium with the 
most significant haplotype region (exon 14 to intron 19). The SNP rs17871051 is located in exon 14 and results in a substitution of valine for 
isoleucine. This SNP is known from other studies to influence meat tenderness and may also be a causal mutation in Nellore cattle. However, 
following Bonferroni correction, the haplotype was not found to significantly affect meat tenderness. Acknowledgements: FAPESP 
#2013/00035-9, #2014/23013-3 and #2009/16118-5. 
 
P0546: Genome Mapping, Tagging & Characterization: Cattle 
Identification of Genomic Regions Related to Tenderness in Nellore Beef Cattle 
Minos E. Carvalho1, Fernando Baldi2, Miguel H. A. Santana3, Ricardo Ventura4, Gerson A. Oliveira Junior1, Rachel S. Bueno1, 
Marina N. Bonin5, Fernanda M. Rezende6 and José B. S. Ferraz3, (1)University of São Paulo, Pirassununga, Brazil, (2)São Paulo 
State University, Jaboticabal, Brazil, (3)University of Sao Paulo, Pirassununga, Brazil, (4)Beef Improvement Opportunities, 
Guelph, ON, Canada, (5)Embrapa Beef Cattle, Campo Grande, Brazil, (6)Federal University of Uberlandia, Uberlandia, Brazil 
The aim of this study was to identify, by ssGWAS, genomic regions that potentially have association with tenderness in Nellore cattle. 
Phenotypes were obtained according to standard USDA Quality Grade (1999), from longissimus thoracis muscle between the 12th and 13th ribs 
on the right half-carcass and aged for 7 days. Data of 909 Nellore bulls were analyzed. Those animals were genotyped with Illumina Bovine 
beadchip HD® GGPi (74K). Based on another Nellore population genotyped for Illumina beadchip BovineHD® (777K), genotypes were imputed 
by FImput software. Analyses were performed using a pedigree composed by 6,276 animals and, assuming contemporary group (farm and 
slaughter batch) as fixed effect and age at slaughter as a covariate. Single step analyses were realized by Blupf90 program considering windows 
of 10 markers (SNP) to estimate their effects, this procedure enables the identification of regions associated with tenderness along the 
chromosomes. After quality control (MAF <0.05%, call rate <90%), 463,995 SNPs in autosomal chromosomes were used in the association 
analyses. Based on that, 18 regions in 14 different chromosomes (1, 4, 6, 7, 8, 10, 18, 19, 20, 21, 22, 25, 26 and 29), that explained more than 1% 
of the additive variance, were explored and some genes were identified in these regions, as AVEN, SHISA7, UBE2S, CDC42EP5, C16orf96, 
SNORA1 and FAM119A. With ssGWAS method using high density panel was possible to identify regions related to tenderness in Nellore cattle. 
Posteriorly, those genes and their pathways will be investigated to evaluate their importance for meat quality traits. 
 
P0547: Genome Mapping, Tagging & Characterization: Cattle 
Genome-Wide Association Study in Reproductive Trait of Nellore Heifers 
Gerson A. Oliveria Junior1, Ricardo Ventura2, Bruno G. de Freitas3, Miguel H. A. Santana4, Marcos Vinicius Barbosa da Silva5, 
José B. S. Ferraz4 and Dorian J. Garrick6, (1)Iowa State University, Ames, IA, (2)Beef Improvement Opportunities, Guelph, ON, 
Canada, (3)University of Sao Paulo, São Pualo, Brazil, (4)University of Sao Paulo, Pirassununga, Brazil, (5)EMBRAPA Dairy 
Cattle – MG, Juiz de Fora, Brazil, (6)Department of Animal Science, Iowa State University, Ames, IA 
Considering the economic importance of sexual precocity in the production system of beef cattle, the project aims to use genome wide 
association study (GWAS) to find possible genomic regions that could explain the genetic variability of this trait.  
The database consist of information from 1499 Nellore heifers, from four different herds in Brazil. Heifers, approximately fifteen months old, 
were inseminated using fixed time artificial insemination with pregnancy being confirmed by ultrasound examination. They were genotyped 
using GeneSeek Genomic Profiler (GGP-HDi) that features nearly 78,000 SNPs. The quality control analyses were performed by PreGSF90 
package (MISZTAL et al., 2002) discarding SNPs with minor allele frequency < 0.02; call rate < 0.95; Hardy-Weinberg equilibrium test > 0.15, 
GenCall Score < 0.15 and monomorphic SNPs. Individual genotype call rates lower than 0.90 were also not considered in the analysis. The 
GWAS analyses were conducted by GenSel software (FERNANDO; GARRICK, 2013). Bayes B methodology was applied to estimate posterior 
mean proportion of variance explained by one megabase SNP windows. The proportion of no effect SNPs (π) was set at 0.997 in each round.  
The genomic heritability was estimated at 0.09. The GWAS results appointed for one window in chromosome 5 with 22 SNPs that explained 
4.87% of the genetic variance of the trait. This region harbors three genes (ISX, HMGXB4 and TOM1) which are involved in eight biological 
processes that could affect sexual precocity in Nellore cattle. 



 
P0548: Genome Mapping, Tagging & Characterization: Cattle 
Expression Quantitative Trait Loci (eQTL) Hotspot Regions from Whole Genome Analysis of Nellore Steers 
Aline S. M. Cesar1, Luciana C.A. Regitano2, Dante P.D. Lanna3, Mirele D. Poleti4, James E. Koltes5, James M. Reecy6, Eric Fritz-
Waters7, Luke Kramer7, Dorian J. Garrick7, Mauricio A. Mudadu2, Rymer R. Tullio2 and Luiz Lehmann Coutinho8, (1)University of 
São Paulo/ESALQ and Iowa State University, Ames, IA, (2)Embrapa Southeast Livestock, São Carlos, Brazil, (3)ESALQ - USP, 
Piracicaba, SP, Brazil, (4)University of São Paulo/ESALQ, Piracicaba, Brazil, (5)Department of Animal Science, University of 
Arkansas, Fayetteville, AR, (6)Iowa State University, Ames, IA, (7)Department of Animal Science, Iowa State University, Ames, 
IA, (8)University of São Paulo/ESALQ, Piracicaba, SP, Brazil 
Detection of expression quantitative trait loci (eQTL) can help to explain how gene expression variation is associated with phenotypic variation. 
Such eQTL mapping studies allow for the identification of genomic regions that could be associated with gene expression regulation and might 
contribute to functional understanding of economically important traits in beef cattle. The aim of this study was to identify cis and trans-eQTL 
and discover eQTL hotspots (genetic marker directly or indirectly controlling a large amount of transcripts throughout the genome) across the 
bovine genome. Genotyping (BovineHD BeadChip) and RNA sequencing data from 193 samples of Longissimus dorsi muscle from Nellore 
steers were obtained using Illumina technologies. The Matrix eQTL statistical package from the R program was used to identify eQTL regions. It 
tests for association between genotype and gene expression levels using linear regression while controlling the false discovery rate (FDR 5%). 
Herein, 1,268 cis-eQTLs (distance ≤ 1 Mb) and 10,334 trans-eQTLs were identified across autosomal chromosomes. EQTL hotspots were 
identified by permutation test (p-value=0.05) at BTA3 (8Mb and 9Mb), BTA4 (108Mb), BTA11 (11Mb), BTA14 (73 Mb), BTA16 (59 Mb), 
BTA17 (55Mb) and BTA28 (20Mb and 32Mb), providing annotated genes harbored within these regions. Enrichment analysis of curated gene 
ontology terms was performed by DAVID v6.7 tool, which detected functional annotation clusters for transcription factor complex, transcription 
initiation, translational initiation, DNA binding and RNA processing. These findings provide new insight into the complex gene networks and 
genetic architecture that contributes to important economical traits in beef cattle. 
 
P0549: Genome Mapping, Tagging & Characterization: Cattle 
Candidate Genes for Milk Production Traits in Limousin Beef Cattle 
Alexis Michenet1,2, Marine Barbat3, Romain Saintilan3 and Florence Phocas4, (1)INRA, Jouy-en-Josas, France, (2)MIDATEST, 
Soual, France, (3)ALLICE, Jouy-en-Josas, France, (4)INRA UMR1313 Animal Genetics and Integrative Biology, Jouy-en-Josas, 
France 
Little is known about the genetic determinism of milk production of beef cows whereas this trait is of major economic importance for beef cattle 
breeders because of its direct link with calf growth. In this study, three traits in relation with milk production were considered in Limousin breed: 
the maternal effect on weaning weight from field data, the udder score and milk yield recorded on primiparous cows in test station. The 1,637 
animals were genotyped on various chips densities, and all imputed in high density (777K SNP). The QTL detections were performed with a 
bayesian variable selection method. A total of 420 QTL were detected for the 3 traits: 225 for udder score, 136 for milk yield and 59 for maternal 
weaning weight. Considering milk yield as reference, 18% of the QTL were also detected for udder score, and 8% were also detected for 
maternal weaning weight. 12% of QTL detected for maternal weaning weight were common with udder score. Among those QTL, 13 were fine 
mapped and corresponded to a Bayes factor indicated very strong evidence. Therefore 10 candidate genes were suggested. In particular, Inhibin 
Beta A gene corresponded to a major QTL on chromosome 7 for both maternal weaning weight and milk yield. Corin gene was also in the area 
of a major QTL on chromosome 12 for udder score and milk yield. The SLC13A5 gene, involved in lipid metabolism, was detected as QTL on 
chromosome 19 for milk yield and udder score. 
 
P0550: Genome Mapping, Tagging & Characterization: Cattle 
Allele Specific Expression in Bovine RNA Sequence Data 
Amanda J. Chamberlain1,2, Christy J Vander Jagt1,2, Ben J Hayes2,3, Majid Khansefid1,4, Leah C Marett5, Catriona A. Millen1,4, 
Thuy TT Nguyen6 and Mike E. Goddard4,6, (1)Dairy Futures Cooperative Research Centre, Bundoora, Australia, (2)DEDJTR, 
Bundoora, Australia, (3)La Trobe University, Bundoora, Australia, (4)University of Melbourne, Parkville, Australia, (5)Department 
of Economic Development, Jobs, Transport and Resources, Ellinbank, Australia, (6)Department of Economic Development, Jobs, 
Transport and Resources, Bundoora, Australia 
Gene expression can be regarded as a complex trait phenotype, affected by a number of mechanisms, including cis-regulatory genetic variation. 
Allele specific expression (ASE) analysis can be used to determine genes undergoing cis-regulatory variation. In this study, using RNAseq data 
mapped to parental reference genomes, we used a Chi-squared test to test for ASE in 18 tissues taken from a single lactating dairy cow and 2 
tissues from 20 lactating dairy cows. 89% of all genes tested (total 7,985) in the single cow contained at least one SNP with significant (p<0.01) 
ASE, in at least one tissue. The ASE ranged from monoallelic to slight overexpression of the major allele. 83% (6,631) of genes displayed ASE 
in a tissue specific manner. 58% of ASE genes displayed divergent ASE patterns across tissues. The levels of ASE and tissue specificity were 
validated in the two tissues from 20 cows. Correlations between individual’s ASE within a tissue were only moderate, suggesting that there is 
much variation between individuals in which genes display ASE. We conclude that ASE is pervasive in cattle and largely tissue specific with 
divergent ASE across tissues common.  Identification of ASE SNP will aid in the detection of cis-regulatory variants responsible for phenotypic 
variation in bovine production traits, which in turn, may lead to improved selection of animals. 
 
P0551: Genome Mapping, Tagging & Characterization: Cattle 
Whole Genome Genetic Diversity, Population Structure Analysis in World-Wide Cattle Breeds and Pakistani Zebu Breeds 
Hamid Mustafa, University of Veterinary and Animal Sciences, Lahore, Pakistan, Heather J Huson, Cornell University, Ithaca, 
NY, Eui-Soo Kim, Iowa State University, Ames, IA, David Riley, 4Department of Animal Science. Texas A&M University, USA, 
Texas, TX and Tad S. Sonstegard, Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD 



Improved knowledge about genetic diversity and population structure analysis is an effective tool to expand the production potential, 
management and conservation of domesticated cattle genetic resources. In this study, we analyzed 220 animals sampled from 24 different cattle 
breeds world-wide and Pakistani cattle breeds. All these sampled were genotyped for 777, 972 SNPs. Principal component analysis (PCA) and 
STRUCTURE analysis for high density SNPs data set clearly indicate the genetic difference occurred between these two groups world-wide and 
Pakistani zebu cattle breeds. Genetic influence of zebu and taurine cattle breeds reveled that Pakistani cattle breeds were characterized by 
considerable level of independent whereas, these population have no taurine ancestry. The relationships among Pakistani cattle populations 
reflect their history of origin and admixture rather than phenotype-based distinctions. The high within-individual genetic variability observed in 
Pakistani cattle represents an untapped opportunity for adaptation to changing environments and for implementation of within-breed genetic 
improvement schemes. Our results provide a basis for future applications of genome-wide SNP data to exploit the unique genetic makeup of 
indigenous cattle breeds and to facilitate their improvement and conservation. 
 
P0552: Genome Mapping, Tagging & Characterization: Cattle 
Genome-Wide Association for Fat Percentage in Buffaloes 
Gregório M. F. de Camargo1, Rusbel Raul Aspilcueta-Borquis2, Daniel J. A. Santos1, Diercles F. Cardoso1, Naudin A. Hurtado-
Lugo1 and Humberto Tonhati3, (1)Unesp, Brazil, Jaboticabal, Brazil, (2)UFGD, Dourados, Brazil, (3)Unesp, Brazil, São Paulo,, 
Brazil 
Genome-wide association is a very promising tool to identify genes with major effect in a specific trait. Identifying these genes, we are able to 
better understand the physiology behind the trait as well as to prospect major genes for fine-mapping. The aim of the study was to do genome-
wide association for fat percentage in dairy buffaloes. A total of 452 buffaloes (57 sires and 395 dams) were genotyped using the 90K Axiom ® 
Buffalo Genotyping (Affymetrix). The associations were done with the deregressed breeding values. The most important genes identified were 
genes related to the carbohydrate metabolism (KCTD8, FOXP4, LOC782855) and one gene related to lipid metabolism (ESRRG) were identified. 
The KCTD8 gene interacts with genes that act in the insulin secretion and glucagon liberation pathways, participating in the glucose absorption, 
FOXO4 gene down-regulates gluconeogenesis and up-regulates glycolysis  and LOC782855 (RPS26) was related to diabetes in humans. The 
association of ESRRG to fat production in the present GWAS could be expected, since this gene regulates other adipogenic genes. In cattle, 
ESRRG was also considered a key regulator of puberty in a multi-trait analyses that included fat deposition traits. Most of the top genes 
associated with fat percentage and fat production integrate the carbohydrate metabolism and not the lipid metabolism as in cattle. This fact could 
suggest some differences between buffalo and cattle fat production in milk. On average, buffaloes have higher contents of milk fat than cattle. In 
buffaloes the percentage of milk fat ranges from 6.7% to 12.0% while in cattle it ranges from 3.1% to 4.5% The difference in milk fat might be 
explained by a more efficient acetate metabolism to produce lipids in buffaloes, as the results suggest. Some hypothesis of buffalo lipid 
physiology were presented as well as good candidate genes for fat percentage. 
 
P0553: Genome Mapping, Tagging & Characterization: Cattle 
A Gene Expression Atlas in Domestic Water buffalo 
Rachel Young1, Lucas Lefèvre1, Stephen J Bush1, John Williams2, Suresh B Gokhale3, Satish Kumar4, Stephen Bishop1, Alan L. 
Archibald1 and David A. Hume1, (1)The Roslin Institute and R(D)SVS, University of Edinburgh, Midlothian, United Kingdom, 
(2)University of Adelaide, School of Animal and Veterinary Science, Roseworthy, Australia, (3)BAIF Development Research 
Foundation, Pune, India, (4)Centre for Cellular and Molecular Biology, Hyderabad, India 
The domestic water buffalo (Bubalus bubalis) contributes significantly to the global agricultural economy through milk, meat, hides and draught 
power. A larger part of the human population depends on domestic water buffalo than on any other livestock species in the world (FAO & UNEP 
2000).  Despite its agricultural importance, the buffalo genome is not fully annotated.  We aim to generate a fine scale gene expression atlas to 
improve knowledge of the buffalo transcriptome and annotate the reference genome. Various tissue and cell types were collected from eight adult 
water buffalo (Mediterranean, Pandharpuri and Bhadawari breeds). RNA was isolated from a subset of tissues and stranded libraries generated 
for RNAseq (125 base paired-end reads) at high depth (>100 million reads) for ten key tissues and at medium depth (>25 million reads) for the 
remaining thirty tissues.  Whole genome sequence data were also generated from each breed.  Analysis of the preliminary RNAseq data is 
underway.  We aim to use this data to analyse alternative splicing, candidate expressed SNPs, monoallelic expression and allelic imbalance in 
buffalo.  RNAseq data generated by the atlas will be deposited in public domain sequence repositories, the data will also be a valuable resource 
for the international Functional Annotation of Animal Genomes (FAANG) initiative.   This RNAseq-based expression atlas will be used to 
improve knowledge of the buffalo genome and transcriptome.  Potential variation identified between domestic breeds can form the basis for the 
development of predictive marker-assisted selection and breed improvement in the buffalo industry. 
 
P0554: Genome Mapping, Tagging & Characterization: Cattle 
Alignment of Chromosomal Structures in Water Buffalo By Linkage Disequilibrium 
Daniel J. A. Santos1, Gregório M. F. de Camargo1, Diécles Francisco Cardoso2, Rusbel Raul Aspilcueta-Borquis3, Naudin 
Alejandro Hurtado-Lugo2 and Humberto Tonhati4, (1)Unesp, Brazil, Jaboticabal, Brazil, (2)UNESP-FCAV, Jaboticabal, Brazil, 
(3)UFGD, Dourados, Brazil, (4)Unesp, Brazil, São Paulo,, Brazil 
A reference genome mapping is important for studies that need the exact position of the markers, such as GWAS and/or to build linkage phases, 
such as signature selection and imputation. Although the buffalo genome is sequenced, it is available in scaffolds and genes are not annotated. 
Because of this, the cattle genome is used as a reference for SNP position. The aim of the present study was to align homologue chromosomal 
structure blocks between cattle and buffalo using linkage disequilibrium (LD). A total of 352 buffaloes were genotyped with the 90K Axiom 
Buffalo Genotyping (Affymetrix) (buffalo specific) and 363 buffaloes, with Bovine HD BeadChip (Illumina) (cattle specific) (call rate> 0.90 for 
samples). A total of 46,378 and 13,142 SNPs were considered for Affymetrix and Illumina panels respectively (call rate>0.95, MAF>5% and p-
value for HWE <10-6). Only autosomal markers with known position at the cattle genome reference (UMD3.1) were used in the analyses. The 
LD between the pairs of markers was calculated by r2 statistics using the PLINK software. Only r2>0.2 among the markers (intra and inter-
chromosome) were used to establish the groups and align the structures. As expected, the chromosomes that have the biggest numbers of markers 



in LD were 1 and 27 (230 and 67); 2 and 23 (232 and 47); 5 and 28 (199 and 49); 8 and 19 (307 and 64); 16 e 29 (303 and 80) by Affymetrix and 
and Illumina panels respectively. The results using the Affymetrix panel also indicated a segment, 21:59,800,00-60-500,00 bp, is possibly 
translocated to a region between chromosomes 1 and 27. Moreover, the structures were aligned by the initial extremities of the cattle 
chromosomes. It is possible to observe a higher level of LD in these regions (centromeres) than other region, indicating that there was a process 
of fusion of the chromosomes of the ancestral species to form the buffalo chromosomes. 
 
P0555: Genome Mapping, Tagging & Characterization: Cattle 
Polymorphism and Haplotype Structure  of TLR2 Gene Associated with Endometritis Infection in Water Buffalo 
Noha Osman1,2, Ahlam Abou Mossallam2, Fawzy ElSeedy3, Eman Mahfouz2 and Alhassan Tarek2, (1)Department of Molecular 
and Computational Biology, University of Southern California, Los Angeles, CA, (2)Department of Cell Biology, Genetic 
Engineering Division, National Research Centre, Giza, Egypt, (3)Department of Bacteriology, Mycology and Immunology, Faculty 
of Veterinary Medicine, Beni-Suef University, Beni-Suef, Egypt 
Water buffalo plays an essential role in the economy of Egypt and most of developing countries where it considers the main source of meat and 
milk, therefore studying the reduction of buffalo reproductive performance is a very important issue. Toll-like receptors (TLRs) are important for 
the recognition of pathogen-associated molecular patterns and activating proper immune responses.Single nucleotide polymorphisms (SNPs) 
within TLRs have a potential impact on the alteration of susceptibility or resistance to infectious and inflammatory diseases. This work focused 
on a case-control study for the distribution of SNPs in TLR2 gene to test their role as risk factors for endometritis occurrence in water 
buffalo.The case-control study included 40 uterine tissues, where 20 tissues showed endometritis while the remaining were normal 
controls.Nineteen novel polymorphic sites were identified, where two SNPs were located at 5`UTR, fifteen at the coding region and two SNPs at 
3` UTR. Three SNPs were found to be statistically significant between cases and controls, one of these SNPs was located at the coding region 
while the other two were located at 5` UTR. AA genotype at 5` UTR and CC genotype at the coding region had significant association with 
susceptibility to endometritis, while GG genotype at 5`UTR had significant association with resistance to endometritis. Polyphen 2 analysis 
revealed three amino acids substitutions in TLR2 protein having potential functional significance. Haplotype reconstruction in coding region of 
TLR2 was performed by PHASE v2.1.The statistical significance of haplotype frequencies between cases and controls indicated its association 
with the occurrence of endometritis. 
 
P0556: Genome Mapping, Tagging & Characterization: Cattle 
Exploring Dairy Potential of River Buffalo by Gene Based Technologies 
Maryam Javed, UVAS, Lahore, Pakistan 
Among different species of livestock, buffalo stands out as an efficient converter of poor quality roughages into highly valuable products as milk 
and meat. Genomic exploration of dairy potentials of bovine resulted in many significant makers in cattle. Few of them are equally significant in 
buffaloes as well but many of them have not been found useful in buffalo. In present research, effect of genomic regions was studied for milk fat 
content by using candidate gene approach (CYP11b1, SCD and OLR1 genes). Animals were selected during first month of second lactation and 
were categorized into two groups for low and high fat content (n=50 in each group). Then PCR amplification, by specific primer sets, and DNA 
sequencing was performed on pools of high and low fat containing groups of buffaloes. Sequence alignment provided variations in the both 
groups. Two SNPs were identified in CYP11b1, 2 in SCD and 1 was found in OLR1 gene. Enzymes were selected for the genomic variants and 
PCR-RFLP was performed at larger population (n=457). Association by One Way ANOVA revealed P17H in OLR1, K158I in SCD related with 
high fat content. Finally 3-D model of pertains was constructed and P17H was found in signal peptide of the OLR1 protein and K158I was found 
in transmembrane helix of SCD towards outer membrane of mitochondria and was found to enhance fat metabolism. Outcomes of the study are 
presenting the novel and informative genomic regions, which can be implemented in future buffalo breeding for selection of superior animals. 
 
P0557: Genome Mapping, Tagging & Characterization: Cattle 
Understanding the Genetic Diversity using mtDNA (COI) of Swamp Buffaloes in Selected Regions of the Philippines 
Lilian P. Villamor, Ester B. Flores, Alexander M. Paraguas and David N. Antalan, Department of Agriculture-Philippine Carabao 
Center, Munoz, Philippines 
The Philippine swamp buffaloes (Bubalus bubalis) are being considered as a single, homogenous breed. This is due to the factor that movement 
of carabaos within the country for several decades now has been one-directional across the country due to quarantine or sanitary measures. If 
population stratification will be done among the swamp buffaloes in the Philippines, it might reveal similar genetic characteristics to begin with. 
Therefore, there is a need to develop means to identify various sub-populations to come up with a distinct swamp buffaloes that could be present 
in the Philippines.  
The initial phase of the project aimed to determine the genotype of native buffaloes in the Philippines using the DNA barcoding mtDNA (COI) 
population. The use of mtDNA (COI) marker was used to identify haplotypes of populations and to construct an inferred phylogenetic tree. DNA 
barcodes obtained from 47 native buffaloes from Northern and Central Luzon as well from the Eastern Visayas regions of the Philippines were 
analyzed  using the Neighbour-joining method based on Kimura 2-parameters model in MEGA6.06.  Results showed that a mean genetic 
diversity in 564 COI positions within swamp-type Philippine buffaloes was 0.022% (d=0.00022±.00016). The genetic distance among swamp 
buffaloes was low (i.e., d=0.000-0.00355).  The low genetic divergence estimates suggested close relationships among swamp-type buffaloes 
across these regions in the country.  
The study demonstrated the usefulness of mtDNA (COI) in species identification of native buffaloes which is a decision making tool that can be 
used to establish herds for live animals that can then be implored in the in-situ conservation of the swamp buffaloes. 
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A Viewable Whole Genome Resource with Four North American Moose Mapped to Cattle and Sheep 



Stephanie McKay, University of Vermont, Burlington, VT, Theodore S. Kalbfleisch, University of Louisville, Louisville, KY, 
Michael P. Heaton, USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE and Brenda M Murdoch, 
University of Idaho, Moscow, ID 
Moose have only recently colonized North America, having arrived less than 15,000 years ago via the Bering Land Bridge.  North American 
moose populations (Alces alces) are currently found in Alaska, Canada, the Rocky Mountains, and Northern New England.  Preliminary DNA 
sequence analyses of Alaskan and Wyoming moose indicated that, while populations of moose are geographically distant, their sequence 
diversity was low compared to other North American ruminants and livestock species. Our aim was to identify a common set of genome-wide 
single polymorphism (SNP) markers for use in conservation efforts and understanding population dynamics.  Four moose were sequenced (253 
GB total) from three available subspecies: gigas (Alaska), shirasi (Idaho and Wyoming), and americana (Vermont). These reads were mapped to 
cattle and sheep reference genome assemblies. Tens of thousands of highly-informative biallelic SNPs were identified that had a minor allele 
frequency of 0.5, with all three possible genotypes present among the four animals.  A subset of these was filtered for being located in genes of 
interest and being evenly dispersed throughout the genome.  This subset of moose-specific SNP markers provides a starting point for developing 
commercial SNP-based DNA tests for use in forensic and disease traceback, parentage testing, and conservation efforts that require an increased 
understanding of moose population genetics and structure.  The resources generated from this work, including .bam files, are available at: 
http://www.ars.usda.gov/Research/docs.htm?docid=25590 (cattle) and http://www.ars.usda.gov/Research/docs.htm?docid=25712 (sheep). 
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Using Haplotype Based Models for Genomic Predictions in Crossbred Animals 
Miranda L. Wilson1, Robert D. Schnabel2, Robert Weaber3, Jerry Taylor4 and Jared E. Decker2, (1)University of Missouri, 
COLUMBIA, MO, (2)Division of Animal Sciences, University of Missouri, Columbia, MO, (3)Kansas State University, 
Manhattan, KS, (4)University of Missouri, Columbia, MO 
We seek to make a haplotype based genomic prediction that can accurately predict tenderness and other meat quality traits in multiple breeds and 
crossbred animals. We analyzed 651 Angus, 695 Charolais, 1,095 Hereford, 283 Limousin, 301 Maine-Anjou, and 516 Simmental samples with 
phenotypes and genotypes from the Carcass Merit Project (CMP). We used 3,993 Angus, 101 Charolais, 1,225 Hereford, 2,366 Limousin, 11 
Maine-Anjou, and 1,913 Simmental purebred animals along with the CMP animals to phase the genotype data and impute the missing genotypes 
using BEAGLE v3. Using GEMMA, we fit traits in a Bayesian Sparse Linear Mixed Models (BSLMM). The SNPs with the largest effects are 
found by calculating allele substitution effect from the SNP based BSLMM analysis. Using the four flanking SNPs of each identified core SNP 
we construct five SNP blocks that are used to form haplotypes. The five SNP blocks are not allowed to overlap. Using GEMMA, we fit this new 
haplotype matrix as the random effects in a BSLMM analysis. Using the output from this analysis we predict breeding values using GEMMA. 
We use a three-fold cross-validation to validate these predictions. We find the correlation and accuracy of each breed and across breeds using the 
haplotype based models. We are currently evaluating the model to find the optimal way to use haplotypes in genomic predictions. 
 
P0560: Genome Mapping, Tagging & Characterization: Equine 
Genetic Characterization of the Horse Breeds from the Netherlands Using Single Nucleotide Polymorphisms 
Merina Shrestha, Swedish University of Agricultural Sciences, uppsala, Sweden 
Interest on preservation and improvement of performance, fitness and aesthetic traits have created diverse populations in modern horses. This 
study aims to comprehend genetic diversity status within and across breeds or types of horses sampled in the Netherlands. The genetic diversity 
is important to maintain survival and adaptive potential of populations and avoid inbreeding in the long term. This study will also identify 
potential regions of selection. To our knowledge it is the first study to use single nucleotide polymorphism (SNP) information in a diversity study 
for the horses in the Netherlands.  Principal component analysis (PCA) was performed using 203 randomly selected horses (about 20 per breed) 
and 43,721 autosomal SNPs that remained after pruning for call rate per SNP, per horse and minor allele frequency. The relationships among 
breeds were visualized by plotting the first two principal components. The Friesian breed seemed genetically distant from the other breeds in the 
dataset. The relationships among breeds will also be quantified based on FST values. Runs of homozygosity (ROH) using the software PliNK will 
be determined to identify the regions of selection. Also, diversity indices as heterozygosity (observed and expected) and fixation index (FIS) 
values will be investigated to understand within breed diversity. 
 
P0561: Genome Mapping, Tagging & Characterization: Equine 
Expansion of the Horsegene Database Enables Stronger Collaborations Between Veterinarians and Geneticists 
Brandon D. Velie1, Liesbeth Francois2, Anouk Schurink3, Anneleen Stinckens2, Sarah Blott4, Carrie J. Finno5, Samantha A. 
Brooks6, Bart Ducro3, Nadine Buys2 and Gabriella Lindgren1, (1)Department of Animal Breeding and Genetics, Swedish University 
of Agricultural Sciences, Uppsala, Sweden, (2)KU Leuven, Leuven, Belgium, (3)Wageningen University, Wageningen, 
Netherlands, (4)University of Nottingham, Nottingham, United Kingdom, (5)University of California-Davis, Davis, CA, 
(6)University of Florida, Gainesville, FL 
Funded by the EU’s Seventh Framework Programme, the Horsegene project united the efforts of multiple European research groups that had 
been working independently on the genetics of disease in horses for many years. One initiative of the consortium was to better facilitate the 
sharing of information between researchers through the creation of the Horsegene Database (https://horsegene.interbull.org/). The database 
securely houses unlimited pedigree, phenotype, and genotype data and contains a web-interface that allows consortium members to clearly see 
what types of genetic (e.g. WGS, RNAseq) and phenotypic information are available. Interest from the global equine genomics community in 
expanding the use of the database beyond the Horsegene consortium has been strong. Further, equine genomics research is often limited by the 
ability of geneticists to effectively communicate with practicing veterinarians to attain adequate sample numbers for robust analyses.  A new 
addition to the web-interface is targeted at increasing awareness of current equine genetic research efforts. The contact information of equine 
geneticists around the world, as well as the details of specific diseases and traits being investigated can now be found under the “Get Involved” 
option of the web-interface. The tab provides a breakdown of genetic research currently underway in horses and can be publically accessed. In 



conclusion, we have developed a valuable tool that will help to better facilitate research studies that use genetics and genomics to advance our 
understanding of the genetic mechanisms underlying phenotypic variation in horses. 
 
P0562: Genome Mapping, Tagging & Characterization: Equine 
Equine Oral Samples Collected and Stabilized with Performagene™ Are a Reliable Source of DNA for SNP Genotyping on 
the Illumina® EquineSNP70 Beadchip 
Charlene Acres1, Dr. Rafal Iwasiow1, Mike Tayeb1, Maarten de Groot2 and Dr. Wim van Haeringen2, (1)DNA Genotek, Ottawa, 
ON, Canada, (2)VHL Genetics, Wageningen, Netherlands 
Using VHL Genetics® automated extraction platform, high quantity DNA was extracted from Performagene™ oral samples and produced 
successful genotyping results on the Illumina® EquineSNP70 Beadchip as determined by high call rates. Samples were collected from 48 horses 
of varying breeds across 4 different farms in Ontario, Canada. Successful genotyping results were observed across all conditions 
tested.   Performagene is a non-invasive, all-in-one system to collect, stabilize and transport oral DNA samples from horses.   Performagene 
samples processed by VHL Genetics provide cost-effective end-to-end solutions for DNA sample management from horses, 
including simplifying collection, transportation, extraction and analysis. 
 
P0563: Genome Mapping, Tagging & Characterization: Equine 
Improving Annotated Gene Structure in the Horse with a Publically Available Transcriptome of Six Tissues 
Tamer A. Mansour1, Erica Scott1, Stephanie J. Valberg2, Pablo J. Ross3, Michael Mienaltowski1, Rebecca Bellone4, M. Cecilia 
Penedo5, Carrie J. Finno6, James D. Murray1 and C. Titus Brown1, (1)School of Veterinary Medicine, UC Davis, Davis, CA, 
(2)University of Minnesota, St. Paul, MN, (3)Animal Science, University of California Davis, Davis, CA, (4)Veterinary Genetics 
Laboratory, School of Veterinary Medicine, UC Davis, Davis, CA, (5)Veterinary Geentics Laboratory, University of California, 
Davis, Davis, CA, (6)University of California Davis, Davis, CA 
The current annotation of the horse genome is inadequate for successful genome to phenome analyses.  There is a paucity of evidence codes, and 
many inconsistencies exist between publicly available annotations from the NCBI and Ensembl databases. Additionally, the lack of tissue-
specific transcription profiles creates an obstacle for modern functional genomics and system biology approaches. The horse genome also 
contains confounding frameshift errors that add another barrier for proper gene prediction. In this study, we used Tophat and Cufflinks to 
produce reference-guided assemblies for 69 samples with ~1.5 billion Illumina sequencing fragments. We merged the assemblies into six tissue-
specific transcription profiles for cerebellum, brainstem, spinal cord, retina, muscle and skin. The final merger of all assemblies overlaps with 
63% and 73% of NCBI and Ensembl loci, respectively, capturing about 72% and 81% of their coding bases. Comparing our assembly to the most 
recent transcriptome annotation shows ~85% overlapping loci. In addition, at least 40% of our annotated loci represent novel transcripts. As part 
of this work, we present a new application of digital normalization to allow for integrative analyses of RNAseq, which captures very low 
abundance transcripts. This enabled us to extend UTRs of our gene models and identify normally low-level transcribed ncRNA. Finally, we built 
a lightweight variant analysis pipeline using the GATK toolkit to detect and fix genome-sequencing errors affecting open reading frames. All of 
our transcriptome assemblies, a liftover of NCBI annotation and the corrected version of the horse genome are readily available as UCSC track 
hubs. 
 
P0564: Genome Mapping, Tagging & Characterization: Equine 
Genotype Imputation Accuracy Between Low- and High-Density Equine SNP Arrays 
SK Beeson1, JR Mickelson1, RJ Schaefer2 and ME McCue1, (1)University of Minnesota, St. Paul, MN, (2)University of Minnesota, 
Minneapolis, MN 
The development of 54K and 65K SNP genotyping arrays has lead to successful mapping of loci contributing to many equine health and 
performance traits using genome-wide association and/or identification of genomic signatures of selection. However, the SNP density of the first-
generation arrays has proven inadequate for mapping complex traits and for mapping in breeds with high diversity and rapid decay of linkage 
disequilibrium. Genotype imputation utilizes dense reference haplotype information to computationally infer unknown genotypes in a more 
sparsely genotyped test population. We have created a haplotype resource using data from the recently released Affymetrix Equine MNEc2M 
SNP chip, with which 54K and 65K SNP data can be imputed. Our objective was to assess imputation performance in five horse breeds and 
develop recommended parameters for post-imputation variant filtration. Using a reference population of 516 horses from 32 breeds genotyped 
for ~1.8 million SNPs, test populations of Belgian (n = 72), Morgan (n = 285), Quarter Horse (n = 228), Standardbred (n = 475), and 
Thoroughbred (n = 491) horses were imputed using BEAGLE4 and IMPUTE2. In each test population, 15-30 horses were also present in the 
reference population, allowing an assessment of the accuracy of genotypes called by the programs. Concordance rates for IMPUTE2 and 
BEAGLE4 ranged from 99.1-99.8%. These data will next be used to determine post-imputation SNP filtration criteria to maximize confidence in 
genotypes called in test populations for which there are no individuals represented in the reference panel. 
 
P0565: Genome Mapping, Tagging & Characterization: Equine 
Optimized Method for Extracting Circulating Small RNAs from Long-Term Stored Equine Samples 
Lucia Unger1, Nathalie Fouché1, Tosso Leeb2, Vincent Gerber1 and Alicja Pacholewska1,2, (1)Swiss Institute of Equine Medicine, 
University of Bern and Agroscope, Bern, Switzerland, (2)Institute of Genetics, University of Bern, Bern, Switzerland 
Small RNAs play an important role in shaping a cell’s transcriptome profile. One miRNA may affect the expression of multiple target genes. 
Moreover, it has been suggested that circulating miRNA may act as hormones and be transported between cells. MiRNAs are promising 
biomarkers for many diseases, including cancer. MiRNA circulating in the blood are relatively easy to sample and their high stability enables 
implementation of simple procedures for future diagnostics. However, extracellular miRNA are only present in low concentrations and this still 
poses challenges regarding these procedures.  



While small RNA extraction methods have been established for model organisms like human and mouse, little is known regarding optimized 
procedures for equine miRNA extraction. Species-specific differences in the concentration and composition of serum small RNAs have been 
reported.  
In the presented study we optimized a method for the extraction of small RNA from equine serum. Moreover, six small RNA samples isolated 
with the presented protocol were then used for library preparation and successfully sequenced on an Illumina MiSeq. The sequencing data 
confirmed expression of some predicted equine miRNA sequences available in miRBase. The method also showed high efficiency with serum 
samples stored for many years.  
Next, we optimized a total RNA (including small RNA) extraction method from frozen equine EDTA blood samples. In addition, we evaluated 
the stability of total RNA from frozen EDTA blood samples after long-term storage (> 10 years). We will present the procedure optimization 
steps and the most recent results at the PAG meeting. 
 
P0566: Genome Mapping, Tagging & Characterization: Equine 
RNA-Seq Quantification Methods Differ Dramatically on Equine RNA-Seq Datasets 
Carrie J. Finno, University of California-Davis, Davis, CA and Stephanie Valberg, University of Minnesota College of Veterinary 
Medicine, St. Paul, MN 
RNA-seq has recently emerged as the standard method for analyzing the transcriptome across species. There are many existing bioinformatics 
approaches to RNA-seq quantification, i.e. the conversion of raw sequencing reads into estimates of gene expression.  Reads that map to multiple 
locations are handled and reported differently by different software and can be a major source of error in RNA-seq quantification.  We utilities 
four distinct algorithms (1) raw counts with HTSeq, 2) raw counts with subread 3) FPKM with cufflinks 4) raw counts and transcripts per million 
(TPM) with kallisto to quantify RNA-seq reads on two equine RNA-seq datasets (16 spinal cord r-RNA depleted libraries and 12 muscle poly-A+ 
selected libraries) using custom and publically-available gtf files. While HTseq and subread demonstrated high concordance, the majority of 
differentially expressed transcripts (DETs), as validated by q-RT-PCR, were not counted accurately with HTSeq or subread. For raw counts, only 
the count option in kallisto provided accurate counts to identify DETs. Both cufflinks and the TPM estimation in kallisto provided accurate 
quantification on both equine datasets. In conclusion, similar to results found in other species, the method of RNA-seq quantification may 
dramatically affect downstream differential gene expression analyses of equine RNA-seq datasets. 
 
P0567: Genome Mapping, Tagging & Characterization: Equine 
Recent and Past Effective Population Size Estimation by Genome Wide SNP Dataset in Equine 
Mohammad Bagher Zandi1, Ernest Bailey2, Teri L. Lear2 and A. Nejati Javaremi1, (1)University of Tehran, Karaj- Tehran, Iran, 
(2)University of Kentucky, Lexington, KY 
The detrimental effects of homozygosity and inbreeding on performance and reproduction traits in equine have been reported, so here we present 
genome-wide estimates of horse effective population size (Ne) and inbreeding (F) from LD data in Turkmen, Caspian and Thoroughbred. For 
this purpose we used 40,934 biallelic SNPs after quality control and excluding the X chromosome. Estimated present Ne was 50, 40 and 25 for 
Turkmen, Caspian and Thoroughbred respectively and also the past Ne in 1000 generation ago was 2590, 2070 and 1355 for Turkmen, Caspian 
and Thoroughbred respectively. The average F was 0.0125, 0.010 and 0.020 for Turkmen, Caspian and Thoroughbred respectively. It was 
interesting that the Ne in recent generation for all population drops down to 50, this result showed that horse breeders and responsible association 
have focused on some specific blood line in the recent generation as an artificial selection forces. These parameters can be highly effective for 
analyzing population structure and designing the horse breeding strategies. 
 
P0568: Genome Mapping, Tagging & Characterization: Equine 
Comparative Chondrogenic Potential of Equine Fetal Progenitor Cells and Adult Mesenchymal Stem Cells 
Emma N. Adam1, James N. MacLeod1, Yi Zhang2, Xinan Liu2 and Jinze Liu3, (1)Department of Veterinary Science, University of 
Kentucky, Lexington, KY, (2)University of Kentucky, Lexington, KY, (3)Department of Computer Science, University of 
Kentucky, Lexington, KY 
Osteoarthritis is a major cause of lameness and morbidity in horses, dogs, and humans.  Cell-based strategies to repair joint surface lesions are 
generating a high level of interest, but have yet to achieve full restoration of articular cartilage structure and function. Interzone cells are synovial 
joint progenitor cells that exist in mammals during a short developmental window in the fetus.  Our long-term goal is to identify cells that 
differentiate into true articular chondrocytes and can generate normal articular cartilage.  The aim of this study is to compare the chondrogenic 
potential of different fetal and adult cell lines under chondrogenic induction conditions. Our hypothesis is that interzone cells have chondrogenic 
potential that exceeds that of adult mesenchymal stem cells.   
Cell pellets from different fetal (interzone, cartilage anlagen chondroblasts, dermal fibroblasts) and adult (bone marrow mesenchymal stem cells 
(MSC), adipose MSC, articular chondrocytes, dermal fibroblasts) cell lines were grown under chondrogenic induction conditions for 21 days. 
Histological assessment of pellets included cell morphology and matrix components determined by special stains.  Locus level and transcript 
isoform level gene expression are being examined using quantitative PCR and RNA-seq.  
Initial experiments indicate that anlagen chondroblasts generate the largest pellets.  Histologic evaluation reveals that both interzone cells and 
anlagen chondroblasts produce a robust and proteoglycan-rich matrix.  Results of this study will advance our understanding of the interzone, a 
novel and promising developmental tissue in cell-based regenerative therapies for articular cartilage lesions. 
 
P0569: Genome Mapping, Tagging & Characterization: Equine 
Whole Genome Re-Sequencing of Individual Horses and Analyses of Genetic and Structural Variation 
Ottmar Distl and Julia Metzger, University of Veterinary Medicine Hannover, Hannover, Germany 
Whole genome re-sequencing was performed for twelve horses to mean depths of 15-35x. A broad spectrum of diverse breeds was included like 
highly selected horse breeds and non-breed horses. Quality of sequence data was determined via estimating the false-negative and false-positive 
rates based on equine SNP50 genotypings. Sequence reads, together with publicly available equine HiSeq-Illumina WGS data, were used to call 



SNPs and small insertion/deletions as well as structural variants. Structural variants were called using the genome modeling tool Pindel. 
Detection of ROHs (runs of homozygosity) was done in a sliding window approach for 50 and 500 consectutive homozygous SNPs. For all 
ROHs, genetic and structural variants detected their functional significance was tested using gene models of EquCab2.0. In addition, these 
variants were searched for evolutionary conserved elements and ENCODE tracks. In total, an average number of 3492 ROHs were detected in 
windows of a minimum of 50 consecutive homozygous SNPs and an average number of 292 ROHs in windows of 500 consecutive homozygous 
SNPs. In non-breed horses, 166 variants with predicted high or moderate effects within 50-SNP-ROHs and 5 variants within 500-SNP-ROHs 
could be filtered out. Breed horses harbored no variants with high or moderate effects in their private ROHs. Comparative analysis of 
homozygous stretches common in all horses displayed three ROHs which were all located in the region of KITLG, the ligand of KIT known to be 
involved in melanogenesis, haematopoiesis and gametogenesis. 
 
P0570: Genome Mapping, Tagging & Characterization: Equine 
Characterization of Copy Number Variation at the Equine Pseudoautosomal Region (PAR) Using Next Generation 
Sequencing 
Heather M. Holl1, Mohammed A. Al Abri2, Wansheng Liu3 and Samantha A. Brooks1, (1)University of Florida, Gainesville, FL, 
(2)Sultan Qaboos University, Muscat, Oman, (3)Department of Animal Science, Penn State University, University Park, PA 
The pseudoautosomal region (PAR) is small region of homology between the X and Y sex chromosomes in mammals. The PAR is vital for 
segregation during meiosis and undergoes recombination. However, despite the plethora of genome sequencing projects, few species have an 
annotated PAR. The equine PAR was previously mapped on the X chromosome using FISH and BAC end sequences aligned to EquCab1.0, but 
there has been no attempt to leverage next generation sequencing data for finer resolution mapping. The current version of the equine genome 
(EquCab2.0) was constructed using Sanger sequencing of a female horse, and thus lacks Y chromosome sequence. We obtained Illumina 
sequencing reads from four females and four males of different breeds to align to the reference genome. The reference genome horse was 
included as one of the females to identify putative mis-assemblies on the X chromosome. Mapped read depth was used to estimate copy number 
across the genome. Calculated read depth values were averaged by gender at every base position across the X chromosome. As males only have 
one X chromosome, female-specific regions should display approximately half the copy number in males as compared to females. Thus, any 
regions displaying equal copy numbers for males and females are proposed to be pseudoautosomal in nature. Similarly, any deviations from a 
copy number of two in the genome horse are likely assembly errors. Copy number analysis is currently ongoing. Finer scale resolution of the 
equine PAR will help further our understanding of the evolution of sex chromosomes. 
 
P0571: Genome Mapping, Tagging & Characterization: Equine 
Identifying Genomic Regions Undergoing Selection in Racehorses 
Felipe Avila1, RJ Schaefer2, JR Mickelson3, Rebecca K Splan4, SK Beeson3 and ME McCue3, (1)University of Minnesota, St Paul, 
MN, (2)University of Minnesota, Minneapolis, MN, (3)University of Minnesota, St. Paul, MN, (4)Virginia Tech, Saint Paul, MN 
Intense breeding for speed over a relatively small number of generations has resulted in elite athletic performance within Thoroughbred, Quarter 
Horse and Standardbred racehorses. The goals of this study were to: 1) identify the genomic regions undergoing selection in these three breeds; 
2) investigate haplotype sharing among racehorse breeds; and 3) identify putative candidate genes that contribute to the racing phenotype.  
Five hundred and forty-six Standardbreds, 519 Thoroughbreds, and 24 Quarter Horses were genotyped at, or imputed up to, 2 million SNP 
markers distributed across the genome. Genomic regions harboring signatures of selection were identified using two FST-based statistics (di and 
hapFLK), and local haplotype sharing among individuals of each breed was calculated using the hapQTL software. Genomic regions of interest 
(ROIs) were defined as those in which significant di windows (99th percentile of the empirical distribution) and hapFLK values (-log10[p-value] 
> 3) overlapped with significant SNP markers found by hapQTL (-log10 [Bayes factor] > 5). Seventy-five ROIs, distributed across 22 autosomes 
and the X chromosome, averaging between 10kb and 1.5Mb in length, were prioritized for further investigation. Ninety-two equine transcripts 
were identified within ROIs, retrieved using the BioMart software, and investigated for their association with racing ability. Pathway analysis 
was performed to identify protein-coding genes significantly associated with main metabolic pathways that might contribute to the racing 
phenotype.    
Next, WGS data from these three breeds will be used for the discovery and annotation of biologically relevant allelic variants that might account 
for their increased racing ability. 
 
P0572: Genome Mapping, Tagging & Characterization: Equine 
Genome-wide Autozygosity Reveals Positive Selection Signatures in Racehorses 
Rebecca K Splan1, Felipe Avila2, SK Beeson3, RJ Schaefer4, JR Mickelson3 and ME McCue3, (1)Virginia Tech, Blacksburg, VA, 
(2)University of Minnesota, St Paul, MN, (3)University of Minnesota, St. Paul, MN, (4)University of Minnesota, Minneapolis, MN 
Artificial selection for elite racing performance is expected to leave distinct selection signatures on the equine genome. These signatures may 
differ between breeds due to individual racing performance characteristics (e.g., trotting vs. galloping), or there may be evidence of convergent 
selection for common functional variants associated with maximal exertional efforts at speed. Here, we investigated the distribution of 
autozygosity levels based on runs of homozygosity (ROH) in 510 Thoroughbreds, 328 Standardbred trotters, 147 Standardbred pacers, and 24 
racing Quarter Horses genotyped for over 138,000 autosomal SNPs, and adjusted for population structure. Within each group, genomic regions 
of interest (ROI) were defined as those in which the number of animals in a ROH exceeded the upper outlier threshold with a magnifier of 3. 
Across breeds, 54 ROI were observed over 14 autosomes, ranging from 35kb to 2.2Mb. BioMart queries of ROI returned 465 transcripts, of 
which 314 were annotated. Transcripts unique to each group numbered 8, 15, 16, and 15 for Thoroughbred, Standardbred trotter, Standardbred 
pacer, and racing Quarter Horse, respectively. Thirty transcripts were common between Thoroughbred and Quarter Horse, 29 transcripts were 
shared between Standardbred trotters and pacers, and two transcripts were shared among Quarter Horse and both Standardbred groups. None 
were shared across all four groups, although ROI peaks in one group were often echoed by sub-threshold peaks in others. Subsequent steps 
include comparison with non-racing breeds and pathway analysis to identify protein-coding genes or variants associated with racing 
performance. 



 
P0573: Genome Mapping, Tagging & Characterization: Equine 
RNA-Seq Analisys of the Exercise Transcriptome in Horses: Insights on Transcribed Exons, Introns and Repeats 
Stefano Capomaccio1, Andrea Giontella1, Andrea Verini-Supplizi1, Silvia Sorbolini2, Giovanni Paolo Biggio3, Raffaele Cherchi3, 
Maurizio Silvestrelli1 and Katia Cappelli1, (1)Sport Horse Research Centre - University of Perugia, Perugia, Italy, (2)University of 
Sassari, Sassari, Italy, (3)AGRIS Sardegna, Ozieri, Italy 
The horse is probably the best animal model for investigating genomic response to exercise-induced stress, due to its natural aptitude for athletic 
performance and the relative homogeneity of its genetic background. We applied RNA-seq to PBMCs of six 3 years old race horses sex matched 
collected at rest and after a 2000-meter competition. ���We observed a transcription shift from coding to non-coding regions therefore we separately 
analyzed exon and intron compartments. ���In both analyzed compartments, network and GO analysis revealed mechanisms known to be activated 
by stress as well as functions to preserve energy devoted to other processes.  
A large number of transcripts, corresponding to intergenic and intronic regions associated with new transcriptional elements, were identified. 
This data might be correlated with transcriptional activity related to nascent transcription, co-transcriptional splicing events or transcription of 
long noncoding RNAs or enhancer RNAs that are know to contribute to changes in intronic read counts. ���We observed a post-race increase of 
reads mapping to repeats, especially to LINE1 in intergenic and intronic regions.  
Our results reinforce the hypothesis that transposable elements (TE) and intronic sequences may serve as transcriptional units capable of 
enriching transcriptomes with limited genomic resources, such under stress conditions. We also found that 9 full-length LINE1 elements are up-
regulated after the race. This suggests that a great effort induced by exercise may - in principle - activate LINE1 retrotransposition, as already 
demonstrated in human and mouse tissues and in certain sporadic cancers. ���  
Supported by MIPAAF, grant INNOVAGEN, and by AGRIS. 
 
P0574: Genome Mapping, Tagging & Characterization: Equine 
Signatures of Selection Associated With Athletic Performance in Quarter Horse Subpopulations 
Felipe Avila1, RJ Schaefer2, JR Mickelson3, SK Beeson3, Rebecca K Splan4 and ME McCue3, (1)University of Minnesota, St Paul, 
MN, (2)University of Minnesota, Minneapolis, MN, (3)University of Minnesota, St. Paul, MN, (4)Virginia Tech, Saint Paul, MN 
Selective breeding for athletic performance in various disciplines has resulted in population stratification within the Quarter Horse (QH). The 
goals of this study were to utilize high density genotype data to: 1) identify genomic regions undergoing positive selection within or among QH 
subpopulations; 2) investigate haplotype structure within each QH subpopulation; and 3) identify candidate genes within genomic regions of 
interest (ROI) that might account for increased ability in each performance group.  
65K SNP genotyping data on 144 individuals from 6 QH subpopulations (racing, working cow, cutting, reining, western pleasure and halter) 
were imputed to 2M SNPs (imputation accuracy estimated as 99.6%) using Beagle. Signatures of selection were identified using two FST-based 
statistics - di and hapFLK, accompanied by hapQTL, which identifies local haplotype structure and sharing within subpopulations. Data from 
racehorse breeds (Thoroughbred and Standardbred) were also used to investigate haplotype sharing with racing QHs.  
Genomic regions (152 total) undergoing positive selection in the study cohort were identified on all 31 autosomes; on 5 chromosomes (ECA1, 
10, 18, 20 and 28), at least one ROI was shared among all subpopulations. Transcripts within each ROI were retrieved using the BioMart 
software, and functional and pathway analyses were conducted using DAVID and PANTHER, respectively, to identify genes that might 
contribute to performance. Examples include genes associated with heart and lung function within the ‘racing ROI’ on ECA1, shared among all 
racehorse breeds, as well as ROI associated with learning, cognition and memory on ECA13 in the working cow subpopulation. 
 
P0575: Genome Mapping, Tagging & Characterization: Equine 
Adipose Tissue Transcriptomics Reveals Differential Expression in Equine Subcutaneous and Internal Fat Depots 
Ann M. Kemper, University of Minnesota, St. Paul, MN 
Equine metabolic syndrome is characterized by obesity, regional adiposity, insulin resistance, predisposition to laminitis, and systemic 
inflammation.  Unlike humans, horses are typically able to indefinitely produce insulin, resulting in compensated insulin resistance without 
development of diabetes mellitus.  Currently, the underlying pathophysiology of equine metabolic syndrome is not well understood.  It has been 
shown in humans and mice that visceral fat is associated with insulin resistance and development of diabetes, and is more metabolically active 
and pro-inflammatory than other fat depots.  Regional adiposity in horses is characterized by subcutaneous fat deposits at the crest of the neck, 
behind the shoulder, and at the tail head, and increased neck circumference is associated with insulin resistance.  Subcutaneous neck crest fat in 
horses has previously been found to be more metabolically active than visceral fat.  We have collected samples from six adipose tissue depots: 
neck, shoulder, tailhead, visceral, omental, and retroperitoneal from 6 individuals to describe differences in gene expression between these depots 
in normal horses.  An average of 19,085,946 100bp paired-end reads per tissue were sequenced on an Illumina HiSeq platform. Reads were 
mapped with the STAR aligner and mapping rates ranged from 82% to 94%.  Preliminary analysis with GOexpress indicates that the three 
subcutaneous fat depots have similar metabolic profiles, as do the three internal fat depots.  In contrast to other species subcutaneous fat in horses 
appears more pro-inflammatory than internal fat, with increased expression of leptin, natural killer cell stimulatory factor 1, lymphocyte antigen 
96, and tumor necrosis factor. 
 
P0576: Genome Mapping, Tagging & Characterization: Equine 
Expression Profiling of Horse Circulating miRNAs after Endurance Competition 
Stefano Capomaccio1, Elisabetta Chiaradia1, Francesca Beccati1, Maurizio Silvestrelli1, Livia Moscati2, Francesco Mancini1 and 
Katia Cappelli1, (1)Sport Horse Research Centre - University of Perugia, Perugia, Italy, (2)Istituto Zooprofilattico Sperimentale 
dell'Umbria e delle Marche, Perugia, Italy 
Advances in molecular biology and bioinformatics combined with exercise physiology, have identified many key signaling pathways responsible 
for exercise-induced adaptations. Noncoding RNAs, and specifically micro RNAs (miRNAs), constitute a new regulatory component that may 
play a role in these adaptations. Research efforts on miRNA role in exercise in human sport medicine has predominantly focused on plasma 



where miRNAs are carried by extra cellular vesicles (exosomes) or high-density lipoprotein delivering messages to cells facilitating tissues 
crosstalk. This messenger role together with other key features such as body fluid stability and specific expression profile make miRNAs optimal 
biomarkers in physiological and pathological scenarios.  
We applied NGS technology to obtain a landscape of the small RNA content of these important cargos in a time course experimental design: 
serum from 4 horses that participated to international endurance races was collected before and after the effort. 101 small RNAs (including 
miRNA and ncRNAs) resulted differentially expressed in plasma after the competition and the most up-regulated circulating miRNAs appeared 
to be: mir-1, mir-206 and mir-133a (also known as myomiRs), mir-146, mir-149, mir-208 and mir-214 as also results from recent literature 
evidences in human marathoner. Full results of differentially expressed small RNAs due to the competition are presented and discussed. 
 
P0577: Genome Mapping, Tagging & Characterization: Equine 
Skeletal Variation in Tennessee Walking Horses Maps to the LCORL/NCAPG gene region 
Elizabeth A. Staiger1, Mohammed A. Al Abri1,2, Kathryn M. Pflug3, Sara E Kalla4, Dorothy Ainsworth1, Donald Miller1, Terje 
Raudsepp5, Nathan B. Sutter6 and Samantha A. Brooks3, (1)Cornell University, Ithaca, NY, (2)Sultan Qaboos University, Muscat, 
Oman, (3)University of Florida, Gainesville, FL, (4)Clinical Sciences, Cornell University, Ithaca, NY, (5)Texas A&M University, 
College Station, TX, (6)La Sierra University, Riverside, CA 
Conformation has long been a driving force in horse selection and breed creation as a predictor for performance.  The Tennessee Walking Horse 
(TWH) ranges in size from 1.5 to 1.7 meters and is often used as a trail, show, and pleasure horse.  To investigate the contribution of genetics to 
body conformation in the TWH, we collected DNA samples, body measurements, and gait/training information from 282 individuals.  We 
analyzed the 32 body measures with a Principal Component Analysis (PCA).  Principal Component (PC)1 captured 28.5% of the trait variance, 
while PC2 comprised just 9.5% and PC3 6.4% of trait variance.  All 32 measures correlated positively with PC1, indicating that PC1 describes 
overall body size. 109 horses were genotyped using the EquineSNP70 bead chip and marker association assessed using PC1 scores as a 
phenotype.  Mixed-model linear analysis (EMMAX) revealed a well-documented candidate locus on ECA3 (raw p=3.86 x 10-9) near the LCORL 
gene.  A custom genotyping panel enabled fine-mapping of the PC1 body-size trait to the 3’ end of the LCORL gene (p=7.09 x 10-10).  This 
position differs from other reports suggesting SNPs upstream of the LCORL coding sequence regulate expression of the gene and therefore, body 
size in horses.  Fluorescent In Situ Hybridization (FISH) analysis defined the position of a highly homologous 5 kb retrogene copy of LCORL 
(previously ChrUn of the EquCab 2.0 assembly) at ECA9 q12-q13.  This is the first study to identify putative causative SNPs within the LCORL 
transcript itself, which are associated with skeletal size variation in horses. 
 
P0578: Genome Mapping, Tagging & Characterization: Equine 
Identification of Variants Predictive of Pacing in Standardbred Horses 
Annette M McCoy1, SK Beeson2, JR Mickelson2, Leif Andersson3, C.M. Isgren4, Sigrid Lykkjen5, R.J. Piercy6, Carl-Johan Rubin3 
and ME McCue2, (1)University of Illinois, Urbana, IL, (2)University of Minnesota, St. Paul, MN, (3)Uppsala University, Uppsala, 
Sweden, (4)Norwegian University of Life Sciences, Olso, Norway, (5)Norwegian University of Life Sciences, Oslo, Norway, 
(6)The Royal Veterinary College, London, England 
During the course of domestication, certain breeds of horses have been selected for the ability to exhibit alternative patterns of locomotion, or 
gaits. Many North American Standardbreds race at the pace, an alternative two-beat gait characterized by ipsilateral limb protraction. A recently 
described functional mutation in DMRT3, thought to be permissive for alternative gaits in the horse, is nearly fixed in Standardbred horses 
despite the fact that not all Standardbreds naturally pace. The aim of this study was to identify putative modifying factors underlying the ability 
to pace in the Standardbred.  
A genome-wide association analysis performed in 542 Standardbred horses (176 pacers, 366 trotters) identified five chromosomal regions 
significantly associated with gait at a genome-wide level. Variant discovery was subsequently performed via whole-genome sequencing in 18 
horses. Of 303 alleles with putative functional effect genotyped in 659 Standardbreds with race records (428 trotters, 231 pacers), approximately 
160 were statistically significantly associated with gait. Application of random forest analysis to these variants resulted in creation of a algorithm 
that predicted status as a pacer or trotter with greater than 99% accuracy utilizing the genotypes at only seven SNPs.  
This prediction algorithm is now being validated in an independent population of Standardbreds and tested in a population of other gaited breeds 
to determine the breadth of its utility. Future work will address the question of whether one or more of these predictive SNPs plays a 
physiologically functional role in the tendency to pace, or whether they are tagging true functional alleles. 
 
P0579: Genome Mapping, Tagging & Characterization: Equine 
Exploring the Molecular Basis for Athletic Performance Traits in Coldblooded Trotters 
Kim J. Fegraeus1, Brandon D. Velie1, Jennifer R.S. Meadows2 and Gabriella Lindgren1, (1)Department of Animal Breeding and 
Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden, (2)Uppsala University, Uppsala, Sweden 
The origin of the Coldblooded trotter (CT) provides a unique opportunity to identify genes influencing racing performance. The CT originates 
from the North Swedish draught horse (NS) and these two breeds retain high levels of genetic similarity (Fst = 0.08). However, prior to the 
introduction of paternity testing in 1969, crossbreeding with the Standardbred (SB) was used to improve CT performance. We hypothesize that 
the gains in CT performance over the last 50 years may in part be explained by the maintenance of favorable genetic variants originating from the 
SB. As such, the aim of the current study was to compare the genetic makeup of these three breeds and to identify genetic footprints of athletic 
performance. A sliding window Delta Fst analysis was performed across all breeds using data generated from the equine SNP50K array (CT, 
n=11; NS, n=19; SB, n=12). Five key regions were revealed where the CT and SB were genetically similar, but together differed from the NS. 
Seven genes reside in these segments, some of which affect muscle metabolism, such as regulation of cell growth in response to nutrient and 
mitochondrial DNA function in muscle. Genotyping of the top four differentiated markers in additional CT (n>130) showed that two were 
significantly associated (p<0.05) with performance traits, e.g. number of victories and time records. Additional genotyping will now be 
conducted in diverse racing breeds to ascertain the importance of these variants, and the current study will be augmented with additional Delta 
Fst analysis using whole genome sequence data. 



 
P0580: Genome Mapping, Tagging & Characterization: Equine 
RNA Sequencing of Equine Endometrium during Maternal Recognition of Pregnancy 
Kristin M. Klohonatz1, Angela Cánovas2, Juan F. Medrano3, Ann M. Hess1, Stephen J. Coleman1, Milt Thomas1, Gerrit J. Bouma1 
and Jason E. Bruemmer1, (1)Colorado State University, Fort Collins, CO, (2)Centre for the Genetic Improvement of Livestock, 
Department of Animal Biosciences, University of Guelph, Guelph, ON, Canada, (3)University of California-Davis, Davis, CA 
Equine maternal recognition of pregnancy (MRP) is a process that remains unknown. Traditional gene expression analyses have failed to reveal 
any possible candidates for the mechanism responsible, therefore, we evaluated equine endometrium via RNA Sequencing during MRP (which 
occurs around day 12 post-ovulation, PO). The objective was to evaluate endometrial gene expression changes based upon pregnancy status. This 
experiment utilized a cross-over design with each mare serving as as a pregnant and non-mated control (n=3/day) on days 9, 11, and 13 PO. 
Mares were randomly assigned to a collection day and each provided endometrial samples for a pregnant and non-mated cycle. Samples were 
snap frozen and stored until RNA isolation. Large RNA was isolated with Tri Reagent. Sequencing libraries were prepared using the Illumina 
TruSeq RNA Sample Preparation kit and sent to the University of California, Berkely, for RNASeq. Sequence reads were mapped and annotated 
using CLCBio software. Differential gene expression was analyzed using SAS via student’s paired t-test for comparing pregnancy status within 
days following calculation and application of the false discovery rate. On day 9 there were 203 genes, on day 11 there were 320 genes, and on 
day 13 there were 146 genes identified as significantly differentially expressed. Seven genes were differentially expressed across all three days. 
These RNASeq data are the first to identify differentially or uniquely expressed genes in equine endometrium during early pregnancy. These 
results may lead to the identification of pathways involved in maternal recognition of pregnancy in the mare. 
 
P0581: Genome Mapping, Tagging & Characterization: Equine 
Differential and Tissue-specific Expression of Novel Long Intergenic Noncoding RNAs in Equine Trophectoderm and Inner 
Cell Mass 
Rebecca K Splan, Virginia Tech, Blacksburg, VA and ME McCue, University of Minnesota, St. Paul, MN 
Long noncoding RNAs (lncRNAs) are increasingly implicated as regulators of important events in early development, including maintenance of 
pluripotency, modification of epigenetic marks, and activation of transcription. Characterization of lncRNAs in equine blastocysts will provide 
new insight into how such transcripts may regulate developmental fates of the trophectoderm (TE) and inner cell mass (ICM). Additionally, it 
could help identify loci outside of protein coding genes that might contribute to variation in complex traits related to pregnancy and offspring 
health outcomes. The objective of this study was to identify novel long intergenic noncoding RNAs (lincRNAs) in TE and ICM cells from d8 
expanded blastocysts using RNA sequencing. Transcripts from a publicly-available dataset were assembled ab initio and filtered for mapping 
quality and nucleotide length. Sequences determined to encode known or predicted proteins were eliminated from further analysis. A total of 
17,826 uniquely mapped lincRNAs were identified in either lineage. Subsequent analysis revealed 706 transcripts that were found exclusively 
among all replicates (n=3) of TE, while 141 transcripts were unique to all replicates of ICM. Seventy-six transcripts found in all samples were 
differentially expressed; 27 were up-regulated in TE, and 52 were up-regulated in ICM. These results provide the first comprehensive list of 
lincRNAs in equine tissue, and suggest possible functional relevance of these novel transcripts in regulation of early embryonic development. 
 
P0582: Genome Mapping, Tagging & Characterization: Equine 
A Single Nucleotide Polymorphism in DDB2 Likely Confers Risk for Ocular Squamous Cell Carcinoma in the Haflinger 
and Related Horse Breeds 
Rebecca R. Bellone1, Jiayin Liu1, Jessica L. Petersen2, Sienna Drizin1, Cord Drögemüller3, M. Cecilia Penedo4 and Mary 
Lassaline5, (1)Veterinary Genetics Laboratory and Department of Population Health and Reproduction, School of Veterinary 
Medicine, UC Davis, Davis, CA, (2)University of Nebraska - Lincoln, Lincoln, NE, (3)Institute for Genetics University of Bern, 
Bern, Switzerland, (4)Veterinary Geentics Laboratory, University of California, Davis, Davis, CA, (5)School of Veterinary 
Medicine, University of California-Davis, Davis, CA 
Squamous cell carcinoma (SCC) is the most common cancer of the equine eye, frequently originating in the limbus (LSCC), with the potential to 
invade the cornea and cause visual impairment. Haflingers have a high occurrence of LSCC and a mean younger age of diagnosis implicating a 
genetic basis for predisposition in this breed. Pedigree analysis supports a simple recessive mode of inheritance and a genome wide association 
study identified a 1.5 Mb locus on ECA12 significantly associated with LSCC (Pcorrected= 0.04).  Sequencing the most physiologically relevant 
gene from this locus, Damaged DNA-binding Protein 2 (DDB2), identified a missense mutation (p.Thr338Met) that was strongly but not 
perfectly associated with LSCC (P=3.12X10-11). Genotyping 65 additional polymorphisms narrowed the ECA12 candidate interval to 426 Kb but 
did not identify other variants that were more strongly associated. To further investigate the DDB2 SNP as a causative risk factor, we determined 
allelic frequencies in eleven breeds with reported cases of ocular SCC. For the majority of these breeds, the associated allele was either not 
detected (N=8) or was present at a low frequency (0.015, N=1).  However, more moderate frequencies were detected in Belgians (0.21) and 
Percherons (0.07).   Examining genetic relationships between Haflingers and other breeds with available GWAS SNP data, showed a close 
relationship between Haflingers, Belgians, and Percherons.  Taken together, the identified missense mutation in DDB2 likely contributes to risk 
of LSCC in Haflingers; its presence in closely related breeds needs further investigation to elucidate genetic and environmental factors 
contributing to this cancer. 
 
P0583: Genome Mapping, Tagging & Characterization: Equine 
Using Functional Genomics to Refine Our Understanding of the Equine Retina 
Michael J. Mienaltowski1, Brenna D. Sullivan1, Lynne Sandmeyer2, Sheila Archer3, George W. Forsyth2, Bruce H. Grahn2 and 
Rebecca R. Bellone1, (1)University of California Davis, Davis, CA, (2)University of Saskatchewan, Saskatoon, SK, Canada, 
(3)Appaloosa Project, Saskatchewan, SK, Canada 



In order to better understand the equine retina, we examined the RNA-seq transcriptome data of retina tissue generated from two horses, one 
unaffected and one affected with Congenital Stationary Night blindness (CSNB). An analysis of 40.7 million 81-bp paired end reads allowed us 
to segregate out genes having high transcript abundance (top 10% of transcripts by RPKM – 1486/14,858 CTRL transcripts, RPKM range 32-
8077; 1473/14,725 CSNB transcripts; RPKM range 37-8179) when mapped to the equCab2 equine genome. This identified 1653 genes unique 
genes within the upper 10% of expression. Analysis of the gene ontology of these genes demonstrated functional annotation clusters of 
enrichment for vision, pigmentation, sensory processes, and metabolism. From these RNA-seq data, further analysis of coverage to confirm gene 
structure is underway for improvement of genes expressed within equine retinal tissue. The RNA-seq data were applied to the CLC Bio 
Genomics Workbench 8.0 Large Gap Read Mapping tool; we detected ~45,000 transcripts representing ~27,600 genes within the retina 
transcriptome. Comparison to de novo assembly of transcriptome sequences is ongoing. In addition, in comparing the transcriptomes of the 
affected and unaffected individuals, we generated a list of candidate genes for follow-up investigation to better define ocular phenotypic 
differences in Appaloosa horses. 
 
P0584: Genome Mapping, Tagging & Characterization: Equine 
A Genome Wide-Association Study of Recurrent Laryngeal Neuropathy in Belgian Draft Horses 
Alexandra CE Draper1, R.J. Piercy2, Justin Perkins1, Safia Barakzai3, SK Beeson4, JR Mickelson4 and ME McCue4, (1)Royal 
Veterinary College, London, United Kingdom, (2)The Royal Veterinary College, London, England, (3)Arundel Equine Hospital, 
Arundel, United Kingdom, (4)University of Minnesota, St. Paul, MN 
Recurrent Laryngeal Neuropathy (RLN) is a major cause of poor performance in athletic horses. Prevalence in Belgian Draft Horses (BDH) can 
be as high as 41%. Our aim was to investigate the genetic risk factors associated with RLN in BDHs through a genome wide association study 
(GWAS).  
RLN-affected (grade >3/4: n=39) and control (grade 1/4: n=19) BDHs were genotyped on the Illumina Equine SNP50 BeadChip. Genotypes 
were imputed to a uniform set of 2 million SNPs with BEAGLE using genotype data from 192 additional BDHs. Following quality control and 
data pruning in PLINK, 51581 SNPs (GWAS) and 1157722 SNPs (imputed) remained for analysis. Haplotype analysis was performed across 
any regions of interest using haplo.stats in R. Whole genome sequence data (4 cases/4 controls) was used to investigate these regions of interest, 
and alleles prioritized using Phenolyzer and Endeavour, using a seed gene list from similar human peripheral neuropathies.  
No SNPs reached genome wide significance, based upon Bonferroni correction (GWAS: p=2.05x10-6, imputation: p=4x10-8). Several SNPs on 
chr3 were most associated with RLN; GWAS- ECA3.91784157 (p=7.96x10-6), ECA3.94418288 (p=4.57x10-5) and Imputed- ECA3.91486401-
91493210 (p=2.22x10-5). Haplotype association from ECA3.91352673-110131522 revealed significant association across a span of 5 SNPs (p 
values; 0.0036-0.0041).  
A total of 73 genes within chr3 87-110Mbp were prioritized, and 124086 variants were seen across the chr3 region. Allele frequency differences, 
in this region, between cases and controls, in WGS data, have not yet revealed any obvious functional perturbations in the top 10 prioritized 
genes. Further analysis is continuing. 
 
P0585: Genome Mapping, Tagging & Characterization: Equine 
A Candidate Gene Study of Recurrent Laryngeal Neuropathy in Belgian Draft Horses 
Alexandra CE Draper1, R.J. Piercy2, Justin Perkins1, Safia Barakzai3, SK Beeson4, JR Mickelson4 and ME McCue4, (1)Royal 
Veterinary College, London, United Kingdom, (2)The Royal Veterinary College, London, England, (3)Arundel Equine Hospital, 
Arundel, United Kingdom, (4)University of Minnesota, St. Paul, MN 
Recurrent Laryngeal Neuropathy (RLN) causes inspiratory air obstruction, during maximal exercise, thus leading to poor performance in athletic 
horses. Several studies have investigated the genetic risk factors associated with RLN, no clear factors have been identified.  
Our aim was to investigate the genetic risk factors associated with RLN in Draft-breed horses using a candidate gene (CG) approach.  
Four Draft breed horse RLN cases (Percheron n=1, Belgian Draft horses n= 1 and Clydesdales n=2) and 4 Draft breed horse controls (Percheron 
n=1, Belgian Draft horses n=1 and Clydesdales n=2) were selected for whole genome next generation sequencing, from cases that exhibited a 
Havemeyer grade IV/IV left laryngeal paralysis phenotype, during resting endoscopy. Reads were sequenced using Illumina HiSeq, 100 bp 
paired-end and 6x coverage per horse (150-180 million reads/horse). Each sample was sequenced in more than one lane. An initial list of CGs 
was complied from genes associated with similar human peripheral neuropathies; Charcot Marie Tooth Types 1, 2 and 4 and Hereditary Motor 
Neuropathy. Additional CGs were identified using the CG prioritization tool Phenolyzer.  
A total of 106 CGs have been identified; with 80 CGs within the initial list, and 25 added after Phenolyzer consultation. The CGs equine 
equivalents have been identified, their annotations checked and each gene is currently being checked for potential causative mutations. 
 
P0586: Genome Mapping, Tagging & Characterization: Equine 
The Role of Myostatin on the Conformation and Gaits of the Icelandic Horse 
Liesbeth Francois1,2, Brandon D. Velie2, Kim J. Fegraeus2, Yohannes G. Tesfayonas2, Agnese Viluma2, Lisa S. Andersson2, Freyja 
Imsland3, Nadine Buys1, Sofia Mikko2, Susanne Eriksson2 and Gabriella Lindgren2, (1)KU Leuven, Leuven, Belgium, 
(2)Department of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden, (3)Department of 
Medical Biochemistry and Microbiology, Uppsala University, Uppsala, Sweden 
The influence of myostatin (MSTN) on conformation, an important selection criterion in many horse breeds, has only recently come to light. 
Although conformation is considered a complex trait influenced by multiple genes, recent studies have shown that MSTN not only influences the 
morphological type of an individual, but also the individual’s performance. Through its role as a repressor in the development and regulation of 
skeletal muscle mass, MSTN is a major gene of interest. This is a first study looking into its influence on conformation and riding ability of the 
Icelandic horse, a breed known for its robust and compact conformation, and additional gaits, tölt and pace. Three SNPs (g.65868604G>T, 
g.66493737C>T and g.66495826A>G) within MSTN were analyzed in 195 Icelandic horses and their association to official estimated breeding 
values for 16 traits was evaluated. Significant associations (p<0.05) were found with several conformation traits such as neck/withers/shoulders, 
hooves, leg stance and total conformation. Furthermore, there was an indication that myostatin possibly influences the performance of the 



ambling trait tölt, a gait unique to gaited horse breeds (p=0.07). This study showed that MSTN plays a role in the complex background of breed-
specific conformation traits and has a possible influence on tölt, a unique and highly selected trait within this breed. Further analysis will help to 
decipher the specific pathway by which MSTN influences these traits. 
 
P0587: Genome Mapping, Tagging & Characterization: Equine 
Molecular Studies of Equine Cryptorchidism 
Sharmila Ghosh1, Claire Wade2, Tosso Leeb3, Carolyn Arnold1, Bhanu P Chowdhary4, Dickson Varner1 and Terje Raudsepp1, 
(1)Texas A&M University, College Station, TX, (2)University of Sydney, Sydney NSW, Australia, (3)University of Bern, Bern, 
Switzerland, (4)Qatar University, Doha, Qatar 
Cryptorchidism (CO) is a non-lethal phenotypically heterogeneous congenital disorder that negatively impacts equine health and reproduction, 
and the economy of the horse industry. While it is recognized that CO has a genetic component, very little is known about the underlying genes 
and mutations. We recently discovered that about 10% of CO horses are homozygous for a large (~200 kb) autosomal deletion that involves 
genes necessary for dihydrotestosterone metabolism. In order to design qualitative molecular test(s) for the detection of deletion carriers and 
properly evaluate genotype-phenotype association, a detailed map of the deletion is necessary. Preliminary analysis of the corresponding region 
in EquCab2 reference genome indicated that the sequence is complex, contains segmental duplications, gaps, and likely miss-assemblies. We are 
currently reconstructing the reference sequence by long-read (PacBio) sequencing a 400kb BAC tiling path over the deletion and adjacent 
regions. Also, we generated whole-genome short-read (Illumina) sequences for 2 CO horses carrying the deletion, and for control horses. 
Sequence analysis confirmed that the 2 CO horses were homozygous for the deletion; that the deletion is larger than anticipated (238kb), and that 
it involves a gene family with functions in sex hormone metabolism. No such deletion was detected in control horses. However, the large 
deletion embedded a small common (28kb) CNV which was present in all horses but involved no genes. The sequence information is currently 
used to demarcate deletion start and end sites and develop a test that can discriminate between homozygous and heterozygous carriers and horses 
with no deletion. 
 
P0588: Genome Mapping, Tagging & Characterization: Equine 
A Functional Network in the Horse: Discovering Causal Variants for Complex Disease 
RJ Schaefer, University of Minnesota, Minneapolis, MN and ME McCue, University of Minnesota, St. Paul, MN 
The recent availability of high-throughput technologies in agricultural animals provides an opportunity to advance our understanding of complex 
agriculturally important traits. Genome wide association studies have identified thousands of loci linked to these traits; however in most cases the 
causal genes remain unknown.  
Linking phenotype to causal genotype is hindered by: 1) poor resolution of QTLs resulting in tens to hundreds of genes significantly associated 
with a trait; 2) limited knowledge regarding the biological function of many genes; and 3) incomplete understanding of the physiology or cellular 
mechanisms underlying the trait of interest. Particularly in agricultural animals, these issues hamper the interpretation and narrowing of large 
candidate gene lists. Analysis of a single data type is typically unsatisfactory in explaining complex traits that exhibit variation across multiple 
levels of biological regulation. Integrating GWAS with robust genomic information such as gene expression is necessary for efficient ranking of 
interesting candidate regions discovered by association mapping.  
Here, we expand open-source software called Camoco (CoAnalysis of Molecular Components) to integrate common sources of genomic data in 
the horse. Camoco combines GWAS and gene expression to build a functional network for prioritization of QTL candidate genes. In the context 
of the horse, we use Camoco to build co-expression networks from 11 different tissues (6 different adipose depots, liver, skeletal muscle, 
synovium, bone, and cartilage) and present a SNP-to-gene mapping extension which considers breed-specific haplotype. Using the horse, we 
establish an integrated, functional network based approach from which agronomically important traits can quickly be analyzed. 
 
P0589: Genome Mapping, Tagging & Characterization: Equine 
Identification of a Genetic locus for Immune-Mediated Myositis in Quarter Horses 
Sian Ann Durward-Akhurst, University of Minnesota, St Paul, MN, Stephanie J. Valberg, Michigan State University, East 
Lansing, MI and Carrie J. Finno, University of California Davis, Davis, CA 
Quarter Horses (QH) and related breeds develop recurrent, rapid-onset muscle atrophy as a result of immune-mediated myositis (IMM). The 
hallmark of IMM in muscle biopsies is the presence of lymphocytes (CD4+, CD8+, CD20+) within myocytes. The cause of IMM is unknown, 
although genetic and environmental influences are believed to be important factors. The purpose of this study was to determine if IMM in QHs is 
associated with a specific genetic locus. Based on history, clinical signs and lymphocytic infiltrates in muscle biopsies, 36 IMM QH cases (21 
male, 15 female) were selected from archives of the Neuromuscular Diagnostic Laboratory. DNA was extracted from blood or muscle samples 
from IMM cases and from blood samples of 54 age and breed matched unaffected horses (21 male, 33 female) that were housed in the same 
environment as IMM cases. A genome wide association study was performed across 40,564 single nucleotide polymorphisms (SNPs) that passed 
quality control (genotyping >90%, minor allele frequency >99%) using the Illumina Equine 50K and 70K SNP platforms. To account for 
elevated genomic inflation (λGC= 1.84) a mixed model analysis was performed using GRAMMAR, decreasing genomic inflation to 0.96. Five 
SNPs, located within a 2 Mb window on ECA11, were significantly associated with the IMM phenotype (Punadjusted  2.58x10-7). Putative functional 
variants in the associated region are being investigated in whole genome sequences of 4 IMM and 4 unaffected horses.  Well-phenotyped IMM 
affected and unaffected horses from the same environment were integral to the successful mapping of an IMM genetic locus. 
 
P0590: Genome Mapping, Tagging & Characterization: Equine 
Identification of Genetic Loci Underlying Equine Metabolic Syndrome and Laminitis Risk in Welsh Ponies and Morgan 
Horses 
E.M. Norton1, NE Schultz2, JR Mickelson2, Ray Geor3 and ME McCue2, (1)University of Minnesota College of Veterinary 
Medicine, White Bear Lake, MN, (2)University of Minnesota, St. Paul, MN, (3)Massey University, Palmerston North, New Zealand 



Equine metabolic syndrome (EMS), a clustering of clinical signs including insulin resistance and dyslipidemia, is the most common cause of 
laminitis, a painful and life-threatening disease of the horse’s hoof. In a large across-breeds study of metabolic variation in horses, our lab 
demonstrated that EMS phenotypic variability is influenced by genetic and environmental factors.  Further, we demonstrated that certain features 
of the EMS phenotype are different between breeds. The objective of this project was to identify genomic regions contributing to EMS in two 
high risk breeds by performing a genome-wide association study (GWAS) in a cohort of 286 Morgans and 232 Welsh ponies (WP).  Individuals 
were genotyped on one of three SNP arrays (54,000 to 1,800,000 SNPs); the software program Beagle was used to generate a uniform set of 
makers across all three platforms. Quality control was performed using PLINK software. A relationship-matrix constructed from identity-by-
descent estimation, and potential confounders such as gender and age, were included in a mixed logistic regression model using the R statistical 
software package, FastLMM. Within breeds genome wide significant loci were identified for several EMS traits.  Examples for Morgans include 
loci on chromosome 4 (ECA4), ECA19, and ECA 9 associated with insulin response, adiponectin and leptin levels, respectively, and examples 
for the WP include loci on ECA28, ECA19, and ECA24 associated with insulin response, adiponectin and baseline insulin levels.  Across breed 
analysis identified several significant associations which were not identified within breeds, for example associations on ECA13 and ECA19 for 
baseline ACTH levels. 
 
P0591: Genome Mapping, Tagging & Characterization: Equine 
Genotype Imputation Accuracy and Proof of Principle in the Welsh Pony 
NE Schultz1, EM Norton2, JR Mickelson1 and ME McCue1, (1)University of Minnesota, St. Paul, MN, (2)University of Minnesota 
College of Veterinary Medicine, White Bear Lake, MN 
Genotype imputation from low-density (LD) to high-density (HD) single nucleotide polymorphism (SNP) chips is a cost-effective approach to 
increase the power of genome-wide association studies. Genotyping a proportion of a sample cohort on low and higher density arrays and 
imputing to higher density is a potentially cost-effective strategy. To evaluate the accuracy of genotype imputation using a within population 
reference sample, and to determine the minimal number of reference individuals necessary, 234 Welsh ponies were divided into reference and 
validation sets with varying numbers of individuals included in the reference set. Individuals from the validation set had their HD genotypes 
masked, except for the genotypes of markers present on the EquineSNP50 array, simulating a situation where these ponies were genotyped on the 
LD array. Criteria used to assess imputation accuracy included genotype concordance and Pearson’s correlation coefficient between imputed and 
observed genotypes. As proof of principle, a GWAS for height was performed first as if the ponies were genotyped on the LD array, secondly, in 
the imputed datasets with varying reference population sizes and finally in the real dataset. HMGA2 is a confirmed QTL for height located on 
ECA6.  The LD array poorly covers this region and thus provides a prime example to evaluate the capability of genotype imputation to improve 
power to detect causal loci. Imputation accuracy improved with increasing numbers of individuals in the reference population along with 
improved power to detect a causal variant poorly tagged by the LD array. 
 
P0592: Genome Mapping, Tagging & Characterization: Equine 
Investigating the Genetic Basis of Fractures in Thoroughbred Racehorses, using a Two Pronged Approach 
Arabella EG Baird, Animal Health Trust, Suffolk, United Kingdom, Sarah Blott, University of Nottingham, Nottingham, United 
Kingdom, Aram Saeed, University of East Anglia, Norwich, United Kingdom and Debbie Guest, Animal Health Trust, Newmarket, 
United Kingdom 
Fractures in racehorses are a significant economical and welfare concern for the racing industry and can present an adverse front of racing to the 
general public. Fracture is the main cause of euthanasia on the racecourse, accounting for 60% of all racecourse fatalities. Reducing the incidence 
of fracture presents a major opportunity to improve the health and welfare of the Thoroughbred horse population.  
Four thoroughbreds (two fracture cases, two no-fracture controls) were whole genome sequenced to identify novel mutations associated with 
fracture risk. A subset of the segregating mutations were chosen for TaqMan genotyping and validation in a larger cohort of samples (cases and 
controls).  
Alongside this, an approach using induced pluripotent stem cells (iPSCs) from genetically high and low risk horses was carried out. The iPSCs 
will be differentiated into bone in both 2D and 3D culture systems to enable us to understand the biology behind the genetics.  
Mutations which segregate between all cases and controls will then be selected for further functional studies (such as expression analysis) within 
our iPSC bone constructs.  
The ultimate aim of the project is to identify the biological mechanisms which underpin the genetic risk of fracture and to refine a genetic test for 
fracture risk. The information will assist owners, breeders and trainers such that training and racing regimes of high risk horses can be tailored 
and informed breeding decisions made to reduce the prevalence of fracture in Thoroughbred racehorses. 
 
P0593: Genome Mapping, Tagging & Characterization: Equine 
The Genetic Mechanisms Driving Cerebellar Abiotrophy in Arabian Horses 
Erica Scott1, Carrie J. Finno2, M. Cecilia Penedo3 and James D. Murray1, (1)School of Veterinary Medicine, UC Davis, Davis, CA, 
(2)University of California Davis, Davis, CA, (3)Veterinary Geentics Laboratory, University of California, Davis, Davis, CA 
Equine cerebellar abiotrophy (CA) is a hereditary neurodegenerative disease affecting the Purkinje neurons of the cerebellum, resulting in an 
ataxic phenotype.  It is inherited as an autosomal recessive trait and associated with a single nucleotide polymorphism (SNP) on equine 
chromosome 2 (CA SNP), which is located within a TOE1 exon and in proximity to MUTYH on the opposite strand. Unraveling which gene and 
associated pathway the CA SNP is affecting may elucidate the molecular mechanism of CA.  RNA-seq (100 bp PE strand-specific) was 
performed in cerebellar tissue of six CA-affected and five age-matched unaffected horses. Based on principle component analysis and 
dendogram plots, samples were clustered with four CA-affected and five CA-unaffected horses for further analyses.  Two pipelines for analysis 
of differentially expressed genes were used: Tophat2/Cufflinks/Cuffdiff2 and Kallisto/edgeR.  There were 195 significant differentially 
expressed genes in agreement between both analyses (FDR=0.05).  TOE1 (log(fold change)=0.51, q=0.618) and MUTYH (log(fold change)=0.03, 
q=0.992) were not among the differentially expressed genes. However, genes such as CALB1 (log(fold-change)=-4.6, q<0.001) and PCP2 
(log(fold-change)=-3.26, q<0.001) that are specifically expressed in Purkinje neurons, were significantly under-expressed, as expected.  The 



cerebellar transcriptome includes expression of over 18,000 genes, of which several have extended UTRs and overlapping transcriptional 
regions.  This transcriptome annotation was essential in identifying other potential molecular mechanisms that may be affected by the CA SNP. 
 
P0594: Genome Mapping, Tagging & Characterization: Equine 
Polymorphism Identification in Candidate Genes for Juvenile Idiopathic Epilepsy in the Arabian Horse 
Amy J. Dinerman, Heather M. Holl and Samantha A. Brooks, University of Florida, Gainesville, FL 
As an economically important species, the health of the Arabian horse is paramount for breeders.  Genetic selection for athletic ability, 
temperament, trainability, and above all, health is vital for the current and future success of the breed.  Here we describe a candidate gene study 
exploring the basis of Juvenile Idiopathic Epilepsy (JIE) in the Arabian.  The phenotype presents shortly after birth, from 2 days to 6 months of 
age.  Affected foals are stricken with clusters of classic tonic-clonic seizures, in addition to blindness, lethargic behavior, and a decrease or loss 
of the menace response. Fatality can occur if seizures cannot be controlled pharmacologically; however, most horses outgrow seizures by 18 
months of age and are healthy as adults, perpetuating this deleterious allele if they are used as breeding stock. As JIE is a rare condition in the 
Arabian horse, few affected individuals are available for study.  Thus, utilization of a candidate gene sequence approach was used to identify 
mutations in a small sample set.  We targeted two candidate genes, KCNQ2 and KCNQ3, which encode potassium voltage gated channels within 
the neurons in the brain. We identified a promising SNP in exon 14 of KCNQ3 that may contribute to the disease. Ongoing sample collection to 
increase statistical power is still underway and future work will verify the association with this SNP.  This approach aims to provide a genetic 
test to identify affected and carrier individuals to screen breeding stock and reduce the incidence of JIE affected foals. 
 
P0595: Genome Mapping, Tagging & Characterization: Equine 
Investigation of the Role of the Aryl Hydrocarbon Receptor and Endocrine Disrupting Chemicals in Equine Metabolic 
Syndrome 
Sian Ann Durward-Akhurst, NE Schultz, EM Norton, JR Mickelson and ME McCue, University of Minnesota, St. Paul, MN 
Equine Metabolic Syndrome (EMS) is characterized by abnormalities in insulin regulation, increased adiposity and laminitis. In a large across-
breed study, our lab has demonstrated that genetics and the environment play a role in EMS. Further, multi-level regression modeling has 
demonstrated that 23-49% of the variability in EMS phenotypic measures is related to shared environment; yet only 4-18% of this variability is 
explained by measured environmental factors including diet, exercise and season.  Recent work has identified associations between Endocrine 
Disrupting Chemicals (EDCs) and human metabolic syndrome and other endocrine abnormalities. To investigate the possibility that EDCs could 
be a factor in the unexplained variance, the proximity of horses to US EPA ‘Superfund sites’ harboring EDCs was evaluated. Horses from farms 
within 30 miles of a Superfund site were significantly more likely to have a history of laminitis (p = 0.002) and have higher post oral sugar 
challenge insulin concentrations (OST INS) (p=0.00005).  
GWAS in 286 Morgan horses identified the aryl hydrocarbon receptor (AHR) as a candidate gene for EMS. The AHR is responsible for 
metabolism of EDCs following their ingestion. A single SNP within the AHR was associated with OST INS values (p = 0.002), and 7 SNPs 
within two haplotypes across the AHR trans-activation domain were strongly associated with OST INS (p=0.0007 and 0.0009). A direct 
association between EDCs and EMS, and the gene-by-environment interaction between AHR and EDCs is currently being evaluated by 
quantification of AHR activating compounds in the plasma of 300 horses. 
 
P0596: Genome Mapping, Tagging & Characterization: Sheep 
The Sheep Gene Expression Atlas Project 
Emily L. Clark, Iseabail L. Farquhar, Mary B. McCulloch, Stephen J. Bush, C. Bruce Whitelaw, Mick Watson, Kim M. Summers, 
Alan L. Archibald and David A. Hume, The Roslin Institute and R(D)SVS, Edinburgh, United Kingdom 
Sheep are central to livestock production and of high socioeconomic importance across the globe. Improvements in productivity have, however, 
been relatively limited and there are numerous opportunities for genetic improvement.  We aim to produce a high-resolution atlas of gene 
expression from a comprehensive set of sheep tissues and cell types. The atlas will provide insight into gene, cell and tissue function with the 
goal of improving functional annotation of the sheep reference genome (currently, Oar v3.1).  
Approximately 80 tissues and 5 cell types were collected from each of six adult (Scottish Blackface x Texel) sheep. Stranded Illumina TruSeq 
libraries were generated for RNASeq at high depth (>100 million reads) for a subset of 10 key tissues, for each individual, and at medium depth 
(>25 million reads) for the remainder. The Illumina platform was also used to sequence the genomes of the six adult sheep at 10X coverage. In 
addition, samples were collected from juveniles, fetuses and blastocysts. We are currently analysing the RNASeq and genomic data.  
One initial priority is to compare the expression patterns from the RNASeq data with SNPs identified in the genome sequence data for evidence 
of allelic expression imbalance. The sequence data, which will be deposited in the public domain sequence repositories, will be a valuable 
resource for the international Functional Annotation of Animal Genomes (FAANG) initiative. The expression atlas will be a key foundation for 
sheep research, including studies with potential to inform future improvements in productivity, efficiency and health in sheep and other 
ruminants.  
 
P0597: Genome Mapping, Tagging & Characterization: Sheep 
Reference Genome Sequence Updates:   Texel Improvements and Rambouillet Progress 
Kim C. Worley1, Yue Liu1, Shwetha Canchi Murali1, R. Alan Harris1, Adam C. English1, Xiang Qin1, Evette Skinner1, Stephen 
Richards1, Jeffrey Rogers1, Yi Han1, Vanessa Vee1, Min Wang1, Qingchang Meng1, Michael P. Heaton2, Timothy P.L. Smith3, 
Brian Dalrymple4, James W. Kijas5, Noelle Cockett6, Eric Boerwinkle1, Donna M. Muzny1 and Richard A. Gibbs1, (1)Baylor 
College of Medicine, Houston, TX, (2)USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE, (3)USDA, 
ARS, USMARC, Clay Center, NE, (4)CSIRO Agriculture, St. Lucia, QLD, Australia, (5)CSIRO Animal, Health and Food Science, 
St Lucia, Australia, (6)Utah State University, Logan, UT 
The latest methods for producing and analyzing long reads are finally improving the quality of draft genome assemblies beyond the methods 
employed for early Sanger sequencing.  We have applied these methods to improve the existing genome of the Texel sheep and are in the process 



of producing a de novo assembly from a single Rambouillet ewe.  The Texel ram Pacific Biosciences data was used with the PBJelly software to 
improve Oar_v3.1.  The improved assembly that has been submitted to GenBank has improved contiguity and genomic representation.  Further 
efforts to produce a high quality reference genome have shifted focus to the Rambouillet where we have completed sequence production using 
the Pacific Biosciences technology, producing 200 Gb of sequence with subread length of 12.6 kb N50 length and 8.9 kb mean length.  Error 
correction of the reads using the Pacific Biosciences data is in progress.   
We will also discuss ongoing research with other methods to approach finished quality genomes without using traditional expensive and 
manually intensive finishing efforts. 
 
P0598: Genome Mapping, Tagging & Characterization: Sheep 
Progress on Developing SheepGenomesDB for the Ovine Research Community 
Noelle Cockett1, Rudiger Brauning2, Shannon Clarke2, Hans Daetwyler3, Sean McWilliam4,5, Gary Saunders6, James Kijas7 and 
Alan McCulloch2, (1)Utah State University, Logan, UT, (2)AgResearch Ltd, Invermay Agricultural Centre, Mosgiel, New Zealand, 
(3)Department of Primary Industries (Victoria), Bundoora, Australia, (4)CSIRO Agriculture Flagship, St Lucia, Australia, 
(5)CSIRO Agriculture QBP, St. Lucia, Australia, (6)EMBL-EBI, Cambridge, United Kingdom, (7)CSIRO Agriculture Flagship, St. 
Lucia, Australia 
SheepGenomesDB is an electronic warehouse containing sequence variants called from the expanding collection of sheep genomes being 
generated across our research community. Through the application of a single harmonised pipeline for read QC, mapping, variant detection and 
annotation, SheepGenomesDB makes available variant collections derived in a standardised manner. Here, we present the eligibility criteria for 
genome data that may potentially contribute to the project, including data access considerations, metadata requirements, depth of coverage and 
data formats. We present the flow of data, from data deposition and storage using the Short Read Archive to aspects of variant accessioning and 
functional annotation supported by the European Variation Archive. The first analysis run has been completed, with read mapping and variant 
calling performed for 350 sheep genomes from nearly 50 breeds. This identified in excess of 25 million SNP. Collections of both unfiltered and 
filtered variants are being passed to the European Variant Archive, which will serve as an important interface to the user community. The 
creators view SheepGenomesDB as an essential resource for researchers interested in gene mutation discovery, imputation as it relates to 
genome-wide association and genomic prediction as well as investigations into genome evolution, domestication and the consequences of 
selection. 
 
P0599: Genome Mapping, Tagging & Characterization: Sheep 
Meiotic Recombination: Crossing-over into Livestock Species 
Kimberly M. Davenport and Brenda M. Murdoch, University of Idaho, Moscow, ID 
The production of viable gametes is an integral part of reproduction and the sustainability of the livestock industry. Homologous recombination 
or cross-overs (CO) is an extremely important process in gametogenesis that contributes to genetic variation and ensures proper chromosome 
segregation. In virtually all organisms studied thus far, it is clear that at least one CO per chromosome arm is necessary to avoid mis-segregation. 
Furthermore, the location of CO is not random, exhibiting some preferences (called hotspots) and with the presence of one CO “interfering” with 
the proximity of a second. Importantly, failure or improper placements of recombination represent a significant contribution to developmental 
defects, embryonic and fetal loss and infertility. Despite the importance of these issues we know very little about meiotic recombination rates in 
livestock species. We have characterized and quantified the number of recombination events from Targhee and Suffolk rams. Testicular tissue 
samples were taken and spermatocytes were spread and fixed on slides. Immunofluorescent staining of pachytene stage prophase cells were used 
to identify the synaptonemal complexes (SYCP3) and CO events (MLH1). The numbers of CO and their chromosomal locations were analyzed. 
Our data suggests that recombination rates are higher in sheep (~61.5) than in estimated in cattle (~47.5), despite similar genome size and 
number of chromosome arms. This research provides important information regarding recombination rates in sheep spermatocyte. Furthermore, 
this research contributes valuable information towards a greater understanding of the factors that control meiotic recombination to enhance 
reproduction and genetic predictions. 
 
P0600: Genome Mapping, Tagging & Characterization: Sheep 
Inbreeding and Its Effects on Small and Isolated Sheep Population : The Case of Rambouillet's Merino Breed 
Adélie Tholance1, Coralie Danchin2, Carole R. Moreno3 and Gwendal Restoux1,4, (1)UMR 1313 GABI - INRA, Jouy en Josas 
cedex, France, (2)Institut de l’Elevage, Paris, France, (3)INRA, Toulouse, France, (4)UFR GER - Dept SVS - AgroParisTech, 
PARIS cedex 05, France 
Threatened populations that have undergone a strong reduction of their size are subsequently more likely to reproduce under inbred conditions. 
The adverse effects of such matings on the fitness of the progeny have long been known. Unlike natural populations for which  detailed records 
of genealogy are scarce, domestic and captive populations can benefit from available pedigree data. In this regard, the Merino population from 
Rambouillet, which has been maintained at small size since its arrival at the Bergerie Nationale de Rambouillet, is a  valuable model to study the 
effects of a small population size associated with a closed registry system on genome structure and genetic diversity. This study showed that, 
despite a low genetic diversity and a strong structure of the genome, the population management, aiming to minimize matings between the most 
closely related animals was an adequate breeding policy: the population is not structured into family groups. Furthermore inbreeding depression 
is low. This project should help to assess the evolutionary potential of the flock. In the long term, it should contribute to the development of 
recommendations on the management of endangered populations where inbreeding and genetic drift are inevitable, due to their small size. 
 
P0601: Genome Mapping, Tagging & Characterization: Sheep 
Characterization of the Sheep Hypothalamus and Pituitary Transcriptomes 
Emily Cope, The University of Tennessee, Knoxville, TN 
The sheep (Ovis aries) is a valuable model organism for understanding the relationship between energy balance and fertility in both ruminants 
and humans. As a first step towards identifying molecular pathways that couple energy sensing to reproduction, we characterized the 



transcriptomes of the sheep hypothalamus and pituitary using RNA-sequencing (RNA-Seq). Ribonucleic acid samples from hypothalamus and 
pituitary of five Suffolk-cross wethers were deeply sequenced (Hypothalamus: 468,912,732; Pituitary: 515,106,092 reads per sample) using an 
Illumina Hi-Seq platform and aligned to the Bos taurus and Ovis aries genomes using BLAST (v 2.2.26). Approximately, 56% (264,870,861) 
and 69% (356,686,163) of reads mapped to known genes in hypothalamus and pituitary, respectively. Of the 23,569 known genes to which reads 
mapped, 3,593 were expressed only in hypothalamus and 3,354 genes only in pituitary. Fragments per Kilobase of transcripts per Million 
(FPKM) normalized counts were averaged and ranked to identify the most highly expressed (top 1000) genes in each tissue. Gene Ontology 
(GO) analysis of these two gene sets (using DAVID Bioinformatics Resources (v. 6.7)) identified metabolic and reproduction-related genes 
shared by both tissues as well as functional categories with tissue-specific enrichment. These transcriptomes will provide an important 
foundation for identifying molecular mechanisms of energy sensing and fertility using the sheep model. 
 
P0602: Genome Mapping, Tagging & Characterization: Sheep 
Fine Mapping a Sheep Genomic Locus Involved in Viral Restriction of Ovine Lentivirus 
Alisha T. Massa1, Michelle R. Mousel1,2, Margaret A. Highland1,2, James O. Reynolds2, Donald P. Knowles1,2, J. Bret Taylor3 and 
Stephen N. White1,2, (1)Washington State University, Pullman, WA, (2)USDA, ARS, Animal Disease Research Unit, Pullman, 
WA, (3)USDA, ARS, Range Sheep Production Efficiency Research, Dubois, ID 
Ovine lentivirus (OvLV) affects half of all sheep flocks in the U.S. causing high economic and animal welfare costs.  Since there are no effective 
vaccines and no feasible treatments for ovine progressive pneumonia, breeding for improved control through marker assisted selection is a 
desirable way to combat OvLV. Proviral concentration correlates with disease severity, so we used genome-wide association (GWAS) followed 
by marker validation in diverse populations to identify a small insertion mutation that is associated with consistently lower proviral 
concentration; on average, insertion homozygotes have less than half the proviral concentration of other genotypes.  This insertion is located 
within 65 kilobases of four zinc-finger transcription factor genes, none of which are currently described as viral restriction factors in any 
mammalian system. We re-sequenced eight sheep from phenotypic extremes in multiple breeds and genotyped all predicted amino acid 
substitution and splice site variants within these four genes in a mapping population. Based on initial analysis of 15 out of 28 variants across all 
four genes, there is no improved or equivalent association with proviral concentration phenotype among our current marker set. Furthermore, 
joint modeling does not suggest synthetic association where the insertion marker might be a representation of multiple functional mutations 
already in our data set.  We hypothesize that one or more causal mutations lie within a gene regulatory region and not a protein coding gene. We 
will test our hypothesis with gene expression studies currently underway to help identify one or more novel viral restriction factors in this region. 
 
P0603: Genome Mapping, Tagging & Characterization: Sheep 
Ovine Leukocyte Counts Do Not Associate with Variation in prnp, but are Breed and Age Dependent 
Michelle R. Mousel1, Stephen N. White1,2, David R. Herndon1, James O. Reynolds1, Michael V. Gonzalez2, W. Carl Johnson1, 
Massaro W. Ueti1, J. Bret Taylor3 and Donald P. Knowles1,2, (1)USDA, ARS, Animal Disease Research Unit, Pullman, WA, 
(2)Washington State University, Pullman, WA, (3)USDA, ARS, Range Sheep Production Efficiency Research, Dubois, ID 
Genetic variation within the prion gene (prnp) in sheep confers resistance to scrapie.  In cattle, lymphocyte profile was found to be associated 
with prnp genotype. Therefore, the aim of this study was to determine if sheep prnp genotypes were associated with any leukocyte 
population.   Blood was collected from 589 ewes (Columbia, Polypay, Rambouillet, Suffolk) aged 2-6 years over 3 years (2011, 2013, and 2014) 
at the U.S. Sheep Experiment Station, Dubois, ID.  DNA was extracted, complete blood cell counts (CBC) were recorded, and the prnp 
genotypes were identified by sequencing. Data was analyzed with a reduced mixed model where breed, genotype, and age were fixed effects with 
CBC sampling year and sire as random effects.  There were no associations (P>0.10) of any prnp genotype with any leukocyte count except for 
the variant at nucleotide position 335 (amino acid 101) with monocytes (P<0.025).  Bonferroni correction eliminated this significance.  These 
results are contrary to a cattle study however, we did not differentiate the lymphocyte population into B cells, CD4+, and CD8+ T cells.  Breed of 
sheep impacted (P<0.01) all leukocyte measurements.  Generally, Rambouillet ewes had lower leukocyte counts compared with the other breeds 
and Suffolk had the greatest.  Younger sheep had greater (P<0.01) white blood cell and lymphocyte counts compared with older sheep.  Ewe age 
did not affect (P>0.16) monocyte, neutrophil, basophil or eosinophil counts.  We did not find an association of leukocyte counts, as determined 
by CBC, with the 10 prnp genotypic variations detected here. 
 
P0604: Genome Mapping, Tagging & Characterization: Sheep 
Genome Wide Transcript and Methylation Changes in the Sheep Seasonal Clock 
Matthew M. Hindle1, Shona Wood2, Le Yu1, Katarzyna Miedzinska1, Alan S McNeilly3, Helen Christian4, Julian Davis2, Ben 
Saer2, Bob Paton1, Andrew Loudon2 and David W. Burt1, (1)The Roslin Institute, Edinburgh, United Kingdom, (2)UK Faculty of 
Life Sciences, Manchester, United Kingdom, (3)MRC Centre for Reproductive Health, Edinburgh, United Kingdom, (4)Oxford 
University, Department of Physiology, Anatomy and Genetics, Oxford, United Kingdom 
The circannual clock drives yearly rhythms, in both plants and animals, to meet the challenges of a changing seasonal environment. For many 
agricultural species the seasonal timing of growth, metabolism and reproduction is synchronized to the changing length of day (photoperiod). We 
investigated epigenetic and transcriptional changes in sheep calendar cells of the pituitary pars tuberalis (PT).  
We present a genome-wide analysis of the changes in DNA methylation with respect to melatonin treatment, photoperiod, and time of 
day (circadian effect). We correlated methylation changes to proximal gene expression. RRBS and RNASeq was used to measure methylation 
and transcript abundance. Beta-regression analysis was used to dissect the effects and interaction of effects from a melatonin implant, 
photoperiod and time of day on methylation.  
We observed significant methylation changes in response to melatonin treatment (426 FDR significant CpG sites), photoperiod 
lengthening (1,697), and time of day (567). We identified 529 significant DMR regions. Photoperiod had the strongest effect on the methylome. 
Melatonin was shown to effect methylation changes and play a role as an important interactor that modulates the methylation effects of 
photoperiod and time of day. We also observed differences and overlaps in the location and density of methylation changes across the genome 
for all three treatments. Correlation between methylation and transcript abundance was dependent on the overlap with genomic features.  



We conclude that the epigenome of PT calendar cells plays an important role in the circannual clock. It drives seasonal changes in the 
transcriptome, orchestrating the timing of seasonal processes. 
 
P0605: Genome Mapping, Tagging & Characterization: Sheep 
Preliminary WGBS analysis of DNA methylation in ovine placentae from in vivo and in vitro produced embryos 
Paola Toschi1, Emanuele Capra2, Marcello Del Corvo3,4, Federica Zacchini5, Grazyna Ptak5,6, Pasqualino Loi1, Alessandra Stella4, 
John Williams4,7, Licia Colli8 and Paolo Ajmone Marsan9, (1)University of Teramo, Teramo, Italy, (2)Institute of Agricultural 
Biology & Biotechnology - CNR, Lodi, Italy, (3)Inst. of Zootechnics, Università Cattolica del S. Cuore, Piacenza, Italy, Piacenza, 
Italy, (4)PTP Science Park, Lodi, Italy, (5)Institute of Genetics and Animal Breeding, Polish Academy of Sciences, Jastrzebiec, 
Poland, Magdalenka, Poland, (6)National Research Institute of Animal Production, Balice n/Krakow, Poland, (7)School of Animal 
and veterinary Science, Roseworthy, Australia, (8)Research Center on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy, 
(9)Inst. of Zootechnics, Università Cattolica del S. Cuore, Piacenza, Italy 
The placenta is a fundamental mediator of environmental conditions that influence the developmental programming of the fetus. To assess the 
effects of in-vitro fertilization environment, we investigated the epigenome of placentae from in-vivo and in-vitro produced sheep embryos.  
Placentae were collected from 20-day-old fetuses obtained from natural conception (NF; N=5), in vitro fertilization in the presence (IVF+B12; 
N=5) or absence (IVF; N=5) of vitamin B12, which is essential for the biosynthesis of the methyl-donor S-adenosyl-methionine.  
Epigenomes were analysed by Whole Genome Bisulfite Sequencing (Hiseq2000 Illumina). Bismark software v.0.14.3 was used to align each 
read to a bisulfite-converted sheep genome and to simultaneously call for cytosine methylation.  
To date, 6 animals (2 per group) have been sequenced. An average of 35.7 million reads were produced per sample, with a mapping efficiency 
ranging from 76.8% to 79.3%. A lower proportion of methylated cytosineswas observed in the IVF compared to NF. Exceptions were the 
chromosomes OAR2, 9 and 11, where proportions were similar in the two groups.The addition of B12 further decreased methylation on all 
chromosomes, compared to IVF, with the notable exception of X chromosome, where for IVF+B12 the methylation proportion was higher than 
IVF. These data suggest that the in-vitro environment has an effect on the placental epigenome status which in turn may affect gene expression 
and the viability of in-vitro produced embryos. These preliminary data are to be confirmed with larger numbers and the methylation patterns 
along the genome have yet to be investigated. 
 
P0606: Genome Mapping, Tagging & Characterization: Sheep 
The Effect of Residual Feed Intake on Rumen Microbial Profiles in Growing Ewe Lambs 
Melinda J. Ellison1, Gavin Conant2, William R. Lamberson3, Tasia Taxis3, Edward A Van Kirk1, Daniel C. Rule1, Hannah C. 
Cunningham1, Kathleen J. Austin1 and Kristi M. Cammack1, (1)Department of Animal Science, University of Wyoming, Laramie, 
WY, (2)Informatics Institute, University of Missouri, Columbia, MO, (3)Division of Animal Sciences, University of Missouri, 
Columbia, MO 
The rumen microbiome is known to play a paramount role in fermentation of consumed feedstuffs in ruminant livestock, and therefore may 
influence the efficiency of feed utilization. The objective of this study was to determine the effect of feed efficiency status on rumen microbial 
profiles in growing ewe lambs. Growing Targhee ewe lambs (initial BW = 55.7 ± 1.2 kg; n = 78) were fed a forage-based pelleted diet. 
Individual feed intake was measured with a GrowSafe System for 70 d and initial, mid, and final BW were recorded to allow for estimation of 
feed efficiency. Rumen fluid samples were collected at the end of the feeding trial, and DNA was extracted for sequencing from the rumen fluid 
of the eight most (low RFI) and eight least efficient (high RFI) ewes. Paired-end reads were filtered, quality trimmed and compared with a 
database of known 16S rDNA genes. Operational taxonomic units (OTU) were defined as sequence clusters with ≥ 97% identity. There were 306 
OTUs present in at least one animal. Of the 6 OTUs observed to differ with RFI status, 4 were of greater (P ≤ 0.044) abundance in high RFI 
ewes, including Prevotella bryantii, Ruminococcus albus, Schwartzia succinivorans and Mannheimia haemolytica. Methanobrevibacter smithii 
and an unknown Prevotella species were of greater (P ≤ 0.044) abundance in low RFI ewes. These data suggest that certain species in the rumen 
microbiome may contribute to variation in host feed efficiency. 
 
P0607: Genome Mapping, Tagging & Characterization: Sheep 
Effect of High Sulfate Water on Rumen Microbial Populations in Lambs 
Amy N Abrams1, Kathleen J. Austin1, Melinda J. Ellison1, Hannah C. Cunningham1, Gavin Conant2, Tasia Taxis2, William R. 
Lamberson2 and Kristi M. Cammack1, (1)Department of Animal Science, University of Wyoming, Laramie, WY, (2)Division of 
Animal Sciences, University of Missouri, Columbia, MO 
Rumen microbes are responsible for the degradation of feedstuffs and certain species are capable of reducing dietary sulfur (SO4

2-).  As a result, 
the host ruminant can be subject to health complications associated with the overproduction of H2S by the SO4

2- reducing bacteria. Our objective 
was to identify rumen microbial species that react and potentially adapt to high SO4

2- drinking water. Hampshire and Hampshire-cross lambs (n = 
12; initial BW 75.52 ± 14.4kg) were individually fed a forage-based pelleted diet for a 35 d period. High SO4

2- drinking water (3,000 ± 500 mg 
SO4

2-/L) was administered ad libitum for a 28 d period, followed by 7 d of low SO4
2- (35 mg SO4

2-/L) drinking water.  Rumen fluid collected via 
oral lavage on d 0, 7, 28, and 35, was extracted for DNA sequencing to identify microbial taxa. Paired-end reads were filtered, quality-trimmed, 
and compared with a known database of 16S rDNA reads.  Operational taxonomic units (OTU) were defined as sequence clusters with ≥ 97% 
identity and analyzed for fixed effect of sampling day with total OTU used as a covariate. A total of 287 OTUs were identified in at least 1 of the 
32 total samples that were sequenced (8 lambs; 4 sampling dates). Of those, 39 were affected (P < 0.05) by sampling day. Results indicate a shift 
in ruminal microbial populations in response to high SO4

2- water. Certain prevalent rumen microbial genera, such as Prevotella, 
Methanobrevibacter, Butyrivibrio, and Selenomonas, showed evidence of adapting to high SO4

2- water. 
 
P0608: Genome Mapping, Tagging & Characterization: Sheep 
High Sulfate Water Affects Volatile Fatty Acid Profiles in Lambs 



Sierra Powell1, Amy N Abrams1, Kathleen J. Austin1, Daniel C. Rule1, Edward A Van Kirk1, Melinda J. Ellison1, Hannah C. 
Cunningham1, Gavin Conant2, William R. Lamberson2, Tasia Taxis2 and Kristi M. Cammack1, (1)Department of Animal Science, 
University of Wyoming, Laramie, WY, (2)Division of Animal Sciences, University of Missouri, Columbia, MO 
The semi-arid rangelands of the western United States often lack the water quality needed to support the health and performance of livestock. In 
times of drought, sulfate (SO4

2-) can accumulate in the water supply. Certain rumen microbes responsible for converting feedstuffs into volatile 
fatty acids (VFA) for energy use by the host also reduce SO4

2- to sulfide, resulting in H2S accumulation and subsequent loss of livestock 
performance.  Our objective was to measure the effects of high- SO4

2- water on rumen microbial populations and corresponding VFA 
concentrations in growing lambs.  Hampshire/Hampshire-cross ewe lambs (n = 12; initial BW 75.52 14.4 kg) were randomly allotted to 
individual pens and provided a forage-based, pelleted diet ad libitum. Lambs were offered high- SO4

2- drinking water (3,000  500 mg SO4/L) for 
28 d followed by low- SO4

2- (35 mg SO4/L) drinking water for 7 d.   Rumen samples collected on d 0, 7, 28, and 35 were analyzed for VFA 
concentrations by gas chromatography, as well as for microbial taxa identification via DNA sequencing.  Acetate, propionate, isovalerate and 
valerate were affected (P < 0.05) by the SO4

2-
 water treatment. Furthermore, abundances of Prevotella ruminicola, Selenomonas ruminantium, 

and Oscillibacter valericigenes, which produce propionate or acetate as end products of metabolism, were altered (P < 0.05) by the SO4
2-

 
water.  We conclude high- SO4

2- drinking water changes the abundance of several rumen microbial species, possibly driving a shift in VFA 
production which could result in reduced host performance. 
 
P0609: Genome Mapping, Tagging & Characterization: Sheep 
Genetic Investigation of Sheep Families Demonstrating the Entropion Eye Condition 
Tracy Hadfield, Emily Anderson and Noelle Cockett, Utah State University, Logan, UT 
Lambs are sometimes born with a condition called entropion in which the lower eyelid is inverted, causing the bottom eyelashes to rub on the 
cornea which can lead to blindness if not treated.  Treatment is commonly done by unrolling the eyelid and surgically stapling it in correct 
alignment for a few weeks.  Previous reports on entropion have indicated that it is genetically controlled. In this study, samples from five paternal 
half-sibling families segregating for entropion were collected in 2014 and 2015.  Two of the five sires were born at the Utah State University 
sheep facility; one was from a flock with high incidence of entropion and born with the condition while the other sire, normal at birth, was from a 
flock with no recorded entropion births in the last 7 years.  The other three sires were purchased and their eye condition at birth is 
unknown.  Forty eight of the 159 lambs produced by these five rams were born with entropion. In an attempt to identify genetic regions involved 
with the entropion eye condition, genomic DNA was extracted from all lambs, sires and dams in the five families and the DNA samples 
genotyped with the Illumina HD SNP chip. Analysis of the SNP genotypes and entropion was done using SNP & Variation Suite v8. (Golden 
Helix, Inc.).  Preliminary results suggested associations between the entropion condition and SNP markers on ovine chromosomes 1 and 
3.  Additional analyses are underway to localize the significant regions and identify underlying genes or genetic regulatory factors. 
 
P0610: Genome Mapping, Tagging & Characterization: Sheep 
Structural Analysis of Caribbean Hair Sheep Reveals Two Climate-Mediated Sub-Groups. 
Gordon Spangler, Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD 
The US sheep industry has been in steady decline since the end of WWII. The national flock peaked at about 56 million head in 1942 and 
dropped to 7 million by 2000. However, the non-traditional market for lamb and sheep products has grown substantially in recent years. 
Consumers are attracted by the low-input and pasture-based production system of sheep. New producers are taking advantage of low start-up 
expenses and modest time commitment. 
Hair sheep of Caribbean origin are an optimal breeds for organic producers, especially those in the Southeastern US. Lack of wool eliminates the 
cost of shearing and abrogates the need for docking and precautions against associated hazards such as flystrike. Hair sheep obviously 
outperform fleeced breeds in regions of higher temperatures and humidity, environmental conditions ideal for for internal parasites such as H. 
contortus. Caribbean hair sheep demonstrate robust performance even in the presence of drug resistant trypanosomes. Taken together these 
factors result in reduced maintenance costs, decreased labor demands, and an overall higher return on investment. 
We performed whole genome structural analysis on sheep representing eight Caribbean breeds and all probable contributors to breed formation. 
Results show that Caribbean Hair Sheep fall into one of two climate-mediated subgroups and can be described by admixture of contributing 
breeds associated with economic and political dynamics initiated during the period of colonization of the New World. 
 
P0611: Genome Mapping, Tagging & Characterization: Sheep 
Genomic Prediction in a Wild Mammal 
Bilal H. Ashraf, Department of Animal & Plant Sciences, University of Sheffield, Sheffield, United Kingdom and Jon Slate, 
University of Sheffield, Sheffield, United Kingdom 
Genomic prediction is a molecular quantitative genetics method that has revolutionised animal and plant breeding and has several applications in 
human personalised medicine. This method uses genetic markers (SNPs) across the whole genome to predict breeding values of individuals. One 
of the objective of genomic prediction is to predict the phenotypes of an individual, such that genetically ‘best’ individuals can be used in 
breeding programmes.   Aim of this study was to investigate the genomic prediction accuracy in the population of Soay sheep (Ovis aries) which 
lives in NW Scotland. Genotype information at 37237 informative autosomal SNP markers on the OvineSNP50 BeadChip was available for a 
total of 5805 sheep. Traits used in this study were foreleg, hindleg, weight, metacarpal and hornlength. The Bayesian mixture model (called 
bayesR) used for genomic prediction. Cross validation was used to estimate the accuracies. Each data set of the traits were randomly split into a 
training sample containing 90%, 50% and 5% of individuals and a validation sample containing the remaining ones. Prediction accuracies were 
calculated as correlation between observed and predicted phenotype in the validation sample. Heritabilities were 0.44 (foreleg), 0.44 (hindleg), 
0.12 (weight), 0.67 (metacarpal) and 0.25 (hornlength). The accuracies were reported as 0.42 (foreleg), 0.39 (hindleg), 0.17 (weight), 0.60 
(metacarpal) and 0.34 (hornlength) when 95% individuals were in training set. Prediction accuracies increases as size of training population 
increased. Our results reveal that various traits measured in Soay sheep can be predicted with sufficient accuracy to make it feasible to implement 
genomic selection. 



 
P0612: Genome Mapping, Tagging & Characterization: Goat 
Progress Toward a Low Budget Reference Grade Genome Assembly 
Benjamin D. Rosen1, Derek M. Bickhart2, Sergey Koren3, Alex R. Hastie4, Timothy P.L. Smith5, Steven G. Schroeder2, Shawn T. 
Sullivan6, Ivan Liachko7, Joshua N. Burton7, Brian L. Sayre8, Heather J Huson9, George E. Liu2, Erin E. Connor2, Tad S. 
Sonstegard10, Adam Phillippy3 and Curtis P. VanTassell2, (1)ARS, USDA, Beltsville, MD, (2)Animal Genomics and Improvement 
Laboratory, USDA-ARS, Beltsville, MD, (3)National Human Genome Research Institute, Bethesda, MD, (4)BioNano Genomics, 
San Diego, CA, (5)USDA, ARS, USMARC, Clay Center, NE, (6)Phase Genomics, Seattle, WA, (7)University of Washington - 
Department of Genome Sciences, Seattle, WA, (8)Virginia State University, Petersburg, VA, (9)Cornell University, Ithaca, NY, 
(10)Acceligen Inc. Animal Ag. Subsidary of Recombinetics, St. Paul, MN 
Reference quality de novo genome assemblies were once solely the domain of large, well-funded genome projects.  While next-generation short 
read technology removed some of the cost barriers, accurate chromosome-scale assembly remains a real challenge.  Here we present efforts to de 
novo assemble the goat (Capra hircus) genome.  Through the combination of single-molecule technologies from Pacific Biosciences 
(sequencing) and BioNano Genomics (optical mapping) coupled with high-throughput chromosome conformation capture sequencing (Hi-C), an 
inbred San Clemente goat genome has been sequenced and assembled to a high degree of completeness at a relatively modest cost.  Starting with 
38 million PacBio reads, we integrated the MinHash Alignment Process (MHAP) with the Celera Assembler (CA) to produce an assembly 
composed of 3110 contigs with a contig N50 size of 4.7 Mb.  This assembly was scaffolded with BioNano genome maps derived from a single 
IrysChip into 333 scaffolds with an N50 of 23.1 Mb including the complete scaffolding of chromosome 20.  Finally, cis-chromosome 
associations were determined by Hi-C, yielding complete reconstruction of all autosomes into single scaffolds with a final N50 of 91.7 Mb.  We 
hope to demonstrate that our methods are not only cost effective, but improve our ability to annotate challenging genomic regions such as highly 
repetitive immune gene clusters. 
 
P0613: Genome Mapping, Tagging & Characterization: Goat 
The DNA Methylation Pattern of Prepubertal and Pubertal Alpine Goats 
Stefano Frattini1, Emanuele Capra2, Barbara Lazzari3, Beatrice Coizet1, Debora Groppetti1, Pietro Riccaboni1, Alessandro Pecile1, 
Stefania Chessa2, Bianca Castiglioni2, Andrea Talenti1, John Williams4, Stephanie McKay5, Paola Crepaldi1, Alessandra Stella3 and 
Giulio Pagnacco1, (1)Department of Veterinary Science and Public Health - University of Milan, Milan, Italy, (2)Institute of 
Agricultural Biology & Biotechnology - CNR, Lodi, Italy, (3)PTP Science Park, Lodi, Italy, (4)University of Adelaide, School of 
Animal and Veterinary Science, Roseworthy, Australia, (5)University of Vermont, Burlington, VT 
Puberty timing is controlled by many genes and the elements coordinating this process have not completely been identified. Hypothalamus is a 
pivotal organ in the control of sexual maturation. There is evidence that epigenetic modifications, such as DNA methylation, play a key role in 
the process. The methylome of the hypothalamus of 10 Alpine goats, 5 at a prepubertal stage (93±8 days old) and 5 at their pubertal stage 
(230±17 days old) was analysed to investigate the differences at the DNA methylation level behind these physiological changes.  
In order to evaluate differentially methylated regions, Methylated DNA Binding Domain sequencing (MBD-seq) with enrichment of methylated 
DNA fragments and next generation sequencing (Hiseq2000 Illumina) were performed. An average of 24,13 million of reads (range 18.00 and 
30.11 million of reads) were produced per sample and peaks corresponding to hyper-methylated regions were estimated using the software 
ChIPseeqer. The analysis showed that there was an  increase in methylation before puberty.The extent of methylation had a median value (±IQR) 
of 12.32±10.21 Mbp of the genome for prepubertal goats, compared with 8.18±9.71 Mbp for pubertal goats. Significantly increased methylation 
was seen on 11 chromosomes in prepubertal goats. Among these, chromosomes 4 and 7 were the most highly significant differentially 
methylated.  
In showing that female puberty in goats is associated with amodification of the DNA methylation pattern in the hypothalamus, these results add 
information on the complex mechanisms that control puberty in mammals. 
 
P0614: Genome Mapping, Tagging & Characterization: Goat 
Delayed Scrapie Incubation Times for PRNP S127 Heterozygous Goats 
Stephen N. White1,2, Rohana Dassanayake2, Sally Madsen-Bouterse2, David A. Schneider2 and Katherine I. O'Rourke2, (1)USDA, 
ARS, Animal Disease Research Unit, Pullman, WA, (2)Washington State University, Pullman, WA 
Classical scrapie is a transmissible spongiform encephalopathy that affects domestic goats and sheep. Even if current scrapie eradication 
measures are successful in sheep, goats can act as a scrapie reservoir and transmit scrapie to sheep. Scrapie eradication in sheep is based in part 
on strong genetic resistance to classical scrapie. However, implications of differing genotypes have been less well explored in goats. In 
particular, one prion gene polymorphism at codon 127 (G/S127; G=glycine, S=serine) is significantly underrepresented in scrapie infected goats 
but the specific scrapie incubation period has not been defined for G/S127 heterozygous goats. Therefore, the aim of this study was to identify 
whether goats with the G/S127 genotype have extended incubation periods with classical caprine scrapie. Challenge experiments demonstrated 
control goats (G/G127 genotype) had scrapie incubation periods of 261-332 days while G/S127 heterozygous goats had incubation periods of 
647-1333 days. These results suggest that scrapie eradication programs should include longer traceback history for G/S127 heterozygous goats 
compared to more common G/G127 genotype goats to accurately reflect potential exposures and sources of scrapie transmission. 
 
P0615: Genome Mapping, Tagging & Characterization: Swine 
Identifying Low-Confidence Regions in the Sscrofa10.2 Reference Genome 
Amanda Warr1, Christelle Robert1, David Hume1, Alan L. Archibald1, Joseph (Nader) Deeb2 and Mick Watson1, (1)The Roslin 
Institute and R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom, (2)Genus plc, Hendersonville, TN 
Many applications of high throughput sequencing rely on the availability of an accurate reference genome. Variant calling often produces large 
data sets that cannot be realistically validated and which likely contain large numbers of false-positives. Errors in the reference assembly increase 



the number of false-positives. While resources are available to aid in the filtering of variants from human data, for other species resources are 
limited and strict filtering techniques must be employed which are more likely to exclude true-positives. This work assesses the accuracy of the 
pig reference genome (Sscrofa10.2) using Illumina whole genome sequencing reads from the Duroc sow whose genome the assembly was based 
on. Indicators of structural variation including high regional coverage, unexpected insert sizes, improper pairing and homozygous variants were 
used to identify low quality (LQ) regions of the assembly. Low coverage (LC) regions were also identified and analyzed separately. The LQ 
regions covered 13.85% of the genome, the LC regions covered 26.6% of the genome and combined (LQLC) they covered 33.07% of the 
genome. Over half of dbSNP variants were located in the LQLC regions. Excluding variants in the LQ, LC or LQLC from future analyses will 
help reduce the number of false-positive variant calls. Researchers using WGS data should be aware of the current pig reference genome's draft 
status and that for many regions it does not give an accurate representation of the original Duroc sow’s genome. It is likely similar inaccuracies 
increase false-positives in other species with draft assemblies. 
 
P0616: Genome Mapping, Tagging & Characterization: Swine 
The Pig’s Other Genome: A Reference Gene Catalogue of the Gut Microbiome 
Liang Xiao1, Jordi Estellé2, Pia Kiilerich3, Yuliaxis Ramayo-Caldas2, Qiang Feng1, Emmanuelle Maguin4, Joël Doré4,5, Nicolas 
Pons4,5, Emmanuelle Le Chateller4,5, Stanislav D. Ehrlich5, Lise Madsen3,6, Karsten Kristiansen1,3, Jun Wang1 and Claire Rogel-
Gaillard2, (1)BGI-Shenzhen, Shenzhen, China, (2)INRA, UMR1313 Animal Genetics and Integrative Biology, Jouy-en-Josas, 
France, (3)University of Copenhagen, Copenhagen, Denmark, (4)INRA, UMR 1319 MICALIS, Jouy-en-Josas, France, (5)INRA, 
USR 1367 MetaGenoPolis, Jouy-en-Josas, France, (6)National Institute of Nutrition and Seafood Research (NIFES), Bergen, 
Norway 
The pig is a major species for livestock and biomedicine. A pig reference genome was recently published. Here we report on the first gene 
catalogue of the pig gut microbiota based on faecal samples of 287 pigs from France, Denmark and China. More than 7.6 million non-redundant 
genes representing 719 metagenomic species were identified by deep metagenome sequencing. Results highlight substantially more similarities 
with the human than with the mouse catalogue.. The pig and human catalogues share 12.6 and 9.3 % of their genes, respectively, but 78 and 96% 
of their functional pathways. Notably, the pig gut microbiota is influenced by gender, age and breed. Analysis of the prevalence of antibiotics 
resistance genes (ARGs) confirmed the efficiency of eliminating antibiotics from animal diet to reduce the risk of ARG dissemination due to 
farming systems.  This first gene catalogue of the pig gut microbiota creates a substantial resource for whole metagenomics-based research in 
biomedicine and for sustainable knowledge-based pig farming. 
 
P0617: Genome Mapping, Tagging & Characterization: Swine 
Generation of Porcine PTEN Targeting Cell-Line as a Research Model for Human Cancer 
Kwang-Wook Park, Sunchon National University, Sunchon, South Korea, Jungtaek Kang, MGENPLUS biotechnology research 
institute, Seoul, South Korea and Kiho Lee, Virginia Tech, Blacksburg, VA 
Recently, there is an increasing interest in pig as a non-rodent research animal model for the study of human diseases. Because of their 
anatomical and physiological similarities to human, pigs are considered to be a useful animal model for human diseases such as cancer. With 
recent developments in genome editing technology using CRISPR/Cas9 system, genetically modified pigs can be generated at a higher 
efficiency. In this study, we have generated porcine cell lines which carry defective phosphatase and tensin homolog (PTEN) gene by using 
CRISPR/Cas9 system. The gene is a known tumor suppressor gene, thus modification of the gene will allow us to monitor cancer development in 
pigs. First, specific CRISPR/Cas9 systems to target porcine PTEN were designed and generated to induce a double-strand break on Exon2. The 
plasmids encoding for CRISPR/Cas9 system were transfected into porcine fetal fibroblasts by electroporation. After transfection, mutations 
generated through the CRISPR/Cas9 systems were identified by sequencing PCR amplicons flanking CRISPR/Cas9 target regions. The 
sequencing results confirmed that we have successfully generated PTEN knock-out cell lines carrying biallelic modification; efficiency of mutant 
targeting was 24/72 (33.3%). These fibroblasts were used as donor cells for somatic cell nuclear transfer, followed by embryo transfer to generate 
PTEN knock-out pigs. Pregnancy was established in one surrogate and the animals are expected to farrow in the near future. The genetically 
modified piglets produced from the surrogates could be useful resources for human cancer research and a potential model to develop novel 
cancer therapies. 
 
P0618: Genome Mapping, Tagging & Characterization: Swine 
Characterization of Myostatin Gene-Edited Pigs 
Brandy Marron1, Anna C. Dilger1, Jonathan E. Beever1, Kellie A Kroscher2 and Daniel L. Clark2, (1)Department of Animal 
Sciences, University of Illinois at Urbana-Champaign, Urbana, IL, (2)University of Illinois, Urbana, IL 
Since discovery of the regulatory role of myostatin in muscle development, there have been a number of reports demonstrating the effect of 
polymorphisms in the myostatin gene (MSTN) across various species. In particular, naturally occurring mutations that increase muscle growth 
have been reported in mice, cattle, man, dogs, horses and sheep. Conversely, investigation of MSTN polymorphisms in pigs has not been as 
fruitful with no true loss-of-function mutant, similar to those in other species, being identified.  It is possible that there has been insufficient 
screening of pig populations, however, it is also possible there is a biological restriction on the survivability of novel MSTN mutant genotypes. 
To investigate the potential consequences and utility of loss-of-function mutations in the pig, as well as possible interactions with known IGF2 
polymorphisms, we have used zinc finger nucleases designed specifically to target key functional domains in the third exon of MSTN. We have 
successfully introduced a series of small insertion-deletion mutations in porcine fetal fibroblast cell lines.   Clonally isolated sub-lines were used 
for somatic cell nuclear transfer to successfully produce live monoallelic edited pigs.  We further investigated potential off-target modifications 
by complete genome sequencing of the fibroblast cell line prior to editing and a live-born edited clone.  Resulting variant calling suggests off 
target editing events are difficult to detect in the context of sequence variation due to technical precision of NGS platforms and potential somatic 
mutation. Selected matings are currently ongoing to investigate the effects of this mutation on muscle development. 
 
P0619: Genome Mapping, Tagging & Characterization: Swine 



Potential Functional Variants Associated with Age at Puberty in a Validation Population of Swine 
Dan Nonneman1, Clay A Lents1, Theodore S. Kalbfleisch2, Jeffrey L. Vallet1 and Gary A. Rohrer1, (1)USDA, ARS, USMARC, 
Clay Center, NE, (2)University of Louisville, Louisville, KY 
Puberty in pigs is defined as age at first estrus and gilts that have an earlier age at puberty are more likely to have greater sow lifetime 
productivity. Because age at puberty is predictive for sow longevity and lifetime productivity, but not routinely measured in commercial herds, it 
would be beneficial to use genomic or marker-assisted selection to improve these traits. A genome-wide association study at USMARC 
identified several loci associated with age at puberty in pigs. Candidate genes in these regions were scanned for potential functional variants 
using sequence information from the USMARC swine population founder animals and public databases. One-hundred forty variants (SNP and 
insertion/deletions) in forty genes were genotyped in 1275 phenotyped animals from a validation population sired by Landrace and Yorkshire 
industry semen using the Sequenom MassArray system. Twelve variants in eight genes were associated with age at puberty (p<0.005) with 
estimated additive SNP effects ranging from 1.6 to 5.3 days. Nine of these variants were nonsynonymous coding changes in AHR, CYP1A2, 
NPFFR2, OR2M4, SDCCAG8, TBC1D1 and ZNF608, two variants were deletions of one and four codons in aryl hydrocarbon receptor AHR, and 
the most significant SNP was near an acceptor splice site in the acetyl-CoA carboxylase alpha, ACACA. Several of the loci identified have a 
physiological and a genetic role in sexual maturation in humans and other animals. Further functional validation of these variants could identify 
causative mutations that influence age at puberty in gilts and possibly sow lifetime productivity. 
 
P0620: Genome Mapping, Tagging & Characterization: Swine 
Analysis of Porcine Trophoblast Stem Cells from Cloned Blastocysts Based on Transcriptome and DNA Methylome 
Sequencing 
Xiaoyan He1, Chengfa Zhao1, Xianwei Zhang1, Junsong Shi2, Rong Zhou2, Wanxian Yu2, Zicong Li1 and Zhenfang Wu1, 
(1)College of Animal Science, South China Agricultural University, Guangzhou, China, (2)National Engineering Research Center 
For Breeding Swine Industry, Yunfu, China 
Nuclear transfer is an effective strategy to multiply pigs with desired traits. However, most cloned porcine embryos are lost because of placental 
abnormalities. Insights into the molecular pathways controlling placental development may be gained by using porcine trophoblast stem cells 
(pTSCs) that can self-renew and differentiate into various placental cell types . In this study, we succeeded in establishing pTSCs from fertilized 
blastocysts with higher derivation efficiency than from cloned blastocysts. Six total RNA samples from this two sources of pTSCs were used to 
analyze the transcriptome difference. The sequence data analysis showed a significant difference in the mRNA expression quantity of 
pluripotency-related genes, pTSCs specific transcriptional factors, some imprinted genes and X-linked genes between the two groups. Moreover, 
higher expression lever of placenta development-related genes in cloned pTSCs indicate it propose to differentiate. The epigenetic modifier such 
as DNA methyltransferase and histone demethylase genes also show abnormal expression in cloned group. We are analyzing the DNA 
methylomes of pTSCs by using whole-genome bisulfite sequencing. These existing results showed that different genes may be involved in the 
abnormal phenotypes of cloned trophoblasts and that the use of pTSCs may help to unravel the epigenetic defects affecting development of 
clones. 
 
P0621: Genome Mapping, Tagging & Characterization: Swine 
Epigenetic Dynamics in the Porcine Germ Line 
Haixin Zhang, University of Nottingham, Leiscester, United Kingdom 
Erasure of epigenetic marks during primordial germ cell (PGC) development prevents the inheritance of epimutations between generations. Most 
of our current knowledge about germ line development in mammals stems from studies in the mouse. However, recent reports have revealed 
different development mechanisms of the human germline. To establish whether other species share similar developmental features of the germ 
line as humans we used the pig embryo as a model considering their shared embryological and developmental features. Pig foetuses collected 
between days 16-70 were sectioned and stained using a panel of markers such as Blimp1, Oct-4 and Nanog. The epigenetic features of these cells 
were studied for various epigenetic markers. We found that migratory PGCs show increased levels of 5-hmC and tet-1, along with reduced levels 
of 5-mC and low levels of Dnmt3a and Uhrf1 compared to their somatic neighbours. In gonadal PGCs, low/negative 5-mC and 5-hmC staining 
was detected. The observations of 5-mC, 5-hmC, Dnmt3a and Uhrf1 are consistent with mouse and human data. H3K9me2 is lower level in germ 
cells compared with somatic neighbours, although it increases in gonadal germ cells. H3K9me2 and H3K27me3 are detected in migratory PGCs 
and both marks decrease in gonadal PGCs. Migratory and gonadal PGCs maintain similar levels of H2A.Z to somatic cells. H3K9me2, 
H3K27me3 and H2A.Z dynamics show similar pattern to human, but different to mouse PGCs. 
 
P0622: Genome Mapping, Tagging & Characterization: Swine 
The Gene Duplication of Beta 2 Microglobulin and Protein Associated with Topoisomerase II Homolog 2 (PATL2) in 
Artiodactyla and Remains Intact Only in Pigs 
Thong M Le, Konkuk University, Seoul, South Korea and Chankyu Park, Department of Animal Biotechnology, Konkuk 
University, Seoul, South Korea 
From the analysis of the pig genome assembly SSC10.2, we discovered a segmental duplication of ~48kb in size containing the entire coding 
sequence of beta 2 microglobulin (B2M) and the protein associated with topoisomerase II homolog 2 (PATL2) genes on pig chromosome 1. 
Based on the finding, we evaluated the effect of the B2M duplication as a light subunit of the major histocompatibility complex (MHC) for the 
possible strengthening of immune capacity through the increasing of MHC expression on the pig cell surface.  As a first step, we confirmed the 
accuracy of the B2M duplication in the pig genome by PCR and direct sequencing of duplication boundaries. Subsequently, we also confirmed 
the copy number of B2M in the pig genome using real-time PCR at the level of mRNA and genomic DNA. We also analyzed and compared the 
synteny blocks of the corresponding region among pigs and other mammals to check the evolutionary conservation. Our results showed that this 
duplication may have been occurred during the speciation of artiodactyla but remains intact only in pigs. In addition, we evaluated the protein 
level of MHC expression on cell surface after transfecting B2M cDNA to a pig cell line. However, the protein level was similar to that of before 



transfection in our analysis. Although the functional effect of B2M duplication in pigs is still unclear, this may provide beneficial effect to 
immune reaction including tumor regression in pigs. More detail analyses are necessary to address this interesting question. 
 
P0623: Genome Mapping, Tagging & Characterization: Swine 
Reduced Representation Bisulfite Sequencing (RRBS) and RNA-Seq Reveal Effects of Methyl-Donor Rich Maternal Diet on 
Hepatic Transcriptome and DNA Methylome Landscapes of the Fetuses and Adult Pig Offspring 
Nares Trakooljul, Michael Oster, Yang Du, Eduard Murani, Siriluck Ponsuksili and Klaus Wimmers, Leibniz-Institute for Farm 
Animal Biology (FBN), Dummerstorf, Germany 
Epigenetic mechanisms regulate gene transcriptions in spatio-temporal manner by introducing chemical modifications to DNA/nucleosomes such 
as DNA methylation and histone acetylation without changing the underlying DNA sequence. Besides critical roles in embryonic development 
and genomic stability, evidence suggests that epigenetics enable plasticity of the genome function in response to environmental factors and shape 
the phenotypic outcomes. Maternal diet represents an in-utero environmental factor for the fetuses and may have a life-long impact on the 
offspring phenotype. Therefore, we investigated the effects of maternal diets supplemented with substrates and co-factors of the one-carbon cycle 
on hepatic DNA methylation and gene expression of 32 offspring at 91d post-conception and 150d post-natal in German Landrace and Pietrain 
pigs using Reduced Representation Bisulfite Sequencing (RRBS) and RNA-Seq. The RNA-Seq results showed that nucleic acid metabolism 
pathways of the fetuses were influenced by methyl-donor-rich maternal diet compared to control, while lipid metabolism pathways of the adult 
offspring were affected. The RRBS preferentially targeted CpG islands and CpG-rich promoters and moderately CDS, intron, 5´- and 3´-UTR. 
Mean percentage of global methylated cytosine was 43.73 ± 2.4, 0.35 ± 0.06 and 0.41 ± 0.09 in the CpG, CHG and CHH context, respectively. 
Dynamic pattern of the DNA methylomes revealed differentially methylated regions (DMRs) associated with maternal diet, developmental stage, 
and breed. Adipogenesis was among top canonical pathways whose gene members were linked to maternal-diet associated DMRs. Our results 
provide evidence reinforcing the epigenetic influence of maternal diet on phenotypic outcomes of the offspring and suggest its implication in 
livestock. 
 
P0624: Genome Mapping, Tagging & Characterization: Swine 
Genome-Level Analysis of the Methylation Patterns of Differentially Expressed Genes Among Neocortex, Liver, Muscle, 
Spleen and a Macrophage Cell Line in Pigs 
Min-Kyeung Choi and Chankyu Park, Department of Animal Biotechnology, Konkuk University, Seoul, South Korea 
DNA methylation plays an important role in the epigenetic regulation of gene expression. Although a few DNA methylation profiling studies of 
swine genome which is one of important biomedical model for human diseases have been reported, the available data is still limited. We tried to 
study methylation patterns of diverse pig tissues as a study of the International Swine Methylome Consortium to generate the swine reference 
methylome map in order to extensively evaluate the methylation profile of the pig genome at a single base resolution. We generated and analyzed 
the DNA methylome profiles of the five different tissues and a cell line originated from pig. On average, 39.85% and 62.1% of cytosine and 
guanine dinucleotides (CpGs) of CpG islands and 2 kb upstream of transcription start sites were covered, respectively. We detected a low rate (an 
average of 1.67%) of non-CpG methylation in the six samples except for the neocortex (2.3%). The observed global CpG methylation patterns of 
pigs indicated high similarity to other mammals including humans. The percentage of CpG methylation associated with gene features was similar 
among the tissues but not for a 3D4/2 cell line. In addition, we analyzed the correlation between the levels of DNA methylation and differences 
in gene expression among neocortex, liver, muscle, spleen and a macrophage cell line. Observed patterns of differentially methylated cytosine 
(DMC) were compared among different tissues. Our results provide essential information for future studies of the swine epigenome. 
 
P0625: Genome Mapping, Tagging & Characterization: Swine 
Isolation and Identification of Flocclant-Producing Strain and Research its Flocculation Characteristics 
Lumu LI, Anhui Agricultural University, Hefei, China and Luxin Zhang, Anhui Agricultural University, Hefei, China 
To isolate an efficient flocculant-producing strain from sludge of piggery sewage sedimentation tank and investigate its flocculating properties of 
a bioflocculant produced.[Methods] Primary screening was done by using diluted plate count and selective medium, and secondary screening 
was carried out by flocculating rate of cell free fermentation broth supernatant flocculation 4g/L kaolin clay suspension. A cation-independent 
bioflocculant produced by strain FY-6 was isolated from sludge of piggery sewage sedimentation tank. Cell free fermentation broth supernatant 
was used as crude bioflocculant. Effects of impact factors (dosages, cations and pH) were investigated on the flocculation activity of the 
fermentation broth supernatant.[Results] Strain FY-6 was identified as Bacillus licheniformis based on 16S rDNA gene sequences. Both 
excessive and low fermentation broth supernatant doses resulted in low flocculating rates. The highest flocculating rate of 94.6% was recorded 
with 0.05% dosages of fermentation broth supernatant. The bioflocculant was cation-independent, as the addition of monovalent cations such as 
K+ and Na+ and divalent cations such as Mg2+, Ca2+ and Fe2+ could not enhance the flocculating rate, whereas the Fe3+ inhibited flocculation. 
Initially the flocculating activity increased with increases in pH at acidic conditions, attaining a maximum flocculating activity (94.2%) at neutral 
pH followed by a drop at alkaline pH conditions.[Conclusion] A cation-independent bioflocculant bacteria with a high flocculation was screened. 
It can be used as original strain to produce bioflocculant, because of its high rate of flocculation and add less of concentration.  
Keywords:microorganism, flocculant, fermentation broth supernatant *Supported by the Key Projects of Spark Program of National 
(2014GA710002)  *Corresponding author. E-mail: llm56@ahau.edu.cn 
 
P0626: Genome Mapping, Tagging & Characterization: Swine 
Genotyping-By-Sequencing for Genomic Evaluation in Pigs 
Cheng Tan1,2, Yang Da2, Zhenfang Wu3, Dewu Liu3, Li Ning1 and Xiaoxiang Hu1, (1)State Key Laboratory for Agrobiotechnology, 
China Agricultural University, Beijing, China, (2)Department of Animal Science, University of Minnesota, Saint Paul, MN, 
(3)College of Animal Science, South China Agricultural University, Guangzhou, China 
Genotyping-by-sequencing (GBS) technology has a capacity for discovering and genotyping a high density of SNP markers with potentially 
lower cost than SNP chips. In this study, 2,836 Duroc boars were genotyped by a modified GBS pipeline we previously reported, and on average 



3.5 million high quality reads were produced for each individual. With the requirement of minor allele frequency greater than 0.01, missing rate 
less than 40%, and Hardy-Weinberg equilibrium test with p>10-6, 103,173 SNPs were used for estimating genomic heritabilities and breeding 
values (GBVs). Eight traits including average daily gain (ADG), back fat thickness (BF), lion muscle area (LMA), lion muscle depth (LMD), 
intra-muscular fat content (IMF), feed conversion ratio (FCR), residual feed intake (RFI), average daily feed intake (ADFI) were analyzed. 
Genomic heritability estimates by GREML were 0.23±0.03 for ADG, 0.41±0.04 for BF, 0.51±0.03 for LMA, 0.50±0.04 for LMD, 0.19±0.03 for 
IMF, 0.38±0.05 for FCR, 0.38±0.05 for RFI and 0.43±0.05 for ADFI, which were close to the heritability estimates using pedigree relationships. 
The accuracies of GBV (measured as correlations between true breeding values and GBVs) calculated by GBLUP and SSBLUP were greater 
than the accuracies of EBVs predicted by traditional BLUP for genotyped animals. The average of accuracy for the eight traits was 0.46 (ranging 
0.40-0.51) using traditional BLUP, increased to 0.56 (0.52-0.63) using GBLUP, and further increased to 0.66 (0.63- 0.70) using SSBLUP. 
 
P0627: Genome Mapping, Tagging & Characterization: Swine 
Multi-Transgenic Pigs Secreting β-glucanase, Xylanase and Phytase in Saliva for Improving Nutrient Utilization and 
Excreta Pollution Control 
Xianwei Zhang1,2, Xiaoyan He2, Zicong Li2, Zhong Cuili2, Junsong Shi1, Rong Zhou1 and Zhenfang Wu1,2, (1)National Engineering 
Research Center For Breeding Swine Industry, Yunfu, China, (2)College of Animal Science, South China Agricultural University, 
Guangzhou, China 
Nitrogen and phosphorus, as important nutrients in plant-based feedstuffs, are mainly components in manure-based environmental problems in 
pig industry, those were attribute to secretion deficiency of Phytase and non-starch polysaccharide-degrading enzymes in swine digestive tract. 
To address the pollution problem of manure N and P of pigs, we produced transgenic pigs that specifically expressed a polycistronic genes of β-
glucanase, Xylanase and Phytase in their salivary glands by the control of a mouse parotid secretory protein promoter. In total, 26 transgenic 
founders were born, including 7 founders contained 1 copy of the polycistronic transgenes. Enzymes cocktail produced by Transgenic G1 
progeny (95d) were estimated to be 4727.5U/kg/diet(β-glucanase), 4876.4U/kg/diet（Xylanase） and 5959.7U/kg/diet（Phytase）by collecting 
unilateral parotid duct fluids from an artificial parotid duct fistula during feeding time, respectively. The phosphorus content of fecal matter from 
transgenic growing and finishing pigs fed corn-soybean basal diet was reduced by 52.9% and 48.7%, respectively, compared with their non-
transgenic control. Transgenic growing pigs reduced fecal nitrogen and NH3-N output by up to 22.3% and 14.3%, respectively.  Net protein 
utilization of feed was increased by up to 13.2%. ADG and feed efficiency in growing transgenic pigs were increased by 19.4% and 9.3%, 
respectively. This study pioneer a biological method to improve nutritive digestibility and to manage P and N pollution in pig industry. 
 
P0628: Genome Mapping, Tagging & Characterization: Swine 
Polymorphisms in Promoter Regions of Lipid/Adipocyte-Related Genes in Pigs and Their Distribution Among Different 
Breeds 
Hirohide Uenishi1, Toshimi Matsumoto1, Tomoko Eguchi-Ogawa1 and Ikuyo Nakajima2, (1)National Institute of Agrobiological 
Sciences, Tsukuba, Ibaraki, Japan, (2)NARO Institute of Livestock and Grassland Science, Tsukuba, Ibaraki, Japan 
Polymorphisms on the genomic sequence may cause variation of phenotypes in livestock animals. Particularly, polymorphisms in the sequences 
recognized by transcription factors are candidates that may affect expression of the corresponding genes, resulting in alteration of the 
phenotypes. We surveyed polymorphisms within the genomic sequences upstream of the genes related to lipid biosynthesis and adipocyte 
differentiation. We selected pig genes corresponding to the human genes according to the Gene Ontology terms related to lipid biosynthesis and 
adipocyte differentiation, as well as loci on the pig genome corresponding to transcripts the expression of which was upregulated during 
adipocyte differentiation shown by a microarray analysis. Probes to concentrate approximately 10 Mb genomic DNA in total, covering 4 kb-
upstream regions of the selected loci were then designed. Western (30) and Chinese (11) breed pigs and Asian wild boars (8) were subjected to 
genomic DNA concentration and sequencing by an ionPGM system. We detected more than 110,000 SNPs within the concentrated genomic 
regions among the sequenced animals. SNPs within the sequences estimated as binding sites of transcription factors related to lipid biosynthesis 
and adipocyte differentiation, implied by the JASPAR2014 database, were more than 11,000. Furthermore, the SNP set included 182 SNPs 
showing almost segregated distribution of alleles between Western and Chinese breed groups (MAF ≤ 0.05). Further investigation on the 
relationship of the SNPs with known QTLs and influence on expression of the genes will provide clues to clarify genes/polymorphisms 
responsible to fat-related traits. 
 
P0629: Genome Mapping, Tagging & Characterization: Swine 
Genomic Prediction for Lean Meat Percentage and Average Daily Gain using Models Including Dominance and 
Imprinting Effects 
Xiangyu Guo1, Ole Fredslund Christensen1, Tage Ostersen2, Yachun Wang3, Mogens Sandø Lund1 and Guosheng Su1, (1)Aarhus 
University, Tjele, Denmark, (2)SEGES Pig Research Centre, Copenhagen, Denmark, (3)China Agricultural University, Beijing, 
China 
Dominance and imprinting effects which may be important for complex traits are usually ignored in the genomic prediction of complex traits in 
livestock. The objectives of this study were to estimate genetic parameters of additive, dominance and imprinting effects and assess genomic 
predictions considering dominance and imprinting effects for lean meat Percentage (LMP) and average daily gain (ADG) in Danish Duroc pigs.  
Corrected phenotypes of 8,113 genotyped pigs in both breeding and multiplier herds were used for the analysis. Four genomic BLUP models 
were compared with regard to prediction accuracy and bias: 1) additive model (GA), 2) additive and dominance model (GAD), 3) additive and 
imprinting model (GAI), 4) additive, dominance and imprinting model (GADI).  
Based on GADI model, the estimated heritabilities were 0.37 (LMP) and 0.21 (ADG). GADI resulted to the smallest estimates of additive, litter 
and residual variances, respectively, while GA led the largest. Dominance is significant and accounted for about 3% of the phenotypic variances 
while imprinting is not significant and accounted for less than 1% of the phenotypic variances. Among all the models, GADI led to the highest 
reliability (51.4%) of predicted total genetic values (GTV) for LMP, and GAD led to the highest (27.7%) for ADG. The most unbiased 
predictions of GTV were provided by GAD model.  



The results indicate that dominance effects significantly contribute to the genetic variation of LMP and ADG in Danish Duroc pigs, but 
imprinting effects are not. Models including dominance effects can improve accuracy and reduce bias of genomic predictions. 
 
P0630: Genome Mapping, Tagging & Characterization: Swine 
Mapping Quantitative Trait Loci affecting Carcass and Meat Quality Traits in Norwegian Duroc Pigs 
Maren van Son, Ina Andersen-Ranberg, Hanne Hamland, Eli Gjerlaug-Enger, Jørgen Kongsro and Eli Grindflek, Topigs Norsvin, 
Hamar, Norway 
The economic value and consumer awareness of high quality pork meat make traits such as carcass and meat quality important. In the breeding 
program, several traits are routinely collected. Backfat thickness (BT) is recorded by ultrasound at 100 kg performance test whereas drip loss, pH 
and intramuscular fat (IMF) is measured at a dissection line after end of boar test. Lean meat percentage (meat%) and yield (%) are measured by 
computer tomography in vivo. In this study, 5651 pigs were included with their breeding values for BT, drip loss, pH, IMF, meat% and yield. All 
pigs were genotyped using the Illumina 60k SNPchip and 37,633 SNPs passed quality control. The R package GenABEL was used to run 
genome-wide association analyses and ASReml was used to estimate genetic parameters. For drip loss, IMF, BT, meat% and yield, a significant 
QTL was identified on SSC1 with a peak at ~179 Mb. The most significant SNP within this QTL explained 7.5-14.9% of the genetic variance for 
the traits. Unfavorable correlations were found between the favorable allele for the carcass quality traits and the meat quality traits at this QTL. 
For meat%, drip loss and pH, other QTLs were also obtained on SSC1, 3, 13 and 15. The knowledge of markers simultaneously affecting the 
meat and carcass quality traits of interest could be used to increase accuracy of selection for these traits and/or sorting of high-meat/carcass 
quality on GN boars, however, simultaneous improvement of all traits requires balanced weighting in the breeding goal. 
 
P0631: Genome Mapping, Tagging & Characterization: Swine 
Genome Wide Distributions and Functional Characterization of Indel Between Chinese and Western Pigs 
Yu Zhang1,2, Hongyang Wang1,2, Chao Wang1, Jing Ding1, Jing Zhang1, Jing Liu1, Xuewen Xu1,2 and Bang Liu1,2, (1)Key 
Laboratory of Agricultural Animal Genetics, Breeding and Reproduction of Ministry of Education, Huazhong Agricultural 
University, Wuhan, China, (2)The Cooperative Innovation Center for Sustainable Pig Production,Huazhong Agricultural 
University, Wuhan, China 
Small insertion and deletion (insertion deletion, InDel）is a kind of short segmental variation that has been reported in high frequency among 
different species. This variation could affect the normal gene biofunction when overlapping with coding or regulatory regions.  
In this study, we use two tools, GATK and Pindel, to identify the InDel in pig genome. Here we report a total of 5,874,233 small InDels ranging 
from 1 bp to 1,000 bp in length from 5 European domestic breeds (Duroc, Hampshire, Landrace, Large White, Pitlan), 9 Cinese domestic breeds, 
European Wild Breed, Asian Wild Breed and Warthog, totally contained 91 individuals. Among these InDels, 4,325,923 were in intergenic, 
1,501,339 in introns, 29,518 in UTRs, 11,530 in ncRNAs, and 5,923 in exons. The distribution density of InDel at the up and down streams of 
the interspersed elements was significantly higher than the other regions. We also calculated the GC content around the InDel region and found 
that the number of InDels gradually decreased with the increase of GC content.  
Based on Fst and △AF, 123,341 different InDels showed the different allelic frequency between European domestic pigs and Chinese domestic 
pigs. 27,812 of them located in introns, exons and UTR regions and affected 377 genes. Functional enrichments of the genes revealed these 
InDels contribute to development of tissue and organ, nutrient metabolism and immune response, which might associate with the domestication 
process of Chinese and Western domestic pigs.  
In this study, we used 2 methods to call InDels, reported 5,874,233 small InDels and discussed the distribution and function of them, which could 
provide new insight into genomic variations between European and Chinese domestics, and facilitate relative functional studies. 
 
P0632: Genome Mapping, Tagging & Characterization: Swine 
Genetic Diversity of Mexican Creole Pig 
Denisset Valera-Jara, Universidad Autónoma de Queretaro, Queretaro, Mexico, Sergio I. Roman-Ponce, Centro Nacional de 
Investigación en Fisiología y Mejoramiento Animal INIFAP., Ajuchitlán, Queretaro, Mexico, Marina Duran, Universidad Nacional 
Autonoma de Mexico, Queretaro, Mexico and Felipe de Jesús Ruiz, CENID FyMA INIFAP, Mexico, Queretaro, Mexico 
Three breed of Mexican Creole Pig are recognized, Pelón Mexicano (PM), Cuino (CN) and Cáscate or Pata de Mula (ML). These breed did not 
only represent a reservoir of genes, but also an advantages due to the size, hardiness, and low input exploitation to combating hunger in Mexican 
rural communities. The objective of the study is to describe the genetic variability through analysis of genomic information from the Mexican 
Creole pig population. We collected 317 hair with follicle samples coming from 22 states of Mexico through a sampling of opportunity. The 
genotypes were obtained through Illumina microarray PorcineSNP60 v2 BeadChip (GeneSeek, Lincoln, NE). The samples were assigned to four 
classes of populations: 94 samples from PM; 4 from CN, 4 from ML and 214 samples from mosaic pig crossbreed (CX). After the quality control 
remains 44,244 single nucleotide polymorphisms (SNP). The frequency of the minor allele (MAF), the test Hardy Weiberg equilibrium (HWE) 
for MH and CX groups were performed using the PLINK 1.7. Descriptive statistics by chromosome were estimated using the procedure MEANS 
of SAS V 9.3. MAF shown that pigs ML possess greater diversity by chromosome. In contrast, the PM group showed lower levels of genetic 
diversity. Simultaneously, PM group showed the minor number of markers that were not in HWE, which suggest that this population it is 
homogeneously, and at the same time, conserving their genetic diversity compared to the group of pigs of indefinite cross. 
 
P0633: Genome Mapping, Tagging & Characterization: Swine 
Genetic Relationships Among Sus scrofa in East and South-East Asia 
Aisaku Arakawa1, Shinya Ishihara2, Shihei Touma3, Masaaki Taniguchi1, Luu Quang Minh4, Nguyen Van Ba4, Naohiko 
Okumura5,6, Naotaka Ishiguro7, Tomoko Eguchi-Ogawa8, Hirotoshi Shimabukuro9, Hirohide Uenishi8, Takeshige Otoi10, Kazuhiro 
Kikuchi1 and Satoshi Mikawa1, (1)National Institute of Agrobiological Sciences, Tsukuba, Japan, (2)National Institute of 
Agrobiological Sciences, Ibaraki, Japan, (3)Okinawa prefectural Livestock Research Center, Nakijin, Japan, (4)National Institute of 



Animal Science, Hanoi, Vietnam, (5)JATAFF, Tsukuba, Japan, (6)JATAFF, Tsukuba, Ibaraki, Japan, (7)Gifu university, Gifu, 
Japan, (8)National Institute of Agrobiological Sciences, Tsukuba, Ibaraki, Japan, (9)Okinawa prefectural Livestock Research 
Center, Nakijin, Japan, (10)Tokushima University, Tokushima, Japan 
Previous studies on Mitochondrial DNA haplotype consistently suggested the border region between the northwestern mountainous area of 
Vietnam and China was considered to be one of the major sites of pig domestication, and many major Asian breeds have appeared from the 
Taihu-lake (Meishan, and Jinhua) to the north Vietnam (Moung Cai). A wide variety of morphological appearances (body size, ear form and coat 
color) between breeds suggested that high degree of genetic diversity was retained in those pigs. In this study, we aimed to investigate the genetic 
relationships among Sus scrofa in East and South Asia (domestic pigs in Vietnam (15 breeds), China breeds (Meishan and Jinhua) that have been 
raised in Japan, and Japan (Agu)) and wild boars (main land and Okinawa in Japan, Sumatera and Java islands in Indonesia and Vietnam) and 
Landrace as an out-group using SNP genotyping data. Principal components analysis using EigenStrat showed that the Agu breed was highly 
divergent from the other breeds and the wild boars, suggesting that historical process through breed establishment of Agu is different from those 
for other Asian pigs. The results from ADMIXTURE program elucidated that the native breeds of Vietnam consisted of mainly two different 
ancestor populations, and some Vietnamese native breeds fed near City areas (Hanoi or Ho Chi Minh) have already crossed with some Western 
breeds. Our results indicate that the Sus Scrofa in East and South-East Asia were genetically divergent each other, but some breeds were found to 
be admixed with some European breeds. 
 
P0634: Genome Mapping, Tagging & Characterization: Swine 
A Genome-Wide Association Study of Fetal Response to Type 2 PRRSV Challenge 
Tianfu Yang1, Jamie M Wilkinson1, Zhiquan Wang1, Andrea Ladinig2, John Harding3 and Graham S Plastow1, (1)University of 
Alberta, Edmonton, AB, Canada, (2)University of Veterinary Medicine Vienna, Vienna, Austria, (3)University of Saskatchewan, 
Saskatoon, SK, Canada 
It is reported that permutation technique provides an empirical test to control the overestimation behaviour of the least absolute shrinkage and 
selection operator (LASSO) in high-dimension regression, while keeping a relatively high power. We applied this method in a genome-wide 
association study (GWAS) of fetal response to type 2 porcine reproductive and respiratory syndrome virus (PRRSV) challenge. The analysis was 
conducted using data from 928 fetuses from pregnant gilts that had been experimentally challenged with type 2 PRRSV at gestation day 85 ±1. A 
generalized linear model was used to model environmental effects and estimate SNP effects. The LASSO was applied to fit the model, and the 
empirical significance criteria of association were determined using 1000 permutations. Two SNPs were significantly associated with viral load 
in fetal thymus (P < 0.05) and another showed suggestive association (P < 0.1). Sixteen SNPs were significantly associated with fetal death (P < 
0.05) and four other SNPs showed suggestive association (P < 0.1). A single SNP was significantly associated with fetal viability (P < 0.05). 
Functional analyses showed that the detected candidate regions overlap with previously reported QTLs for pig health and reproduction, and the 
results were also supported by a related transcriptomic analyses of fetal response to PRRSV infection. 
 
P0635: Genome Mapping, Tagging & Characterization: Swine 
Investigation of Porcine Endogenous Retrovirus (PERV) Loci in the Genome of Vietnamese Domestic Pigs 
Masaaki Taniguchi1, Luu Quang Minh2, Shinya Ishihara3, Kazuhiro Kikuchi1, Aisaku Arakawa1, Takeshige Otoi4 and Satoshi 
Mikawa1, (1)National Institute of Agrobiological Sciences, Tsukuba, Japan, (2)National Institute of Animal Science, Hanoi, 
Vietnam, (3)National Institute of Agrobiological Sciences, Ibaraki, Japan, (4)Tokushima University, Tokushima, Japan 
Xenotransplantation of pig organs to human has been hoped to make up the shortage of life-saving organ transplants. However, pig genome is 
riddled with many copies of porcine endogenous retrovirus (PERV) which may cause a potential risk of producing infectious viral particles in the 
recipient. There has been a few studies examined copy number of PERVs suggesting that Asian pigs might have less copies of PERV than those 
of Western breeds. Therefore we aimed to survey PERVs in the genome of domestic pigs in Vietnam, where a mine of scarce genetic resource of 
livestock species resides. Fifteen domestic breeds of pigs from far and wide areas of the country were used to obtain genomic DNA samples. 
Detection of PERV copy in the genome was conducted by PCR using primers targeted to amplify pol and env genes in PERV-A, B and C. We 
elucidated that PCR amplification of pol in PERV-A, B and C was faint in 2 of 15 pig breeds. Interestingly, PCR amplification of env in PERV-
A and B was very faint in 6 of 15 breeds. Furthermore, no amplification of env in PERV-C was observed in all breeds examined. Our results 
suggested that several domestic pig breeds in Vietnam might have few copy of infectious PERB-A and B. However, since we only applied PCR 
to detect PERV genes, we still need to consider investigating how many copies indeed exist in the genome of the particular pig breeds identified 
to be potentially low copy of PERV. 
 
P0636: Genome Mapping, Tagging & Characterization: Swine 
SNP g.1007A>G within the Porcine DNAL4 Gene Affects Sperm Motility and Percentage of Midpiece Abnormalities 
Isabel Wiedemann, Annika Maehlmeyer, Simon Jansen, Reza Sharifi and Christoph Knorr, Georg-August-University Goettingen, 
Goettingen, Germany 
Morphology and motility are essential criteria for the assessment of an ejaculate’s fertilizing ability. Flagellar beating of a spermatozoon is 
generated by activation and inactivation of dynein molecules of the axoneme. The DNAL4 gene (dynein, axonemal, light chain 4) encodes a 
subunit of dyneins and is therefore a candidate gene for sperm motility. We re-sequenced the porcine DNAL4 and identified 23 SNPs. 
Associations between the SNPs and spermatological traits (n=8,833) of 82 AI boars (i.e. Pietrain, German Large White, and German Landrace) 
as well as morphological measurements (n=1,173) were estimated by single marker regression analysis. The same model was applied to estimate 
additive and dominance effects of alleles. Significances were calculated using a t-test after Bonferroni correction. Six DNAL4 polymorphisms 
were associated with motility (p<0.05). There was an effect of SNP g.1007A>G (p<0.0001) on motility after 24h (MOT1) and 48h (MOT2), 
resulting in a marked reduction by 10.33% respectively 19.37% and a loss of motility in undiluted ejaculate (MOTUD) by 4.59%. Applying the 
dominant-recessive model, genotypic values for MOTUD, given as LSmeans, differed significantly (p=0.05): 67.67% (AA), 64.16% (AG) and 
53.91% (GG). In addition, associations between four SNPs and malformed sperm midpieces were observed (p=0.05). The average effect of gene 
substitution was 1.59% for g.1007A>G. Genotypic values were 0.018 for wildtype- and 0.087 for heterozygous variants. Observations available 



for homozygous mutant genotypes were missing. Considering its physical localization, we propose that DNAL4 is a second QTL for sperm 
motility and morphology on SSC5 in addition to CD9.  
 
P0637: Genome Mapping, Tagging & Characterization: Swine 
Genomic Differences Between Pre-Weaning Survival and Mortality of Piglets Following PEDv Outbreaks 
Francesca Bertolini1, John Harding2, Benny Mote3, Graham S Plastow4 and Max F. Rothschild1, (1)Iowa State University, Ames, 
IA, (2)University of Saskatchewan, Saskatoon, SK, Canada, (3)University of Nebraska-Lincoln, Lincoln, NE, (4)University of 
Alberta, Edmonton, AB, Canada 
PED (Porcine Epidemic Diarrhea) is a disease caused by PED virus, which belongs to the Coronavirus family and affects pigs of all ages, but can 
cause 100% mortality in suckling piglets in the acute phase of the disease. This disease has been relatively common in Asia and Europe since the 
1970s, while the USA experienced a widespread epidemic of PED beginning in 2013. In this research, 156 dead and 106 surviving pigs from five 
PED outbreak farms located in USA, Canada or Germany were genotyped with the 80K SNP chip. Sampling occurred within 3 weeks of the 
initial onset of PED, prior to the development of maternal immunity. Surviving piglets experienced PED diarrhea but did not succumb to the 
disease during lactation. After filtering the marker data 60,969 SNPs were used in an Fst analysis comparing dead and surviving pigs using non-
overlapping 1Mb windows (using the average Fst of all the SNPs in each window). Results were then normalized to find regions that diverged 
more than others within the comparison. Significant regions associated with survival were found on chromosomes 2, 4 and 15 and contained 162 
genes. Analysis with EnriChr showed that several genes were under or over expressed in several coronavirus infections in humans. Analysis with 
GOrilla revealed enrichment for genes that belong to the Golgi apparatus and membrane, together with genes involved in ion transporter, 
metabolism, and ATPase activity. 
 
P0638: Genome Mapping, Tagging & Characterization: Swine 
Investigation and Validation of the Role of a QTL on SSC12 in PCV2b Viremia 
Emily Tosky1, Timothy P.L. Smith2, Taylor Engle1, Emily Davis1, Timothy Moural1,3, Dan Nonneman2, Jason Chin4, Thomas 
Burkey1, Graham S Plastow5, Stephen D. Kachman1 and Daniel C. Ciobanu1, (1)University of Nebraska - Lincoln, Lincoln, NE, 
(2)USDA, ARS, USMARC, Clay Center, NE, (3)Bluegrass Community and Technical College, Lexington, KY, (4)Pacific 
Biosciences, Menlo Park, CA, (5)University of Alberta, Edmonton, AB, Canada 
Porcine circovirus type 2 (PCV2) is known to modulate immune response leading to susceptibility to Porcine Circovirus Associated Diseases 
(PCVAD) with an impact on growth and mortality. Our previous GWAS of PCV2b experimentally infected pigs uncovered two QTL that 
explain 14% of the genetic variation of viral load. One of the major SNPs (12.4% VG) was previously unmapped but putatively assigned to the 
proximal end of SSC12 based on LD analysis. A 19Mb scaffold of the proximal end of SSC12 was assembled using long-read sequencing. 
Approximately 600 SNPs, previously unmapped or mapped to SSC12, were assigned to the scaffold, including the QTL marker. A Bayes-IM 
association analysis on this scaffold confirmed the major effect of the QTL genotype on viral load with the CC-genotype being favorable. The 
effects of this SNP were validated in a PCV2b experimental infection that included all QTL genotypes, with pigs vaccinated for PCV2 as 
controls (CT and TT genotypes). Among infected animals, viremia of the CC-genotype was lower than TT across time points and CT at 14 dpi (P 
< 0.05). Compared to the vaccinated pigs, all the infected pigs had higher levels of viremia (P < 0.05) with the exception of the CC-genotype at 7 
dpi (P<0.40). The CC-genotype was also associated with lower IgG compared to the other genotypes. No significant differences were observed 
between genotypes within and between treatment groups for ADG. This study validates previous indication of a relationship between genotype at 
this locus with reduced PCV2 susceptibility. 
 
P0639: Genome Mapping, Tagging & Characterization: Poultry 
Identifying Tissue Specific Long Noncoding RNAs in the Chicken Genome 
Susan Margaret Waters1, Kelly Chanthavixay1, Colin Kern2, Perot Saelao1, Ying Wang1, James L. Chitwood3, Pablo J. Ross4 and 
Huaijun Zhou1, (1)University of California, Davis, Davis, CA, (2)Univeristy of California, Davis, Davis, CA, (3)Animal Science, 
University of California, Davis, CA, (4)Animal Science, University of California Davis, Davis, CA 
Long noncoding RNAs (lncRNAs) are transcripts that lack protein coding capabilities. These transcripts have been previously found to exhibit 
cell and/or tissue-specific expression, in which they may regulate expression of nearby genes, whose functions might be essential for specific 
cells or tissues. Tissue-specific lncRNAs have been discovered in humans and mice, but nothing is currently known for the Gallus gallus 
genome. This study is part of the FAANG initiative, which is working towards functionally annotating farm animal genomes. The objective of 
this study was to identify and verify tissue-specific lncRNAs in the chicken. LncRNAs at each tissue were identified from about 290 million 
RNA-seq 100bp pair-end reads from two biological replicates across eight tissues: adipose, cerebellum, cortex, hypothalamus, liver, lung, muscle 
and spleen. DESeq 2 and Coding Potential Calculator were used to identify tissue-specific lncRNAs; we identified approximately 234 to 1014 
tissue specific lncRNAs across all eight tissues. In order to validate these tissue-specific lncRNAs, three to six candidate lncRNAs were selected 
and primers were designed to amplify these candidate lncRNAs. The RT-PCR results indicate that two of three muscle, one of four adipose, one 
of three cerebellum, one adipose, one of four cortex, and two of four liver primers tested confirmed tissue-specific lncRNAs expressions. Further 
confirmation of tissue-specific lncRNAs in lung and hypothalamus is underway.  
 
P0640: Genome Mapping, Tagging & Characterization: Poultry 
Gallus gallus Data at NCBI: From Genome Annotation to Gene Curation 
Kim D. Pruitt1, David Webb1, Terence D. Murphy2 and Francoise Thibaud-Nissen1, (1)National Center for Biotechnology 
Information (NCBI/NLM/NIH), Bethesda, MD, (2)National Center for Biotechnology Information, NLM, NIH, Bethesda, MD 
The National Center for Biotechnology Information (NCBI) reference sequence (RefSeq) project provides several resources to support the 
chicken research community. These include: genome annotation; evidence-based transcript and protein sequence records; BLAST databases; 
annotation reports; FTP data; and entries in NCBI’s Gene resource. Gene, transcript, and protein data are provided using a combined approach of 
targeted manual curation, collaboration with the AgBase and the Chicken Gene Nomenclature Committee (CGNC), and whole genome 



annotation by NCBI’s eukaryotic genome annotation pipeline. The eukaryotic genome annotation pipeline uses the available known RefSeqs 
(NM_, NR_, and NP_ accessions that have curation support), RNA-Seq, cDNA/EST/TSA, and protein alignments to generate whole genome 
annotation and corresponding model RefSeq RNA and protein sequence products (XM_, XR_, XP_ accessions).  Manual curation focuses on 
both sequence and gene data. For example, in 2015 curators reviewed putative sequence errors (such as frameshifts), removing redundant gene 
and ortholog data, and nomenclature conflicts affecting paralogs,  gene families, or between NCBI’s Gene database and CGNC. The presentation 
will present genome annotation results for the current public version of the chicken assembly, examples of RefSeq curation, and information on 
data access. More information about NCBI’s RefSeq project is available from: www.ncbi.nlm.nih.gov/refseq/ 
 
P0641: Genome Mapping, Tagging & Characterization: Poultry 
Detection of Recent Selection Signatures in Commercial Broiler Chickens 
Weixuan Fu1, William Lee2 and Behnam Abasht1, (1)Department of Animal Science, University of Delaware, Newark, DE, 
(2)Maple Leaf Farms, Leesburg, IN 
Over the past 70 years, broiler chickens have been intensively selected for performance improvement. This strong human-driven selection has led 
to major changes in traits of economical importance, most likely through changes in the frequency of alleles conferring desired phenotypes. 
Therefore, identification of genomic regions of such alleles may help uncover genes responsible for economic traits. In our study, we applied two 
methods, cross-population extended haplotype homozygosity (XP-EHH) and cross-population composite likelihood ratio (XP-CLR), to preform 
a genome-wide scan of recent selection signatures in five commercial elite broiler chicken lines, including three broiler sire (male) lines and two 
broiler dam (female) lines. A total of 322 candidate selection regions were detected by both methods, representing approximately 1.5% of the 
genome in each line. Of all candidate selection regions, 42 regions were detected in multiple lines. Through analyzing haplotypes in candidate 
selection regions, we found evidence for selection acting on the same or opposite alleles in multiple lines. Two examples of genes in candidate 
regions detected in multiple lines are Sex determining region Y-box 6 (SOX6) and Thyroid hormone receptor beta (cTR). These genes may have 
been under recent selection because of their essential roles in chickens’ growth, development and reproduction. The candidate genes identified in 
the present study are of interests for future research into the genetic architecture of traits relevant to modern broiler breeding. 
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Transcriptomic Investigation of Genomic Imprinting in Chicken Embryonic Brain and Liver 
Zhu Zhuo1, Susan J. Lamont2 and Behnam Abasht1, (1)Department of Animal Science, University of Delaware, Newark, DE, 
(2)Iowa State University, Ames, IA 
Epigenetic and genetic cis-regulatory elements may cause unequal expression of the two autosomal gene copies in diploid organisms. This 
imbalance is referred to as allele specific expression. An intriguing type of allele specific expression is that some genes are expressed 
monoallelically from either paternal allele or maternal allele, a phenomenon commonly termed genomic imprinting. Previous studies reported 
conflicting evidence regarding the existence of genomic imprinting in chickens. Albeit no genomic imprinting has been reported in the chicken 
embryo as a whole, we investigated whether certain embryonic tissues exhibit genomic imprinting. The present study aims to identify genomic 
imprinting in chicken embryonic brain and liver by examining the mRNA expression of parental alleles in an F1 generation. Eggs from two 
inbred chicken lines (Fayoumi and Leghorn) and their reciprocal crosses were collected and incubated for 12 days; then brain and liver were 
harvested from embryos for cDNA library preparation. Of 65 million reads per sample generated using the Illumina HiSeq 2000 sequencer, 88% 
were mapped to the chicken reference genome (Ensembl Galgal4). To establish the genotypes of the inbred lines and their F1 hybrids and to 
minimize reference bias of RNA-Seq sequence alignment, genomic DNA from inbred Fayoumi and Leghorn chickens was pooled separately and 
each pool was sequenced at 20X coverage. Our results indicate that in the F1 crosses, 9.2% of the heterozygous loci show allele specific 
expression (binominal test, p value ≤ 0.05), but genomic imprinting is not present at 12-day chicken embryonic brain or liver. 
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From India to Africa Across Arabia: A mtDNA Assessment of the Origins and Dispersal of Chicken around the Indian 
Ocean Rim 
Badar ALI, SULTAN QABOOS UNIVERSITY, MUSCAT, Oman 
The Arabian Peninsula is believed to have played a major role in the diffusion of livestock across the Indian Ocean. However, very limited 
genetic data is available on local chicken populations from this region. In this study, sequencing data from a fragment of the control region of the 
mitochondrial genome (mtDNA) was used to infer the maternal origins of 207 local chickens from the Arabian Peninsula (including Socotra 
Island). In addition, we researched the significance of the Arabian Peninsula in the expansion of chickens from India to Africa.  
We found a total of 27 haplotypes with an average haplotype diversity of 0.7588 (±0.0300), clustering into three of the previously identified 
phylogenetic clades. The most frequent haplotypes in the Arabian Peninsula (and Socotra) clustered within clade E, which is believed to have 
independently originated in the Indian subcontinent. Additionally, samples from Somalia belong mostly to clade C, which are believed to have 
their roots in Southeast Asia. A few individuals, mostly from North Oman clustered in clade A, which originated from Southeast and/or East 
Asia. The results showed that haplotype E frequency and diversity of chickens declined as the geographic distance from center of origin (India) 
increased (P<0.05). Moreover, a positive (0.145), even though insignificant (P= 0.054), association was observed between geographic and 
genetic distances in chicken groups sharing clade E around the Indian Ocean rim. The study showed high genetic variation as demonstrated by 
the haplotype diversity and divergent mtDNA clades. The wide presence of clade E in the Arabian Peninsula points toward a major influence of 
the Indus Valley as center of origin in the genesis of the Arabian local chicken. The findings strengthen the theory of maritime dispersal and 
expansion events of Indian originated chicken to Arabia and Africa, and provide interesting clues to the role of the Arabian Peninsula in the 
diffusion of livestock around the Indian Ocean rim. 
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Genetic Structure and Diversity of Egyptian Native Chicken As Inferred from the Complete Mitochondrial DNA D-loop 
Sequence and Its Played Role on the Origin and Evolution of African Native Chickens 



Sayed Abdel-Maksoud Osman, Hiroshima University, Higashi-Hiroshima, Japan, Takahiro Yonezawa, Fudan University, 
Shanghai, China and Masahide Nishibori, Hiroshima University, Higashi-hiroshima, Japan 
The genetic component and structure of Egyptian native chicken (ENC) are not well known. The aim of this study is to clarify the origin and 
evolution of African chickens through assessing the genetic diversity and structure of five ENC breeds using the mitochondrial D-loop 
sequences. Our result suggests there are genetic differentiation between the pure native breeds and the improved native breeds. In addition, we 
extensively analyzed the D-loop sequences from the ENC as well as the globally collected chicken (2,010 individuals in total). Our phylogenetic 
tree among the regional populations shows there are two distinct clades of African chickens. The first clade consists of North African (Egypt), 
Central African (Sudan and Cameroon), European, and West (and Central) Asian clade. The second consists of East African (Kenya, Malawi, 
and Zimbabwe) and Pacific chickens. It suggests the dual origins of African native chickens. The first group was probably originated from South 
Asia, and then migrated to West Asia, and finally arrived to Africa thorough Egypt. The second group migrated from Pacific to East Africa via 
Indian Ocean probably by Austronesian people. This dual origin hypothesis as well as estimated divergence times in this study is harmonious 
with the archaeological and historical evidences. Our migration analysis suggested there is limited gene flow within African continent. These 
findings obtained in this study are important for the better understanding of the diversity and uniqueness of African native chickens.  
Key words: Egypt, genetic diversity, mtDNA, native chicken, origin 
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Transcriptomic Comparison of Cardiac Tissue at Day 6 and Day 21 Posthatch Between Two Broiler Chicken Lines 
Amanda M. Wagner1, Susan J. Lamont2, Chris Ashwell3, Michael E. Persia4, Carl J. Schmidt1 and Max F. Rothschild2, 
(1)University of Delaware, Newark, DE, (2)Iowa State University, Ames, IA, (3)North Carolina State University, Raleigh, NC, 
(4)Virginia Polytechnic and State University, Blacksburg, VA 
Selection for modern broiler chickens has resulted in significant increases in skeletal muscle yield at the expense of other tissues. One tissue that 
appears to have been adversely affected is cardiac tissue. Our group has been comparing the growth characteristics of two lines of chickens, Ross 
708, a modern broiler line, and Illinois, which grows with properties of birds from the 1950s. A transcriptome analysis was done to compare gene 
expression patterns in the heart of the Ross708 and Illinois during early grow out. Relative tissue expression analysis (RTE) was performed on 
the two lines of broiler chickens to evaluate changes in cardiac tissue gene expression patterns at days 6 and 21 post hatch. PathRings was then 
used to identify differences in pathways within lines and between the two days. In Ross broilers the cell cycle appeared to be decreased at day 21 
compared to day 6. However, in the Illinois broilers the cell cycle expression was reversed and appeared to be more significant in day 21 than 
day 6. Other differences within both broiler lines were also seen in the neuronal system pathway. In Ross birds the GABA pathway was less 
significant while the ATP sensitive potassium channels were increased in day 21 versus day 6. But, no difference could be seen in the Illinois 
birds within the same pathway. In the poster, we will address differences between the two lines at these time points. 
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Identification of CNVs on the Genome of Brazilian Chicken Lines 
Thais Fernanda Godoy1, Gabriel C M Moreira1, Vinicius H. Silva1, Clarissa Boschiero1, Monica Correa Ledur2, Ana Silvia Alves 
M. T. Moura3 and Luiz L. Coutinho1, (1)University of São Paulo/ESALQ, Piracicaba, Brazil, (2)Embrapa Swine and Poultry, 
Concordia, Brazil, (3)São Paulo State University/FMVZ, Botucatu, Brazil 
The aim of this study was to identify and characterize the distribution of CNVs in the genome of a Brazilian population of chickens developed by 
Embrapa. A total of 1,896 chickens were genotyped by Affymetrix 600 K SNP array. Samples with Dish quality control (DQC) <0.82 and call 
rates <95% were excluded by Axiom™ Analysis Suite, which resulted in 1,759 analyzed animals. The Log R Ratio (LRR) of each sample was 
corrected for genomic wave (GC content estimated in genomic windows of 100 kb around each marker). CNVs calls were inferred by PennCNV 
algorithm with the cutoffs: standard deviation of LRR at 0.35, BAF drift at 0.01 and waviness factor at 0.05. CNVs longer than 5 kb and samples 
with less than 1,000 CNV calls were retained. A total of 1,059 CNVs calls were retained and CNV region (CNVR) concatenation by CNVRuler, 
identified 392 estimated CNVRs covering 4.15 Mb (4.37%) of the autosomal chicken chromosomes (Galgal4). The length of CNVRs ranged 
from 6.11 to 959 Kb (average of 101.87 kb), including 274 which were losses, 105 gains and 13 with loss and gain. The CNVRs were annotated 
by VEP tool (Ensembl), resulting in 14% of the CNVRs in coding regions, 16% in intron regions, and 7% in transcription and in 3’/5’ regions. 
These CNVRs overlapped with 602 genes from which six are related to muscle development (ACTG2, CACNB4, COL11A1, FOXF1, GPHN 
and KCNMA1). In future studies these CNVRs will be validated and associated with weight and yield of breast muscle. 
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Genome-Wide Association Studies Reveal Genomic Windows and Candidate Genes Related to Fat Deposition in Chickens 
Gabriel C M Moreira1, Aline S.M. Cesar2, Thaís Fernanda Godoy1, Clarissa Boschiero1, Monica Correa Ledur3, Dorian J. 
Garrick4, Ana Silvia Alves M. T. Moura5 and Luiz L. Coutinho1, (1)University of São Paulo/ESALQ, Piracicaba, SP, Brazil, 
(2)University of São Paulo/ESALQ and Iowa State University, Ames, IA, (3)Embrapa Swine and Poultry, Concordia, Brazil, 
(4)Department of Animal Science, Iowa State University, Ames, IA, (5)São Paulo State University/FMVZ, Botucatu, Brazil 
Abdominal and total fat content are economically important traits in commercial chicken lines. The aims of this study were to estimate genomic 
heritability, and identify genomic windows and candidate genes associated with fat deposition in chickens. A total of 497 42 day-old chickens 
from the EMBRAPA F2 Chicken Resource Population developed for QTL studies were genotyped with the 600K genotyping array 
(Affymetrix®). Total fat in grams (TFg) and as a percentage of dry matter (TF%), abdominal fat weight (AbFg) and its percentage (AbF%) were 
measured. GWAS analyses were performed with GenSel software using BayesB method (π=0.999) to estimate heritability and identify 1Mb 
windows associated with fat deposition traits. Quality control of loci and birds was based on DishQC>0.82, sample call rate >90%, SNP call rate 
>98%, MAF>2% and SNPs located in autosomal chromosomes, leaving 480 samples and 441,158 SNPs. The heritability values obtained were 
0.45 for AbF%, 0.42 for AbFg, 0.40 for TFg and 0.50 for TF%. The genomic windows that explained the highest proportion of genetic variance 
for each trait were on GGA1 at 52 Mb explaining 3.77% and 1.94% for AbF% and AbFg, respectively; on GGA1 at 168 Mb explaining 1.52% 
for TFg, and on GGA28 at 3 Mb explaining 1.33% for TF%. In these windows, seven candidate genes related to fatty acids biosynthesis were 



identified: ITM2B, CTK-1, PGPEP1, USPL1, Slc7a1, USE and ISX. Mutations in these genes might regulate fat deposition and, following 
validation, strategies for animal selection based on their genotypes could be applied to improve the quality of chicken carcass. 
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Discovery of Pirna Pathway Associate with Early Stage Spermatogenesis in Chicken 
Lu Xu, Guobin Chang and Guohong Chen, Yangzhou University, Yangzhou, Jiangsu, China, Yangzhou, China 
The production of mature and motile sperm is a precise process that utilizes many molecular elements to ensure the faithful execution of 
spermatogenesis. Piwi-interacting RNAs (piRNAs) are essential for silencing of transposable elements in the germline. Here, we describe small 
non-coding RNA (piRNA) profiling of primordial germ cells (PGCs), spermatogonial stem cells (SSCs) and spermatogonium (Sp). We obtained 
31,361,989 reads from PGCs, 31,757,666 reads from SSCs and 46,448,327 reads from spermatogonium. The length distribution of three samples 
were all 33nt. The generated genes were subsequently annotated against gene ontology (GO) database. There were 8 genes involved in cellular 
processes. KEGG analysis further revealed three important pathways in early stage spermatogenesis including FGF, Wnt and MAPK. In addition, 
time trend analysis, a total of 12 genes participated in cell process. Finally, PUM1 qualifying, which was benefit for germline stem cell 
proliferation, but also play a role in spermatogenesis. Moreover make a preparation for identification. 
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Transcriptome Analysis of Alligator Adipose in Comparison to Chicken Adipose 
Blair Kathleen Schneider1, Colin Kern2, Allen Hubbard1, Wayne Treible1, John W. Finger Jr.3, Tracey Tuberville4, Travis C. 
Glenn5, Matt Hamilton4 and Carl J. Schmidt1, (1)University of Delaware, Newark, DE, (2)Univeristy of California, Davis, Davis, 
CA, (3)Environmental Health Science and Interdisciplinary Toxicology Program, University of Georgia, Athens, GA, (4)University 
of Georgia's Savannah River Ecology Laboratory, Aiken, SC, (5)Department of Environmental Health Science & Interdisciplinary 
Toxicology Program, University of Georgia, Athens, GA 
The crocodilians are model organisms for understanding environmental regulation of numerous biological processes including developmental 
biology, temperature regulation, sex determination and morphology. The recent completion of the Alligator mississippiensis genome provided 
the ability to define gene expression patterns in all tissues of this species.   To better understand energy storage and mobilization, this work 
focuses on defining the transcriptome of alligator adipose tissue.  Transcriptome libraries were prepared from Alligator fat body samples with the 
following procedure: 1. Isolation of mRNA using mirVana™ miRNA Kit, 2. Verification of mRNA quality and integrity by Fragment Analysis, 
3. Transcriptome libraries prepared using Illumina Stranded RNA Prep Kit and sequenced at the Delaware Biotechnology Institute Core 
Sequencing Facility, 4. Transcription levels determined using the  fRNAkenseq software, and 5. Identification of differentially expressed genes, 
data analysis, functional clustering and pathway analysis using JMP Pro 11 and PathRings.  The University of Georgia provided additional 
transcriptome sequences from other tissues. To begin our analysis, we first identified transcripts enriched in adipose compared to all other 
alligator tissues.  In addition to identifying transcripts encoding adipokines, adipose enriched transcription factors and numerous enzymes 
involved in processing fat are enriched in adipose.  The same procedure was performed on chickens, and the gene expression was analyzed in 
both their abdominal and cardiac adipose tissue.  Current effort focuses on comparing alligator gene expression with that obtained from chicken 
adipose tissue to better understand the evolution of this tissue in Archosaurs.  
Acknowledgements: This material is based upon work supported by the National Science Foundation under Grant No. 1147029 and by the 
Agriculture and Food Research Initiative Competitive Grant No. by NIFA 2010-04233 from the USDA National Institute of Food and 
Agriculture. 
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Integrating Quantitative Genetic and Genomic Approaches to Dissect Fatness Traits in Divergently Selected Broiler 
Chickens 
Choon Kiat Khoo, The Roslin Institute, Easter Bush, United Kingdom, Almas A. Gheyas, The Roslin Institute, University of 
Edinburgh, Midlothian, United Kingdom, Lel Eory, Roslin Institute University of Edinburgh, Edinburgh, United Kingdom, Paul M. 
Hocking, The Roslin Institute, The University of Edinburgh, Midlothian, United Kingdom and David W. Burt, Roslin Institute Univ 
of Edinburgh, Edinburgh, United Kingdom 
Dissecting the functional mechanisms underlying genetic variations associated with complex traits is a formidable endeavour. This is 
complicated by the large confidence intervals of the quantitative trait loci (QTL) harbouring many candidate genes. In this study we describe the 
integration of genetic/genomic approaches - viz. QTL analysis, whole-genome sequencing to identify a comprehensive list of genetic variants, 
analysis of signatures of selection and functional annotations of genetic variants using different tools - to detect and characterise the 
chromosomal regions that are involved in controlling fatness traits in two divergently selected broiler chicken lines. By analyzing these lines, we 
have identified 3 significant QTLs for plasma VLDL (Very Low Density Lipoprotein) and 9 significant QTLs for abdominal fat pad weight, 
which are important metrics of fatness. Integrating results from analysis of signatures of selection based on FST approach using millions of SNPs 
markedly narrowed down the QTL intervals. We further refined and characterized the variants within selection-signature regions by filtering for 
opposite genotypes and performing functional annotation using different methods including intersecting the variants with evolutionary constraint 
elements. Results show that most of the potentially functional variants lie within non-coding regions, suggesting their possible regulatory roles 
on expression instead of having major effects through change in protein structure and function. Our study shows that integrative approach 
effectively reduces the QTL interval for fatness traits, thereby facilitating the prioritization of candidate genes/variants. Most importantly, this 
study highlights ACSL1, AKT1 and VGLL2 genes as potential candidates for VLDL trait in broilers.  
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Understanding the Functional Consequence of Selectively Constrained Regions of the Chicken Genome 



Lel Eory, Roslin Institute University of Edinburgh, Edinburgh, United Kingdom, Alan L. Archibald, The Roslin Institute and 
R(D)SVS, University of Edinburgh, Midlothian, United Kingdom, Paul Flicek, EMBL-European Bioinformatics Institute, 
Cambridge, United Kingdom and David W. Burt, Roslin Institute Univ of Edinburgh, Edinburgh, United Kingdom 
Access to new genome assemblies of birds made it possible to identify regions in bird genomes which are of functional relevance. Regions which 
show lower level of divergence relative to an assumed neutral standard can indicate the presence of protein-coding genes and exons, regulatory 
RNAs, transcription factor binding sites as well as enhancer and silencer sequences. Here we present case studies based on our high-resolution 
map of selectively constrained elements for the chicken genome and how we can potentially link these with functional information. 
In our study we created whole genome multiple sequence alignment of 48 birds and using the software GERP++ we called selectively 
constrained elements. This constraint map was then compared with the current chicken genome annotation and was integrated with 20, tissue 
specific, RNA-seq dataset.  
Currently, less than 4% of the chicken genome is annotated as functional (Ensembl 75) and code for protein-coding and non-coding genes. In 
comparison we predicted 1.5 million selectively constrained elements, covering approximately 15% of the genome. Relative to the 18,000 
transcripts and 17,000 genes present in Ensembl, we predicted over 200,000 transcripts and 50,000 genes based on our RNA-seq study. Several 
thousands of the new genes are predicted to be protein coding, based on their phylogenetic signatures, while the rest is potentially non-coding 
and may play a part in regulation. Our study clearly indicates that the functional complexity of the chicken genome is at present poorly 
understood, but potentially is on par with the mammalian genomes. 
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Molecular Mechanisms Associated with Dietary Methionine Deficiency in Meat-Type Chickens 
Samuel E. Aggrey, Fernando Gonzalez-Ceron and Romdhane Rekaya, University of Georgia, Athens, GA 
Methionine is the first limiting amino acid in a typical poultry diet. Restriction of dietary sulfur amino acids (SAA) to growing chickens leads to 
reduced growth and oxidative stress. The molecular mechanisms that underlie such restrictions remain scant. We studied the molecular 
mechanisms that underlie SAA restrictions in broiler chickens from 3-5 weeks of age in the Pectoralis major major muscle using next generation 
sequencing. Fold change of ≥1.5 and false discovery rate of ≤0.05 were used as criteria for differentially expressed genes (DEGs). There were 
554 downregulated DEGs and 365 unregulated DEGs in the deficient group compared to the controls. Signaling pathway impact analysis showed 
that the Fc gamma R-mediated phagocytosis, NK cell mediated cytotoxicity and NF-kappa B signaling pathways were activated whereas the B 
cell receptor signaling pathway was inhibited in the Pectoralis major of the SAA restricted birds. The current study suggests that restriction in 
dietary methionine in growing chickens leads to cytoskeleton modification that reduces cell to cell communication, potential increase in 
oxidative stress and abnormal methylation which induces inflammation response. Birds eliciting such inflammation response may compromise 
their immune system and their ability to fight infections. 
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Segmental Duplications in the Chicken Genome Identified By Single Nucleotide Variant (SNV) Analysis in Two Inbred 
Lines 
Damarius Fleming1, Susan J. Lamont1, Janet E. Fulton2, James M. Reecy1 and Ashlee Lund3, (1)Iowa State University, Ames, IA, 
(2)Hy-Line International, Dallas Center, IA, (3)Hy-line, Dallas Center, IA 
Segmental duplications (SD) are genomic regions with nearly identical sequence. Here we present the identification of  segmental duplications 
on chromosome 1 in two highly inbred pooled lines by SNV validation analysis. SDs in both lines were discovered during the validation process 
for novel SNV in these lines. This resulted in variants that appeared to segregate, as some genotyped individuals incorrectly appeared as 
heterozygous.  
Duplication identification was carried out using the KBiosciences Kompetitive Allele Specific PCR genotyping system (KASP). This allowed for 
both a numerical and visual examination of the existence of variants. Follow up analysis of the possible duplications included comparison of the 
mean depth of coverage (DP) across the genome versus the DP for the variants showing duplication (DP ≥ ~2 x mean). The flanking sequences 
for the duplicated variants were also queried using NCBI Blast to search for multiple hits  to different genomic regions.  Independent commercial 
lines were also used to confirm the existence of the duplications.  
Results from the KASP assay, Blast, and DP analysis confirmed that selected variants on chromosome 1 had flanking sequences that mapped to 
multiple genomic locations with SNV loci that showed ≥ ~2 the mean genomic DP. Results suggest SDs caused primers to amplify both the 
alternate and reference alleles making them appear as segregating. This was due to fixation of different alleles in the genome that are incorrectly 
mapped to the same genomic location within regions of a SD.  
Support: USDA-NIFA-AFRI grant and Hatch project #5358. 
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Genotyping By SNPs to Identify Carriers of the wg-2 Mutation with a Reduced Linked Candidate Region in Chicken 
Ingrid A. Youngworth, UC Davis, Davis, CA and Mary E. Delany, University of California, Davis, CA 
The objective of this study is to further define the region encompassing the causative mutation of the autosomal recessive wingless-2 mutation 
(wg-2). Affected homozygous progeny display multisystem developmental abnormalities, most notably absent wings. Phenotypically normal 
heterozygotes (+/-) are bred inter se after genotype determination by sequencing a tightly-linked variant (SNP 390) with transmission status 
confirmed by test crossing.  
Initial SNP studies in 2004 indicated a candidate region of 2 Mb on GGA 12 in our breeding population which was updated to a size of 260 kb 
five years ago using a study of mutant (-/-) progeny. However, since no genotype-specific selection criteria were imposed on the breeding 
scheme beyond SNP 390 genotype, the size of the wg-2 candidate region segregating in the carrier population was unknown. Herein we set out to 
investigate whether recombination has further reduced the candidate region size in the breeding population. Two carrier populations were 
screened (2015 and 2014 parents) using twelve SNPs across the 260 kb region.  



Results indicate that recombination events have occurred and as such have further reduced the region linked to the wg-2 phenotype to a minimum 
of 220 kb in the 2014 carriers. Test matings and sequencing at SNPs across that region in the 2015 progeny are under way to determine if 
additional events have occurred, and results will be reported. As the candidate region shrinks in overall size, additional recombination becomes 
unlikely and so additional genomic technologies are also being employed to inform candidate gene analyses. 
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Inducible Overexpression and Targeted Genome Editing of Chicken IRF7 in DF-1 Cell Line 
Tae Hyun Kim, Catherine Lopez, Ying Wang and Huaijun Zhou, University of California, Davis, Davis, CA 
Little is known about the function of chicken interferon regulatory factor (IRF7) while the major function of IRF7 in mammals is regulating type 
I interferons (IFNs). Our previous study revealed a link between chicken IRF7 and the regulation of Rig-I-like receptor and Toll-like receptor 
signaling pathways in response to dsRNA. In order to better understand underlying mechanism of how chicken IRF7 regulates the antiviral 
response against avian influenza virus (AIV), IRF7 conditional over-expression and knock-out DF-1 cell models were further developed. Cumate 
inducible over-expression system was chosen to avoid the antibiotics (eg. Tetracycline for Tet-on & off system) exposure to the cells during the 
in vitro pathogen infection. The expression level of IRF7 was linearly induced as increasing amounts of cumate were added and IFNB expression 
had significant positive correlation with the IRF7 induction. Multiplex genome editing approach was applied using CRISPR/Cas system to 
mediate targeted genomic deletion. Two spacers that are targeting near the start and stop codon sites of IRF7 were designed to induce concurrent 
double-stranded breaks followed by nonhomologous end joining to delete the complete IRF7 CDS on the genome (~3kb). The results revealed 
that 4.5% (4/88) of alleles had large targeted genomic deletion that does not have the IRF7 CDS in the clonal DF-1 colonies. Further in vitro AIV 
infection studies are followed by functional genomics approaches using these modified cell lines to elucidate the molecular mechanism of avian 
host immune response against AIV. 
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Characterization of Chicken Cecal Microbiome During Acute and Chronic Heat Stress 
John Hsieh1, Nathaniel Barrett2, Torey Looft3, Michael E. Persia2, Carl J. Schmidt4 and Susan J. Lamont1, (1)Iowa State University, 
Ames, IA, (2)Virginia Polytechnic and State University, Blacksburg, VA, (3)National Animal Disease Center, Ames, IA, 
(4)University of Delaware, Newark, DE 
The gut microbiome has garnered attention in the recent years for its contribution toward host response to stress.  For production chickens, both 
broilers and layers, heat stress has a significant negative impact on production traits and overall well-being of the birds.  The gut microbiome of 
chickens under heat stress is poorly understood.  In this study, we characterized the chicken cecal microbiome during a 4 week heat stress 
experiment with layer hens during active egg production in order to detect any noticeable differences from heat stress. 
A group of 80 egg-layers were randomly split into 2 groups: heated and not heated.  Eight birds from each group were euthanized to harvest 
samples at 5 time points during heat treatment:  day 1 (acute), and weekly in weeks 1 through 4 (chronic).  Bacterial DNA were isolated from 
cecal digesta, and the V1-V3 region of the 16S rRNA gene was amplified.  The barcoded amplicons were pooled and sequenced on the Illumina 
MiSeq.  The sequences were analyzed with QIIME using the Greengenes reference database. 
We identified changes in the microbial community during the 4 week heat stress experiment.  The microbial community was first summarized 
based on taxonomic information assigned to OTUs for the 5 time points.  Next, alpha diversities were calculated and summarized as alpha 
rarefaction plots.  Finally, beta diversities were calculated between heated and not heated groups within the 5 time points and summarized as 
principal coordinates analysis plots.  
Support for this work is from an USDA-NIFA-AFRI grant and Hatch project #5358. 
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Comparison of Gene Expression Profiles of Pituitary Glands from Heat Stressed and Non-Heat Stressed Broiler Chickens 
Elizabeth M. Pritchett1, Susan J. Lamont2 and Carl J. Schmidt1, (1)University of Delaware, Newark, DE, (2)Iowa State University, 
Ames, IA 
As the global climate continues to increase, there is a need to identify genetic alleles that confer increased temperature resilience on farmed 
animals and crops.  Our group is using comparative transcriptomics to identify differences in gene expression between heat stressed and non-heat 
stressed birds.  The pituitary is a neuroendocrine organ that secretes hormones affecting the response to stress.  A heat stress study was conducted 
in which Ross 708 broilers were heat stressed at 39 degrees C for 8 hours per day from 21 to 42 days of age.  At 42 days of age, pituitaries were 
removed and placed in liquid nitrogen.  Total RNA was extracted and RNA-seq libraries were created sequenced at the Delaware Biotechnology 
Institute.  As the sequencing data is received, analysis of the high-throughput transcriptome will be performed via differential gene expression 
and relative tissue expression analysis.  Once this process is completed (currently in progress), gene lists will be uploaded to PathRings for 
pathway analysis. 
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Distinct Cardiac Responses to Heat Stress Between Two Broiler Lines Identified By Transcriptome Analysis 
Jibin Zhang1, Carl J. Schmidt2 and Susan J. Lamont1, (1)Iowa State University, Ames, IA, (2)University of Delaware, Newark, DE 
Prolonged exposure to high temperature can significantly increase metabolism, depress appetite, reduce meat production and raise mortality in 
broilers. Because the cardiovascular system plays an important role to dissipate heat and transport oxygen, strong cardiac function is 
indispensable for birds to survive under heat stress. However, due to small hearts relative to body weight, modern broilers have high risk of heart 
failure at high temperature.  
In this study, a Ross 708 line (modern broilers) and a Heritage broiler line (relaxed selection since the 1950s) were subjected to heat stress at 
35℃  for 7 hours/day from 21 to 42 days posthatch and compared to control groups kept at ambient temperature. Twenty-three libraries 
generated from left ventricles averaged 10 million 50-base pair single-end reads after transcriptome sequencing, trimming and filtering.  



After differential expression analysis, more than 300 differentially expressed genes between heat-stressed and control birds were identified in 
modern broilers, while only three genes were differentially expressed in heritage broilers at a significance level of False Discovery Rate 
(FDR)<0.1 and log2 fold-change (LFC)>1. By Ingenuity Pathway Analysis (IPA), the significantly differentially expressed genes in modern 
broilers are mainly involved in apoptosis, cell proliferation, cell migration and inflammatory response. In heart disease, those genes are highly 
related to ventricular hypotrophy, cardiac arrhythmia and tachycardia.  This information provides insights into mechanisms of susceptibility of 
modern broilers’ heart to heat stress and a foundation for future genomic selection in broilers to improve their adaptation to global climate 
change.  
Support: USDA-NIFA-AFRI grant and Hatch project #5358.  
 
P0659: Genome Mapping, Tagging & Characterization: Poultry 
Transcriptomic Analysis of Heat Stress Response in the Liver of Broiler Chickens 
Sara F. Jastrebski1, Susan J. Lamont2, Michael E. Persia3, Max F. Rothschild2, Chris M. Ashwell4 and Carl J. Schmidt1, 
(1)University of Delaware, Newark, DE, (2)Iowa State University, Ames, IA, (3)Virginia Polytechnic and State University, 
Blacksburg, VA, (4)North Carolina State University, Raleigh, NC 
Heat stress is known to reduce production in the broiler industry. Overall yield is reduced, creating a less valuable product. We are interested in 
studying the effects of the heat stress response as it relates to the liver of a modern broiler line (Ross708).  Birds were raised at normal 
temperatures for 21 days, then half were kept at normal temperature and half were subjected to 43C heat stress for 8 hours during the day, 
simulating a heat wave. Tissues were harvested via necropsy at day 28 post hatch and flash frozen in liquid nitrogen.  RNA transcriptome 
libraries were prepared from 8 control and 8 heat stressed livers and Relative Tissue Expression Analysis performed on each condition to identify 
enriched genes. These lists were analyzed with multiple pathway analysis programs to determine biological relationships between conditions. 
 
P0660: Genome Mapping, Tagging & Characterization: Poultry 
Liver Transcriptome Response to Hyperthermia Stress in Three Distinct Chicken Lines 
Xi Lan1,2, Carl J. Schmidt3 and Susan J. Lamont1, (1)Iowa State University, Ames, IA, (2)Sichuan Agricultural University, 
Chengdu, China, (3)University of Delaware, Newark, DE 
High ambient temperatures cause stress in poultry, especially broiler lines, which are genetically selected for rapid muscle growth. RNA-seq 
technology provides powerful insights into environmental response of a highly metabolic tissue, the liver. We investigated the effects of acute 
(3h, 35°) and chronic (7d of 35° for 7h/d) heat stress on the liver transcriptome of 3wk-old chicks of a heat-susceptible broiler line, the heat-
resistant Fayoumi and an advanced intercross line (AIL). Transcriptome sequencing of 48 male chickens using Illumina HiSeq 2500 technology 
yielded an average of 3.4 million, 100-base -pair single-end, reads per sample. There were 8 times more (N=627) differentially expressed genes 
(DEGs) in the broiler acute-heat group compared to control (25°) samples (FDR<0.05), than in Fayoumi (N=78). Contrasting genetic lines under 
similar heat treatments, the highest number of DEGs appeared between Fayoumi and Broiler. DEGs number suggests that acute heat stress has 
greater impact on liver metabolism than chronic heat in broiler and AIL, but not Fayoumi. Ingenuity Pathway Analysis revealed 7 common 
overrepresented functions, related to liver metabolism and signaling, including Fatty Acid β-oxidation I, and Fatty Acid Activation were detected 
in comparison analysis of 6 heat-control contrasts. “Lipid Metabolism” and “Organismal Injury, Abnormalities and Inflammatory Response” 
were the two highest ranking networks in all genetic lines. This study extends our understanding of the liver transcriptome response to different 
heat treatments in novel genetic chicken lines and provides fundamental information needed to breed birds more resilient to climate change.  
Support: USDA-NIFA-AFRI grant and Hatch project #5358 
 
P0661: Genome Mapping, Tagging & Characterization: Poultry 
Unique Genetic Responses Revealed in RNA-Seq from the Spleen of Chickens Stimulated with Lipopolysaccharide and Heat 
Angelica Van Goor1, Chris Ashwell2, Mike E. Persia3, Max F. Rothschild1, Carl J. Schmidt4 and Susan J. Lamont1, (1)Iowa State 
University, Ames, IA, (2)North Carolina State University, Raleigh, NC, (3)Virginia Polytechnic Institute and State University, 
Blacksburg, VA, (4)University of Delaware, Newark, DE 
Climate change and disease have large negative impacts on poultry production, but little is known about the interactions of these stressors in 
chickens. Fayoumi (heat and disease resistant) and broiler (heat and disease susceptible) chicken lines were stimulated at 22 days of age, using a 
2x2x2 factorial design including: breed (Fayoumi or broiler), inflammatory stimulus [lipopolysaccharide (LPS) or saline], and heat (35°C or 
25°C). Spleens were harvested 3.5 hours post stimulus and then analyzed for transcriptional changes using RNA-sequencing on the Illumina 
HiSeq 2500. Four individual cDNA libraries were sequenced per treatment. An average of 22 million reads were generated per library. We 
considered differentially expressed genes (DEG) with log2 fold change ≥ 2 and FDR ≤ 0.05.  
Stimulation with LPS induced more DEG in the broiler (N=283) than the Fayoumi (N=85), whereas heat treatment resulted in fewer DEG in 
broiler (N=22) compared to Fayoumi (N=107). The largest changes in gene expression were identified in the double stimulus (LPS+heat) for 
which broiler had many DEG (N=567) and the Fayoumi had even more (N=1471). Both breeds shared many DEG in response to LPS+heat 
(399). Further investigation into the unique Fayoumi response to the double stimulus, resulted in observed enriched pathways including 
apoptosis, steroid hormone biosynthesis, and cytokine-cytokine receptor interaction, and whereas the unique broiler response resulted in the 
observed enriched cytokine-cytokine receptor interaction pathway. The genes and pathways identified may serve as biomarkers for genetic 
selection for heat and disease tolerant chickens. Support: USDA-NIFA-AFRI grant and Hatch project #5358. 
 
P0662: Genome Mapping, Tagging & Characterization: Poultry 
Genetic Parameter Estimation and Genome Wide Association Study for NDV Response in Chickens 
Kaylee Rowland1, Huaijun Zhou2, Rodrigo Gallardo2, David A. Bunn3 and Susan J. Lamont1, (1)Iowa State University, Ames, IA, 
(2)University of California, Davis, Davis, CA, (3)UC Davis, Davis, CA 



Exotic Newcastle disease causes up to 80% mortality in chickens in developing countries where the virus is endemic, limiting the production of 
eggs and meat.  Genetic resistance, complementary to vaccination in a disease prevention program, has the potential to be an important tool to 
reduce the impact of NDV.  
The experiment was replicated across three hatches of a commercial egg-laying line, Hy-Line Brown.  Inoculation with NDV, La Sota strain, 
occurred on day 21 by an ocular-nasal route.  Body weights, blood, and tears were collected throughout the study.  Virus load was estimated from 
viral mRNA level in tears by qRT-PCR; systemic antibody response to NDV in serum was measured by ELISA. Genomic DNA was isolated for 
genotyping via Affymetrix 600K chicken SNP array.  
We hypothesize that many genes regulate NDV resistance in chickens and aim to identify genetic markers associated with NDV resistance 
(reduced viral load, high antibody titer) so these markers can be applied in genetic selection.  
Analyses of viral RNA and antibody levels have confirmed response of challenge groups to the virus and lack of response in control groups.  
ASREML estimated heritabilities of 0.38, 0.29, 0.04, and 0.07 for hatch weight, day 31 weight, 0dpi and 10dpi antibody levels, 
respectively.  GWAS will be performed using GenSel to determine associations between genotype and phenotype data.  This study will address 
important issues including correlations between NDV resistance and production traits such as growth.  
Support: USAID Feed the Future Innovation Lab for Genomics to Improve Poultry, Hy-Line International, and Hatch project #5357 
 
P0663: Genome Mapping, Tagging & Characterization: Poultry 
Transcriptional Analysis of JAK/STAT Signaling Pathway Involved Immune Genes to Necrotic Enteritis Afflicted Chicken 
Lines 
Yeong Ho Hong1, Anh D. Truong1, Yeojin Hong1, Boyeong Park1, Jihye Ban1, Cong T. Hoang1, Hans H. Cheng2 and Hyun S. 
Lillehoj3, (1)Chung-Ang University, Anseong, South Korea, (2)USDA-ARS, Avian Disease and Oncology Laboratory, East 
Lansing, MI, (3)USDA-ARS, Beltsville, MD 
Janus Kinases (JAKs) and Signal Transducer and Activator of Transcription proteins (STATs) are central mediators of cytokine and growth 
factor signaling pathways that are constitutively active in several diseases and play an important role in disease progression. The objective of this 
study was to investigate the transcriptional expression of JAK/STAT candidate genes, their regulators and interactors in intestinal mucosal of two 
genetic chicken lines (MD-resistant line 6.3 and susceptible line 7.2) co-infected with Eimeria maxima and Clostridium perfringens using RNA-
sequencing. We investigated 116 JAK-STAT signaling pathway related genes that had significantly differential expressed between two genetic 
chicken lines in intestinal mucosal. Of these genes, the expression of 52 genes were significantly increased and 9 genes were decreased with 
EM/CP co-infected in chicken line 6.3. In chicken line 7.2 had 37 genes that markedly increased and 4 genes were expression decreased with 
EM/CP co-infected. DEGs in intestinal mucosal were significantly related to biological process terms, cellular component terms and molecular 
functions terms, and a KEGG pathway mapping of DEGs indicated that were identified. This report represents for the first time, to the best of our 
knowledge, the transcriptional analysis for almost all the candidate genes, regulators as well as potential interactors of JAK/STAT pathway in 
two genetic chicken lines.  
 
P0664: Genome Mapping, Tagging & Characterization: Poultry 
The Conservation and Signatures of lincRNAs in Marek’s Disease of Chicken 
Jiuzhou Song1, Yanghua He1, Huanmin Zhang2 and Ning Yang3, (1)University of Maryland, College Park, MD, (2)USDA ARS 
Avian Disease & Oncology Laboratory, East Lansing, MI, (3)China Agricultural University, Beijing, China 
Long intergenic non-coding RNAs (lincRNAs) associated with a number of cancers and other diseases have been identified in mammals, but 
they are still formidable to be comprehensively identified and characterized in chicken. Marek’s disease (MD) is a T cell lymphoma of chickens 
induced by Marek’s disease virus (MDV). Here, we used a MD chicken model to develop a precise pipeline for identifying lincRNAs and 
to discover lincRNAs in T cell tumorigenesis. More than 1,000 lincRNA loci were identified in chicken bursa. Computational analyses 
demonstrated that lincRNAs are conserved among different species such as human, mouse and chicken.  The putative lincRNAs were found to be 
associated with a wide range of biological functions including immune responses. Interestingly, we observed distinct lincRNA expression 
signatures in bursa between MD resistant and susceptible lines.  One of the candidate lincRNAs was found to play a crucial role in MD immune 
response. Thus, our results manifested that lincRNAs may exert considerable influence on MDV-induced T cell tumorigenesis and provide a rich 
resource for hypothesis-driven functional studies to reveal genetic mechanisms underlying susceptibility to tumorigenesis.  
 
P0665: Genome Mapping, Tagging & Characterization: Poultry 
Understanding the First Effective Vaccination Against a Cancer: Interactions of Marek’s Disease Virus and Vaccines with 
the Host Genome 
Marla McPherson, Dept. of Animal Science, University of California, Davis, CA and Mary Delany, University of California, 
Davis, CA 
Marek’s Disease Virus (MDV) is a chicken alphaherpesvirus that causes paralysis, chronic wasting, blindness, and fatal lymphoma development, 
collectively known as Marek’s disease (MD), within its natural host, chicken (Gallus gallus). Virulent MDV strains are known to integrate into 
the host telomeres during disease pathogenesis. Most mitotically-dividing cells within primary MD-lymphomas contain solely telomere-
integrated MDV. MD vaccinations are administered to prevent fatal tumor development after MDV infection, establishing these vaccines as the 
first effective against an oncogenic virus. The genomic interactions of the vaccines with their host and the precise mechanism of the anti-tumor 
effect of vaccination are not well understood. We examined whether MD vaccines are capable of integration into the host genome by cytogenetic 
analysis during the first 3 weeks after inoculation. In this study, we established that MD vaccines are indeed capable of integrating into host 
telomeres; however the vaccines don’t establish the MDV-host genomic profile observed in latent and transformed cell types. Our results 
highlight that the establishment of a viral stage known as latency, and the accompanying viral phenotype, during early infection may be a critical 
precursor to MDV-induced tumorigenesis. Our current aim is to investigate changes in the interactions of virulent MDV with the host DNA in 
MD-susceptible versus -resistant birds.  



We appreciate support from the National Institute of Food and Agriculture, U.S. Department of Agriculture grant 2005-35205-16679, National 
Research Support Program-8, and Multi-State Research Projects NC-1170 and NE-1334. 
 
P0666: Genome Mapping, Tagging & Characterization: Poultry 
Genome-Wide Identification of Regions Associated with Heat-Tolerance and Newcastle Disease Virus Resistance in 
Chickens 
Perot Saelao1, Ying Wang2, Kelly Chanthavixay3, Ali Nazmi2, Rodrigo Gallardo4, David A. Bunn5, Susan J. Lamont6 and Huaijun 
Zhou4, (1)University of California, Davis, davis, CA, (2)UC Davis, DAVIS, CA, (3)University of California Davis, davis, CA, 
(4)University of California, Davis, Davis, CA, (5)UC Davis, Davis, CA, (6)Iowa State University, Ames, IA 
Ever increasing global temperature fluctuations have led to a huge economic loss for agricultural producers worldwide. In addition to these 
temperature fluctuations, stressors such as disease can greatly impact food production especially for rural farmers in the developing countries that 
depend on poultry as a critical food source. In this study, we attempted to identify genomic regions associated with heat-tolerance and Newcastle 
disease resistance in chickens. 550 Hy-Line Brown layer chicks were exposed to 35°C at 60% humidity starting at 14 days old. Physiological 
responses to heat stress were measured using the iSTAT device at 14, 23, and 27 days of age. The chicks were then inoculated with the 
Newcastle Disease Virus (NDV) at day 21 of age. Virus titers from tears at 2 and 6 DPI were measured using qRT-PCR. The birds were then 
genotyped using an Affymetrix 600K SNP chip and genome wide association studies (GWAS) with these phenotypes were performed using 
PLINK. Preliminary analysis has revealed a potentially interesting 10kb region of Chr12 significantly associated with sodium and glucose levels 
that have previously been described as potential physiological indicators of heat stress. Furthermore, virus titer and antibody response association 
analysis has also shown strong evidence with a cluster of significant SNPs within 100kb region in Chr2.  
Support: USAID Feed the Future Innovation Lab for Genomics to Improve Poultry, and Hy-Line International. 
 
P0667: Genome Mapping, Tagging & Characterization: Poultry 
Differential Response of Resistant and Susceptible Chicken Lines to Newcastle Disease Virus in the Trachea and Lung 
Melissa Herrmann1, Rodrigo Gallardo2, David A. Bunn3, Huaijun Zhou2 and Susan J. Lamont4, (1)Department of Animal Science, 
Iowa State University, Ames, IA, (2)University of California, Davis, Davis, CA, (3)UC Davis, Davis, CA, (4)Iowa State University, 
Ames, IA 
Newcastle disease has devastating impacts on poultry production in the developing world. This study aims to characterize differential responses 
between resistant (Fayoumi) and susceptible (Leghorn) chicken lines challenged with a lentogenic Newcastle Disease Virus (NDV) strain via the 
eyes and nostrils. Tissues were collected from three-week-old challenged and control birds from each line at 2, 6, and 10 days-post-infection 
(dpi). RNA sequencing was performed on tracheal epithelial cells and lungs, major sites of NDV pathogenesis. The largest numbers of 
differentially expressed (DE) genes were seen in both lines and tissues at 2 dpi and decreased in number from 2 to 10 dpi. Of the two tissues, line 
has a larger impact on the variance of the phenotype in the lung. Gene set enrichment analysis (GSEA) showed the important role of leukocytes 
in the trachea when comparing DE genes found between the Leghorns and Fayoumis in the challenged group.  The GSEA of the lung showed 
many gene-ontology (GO) terms involved in cellular immunity. IL-8 related GO terms appeared in both tissues suggesting this chemokine has a 
significant role and deserves additional exploration. Further analysis is required to determine pathways associated with resistance to NDV. This 
research is the first step in identifying genes and pathways involved in resistance to breed chickens more resistant to NDV in under-developed 
countries where they rely on village chickens for adequate protein in their diet, as well as their livelihood.  
Support: USAID Feed the Future Innovation Lab for Genomics to Improve Poultry and Hatch project #5357. 
 
P0668: Genome Mapping, Tagging & Characterization: Poultry 
Effect of Sex on Newcastle Disease Virus (NDV) Titer after Infection in Chickens 
Kelly Chanthavixay1, Perot Saelao2, Ying Wang2, Anthony Medvedev2, Vivian Yu2, Rodrigo Gallardo3, David A. Bunn4, Susan J. 
Lamont5 and Huaijun Zhou6, (1)University of California Davis, davis, CA, (2)UC Davis, davis, CA, (3)University of California, 
Davis, Davis, CA, (4)UC Davis, Davis, CA, (5)Iowa State University, Ames, IA, (6)University of California, Davis, davis, CA 
Many host genetic factors determine resistance to infection. In the current study, we sought to determine whether sex-associated resistance to 
Newcastle disease virus (NDV) infection exists in chickens by utilizing two genetically distinct inbred chicken lines, Fayoumi and Leghorn, and 
one genetically diverse commercial bird layer line, Hy-Line Brown. Birds were under constant heat exposure (35C, 65% humidity) starting from 
two weeks of age and were challenged with NDV at 3 weeks of age. Viral titers from tears at 2 and 6 DPI and antibody response to NDV in 
serum at 10 DPI were measured. Due to significant effects of genetic line, data were analyzed for each genetic line. There was a significant 
difference between sexes in viral titer at 6DPI in Fayoumi with females having lower viral titer mean. There was no significant difference 
between sexes in viral titer at either time point for Leghorns. There was a significant difference between males and females in viral titer at both 
time points for the Hy-Line birds with the females having lower viral titer. This result indicates greater anti-viral response to NDV in female than 
male chickens. No significant difference was observed at 10 DPI in antibody titer between the sexes in any genetic lines. The effect of sex on 
NDV titer may be due to the location of Type 1 interferon genes on the Z sex chromosome. Further analysis into differential gene expression 
between the sexes for genes involved in immunity may elucidate the underlying mechanism affecting NDV resistance.  
Support: USAID Feed the Future Innovation Lab for Genomics to Improve Poultry, and Hy-Line International. 
 
P0669: Genome Mapping, Tagging & Characterization: Poultry 
Investigating Host Resistance to Avian Pathogenic Escherichia coli Using Colonization Levels in a Chicken Advanced 
Intercross Line 
Melissa S. Monson, Michael G. Kaiser and Susan J. Lamont, Iowa State University, Ames, IA 
Avian pathogenic Escherichia coli (APEC) is an extraintestinal Gram-negative bacillus that can cause severe respiratory and systemic 
colibacillosis in poultry.  Infections with APEC can lead to airsacculitis, perihepatitis, pericarditis, septicemia and mortality, and cost the poultry 
industry millions of dollars each year.  Identifying quantitative trait loci (QTLs) in chickens (Gallus gallus) associated with resistance to APEC 



colonization through genome wide association (GWAS) will provide potential markers for genomic selection and target regions for further 
investigation.  This study utilized the F24 generation of an advanced intercross line (AIL) generated as a fine-mapping population from outbred 
broiler breeder and inbred Fayoumi lines.  Across three replicates, 324 14-day old AIL chicks and 46 chicks from parental lines (broiler and 
Fayoumi) were challenged with APEC O1:K1:H7 (APEC O1) via intra-airsac injection.  The highly virulent APEC O1 strain is known to have 
variable pathogenicity in broilers.  After 1 day of exposure, blood and tissue samples (right lung, left lung, spleen, and liver) were collected from 
each individual.  Ten-fold serial dilutions from tissue homogenates were plated for bacterial enumeration.  Bacterial loads (log10(CFU/g)) ranged 
from 0-11.8 between samples, with significantly lower mean log10(CFU/g) in blood in comparison to the tissues.  Bayesian GWAS will be 
performed using genotypes collected on the Affymetrix Axiom 600K Genome-wide Chicken Genotyping array with these tissue colonization 
levels as quantitative phenotypes.  Potential QTLs associated with lower APEC levels will provide a first step towards genomic improvement of 
commercial bird resistance to colibacillosis.  Support: USDA-NIFA-AFRI US-UK Collaborative grant, Hatch project #5424. 
 
P0670: Genome Mapping, Tagging & Characterization: Poultry 
Salmonella Enterica Serovars Enteritidis Infection Alters the Indigenous Microbiota Diversity in Young Layer Chicks  
Khin Khine Zar Mon1, Perot Saelao1, Michelle M. Halstead2, Kelly Chanthavixay3, Huai-Chen Chang1, Lydia Garas1, Elizabeth A. 
Maga1 and Huaijun Zhou1, (1)University of California, Davis, davis, CA, (2)University of California, Davis, Davis, CA, 
(3)University of California Davis, davis, CA 
Avian gastrointestinal tracts are highly populated with a diverse array of microorganisms that share a symbiotic relationship with their hosts and 
contribute to the overall health of the intestinal tract. The genetic background of the host and exposure to pathogens can impact the diversity of 
the microbial profile that consequently contributes to the disease progression in the host. The objective of this study was to examine the impact 
of host genetic background on influencing early establishment of microbiota in combination with S. Enteritidis infection to determine S. 
Enteritidis-associated alteration in gut microbiota with 16S rRNA sequencing analysis. One-day-old layer chicks were challenged with S. 
Enteritidis and the host microbiota profile as well as the degree of susceptibility to Salmonella infection was examined between two genetic lines 
at 2 and 7 days post-infection. Alpha diversity, beta diversity, and overall microbiota composition was analyzed for four factors: host genotype, 
age, treatment, and post-infection time-points. S. Enteritidis infection in young chicks were found to significantly reduce the overall diversity of 
the microbiota population with expansion of Enterobacteriaceae family. Significant inverse correlation between Enterobacteriaceae and 
Lachnospiraceae family in both non-infected and infected groups, suggested possible antagonistic interaction between members of these two 
taxa, which could potentially influences the overall gut microbial population. Our results also revealed that genetic difference between two 
genetic lines had minimal effect on the establishment of microbiota population. Overall, this study provided preliminary insights into the 
contributing role of S. Enteritidis in influencing the overall makeup of chicken's gut microbiota. 
 
P0671: Genome Mapping, Tagging & Characterization: Poultry 
Candidate miRNAs Involved in Regulation of Alpha-class Glutathione S-transferases Associated with Susceptibility to the 
Carcinogen Aflatoxin B1 
Aaron M. Duffy1, Kristelle M. Mendoza2, Kent M. Reed2 and Roger A. Coulombe1, (1)Utah State University, Logan, UT, 
(2)University of Minnesota, St. Paul, MN 
Glutathione S-transferases (GSTs) are critical enzymes that detoxify reactive electrophilic intermediates of environmental toxicants, such as 
mycotoxin aflatoxin B1 (AFB1), an hepatotoxic, carcinogenic, and immunosuppressive feed contaminant. Domesticated turkeys (Meleagris 
gallopavo) are the most sensitive animals known to AFB1, at least partly due to their lack of AFB1-detoxifying alpha-class GSTs (GSTA). Wild 
turkeys, which are relatively AFB1-resistant, possess functional GSTAs. Evidence suggests this dysfunction likely results from differences in 
epigenetic gene regulation rather than DNA coding sequence. One possible epigenetic mechanism for GSTA silencing in domesticated turkeys is 
miRNA-mRNA interactions, but it is not known which of the 950 unique miRNAs identified or predicted in the turkey genome interact with 
GSTA mRNAs. We used RNA-sequencing (RNA-seq) data from turkey livers, with and without exposure to AFB1, to identify precursor 
miRNAs with relative expression patterns expected for miRNAs involved in GSTA regulation. A subset of those miRNAs also have expression 
patterns that differ between domesticated and wild turkeys or predicted interactions (using Starmir) at single nucleotide polymorphisms (SNPs) 
between domesticated and wild turkey GSTA mRNAs, making them possible candidates to explain the AFB1-susceptibility difference. 
Experimental validation of interactions between these 13 candidate miRNAs and GSTA mRNAs will employ anti-AGO RNA 
immunoprecipitation to determine whether any are responsible for GSTA dysfunction in domesticated turkeys. Supported by USDA, Agriculture 
and Food Research Initiative Grants # 2002-35204-12294, 2005-01326, 2007-35205-17880, 2009-35205-05302, and Grant #2013-01043 from 
the USDA-National Institute of Food and Agriculture Animal Genome Program, and the Utah Agricultural Experiment Station. 
 
P0672: Genome Mapping, Tagging & Characterization: Poultry 
Effects of SNPs in the MLF2 Gene Related Coccidiosis Resistance on Egg Production and Body Weight in Korean Chickens 
So-Young Choi, Kangwon National Uinv. Korea, Chuncheon, South Korea, Yeong Ho Hong, Chung-Ang University, Anseong, 
South Korea and Sung-Jin Lee, Kangwon National University, Chuncheon, South Korea 
It was reported that the myeloid leukemia factor 2 (MLF2) gene was associated with growth traits and coccidiosis resistance in chickens. The aim 
of this study was to confirm the association study between the SNPs of MLF2 and economic traits in 278 Korean native chickens (KNC) and 291 
commercial chickens by high resolution melting method (HRM). Body weight (BW) at 150 days and 270 days, and egg production number until 
270 days were measured as the economic traits. The 960 A>G SNP on MLF2 gene was significantly associated with the number of egg 
production in KNC (Gray) breed. The 892 A>G SNP and The 960 A>G SNPs were significnat associated with BW 150 in Rhode Island Red. 
These results suggest that 892 A>G and 960 A>G SNP on MLF2 gene related with coccidiosis resistance may be also used as a genetic marker 
for egg production and body weight traits in Korean chickens. 
 
P0673: Genome Mapping, Tagging & Characterization: Poultry 
Genetics of Dilated Cardiomyopathy in the Turkey 



Edward Smith and Kwaku Gyenai, Virginia Tech, Blacksburg, VA 
Dilated cardiomyopathy is reported to account for about 2% of mortality in turkeys. . In several studies, we investigated the effects of nutritional 
and genetic factors on the incidence and severity of toxin-induced dilated cardiomyopathy in the domestic turkey, Melagris gallopavo. In one 
study, the results of which will be presented here, we evaluated the effect of dietary vitamin E and selenium (Se) on oxidative stress (OS) and the 
incidence and severity of furazolidone (Fz)-induced dilated cardiomyopathy. Standard turkey diets were supplemented with different 
concentrations and combinations of vitamin E (0, 50 and 100 IU/kg) and selenium (0.0, 0.3 and 0.5 mg/kg). Malondialdehyde (MDA), 
glutathione (GSH), glutathione peroxidase (GPx), and plasma uric acid (PUA) were used as biomarkers for oxidative stress. At two wks of age, 
measurements of MDA for birds fed normal diet were not different from those fed diet with toxic levels of Fz. However, GPx was increased for 
birds fed diets supplemented with 0.5 mg/kg Se, combinations of 50 IU/kg vitamin E and 0.5 mg/kg Se, and 100 IU/kg vitamin E and 0.5 mg/kg 
Se. GPx was highest for birds fed Fz-containing diets and a combination of 100 IU/kg vitamin and 0.5 mg/kg Se. No differences were observed 
for poults (young turkeys) fed normal diets PUA; however, PUA was high for poults fed Fz-containing.  Among birds fed Fz-containing diets, 
reduced MDA levels were observed for birds fed diets with a combination 50 IU/kg vitamin E and 0.3 mg/kg Se, and 0.5 mg/kg Se, respectively. 
At two weeks of age, poults fed normal diets supplemented with 100 IU/kg and 0.5 mg/kg vitamin E and Se combined had the highest GSH. 
Among birds fed Fz-containing diets, GSH was highest for those fed a 100 IU/kg vitamin E. At four weeks of age, birds fed normal diets and 
combinations of 50 IU/kg vitamin E and 0.5 mg/kg Se, 100 IU/kg vitamin E had the lowest concentration of MDA but highest GPx and 
GSH.  Though results of the biomarkers were inconsistent from two to four wks of age, for turkeys fed diet containing different concentrations 
and combinations of dietary antioxidant, our current findings suggest a role for increased OS in the progression of DCM. 
 
P0674: Genome Mapping, Tagging & Characterization: Poultry 
Transgenerational Effects of Modifications of the Embryonic Environment in Quail 
Sophie Leroux1, David Gourichon2, Christine Leterrier3, Yann Labrune1, Vincent Coustham4, Tatiana Zerjal5, Jean Luc Coville5, 
Mireille Morisson1, Francis Minvielle5 and Frédérique Pitel1, (1)UMR INRA/INPT ENSAT/INPT ENVT - GenPhySE, Castanet-
Tolosan, France, (2)INRA - PEAT, Nouzilly, France, (3)UMR INRA/CNRS/UFR Tours/IFCE - PRC, Nouzilly, France, (4)UR83 
Recherches Avicoles, Nouzilly, France, (5)INRA, UMR de Génétique Animale et Biologie Intégrative, Jouy-en-Josas, France 
Epigenetic phenomena, such as DNA methylation, which participate to the regulation of gene expression, can influence phenotypes. The 
influence of the embryonic environment on the adult phenotype, through epigenetic marks, has been observed in numerous cases. Recent studies 
show that epigenetic information may be transmitted across generations.  
Our aim was to observe if a modification of the quail embryonic environment would have transgenerational effects. We observed phenotypic 
differences in the third generation between two lines, obtained after treating (Epi+) or not treating (Epi-) eggs from a common set of founders 
G0, by injection of genistein. We used genistein as it is known to interfere with the epigenome, especially with DNA methylation. A "mirror" 
device was set, with parallel genealogies in each line, to minimize the putative influence of genetics on trait variability. After 3 generations 
without any further treatment, a significant difference in sexual maturity was observed between the lines, with the Epi+ G3 birds starting laying 
eggs later. A significant interaction between line and sex was observed for 3-week body weight and for eye temperature. Two behavioral traits in 
the G3 were also significantly affected by the initial treatment. Global methylation analyses are ongoing.  
These observations demonstrate the impact of a modification of the founders' embryonic environment on the phenotype of quails, three 
generations later. While genetic variability cannot definitely be ruled out, the mirror animal device should have minimized its effects, and 
observed differences in  the G3 may be attributed, at least partly, to transgenerational epigenetic phenomena. 
 
P0675: Genome Mapping, Tagging & Characterization: Poultry 
Identification of Tissue-Specific Long Non-Coding RNAs in Three Livestock Species 
Colin Kern1, Pablo J. Ross2, Perot Saelao3, Ying Wang4, Michelle M. Halstead4, James L. Chitwood5, Ian Korf6, Mary Delany7, 
Juan F. Medrano8, Hans Cheng9, Alison Van Eenennaam4, Christopher K. Tuggle10, Catherine W. Ernst11 and Huaijun Zhou4, 
(1)Univeristy of California, Davis, Davis, CA, (2)Animal Science, University of California Davis, Davis, CA, (3)University of 
California, Davis, davis, CA, (4)University of California, Davis, Davis, CA, (5)Animal Science, University of California, Davis, 
CA, (6)The Genome Center, University of California, Davis, Davis, CA, (7)University of California, Davis, CA, (8)University of 
California-Davis, Davis, CA, (9)USDA, ARS, ADOL, East Lansing, MI, (10)Iowa State University, Ames, IA, (11)Department of 
Animal Science, Michigan State University, East Lansing, MI 
Long non-coding RNAs (ncRNAs) have been found in eukaryotic organisms to be up to four times more prevalent than coding transcripts and 
are critical for the regulation of gene expression. As part of the Functional Annotation of Animal Genomes (FAANG) pilot project, we have 
identified tissue-specific long ncRNAs across eight tissues in chicken, pig and cattle. Using RNA-seq data from two biological replicates per 
species, transcripts were assembled with Cufflinks and expression levels were calculated using HTSeq. DESeq 2 was used to determine tissue-
specific transcripts, which were then filtered to remove single-exon transcripts, as these are often the result of sequencing noise. Finally, CPC 
(Coding Potential Calculator) was used to separate potential unidentified coding transcripts from non-coding transcripts. An average of 216 
tissue-specific transcripts were identified per tissue in cattle, 221 in pig, and 351 in chicken. Some brain tissues displayed generally higher 
number of tissue-specific long ncRNAs than others (533 in pig cortex, 274 in cattle cerebellum, and 556 in chicken cerebellum). Lung tissue also 
has an above average number of tissue-specific long ncRNAs (484, 393, and 450 in chicken, cattle, and pig, respectively), likely due to the 
heterogeneous nature of the tissue. The lowest numbers were observed in liver and muscle tissues. The tissue-specific expression of nearby 
protein-coding genes indicate a potential regulatory role for some long ncRNAs. While long ncRNAs are known to be less evolutionarily 
conserved than protein-coding genes, reciprocal BLAST show some evidence of conserved sequences between species, especially pig and cattle. 
 
P0676: Genome Mapping, Tagging & Characterization: Poultry 
Genome-wide Functional Annotation of Regulatory Elements in Livestock Species 
Huaijun Zhou1, Pablo J. Ross2, Colin Kern3, Perot Saelao4, Ying Wang1, Michelle M. Halstead1, James L. Chitwood5, Tae Hyun 
Kim1, Ian Korf6, Mary Delany7, Hans Cheng8, Juan F. Medrano9, Alison Van Eenennaam1, Christopher K. Tuggle10 and Catherine 



W. Ernst11, (1)University of California, Davis, Davis, CA, (2)Animal Science, University of California Davis, Davis, CA, 
(3)Univeristy of California, Davis, Davis, CA, (4)University of California, Davis, davis, CA, (5)Animal Science, University of 
California, Davis, CA, (6)The Genome Center, University of California, Davis, Davis, CA, (7)University of California, Davis, CA, 
(8)USDA, ARS, ADOL, East Lansing, MI, (9)University of California-Davis, Davis, CA, (10)Iowa State University, Ames, IA, 
(11)Department of Animal Science, Michigan State University, East Lansing, MI 
The identification of regulatory elements is a key step in understanding how an organism’s genotype determines the phenotype. The technologies 
and assays developed in human and mouse ENCODE projects provide a solid foundation to functionally annotate chicken, pig and cattle 
genomes. They are major farm animals in providing the world’s food production. Robust functional annotations of their genomes could be 
leveraged to improve the production efficiency of these industries. We will present the current progress in generating and analyzing data from 
these three important species, including analysis of forty-eight RNA-seq libraries (sixteen per species) collected from two biological replicates 
across eight tissues: adipose, cerebellum, cortex, hypothalamus, liver, lung, muscle and spleen. Transcripts detected in these tissues show good 
coverage of the Ensembl gene sets for the three species, and an initial analysis has identified putative long non-coding RNAs, both tissue-specific 
and expressed across all tissues. For chicken, an analysis of eight DNase-seq libraries from liver and spleen (two replicates) and cerebellum, 
lung, muscle and adipose (one replicate) show that identified tissue-specific DNase hypersensitivity (DHS) sites are associated with genes that 
relate to unique biological functions of the organs or tissues. Integrative analysis of DHS sites, ChIP-seq (H3K4me3 and H3K27me3 histone 
modification marks), and RNA-seq allows the identification of genome-wide active and inactive promoter regions in chickens, which enables an 
in-depth comparison of the regulatory landscapes of multiple tissues within these species. 
 
P0677: Genome Mapping, Tagging & Characterization: Insects 
Long-Read Assembly of the Aedes aegypti Aag2 Cell Line Genome Resolves Ancient Endogenous Viral Elements 
Matthew G. Seetin1, Mark Kunitomi2, Steve Oh1, Cheryl Heiner1, Ellen Paxinos1 and Raul Andino2, (1)Pacific Biosciences, Menlo 
Park, CA, (2)University of California, San Francisco, San Francisco, CA 
Transmission of arboviruses such as Dengue Virus by Aedes aegypti causes debilitating disease across the globe. Disease in humans can include 
severe acute symptoms such as hemorrhagic fever and organ failure, but mosquitoes tolerate high titers of virus in a persistent infection. The 
mechanisms responsible for this viral tolerance are unclear.  
Recent publications highlighted the integration of genetic material from non-retroviral RNA viruses into the genome of the host during infection 
that relies upon endogenous retro-transcriptase activity from transposons. These endogenous viral elements (EVEs) found in the genome are 
predicted to be ancient, and at least some EVEs are under purifying selection, suggesting they are beneficial to the host.  
To characterize EVE biogenesis in a tractable system, we sequenced the Ae. aegypti cell line, Aag2, to 58-fold coverage and present a de novo 
assembly of the genome. The assembly contains 1.7 Gb of genomic and 255 Mb of alternative haplotype specific sequence, consisting of contigs 
with a N50 of 1.4 Mb; a value that, when compared with other assemblies of the Aedes genus, is from 1-3 orders of magnitude longer.  
The Aag2 genome is highly repetitive (70%), most of which is classified as transposable elements (60%). We identify EVEs in the genome 
homologous to a range of extant viruses, many of which cluster in these regions of repetitive DNA. The contiguous assembly allows for more 
comprehensive identification of the transposable elements and EVEs that are most likely to be lost in assemblies lacking the read length of 
SMRT Sequencing. 
 
P0678: Genome Mapping, Tagging & Characterization: Insects 
Population Genetic Evidence for Cold Adaptation in European Drosophila melanogaster Populations 
Vedran Bozicevic, University of Munich - LMU, Planegg-Martinsried, Germany 
We studied Drosophila melanogaster populations from Europe (the Netherlands and France) and Africa (Rwanda and Zambia) to uncover 
genetic evidence of adaptation to cold. We present here four lines of evidence for genes involved in cold adaptation from four perspectives: (1) 
the frequency of SNPs at genes previously known to be associated with chill-coma recovery time (CCRT), startle reflex (SR), and resistance to 
starvation stress (RSS) vary along environmental gradients and therefore among populations; (2) SNPs of genes that correlate significantly with 
latitude and altitude in African and European populations overlap with SNPs that correlate with a latitudinal cline from North America; (3) at the 
genome-wide level, the top candidate genes are enriched in gene ontology (GO) terms that are related to cold tolerance; (4) GO enriched terms 
from North American clinal genes overlap significantly with those from Africa and Europe. Each SNP was tested in 10 independent runs of 
Bayenv2, using the median Bayes factors to ascertain candidate genes. None of the candidate genes were found close to the breakpoints of 
cosmopolitan inversions, and only four candidate genes were linked to QTLs related to CCRT. To overcome the limitation that we used only four 
populations to test correlations with environmental gradients, we performed simulations to estimate the power of our approach for detecting 
selection. Based on our results we propose a novel network of genes that is involved in cold adaptation. 
 
P0679: Genome Mapping, Tagging & Characterization: Insects 
Hybrid De Novo Assembly of the Leafhopper Genome with SMRT Sequencing Method 
Yu Wang, Peking University, Beijing, China 
The leafhopper (Nephotettix cincticeps) is one of the most destructive agricultural pests in Asia. N.cincticeps directly damages the rice plant by 
sucking, and causes secondary damage by transmitting viruses as a vector. The leafhopper persistently transmitted rice dwarf virus (RDV) that 
causes enormous grain yield reduction worldwide. Control of the insect vector is a key approach for management of plant viral disease.  
The genome of N.cincticeps was sequenced and assembled using a whole-genome shotgun approach that combined more than 146 Gb of single 
and paired-end sequence data (~180×) obtained from single-molecule (PacBio RS II) and second-generation (Illumina Hiseq2500) sequencing 
platforms. Our assembly comprises 10,774 contigs totaling 862 Mb, and a maximum contig length of 1.63 Mb. In addition, we used whole-
genome mapping technology to generate a restriction map of the N.cincticeps genome uing Argus (OpGen) and then assembled scaffolds into 
super-scaffolds.  



We used three gene-prediction methods (homology-based annotation, ab initioprediction and RNA-seq-based annotation) to annotate protein-
coding genes. We then merged the results from each method to obtain a consensus genes. The genomic resources described here will facilitate 
future studies on the molecular information between virus and its insect vectors. 
 
P0680: Genome Mapping, Tagging & Characterization: Insects 
Quantitative Trait Loci Mapping of Partial Resistance to Diamondback Moth in Cabbage (Brassica oleracea L) 
Yong Pyo Lim1, Wenxing Pang1, Nirala Ramchiary1, Nguyen Van Dan1, Xiaonan Li1, Su-Ryun Choi1, Min Kwon2, Jonghyuen Na3 
and Moo Kyoung Yoon4, (1)Chungnam National University, Daejeon, South Korea, (2)Highland Agriculture Research Center, 
National Institute of Crop Science, Rural Development Administration, Pyeongchang, South Korea, (3)Bayer CropScience, 
Anseong-Si, South Korea, (4)Vegetable Research Div., National Institute of Horticultural & Herbal Science, RDA, Suwon, South 
Korea 
The Diamondback moth (DBM), Plutella xylostella (L.), is the most destructive insect infesting cruciferous plants worldwide. Earlier studies 
have reported that the glossy leaves of cabbage are associated with resistance tothis insect. However, until now, genetics of DBM resistance has 
not been studied in detail, and no QTL/gene mappingfor this trait has been reported. In this paper, we report quantitative trait loci (QTL) 
mapping of DBM-resistant trait using 188 randomly selected segregating F3 population derived from crossing a partially DBM-resistant glossy 
leaf cabbage (748) with a susceptible smooth cabbage line (747). Quantitative trait loci mapping using phenotypic data of four consecutive years 
(2008, 2009, 2010, and 2011) on DBM insect infestation detected a total of eight QTL on five linkage groups suggesting that DBM resistance is 
a quantitative in nature. Of these QTL, four QTL, i.e., qDbm 1 on LG1, qDbm5 and qDbm6 on LG7, and qDbm8 on LG9, were detected in 
different tests and years. The QTL, qDbm6 on LG7, was consecutively detected over 3 years. Tightly linked molecular markers have been 
developed for qDbm8 QTL on LG9 which could be used in marker-assisted breeding program. Our research demonstratedthat for desired DBM 
resistance cultivar breeding, those four genetic loci have to be taken into consideration. Furthermore, the comparative study revealed that DBM 
resistance QTL is conserved between close relative model plant Arabidopsis thaliana and Brassica oleracea genome. 
 
P0681: Genome Mapping, Tagging & Characterization: Insects 
De novo transcriptome Assembly of Four Potential Pierce’s Disease Insect Vectors from Arizona Vineyards 
Erica E. Tassone, Charles C. Cowden and Steven J. Castle, USDA Arid Land Agricultural Research Center, Maricopa, AZ 
Pierce’s disease (PD) profoundly impacts wine and table grape production, resulting in tens of millions of US dollars lost annually in California 
alone. The pathogen responsible for PD, Xylella fastidiosa, is a xylem-limited bacterium that is transferred between plants by insects that feed on 
xylem sap, generally known as sharpshooters. Pierce’s disease is deadly to grape vines and the best preventative measure to mitigate plant 
infections is to manage the insect vectors. While PD is found in the southeastern United States and Mexico, PD has recently been identified in 
Arizona’s grape growing regions which span the entire state and include the Verde Valley, Wilcox, and Sonoita. For this study, four potential 
insect vectors for PD in Arizona were identified: Cuerna arida (desert leafhopper), Graphocephala atropunctata (bluegreen sharpshooter), 
Homalodisca liturata (smoketree sharpshooter), and Clastoptera arizonana (spittlebug). To gain insight on enzyme production and transcript 
diversity in these xylem feeding insects, de novo transcriptomes of the four species were assembled using a Trinity based pipeline. The 
transcriptomes averaged around 97K transcripts, with an average contig length of 1Kb. To measure the robustness of the assembly, BUSCO was 
used to estimate the completeness of the assemblies and the total complete single-copy BUSCO’s ranged from 60%-82%. The transcriptomes 
were BLASTed against a bacterial nr database to determine which bacteria are present in each species. The results of our analyses are critical for 
developing specific, targeted practices to manage these pest species and to prevent the spread of PD in vineyards. 
 
P0682: Genome Mapping, Tagging & Characterization: Insects 
Genomics of the Scale Insect Puto echinatus and its Endosymbionts 
Haley Flick1, Matthew Gruwell2 and Alexander Campbell2, (1)Penn State Behrend, Cambridge Springs, PA, (2)Penn State 
Behrend, Erie, PA 
The insect Puto echinatus is a type of scale insect) found in the order Hemiptera in the superfamily Coccoidae. P. echinatus survives on a diet of 
sap from various host plants and are found more numerously in warmer climates. Due to their limited diet, it hosts a maternally inherited 
endosymbiotic bacteria that has a small genome (~1.2 megabases). Typically, insect endosymbiont genomes are reduced with few genes that are 
preserved, typically in the area of DNA repair, replication, and amino acid metabolism. In addition these genomes have more A and T base pairs, 
decreased Tm of the genome, and increased expression of chaperones. The scale insect had its DNA extracted using a Qiagen Dneasy kit and 
then sequenced on an Ion Torrent machine. The bacterial genome was then assembled with an MIRA assembler and annotated on Geneious. By 
sequencing the P. echinatus endosymbiont genome there will hopefully be some understanding in what amino acids and proteins P. echinauts is 
unable process. This may lead to an understanding of how the symbionts coevolve alongside the scale insect from the genus Puto. Based on 
previous genes sequenced from Puto we will learn more about the evolutionary history of symbiosis in this genus. 
 
P0683: Genome Mapping, Tagging & Characterization: Insects 
Integrating Classical Genetics with Next Generation Sequencing for the Improvement of a Draft Genome Assembly and 
QTL Mapping in the Melon Fly Bactrocera cucurbitae (Coquillett) (Dipter: Tephritidae) 
Sheina Sim, University of Hawaii-Manoa, Honolulu, HI and Scott Geib, USDA-ARS, Hilo, HI 
The melon fly, B. cucurbitae (Coquillett) (Diptera: Tephritidae), is a serious global pest of many fruits and vegetables. The melon fly is routinely 
intercepted in rich agricultural areas of the US and poses a threat to the nation’s economy and food supply.  To develop methods for the control 
of this pest species, it is necessary to develop foundational tools for its biological, genetic, and genomic characterization.  In this study, the whole 
B. cucurbitae genome was sequenced and assembled.  Five mapping populations for this species were then sequenced and genotyped using a 
double digest restriction associated digest sequencing library.  From this, a consensus linkage map for B. cucurbitae was generated and used to 
super-scaffold 69% of the draft assembly which includes 74% of annotated genes.  The linkage map was then used to identify loci linked the the 
white pupae trait, a trait which facilitates sexing and thus mass-rearing in colonies for sterile insect release. 



 
P0684: Genome Mapping, Tagging & Characterization: Insects 
Using Individual Scale de novo Assembly to Identify Mutations Causing a Phenotypic Trait 
Scott Geib, USDA-ARS, Hilo, HI and Sheina Sim, University of Hawaii-Manoa, Honolulu, HI 
The Mediterranean fruit fly (medfly) is an important agricultural pest of many fruit and vegetable species. To protect the mainland United States 
from this pest, the sterile insect technique (SIT) is employed, involving release of tens of millions of sterile male medfly into the Los Angeles 
basin of California weekly. These flies have several mutations making them amenable to mass release. Using a chromosomal translocation 
between the 5th chromosome and the male Y chromosome, females are homozygous recessive for both a temperature sensitive lethal mutation 
and a white pupal mutation, allowing straightforward separation of male and female flies and generation of male only release strains. Males are 
maintained heterozygous for these alleles through the chromosomal translocation, linking wild-type phenotype with the sex chromosome. While 
the relative position of these mutations is known (5th chromosome), the genes and specific mutation causing the traits are not known. To address 
this, we developed a crossing scheme to isolate these mutations from the SIT line in the background of an inbred lab line (see Sim et al 
submission). This cross allowed QTL analysis to identify regions of the genome that are strongly linked to these traits. To identify causative 
mutations, we performed whole genome sequencing of individual F4 flies resulting from this cross including individuals that had the observed 
mutated phenotypes and those that did not. Utilizing 2 X 250 bp paired-end sequencing on Illumina HiSeq 2500 and subsequent assembly and 
analysis utilizing DISCOVAR/DISCOVAR-denovo, we were able to generate individual scale assemblies and compare these assembly graph 
structures surrounding the QTL locations to identify specific loci and mutations in the genome that are consistent with the phenotypes observed 
in the individuals sequenced. This list represents potential causative mutations for the traits in this SIT line, and currently confirmation of the 
causative mutations is be determined using targeted gene editing approaches with CRISPR/CAS9, to recreate these mutations in wild-type lab 
lines. This experiment demonstrates the utility of comparing individual-scale genomic assemblies in non-model organisms to reveal direct 
structural variations between these assemblies, in contrast to relying on reference based mapping approaches (e.g. GATK) to identify variants 
between individuals. 
 
P0685: Genome Mapping, Tagging & Characterization: Other Animal Species 
The Origin of Domestic Arabian Camels: Evidence from Modern and Ancient DNA 
Elmira Mohandesan, Institute of population genetics, Vetmeduni Vienna, Vienna, Austria 
Arabian camels (Camelus dromedarius) are our largest domestic species, well adapted and utilized in arid, dry environment. They have been 
fundamental to the development of human societies, providing varieties of goods and services to millions of people inhabiting arid landscapes. 
Archaeological data suggest that the domestication of dromedaries occurred approximately 3000 years ago in the Arabian Peninsula. However, 
the wild ancestor of dromedaries remains un-described and the timing and origin of dromedary domestication is unclear. In this study, we 
investigate the genetic make-up and variation in a wild progenitor population of dromedary prior to the species’ domestication. We combined 
ancient DNA sequences from archaeological wild and early-domestic samples (2000 - 7000 years old) with our dataset of 759 modern mtDNA 
(d-loop) collected across the species’ range. We observed six major haplotypes with no distinct phylogeographic pattern in modern mtDNA 
across the global range of the species, indicating the intensive gene flow induced by large-scale trading in dromedary camels. A significant role 
in the foundation of present-day genetic variation was attributed to the wild dromedaries from the Southeast coast of the Arabian Peninsula. In 
agreement with archaeological findings, we identify the coastal Southeast Arabian Peninsula as one region of dromedary domestication. In 
addition, our results support the hypothesis of a single domestication origin with subsequent introgression from wild, now-extinct individuals. 
This study highlights one of the few successful recoveries of genetic materials from osseous remains excavated in desert environments. 
 
P0686: Genome Mapping, Tagging & Characterization: Other Animal Species 
Signals of Selection during Domestication in Old World Camelids 
Robert Fitak, Institute of Population Genetics, Vetmeduni Vienna, Austria and Department of Biology, Duke University, Durham, 
NC, Durham, NC, Elmira Mohandesan, Vetmeduni Vienna, Institute of Population Genetics, Vienna, Austria, Jukka Corander, 
Department of Mathematics and Statistics, University of Helsinki, Helsinki, Finland, Adiya Yadamsuren, Mongolian Academy of 
Sciences, Institute of Biology, Mammalian Ecoloy Laboratory, Ulaanbaatar, Mongolia, Battsetseg Chuluunbat, Laboratory of 
Genetics, Institute of Biology, Mongolian Academy of Sciences, Ulaanbaatar, Mongolia, Omer Abdelhadi, University of Khartoum, 
Department for Meat Sciences, Khartoum, Sudan, Abdul Raziq, Lasbela University of Agriculture, Water and Marine Sciences, 
Uthal, Pakistan, Bernard Fayes, CIRAD-ES, Montpellier, France and Pamela A. Burger, Research Institute of Wildlife Ecology, 
Vetmeduni Vienna, Austria, Vienna, Austria 
In many parts of the Old World, domesticated camels (genus Camelus) are an essential resource, providing food, labor, commodities, and sport to 
millions of people.  Of the three extant species, two have been domesticated (single-humped dromedaries, Camelus dromedarius, and two-
humped Bactrian camels Camelus bactrianus) and one remains wild (two-humped wild Bactrian camels Camelus ferus).  All three species 
possess a variety of adaptations to harsh desert conditions, including mechanisms to tolerate extreme temperatures, dehydration, and sandy 
terrain. Recent genomic studies of camels have identified patterns of selection consistent with the aforementioned adaptations in addition to 
quantifying genetic variation and examining demographic history.  However, these studies are limited to analyses based upon a single genome 
from each species, thus biasing many inferences of selection and adaptation. Furthermore, draft genomes are extremely susceptible to errors in 
the estimated number of genes, thereby distorting conclusions of adaptation based upon orthologous genes between species. In this study, we 
take a population genomics approach to inferring both positive selection and demographic history of Old World camelids.  By re-sequencing 
multiple genomes from all three species, our objectives were to i) identify genes or regions under selection within and between species related to 
domestication and/or adaptation, ii) examine the recent demographic history and genome ancestry, and iii) provide an extensive set of genomic 
resources for future studies of camels. 
 
P0687: Genome Mapping, Tagging & Characterization: Other Animal Species 
Genomic Footprints of Selection under Domestication in Old World Camelids 



Robert Fitak, Institute of Population Genetics, Vetmeduni Vienna, Austria and Department of Biology, Duke University, Durham, 
NC, Durham, NC, Elmira Mohandesan, Vetmeduni Vienna, Institute of Population Genetics, Vienna, Austria, Jukka Corander, 
Department of Mathematics and Statistics, University of Helsinki, Helsinki, Finland, Adiya Yadamsuren, Mongolian Academy of 
Sciences, Institute of Biology, Mammalian Ecoloy Laboratory, Ulaanbaatar, Mongolia, Battsetseg Chuluunbat, Laboratory of 
Genetics, Institute of Biology, Mongolian Academy of Sciences, Ulaanbaatar, Mongolia, Omer Abdelhadi, University of Khartoum, 
Department for Meat Sciences, Khartoum, Sudan, Abdul Raziq, Lasbela University of Agriculture, Water and Marine Sciences, 
Uthal, Pakistan, Bernard Fayes, CIRAD-ES, Montpellier, France and Pamela A. Burger, Research Institute of Wildlife Ecology, 
Vetmeduni Vienna, Austria, Vienna, Austria 
In many parts of the Old World, domesticated camels (genus Camelus) are an essential resource, providing food, labor, commodities, and sport to 
millions of people.  Of the three extant species, two have been domesticated (single-humped dromedaries, Camelus dromedarius, and two-
humped Bactrian camels Camelus bactrianus) and one remains wild (two-humped wild Bactrian camels Camelus ferus).  All three species 
possess a variety of adaptations to harsh desert conditions, including mechanisms to tolerate extreme temperatures, dehydration, and sandy 
terrain. Recent genomic studies of camels have identified patterns of selection consistent with the aforementioned adaptations in addition to 
quantifying genetic variation and examining demographic history.  However, these studies are limited to analyses based upon a single genome 
from each species, thus biasing many inferences of selection and adaptation. Furthermore, draft genomes are extremely susceptible to errors in 
the estimated number of genes, thereby distorting conclusions of adaptation based upon orthologous genes between species. In this study, we 
take a population genomics approach to inferring both positive selection and demographic history of Old World camelids.  By re-sequencing 
multiple genomes from all three species, our objectives were to i) identify genes or regions under selection within and between species related to 
domestication and/or adaptation, ii) examine the recent demographic history and genome ancestry, and iii) provide an extensive set of genomic 
resources for future studies of camels. 
 
P0688: Genome Mapping, Tagging & Characterization: Other Animal Species 
Identification of the Basic Coat Color Genes in the Dromedary (Camelus dromedarius) 
Fahad A Alshanbari, TAMU, College Station, TX and Terje Raudsepp, Texas A&M University, College Station, TX 
Mammalian color phenotypes are determined by a few major and a larger number of modifier genes. Among the major coat color genes, the 
melanocortin 1 receptor (MC1R), the agouti signaling protein (ASIP), and tyrosinase related protein 1 (TYRP1) are the main regulators of the 
production of black/brown pigment (eumelanin) and the red/yellow pigment (pheomelanin). Mutations in these genes have been associated with 
different colors in several species, though not yet in dromedaries. Here we investigated association of sequence variants of MC1R, ASIP, and 
TYRP1 with basic coat colors - white, black and red - in the dromedary. Sequencing coding regions of MC1R, ASIP, and TYRP1 in dromedaries 
from Saudi Arabia identified a missense mutation in MC1R domain that was associated with white color (P <0.0001). Homozygosity for a single 
nucleotide frameshift deletion in ASIP causing a premature STOP codon was associated with black color. Though, some black dromedaries were 
heterozygous for the deletion suggesting that additional mutation(s) in the ASIP gene might contribute to the black phenotype. None of the three 
colors, however, was associated with variants in TYRP1. The red color most likely is the wild type, though additional modifier genes might 
regulate the intensity of this color ranging from beige to deep red. Comparison of dromedary and alpaca MC1R and ASIP showed that color 
phenotypes in the two species are regulated by different mutations in ASIP and MC1R. The findings lay a foundation for developing molecular 
tests for coat color in dromedaries. 
 
P0689: Genome Mapping, Tagging & Characterization: Other Animal Species 
Major Histocompatibility Complex Microsatellite Loci in Dromedary Camels 
Donald Miller1, Salma Abdalla2, Benjamin M. Shykind2, Joel A. Malek2, Kamaal Pasha3, Adel Khalili3, Samantha A. Brooks4 and 
Douglas Antczak1, (1)Cornell University, Ithaca, NY, (2)Weill Cornell Medical College, Doha, Qatar, (3)Tharb Veterinary 
Hospital, Doha, Qatar, (4)University of Florida, Gainesville, FL 
The Major Histocompatibility Complex (MHC) is a highly polymorphic genomic region that harbors many genes involved in the immune 
response of mammals and jawed fish.  It has been widely studied in many species, and has been linked with several disease associations, many 
involving immune mediated conditions.  In this study we describe the development and characterization of six polymorphic microsatellite loci 
within the Class I and Class II regions of the dromedary camel MHC.  The camel is an import agricultural species in many parts of the world, and 
little research describing its MHC is available in the public domain.  To identify MHC microsatellite loci, we screened dromedary camel 
genomic scaffold sequences containing MHC Class I and II genes for repeat loci, followed this with primer design to amplify discreet 
microsatellite markers, and finally, tested fluorescently labeled primer pairs on genomic DNA from camel samples obtained from the Persian 
Gulf state of Qatar.  By utilizing trios of parent/offspring samples, and identification of homozygous individuals, we have identified 
microsatellite haplotypes within the dromedary camel MHC.  This panel of microsatellite markers will allow us to examine dromedary MHC 
diversity among camels in Qatar and abroad.  This research was supported by the Qatar National Research Fund grant # NPRP No.: 6-1303-4-
023. 
 
P0690: Genome Mapping, Tagging & Characterization: Other Animal Species 
The Major Histocompatibility Complex in Old World Camelids and Low Polymorphism of its Class II Genes 
Martin Plasil1, Elmira Mohandesan2, Robert Fitak3, Petra Musilova4, Svatava Kubickova4, Pamela A. Burger5 and Petr Horin6, 
(1)Dept. of Animal Genetics, Veterinary and Pharmaceutical University, Brno, Czech Republic, (2)Vetmeduni Vienna, Institute of 
Population Genetics, Vienna, Austria, (3)Institute of Population Genetics, Vetmeduni Vienna, Austria and Department of Biology, 
Duke University, Durham, NC, Durham, NC, (4)Department of Genetics and Reproduction, Veterinary Research Institute, Brno, 
Czech Republic, (5)Research Institute of Wildlife Ecology, Vetmeduni Vienna, Austria, Vienna, Austria, (6)Inst. of Genetics, Dept 
of Pathobiology, Faculty of Vet Med, CZ-612 42 BRNO, Czech Republic 



This study brings first information on the major histocompatibility complex (MHC) of three species of Old World camelids, Camelus bactrianus, 
Camelus dromedarius and Camelus ferus. Physical mapping located the MHC region to the chromosome 20 in Camelus bactrianus. Cytogenetic 
and comparative analyses of whole genome sequences showed that the order of the three major sub-regions on this chromosome is “Centromere - 
Class II – Class III – Class I”. The overall genomic organization is highly similar to the cattle MHC region, including the presence of DYA exon 
2 genomic sequences, identified in the three camel species. However, full-length DYA gene sequences could not be retrieved from the sequences 
available. The structure and functional importance of this region for camels thus remain unknown. All Bactrian camels analyzed had a stop 
codon in the DYA exon 2 reading frame, while in the dromedaries, a single nucleotide polymorphism with one potentially functional allele was 
observed in this nucleotide position.  
DRA, DRB, DQA, DQB and DYA exon 2 sequences encoding the antigen binding site of the corresponding class II antigen presenting molecules 
showed high degree of sequence similarity and extensive allele sharing across the three species. Unexpectedly low extent of polymorphism with 
low numbers of alleles and haplotypes was observed in all species, despite different geographic origins of the camels analyzed. Interestingly, the 
DRA locus was found to be polymorphic, with three alleles shared by all three species. DRA and DQA sequences retrieved from ancient DNA 
samples of Camelus dromedarius suggested that additional polymorphism might exist. 
 
P0691: Genome Mapping, Tagging & Characterization: Other Animal Species 
Frameshift Mutation in KIT Spotted in a Pair of Particolored Arabian Camels 
Heather M. Holl and Samantha A. Brooks, University of Florida, Gainesville, FL 
Coat color variation was valued throughout animal domestication. However, pigmentation is often associated with other behavioral or health 
traits, due to the phenomenon of genetic pleiotrophy. In domestication experiments, researchers noted that breeding for tame behavior in foxes, 
mink, and rats also resulted in novel white spotting. The dromedary camel is an important domestic species selected for draught, meat, milk, 
racing, and riding. Though usually with a uniform coat of varying shades of brown or black, there are rare spotted or fully white populations. We 
collected blood from several camels as part of a genetic diversity project. We then extracted DNA and performed Illumina sequencing on eight 
solid camels and one white spotted camel. KIT was targeted as a strong candidate gene due to phenotypic similarities with dominant white 
horses. Sequencing reads and the predicted dromedary KIT cDNA were aligned to genomic scaffolds containing portions of KIT. A single base 
deletion was detected in the spotted camel, and was absent in the other eight animals. Sanger sequencing of the spotted camel and its spotted 
herdmate confirmed the presence of a heterozygous deletion. The resulting frameshift introduces a stop codon five amino acids downstream, 
indicating this mutation is a strong functional candidate for the white spotting phenotype. Similar KIT mutations are well tolerated in the horse, 
with no associated health defects other than theorized homozygous embryonic lethality. Therefore, while there may potentially be reduced 
fertility among interbred white spotted camels, data in other species suggests individual health may not be impacted. 
 
P0692: Genome Mapping, Tagging & Characterization: Other Animal Species 
The Expression Level of the Alpaca Agouti Gene has a Marked Impact on Fibre Colour Intensity 
Kylie Munyard, Curtin University, Perth, Australia 
Most of the research into the molecular aspects of alpaca colour genetics has focussed on the interactions between the melanocortin-1 receptor 
and its ligand agouti. This information has improved our understanding of how the switch between eumelanin and pheomelanin production is 
controlled in alpacas. However it does not explain all of the many of different colours observed in the species, nor is there an understanding of 
what controls intensity of colour.  
We used RNAseq to determine the expression levels of genes expressed in the skin of white, light-skinned fawn, dark-skinned fawn, light bay, 
bay and black alpacas in order to identify genes that may be important in controlling fibre colour intensity in the species.  These data show that 
agouti may play a role in controlling pigment intensity, as well as its role in pigment switching.  Agouti is most highly expressed in white alpacas 
(RPKM=120), is moderately expressed in fawn and bay phenotypes (RPKM=44-69), and has low expression in the black phenotype (RPKM=4). 
Six different alternate non-coding exon 1 agouti sequences were identified. None of the alternate agouti non-coding exon 1 sequences are 
restricted to any particular colour or group of colours. Interestingly, the two most common exon 1 isoforms map to the genome approximately 
400Kb upstream of the agouti gene, in the incorrect orientation for a long distance alternate splicing event. Expression of tyrp1, a key gene in the 
production of eumelanin, is negatively correlated with agouti expression.  
 
P0693: Genome Mapping, Tagging & Characterization: Other Animal Species 
Bear Necessities: the Genome Assembly and Annotation of Tremarctos ornatus 
Nedda F Saremi, University of California, Santa Cruz, Santa Cruz, CA 
The diversity within the family Ursidae makes it a model clade for studying speciation and rapid evolutionary changes in mammals. Tremarctos 
ornatus, the spectacled bear, is the sole member of the Ursidae family living in South America. The species is the second of the eight bears to 
have diverged from the family, approximately 5.8 mya, representing a sister taxon to all Ursines. The sub-family Tremarctinae, to which it 
belongs, consists of two species; the spectacled bear, and the North American short-faced bear, Tremarctos floridanus. T.floridanus has never 
been found in South America and based on remains of the spectacled bear, its current range of the tropical Andes is identical to its historic range 
and thus the evolutionary history of the genus remains unclear. The initial de novo assembly had an N50 of 35kb. Using a new method to create 
long-range read pairs through proximity ligation of in vitro reconstituted DNA resulted in a much-improved N50 of 16.2Mb. This represents the 
highest quality Ursidae assembly to date. RNA-Seq has yet to be used as a means of annotating the genome of a bear. Thus with such a high 
quality spectacled bear genome at hand, I will be able to construct a genome annotation of T.ornatus using only Ursidae genomic data that will 
be a means to study all bear molecular evolution. 
 
P0694: Genome Mapping, Tagging & Characterization: Other Animal Species 
Genomic Inbreeding and Relationships in Wild Panda Populations 
John R. Garbe1, Dzianis Prakapenka2, Jiandong Yang2, Cheng Tan2, Chunkao Wang2 and Yang Da2, (1)Minnesota Supercomputer 
Institute, University of Minnesota, Minneapolis, MN, (2)Department of Animal Science, University of Minnesota, Saint Paul, MN 



Captive breeding of giant panda uses kinship coefficient for controlling inbreeding under the assumption of unrelated wild founders. Increased 
inbreeding is expected to be an inevitable consequence of habitat loss and fragmentation but estimates of the actual inbreeding levels in wild 
pandas were unavailable. Applying joint variant calling by Samtools mpileup and BCFtools to published sequence data of 49 pandas including 
34 wild pandas, we called 6,993,254 SNPs with MAF>0.1 after removing indels. Given the abundance of SNPs, we further required each SNP to 
have no missing genotype for all 49 pandas and to pass HWE test with p>0.01, and 150,025 SNPs satisfied these requirements. Using these 
SNPs, we estimated genomic inbreeding coefficient, additive relationship, dominance relationship, IBS probability, IBD probability, frequency 
of identity by genotype (IBG), and frequency of non-shared genotypes. Parentage testing and observed IBG excluded the possibility of parent-
offspring relationship, monozygotic twins or duplicate samples. Assuming correct DNA samples and absence of major sequencing errors, a 
Xiaoxiangling panda and a Qionglai panda would be fullsibs with the strongest genomic additive and dominance relationships among all 49 
pandas. The four largest habitats, Qionglai, Minshan, Qinling and Liangshan, were genetically unrelated, indicating that crossing between 
habitats could avoid inbreeding. Pandas between these four habitats on average shared 66.0-69.1% common alleles and 45.6-48.6% common 
genotypes, and pandas within each habitat shared 71.8-77.0% common alleles and 51.7-60.4% common genotypes. Qinling and Liangshan 
pandas had the highest levels of inbreeding and relatedness, whereas the inbreeding levels in Qionglai and Minshan were 28-45% of those in 
Qinling and Liangshan. These results lead to the recommendation of genome-guided and habitat-controlled captive breeding to avoid hidden 
inbreeding, and provide genomic evidence for the urgency to address the problem of habitat loss and fragmentation. 
 
P0695: Genome Mapping, Tagging & Characterization: Other Animal Species 
Rapid Evolutionary Response to Infectious Cancer 
Sarah Hendricks, University of Idaho, Moscow, ID 
Tasmanian Devil Facial Tumor Disease (DFTD) is a unique infectious cancer that threatens the persistence of Tasmanian devils (Sarcophilus 
harrisii). Tumor cells are transmitted by biting among reproductively mature individuals, and infected individuals rarely reproduce more than 
once before succumbing to the disease. However, long-infected populations have persisted, and there is recent evidence for population recovery 
and tumor regression in a few individuals. Understanding the genetic basis of resistance to DFTD could illuminate mechanisms of cancer 
resistance and potentially allow prediction of the future course of DFTD. We have used Restriction-site Associated DNA sequencing (RADseq) 
to scan the genome for candidate loci exhibiting a response to selection by DFTD, and to determine geographic structure of genetic variation, 
both across the genome and at candidate loci. We identified genomic regions with concordant signatures of selection in response to DFTD across 
three focal populations. These results suggest rapid evolution in response to strong selection imposed by DFTD, and the potential for genetic 
variation for resistance to the disease that could facilitate population recovery, despite the overall low levels of genetic diversity within the 
species. Our phylogeographic analysis confirms previous evidence for two major clusters of devil populations roughly divided into the eastern 
two-thirds and western third of Tasmania. The only remaining uninfected populations are in the northwest corner. Our results suggest that 
genetic distinctiveness in western devil populations may have implications for the future spread of the disease. 
 
P0696: Genome Mapping, Tagging & Characterization: Other Animal Species 
Evolutionary Dynamics of Two Differentially Expressed Mammalian Proteins Encoded by a Single Gene, CAMK4 
Abinash Padhi and Li Ma, Department of Animal and Avian Sciences, University of Maryland, College Park, MD 
Understanding the patterns of genetic variations within fertility-related genes and the evolutionary forces that shape such variations is crucial in 
predicting the fitness landscapes of subsequent generations. Here, we report distinct evolutionary features of two differentially expressed 
mammalian proteins (CaMKIV: Ca2+/-calmodulin-dependent protein kinase IV and CaS: Calspermin) that are encoded by a single gene, Camk4. 
While CaMKIV, which expressed in multiple tissues including testis and ovary, is evolving at a relatively low rate (0.46 - 0.64 ×10-9 nucleotide 
substitutions/site/year), the testis-specific CaS gene that is predominantly expressed in postmeiotic cells is evolving at least 3 to 4 times faster 
(1.48 - 1.98 ×10-9 subs/site/year). The maximum-likelihood based selection analyses revealed that CaMKIV is constrained by intense purifying 
selection and therefore, remained functionally highly conserved throughout the mammalian evolution, whereas the testis-specific CaS gene is 
under strong positive selection. The substitution rates of different mammalian lineages within both genes are positively correlated with GC 
content, indicating the possible influence of GC-biased gene conversion on the estimated substitution rates. Of note, the observation of such 
unusually high GC content of the CaS gene (≈ 74%), particularly in the lineage that comprised of the bovine species, suggests the possible role of 
GC-biased gene conversion in the evolution of CaS that mimics positive selection. 
 
P0697: Genome Mapping, Tagging & Characterization: Other Animal Species 
Genome Sequence of the White Shark Carcharodon carcharias: Insights into Genome Size Evolution, Life History 
Characters, and a Primitive Adaptive Immune System.  
Nicholas J. Marra1,2, Minghui Wang3, Paulina Pavinski Bitar1, Qi Sun3, Aleksey Komissarov4, Stephen J. O'Brien2,4, Michael J. 
Stanhope1 and Mahmood Shivji2, (1)Department of Population Medicine and Diagnostic Sciences, Cornell University, Ithaca, NY, 
(2)Save Our Seas Foundation Shark Research Center, Nova Southeastern University, Dania Beach, FL, (3)Bioinformatics Facility, 
Cornell University, Ithaca, NY, (4)Theodosius Dobzhansky Center for Genome Bioinformatics, St. Petersburg State University, St. 
Petersburg, Russia 
The white shark, Carcharodon carcharias, is a species of great interest to the public, shark biologists, and geneticists alike.  Several of its life 
history characteristics are of evolutionary and/or ecological interest such as regional endothermy, its role as a large apex predator, long lifespan, 
and a primitive adaptive immune system. We have utilized a combination of quality trimmed single-end, paired-end, overlapping paired-end, and 
mate-paired Illumina sequencing data to obtain 104x coverage of the white shark genome, the largest chondrichthyan genome yet sequenced.  In 
addition to estimating genome size (5.03 gbp) and repeat content (roughly 60% is comprised of repetitive content), we have employed the 
MAKER pipeline on the assembled data to provide annotations, resulting in 34,208 predicted genes with an average size of 20.6 kbp.  From these 
annotated loci we were able to gain insights into the genetics behind several aspects of white shark biology.  For example, sharks are thought to 
lack color vision.  Accordingly, we were unable to identify the full complement of 5 traditional opsin genes needed for full color 
vision.  However, genes for two possible color-absorbing opsins were identified and point to the possibility of limited color vision in this 



species.  We also identified 193,576 microsatellites (23,586 perfect repeats) that could be adapted for conservation genetics studies in this and 
other lamnid species.  Ongoing study of these genes, those encoding aspects of the adaptive immune system, and telomere length in this species, 
include some of the current efforts underway with this genome assembly and characterization. 
 
P0698: Genome Mapping, Tagging & Characterization: Other Animal Species 
DNA Methylation and Hydroxymethylation in Early Rabbit Embryos: Consequences of in vitro Culture 
Mohammed Negash Bedhane, Jigjiga University, Jigjiga, Ethiopia 
During the first developmental stages, the genome of the embryo is transcriptionally silent and developmental changes are under the control of 
maternally inherited factors. Embryonic genome activation (EGA) takes place at later stages (8/16-cell-stage in rabbit) and involves epigenetic 
modifications. DNA methylation at CpG dinucleotides is an epigenetic mark. CpG methylation is depleted at the early stages and reinstated at the 
blastocyst stage. Recent findings have shown that demethylation involves the oxidation of methylated DNA into hydroxymethylated DNA. 
However the role of hydroxymethylation can probably not be restricted to an intermediate in DNA demethylation. Indeed, hydroxymethylation 
seems involved in gene activation and maintenance of pluripotency, and could therefore be important for EGA. Several studies have suggested 
that in vitro conditions can have a negative impact on epigenetic reprogramming. Therefore, our aim was to investigate the impact of two culture 
media on methylation and hydroxymethylation in rabbit embryos. To quantify methylated and hydroxymethylated DNA, we implemented an 
immunofluorescence detection protocol on rabbit embryos cultured in those media until different developmental stages. Our results show that the 
dynamics of methylation and hydroxymethylation are different between the two culture conditions. Further investigation is needed to compare 
the in vitro cultured embryos to in vivo developed ones. To draw solid conclusions, it is advisable to reproduce the experiment with other species 
such as bovine embryos ahead of further steps to demonstrate on human embryo. Our results will be helpful for the advancement of ART which 
is challenged by abnormal embryonic development and unsuccessful pregnancy. 
 
P0699: Genome Mapping, Tagging & Characterization: Other Animal Species 
Mouse Transcriptome Analysis to Identify Genes and Pathways Associated with Reproductive Longevity 
Jyoti Joshi1, Kacper Zukowski1, Nehil Jain1, Robert G. Beiko1 and Hein van der Steen2, (1)Dalhousie University, Halifax, NS, 
Canada, (2)Performance Genomics Inc., Truro, NS, Canada 
Reproductive Longevity (RL) is a complex trait that is influenced by other quantitative traits such as longevity, ovarian function, fertility, stress 
resistance and health. In spite of its importance to the agricultural community, the mechanisms underlying genetic variation in RL remain largely 
unknown. In order to understand the genetic control of RL, we used RNAseq technology to investigate the transcriptome profiles of two 
contrasting mouse lines in which selectively-bred (S) mouse lines were mated for 30 years with fertility and RL as the selective criterion. These 
lines had a mean reproductive lifespan of 86%, nearly twice as long as control (C) lines that were randomly mated.  
RNAseq data identified a total of 974 differentially expressed genes with significantly different expression levels (false discovery rate <5% and 
≥1.5-fold expression difference) in specific tissues extracted from the selected and control lines. 86% of the identified genes had lower relative 
expression levels in the selected lines. To increase statistical and explanatory power of the gene expression analysis, we used enrichment analysis 
of functional annotations from the Gene Ontology and KEGG databases. Functional classifications revealed the involvement of RL genes in 
various biological processes, highly accounted with metabolic and cellular processes. This comprehensive overview of gene expression will 
provide detailed insight into transcriptomic changes of RL in mammals and will be integrated with genome sequencing in order to establish the 
relationships between genetic variation, molecular mechanisms and the RL phenotype. 
 
P0700: Genome Mapping, Tagging & Characterization: Other Animal Species 
A Catalog of CSINE3A Retrotransposons in the Genome of the Domestic Rabbit, Oryctolagus cuniculus 
Jose A. Salome Correa1, Sara E Kalla2, Allison Seebald3, Eve Waters4, Molly A. Fisher5, Jeremy J. Allen3 and Nathan B. Sutter1, 
(1)La Sierra University, Riverside, CA, (2)Clinical Sciences, Cornell University, Ithaca, NY, (3)Cornell University, Ithaca, NY, 
(4)Virginia Tech, Blacksburg, VA, (5)University of Georgia, Athens, GA 
Short interspersed elements (SINEs) are retrotransposons often found at copy numbers in excess of 100,000 per genome. SINE retrotransposition 
into a gene can disrupt the gene’s normal patterns of splicing or expression; examples of such disruption have been reported in many species 
including man, mouse and domestic dog. Domestic mammals, including the rabbit, typically feature extreme variation in certain obvious traits 
that can be readily selected for or against by breeders. For example, distinct sub-populations (breeds) of rabbit feature a nearly ten-fold range in 
adult mean body mass and also exhibit a wide variation in hair colors, patterns and lengths. We hypothesize that gene disruptions by 
polymorphic CSINE3A retrotransposons explain some of these stark phenotypic variations in rabbits, as is the case for merle-coated dogs 
carrying a SINE insertion mutation in the SILV gene. With the immediate goal of cataloging novel CSINE3A insertions in the rabbit genome, we 
have created inverse-PCR libraries highly enriched for CSINE3A copies with flanking sequence. A total of 328 such libraries have been 
subjected to Illumina Hi-Seq sequencing from rabbits representing 47 breeds.  SINE insertion loci have been identified in the sample libraries 
that are not present in the rabbit reference genome assembly. Our catalog provides a resource for investigating the genomic patterns of SINE 
insertion in the domestic rabbit. 
 
P0701: Genome Mapping, Tagging & Characterization: Other Animal Species 
Comparative Genomics in Rodents: Insights into Reproductive Isolation Genes 
Laia Capilla, Institut de Biomedicina i Biotecnologia (IBB), Universitat Autònoma de Barcelona, Bellaterra, Spain, Rosa Ana 
Sánchez-Guillén, Institut de Biotecnologia i Biomedicina (IBB). Universitat Autònoma de Barcelona, Cerdanyola del Vallès, 
Barcelona, Spain, Marta Farré Belmonte, Department of Comparative Biomedical Sciences, Royal Veterinary College, University 
of London, London, United Kingdom, Jessica Alfoldi, Broad Institute, Cambridge, MA, Kerstin Lindblad-Toh, Science for Life 
Laboratory, Uppsala University, Uppsala, Sweden, Jacint Ventura, Departament de Biologia Animal, Biologia Vegetal i Ecologia, 
Universitat Autònoma de Barcelona, Cerdanyola del Vallès, Barcelona, Spain, Denis M. Larkin, Department of Comparative 
Biomedical Sciences, Merced, CA and Aurora Ruiz-Herrera, Institut de Biotecnologia i Biomedicina (IBB), Universitat 



Autònoma de Barcelona, Cerdanyola del Vallès, Spain; Departament de Biologia Cel•lular, Fisiologia i Immunologia, Universitat 
Autònoma de Barcelona, Cerdanyola del Vallès, Barcelona, Spain 
Comparative genomics is an useful tool for identifying genes involved in reproductive isolation and in determining in which degree 
chromosomal rearrangements act as an impermeable barrier to gene flow, facilitating the accumulation of genetic incompatibilities that will, in 
the long term, contributing to speciation. In this work, we established whole-genome comparisons of eleven mammalian species, including five 
rodent species, to define the evolutionary genomic landscape in the mouse genome.  We detected regions of conserved synteny (HSBs) and novel 
lineage and clade-specific evolutionary breakpoint regions (EBRs) within Rodentia. We observed an accumulation of protein-coding genes in 
EBRs; especially genes implicated in reproduction isolation, such as Krueppel genes, a group of transcription factors with zinc finger (ZnF) 
domains, among which the Prdm9 gene is the most representative. Moreover, and given the role of this gene in hybrid sterility, we study the 
evolutionary constrains that may affect the Prdm9 gene across a natural population of house mice with chromosomal fusions in polymorphic 
state. Our results reveal an extreme allelic diversity in both ZnF copy number and sequence with the characterization of 12 different alleles in a 
population of 172 mice. The analysis of meiotic recombination in a subset of these mice reveals that mean recombination rates were positively 
correlated with a decrease in the number of ZnF domains. Overall, the presence of genes related to species-specific phenotypes (such as 
reproductive isolation) and low recombination rates in EBRs reinforces the adaptive value of genome reshuffling. 
 
P0702: Genome Mapping, Tagging & Characterization: Other Animal Species 
Analysis of Biological Functions of Long Tandem Repeats in a Hummingbird Genome Using Next-Generation Mapping 
Technology 
Saki Chan1, Erich Jarvis2, Alex Hastie1 and Han Cao1, (1)BioNano Genomics, San Diego, CA, (2)Duke University Medical Center, 
Durham, NC 
Many plant and animal genomes are difficult to assemble because of the vast amount of long tandem repeat motifs, sometimes spanning several 
hundred kilobases to multiple megabases. Although repeat motifs can be identified and the amount of repeat material can be approximated by 
conventional sequencing technologies, it is difficult to assemble them into long contigs, so the exact locations and copy numbers of these repeats 
remain elusive, especially when the unit length exceeds the read lengths. Without knowing the genomic context or amount of repetitive material, 
it is impossible to attach biological relevance to them.  
Irys® next-generation mapping technology enables imaging of intact megabase-scale molecules of DNA, so repeats can be spanned and properly 
placed in the genome assembly. By anchoring next-generation sequencing contigs to genome maps, we can determine the sequence – and 
potentially the biological function – of the repetitive material.  
We present an analysis of repetitive regions in Anna’s hummingbird (Calypte anna). Using the Irys® System, we de novo assembled the 
genome, including repeat arrays intractable to current NGS methods, identified tandem repeats in BioNano maps using a novel algorithm, 
anchored Illumina and PacBio contigs to those maps, and investigated sequences within and neighboring those regions. We found a 70 kb repeat 
contained within a muscle skeletal receptor tyrosine kinase gene, and an 85 kb repeat adjacent to a MAP/microtubule affinity-regulating kinase 
gene, which suggests that high copy number may correlate with increased muscle activity and glucose metabolism. A public database search 
suggests that these repetitive elements are hummingbird-specific. 
 
P0703: Genome Mapping, Tagging & Characterization: Other Animal Species 
Hummingbird Transcriptome: Iso-Seq Analysis of the Ruby-Throated Hummingbird Archilochus colubris 
Rachael E Workman, Johns Hopkins University, Baltimore, MD, G. William Wong, Johns Hopkins University School of 
Medicine, Baltimore, MD, Kenneth Welch, University of Toronto, Toronto, ON, Canada and Winston Timp, Johns Hopkins 
University Biomedical Engineering, Baltimore, MD 
The hummingbird occupies a unique place in the vertebrate world. It has the highest known metabolic rate, needed to fuel incredible energetic 
demands of hovering flight the bird performs daily to collect nectar from flowers. To sustain hovering flight, a hummingbird needs to maintain a 
wing beat up to 200 beats per second. This remarkable feat is made possible by extremely high metabolic rates in the liver, with certain enzymes 
operating at the very limit of catalytic efficiency. Understanding the molecular basis of such extreme physiology will provide foundational 
knowledge to enable rational engineering of metabolic circuits in mammalian cells.  
To do this, we generated a de novo transcriptome of the hummingbird liver using PacBio IsoSeq, yielding a total of 8.6Gb of sequencing data, or 
2.6M reads from 4 different size fractions. We analyzed data with the SMRTAnalysis IsoSeq platform, including classification of reads, 
clustering of isoforms (ICE) followed by error-correction (Quiver).  We then used blast to search for human and chicken gene orthologs in our 
polished transcriptome.  We also aligned our transcriptome against the Calypte draft genome where possible.  
IsoSeq data is in the unique position of providing full length mRNA transcripts, giving clear insight into coding sequences for novel protein 
products.  A genome assembly exists for Anna’s hummingbird (Calypte anna), but the gene annotation produced by homology-based annotation 
is still missing several key orthologs important in metabolism.  Using the transcriptome data, we identified important full coding sequences and 
discovered homologies to human and chicken genomes. 
 
P0704: Genome Mapping, Tagging & Characterization: Other Animal Species 
Quasispecies Dynamics of West Nile Virus in Avian Reservoir Hosts 
Johnny A. Sena1, Stacey L.P. Scroggs2, Nathan D. Grubaugh3, Darci R. Smith3, Gregory D. Ebel3, Anitha Sundararajan1, Faye 
Schilkey1 and Kathryn A. Hanley2, (1)National Center for Genome Resources (NCGR), Santa Fe, NM, (2)New Mexico State 
University, Las Cruces, NM, (3)Colorado State Universtiy, Fort Collins, CO 
Arthropod-borne viruses (arboviruses), including West Nile (WNV), dengue, chikungunya and Japanese encephalitis viruses, are some of the 
most dangerous emerging infectious diseases. The high mutability of these RNA viruses facilitates rapid adaptation and emergence into novel 
hosts, posing significant challenges to public health, agriculture and wildlife conservation. Within a host, arboviruses exist as quasispecies or a 
population of related but distinct genetic variants that interact cooperatively on a functional level, and collectively contribute to the 
characteristics of the population.  



The current work builds on a recent study in which WNV was subject to five sequential passages through each of three bird species (American 
crows, robins and house sparrows). Next-gen sequencing of the resulting populations revealed that WNV populations passaged in crows, the 
most disease-susceptible of the three species tested, contained the most unique mutations but the lowest average mutation frequency.  
Here, we seek to elucidate the distribution of mutations accrued by WNV populations during passage in each of the three host species by 
conducting mutation hotspot/coldspot analysis for coding and non-coding regions of the WNV genome. Additionally, we test whether RNA 
secondary structure in the 5’ and 3’ non-coding regions of the genome, which are critical for WNV replication, influences the distribution of 
mutational hotspots and coldspots, and how, in turn, mutations in these regions influence secondary structure.  
Understanding how the interplay between mutation and RNA structure influences arbovirus quasispecies diversity will not only extend current 
understanding of RNA virus evolution but may also lead to better antiviral therapies. 
 
P0705: Genome Mapping, Tagging & Characterization: Other Animal Species 
Genome Survey of 10 Avian Species for the Biodiversity Assessments 
Soonok Kim1, Jeong-Nam Yu1, Hee-Jong Kim2, Jin-ho Jang2, Eun-Young Noh1, Hyun-Jung Lee1, Sin-Gi Park3, Chang Pyo Hong3, 
Woo Young Bang1, Changmu Kim1 and Joo-Hong Yeo1, (1)National Institute of Biological Resources, Incheon, Korea, The 
Republic of, (2)Chungnam Wild Animal Rescue Center, Yesan, Korea, The Republic of, (3)Theragen ETEX Bio Institute, Suwon, 
South Korea 
With the rapid development of genome analyses and decrease in cost, genomic approaches have become available for the non-model, wild 
species of which genetic or genomic resources and informations are very limited. As a first step to understand genetic and genomic structures for 
conservation of endangered wild species, we have conducted genome survey for 10 avian species. More than 20X genomic sequences were used 
to estimate genome size and complexity. The genome size was rather constant ranged from 1.0~1.4 Gb across the taxa with GC contents 
39.7±0.6%. K-mer estimation graph suggested genetic homogeneity. Mitochondrial genomes were assembled from genomic sequences, of which 
size was 16,939±473 bp having typical mitochondrial gene contents and order. Repetitive sequences comprised 8.0±3.7% of the total genome 
with the higher frequency of retrotransposons and simple sequence repeats rather than DNA transposons. These data will be highly valuable for 
further development of molecular markers determining genetic diversities among and within populations and finding functional genes 
characteristic of each species. 
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Profiling of Genes Expressed in Whole Blood Cells of 10 Avian Species 
Soonok Kim1, Jeong-Nam Yu1, Hee-Jong Kim2, Jin-ho Jang2, Eun-Young Noh1, Hyun-Jung Lee1, Sin-Gi Park3, Chang Pyo Hong3, 
Woo Young Bang1, Changmu Kim1 and Joo-Hong Yeo1, (1)National Institute of Biological Resources, Incheon, Korea, The 
Republic of, (2)Chungnam Wild Animal Rescue Center, Yesan, Korea, The Republic of, (3)Theragen ETEX Bio Institute, Suwon, 
South Korea 
Cataloging expressed genes is the first step to understand genome-wide characteristics of wild animals. We analyzed transcriptome sequences 
with RNA from whole blood cells of 10 avian species including raptors. More than 7Gb of transcript sequences per species were generated, 
which were de novo assembled into 156,843 ± 24,240 contigs with average length of 1,068 ± 62 bp. About 28.09±4.71% of these contigs had 
blast hits against SwissProt Protein DB. Most of the best blast hits were genes originated from vertebrates, while 0.42±0.15% were from viruses. 
Genes encoding hemoglobin, histocompatibility antigen, and ribosomal proteins were among the genes with highest expression level. These data 
will be valuable resources for the genome analysis of wild species. 
 
P0707: Genome Mapping, Tagging & Characterization: Other Animal Species 
The Genome of Whitefly (Bemisia tabaci) MEAM1, an Important Vector of Plant Viruses 
Wenbo Chen, Boyce Thompson Institute for Plant Research, Ithaca, NY and The Whitefly Genome Consortium, Cornell 
University, Ithaca, NY 
Whiteflies are among the most important agricultural pest. Besides their direct damage to the plant, damage caused by whiteflies is most 
devastatingly attributed to their transmission of viruses, primarily begomoviruses. To facilitate the development of biological methods to control 
whitefly infestations, we have assembled a high quality draft genome of the whitefly Bemisia tabaci, MEAM1 (previously referred to as the ‘B 
biotype’). A total of 15,668 protein coding genes were predicted in the whitefly genome, which is comparable to the number of genes predicted 
in the fruit fly genome. Comparative genomics analysis with other arthropods identified a number of gene families that were highly expanded in 
whitefly, including those putatively involved in sugar transport, insecticide resistance and virus transmission. Investigation of the inventory of 
metabolic genes in the whitefly and endosymbiont genomes suggested that there were extensive metabolite exchanges between the whitefly and 
its endosymbionts. Genome-wide screen identified a total of 137 genes that were horizontally transferred from bacteria or fungi, among which 
the majority coded for proteins with enzymatic functions, including those in the pathways of the essential amino acid, vitamin and lipid 
biosynthesis. The whitefly genome provides a valuable resource and serves as a foundation for studying the genetic basis of bacterial and viral 
coevolved relationships, virus transmission, insecticide resistance etc., as well as for developing improved global strategies to manage whiteflies 
and the viruses they transmit. 
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Historical and Contemporary Genetic Structure of a Freshwater Gastropod Chilina dombeyana in the Biobío River, Chile 
Jéssica P Bórquez Castro, Universidad Católica de la Santísima Concepción, Concepcion, Chile and Antonio Brante R., 
Universidad Católica Ssma. Concepción.Depatment of Ecology, Faculty of Sciences, Concepcion, Chile 
The spatial architecture as well as anthropogenic factors operating at different temporal and spatial scales are shaping demography, connectivity 
and population genetic structure of species inhabiting river ecosystems. Chilina dombeyana is a freshwater pulmonate gastropod with direct 
development (absence of a free larval phase) inhabiting the basin of the Biobío River, Chile (36°S). Despite its wide range of distribution and 
common use as a bioindicator species, there are no studies evaluating spatial patterns of its genetic diversity and potential factors driving these 



patterns. In this study we analyzed population genetics of Chilina dombeyana based on samples from 15 locations along the Biobío River 
covering more than 300 river kms. We used both microsatellite and mitochondrial markers. Results showed that C. dombeyana has a moderate 
genetic variability (range Ho=0.30-0.56), with the lowest values associated with populations of the upper basin. Population structuring was 
evident, and two clades represented in the haplotype network separate sites located in portions of the river with greater slopes from the rest of the 
localities. In addition, there was signal of historical demographic bottleneck. According to the cluster analysis, populations showed spatial 
subdivisions, evidencing a pattern of IBD (r=0.59, P<0.0003). Although C. dombeyana is widely distributed in rivers of Chile, its low dispersal 
abilities and specific habitat requirements make this species very sensible to the strong increase of anthropogenic disturbances affecting river 
ecosystems in recent decades.  
Financing: Postdoctoral FONDECYT 3140561 to JB and FONDECYT 1130868 to AB. We also thank EULA Center, University of Concepción 
(PMBB Project), Chile, for its support during field trips and for providing environmental data.    
 
P0709: Genome Mapping, Tagging & Characterization: Other Animal Species 
Improving Scaffold Contiguity of the Common House Spider, Parasteatoda tepidariorum, Genome Using Physical Mapping 
Techniques 
Vanessa Liz Gonzalez, Global Genome Initiative, National Museum of Natural History, Smithsonian Institution, Washington, DC, 
DC, Nikola-Michael Prpic, Georg-August-Universität Göttingen, Johann-Friedrich-Blumenbach-Institut für Zoologie und 
Anthropologie, Göttingen, Germany and Jonathan Coddington, Global Genome Initiative, Smithsonian Institution, National 
Museum of Natural History, Washington, DC 
The first available de novo genome of the common house spider, Parasteatoda tepidariorum, was assembled (as part of the i5K initiative at 
Baylor College of Medicine) using standard deep coverage sequencing methods (100x Illumina [2x100bp] and Mate Pair libraries [5kb, 8kb]). 
With the intention of improving overall assembly metrics, the common house spider was re-sequenced using the “chicago” library method and 
assembled using HiRise assembly software, available through Dovetail genomics.  Dovetail Genomics uses the proprietary methods for “chicago 
“ library preparation, a method that obtains physical mapping data and involves in vitro chromatin assembly to condense DNA. This method 
allows for the construction of long-range sequencing libraries whose inserts span all distances up to the size of the input DNA. The resulting 
library had maximal fragment sizes (library inserts) between 100 -150 KB. Additionally, the resulting assembly improved scaffold N50/N90 
coverage by ten fold (starting assembly - N50 816 scaffolds, min length 0.466 Mb; N90: 4824 scaffolds, min length 0.025 Mb/final assembly – 
N50: 94 scaffolds, min length 4.05 Mb; N90: 448 scaffolds, min length 0.487 Mb). For the physical mapping data, the signal density was lower 
in smaller scaffolds and as such, larger improvements were concentrated in longer starting scaffolds. Increased scaffold continuity for the 
common house spider genome will allow for greater insights on genome evolution, including investigating evidence of whole genome 
duplications and of gene cluster duplications. 
 
P0710: Genome Mapping, Tagging & Characterization: Other Animal Species 
Whole Genome Sequence of a North American Strain of the Emerging Oomycete Pathogen of Mammals, Pythium 
insidiosum 
Marina S. Ascunce, Jose C. Huguet-Tapia, Edward L. Braun, Almudena Ortiz-Urquiza, Nemat O. Keyhani and Erica M. Goss, 
University of Florida, Gainesville, FL 
The oomycete genus Pythium comprises more than 250 described species, most of which are saprobes or facultative plant pathogens that cause 
seed rot and damping-off, root, stem and fruit rot, foliar blight, and postharvest decay. Pythium insidiosum is the only Pythiumspecies that 
regularly infects mammals. It is the causal agent of pythiosis, a deadly disease of horses, dogs, cattle and other mammals in tropical and 
subtropical regions. Pythiosis also affects humans, and it was first reported in Thailand in 1985.  
Whole genome sequencing was applied to P. insidiosum ATCC 200269 strain CDC-B5653, which is a strain isolated from an infected human in 
the United States. A combination of Illumina MiSeq (300 bp paired-end; 14 millions reads) and PacBio (10 kb fragment library; 356,001 reads) 
sequencing data was used to assemble the genome with SPAdes version 3.1.0, yielding a total size of 45.6 Mb contained in 8,992 contigs, N50 of 
13 Kb, maximum contig length of 148 Kb, and 57% G+C content. We used Augustus version 3.0.1 to predict genes ab initio, using a gene model 
previously described for Pythium. The genome contained 225 tRNA and 18,045 putative protein-coding genes. Reciprocal BLAST analysis with 
other seven Pythium genomes and nine other oomycetes indicated that P. insidiosum shares gene content most closely with P. aphanidermatum 
and P. arrhenomanes. Oomycete core orthologs (285 genes) provide insights into the phylogenetic relationships within the genus Pythium sensu 
lato. 
 
P0711: Genome Mapping, Tagging & Characterization: Other Animal Species 
The Lesser Grain Borer, Rhyzopertha dominica, Genome Sequencing Project 
Brenda Oppert, USDA ARS Center for Grain & Animal Health Research, Manhattan, KS, James Campbell, USDA ARS Center 
for Grain and Animal Health Research, Manhattan, KS, Timothy P.L. Smith, USDA, ARS, USMARC, Clay Center, NE, Christy M. 
Kelley, USDA ARS US Meat Animal Research Center, Clay Center, NE, David Schlipalius, Plant Biosecurity Cooperative 
Research Centre, Bruce, Australia, Richard Hall, Pacific Biosciences, Menlo Park, CA, Sergey Koren, National Human Genome 
Research Institute, National Institutes of Health, Bethesda, MD and Steve Hebert, Nimbix, Inc., Dallas, TX 
The order Coleoptera contains more than 350,000 species and includes some of the most problematic agricultural pests, but there are only two 
fully sequenced beetle genome assemblies to date, although several are in the pipeline at i5k.  The lesser grain borer, Rhyzopertha dominica, is an 
economically important pest of grains and stored products, and the immature stages develop within a wheat kernel and are difficult to 
control.  Phosphine fumigation is the most effective control method for R. dominica infestations, but efficacy has decreased because of 
worldwide development of resistant insects.  We need genomic data to identify new control strategies and to analyze phosphine-resistant and -
susceptible colonies of R. dominica.  Therefore, we selected a highly inbred strain (more than 30 generations of single-pair matings) for genomic 
sequencing.  We acquired both short and long read data, including long read data (P6 chemistry) from mixed sex pupae of the inbred R. dominica 
strain estimated at 56x coverage.  We developed a pipeline for error correction and assembly of long-read data using Mhap/CA on a public 



compute cluster.  We compared Mhap assemblies using different parameters to another using Falcon.  We also performed quality assessments 
with BUSCO and CEGMA that indicate coverage of reference sequences is approximately 88–98%, but some of the reference gene sequences 
are fragmented.  We discuss genes found in the dataset related to grain borer biology and phosphine resistance.  We also make recommendations 
regarding future insect genome sequencing.  The genome database will be useful to develop new insect control products for R. dominica, and 
also will provide valuable information for cross-genome comparisons of beetles.  Mention of trade names or commercial products in this 
publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the U.S. 
Department of Agriculture.  USDA is an equal opportunity employer. 
 
P0713: Genome Mapping, Tagging & Characterization: Rice 
New Discoveries from Old Data: Exploiting the World's Largest Collection of Sequenced Germplasm through GWAS 
Millicent D. Sanciangco, Nickolai Alexandrov, Grace Lee S. Capilit, Dmytro Chebotarov, N. Ruaraidh Sackville Hamilton, Venice 
Margarette Juanillas, Hei Leung, Locedie A. Mansueto, Ramil P. Mauleon, Sheila Mae Q. Mercado, Maria Elizabeth B. Naredo, 
Renato A. Reaño, Victor J. Ulat and Kenneth L. McNally, International Rice Research Institute, Metro Manila, Philippines 
Innovations in technology and new sources of genetic diversity are required to meet the challenge of feeding the 10 billion people expected by 
2050. The recent re-sequencing effort of 3,000 rice accessions by IRRI, in collaboration with BGI and CAAS provides new opportunities for rice 
breeding and the foundation for large-scale discovery of novel alleles to improve agriculture production, and thereby help feed the growing 
population.  
In this case study, we use genome wide association (GWA) mapping to examine these alleles across the 3KRG to identify regions in the genome 
responsible for certain traits. Here, we test the robustness of historical phenotype data measured from a diverse panel from the 3K accessions to 
identify marker-trait associations. The historical data was collected over time in unreplicated trials as genebank characterization data for the 
source accession of the sequenced genetic stock. Results show significant associations for markers associated with several agronomic and yield 
traits, including culm number, grain length, grain width, 100-grain weight, and days to flowering, supporting findings from previous studies of 
rediscovered genes. We also show the usefulness of GWAS in exploiting genetic variations from a diverse germplasm collection that takes 
advantage of ancestral recombinations from different populations. Current efforts are on the way that investigates responses of rice to biotic and 
abiotic stresses from the 3K panel using GWAS. Future efforts are directed to validating markers from these studies and identifying donors for 
population development that can be useful for breeding. 
 
P0714: Genome Mapping, Tagging & Characterization: Rice 
Rice Whole-Genome SNP Arrays (Rice6K, Rice60K, Rice90K) for Genomic Research and Breeding 
Huihui Yu1, Haodong Chen2, Weibo Xie3, Hang He2, Xiaoyan Tang4, Fasong Zhou1, Xingwang Deng2,4 and Qifa Zhang3, (1)Life 
Science and Technology Center of China Seed, Wuhan, China, (2)Peking-Yale Joint Center for Plant Molecular Genetics and Agro-
biotechnology, State Key Laboratory of Protein and Plant Gene Research, College of Life Sciences, Peking University, Beijing, 
China, (3)Huazhong Agricultural University, Wuhan, China, (4)Shenzhen Institute of Crop Molecular Design, Shenzhen, China 
Single nucleotide polymorphism (SNP) arrays are useful tools for geneticists and molecular breeders. With the accumulation of huge amounts of 
genomic re-sequencing data and available technologies for accurate SNP detection, it is possible to design high density and high quality rice SNP 
arrays. Here we report the development of a series of whole-genome SNP arrays, Rice6K, Rice60K and Rice90K. Rice6K SNP array contains 
about 4,500 high-quality SNP markers selected from re-sequencing data of more than 500 rice varieties. Rice60K SNP array (also called 
RiceSNP50) contains about 43,000 high-quality SNP markers selected from re-sequencing data of more than 800 rice varieties. The SNP markers 
are evenly distributed on the 12 chromosomes of rice, and can provide information for polymorphisms between indica and japonica subspecies 
as well as varieties within indica and japonicagroups. Application tests showed that these arrays had high genotyping accuracy (with 
reproducibility >99.9%), and could be used for different objectives, e.g. rice germplasm fingerprinting, gene/QTL mapping, seed authenticity 
check, and genetic background selection. These arrays play an important role in both functional genomics studies and genomic breeding in rice. 
We provide SNP array service for researches in genomics and breeding all over the world. For more details, please contact Dr. Junhua Peng via 
phone +86-27-8798-6823 or email pengjunhua@sinochem.com. 
 
P0715: Genome Mapping, Tagging & Characterization: Rice 
Breeding Signatures of Rice Improvement Revealed by a Genomic Variation Map from a Large Germplasm Collection 
Weibo Xie, Gongwei Wang, Xingming Lian and Qifa Zhang, Huazhong Agricultural University, Wuhan, China 
Intensive rice breeding over the past 50 y has dramatically increased productivity especially in the indica subspecies, but our knowledge of the 
genomic changes associated with such improvement has been limited. In this study, we analyzed low-coverage sequencing data of 1,479 rice 
accessions from 73 countries, including landraces and modern cultivars. We identified two major subpopulations, indica I (IndI) and indica II 
(IndII), in the indica subspecies, which corresponded to the two putative heterotic groups resulting from independent breeding efforts. We 
detected 200 regions spanning 7.8% of the rice genome that had been differentially selected between IndI and IndII, and thus referred to as 
breeding signatures. These regions included large numbers of known functional genes and loci associated with important agronomic traits 
revealed by genome-wide association studies. Grain yield was positively correlated with the number of breeding signatures in a variety, 
suggesting that the number of breeding signatures in a line may be useful for predicting agronomic potential and the selected loci may provide 
targets for rice improvement.  
Reference: Xie W#, Wang G#, Yuan M, Yao W, Lyu K, Zhao H, Yang M, Li P, Zhang X, Yuan J, Wang Q, Liu F, Dong H, Zhang L, Li X, 
Meng X, Zhang W, Xiong L, He Y, Wang S, Yu S, Xu C, Luo J, Li X, Xiao J, Lian X*, Zhang Q*. Breeding signatures of rice improvement 
revealed by a genomic variation map from a large germplasm collection. Proc Natl Acad Sci USA, 2015, 112: E5411-E5419 
 
P0716: Genome Mapping, Tagging & Characterization: Rice 
Implementing Genomic Selection in a temperate Rice Breeding Program 



Eliana Monteverde1, Pedro Blanco2, Victoria Bonnecarrere3, Lucia Gutierrez4, Juan Rosas5, Gaston Quero6, Natalia Berberián7, 
Silvia Garaycochea3, Schubert Fernandez8 and Susan McCouch9, (1)Cornell University, ithaca, NY, (2)National Institute of 
Agricultural Research (INIA), Treinta y Tres, Uruguay, (3)INIA-Las Brujas, Canelones, Uruguay, (4)University of Wisconsin - 
Madison, Madison, WI, (5)INIA-Treinta y Tres, Treinta y Tres, Uruguay, (6)College of Agriculture - UDELAR, Montevideo, 
Uruguay, (7)Facultad de Agronomía, Universidad de la República, Montevideo, Uruguay, (8)National Institute of Agricultural 
Research (INIA), Montevideo, Uruguay, (9)Cornell University, Ithaca, NY 
Improving selection efficiency and rate of genetic gain in plant breeding is essential to meet the growing global demand for food, fiber and fuel. 
Rice is a major crop in Uruguay, and the adoption of optimized agronomic practices and production technologies over the last 40 years has fueled 
sustained increases in planted area, production and yield. However, the impressive production yields achieved in the past two decades have 
begun to plateau, indicating that Uruguayan varieties may have reached their maximum yield potential, opening the door for intensified crop 
improvement efforts. A population of 329 tropical-japonica elite rice lines from the local Rice Breeding Program of the National Institute of 
Agricultural Research (INIA-Uruguay) was genotyped by Genotyping by Sequencing (GBS) and phenotyped for grain yield and two grain 
quality parameters: yield after milling and chalkiness percentage. After imputation and filtering, a total of 44,604 SNP markers were used for 
population structure and GS cross-validation analyses. Five statistical models were used to calculate prediction accuracies: RR-BLUP, Bayesian 
Lasso, Kinship BLUP, Random Forest and Reproducing Kernel Hilbert Spaces (RHKS). Prediction accuracies ranged from 0.1 to 0.337 for grain 
yield, 0.037 to 0.26 for milling yield, and 0.2 to 0.397 for chalkiness. Among the models tested, RHKS outperformed for grain yield while 
Random Forest outperformed for both grain quality parameters, suggesting that epistatic interactions must be taken into account. 
 
P0717: Genome Mapping, Tagging & Characterization: Rice 
Rice Chloroplast Genome Variation, Diversity and Phylogenetic Dissection in Diverse Oryza Species Suggested By Whole 
Genome Resequencing 
Wei Tong, Tae-Sung Kim and Yong-Jin Park, Kongju National University, Chungnam, South Korea 
Chloroplast genome variations have been detected even in its overall conserved structure, which was valuable for plant population genetics and 
evolutionary studies. In current report, we deeply detected the chloroplast variations of 364 rice accessions with diverse region and different 
ecotypes, including O. sativa indica and japonica, O. rufipogon, O. nivara, O. glaberrima and others. Total 583 single nucleotide 
polymorphisms (SNPs) and 67 Indels across the chloroplast genome was identified, but with only 217 high quality (no missing and 
heterozygotes) ones, in which wild type rice shown more abundant variations than other cultivated groups. Chloroplast genome nucleotide 
diversity, genetic distanc, and the Tajima’s D value were also investigated, which revealed a high diversity in wild rice. In expectation, African 
cultivated rice (O.galberrima) revealed low level of breeding and connectivity with the other groups. Population structure clustering and 
principal component analysis revealed the existence of three clear groups (indica, japonica and O.glaberrima) and admixture group, but with 
several mis-clustered accessions among indica and japonica. Phylogenetic analysis based on Maximum likelihood (ML) and Bayesian inference 
(BI) methods suggested and supported the independent origin of indica and japonica. Meanwhile, the O.glaberrima were defined has separated 
domestication with the Asian cultivated rice.  
Keywords: Chloroplast, diversity, phylogenetic, rice, resequencing, variation 
 
P0718: Genome Mapping, Tagging & Characterization: Rice 
Use of DArT-seq Markers to Study Genetic Diversity in Japanese Rice Accessions 
Vanessa Rizzi1, Diane Simon Rozzetto1, João Paulo Gomes Viana2 and José Baldin Pinheiro1, (1)University of São Paulo, 
Piracicaba, Brazil, (2)University of Campinas, Campinas, Brazil 
To know the genetic diversity and population structure allows to explore alleles related to different characteristics, important for plant breeding. 
Rice germplasm bank of ESALQ - USP Genetics Department contains 192 Japanese accessions that were studied to understand their genetic 
diversity and population structure. Molecular characterization was carried out using DArTseq markers. After obtaining these markers, the data 
were filtered using some parameters: absence of missing data, allele frequency minimum, reading depth, reproducibility and linkage 
disequilibrium, which resulted 1.592 SNPs. Then R environment packages, adegenet and PopGenReport, were used in order to calculate the 
genetic diversity and how it is structured in the population. The estimated diversity parameters were: expected heterozygosity (HS), observed 
heterozygosity (HO) and inbreeding dependent on the reproductive system (FIS). DAPC was used to obtain the population structure. HO and HS 
values found were 0.02 and 0.06, respectively. FIS value found was 0.71. It is very common to find smaller HO values than HS values in rice, 
because it is a species with low outcrossing rate and loci tend to homozygosity. Due to the same reason we found high value for FIS. The HS 
values suggests that there is genetic diversity in the accessions, and it is structured in five clusters, containing 9, 42, 58, 40 and 43 accessions, 
with 59, 65, 65, 60 and 67 alleles, respectively. The existence of genetic structure in the studied population is expected, once the accessions are 
from different regions of Japan and went through different selection processes. 
 
P0719: Genome Mapping, Tagging & Characterization: Rice 
Novel Green Tissue-Specific Synthetic Promoters and cis-Regulatory Elements in Rice 
Rui Wang, Huazhong Agricultural University, Wu Han, China, Fei Zhou, National Key Laboratory of Crop Genetic Improvement 
and National Centre of Plant Gene Research, Huazhong Agricultural University, Wuhan, China and Yongjun Lin, National Key 
Laboratory of Crop Genetic Improvement and National Centre of Plant Gene Research, Huazhong Agricultural University, wuhan, 
China 
As an important part of synthetic biology, synthetic promoter has gradually become a hotspot in current biology. The purposes of the present 
study were to synthesize green tissue-specific promoters and to discover green tissue-specific cis-elements. We first assembled several regulatory 
sequences related to tissue-specific expression in different combinations, aiming to obtain novel green tissue-specific synthetic promoters. GUS 
assays of the transgenic plants indicated 5 synthetic promoters showed green tissue-specific expression patterns and different expression 
efficiencies in various tissues. Subsequently, we scanned and counted the cis-elements in different tissue-specific promoters based on the plant 
cis-elements database PLACE and the rice cDNA microarray database CREP for green tissue-specific cis-element discovery, resulting in 10 



potential cis-elements. The flanking sequence of one potential core element (GEAT) was predicted by bioinformatics. Then, the combination of 
GEAT and its flanking sequence was functionally identified with synthetic promoter. GUS assays of the transgenic plants proved its green tissue-
specificity. Furthermore, the function of GEAT flanking sequence was analyzed in detail with site-directed mutagenesis. Our study provides an 
example for the synthesis of rice tissue-specific promoters and develops a feasible method for screening and functional identification of tissue-
specific cis-elements with their flanking sequences at the genome-wide level in rice. 
 
P0720: Genome Mapping, Tagging & Characterization: Rice 
Exploring and Comparing Plant Genomes Using the Gramene/Ensembl Plants Browser 
Joshua Stein1, Sharon Wei1, Marcela Karey Tello-Ruiz1, Andrew Olson1, Sunita Kumari2, Joseph Mulvaney1, Jim Thomason2, Dan 
Bolser3, Arnaud Kerhornou3, Paul J. Kersey3 and Doreen Ware4, (1)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
(2)Cold Spring Harbor Laboratory, NY, NY, (3)EMBL - The European Bioinformatics Institute, Cambridge, United Kingdom, 
(4)Cold Spring Harbor Laboratory/USDA-ARS, NY, NY 
Learn the benefits of using Gramene and Ensembl Plants (www.gramene.org & www.plants.ensembl.org) to accelerate your research goals.  We 
host genome browsers for 39 complete reference genomes, each displaying value-added annotations, gene-trees, and whole genome 
alignments.  Evolutionary histories are provided in phylogenetic gene trees that classify orthologous and paralogous relationships as speciation 
and duplication events.  Orthologous genes inform synteny maps that enable interspecies browsing across ancestral regions.  Browsers from 
multiple species can be viewed simultaneously, with links showing homologous gene and whole-genome alignment mappings.  SNP and 
structural diversity data, available for eleven species, are displayed in the context of gene annotation, along with the consequence of variation on 
transcript structure (e.g. Missense variant).  For each variant, drill-down to individual accession genotypes within the study’s diversity panel. 
New data include the maize methylome and RNA-seq for each of ten Oryza species.  New BLAST service displays alignment results directly 
onto genome browsers and karyotype views.  Privately upload your own experimental data, such as RNA-seq alignments, to view in the context 
of gene annotations.  All reference assemblies are synced with iPlant Genome Services giving cross-platform compatibility between your 
analyses and Gramene displays.  Download visual displays as high-resolution, publication-ready, image files, along with the underlying 
supporting data in conventional file formats.  Mine data using Gramene’s BioMart; perform complex queries of annotation, homology and 
variation data, then click to visualize results.  Gramene is funded by a grant from the NSF (IOS-1127112). 
 
P0721: Genome Mapping, Tagging & Characterization: Rice 
Building a Reference Genome for Indica Rice 
Chengzhi Liang1, Huilong Du1, Bin Ma1, Ying Yu1 and Shigui Li2, (1)Institute of Genetics and Developmental Biology, CAS, 
Beijing, China, (2)Sichuan Agricultural University, yaan, China 
Recent advances in PacBio sequencing technology have provided a cost efficient way to build reference quality genomes for plants. Rice has two 
subspecies, japonica and indica. Although there exists a high quality reference genome for japonica rice for many years, there is a need for a 
reference genome for indica rice, in various applications, such as SNP or gene discovery. We have sequenced a Chinese indica variety, R498, by 
PacBio technology to sequencing depth of 110x. The preliminary assembled contig length is about 1.1Mb, which is far shorter than that of 
several other genomes sequenced by PacBio. To connect these contigs, we sequenced a BAC library of 30k clones and used individually 
assembled BAC clone to connect those contigs. The connected contigs are further assembled onto 12 chromosomes using a genetic map derived 
from a RIL population of 400 lines. 
 
P0722: Genome Mapping, Tagging & Characterization: Rice 
Towards a Fully Indexed Mutant Population in the Model Rice, Kitaake, Suited for Forward and Reverse Genetics 
Research 
Mawsheng Chern1, Rashmi Jain1, Zhongchen Zhang2, Guotian Li1 and Pamela Ronald1, (1)UC Davis/JBEI, Davis, CA, (2)UC 
Davis, Davis, CA 
We have generated a rice mutant population containing 7,000 independent (M1) lines using fast-neutron induced mutagenesis in the model rice 
Kitaake, a short-statured, short life-cycled, early flowering rice variety. In collaboration with the Joint Genome Institute, we aim to sequence and 
analyze 4,000 rice mutants in order to create a rice mutant population resource that reaches an estimated 90% coverage of total rice genes. 
Currently, we have sequenced over 1000 mutants. On average, each mutant contains over fifteen mutated genes. We have established a database, 
named KitBase, to integrate all information of this mutant population, including sequences, mutated genes, and available phenotypes. DNA 
sequence, gene or mutant ID, chromosome coordinates, and key words can be used to search KitBase.  
Using this rice mutant population, we have conducted a forward genetic screen to identify mutants that suppress the rice immune response 
mediated by XA21, a pattern recognition receptor conferring robust resistance to Xanthomonas oryzae pv oryzae (Xoo). We have obtained 10 
suppressors of Xa21-mediated immunity (sxi), after screening approximately 21,000 plants, and characterized 4 of the sxi mutants. We have used 
a comparative genome hybridization approach based on rice whole-genome tiling arrays and a whole genome resequencing approach to identify 
candidate mutations in each mutant. The responsible mutation that cosegregates with the sxi phenotype was identified in the backcrossed 
segregating F2 progeny. We have complemented mutant sxi1 with one of the candidate gene. This study demonstrates the power and usefulness 
of this rice mutant population. 
 
P0723: Genome Mapping, Tagging & Characterization: Rice 
Computational and Statistical Methods for Population Genomics 
Christopher A. Fragoso1, Christopher Heffelfinger1, Maria A. Moreno1, Alexander Aguirre2, Natalia Franco-Herrera2, Luz Elena 
Romero2, Hongyu Zhao1, Stephen Dellaporta1 and Mathias Lorieux3, (1)Yale University, New Haven, CT, (2)International Center 
for Tropical Agriculture, Cali, Colombia, (3)IRD and CIAT, Cali, Colombia 
Genetic diversity in crops represents an essential resource to meet emerging challenges to food security. Here, we describe one such resource; 
Nested Association Mapping (NAM) populations of rice featuring 10 tropical japonica diversity donors crossed to a common reference IR64 



indica.  From each biparental cross, a NAM population of 200 lines was generated by single seed descent selfing. In total, approximately 2000 
lines were derived from 10 biparental crosses.  
To characterize genetic diversity, 2000 NAM lines were subjected to a modified Genotype by Sequencing (GBS) method.  Variants were called 
using a standard computational pipeline.  Multiplex sequencing of a large number of individual samples often results in uneven read coverage 
and missing markers. Therefore, we developed an imputation algorithm, LB-Impute, incorporating a hidden Markov model with emission 
probabilities adjusted for read coverage.  
Next, the final variant dataset was used to examine genetic properties of the NAMs. Segregation distortion is an important issue that can affect 
the reliability of trait mapping. Analysis of recombination rates predicts the resolution of trait mapping studies.  Our results show that both 
known and previously unknown segregation distortion loci were identified.  
Our ultimate goal is to map tropical agronomic traits. We conducted phenotypic studies for over 20 traits in all 10 NAM populations. The fine 
mapping resolution and the shuffling of diversity donor alleles across NAMs facilitates within-population Quantitative Trait Loci (QTL) analyses 
and across-population association analyses. Mapped traits, in addition to germplasm and genotypic data, will be made available to improve rice 
agriculture in tropical regions. 
 
P0724: Genome Mapping, Tagging & Characterization: Rice 
Genetical Process of the Establishment of Rice Local Population 
Kenji Fujino, National Agriculture and Food Research Organization, Sapporo, Japan 
After domestications, many cultivated species are grown under diverse environmental conditions other than their origins. It is unclear whether 
local populations could establish their adaptability to the specific local environmental conditions. We focused on the rice population grown in 
higher latitude with specific adaptability. The cultivated rice, Oryza sativa L., which originated from tropical regions, is now grown worldwide 
due to the concerted efforts of breeding programs. At first, we characterized DNA polymorphisms in the rice variety KITAAKE from Hokkaido, 
one of the northern limits of rice cultivation in the world. INDEL polymorphisms were attributed to transposable element-like insertions, tandem 
duplications, and non-TE deletions as the original mutation events in the reference variety NIPPONBARE and KITAAKE genomes. The 
KITAAKE alleles widely distributed throughout wild rice and cultivated rice over the world. These have accumulated in the local population 
from Hokkaido via Japanese landraces as the ancestral population of Hokkaido. These results strongly suggested that combinations of pre-
existing mutations played a role in the establishment of adaptability. This approach using the re-sequencing of local varieties in unique 
environmental conditions will be useful as a genetic resource in plant breeding programs in local regions. 
 
P0725: Genome Mapping, Tagging & Characterization: Rice 
Developmental Mechanisms of Seed Dormancy Revealed by Map-Based Cloning of a Major Quantitative Trait Locus from 
Rice (Oryza sativa) 
Jiuhuan Feng, Heng Ye and Xing-you Gu, South Dakota State University, Brookings, SD 
Seed dormancy is a key adaptive trait for wild species and also one of major domestication-related traits for crops. Of the 10 quantitative trait 
loci (QTL) identified for seed dormancy in a weedy rice system developed from our previous research, qSD12 locus displayed the largest effect 
on delaying germination. High-resolution mapping and progeny population analysis delimited qSD12 to a genomic region of <80 kb including 3 
adjacent candidate genes (SD12a, SD12b and SD12c) interspaced by a group of 6 tandem transposon/retrotransposon (TP/RTP). SD12a and 
SD12c encode predicted bHLH domain-containing transcription factors while SD12b encodes a hypothetical protein. Phylogenetic analysis for 
the ~2Mb region flanking the QTL using 188 accessions of wild (72 rufipogon,7 nivara, 11 outgroup), weedy (12) and cultivated (86, mainly 
landraces) rice demonstrated that SS18-2 is exclusively clustered with 54 rufipogon accessions and the SS18-2-like haplotype is not present in 
the cultivated genotypes tested, suggesting that some of the seed dormancy genes may have been eliminated at the beginning of the 
domestication. Gene expression analyses indicated that all three genes are mainly expressed in developing embryos to regulate the seed 
dormancy development. RNA-sequence analysis identified a pool of candidate genes differentially expressed in developing embryos from three 
isogenic lines; and the downstream genes mainly consist of those with predicted functions for responses to abiotic stimuli and heat shock 
proteins. The findings from this research provide a unique model to explain evolutionary and developmental mechanisms of seed dormancy in 
grass species and candidate genes to manipulate germination capability in rice breeding programs.  
 
P0726: Genome Mapping, Tagging & Characterization: Rice 
Identification of Responsible Genes Involved in Awn Development and Discussion about Rice Domestication Process 
Kanako Uehara, Nagoya University, Nagoya city, Japan 
Do you know “awn”? Awn is the elongated spine-like organ at the tip of seeds. We can see this structure mainly on monocot plants like barley, 
wheat and rice. Awn is thought to aid in seed dispersal and to prevent predation by animals. Interestingly cultivated barley and wheat still have 
awn but cultivated rice lost this organ completely. One of the reason of this, the awns of barley and wheat are having chloroplast which could fill 
up a seed with starch coming from photosynthesis at this point. Whereas barley’s or wheat's awns contribute to photosynthesis during grain-
filling, rice’s awns have no chlorenchyma (the site of photosynthesis). It suggests that removal of awns has limited effect on grain maturation in 
rice (Tsudamori, 1933) and consequently, cultivated rice varieties may have become awnless to enhance the ease of harvest. The cultivated rice 
in Asia and Africa, Oryza sativa and O. glaberrima, respectively, evolved from their wild ancestors either O. rufipogon/O. nivara or O. barthii. 
Through the domestication process many traits from wild rice were lost, including awn phenotype. Here we show that 3 loci involved in awn 
development. Two loci were identified in chromosome segment substitution lines (CSSLs) derived from each O. barthii and O. nivara as donor 
parent in the background of O. sativa. The CSSLs carrying either Chr. 4 or Chr. 8 exhibited long awn phenotype. Interestingly, despite the 
absence of awn in African cultivated rice, O. glaberrima derived Chr. 4 and Chr. 8 CSSLs similarly showed awn structure. This indicates that at 
least another locus in O. glaberrima is responsible for the awn formation and that the loss of awn in cultivated rice in Asia and Africa occurred 
through different process. I will report that what gene is responsible for awn generation on Chr.4 and Chr. 8, then show the model of 
domestication of rice. 
 
P0727: Genome Mapping, Tagging & Characterization: Rice 



Characterization and Fine Mapping of the Early Senescence Mutant esls in Rice 
Dongryung Lee and Hee-Jong Koh, Seoul National University, Seoul, South Korea 
A novel rice mutant, EARLY SENESCENCE LEAF SHEATH (ESLS), was generated from the Koshihikari cultivar by EMS treatment. This 
mutant exhibited spontaneous lesions mimic spots on the leaf sheath in the absence of the pathogen attack from the early seedling stage. 
Subsequently the leaves of the esls plants turned yellow and exhibited more severe symptoms during reproductive and ripening stages. SPAD 
value, and soluble protein content of esls flag leaves decreased steeply after the heading stage. The growth vigor was much weaker and slower in 
esls plants. Moreover the yield-related agronomic traits such as spikelet number per panicle, seed setting rate, and 1,000-grain weight were 
significantly reduced in esls plants. Genetic analysis showed the senescence was controlled by a single recessive nuclear gene. Using F2 
population of esls/M.23, ESLS was mapped to a 66-kb region between InDel marker 147-1 and147-2 on the long arm of chromosome 7. These 
results will facilitate the positional cloning and functional studies of the ESLS gene.  
 
P0728: Genome Mapping, Tagging & Characterization: Rice 
High-Density Mapping Reveals a Linkage of Quantitative Trait Loci for Grain-Weight and Spikelet Number in Rice 
Sang-Nag Ahn1, Dong-Min Kim2, Hyun-Sook Lee1, Ju-Won Kang1 and Yeo-Tae Yun3, (1)Dept. of Agronomy, Chungnam 
National University, Daejeon, South Korea, (2)Seed Testing and Research Center, Korea Seed and Variety Service, Gimcheon, 
South Korea, (3)Chungnam Agricultural Research and Extension Services, Yesan, South Korea 
High grain yield is one of the most important traits requiring improvement in rice breeding programs. Consequently, the genetic basis of spikelets 
per panicle (SPP) and grain weight (TGW) have received much research focus because of their importance in rice yield. In this study, IL28, 
which is a near isogenic line (NIL) developed by introgressing chromosomal segments of the cultivar ‘Moroberekan’ into the cultivar 
‘Ilpumbyeo’, showed a significant increase in the number of spikelets per panicle (SPP) and 1,000-grain weight (TGW) compared to the 
recurrent parent, Ilpumbyeo. Quantitative trait locus (QTL) analysis in 243 F2 plants derived from a cross between IL28 and Ilpumbyeo indicated 
that both qSPP6 and qTGW6 are located in the interval RM3430–RM20580. Following substitution mapping with 50 F3:4:5 lines, qSPP6 was 
mapped to a 429-kb interval between RM20521 and InDel-1, while qTGW6 was mapped to a 37.85-kb interval between InDel-1 and SNP--3 
based on the japonica genome sequence. This result indicates that qSPP6 and qTGW6 are different genes. Yield trials with substitution lines 
indicated that lines harboring the homozygous Moroberekan segment at both the qSPP6 and qTGW6 region showed significantly higher grain 
yield than Ilpumbyeo. Because the Moroberekan alleles for SPP and TGW have been shown to be beneficial in the genetic background of 
Ilpumbyeo, both the qSPP6 and qTGW6alleles might prove valuable in improving rice yields. Closely linked SSR markers are expected to 
facilitate the cloning of genes that underlie these QTLs, as well as with marker-assisted selection for variation in SPP and TGW in rice breeding 
programs.  
This work was carried out with the support of “Golden Seed Project” (Project No. PJ00993301), Ministry of Agriculture, Food and Rural Affairs 
(MAFRA), Ministry of Oceans and Fisheries (MOF), Rural Development Administration (RDA) and Korea Forest Service (KFS), Republic of 
Korea.  
 
P0729: Genome Mapping, Tagging & Characterization: Rice 
Characterization and Fine Mapping of Hsph Controlling the Split Hull Character in Rice  
Gileung Lee and Hee-Jong Koh, Seoul National University, Seoul, South Korea 
A split-hull mutant, Hsph, was induced by treating with a chemical mutagen, N-methyl-N-nitrosourea(MNU), on the fertilized egg cells of a 
japonica rice cultivar Hwaseonchal. The hull of Hsph was split producing a chasm between lemma and palea during grain filling period. The 
mutant was phenotypically characterized and the gene was mapped in this study.  
In the mutant, hull splitting initiated about 15 days after flowering (DAF). The percentage of split-hull grain was 40% on the average. Genetic 
segregation ratio of the F2 populations derived from the crosses between Hsph with Hwaseonchal fitted to 3:1 ratio (wild type to split-hull type). 
This indicated that the split-hull trait was controlled by a recessive gene. To identify the Hsph gene controlling the split-hull trait in the mutant, 
genetic map was constructed with an F2 population derived from the cross between Hsph and Milyang 23. The BSA and subsequent fine mapping 
revealed that Hsph was located in chromosome 4 between two markers, AL731593 and CS04p22774, flanking 154kb-length region that includes 
thirty ORFs. Sequencing analysis is in progress to isolate the gene Hsph.  
 
P0730: Genome Mapping, Tagging & Characterization: Rice 
Rice PCR1 Influences Grain Weight and Zn Accumulation in Grains 
Won-Yong Song1, Hyun-Sook Lee2, Sang-Nag Ahn2, Gynheung An3 and Youngsook Lee1, (1)Pohang University of Science and 
Technology, Pohang, South Korea, (2)Dept. of Agronomy, Chungnam National University, Daejeon, South Korea, (3)Kyung Hee 
University, Yongin, South Korea 
Proteins containing a placenta-specific 8 domain (PLAC8) function as major organ size regulators in Solanum lycopersicum and Zea mays, and 
putative metal ion transporters in Arabidopsis thaliana, Oryza sativa and Brassica juncea. However, it remains to be determined how PLAC8 
domain-containing proteins fulfill such diverse roles. Here, we found that plant cadmium resistance 1 (PCR1) influences both the zinc (Zn) 
accumulation and weight of rice grains. OsPCR1-knockout and -knockdown lines produced lighter grains than the wild type, while OsPCR1-
overexpression lines produced heavier grains. Furthermore, the grains of OsPCR1-knockdown lines contained substantially more Zn and less 
cadmium (Cd) concentration than the control, as did yeast heterologously expressing OsPCR1. Through sequence analysis of many different rice 
lines, we showed that the amino acid sequence of japonica-type PCR1 was distinct from that of indica-type and wild rice accessions. This 
difference was correlated with distinct Zn-related phenotypes. Japonica-type PCR1 had a shorter N-terminus than the other rice types, and yeast 
heterologously expressing japonica-type PCR1 was more sensitive to Zn than was yeast expressing indica-type PCR1. Furthermore, japonica-
type grains accumulated less Zn than did indica-type grains. Our study suggests that rice PCR1 has important functions in maintaining metal ion 
homeostasis and grain weight and might have been selected for during domestication.  
This work was supported by the Next-Generation Biogreen 21 Program for Agriculture & Technology Development (Project No. PJ01104801), 
Rural Development Administration, Republic of Korea  



 
P0731: Genome Mapping, Tagging & Characterization: Rice 
Genetic Control of Inflorescence Architecture during Rice Domestication 
Zuofeng Zhu and Chuanqing Sun, China Agricultural University, Beijing, China 
Inflorescence architecture is a key agronomical factor determining grain yield and thus has been a major target of cereal crop domestication. The 
transition from a spread panicle typical of ancestral wild rice (Oryza rufipogon Griff.) to the compact panicle of present cultivars (O. sativa L.) 
was a crucial event in rice domestication. Here, we show that the spread panicle architecture of wild rice is controlled by a single dominant gene, 
which was designated PAC1 (Panicle Architecture Control 1). Positional cloningof the gene revealed that PAC1 was corresponded to LG1, 
which controls laminar joint and ligule development. Association analysis indicates that a single nucleotide polymorphism (SNP6), residing in 
the regulatory region 11 kb upstream of the PAC1/LG1 gene,  led to a compact panicle architecture in cultivars during rice domestication. It is 
speculated that cis-regulatory mutation can fine-tune the spatial expression of the target gene, and selection of cis-regulatory mutation might be 
an efficient strategy for crop domestication and improvement. 
 
P0732: Genome Mapping, Tagging & Characterization: Rice 
QTL Analysis of White Core Grain in a Rice Cultivar, “Yamadanishiki” for Brewing Japanese Rice Wine 
Satoshi Okada1, Kiyosumi Hori2, Kaworu Ebana2, Akio Onogi3, Hiroyoshi Iwata3 and Masanori Yamasaki1, (1)Food Resources 
Education and Research Center, Graduate School of Agricultural Science, Kobe University, Kasai, Hyogo, Japan, (2)Agrogenomics 
Research Center, National Institute of Agrobiological Sciences, Tsukuba, Ibaraki, Japan, (3)Department of Agricultural and 
Environmental Biology, Graduate School of Agricultural and Life Sciences, The University of Tokyo, Bunkyo-Ku, Tokyo, Japan 
Japanese rice wine (sake) is made from brewing rice cultivars that have characteristic traits, differing from cooking rice cultivars. In sake 
brewing, the steamed rice is fermented with koji (Aspergillus oryzae) and yeast (Saccharomyces cerevisiae). In the processes, white core grain is 
very useful. White core is opaque in the central rice grain and yields fast water absorption and amylolysis efficiency. Thus, it is important for 
brewing rice breeding to elucidate the genetic mechanism of white core expression. We report the QTLs for white core expression in the most 
popular brewing cultivar, “Yamadanishiki” in Japan. First, QTL analysis was conducted with the recombinant inbred lines derived from 
Koshihikari/Yamadanishiki in 2013 and 2014. Koshihikari is the main cooking rice cultivar in Japan with low white core expression rate (WCR, 
<10%) whereas Yamadanishiki has high WCR (about 70%). Five QTLs were detected on chromosomes 1, 3, 6 and 10, and the Yamadanishiki 
alleles at all QTLs increased WCR. The QTL on chromosome 6 was stably detected in both years. Next, to verify the candidate QTL on 
chromosome 6, we developed the backcrossed lines carrying the Yamadanishiki chromosomal segment including the QTL region with the 
Koshihikari genetic background. The WCRs of the candidate lines were significantly higher than Koshihikari. Therefore, this QTL was identified 
for WCR, and we also demonstrated that the QTL was affected by environmental factors. This QTL is designated as qWCY6 (QTL of White Core 
expression rate for Yamadanishiki allele on chromosome 6). 
 
P0733: Genome Mapping, Tagging & Characterization: Rice 
New SNP-Based Markers for Grain Chalk in Rice Identified By Whole Genome Sequencing and Selective Genotyping 
Manuel Esguerra1, James Oard1 and Steve Linscombe2, (1)SPESS-LSU AgCenter, Baton Rouge, LA, (2)Rice Research Station - 
LSU AgCenter, Rayne, LA 
High incidence of kernel chalk has greatly reduced U.S. long-grain quality of rice for farmers, millers and traders resulting in significant export 
decline and revenue loss. Recent introductions of hybrids and high temperatures during grain filling were deemed as major causes of chalky 
grains considered a complex trait controlled by numerous genes each with small effect. Several QTLs/genes have been reported to be associated 
with chalk, most of which are genotype dependent or discovered through mutation experiments. Goals of the research described here were to first 
identify and then evaluate candidate markers associated with chalkiness through development of allele-specific DNA markers from whole 
genome sequences of elite varieties with extreme chalk phenotypes. The SB5 mapping population was evaluated for chalk over two years in 2013 
and 2014 in three Louisiana and Arkansas environments. Selective genotyping of 130 SNP markers of 20 low-chalk and 20 high-chalk lines from 
SB5 identified 24 SNPs significantly associated with chalk (R2 10% to 38%) across the three Louisiana and Arkansas environments. Validation 
experiments showed that selected candidate markers successfully predicted chalk phenotypes of all inbred lines tested. Genotyping of SB5 
extremes with remaining polymorphic markers is ongoing with multivariate analyses to be performed to identify best marker combinations for 
marker-assisted breeding of low chalk in rice. 
 
P0734: Genome Mapping, Tagging & Characterization: Rice 
Exploring the Rice Dispensable Genome Using a Metagenome-like Assembly Strategy 
Weibo Xie and Wen Yao, Huazhong Agricultural University, Wuhan, China 
The dispensable genome of a species, consisting of the dispensable sequences present only in a subset of individuals, is believed to play 
important roles in phenotypic variation and genome evolution. However, construction of the dispensable genome is costly and labor-intensive at 
present, and so the influence of the dispensable genome in genetic and functional genomic studies has not been fully explored. We construct the 
dispensable genome of rice through a metagenome-like de novo assembly strategy based on low-coverage (1-3×) sequencing data of 1483 
cultivated rice (Oryza sativaL.) accessions. Thousands of protein-coding genes are successfully assembled, including most of the known 
agronomically important genes absent from the Nipponbare rice reference genome. We develop an integration approach based on alignment and 
linkage disequilibrium, which is able to assign genomic positions relative to the reference genome for more than 78.2 % of the dispensable 
sequences. We carry out association mapping studies for rice grain width and 840 metabolic traits using 0.46 million polymorphisms between the 
dispensable sequences of different rice accessions. About 23.5 % of metabolic traits have more significant association signals with 
polymorphisms from dispensable sequences than with SNPs from the reference genome, and 41.6 % of trait-associated SNPs have concordant 
genomic locations with associated dispensable sequences. Our results suggest the feasibility of building a species’ dispensable genome using 
low-coverage population sequencing data. The constructed sequences will be helpful for understanding the rice dispensable genome and are 
complementary to the reference genome for identifying candidate genes associated with phenotypic variation.  



Reference: Yao W, Li G, Zhao H, Wang G, Lian X, Xie W*. Exploring the rice dispensable genome using a metagenome-like assembly 
strategy. Genome Biology, 2015, 16: 187 
 
P0735: Genome Mapping, Tagging & Characterization: Rice 
Detection of a New Genetic Locus of Rice Floury Mutant Using Whole Genome Re-Sequencing 
Soon Wook Kwon, Pusan University, Miryang, South Korea and Ji-Ung Jeung, National Institute of Crop Science, RDA, Wanju, 
South Korea 
Producing rice flour of good quality by dry milling is necessary to reduce milling costs and promote the processed rice food industry. This study 
was conducted to evaluate the dry milling properties of a floury endosperm mutant and identify the chromosomal region responsible for the 
floury endosperm characteristics. Compared with the wild type, after dry milling process, the grain hardness of the mutant was significantly 
lower because of its round and loosely packed starch granules. Also, the flour of the mutant had significantly smaller particles and less damaged 
starch than original variety and other rice cultivars and its particle size distribution was similar to a commercial wheat cultivar.  
In previous study, the floury endosperm of the mutant was directed by a major recessive locus located in the 19.33–19.86 Mbp region of 
chromosome 5. By whole genome re-sequencing, we detected SNPs between original variety and mutant and developed CAPs marker for those 
SNPs. Now we validate the SNP tagged the new rice floury locus and design CAPs marker. Further analysis with modifying allele type among 
rice germplasm, we confirm molecular marker for the floury locus. Further physical mapping of the floury endosperm locus of the mutant, would 
facilitate efficient breeding of rice cultivars with proper dry milling adaptability that can be used in the processed rice food industry. 
 
P0736: Genome Mapping, Tagging & Characterization: Rice 
Comparative Analysis of the Structure, Organization, Evolution and Expression Profiles of Genes Encoding ADP-
Ribosylation Factors in the C3 Model, Rice and a C4 Model, Foxtail Millet 
Muthamilarasan Mehanathan1,2, Venkata R. Mangu1, Hana Zandkarimi1, Manoj Prasad3 and Niranjan Baisakh1, (1)Louisiana 
State University, Baton Rouge, LA, (2)National Institute of Plant Genome Research, New Delhi, India, (3)National Institute of 
Plant Genome Research, NEW DELHI, India 
ADP-ribosylation factors (ARFs) function in diverse physiological and molecular activities. Recent studies also demonstrate the role of ARFs in 
biotic and abiotic stress responses of plants. Through a whole genome scan, we identified 23 and 25 candidate ARF protein-encoding genes in 
the C3 model, rice and a C4 model, foxtail millet, respectively. Phylogenetic analysis classified these proteins into four classes (I-IV) with ARFs 
in class I to III and ARF-like (ARL) proteins in class IV. Sequence and domain composition analyses showed the presence of several domains in 
addition to the conserved ARF motif, which could be attributed to the functional divergence of ARF/ARL proteins. Involvement of ARFs/ARLs 
in stress response mechanisms was suggested by the presence of several cis-elements related to stress and hormone response in their promoter 
region. Furthermore, physical and comparative genome mapping of the genes among the Poaceae family members elucidated their duplication 
and divergence patterns. Analysis of transcript abundance of rice ARF/ARL genes in different tissues, abiotic stresses and hormones showed their 
spatio-temporal differential expression profiles with higher expression of a few genes in at least one stress (salt, dehydration, cold and 
desiccation). Comparative analysis of the ARF/ARL locus from five rice cultivars revealed the presence of putative allelic polymorphisms 
specific to stress-tolerant cultivars. Taken together, this study provides comprehensive insights on ARF/ARL gene family in rice and foxtail 
millet, which could be utilized to identify candidates for further functional analysis to define their precise roles in abiotic stress responses of the 
two model plants. 
 
P0737: Genome Mapping, Tagging & Characterization: Rice 
RNase ZS1 Mediates UbL40 mRNAs Decay Controlling Thermo-Sensitive Genic Male Sterility in Rice 
Hai Zhou, Jing Li, Liya Zhu, Dagang Jiang, Jingfang Dong, Qinjian Liu, Lingyan Zhou, Erdong Ni, Zhenlan Liu, Yaoguang Liu 
and Chuxiong Zhuang, State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources; College of Life 
Sciences, South China Agricultural University, guangzhou, China 
Male sterility is an important trait and plays a key role in hybrid breeding in crops. Thermo-sensitive genic male sterility (TGMS) lines, which 
are male-sterile at high temperatures but convert to male-fertile at low temperatures, have been widely used in two-line hybrid rice breeding. 
However, the molecular mechanism underlying TGMS remains unclear. Here, we show that a rice (Oryza sativa L.) thermo-sensitive genic male 
sterile gene 5 (tms5) locus confers the TGMS trait through a loss-of-function mutation of RNase ZS1, which belongs to the metallo-β-lactamase 
superfamily, resulting in failing to mediate the mRNA decay of a temperature-responsive ubiquitin-encoding gene family. RNase ZS1 is a short 
version of the RNase Z family originally involved in tRNA 3'-end processing in nucleus. RNase ZS1 retains the endonuclease activity in tRNA 
processing in vitro, however, it does not play a role in vivo due to its localization in cytoplasm. RNase ZS1 specifically cleaves the mRNAs of an 
ubiquitin-60S ribosomal protein L40 family. Defective RNase ZS1 in tms5 plants leads to over accumulation of the UbiL40 mRNAs in young 
anthers at high but not at low temperature. Overexpression and RNAi of UbL40s in transgenic rice results in male sterility and restored fertility, 
respectively. Our results uncover a novel function of the RNase Z family member and reveal the molecular mechanism for rice TGMS by a new 
post-transcriptional regulatory machinery for ubiquitin homeostasis, an essential process for cell viability. Moreover, this study provides applied 
potential for not only rice but also other crops in hybrid breeding. 
 
P0738: Genome Mapping, Tagging & Characterization: Rice 
A Genome-Wide Association Study Reveals Candidate Genes Related to Salt Tolerance of Rice (Oryza sativa) at the 
Germination Stage 
Jie Yu, Wei Tong, Qiang He, Min-Young Yoon, Won-Hee Ra, Feng-Peng Li, Win Htet Oo, Bu-Woong Choi, Eun-Beom Heo, 
Kyu-Won Kim, Tae-Sung Kim and Yong-Jin Park, Kongju National University, Chungnam, South Korea 
Salt is the major factor limiting crop productivity in saline soils. Development of salt-tolerant rice through molecular breeding methods is 
necessary to meet the needs of rice breeding. We used 295 accessions, including a heuristic core set (137 accessions) and 158 bred varieties, to 
perform a genome-wide association study (GWAS) of salt-tolerance-related phenotypes in rice at the germination stage. All rice collections were 



re-sequenced and ~1.65 million SNPs/Indels were identified and included in the GWAS. We detected a total of 12 associated peaks distributed 
on seven chromosomes using a compressed mixed linear model. After determining linkage disequilibrium blocks associated with significant 
SNPs/indels, we finally obtained a total of 79 candidate genes for the salt-tolerance phenotypes. By detecting the highly associated variations 
located inside the genic region that overlapped with the results of LD analysis, we identified 17 genes that may contribute to salt tolerance. We 
conducted a haplotype analysis of the genes with functional variations together with phenotypic correlation and orthologous sequence analyses. 
Principle component analysis suggested that salt tolerance levels in rice (O. sativa) are not strongly correlated with the indica or japonica 
subgroups. Our study revealed substantial natural variations in candidate salt-tolerance genes in rice at the germination stage, and demonstrated 
the feasibility of using GWAS to elucidate the genetic factors underlying salt tolerance. This will provide important resources for molecular 
breeding and functional analysis of the salt tolerance of rice at the germination stage. 
 
P0739: Genome Mapping, Tagging & Characterization: Rice 
Genetic and Functional Analysis of Heavy Ion Induced Rice CEF1 Gene 
Yafeng Ye, Institute of Technical Biology and Agriculture Engineering, Hefei Institutes of Physical Science, Chinese Academy of 
Sciences, Hefei,Anhui, China, Binmei Liu, Key Laboratory of Ion Beam Bioengineering, Institutes of Physical Science, Chinese 
Academy of Sciences, Hefei,Anhui, China, Xiang dong FU, State Key Laboratory of Plant Cell and Chromosome Engineering, 
Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China, Beijing, China and 
Yuejin Wu, Hefei Institute of Material Science, Chinese Academy of Sciences, Hefei, Anhui, China 
In Asia, a large number of rice straws were processed by stubble burning, which caused severe environment pollution. Although the main genes 
in rice involved in the biosynthesis of secondary wall components have been characterized, the molecular mechanism underlying coordinated 
regulation of genes expression is not clear. In this study, we reported a new rice variety, cef1, showed the culm easily fragile (CEF) without other 
concomitant phenotypes.  
The CEF1 gene encodes a MYB family transcription factor OsMYB103L, was cloned based on map-based approach. Bioinformatics analyses 
indicated that CEF1 belongs to the R2R3-MYB subfamily and highly similar to Arabidopsis AtMYB103. Expression pattern analysis indicated 
that CEF1 is mainly expressed in internodes and panicles.  
Biochemical assays demonstrated that OsMYB103L is a nuclear protein and shows high transcriptional activation activity at C-terminus. 
OsMYB103L mediates cellulose biosynthesis and secondary walls formation mainly through directly binding the CESA4, CESA7, CESA9 and 
BC1 promoters and regulating their expression. OsMYB103L may also function as a master switch to regulate the expression of several 
downstream TFs, which involved in secondary cell wall biosynthesis. Furthermore, OsMYB103L physically interacts with SLENDER RICE1 
(SLR1), a DELLA repressor of GA signaling, and involved in GA-mediated regulation of cellulose synthesis pathway. Our findings revealed that 
OsMYB103L plays an important role in GA regulating secondary cell wall synthesis, and the manipulation of this gene provide a new strategy to 
help the straw decay in soil. 
 
P0740: Genome Mapping, Tagging & Characterization: Rice 
Bioinformatics Applied to QTLs Related to Absorption and Accumulation of Arsenic in Rice 
Railson Schreinert Santos, Eduardo Venske, Artur Teixeira de Araújo Júnior, Daniel da Rosa Farias and Antonio Costa De 
Oliveira, Universidade Federal de Pelotas, Capão do Leão, Brazil 
Rice (Oryza sativa L.) is a staple food crop for half the world's population. Studies have shown that rice is a major source of arsenic to humans 
through diet, with a range of genotoxic effects. Countries such as Europe, United States and even Brazil, can have dangerous arsenic levels in 
rice grains. Breeding efforts to lower arsenic content in rice grains seem to be promising, since different studies show significant genetic 
variability for both arsenic accumulation and speciation. Here we highlight one important QTL (Quantitative Trait Locus) related to the change 
in the concentration of arsenic in shoots of seedlings. This QTL, generically called AsS, is flanked by RM318 and RM450 markers on rice 
chromosome 2, and accounts for 24.4% of the expected phenotypic variation. The present investigation aimed to evaluate the use of some 
bioinformatics tools to analyze AsS, with the purpose of identifying genes related to the change in the concentration of arsenic in rice seedlings. 
The results presented here show great utility of bioinformatics in the analysis of QTL related to absorption and accumulation of arsenic in rice 
plants. Other results obtained from the analysis of this and other QTLs, also carried out by our laboratory, should help the understanding of the 
dynamics of arsenic in rice plants and breeding to obtain safer crops, reducing the risk of cancer due to the intake of arsenic in food. 
 
P0741: Genome Mapping, Tagging & Characterization: Rice 
Developing Herbicide-Resistant Rice with Novel Genes 
Ying Cui1, Shuyuan Yi2, Ziduo Liu2, Hao Chen1, Fei Zhou1 and Yongjun Lin1, (1)National Key Laboratory of Crop Genetic 
Improvement and National Center of Plant Gene Research, Huazhong Agricultural University, Wuhan, China, (2)State Key 
Laboratory of Agricultural Microbiology, College of Life Science and Technology, Huazhong Agricultural University, Wuhan, 
China 
Glyphosate is a leading broad spectrum herbicide, but it is not suitable to be used in the rice field due to its toxicity to rice. Developing 
glyphosate-resistant rice can broaden the available herbicides for rice production and provide more effective weed management strategies. 
I.variabilis-EPSPS is a novel herbicide-resistant gene isolated from the bacterium Isoptericola variabilis. The original gene was codon-optimized 
(designated as I.variabilis-EPSPS*) and transferred into a japonica rice cultivar Zhonghua11 by Agrobacterium-mediated transformation. The 
glyphosate tolerance of the selected transgenic plants was highly improved compared to the wild type on the 1//2 MS medium containing 
glyphosate. The agronomic traits of them were not affected by the application of glyphosate even when the application dose was 10 times of the 
recommended dose for agricultural application. Collectively, the novel gene I.variabilis-EPSPS* is a promising candidate genes for developing 
herbicide-resistant rice and the selected transgenic rice in our research have potential to be used in agricultural production. 
 
P0742: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 



Sample Sequence Analysis of Grass Genomes Indicates Frequent and Repeated Horizontal Transfer of LTR-
Retrotransposons 
Minkyu Park1, P. a. Christin2, Colin P. Osborne2 and Jeffrey L. Bennetzen1, (1)Dept. of Genetics, University of Georgia, Athens, 
GA, (2)Department of Animal and Plant Sciences Sheffield University, Sheffield, United Kingdom 
LTR-retrotransposons are one of the most important components of plant genomes. A few studies have compared their properties across multiple 
“fully sequenced” genomes, but this requirement for a genome assembly means that only a small number of taxa can currently be investigated. 
To demonstrate an approach for comprehensive comparative analysis of LTR-retrotransposons across thousands of species, we generated low-
depth sample sequence data for 19 previously-uncharacterized genomes from the panicoid grass subfamily. From the analysis, we identified 
highly dynamic changes in the activity of numerous LTR-retrotransposon families. The three Ty3/Gypsy families Milt, Xilon-Diguus, and Grande 
were found to be particularly variable, exhibiting very different compositions even among closely related species. Numerous cases of lineage-
specific activation and extinctions of specific LTR-retrotransposon families were observed. Using 62 public plant genome sequences and the 19 
panicoid sample sequences, we investigated the possible horizontal transfer of LTR-retrotransposons. We found that the genus Oryza has had 
many horizontal transfers with the panicoids, including at least 24 separate horizontal transfers involving 11 Oryza species and 19 panicoid 
species. Among the 11 Oryza species, Oryza sativa indica exhibited an extraordinarily highly frequency of horizontal transfer with the lineage 
including Echinochloa haploclada. 
 
P0743: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
The Grass Tribe Paniceae and the Evolution of C4 Photosynthesis 
Jacob D Washburn1, James C Schnable2, Thomas P. Brutnell3, Ying Shao4, Yang Zhang2 and J. Chris Pires1, (1)University of 
Missouri, Columbia, MO, (2)University of Nebraska-Lincoln, Lincoln, NE, (3)Donald Danforth Plant Science Center, St. Louis, 
MO, (4)St. Jude Children's Research Hospital, Memphis, TN 
Most plants convert sunlight into chemical energy using C3 photosynthesis. However, a modified pathway, C4 photosynthesis, allows some plants 
to be more drought tolerant and fertilizer-use efficient. Strikingly, C4 photosynthesis has evolved independently in dozens of different plant 
lineages, a testament to its diversity and advantages in many common terrestrial environments. Currently, massive international efforts are 
focused on breeding and bioengineering C4 photosynthesis into C3 rice and other food and sustainable energy crops.  What these efforts often 
overlook is that there is no “one” C4 photosynthesis. In fact, with its 60-plus distinct evolutionary origins, 20-plus anatomies, and 3 basic 
enzymatic sub-types, C4 is more of a diverse syndrome than it is one generalized photosynthesis type. Because the various C4 sub-types have 
evolved in diverse environments, different sub-types may be more efficient for different agricultural applications.  Our study uses the grass tribe 
Paniceae to investigate the evolution and diversity of C4 photosynthesis within a phylogenomic context. The Paniceae are ideal for this 
investigation because they are the only plant lineage with representatives that primarily utilize each of the C4 enzymatic subtypes. This allows us 
to answer questions such as: How are different types of C4 photosynthesis related to each other? Which C3 and C4 species are ideal model 
organisms for studying C4 evolution in the Paniceae? Which tribe Paniceae species are best suited for development as sustainable energy, food, 
health, and forage crops? 
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Adaptive Evolution of C4 Photosynthesis 
Pu Huang1, Tony Studer2, James C Schnable3, Elizabeth A. Kellogg1 and Thomas P. Brutnell4, (1)Donald Danforth Plant Science 
Center, St. Louis, MO, (2)University of Illinois, Urbana, IL, (3)University of Nebraska-Lincoln, Lincoln, NE, (4)Enterprise Institute 
for Renewable Fuels Donald Danforth Plant Science Center, St. Louis, MO 
C4 photosynthesis evolved multiple times independently in the angiosperms and over 22 times in the grasses suggesting that the ancestral 
genomes were primed for the acquisition of C4 traits. However, the identification of the genes and networks associated with the transition from 
C3 to C4 have to date remained elusive. To accelerate the pace of gene discovery in the grasses, we have exploited the close phylogentic 
relationship of the panicoid grasses and deep genomic sequencing to identify signatures of adaptive evolution. Importantly, This approach does 
not rely on any a priori knowledge of the genes that contribute to biochemical or anatomical innovations associated with C4 photosynthesis. 
Enabled by the collinearity of grass genomes and the recently sequenced genome of Dichanthelium oligosanthes, this analysis identified both 
known and novel components that likely underlie C4 traits, including traits that are shared among all C4 panicoids and those that are specific to 
one lineage. 
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Bulked Segregant - Genotyping-By-Sequencing: Cost-Effective and Background Independent Genetic Mapping of Mutants 
and QTL 
Wimalanathan (Gokul) Kokulapalan, Rebecca L. Weeks, Erica E. Unger-Wallace and Erik W. Vollbrecht, Iowa State University, 
Ames, IA 
Genetic mapping of new mutants, which allows us to map a mutant phenotype to a causal locus or loci in the genome, is a crucial step in forward 
genetics. Construction of a mapping population that consists of mutant and normal individuals is essential for genetic mapping. The mapping 
population can be used by different high-throughput methods for genetic mapping. Single Nucleotide Polymorphism (SNP) arrays and 
Sequenome-based methods detect presence and absence of pre-discovered SNPs, and therefore are not background independent. In contrast, 
high-throughput sequencing (HTS) based methods used for genetic mapping are generally background independent. Some HTS methods such as 
Genotyping-by-sequencing (GBS) and RAD-seq use DNA for mapping, while other methods such as BSR-seq and MMAPPR use RNA. Current 
DNA-based methods barcode DNA extracted from each individual in the mapping population to construct the sequencing library, and RNA-
based methods construct a separate library from each of two pools, namely mutant and normal. Both approaches provide high resolution maps to 
identify causal loci, but are not cost-effective for screening a large number of mutant families such as may be recovered from an 
enhancer/suppressor screen. Here we present a low-resolution, but cost-effective, HTS-based method for genetic mapping. For each new mutant 
we pooled tissue from phenotyped individuals to create a mutant pool and a normal pool. We adapted the original GBS method to construct 



sequencing libraries, prepared libraries for several pairs of pools and determined rough map positions. Our method is cheaper than the current 
GBS protocol, easier than using RNA for library construction, and without sampling biases inherent in using RNA expressed in a certain tissue 
type(s). We are currently fine mapping the intervals identified by BS-GBS, and extending the method to map natural modifiers. Here we present 
the pipeline and results from these genetic mapping efforts in maize. 
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RefSeq Curation at NCBI - Adding Value to the Maize Genome Resources 
Brian Smith-White1, Kim D. Pruitt1, Terence D. Murphy2 and Francoise Thibaud-Nissen1, (1)National Center for Biotechnology 
Information (NCBI/NLM/NIH), Bethesda, MD, (2)National Center for Biotechnology Information, NLM, NIH, Bethesda, MD 
NCBI created Zea mays RefSeq transcript-protein pairs and the associated NCBI Gene record from the INSDC maize accessions. This is a 
publicly available resource consisting of a non-redundant collection of sequence records for mRNA and the encoded protein; each pair with an 
associated NCBI Gene record. Curation of Zea mays RefSeq transcripts creates a more robust and accurate collection of genome resources for 
the maize research community.  Curation involves 1) identifying instances of multiple identical RefSeq transcripts for a particular gene and 
resolving by merging, 2) identifying instances of genes expressing transcript isoforms and creating the necessary RefSeq accessions, 3) 
identifying instances of RefSeq transcripts with sequence variations relative to the genome sequence and resolving by creating either a new 
version of the transcript accession or a new transcript accession, 4) identifying instances of structural and/or sequence deficiencies in the genome, 
5) identifying instances where the annotation endeavors by NCBI and maizesequence.org differentially annotate a gene and 6) identifying 
instances of the genome sequence lacking a particular gene. Points four and six result in a record in the internal Genome Problem database at 
NCBI; the contents of which are shared with MaizeGDB. A consequence of points five and six is that NCBI may be able to still track the missing 
locus in the NCBI Gene resource and be able to provide a representative RefSeq transcript and protein record (i.e. one of the strong advantages to 
maintaining the transcript-based NM/NP dataset). 
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Automated High-Throughput SNP Genotyping from Zea mays 
Mike Farrell1, Julie Baggs1, Jeff Roeder1, Travis Butts1, Lena Emadi2, Honrado Lopez2 and Paul Streng2, (1)Omega Bio-tek, 
Norcross, GA, (2)FLUIDIGM, South San Francisco, CA 
Increases in the efficient use of economically important crops are required to keep pace with increasing world human population and global 
development.  To help accomplish this, plant genetics, specifically high throughput identification of single nucleotide polymorphisms (SNPs) 
associated with increased food and energy production phenotypes leading to selection and breeding of beneficial genetic traits are needed.  Here 
we describe a beginning-to-end automated process for SNP identification in the genome pf Zea mays, otherwise known as maize, or corn. Plant 
material DNA extraction and DNA quantity normalization were performed with Omega Bio-tek’s Mag-Bind® Plant DNA DS 96 kit and Mag-
Bind® EquiPure gDNA Normalization kit. Both of these processes are accomplished using a custom script program on Hamilton’s open liquid 
handling platform, the Microlab STAR. Finally, the SNP content of the corn genome was rapidly and accurately determined by the combination 
of Fluidigm’s Juno™ system for sample set up and EP1 system for digital end-point PCR analysis. This entire customized and automated process 
is able to identify 96 SNPs from corn leaf samples in 5 hours starting with as little as 7 ng of gDNA per sample. In summary, we present an 
automation friendly workflow for high throughput sample extraction, genomic DNA normalization, and SNP genotyping that can be applied to a 
variety of sample types and downstream genotyping applications. 
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Genomic Exploration of Genebank Collections: Early Insights from Seeds of Discovery-Maize 
Sarah Hearne1, Jorge Franco2, Jiafa Chen3 and Cesar Daniel Petroli1, (1)CIMMYT- International Maize and Wheat Improvement 
Centre, Texcoco, Mexico, (2)Facultad de Agronomia, Paysandu, Uruguay, (3)CIMMYT- International Maize and Wheat 
Improvement Centre, El Batan, Mexico 
At a time of unprecedented challenges to crop production the need to explore and use all available improvement mechanisms is paramount. One 
intervention available to scientists is the use of native genetic variation. For the major staple commodities the broadest reserves of this variation 
are typically housed in germplasm banks. There are a number of real and perceived barriers to the use of germplasm from bank collections. One 
barrier is the limited availability of data pertaining to the materials held in the bank; characteristics be they general or for a specific phenotype. 
Here we present work from the Seeds of Discovery project (SeeD), focusing on the comprehensive genotypic exploration and targeted use of 
specific genetic variation from the world’s broadest internationally available collection of maize germplasm. 
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Investigating Maize Genome Structural Variation Using Bionano Genome Mapping 
Pierre A Migeon1, Jie Ren1, Zhao Peng1, Frank White2 and Sanzhen Liu3, (1)Kansas State University Department of Plant 
Pathology, Manhattan, KS, (2)University of Florida, Gainesville, FL, (3)Kansas State University, Manhattan, KS 
Genomes contain structural variations (SV) that are comprised of unbalanced forms (copy number variation) and balanced forms (sequences in 
same copy number but at different genomic locations), and SV has been implicated in phenotype variation. However, SV often occurs on a scale 
that is difficult to characterized with classic, hybridization-based, or sequencing-based approaches. Optical mapping, and, more specifically, 
BioNano Genome® (BNG) mapping technology allow direct visualization of long and single DNA molecules, which improves characterization 
of large scale SV.  Here, we used BNG technology to identify and characterize SV between the maize lines B73 and Mo17. 
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Optimal Design of Genomic Prediction in Maize Hybrid Breeding 
Tingting Guo, Department of Agronomy, Iowa State University, Ames, IA 



Given a set of n parental lines, generating and phenotyping all n2-n reciprocal hybrids are formidable challenges, when n > 100. Although 
genomic prediction is expected to identify promising hybrids with phenotyping some of hybrids in the yield trails, optimal designs are urgently 
needed to allocate available costs and resources efficiently in commercial breeding. Here we propose an optimal design of genomic prediction 
based on two criteria: connectedness between training and test populations, and diversity within training population. We test this new strategy in 
a partial diallel design, comprised of 276 crosses from 24 maize diverse founders in nested association mapping. Our results suggest that this 
design outperforms other existing designs in terms of prediction accuracy and reliability. We also show how these two criteria affect prediction 
results separately. Our results prove the advantage of integrating these two criteria in genomic prediction. Furthermore, this research provide a 
general guideline for the design of genomic prediction project in maize hybrid breeding. 
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Analyzing the Leaf Microbiome across 270 Diverse Maize Lines 
Jason G Wallace1, Karl A. Kremling2, Shu-Yun Chen2, Mei-Hsiu Su2, Jeremy D. Pardo2, Nicholas K. Lepak3, Joshua S. Budka3 
and Edward S. Buckler4, (1)University of Georgia, Athens, GA, (2)Cornell University, Ithaca, NY, (3)USDA-ARS, Ithaca, NY, 
(4)USDA-ARS-Cornell University, Ithaca, NY 
 A largely unexplored area in global food security research is the interaction between crop plants and the microbial communities around them. 
The exceptions usually involve either diseases (e.g., rusts and blights) or a few specific symbioses (especially rhizobia and mycorrhiza). The 
general microbial community—the crop “microbiome”—nonetheless plays an important role in crop health. To better understand interactions 
between maize and its microbiome, we collected leaf samples from across ~270 diverse maize inbred lines to identify the genetic mechanisms 
that shape its microbial community. Community makeup was determined by targeted 16S amplification and deep sequencing. Several bacterial 
taxa show high heritabilities. Genome-wide association (GWAS) of these taxa identifies the major genetic loci influencing their abundance, and 
we identify recurring patterns across multiple associations. This is the most diverse maize microbiome study to date, and these results will direct 
future analyses to identify ways to manipulate the leaf microbiome to improve crop performance. 
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Maize - GO Annotation Methods Evaluation and Review (Maize-GAMER) 
Wimalanathan (Gokul) Kokulapalan1, Carson M Andorf1,2, Iddo Friedberg1 and Carolyn J. Dill3, (1)Iowa State University, Ames, 
IA, (2)USDA-ARS Corn Insects and Crop Genetics Research Unit, Iowa State University, Ames, IA, (3)Bioinformatics and 
Computational Biology Program, Iowa State University, Ames, IA 
Maize is an important agricultural crop - based on metric tons, maize is the #1 production grain crop in the world (http://faostat.fao.org). Largely 
as a result of plummeting sequencing costs, the growing availability of whole genome sequences has led to an increased demand for high-
throughput omics studies. Interpretation of the results of these studies often requires the analysis of functional annotations of genes. The Gene 
Ontology (GO) is a widely used database that consists of terms that describe gene product function and property. The majority (~99%) of the GO 
annotations in maize are inferred from electronic annotations by high-throughput pipelines such as Ensembl.  On the contrary, only about half of 
the GO annotations in Arabidopsis are inferred from electronic annotations. Clearly there is a need to evaluate the confidence of existing GO 
annotations for maize and improve the overall quality of functional predictions in this well-studied species. Here we present a pipeline that 
annotates GO terms to maize gene models using multiple functional annotation methods along with an evaluation of confidence for these 
annotations. Our pipeline uses three approaches to assign GO terms: BLAST-based methods, functional domain-based methods, and advanced 
methods (machine learning and statistical approaches). Using a test dataset that contains high-quality manual annotations from MaizeGDB 
(~750) and reviewed annotations from UniProt (~6500), we are in the process of evaluating the performance of our approaches, comparing the 
performance to existing annotations, and creating a designated set of high-confidence functional annotations for maize genes. Review of these 
annotations by experts will substantially improve the confidence of annotations predicted using the pipeline, so we are designing a user-friendly 
system to leverage crowdsourcing for manual review of the predicted GO annotations. We plan to expand and adapt the pipeline to other species 
once it has been implemented and tested in maize. 
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Development of an Activation Tagging System to Identify Traits in Maize 
John Davies, Dow AgroSciences, Indianapolis, IN 
Activation Tagging, using transcriptional enhancers distributed throughout the genome to increase transcription of nearby genes, is a powerful 
tool for discovering gene function.  We have developed a transposable element system to distribute a novel activation tagging element 
throughout the genome in maize.  The transposon system is built from the En/Spm transposon system and uses an engineered seed color marker 
to observe excision of the transposon.  Both somatic and germinal excision events can be easily detected by evaluating kernel color.  The 
activation tagging element is in an En-derived non-autonomous transposon and contains 4 copies of the sugarcane bacilliform virus (SCBV) 
enhancer and a selectable marker.  We have demonstrated that the transposon can give rise to germinal excision events and that it can re-integrate 
into the genome at locations un-linked to the original integration site.  The transposon has remained active for 3 generations and events 
displaying high rates of germinal excision in the T2 generation have been identified.  This system is capable of generating large numbers of 
activation tagged maize lines that can be screened for agriculturally-relevant phenotypes. 
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A Systems Approach to Investigate the Role of Source-Sink Communications in Senescence in Maize 
Rajandeep Sekhon, Clemson University, Clemson, SC, C. Robin Buell, Department of Plant Biology and DOE Great Lakes 
Bioenergy Research Center, Michigan State University, East Lansing, MI, Natalia de Leon, University of Wisconsin-Madison, 
Madison, WI and Shawn Kaeppler, Department of Agronomy and DOE Great Lakes Bioenergy Research Center, University of 
Wisconsin - Madison, Madison, WI 



Accumulation and partitioning of carbohydrates (CHO) affects all aspects of grain and biomass yield in grasses and, therefore, strategies to 
improve yield aim to improve one or both of these processes. Senescence, a highly regulated process involving degradation of cellular 
components, lies at the interface of both these processes. Senescence is affected by the source-sink dynamics of CHO partitioning and reduces 
CHO accumulation by disrupting photosynthetic assimilation. We are using a systems approach to identify genetic, molecular, and biochemical 
mechanisms underlying the regulation of senescence in maize. We have characterized natural genetic variability for developmental senescence 
and senescence induced by the absence of grain sink in maize and identified candidate genomic regions harboring genetic elements that govern 
senescence. To complement the genomic approaches, we have generated leaf transcriptome of plants of B73 inbred undergoing premature 
senescence due to absence of grain sink using RNA-sequencing. Transcriptomic data and genetic analyses of isogenic lines derived from B73 
and Mo17 were used to further corroborate the candidate genes/regions identified through genomic approaches. We are currently working on 
cloning and characterizing genes underlying endogenous variation in the onset of senescence. Identification of genetic and molecular 
mechanisms governing senescence will provide avenues for devising and implementing strategies to optimize photosynthate partitioning and 
enhance overall carbohydrate yield without a significant increase in agricultural inputs. 
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A B73 x Gaspé Introgression Library Reveals Ample Genetic Variability for Root System Architecture and Water Use 
Efficiency in Maize 
Roberto Tuberosa, DipSA - Univ. of Bologna, Bologna, Italy 
The genetic dissection of root system architecture (RSA) provides valuable opportunities towards a better understanding of its role in 
determining yield under different water regimes. To this end, a maize introgression library comprised of 75 BC5 lines derived from the cross 
between Gaspé Flint (an early line; donor parent) and B73 (an elite line; recurrent parent) were evaluated in two experiments conducted under 
well-watered and water-deficit conditions (WW and WD, respectively) in order to identify QTLs for RSA, biomass accumulation (BA), water 
use efficiency (WUE), flowering time (FT), grain yield (GY) and yield components (YC). RSA features at maturity (shovelomics), FT, GY and 
YC were investigated in the field while BA and WUE were measured in plants grown in the high-throughput phenotyping platform PhenoArch 
(INRA, Montpellier). QTLs were identified for all investigated traits. Several QTLs for FT affected also RSA, BA, WUE, YC and/or GY, thus 
underlying the pivotal role of phenology in controlling morpho-physiological traits and yield components. For several QTLs, a sizeable QTL x 
water regime interaction was evidenced in both experiments. A particularly interesting QTL for WUE in both WW and WD conditions was 
mapped on bin 9.01, with Gaspé Flint contributing the beneficial allele. Strong concurrent QTL effects on RSA and YC were identified on bin 
1.03, 2.04 and 3.03. The most interesting QTLs are being considered for fine mapping and cloning. 
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Population Structure of the sugaryenhancer1 (se1) Haplotype in a Collection of Sweet Maize 
Matthew D Murray and William F. Tracy, University of Wisconsin-Madison, Madison, WI 
Sweet corn is consumed around the world as a fresh vegetable. In the late 1970s a new major mutation that confers high eating quality in sweet 
corn was characterized. This sugaryenhancer1 (se1) gene was recently fine mapped. With this information we are now able to examine the 
history of the integration of this major gene into the germplasm. The se1 allele was originally reported in a single inbred line, Ill677a, and it is 
thought to have penetrated a large breeding pool from this single source. Here, we examine the history of this allele in a modern population and 
examine the impacts of a single inbred in the background of a breeding pool. To explore the source and history of se1 in modern sweet corn, we 
compared 120 of the publicly available sweet maize lines in the Ames panel, to 10 inbred lines closely related to Ill677a, and 40 modern high 
quality inbreds from the University of Wisconsin-Madison sweet corn breeding program, which we genotyped using Genotyping-by-Sequencing. 
We were able to identify a single extended shared haplotype surrounding the se1 locus, that matched with the molecular marker for the locus in 
all cases and matches the Ill677a haplotype. We then scanned across the genome to find any other regions that were similar to Ill677a in the 
modern population using a combination of LD, Fst and the IHS (Integrated Haplotype Statistic) based tests. We found strong evidence for long 
Ill677a haplotypes around the se1 locus as expected. Unexpectedly, we also found many regions of extended haplotypes throughout the genome 
including a region around the su1 locus showing a monomorphic haplotype throughout all of the sweet maize germplasm that encompasses 
nearly half of chromosome 4. Here we have confirmed the source of this allele in a modern commercial pool of germplasm, and provided an 
example of the integration of important lines into breeding programs, and the slow rate of decay of haplotypes in an actively bred population. 
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Genetic Characterization of Indicators for Diazotrophic Recruitment in Zea mays 
David A. O'Donnell, University of California Davis, Davis, CA, Jinliang Yang, University of California-Davis, Davis, CA, Jeffrey 
Ross-Ibarra, University of California, Davis, CA and Alan Bennett, UC Davis, Davis, CA 
Zea mays spp. mays (hereafter maize) landrace populations cultivated within indigenous communities of Mexico have been reported to be farmed 
using traditional cultivation practices without fertilizers or pesticides, and several fields have exhibited low NO3- levels. Interestingly, certain 
landrace maize populations perform well under such conditions, and may reach heights greater than 5 m at maturity. Many such landrace 
populations are characterized by the presence of thick, abundant aerial roots that secrete significant quantities of root exudate (a.k.a. mucilage). 
This polysaccharide-rich exudate may play a vital role in recruitment of diazotrophic microbes to facilitate nitrogen fixation within said landrace 
populations. The studies summarized hereafter utilize natural 15N abundance within maize leaf tissues to infer nitrogen fixation activity [via 
symbiotic diazotrophic microbes] within various subpopulations of Zea mays. Furthermore, we present genetic data showing substantial 
introgression of the pre-domesticate Zea mays spp. mexicana into one of the landraces under study. With a pronounced aerial root morphology of 
its own, Z. mays spp. mexicana may be the ancestral source for aerial root development, mucilage production, and potential diazotrophic 
recruitment within modern maize. Conclusive evidence and genetic elucidation of diazotrophic recruitment in maize would have profound 
impacts on global maize production, with the potential to drastically reduce both production costs and harmful effects on the environment. 
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Three-Fourths of Maize Presence-Absence Variants (PAVs) are not in Linkage Disequilibrium (LD) with Nearby SNPs 
Alina Ott1, Cheng-Ting Yeh1, Wei Wu1, Jeffrey A. Jeddeloh2, Sam Benidt1, Dan Nettleton3 and Patrick S. Schnable1, (1)Iowa State 
University, Ames, IA, (2)Roche NimbleGen, Madison, WI, (3)Department of Statistics, Iowa State University, Ames, IA 
Genomic structural variation is increasingly being recognized as a major contributor to phenotypic variation across species. In plants structural 
variants contribute to traits including resistance to soybean cyst nematode, boron tolerance in barley, dwarfism in wheat,  flowering time in both 
barley and wheat, and aluminum tolerance in maize. Presence-absence variants (PAV), a form of structural variation where a DNA sequence is 
present in one genome but entirely missing from another, has been found to contribute to a number of genetic diseases in humans. While the 
association between PAVs and phenotype is still being explored in plants with some examples, including flavor quality in strawberries and 
submergence tolerance in rice have been uncovered. We enabled global explorations of the association between PAVs and phenotypic variation 
by conducting RNA-sequencing on the 27 inbred founders of the maize Nested Association Mapping (NAM) population.  This exploration 
identified thousands of putative expressed PAVs that are absent from B73, the maize reference. In collaboration with Roche-Nimblegen these 
putative PAVs were used to design a Zeanome sequence capture array. Sequence capture of the NAM founders using the Zeanome array 
identified ~12,000 genomic PAVs that are absent from B73. Characterization of these PAVs shows that many have similarities to characterized 
proteins. Using the Fluidigm BioMark Dynamic Array, we genotyped for a subset of the PAVs and genetically mapped them in the NAM RILs. 
Additionally, a subset of ~200 PAVs were genotyped and linkage disequilibrium (LD) mapped using 400k single nucleotide polymorphisms 
(SNPs) in the Goodman Association Panel. Fewer than a quarter of PAVs were found to be in LD with SNPs. The lack of LD suggests that the 
power of association studies that include only SNPs could be improved by the inclusion of PAV genotyping. 
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Conservation of Regulation Patterns Associated with the 3’UTR of ZTHIC Gene in Selected Zea mays Varieties 
Temitope Ojuolape Salaam1,2, Khalid O. Adekoya2, Idowu A. Taiwo2, Olusesan Omidiji2, Gloria N. Elemo1 and Frank 
Hochholdinger3, (1)Federal Institute of Industrial Research, Oshodi, Lagos, Nigeria, (2)University of Lagos, Akoka, Yaba, Lagos, 
Nigeria., Lagos, Nigeria, (3)INRES Crop Functional Genomics, University of Bonn, Bonn, Germany 
Tropical Zea mays commonly known as maize have been shown to contain significant levels of thiamine. Thiamine, also known as vitamin B1 is 
an essential vitamin required for normal growth and development in the diet of man and animals. The thiamine biosynthetic pathway has been 
extensively studied in Arabidopsis, Zea mays and Escherichia coli. The implication of the 3’UTR of ZTHIC gene which codes for a thiamine 
biosynthetic enzyme, pyrimidine synthase in the regulation of thiamine biosynthesis in plants is well documented. DNA was extracted from 
seeds of selected tropical yellow endosperm and Public US group Zea mays varieties. The entire 3’UTR of ZTHIC was amplified and sequenced. 
Phylogenetic analysis was performed using the Neighbour - Joining algorithm in MEGA6. We report seven major clusters thus seven regulation 
patterns associated with this region in selected the Zea mays varieties studied. The pattern of regulation observed was not influenced by the 
sources of the Zea mays varieties. This suggests that the regulation of thiamine biosynthesis in these varieties is conserved and can be exploited 
in further genetic biodiversity studies. 
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Phenotyping Genetic Diversity in Acceleration of Maize Leaf Senescence under Elevated Ozone 
Elizabeth A. Ainsworth1, Charles Burroughs2, Gorka Erice3, Christopher M. Montes2, Sang-In Shim4, Jessica Wedow3, Craig 
Yendrek2, Patrick J. Brown3, Andrew D.B Leakey3 and Lauren M. McIntyre5, (1)USDA-ARS, Urbana, IL, (2)University of Illinois 
at Urbana-Champaign, Urbana, IL, (3)University of Illinois, Urbana-Champaign, Urbana, IL, (4)Gyeongsang National University, 
Jinju City, South Korea, (5)University of Florida, Gainesville, FL 
Exposure to elevated ozone concentrations ([O3]) accelerates the rate of leaf senescence, decreasing the functional lifespan of leaves and 
reducing plant productivity. The natural molecular and biochemical components of senescence are accelerated at elevated [O3], including up-
regulation of senescence associated genes, down-regulation of photosynthetic genes, chlorophyll degradation, and loss of Rubisco protein and 
activity. Variation in O3-induced senescence has been correlated to yield losses in wheat and rice, but little is known about how diverse maize 
genotypes, and C4 crops in general, respond to elevated [O3].  This study investigated phenotypes associated with leaf senescence in diverse 
inbred and hybrid maize lines exposed to elevated [O3] in the field at the Free Air Concentration Enrichment (FACE) facility in Champaign, IL 
(www.igb.illinois.edu/soyface/). Maize was grown at ambient (~40 ppb) and elevated [O3] (100 ppb) in 2013 (200 inbreds), 2014 (52 inbreds, 26 
hybrids) and 2015 (10 inbreds, 8 hybrids).  From ~10 days after anthesis until crop maturity, markers for leaf senescence including 
photosynthetic rate and capacity, leaf N content and chlorophyll content were assessed on the leaf subtending the ear.  In additional to these 
traditional methods, non-destructive, high-throughput methods using partial least squares regression analysis of leaf reflectance spectra were 
tested.  Most maize lines showed signs of accelerated senescence at elevated [O3], although some were more sensitive than others. Elevated [O3]-
induced declines in photosynthetic C assimilation preceded reductions in leaf chlorophyll content. Global metabolite and transcript abundance 
are being evaluated to dissect the genetic and biochemical mechanisms underlying O3-induced senescence. 
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Genotypic Diversity in Yield and Grain Quality Responses to Elevated Ozone of Diverse Inbred and Hybrid Maize 
Lorena Rios-Acosta1, Gorka Erice1, Matthew C. Kendzior1, Mark Lewis1, Jessica Mulcrone1, Ines Resano Goizueta1, Benjamin 
Thompson1, Tiago Tomaz1, Ilse Barrios-Perez1, Crystal A. Sorgini1, Jessica Wedow1, Patrick J. Brown1, Lauren M. McIntyre2, 
Elizabeth A. Ainsworth3 and Andrew D.B Leakey1, (1)University of Illinois, Urbana-Champaign, Urbana, IL, (2)University of 
Florida, Gainesville, FL, (3)USDA ARS, Urbana, IL 
Oxidative stress from exposure to tropospheric ozone (O3) currently causes significant yield losses in the world’s major crops. This represents 
economic losses of ~$14 to $26 billion and is predicted to increase as pollution emissions increase in key growing regions this century. However, 
little is known about the genetic and genomic basis for yield loss to oxidative stress in any crop, but especially C4 crops like maize. The yield 
and grain quality of maize were compared under ambient (~40 ppb) and elevated O3 concentrations (100 ppb) over two growing seasons at the 
Free Air Concentration Enrichment (FACE) site in Champaign, IL. In 2014, 52 inbred lines representing the extremes of O3 sensitivity were 



tested in addition to 26 hybrids. In 2015, 10 inbred lines were re-tested in addition to 8 hybrid lines. Ear mass was, on average, significantly 
lower in inbred (-7%) and hybrid (-9%) lines. But, some lines were sensitive to yield loss (up to -76% in inbreds and -26% in hybrids) while 
others were highly tolerant of growth at elevated O3. Yield loss was primarily driven by decreased kernel number on inbreds versus decreased 
individual kernel mass in hybrids. Yield loss was also associated with increased kernel protein content under elevated O3. Current analyses are 
evaluating kernel growth rate and grain-filling period to assess whether reduced photoassimilate supply or a shorter grain filling period causes 
yield loss. 
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The Maize Roothairless6 Gene that Encodes a D-type Cellulose Synthase is Involved in Root Hair Elongation 
Colton Michael McNinch, Iowa State University, Ames, IA 
Root hairs have a significant role in water and nutrient uptake in plants as they provide a substantial increase in root surface area. These 
epidermal tube-like extensions are thought to play a key role in Zea mays as they are found on all root types of this agronomically significant 
species. A greater understanding of the pathways contributing to the development of maize root hairs can potentially lead to crop improvement 
and is the focus of our investigation. Towards this end we genetically mapped, cloned, and characterized the roothairless6 (rth6) gene. This 
process was facilitated by a combination of two sequence-based cloning strategies, including BSR-seq and Seq-Walking, as well as qRT-PCR, 
and PCR-based cloning of four independent transposon-tagged mutant alleles. Our findings confirm that rth6 is associated with gene ID 
GRMZM2G436299, which encodes a D-type cellulose synthase. These findings increase our understanding of root hair development and bring 
us closer to fully elucidating the pathways at play in root hair development in maize. 
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A Regional Task Force to Fight the Maize Lethal Necrosis Disease (MLND) in Eastern Africa 
Francesca Stomeo1, Mark Wamalwa1, Ian Adams2, Miano Douglas3, Dora Kilalo3, Jane Wamaitha Mwathi4, Francis Mwatuni5, 
Anne Ndanu6, Fatma Hussein7, Anne W. Wangai4, Tilly Eldridge8, Neil Boonham2, Jagger Harvey1, Josephine Birungi1 and 
Appolinaire Djikeng1, (1)BecA-ILRI Hub, Nairobi, Kenya, (2)Food and Environment Research Agency (FERA), York, United 
Kingdom, (3)University of Nairobi, Nairobi, Kenya, (4)Kenya Agricultural and Livestock Research Institute (KALRO), Nairobi, 
Kenya, (5)Kenya Plant Health Inspectorate Service (KEPHIS), Nairobi, Kenya, (6)Plant Transformation Laboratory, Department of 
Biochemistry and Biotechnology, Kenyatta university., Nairobi, Kenya, (7)Horticultural Research and training Institute, Tengeru, 
Arusha, Tanzania, (8)John Innes Centre, Norwich, United Kingdom 
Ranked as the second largest crop in the world, maize is unquestionably the staple food in Eastern and Central Africa (ECA). Since its first report 
in Kenya, in 2011, the MLND has caused severe losses (70-100%) with an estimated financial loss of approximately $23.3 million. The disease 
has been recently reported in Rwanda, DRC, Ethiopia, Uganda and Tanzania. MLND is caused by simultaneous infection of Maize chlorotic 
mottle virus (MCMV) (Tombusviridae) and any of the Potyviruses infecting maize, such as Sugarcane mosaic virus (SCMV). The BecA-ILRI 
Hub, together with partners from International (FERA), and African Agricultural Institutes (HORTI, KEPHIS, KU and KALRO) has joined 
forces to strategize MLND management plans. The BecA-ILRI Hub plays a key role in a regional project, funded by ASARECA, led by UoN, 
that involves seven ECA countries and three regional institutions. In this broad partnership, a multidisciplinary approach involving NGS 
technology, viral synergism, diagnostics and RNA interference, is used to understand the disease etiology. To date, MCMV, SCMV whole 
genomes have been detected in Kenya. Studies are ongoing for the characterization of the viruses in Tanzania to understand the phylogenetic 
relationships between the African isolates. Using in silico tools (SVMs), we have established important interactions between key viral proteins 
and are currently working to confirm the same in vivo. Virus isolates, tolerant/resistant and susceptible maize lines will be sequenced to 
understand MCMV and SCMV interactions. Superior MLN resistant hybrids will be developed and distributed to farmers to manage the MLND 
in ECA. 
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Fine Mapping a Tarspot Complex Resistance QTL in Maize 
Jiafa Chen, CIMMYT Int., Mexico City, Mexico, Xuecai Zhang, CIMMYT, D.F. Mexico, Mexico, Sarah Hearne, CIMMYT 
International Maize and Wheat Improvement Center, Texcoco, Mexico, George Mahuku, IITA, Ibadan, Mexico, Prasanna 
Boddupalli, International Maize and Wheat Improvement Center, Nairobi, Kenya and Gordon M. Huestis, CIMMYT Int., Texcoco 
de Mora, Mexico 
Tarspot Complex (TSC), a disease of maize caused by Phyllachora maydis and Monographella maydis, is an increasingly important fungal 
disease in Latin America. Tarspot Disease, caused by Phyllachora maydis alone, has recently been reported in the USA. Efforts are underway to 
identify and characterize sources of TSC resistance at CIMMYT. CML495 was identified as a resistance source, and using GWAS the resistance 
was located on chromosome 8 near the centromere. A biparental DH population was developed by crossing CML495 to a susceptible line, and 
mapping in this population validated the QTL on chromosome 8. Five TSC resistant DH lines carrying the chromosome 8 donor segment were 
crossed to 2 susceptible lines to create 10 BC1 populations. BC1 populations were phenotyped to identify which ones were segregating for 
resistance, and chromosome 8 genotyped to identify donor chromosomal segment map locations. Resistant backcross individuals with donor 
chromosomal segments across the region containing the QTL were backcrossed to the susceptible recurrent parent to generate additional rounds 
of recombination, and the QTL location was narrowed to a 2M bp window. BC5 populations will be screened this cycle and linked KASP 
markers developed for marker assisted breeding. 
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Genetical Microscopy: Linking the Genic Basis of Maize Disease Resistance to Effects on Pathogenesis 
Randall J. Wisser, University of Delaware, Newark, DE 
Unraveling the bases of complex traits and capitalizing on the knowledge gleaned from this for population improvement continues to challenge a 
broad community of researchers. Quantitative disease resistance is one such trait for which the level of complexity is even greater because it 



involves microscopic interactions between organisms. The DR Maize (Disease Resistance of Maize) project is working toward the discovery and 
validation of genomic variants for resistance to quantitative defense against fungal foliar pathogens. This is being pursued using a combination of 
resequencing, GWAS, breakpoint analysis, mutant screens, transcriptomics, and transformational validation. Simultaneously, pathogenesis is 
being characterized by 3D microscopy of infected host isogenic lines that contrast for natural and induced allele effects, thereby elucidating how 
quantitative resistance genes function to limit disease development. An experimentally validated imaging platform and computer vision tools 
have been developed for this. This talk will highlight multiple aspects of the project related to gene discovery and validation, while focusing on 
recent developments for imaging microscopic plant-pathogen interactions across a macroscopic area of host tissue and placing those observations 
into the context of disease development and gene function. Working with two fungal pathogens along with other evidence suggests the imaging 
platform is extensible to studying other plant/pathogen systems, but differences in pathogenesis introduce the need for some tailored approaches. 
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Integrated and Translational Genomics for Analysis of Complex Traits in Crops 
Ratan Chopra1, Mark D. Burow2, Gloria Burow1, Charles Simpson3, Jennifer Chagoya2, John Burke1 and Zhanguo Xin4, 
(1)USDA-ARS, Lubbock, TX, (2)Texas A&M AgriLife Research, Lubbock, TX, (3)Texas AgriLife Research, Stephenville, TX, 
(4)USDA ARS, Lubbock, TX 
We report here on integration of sequencing and genotype data from natural variation (by whole genome resequencing [wgs] or genotype by 
sequencing [gbs]), transcriptome (RNA-seq) and mutant analysis (also by wgs) with the goal of translating gems from these resources into 
useable DNA markers in the form of single nucleotide polymorphic (SNP) markers for crop improvement in peanut and sorghum. In peanut 
(Arachis sp), RNA-Seq was utilized to identify polymorphic SNPs in a cross between A. duranensis x A. cardenasii. Polymorphic SNPs were 
further used to develop a genetic map to identify QTLs for plant architectural traits including leaf measurements, main stem height, presence of 
main stem flowers, and seed weight. Validation of peanut architecture associated SNPs from this diploid population will be tested in populations 
of tetraploid peanuts. Meanwhile in sorghum, a genome wide association study for sorghum seedling stress was performed using GBS data and 
QTLs were identified for absorbance of flavonoids, shoot/root lengths, and shoot/root weights. SNPs associated with these traits in sorghum were 
screened in mutant germplasm and validated in a recombinant inbred population. To date there is an exponentially increasing amount of 
sequence and genotype data for major crops including peanut and sorghum, and integrated studies through a translational genomics approach and 
pipeline for identification of valuable SNP markers are vital for marker assisted breeding to become an integral part of germplasm enhancement. 
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Sorghum MAGIC Population: Structure and Potential for Genetics Research and Breeding 
Ptarick O Ongom1, Adedayo Adeyanju1, Daniel J. Gobena1, Patrick Rich1 and Gebisa Ejeta2, (1)Purdue University, West 
Lafayette, IN, (2)Department of Agronomy, Purdue University, West Lafayette, IN 
Multi-parent advanced generation intercross (MAGIC) populations have emerged as the most powerful next generation mapping resources that 
combine high genetic recombination and variability. We describe here the construction, genome-wide SNP map and genomic structure of a 
nineteen-parent MAGIC population.  
This is the first and the most advanced sorghum MAGIC population developed thus far with the aid of a genetic male sterility system. It consists 
of one thousand S7 inbreds, derived by single seed descent (SSD) from a random mated base population. Genotyping-by-sequencing (GBS) of a 
subset of 200 sorghum MAGIC lines identified 79,728 genome-wide SNPs. High SNP density corresponded with genomic regions of high gene 
content. The proportion of SNPs on each chromosome relative to the total detected SNPs ranged from 6% on chromosome seven to 15% on 
chromosome one. The 79K SNPs clustered the nineteen MAGIC founders into three groups. However, PCA, structure analysis and neighbor-
joining tree provided no strong evidence for population structure in the MAGIC population. The lack of evidence of population structure makes 
this population amenable for GWAS. Patterns of linkage disequilibrium (LD) showed the MAGIC population to be highly recombined. LD 
blocks decayed to r2 0.2 within 50-100 kb.  
The sorghum MAGIC population therefore, serves a dual purpose: highly recombined mapping resource for precise QTL mapping and 
genetically diverse for use in variety development. Distinct from naturally diverse germplasm, this population is custom-made for breeders from 
multiple elite lines with wide array of useful traits. 
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High-Density Multi-Parent Genome Mapping in Sorghum 
Birgit Samans, Justus Liebig University, Giessen, Germany, Franciszek Janowiak, Franciszek Górski Institute of Plant Physiology, 
Cracow, PA, Poland, Ralf Uptmoor, University of Rostock, Rostock, Germany, Christina Dixelius, Swedish University of 
Agricultural Sciences, Uppsala, Sweden, Silke Wieckhorst, KWS SAAT SE, Einbeck, Germany and Rod Snowdon, Department of 
Plant Breeding, Justus Liebig University, Giessen, Germany 
Sorghum (Sorghum bicolor (L.) Moench) is a promising candidate as alternative to maize as resource for bio-energy production in Europe. Until 
now cultivation in Europe is limited by the susceptibility of sorghum seedlings to chilling temperatures. Within the multinational European 
project ERANET-GAS (Genomic Adaptation of Sorghum) we are developing and applying genomic tools for bio-energy sorghum breeding 
towards chilling tolerance. Chilling tolerance is a complex trait with a strong dependency on root architecture and consequent interactions with 
water-use and nutrient-use efficiency. Based on four genetically divergent sweet and grain sorghum lines (M71, SS79, Etian, Ji273) we 
developed a new interrelated meta-population (IMP) comprising over 600 recombinant inbred lines (RILs). These are being subjected to deep 
phenotyping of root architecture, nutrient responses, stress physiology, disease resistance and germination behaviour, and will be further 
characterised for architectural traits, field emergence and yield performance. The IMP-RILs were genotyped using a new 90k Affymetrix Axiom 
array, also generated within the consortium. Integrating genetic data of the IMP with physical positions of the SNP markers, we developed a high 
resolution recombination map of the sorghum genome. High-resolution mapping of quantitative trait loci (QTL) using this large, multi-parent 
population will uncover tightly linked markers and genes associated with important traits for breeding of European energy sorghum. The data 
also form a basis for future genomic selection strategies to improve energy yields. 
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Construction of High Quality Recombination Maps in Sorghum Bicolor using Recombinant Inbred Line Populations 
Santosh Deshpande1, Sivasubramani Selvanayagam2, Ramu Punna3, CT Hash4, Hari D Upadhyaya5, Geoffrey Morris6, Charlotte 
Acharya7, Sharon E. Mitchell7, Edward S. Buckler8 and Stephen Kresovich9, (1)ICRISAT, HYDERABAD, India, (2)ICRISAT, 
Hyderababd, India, (3)Institute for Genomic Diversity, Cornell University, Ithaca, NY, (4)ICRISAT, Niamey, Niger, (5)ICRISAT, 
Hyderabad, India, (6)Kansas State University, Manhattan, KS, (7)Cornell University, Ithaca, NY, (8)USDA-ARS-Cornell 
University, Ithaca, NY, (9)Clemson University, Clemson, SC 
Genotyping-By-Sequencing (GBS) is a cost effective high-throughput genotyping approach, produces large number of Single Nucleotide 
Polymorphisms (SNPs) on low coverage genomic data, which is being widely used in crop improvement. At ICRISAT-HQ, Patancheru, GBS 
experiment was carried out for Sorghum biocolor (L.) Moench Recombinant Inbred Line (RIL) populations to construct high quality 
recombination maps with help of available Sorghum bicolor (BTx623) reference annotations. A total of 2808 progenies from six RIL populations 
genotyped with GBS approach were considered for this project. The RIL populations segregated for several biotic stresses (grain mold, shoot fly, 
striga and stem borer) and post-flowering drought tolerance. Mapped data was filtered for taxa coverage (progenies with <10 percent) and site 
coverage (with <25 percent) were eliminated from the analysis, and final data with 2561 individuals with circa 100k SNPs was generated. We 
imputed/corrected the missing SNP calls using FSFHap (TASSEL5.0 plugin) and total polymorphic SNP calls across RIL sets ranged from 15k 
to 22k. We propose to construct recombination maps from polymorphic SNPs for individual RIL population by combining parental calls into 
individual SNP blocks following the parental pedigree. Recombination breakpoints will be defined to construct skeleton bins. To eliminate false 
double recombinants, we are testing sliding block window approach with differential sets of 1000 to 2000 bases containing minimal number of 
SNPs. The constructed recombination maps could provide a useful basis for analyzing genome-wide variation of complex traits. 
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Genomic Dissection of Leaf and Panicle Architecture Traits in Sorghum using Nested Association Mapping 
Olalere Marcus Olatoye, Sophie Bouchet, Geoffrey Morris, Tesfaye T. Tesso and Ramasamy Perumal, Kansas State University, 
Manhattan, KS 
Sorghum is an important crop in many agroclimatic regions worldwide and has adapted to a wide range of conditions. Accordingly, global 
sorghum germplasm exhibits substantial variation in agroclimatic traits—traits that differ in germplasm from different agroclimatic zones—
including many aspects of leaf and panicle architecture. Currently, our ability to improve sorghum adaptation and transfer useful alleles across 
different genetic backgrounds is constrained by our limited knowledge of the genomic regions that underlie agroclimatic traits. Nested 
Association Mapping (NAM), which uses multiple biparental families linked by a common parent, can improve dissection of agroclimatic traits 
by reducing the confounding effects of population structure and increasing the frequency of rare alleles. A sorghum NAM population comprised 
of 10 families and almost 2,500 recombinant inbred lines (RILs) has been developed and genotyped at approximately 100,000 SNPs with 
Genotyping-by-Sequencing (GBS). The population was phenotyped for leaf angle, leaf width, panicle compactness and primary rachis branch 
length in two contrasting environments (locations) in Kansas, semi-arid (Hays) and humid continental (Manhattan). Significant genotypic 
variation for these traits was observed. Association mapping confirmed several previously identified quantitative trait loci (QTL) and revealed 
many new QTL for leaf and panicle architecture. QTLs were found for leaf angle around the Dw3 region in chromosome 7. Likewise, for lower 
rachis branch length, we identified Sb07g023640 a flavin monooxygenase gene close to the Dw3 region on chromosome 7. The QTL identified 
will be helpful in marker-assisted selection for better adaptation and yield. 
 
P0771: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
Genome-Wide Association Study of Traits Involved in Biofuel Production in Sorghum 
Motoyuki Ishimori1, Hiromi Kajiya-Kanegae1, Hideki Takanashi1,2, Masaru Fujimoto1,2, Mai Minamikawa1, Taichi Koshiba2,3, 
Masaaki Kobayashi2,4, Kentaro Yano2,4, Tsuyoshi Tokunaga2,3, Nobuhiro Tsutsumi1,2 and Hiroyoshi Iwata1,2, (1)The University of 
Tokyo, Bunkyo, Tokyo, Japan, (2)JST, CREST, Kawaguchi, Saitama, Japan, (3)Earth Note Co. Ltd., Ginoza, Okinawa, Japan, 
(4)Meiji University, Kawasaki, Kanagawa, Japan 
Sorghum is the world’s fifth major cereal and has huge biomass and high sugar content of stalk that are ideal for biofuel production. We 
performed genome-wide association study (GWAS) of traits involved in ethanol production using several hundreds of Sorghum accessions 
cultivated in the field at four different degrees of soil salinity. The experiment was performed in Los Mochis, Mexico, in 2013.  
Stalk sugar contents increased under the higher severity of salinity stress, whilst culm length decreased considerably. Although culm length 
decreased, the increase of culm numbers may alleviate the decrease of fresh weight. Culm length showed the largest correlation among different 
soil conditions (0.82-0.92). Brix value (0.64-0.83) and fresh weight (0.70-0.85) showed the moderate correlation.  
GWAS of culm length showed that the highest association on Chr09, which is related to dw1. The second highest association was detected on 
Chr05. Significant associations with brix were detected at different positions among four salinity conditions. SNPs on Chr03 and Chr02, 
however, were highly associated with brix when GWAS was performed on the average value of four conditions. Associations with fresh weight 
were relatively stable over the conditions except the most severe one, suggesting that under the most severe condition culm numbers may 
strongly influence to fresh weight.  
We also performed GWAS in F1 plants with common seed parents using the genotype data of their pollen parents. We detected SNPs associated 
with traits related to ethanol production, and found that the associated SNPs were quite different between F1 and their inbred parent populations. 
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Utilizing Established Sorghum Mapping Populations to Identify QTL for Grain Yield and Compositional Traits 
Richard E. Boyles1, Elizabeth A. Cooper1, Zachary Brenton1, Kelsey Zielinski1, Brad Rauh1, Geoffrey Morris2 and Stephen 
Kresovich1, (1)Clemson University, Clemson, SC, (2)Kansas State University, Manhattan, KS 



Sorghum [Sorghum bicolor (L.) Moench] is a cereal that produces grains rich in carbohydrates.  These carbohydrates are important for providing 
the necessary calories to both humans in Sub-Saharan Africa and Southern Asia, and livestock in the United States.  Grain yield and quality traits 
are key contributors to the amount of usable energy available for food and feed end-uses of cereal crops.  A total of 855 individuals with 
genotypic data from previously developed mapping populations, including a sorghum diversity panel (n = 380) and two recombinant inbred line 
populations (n = 280 and n = 195), were phenotyped in two years for grain yield per panicle, grain number and size, and grain compositional 
traits.  To better understand the genetic makeup underlying these traits, genome-wide association studies (GWAS) were implemented to identify 
genomic regions associated with individual grain yield components and macronutrients.  GWAS in the sorghum diversity panel alone provided 
strong marker-trait associations for these complex traits but many associations were not above the significance threshold in multiple years, likely 
contributed to limited statistical power and genotype x environment effects.  By conducting GWAS in multiple recombinant inbred line 
populations and finding common QTL, we were able to more confidently identify true associations and narrow down candidate genes for further 
study.  The loci identified from this study can also serve as markers for molecular breeding to help increase grain yield and improve grain 
quality, thus maximize grain sorghum’s caloric value per unit time, area, and production input. 
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Assembly, Closing and Finishing of the Sorghum Bicolor Bicolor BTx623A1 Cytoplasmic Cytoplasmic-Male Sterility (CMS) 
Mitochondrial Genome: Identification of a NOVEL Fusion Orfs in the Mitochondrial Genome of Cytoplasmic Male Sterile 
Sorghum BIC 
Brendan Keough1, Scott Monsma1, Ian Small2, Joanna Melonek3 and Robert R. Klein4, (1)Lucigen Corporation, Middleton, WI, 
(2)The University of Western Australia, Crawley, WA, Australia, (3)University of Western Australia, Crawley, Australia, 
(4)USDA-ARS, Southern Plains Agricultural Research Center, College station, TX 
Cytoplasmic Male Sterility (CMS) in flowering plants is typically associated with alterations in the mitochondrial genome resulting from 
rearrangements, insertions or deletions. Nuclear restoration of fertility (Rf) genes are defined by their ability to suppress the CMS phenotype, and 
frequently encode pentatricopeptide repeat (PPR) proteins. To identify the molecular basis of A1-CMS in Sorghum bicolor, we have assembled 
the complete mitochondrial genome of cultivar A1Tx623. Due to the complexity of this mitochondrial genome, we performed assembly with a 
combination of fragment libraries, 2kb-40kb mate pair libraries, and complete fosmid insert sequences. The finished genome is composed of 6 
subgenomes consisting of various combinations of 15 different genomic segments. A master circular genome could not be assembled for the A1 
CMS mitochondria based on the present data. A unique fusion ORF has been detected in one of the subgenomes, and RNASeq data supports 
expression of this ORF in panicles of A1cytoplasm. The effect of fertility restoration genes on the expression of the chimeric ORF will be 
discussed. 
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Identification of QTLs and Underlying Candidate Genes Controlling Grain Fe and Zn Concentration in Sorghum [Sorghum 
bicolor (L).Moench] 
Kotla Anuradha1, Rahul M. Phuke1, Hariprasanna K2, Shivaji Mehtre3, Abhishek Rathore1, Radhika Kommineni4, Farzana 
Jabeen5, CT Hash6, Belum V.S. Reddy1, Patil Jagannath Vishnu7, Shashikanth Dara2, Santosh Deshpande8 and Ashok Kumar1, 
(1)ICRISAT, Hyderabad, India, (2)IIMR, Hyderabad, India, (3)VNMKV, Parbhani, India, (4)ANGRAU, Hyderabad, India, 
(5)PJTSAU, Hyderabad, India, (6)ICRISAT, Niamey, Niger, (7)MPKV, Rahuri, India, (8)ICRISAT, HYDERABAD, India 
Biofortification is one of sustainable options for combating micronutrient-malnutrition. For identifying genomic regions associated with grain Fe 
and Zn in sorghum, RIL population (342 individuals) from cross 296B × PVK 801 was phenotyped for two years at three locations and 
genotyped with SSRs and DArTs. Highly significant genotype×environment interactions were observed for both micronutrients; grain Fe showed 
greater variation than Zn. Sorghum genetic map was constructed with 2088 markers (1148 DArTs, 927 DArT Seqs and 13 SSRs) covering 
1355.52 cM with an average marker interval of 0.6cM. A total of 18 QTLs controlling Fe and Zn were found stable across environments. Three 
QTLs for Fe and 15 for Zn were identified with phenotypic variance explained (PVE) values ranging from 3.94 to 5.09% and 3.17 to 9.42%, 
respectively. Of these 18 stable QTLs, 11 were located on chromosome SBI-07. Favorable alleles for 11 QTLs (co-located) for Fe and Zn on 
chromosome SBI-07 were contributed by parent PVK801-P23. QTLs were analyzed in-silico to identify underlying candidate genes, 62 
candidate genes involved in Fe/Zn metabolism were identified within QTL interval; twenty-three were found in QTL with highest phenotypic 
effect (PVE 9.42%). Sorghum genes underlying Fe/Zn QTLs were used to analyze gene synteny with rice and maize. Synteny sequence level 
between sorghum-rice ranged from 44% to 97%, while sorghum-maize ranged from 49% to 99%. QTLs/candidate/novel genes along with the 
marker/genetic resources identified through this study can help in developing high Fe and Zn lines in cost-effective and efficient manner. 
 
P0775: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
NBS-LRR-Encoding Genes in Sorghum and Their Role in Plant Defense 
Hengyou Zhang, USDA-ARS Plant Science Research Laboratory, Stillwater, OK, Yinghua Huang, USDA ARS, Stillwater, OK 
and Liuling Yan, Oklahoma State University, Stillwater, OK 
Nucleotide-binding site leucine-rich repeats (NBS-LRR) proteins are encoded by a large class of plant genes and many of them play an important 
role in plant defense against pest attack. Identification and characterization of the whole set of NBS-LRR genes in a plant genome will provide 
insights into the diversity of defense genes operating in a plant species. In this study, we identified 308 NBS type genes, distributing at distal 
ends of ten chromosomes as clusters or singletons. Chromosomal locations analysis of these genes and 17 published QTLs indicated two hot-spot 
regions responsible for resistance to at least two biotic stresses. Phylogenetic analysis classified NBS-encoding genes, RLP, and RLK genes into 
five, eleven, and six clades, respectively, of which region-specific subclades were observed. Investigation of exon/intron organization 
demonstrated the variations of number and location of introns within a family, and genes evolved from a common ancesters possess similar or 
same gene structures. A total of 142 genes, 12 genes, and one gene of NBS-encoding genes, RLKs and RLPs, respectively, might be derived from 
whole genome duplication. Expression profiling analysis indicated that 19 genes of them show significantly differential expression after 
infestation by greenbug biotype I (GBI).  Co-localization analysis of the genome-wide NBS-encoding genes, RLP and RLK family genes with 



published QTLs, and expression profiling analysis provide the useful gene resources for functional characterization, and insight into genetic 
improvement of sorghum regarding resistance to biotic stresses. 
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Identification of Broad Spectrum Anthracnose Resistance QTL in Sorghum By Whole Genome Sequencing 
Fuyou Fu1, Gebisa Ejeta2 and Tesfaye Mengiste1, (1)Department of Botany and Plant Pathology,Purdue University, West 
Lafayette, IN, (2)Department of Agronomy, Purdue University, West Lafayette, IN 
Anthracnose is one of the most devastating diseases of sorghum (Sorghum bicolor (L.) Moench), caused by the fungal pathogen Collectotrichum 
sublineolum. We explored the natural variation in sorghum germplasm to identify anthracnose resistant sorghum genotypes. In the present study, 
we identified a sorghum line of East African origin which was resistant to about ten C. sublineolum isolates. To determine the genetic bases of 
this anthracnose resistance, a recombinant inbred (RIL) population of 209 lines was generated by crossing the resistant and susceptible sorghum 
lines and subsequent selfing for many generations. Among these, 50 resistant and 50 susceptible RI individuals were selected based on repeated 
disease assays on plants inoculated with C. sublineolum in greenhouse experiments. Analysis of whole genome sequences of the resistant and 
susceptible lines identified QTL for C. sublineolum resistance which  maps to about 8Mb region of chromosome 7 (P < 0.05). A total of 11,170 
sequence variations, including 9,567 SNPs, 755 insertions, and 848 deletions, were identified in the QTL region. To increase the success of the 
gene identification effort, we conducted RNA-seq analysis of the parental lines after mock or fungal inoculation. In the QTL region, the 
expression of a total of 21 genes were significantly changed after inoculation with C. sublineolum between the resistant and parental lines, 
including 9 genes which were up-regulated in the resistant line and 12 genes that were down-regulated in the susceptible lines. Further analysis is 
being conducted to identify the specific sequence change underlying the differences between the resistant and susceptible lines. The RNA-seq 
coupled with the genomic sequence data are being explored to identify the specific gene underlying this broad spectrum resistance. Future work 
will validate the resistance gene through the identification and analysis of additional alleles and conducting molecular and functional studies on 
the resistance gene. Ultimately, this knowledge will be used for improving anthracnose resistance in sorghum. 
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Identification of Loci Influencing Striga Germination Stimulant Activity By Genome Wide Association Studies of the 
Sorghum Panel 
Daniel J. Gobena1, Patrick Rich1 and Gebisa Ejeta2, (1)Purdue University, West Lafayette, IN, (2)Department of Agronomy, 
Purdue University, West Lafayette, IN 
Sorghum is one of the most important cereals, providing food for millions of people in the developing world. The parasitic weed Striga (S. 
hermonthica and S. asiatica) is the major biological constraint to sorghum production in sub-Saharan Africa and in some semi-arid tropical 
regions of Asia.  The best described and most used Striga resistance mechanism in sorghum is low germination stimulant activity. Root exudates 
of 283 lines from the sorghum association panel, an assembly of over 400 diverse lines, were tested for their ability to cause germination of 
conditioned S. hermonthica seed. The germination rate of Striga seed embedded in agar varied from 0 to 100% germination, corrected against the 
standard germination stimulant GR24, among tested accessions of the panel. Nearly a quarter of the tested lines showed low Striga germination 
stimulant activity (caused germination of <30% of the germinable weed seed). Publicly available single nucleotide polymorphic (SNP) calls from 
the association panel were used for genome wide association studies (GWAS). To detect marker-trait associations, a mixed linear model that 
accounts for population structure and kinship was used for analysis. Suggestive significant marker trait associations were found on chromosomes 
three, five, seven and nine. The association of SNP marker S3_62628011 on chromosome three is statistically significant with its p-value well 
below the Bonferroni correction factor. One of the candidate genes in that area, Sobic.003G293600, is homologous to rice CCD8 that codes for a 
key enzyme in the strigolactone biosynthesis pathway. This gene is 16kb away from the significant SNP but well below the reported linkage 
disequilibrium (LD) in sorghum. Previously published data indicated Sobic.003G293600 expression was upregulated under nitrogen starvation. 
The product of Sobic.003G293700, another candidate only 2kb away from the S3_62628011 marker, is homologous to proteins with 
glucoronosyl and glucosyl transferase activity. Sobic.003G293700 is expressed in roots and leafs and upregulated with pathogen infection and 
nitrogen stress. Variation in alleles at these loci appear to influence Striga germination stimulant activity and therefore certain mutations here 
may be useful for Striga resistance breeding in sorghum. 
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Genotyping-by-Sequencing Using Double Digest Restriction Associated DNA (ddRAD) Approach for Fine Mapping LG2 
Drought Tolerance QTL in Pearl Millet 
Rakesh K. Srivastava1, Vijaya Bhasker Reddy Lachagari2, Vincent Vadez1, Jana Kholova1, Sivarama Prasad Lekkala2 and 
Eduardo Blumwald3, (1)ICRISAT, Patancheru, India, (2)SciGenom Labs Pvt Ltd, Kochi, India, (3)Dept. of Plant Sciences, 
University of California, Davis, CA 
Genotyping-by-sequencing is a powerful and inexpensive technique which captures RADTags distributed across the genome. ddRAD is a variant 
of RADtag sequencing and is a reduced representation sequencing method useful for genotyping and genetic mapping in organisms with or 
without reference sequences. We evaluated different RADTag approaches for application in pearl millet using both single and double enzyme 
protocols for RADTag generation on Illumina HiSeq2500. We used RAD and ddRAD technique to genotype NILs for LG2 drought tolerance 
QTL. Single enzyme protocol (ApeKI) compared poorly with that of two enzyme protocol (SphI and MluCI). We generated ~50Mb data using 
both RAD and ddRAD techniques for NILs, and analyzed using custom scripts for polymorphic markers in de-novo approach using uclust and 
samtools. More than 91% reads aligned to the reference in ddRAD and 78-86% aligned in RAD sequence data. A total of 14,294 SNPs and 188 
Indels were identified with read depth of 10 in ddRAD data, and 3,465 SNPs and 26 Indels from RAD data, demonstrating effectiveness of 
ddRAD technique over RAD technique. Further analysis of homozygous polymorphic markers between parental lines revealed 84 markers for 
ddRAD and 33 markers for RAD technique in the NILs. Based on this evaluation, ddRAD technique is being further employed for genotyping 
LG2 drought tolerance QTL fine mapping population. 
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Developing Low GI Pearl Millet and Its Potential in Combating Diabetes 
Jason W.H. Kam, Aberystwyth University, Aberystwyth, Wales 
Diabetes is a highly problematic and increasingly prevalent disease world-wide, resulting in 1.5 million deaths in 2012. Management techniques 
for prevention of diabetes in high-risk individuals as well as affected individuals are mainly through changes in lifestyle and dietary regulation, 
such as increased consumption of foods with low glycaemic index (GI). However, low GI foods may not be easily accessible especially in 
developing countries with a high prevalence of diabetes, such as India. The cereal crop pearl millet (Pennisetum glaucum) is one of the most 
abundant crops grown in India, and provides a staple food for many poor communities. Compared to other cereal crops such as wheat and maize, 
pearl millet is high in nutritional content (e.g.  proteins, B-complex vitamins, zinc, magnesium and iron), is gluten free, and has a low GI, making 
it an outstanding candidate to selectively breed for lower GI for use in diabetes control diets. However, the variation in GI, and the possibility of 
selecting and breeding varieties with lower GI values has not yet been assessed. Using starch phenotypes (i.e. resistant starch and slowly 
digestible starch) as proxies for GI, the aim of this catalyst study is to assess the phenotypic and genetic variation for starch phenotypes in 
approx. 250 PMiGAP genotypes drawn from a global collection of pearl millet germplasm. Using next-generation genotyping-by-sequencing 
methods, SNP markers are being identified and genotyped across the varieties and tested for association with starch phenotypes to identify 
quantitative trait loci (QTL). Putative candidate genes underlying QTL which may be involved in conferring a particular starch phenotype will be 
identified through QTL fine-mapping and alignment of QTL-linked genomic sequences to publically available pearl millet genetic resources. 
Both QTL and candidate genes will be utilised in the generation of pearl millet varieties with lower GI, as a potential method to combat the 
increasing prevalence of global diabetes. 
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Application of Herbicide-Resistant Genes from Green Foxtail Millet in Foxtail Millet Breeding 
Ruhong Cheng1,2, Guoqing Liu1,2, Zhigang Shi1,2, Xueyan Xia1,2 and Ting Zhang1,2, (1)China National Millet Improvement Center, 
Shijiazhuang, China, (2)Institute of Millet Crops, Hebei Academy of Agricultural & Forestry Sciences, Shijiazhuang, China 
Foxtail millet (Setaria italica) is nutritious and tolerant to drought and barren conditions, which is an important crop in northern China where 
there is severe water shortage. However, foxtail millet is very sensitive to herbicide, while its 1000-grain weight is only about 3.0g which makes 
precision seeding difficult. Thus traditionally seedling thinning and weed control by hand have limited the scale of millet planting. The millet 
planting area in China has shrunk by 70% in the past 30 years to the current about 1.05 million hm2.  
Millet materials with resistance to Sethoxydim, Imazethapyr and Nicosulfuron which controlled by a single dominant gene, respectively, have 
obtained by crossing Chinese cultivated millet varieties with green foxtail (Setaria viridis) herbicide-resistant mutants coming from Canada since 
1993. The above materials have been applied in the following four areas: firstly applied for field seedling thinning and weed control by mixing 
herbicide-resistant and -susceptible sister lines at certain proportion. Secondly by crossing herbicide-susceptible male-sterile line with herbicide-
resistant restoring line, the self-crossed sterile line could be killed when herbicide applying.  Thirdly true and false hybrids could be identified 
when using herbicide-resistant material as male parent crossing with susceptible materials. Fourthly the application of herbicide resistant 
varieties and hybrids has overcome the obstacle of seedling thinning and weed control by hand in field, which realized large-scale millet 
production for the first time in China. 
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Developmental Variation in Branch Architecture in Tillering Mutants of Setaria viridis 
John Hodge and Andrew Doust, Oklahoma State University, Stillwater, OK 
Branch architecture and tillering within cereals are dynamic processes that are heavily influenced by the environmental cues of a plants 
immediate surroundings.  Unlike domesticated lineages where these effects are often dampened, the plasticity of wild cereals can generate highly 
variable outcomes even within genetically identical individuals.  To better explore the plastic nature of branching in wild cereals and its 
underlying drivers we are studying model Setaria viridis line A10.1 in conjunction with various NMU mutant lines.  Through a combination of 
image analysis and morphological study across development the manner in which each mutant deviates from WT A10.1 will be identified for 
future study both of the underlying genetic components of each NMU line as well as for the contribution of these genes to the plastic phenotype 
of this lineage. 
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Interrelationship Between Biomass and Architecture during Growth in Setaria 
Margarita Mauro-Herrera and Andrew Doust, Oklahoma State University, Stillwater, OK 
Development of plant architecture in grasses is a complex process that happens throughout the lifespan of the plant. The final architecture results 
from the interplay of genetic, developmental & environmental factors. We have evaluated several plant architectural characters and biomass in a 
set of recombinant inbred lines developed from a cross between the domesticated cereal foxtail millet (Setaria italica) and its wild progenitor 
green foxtail (S. viridis).  We analyzed the genetic regulation of plant architecture and biomass at both flowering and harvest stages, at two 
different planting densities.  We find a conserved regulation of flowering time, height, and biomass, but great variation in branching 
patterns.  Further analysis of candidate genes underlying QTL regions is expected to reveal how both developmental genetics and environmental 
responses (plasticity) contribute to adaptation to varying environmental regimes throughout growth. 
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Mining of Repetitive Sequences from Eragrostis tef var Enatite Genome 
Yohannes Gedamu Gebre, Edoardo Bertolini, Mario Enrico Pè and Andrea Zuccolo, Institute of Life Sciences, Scuola Superiore 
Sant'Anna, Pisa, Italy 
Eragrostis tef (Zucc.) Trotter, an orphan crop, is the major cereal crop originated and widely cultivated in Ethiopia where it provides nutrition for 
more than 50% of the population. Tef belongs to the Poaceae and is an allotetraploid (2n= 4x = 40) with a nuclear genome size of 730 Mbp. It is 



rich in essential amino acids, minerals (particularly Fe and Ca) and it is gluten free. Low coverage genomic DNA sequencing data were 
generated from E .tef var Enatite seedlings in order to characterize the repetitive component of tef using a range of de novo repeat identification 
tools. Search for similarity and structural features were then carried out to fully characterize the medium/highly abundant repetitive elements 
paying particular attention to Transposable Elements (TEs). TEs play major role in shaping eukaryote genome structure and are responsible for 
causing mutation, genome size variation, chromosomal rearrangements, gene regulation and inactivation, exon reshuffling. A library including 
1389 medium/highly repetitive sequences estimated to represents about 27% of the Tef genome was isolated. Ty3-gypsy (11.4%) found to be the 
more abundant component of LTR-retrotransposons than Ty1-copia (2.67%). Phylogenetics analyses of the most important classes of TEs were 
carried out by extracting paralogous elements from tef, rice and maize. Finally, a previously undetected satellite sequence, which covers more 
than 4% of the whole genome, was identified and partially characterized. 
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Development of a Genome-Wide Selection Model to Sugarcane Breeding Using High Throughput Sequence Capture 
Genotyping 
Ivone de Bem Oliveira1, Clistiane dos Anjos Mendes1, Rhewter Nunes1, Stela Barros Ribeiro1, Isabela Pavanelli de Souza1, Ludmila 
F. Bandeira1, Leandro G Neves2, Marcio Resende2 and Alexandre S. G. Coelho1, (1)Universidade Federal de Goias, Goiania, 
Brazil, (2)RAPiD Genomics LLC, Gainesville, FL 
Sugarcane (Saccharum spp.) has one of the most complex genomes among crops. Modern cultivars are interspecific hybrids of two polyploid 
species, with a large genome (~10 Gb), in which different chromosome numbers for each homeologous groups are observed. The recent 
development of high-throughput SNP genotyping paved the way to the use of statistical models in breeding programs based on a great number of 
molecular markers widespread in the genome of many species. In order to evaluate the feasibility and potential of genome-wide selection (GWS) 
for sugarcane breeding, we developed genome prediction models using six different methods. Four hundred and eighty individuals were 
genotyped for 37,913 SNPs and phenotyped for six traits related to plant growth, biomass production and sugar content. The accuracy of each 
model was assessed through the ratio of the correlation between observed and predicted breeding values, estimated by ten-fold cross validation, 
and the square root of heritability. Our results showed that sugarcane breeding should greatly benefit from the use of GWS approach, since high 
accuracy values were estimated for most traits (>0.50). Models obtained by the six different methods showed similar accuracies, suggesting that 
no significant gains are expected when different methods of analysis are applied, corroborating with results described in the literature for other 
crops. Our results provide evidence that, if properly applied, the GWS strategy can increase the genetic gain, and reduce the time cycle and costs 
involved in sugarcane breeding programs.  
Financial Support: Ridesa; Petrobras. 
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Mining Genetic Variance in Sugarcane through Genotyping By Sequencing 
Xiping Yang, Jian Song and Jianping Wang, Agronomy Department, University of Florida, Gainesville, FL 
Sugarcane (Saccharum spp.)  is one of the most important economic crops for its high sugar and biofuel production. Investigating genomic 
sequence variances is critical for identifying alleles contributing to important agronomic traits. However, the genomic polymorphism detection in 
sugarcane is lagging behind due to its highly polyploid and complex genomes. To mine genetic variance in sugarcane, we applied genotyping by 
sequencing (GBS) on 14 representative germplasm accessions. Different strategies for genetic variants calling were compared and an optimal 
pipeline for polyploid sugarcane was established. A total of 76,251 non-redundant single nucleotide polymorphisms (SNPs), 5,642 InDels, and 
4,236 presence/absence variants were detected among the 14 accessions. More than 90% of SNPs were bi-allelic and about 40% of them are 
single dose alleles. The percentages of homozygous loci of each accession were estimated in a range of 72% to 91% based on high confidence 
SNPs. The efficiency to detect polymorphism in sugarcane was compared between two complex reduction sequencing methods, GBS and target 
enrichment sequencing (TGS). The density of SNPs detected by TGS was higher than that by GBS. However, the GBS has the potential to detect 
increased number of SNPs if the sequencing depth is increased. The results demonstrated that GBS provided an effective way to discover 
genomic sequence variation in highly polyploid and heterozygous species, which will facilitate genetic and genomic studies for polyploidy 
sugarcane improvement. 
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The Sugarcane Chloroplast Genome: A Next Generation Sequencing Perspective 
Nam Van Hoang1, Agnelo Furtado2, Richard B. McQualter1 and Robert J. Henry2, (1)University of Queensland QAAFI, Brisbane, 
Australia, (2)University of Queensland/QAAFI, Brisbane, Australia 
The sugarcane chloroplast genome sequence and heteroplasmy in sugarcane chloroplast was re-investigated using next generation 
sequencing.  NGS data from total DNA of sugarcane (Saccharum spp. hybrids) cultivar Q155 was used for chloroplast genome assembly, 
employing a combined approach of de novo assembly and reference-based mapping. It was found that the chloroplast genome of sugarcane 
cultivar Q155 is likely to be the chloroplast genome sequence for cultivated sugarcane, as it is the consensus of sequences reported for other two 
cultivars, NCo310 and SP80-3280. Our finding is consistent within the recent narrow origin of sugarcane in which all modern sugarcane hybrid 
cultivars were derived from a few selected clones after a few generations within a short-time divergence. We carried out further analysis, using 
samples with different proportions of nuclear, mitochondrial and chloroplast DNA, to test the potential to distinguish genuine chloroplast 
heteroplasmy from apparent heteroplasmy due to chloroplast homologues inserted in other cellular genomes. It is revealed that the reported 
variants were present only at frequencies that could be attributed to non-chloroplast sequences from mitochondria and nucleus. There is no 
positive evidence from NGS data for heteroplasmy in the sugarcane chloroplast genome. This might also indicate that plant chloroplast genomes 
do not display heteroplasmy. 
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How Much Conserved Are the Mitochondrial Genomes Among Sugarcane Genotypes? Insights on Its Structural Genome 
and Variants 
Pedro M.P. Vidigal, Federal University of Vicosa, Vicosa, Brazil and Luiz A. Peternelli, Federal University of Vicosa, Vicosa, 
MG, Brazil 
Higher plants have large and complex mitochondrial genomes and to determine its structure has been a challenging task. Plant mitochondrial 
genomes are inherited maternally and have a master circular chromosome that encloses sub-genomic circles generated by recombination events. 
This variety of genomic structures produced by recombination events has a stoichiometric distribution and plant mitochondria are considered 
heteroplasmic, coexisting different mitotypes or mitochondrial haplotypes.  Sugarcane belongs to grass family (Poaceae) and is a strategic crop to 
sugar and ethanol industries. Despite its economic importance, no published mitochondrial genome sequence is currently available for sugarcane. 
In this study, we analyze the structural sequence variants identified in 585 genotypes using a high throughput genotyping data from a breeding 
population. The mitochondrial genome of Sorghum bicolor inbred line BTx623 (GenBank Accession NC_008360) was selected as the closest 
reference for mapping of the sugarcane reads. The mappings were processed using Bowtie2 version 2.2.6 and obtained files were genotyped 
against S. bicolor using FreeBayes version 0.9.21. All identified SNPs were functionally annotated and its effects on genomic sequences were 
predicted using SnpEff version 4.1 L. Through comparisons of identified haplotypes groups, we also provide insights about heteroplasmy 
occurrence among sugarcane mitochondrial genomes. (FAPEMIG, CNPq, RIDESA, CAPES) 
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Prediction of Genetic Values of Sugarcane Using Genomic Information 
Luiz A. Peternelli1, Paulo M. A. Costa2, Bruno P. Brasileiro2, Marcos D.V. Resende3 and Marcio H.P. Barbosa2, (1)Federal 
University of Vicosa, Vicosa, MG, Brazil, (2)Federal University of Vicosa, Vicosa, Brazil, (3)EMBRAPA - sucursal, Vicosa, Brazil 
Successful applications of genomic prediction in animal and plant science have encouraged its use in plant breeding. The development of 
genomic tools for accelerate sugarcane breeding has been delayed compared to other major crops; therefore, empirical studies must be conducted 
to evaluate the usefulness of this approach for selection of this complex genome crop. A training population of 514 clones conducted in a second 
phase trial was genotyped with 37,024 SNP markers. Genetic values were predicted for four traits (percentage of sucrose in sugarcane – PC, 
tonnes of stalks per hectare – TSH, tonnes of pol per hectare – TPH and percentage of fiber in bagasse – FB) using five statistical predictive 
models: Genomic BLUP – GBLUP, Bayesian LASSO – BL, Bayes A – BA, Bayes B – BB and Bayesian Ridge Regression – BRR. The 
accuracies of these methods were assessed by a 10-fold cross-validation procedure. There were no major differences in accuracies among 
methods, but a marked difference among traits. Accuracies values varied from 0.412 to 0.419 for PC, 0.220 to 0.239 for TSH, 0.068 to 0.081 for 
TPH and 0.561 to 0.570 for FB, suggesting that yield components (TSH and TPH) seem to need higher marker coverage. Although phenotypic 
selection exhibited higher accuracies than genomic selection, the results achieved show that molecular markers could be used for prediction of 
genetic merit of clones, shortening the time of current selection, which requires large field experiments. Thus, the use of genomic information for 
improvement of desirable agronomic traits in sugarcane seems to be promising. (FAPEMIG, CNPq, RIDESA,CAPES) 
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Microsatellite Development for Genetic Diversity Analysis of Erianthus germplasm Collection in Thailand 
Shin-ichi Tsuruta1, Masumi Ebina2, Makoto Kobayashi2, Yoshifumi Terajima1, Suchirat Sakuanrungsirikul3, Werapon Ponragdee3 
and Hiroko Takagi4, (1)Japan International Research Center for Agricultural Sciences (JIRCAS), Okinawa, Japan, (2)National 
Agriculture and Food Research Organization (NARO), Tochigi, Japan, (3)Khon Kaen Field Crops Research Center (KKFCRC), 
Khon Kaen, Thailand, (4)Japan International Research Center for Agricultural Sciences, Tsukuba, Japan 
Erianthus is a member of the Saccharum complex and is of interest as a potential resource for sugarcane improvement and as a bioenergy crop. 
Two species, Erianthus arundinaceus (2n = 40, 60) and E. procerus (2n = 40), are widely distributed across Thailand. To utilize wild relatives 
for sugarcane improvement, we analyzed the genetic diversity among 190 Saccharum complex accessions, including 151 Erianthus accessions 
collected in Thailand: we used microsatellite (simple sequence repeat; SSR) markers developed from Japanese Erianthus. An accession of E. 
arundinaceus in Japan was used to identify the microsatellites with pyrosequencing technology on the 454 GS FLX system. A total of 1682 
primers characterized by di- to hexanucleotide repeats were designed, of which 1392 were selected through the use of agarose gel 
electrophoresis. Of these, 242 primers that amplified di- and trinucleotide repeat regions with 5–19 repetitions were further screened for their 
reproducibility and positions on the Erianthus linkage map. Finally, 41 primers were selected for the analysis of genetic diversity. These primers, 
with amplification products of 100–300 bp, were used to characterize heterozygosity, cross-transferability, and phylogenetic relationships of the 
Thai Erianthus collection. The results provide an efficient set of microsatellite markers for genetic diversity assessment of Erianthus and related 
genera. 
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Target Sequencing Reveals Natural Allelic Variation in Saccharum Complex 
Jian Song1, Xiping Yang1, Marcio Resende2, Leandro G Neves2, James Todd3, Jack Comstock4 and Jianping Wang1, (1)Agronomy 
Department, University of Florida, Gainesville, FL, (2)RAPiD Genomics LLC, Gainesville, FL, (3)Sugarcane Research Unit, 
USDA-ARS,, Houma, LA, (4)Sugarcane Field Station, USDA-ARS, Canal Point, FL 
Sugarcane (Saccharum spp.) is an important sugar and biofuel crop characterized by highly polyploid and complex genomes. Understanding its 
allelic variance has been challenging but is a critical foundation for discovery of the genomic sequence variations and dissecting alleles and allele 
variant recombination controlling species adaptation and important agronomical traits. To characterize natural allelic variance in the “Saccharum 
complex”, a target enrichment approach followed by deep sequencing was applied to 12 representative germplasm accessions. In total, 55,946 
probes were designed from sorghum genome and sugarcane unigene set targeting 6.7 Mb of the sugarcane genome. A pipeline for polyploidy 
sequence variance and genotype calling was established. A total of 1,112,915 non-redundant single nucleotide polymorphisms (SNPs), 19,354 
InDels, 1,021 gene copy number variations, and 3,086 gene presence/absence variants were detected among the 12 accessions. The genotypes 
based on the SNP loci of each accession and their ploidy levels were estimated as largely homozygote. A total of 13,584 haplotype blocks were 



inferred according to 406 candidate genes. The synonymous and non-synonymous substitution rates analysis revealed that the highest divergence 
time among the Saccharum spp. was 1.2 million years ago (MYA). Saccharum spp. diverged from Erianthus and Sorghum, the two close genera 
of Saccharum, approximately 5 and 6 MYA, respectively. The results demonstrated that hybridization-based target enrichment sequencing 
approach provided an effective way to discover natural allelic variation in highly polyploid species. The catalog of sequence variants among 
different genotypes in “Saccharum complex” will facilitate further gene/trait association studies for polyploidy sugarcane improvement. 
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de novo Assembly and Transcriptome Analysis of Sugarcane Leaves from Contrasting Varieties Submitted to Prolonged 
Water Stress 
Aline Andrucioli Belesini1, Bruna Robiati Telles1, Giovanni Marques de Castro2, Poliana F Giachetto3, Juliana da Silva Vantini4, 
Flávia Maria de Souza Carvalho5, Samira Rodrigues Carlin6, Jairo Oswaldo Cazetta5, Maria Ines T. Ferro7 and Daniel Guariz 
Pinheiro5, (1)Faculdade de Ciências Agrárias e Veterinárias, Universidade Estadual Paulista, Jaboticabal, Brazil, (2)Embrapa 
Informática Agropecuária, Campinas, Brazil, (3)Embrapa Informática Agropecuária, Campinas, SP, Brazil, (4)UNESP/FCAV - 
Depto deTecnologia, Jaboticabal, Brazil, (5)Faculdade de Ciências Agrárias e Veterinárias, Universidade Estadual Paulista,, 
Jaboticabal, Brazil, (6)Centro Avançado da Pesquisa Tecnológica do Agronegócio de Cana (IAC/Apta), Ribeirão Preto, Brazil, 
(7)Universidade Estadual Paulista - UNESP, Jaboticabal, Brazil 
Sugarcane is an important crop, major source of sugar and alcohol, accounting for two-thirds of the world's sugar production. In Brazil, the 
sugarcane culture has expanded to areas with prolonged drought seasons, which is constraining its production. In order to identify genes and 
molecular process related to sugarcane drought tolerance, we performed de novo assembly and transcriptome analysis of two sugarcane 
genotypes, one tolerant and other sensitive to water stress, submitted to three water deficit condition (30, 60 and 90 days). The de novo assembly 
of leaves transcriptome was performed using short reads from Illumina RNA-Seq platform, which produced more than 1 billion reads, which 
were assembled into 177,509 and 185,153 transcripts sequences for the tolerant and sensitive cultivars, respectively. These transcripts were 
aligned with Sorghum bicolor, Miscanthus giganteus, Arabidopsis thaliana sequences and sugarcane sequences available in public databases. 
This analysis allowed the identification of a set of sugarcane genes shared with other species, as well as led to the identification of novel 
transcripts not cataloged yet. Differential expression analysis between genotypes and among days of water deficit were performed with EdgeR 
and DESeq. The differentially expressed genes were annotated and categorized using Blast2GO. The terms "enzyme regulator" and "transcription 
regulator" were highlighted within the differentially expressed genes between the contrasting cultivars, suggesting the importance of gene 
regulation during water deficit. This study found new molecular patterns, which provided hypotheses on plant response to drought and provided 
important information about genes involved in drought tolerance response.  
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Identification of Quantitative Trait Loci Controlling Sucrose Content Based on an Enriched Genetic Linkage Map of 
Sugarcane (Saccharum spp. Hybrids) Cultivar ‘LCP 85-384’ 
Yong-Bao Pan1, Pingwu Liu1,2, Amaresh Chandra1,3, Youxiong Que1,4, Pinghua Chen1,4 and Michael P. Grisham1, (1)USDA-ARS, 
SEA, SRU, Houma, LA 70360, USA, Houma, LA, (2)Guangxi University, Nanning, China, (3)Indian Institute of Sugarcane 
Research, Lucknow, India, (4)Fujian Agriculture and Forestry University, Fuzhou, China 
Sucrose content is the most important trait in sugarcane breeding. Since sugarcane cultivars possess 100 to 130 chromosomes and are genetically 
complex polyploids and aneuploids, identification of quantitative trait loci (QTLs) associated with sucrose content is considered the best option 
to improve sucrose content through molecular breeding. A preliminary genetic linkage map of Louisiana sugarcane cultivar ‘LCP 85-384’ from a 
previous study was enriched using 65 additional polymorphism simple-sequence-repeats (SSR) primer-pairs to identify more co-segregated and 
homologous groups (CGs and HGs) and QTLs controlling sucrose content. Eighty-four SSR primer pairs produced 456 markers, of which 441 
were polymorphic. Both simplex (993) and duplex (225) SSR, AFLP, and TRAP markers were included in the construction of the enriched LCP 
85-384 map. These simplex and duplex markers were assigned to 108 CGs using JoinMap (v4.0). This map had a cumulative genome length of 
7406.3 cM that included 675 AFLP (69.8 %), 90 TRAP (9.3 %), and 202 SSR (20.9 %) markers. The 202 SSR markers were assigned to 65 CGs 
and 8 HGs. Based on this map, 24 putative QTLs affecting sucrose content were identified. Five QTLs were unlinked and the other 19 QTLs 
were located on nine CGs within four HGs. Of these QTLs, 11 had an effect in both plant-cane (20.33 %) and first-stubble (25.68 %) crops. A 
higher efficiency of QTLs’ identification with AFLP, TRAP and SSR markers in such a genetically complex crop, proposes its wider utility in 
molecular breeding in sugarcane. 
 
P0794: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
A Development of SSR Linkage Map of Erianthus, Wild Relatives of Saccharum, for Breeding Improvement of Sugar Cane 
Masumi Ebina1, Shin-ichi Tsuruta2, Yoshifumi Terajima2, Makoto Kobayashi1 and Shin Irei3, (1)National Agriculture and Food 
Research Organization (NARO), Tochigi, Japan, (2)Japan International Research Center for Agricultural Sciences (JIRCAS), 
Okinawa, Japan, (3)Okinawa Prefectural Agricultural Research Center (OPARC), Okinawa, Japan 
Erianthus arundinaceus is a genus relative to sugar cane (Saccharum officinarum), which indicates excellent persistence and excellent tolerance 
for cold, drought and poor soil conditions exhibiting great yield in the tropical and warm temperate zone in East Asia. Especially Japanese 
Erianthus genetic resources exhibit good winter hardiness for strong and long term condition of frost. Since the Erianthus can cross with sugar 
cane, the Japanese Erianthus is one of good genetic resources to improve the sugar cane for winter hardiness. However, the Japanese Erianthus 
genome analysis has not been performed yet, and crossing stability is not well understood. To construct Linkage markers is quite important for 
improving the cold and the other tolerances of sugar cane using Erianthus genome. Therefore, we performed next generation sequencing based 
simple sequence repeats (SSR) primer constructions, and successfully constructed a dense SSR based linkage map using a mapping population of 
Erianthus single crossing between a Japanese accession JW4 as a maternal parent and a Indonesian accession IJ76-349 as a paternal plant. Both 
maternal and paternal linkage maps were comprised by approximately each of 500 SSR markers covering 3500 cM with 60 linkage groups 



corresponding to their auto-hexaploid (2n=6X=60). We attempt to efficient selection using constructed SSR linkage markers for agricultural 
traits to hybrid sugar cane breeding selections concerning with poor environmental conditions, especially for excellent cold tolerance. 
 
P0795: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
The Canadian Wheat Alliance Program 
Faouzi Bekkaoui, National Research Council Canada, Saskatoon, SK, Canada 
Agriculture Agri-Food Canada, the University of Saskatchewan, the National Research Council of Canada, and the Government of Saskatchewan 
formed the  Canadian Wheat Alliance (CWA) in 2012 to support and advance research that will improve the profitability of Canadian wheat 
producers by improving breeding efficiency, reducing losses from drought, heat, cold and diseases, and improving nutrient use efficiency. Since 
then the three research organizations have been working together, aligning their complementary areas of expertise and resources, to focus on six 
high-priority research areas in three themes:  
1-Accelerating Variety Development: “Genomics Assisted Breeding” (GAB) and “Wheat Improvement through Cell Technologies” (WICT)  
2-Sustainable Yields – Coping with Variable Climates: “Enhanced Fusarium and Rust Tolerance” (EFRT) and “Improving Wheat Productivity 
under Conditions of Abiotic Stress” (Abiotic Stress)  
3-Increased Productivity and Sustainable Profitability: “Targeting Developmental Pathways to Improve Seed Yield and Crop Performance” 
(Development)  and “Beneficial Biotic Interactions” (BBI)  
The Alliance is an 11 year commitment, with ~$95M in resources for its first five years.   
The poster will highlight the progress made over the past three years, featuring CWA collaborations with industry and international organizations 
that are helping CWA reach its objective of supporting and advancing research for the more rapid development of Canada’s wheat crops to 
ensure the long-term profitability and sustainability of Canadian wheat production. 
 
P0796: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A Novel Strategy to Assemble the Hexaploid Wheat Genome: Beyond Chinese Spring and Towards a Pan-Genome 
Jonathan M Wright1, Gonzalo Garcia1, Darren Heavens2, Ksenia V Krasileva3, Luca Venturini1, David Swarbreck1, Timothy 
Stitt1, Cristobal Uauy4, Federica Di-Palma1, Matt Clark1, Michael Bevan4 and Bernardo Clavijo1, (1)The Genome Analysis Centre, 
Norwich, United Kingdom of Great Britain and Northern Ireland, (2)The Genome Analysis Centre, Norwich, United Kingdom, 
(3)The Genome Analysis Centre, The Sainsbury Laboratory, Norwich, United Kingdom, (4)John Innes Centre, Norwich, United 
Kingdom 
Constructing a reference genome is a laborious task and represents an individual from a pool of genetic diversity within a species.  This is 
especially true for cultivated crop species which in many cases are complex products of hybridisation between wild relatives and further genetic 
introgressions. Crops have undergone selection through domestication and are being actively bred to generate better-performing varieties.  Given 
a method to generate accurate, reproducible genome assemblies at low cost, focus could shift from generating a single reference genome to 
generating assemblies from multiple cultivars of specific interest to breeders.  Being able to integrate and compare these multiple assemblies is 
key to modern breeding practices.  
To assemble the hexaploid wheat genome we modified the DISCOVAR assembler previously used to assemble mammalian genomes.  During 
assembly, similar genomic regions are not collapsed together, essential when assembling a highly repetitive, polyploid genome.  We generated 
assemblies of two wheat cultivars, Triticum aestivum cvs. Chinese Spring CS42 and Cadenza. These assemblies give accurate representations of 
most of the genome space and show improved contiguity compared to previous whole-genome and chromosome assemblies.  We also present 
preliminary comparisons between the two cultivars.    
Using this method we plan to sequence elite lines and parents of mapping populations to quantify the extent of genetic diversity within bread 
wheat.  In the era of Triticeae pan-genomes we hope to maintain an integrated view of wheat diversity, where genomic variation becomes both a 
source of information for breeders and a more precise area of study. 
 
P0797: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genomic Analysis and Prediction within a US Public Collaborative Winter Wheat Regional Testing Nursery 
Trevor W. Rife1, Robert Graybosch2 and Jesse Poland1, (1)Kansas State University, Manhattan, KS, (2)University of Nebraska-
Lincoln, Lincoln, NE 
Plant breeding programs exert considerable effort evaluating new breeding lines across many locations to identify superior performing candidates 
for release as new varieties. For this evaluation in wheat, regional testing networks have developed in the U.S. to provide additional information 
to breeders on the performance of their lines. Previously, the information collected in these trials, was only applicable on the line per se. With the 
development of inexpensive, high-density genetic markers, whole-genome profiles can be obtained for every experimental line and can transition 
to allele based breeding with genomic selection prediction models that take into account alleles common between lines.  With this approach, 
models can then be used to predict phenotypes and pre-select new lines based on ideal allelic combinations. The Southern Regional Performance 
Nursery is an 84-year-old nursery established by the USDA-ARS to characterize performance and quality of near-release wheat varieties from 
breeding programs in the central plains at more than 30 locations each year. Genetic gain is measured across years by including multiple long-
term check cultivars for comparison. Whole genome profiles have been generated using genotyping-by-sequencing on entries dating back to 
1992. Diversity was analyzed on a per program basis and preliminary genomic selection models have outperformed phenotypic correlations. 
Further work will determine the most suitable training population structure and derive a more accurate assessment on reported genetic gain of 
wheat across the Midwest. This research will refine GS models that have the ability to leverage preexisting regional testing networks for 
increased genetic gain. 
 
P0798: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genomics Approach to Explore and Unlock Genetic Potential from Wheat Genebanks 



Carolina Paola Sansaloni1, Cesar Daniel Petroli1, Sukhwinder Singh1, Aleyda Sierra Gonzalez1, Manuel Martinez Martinez1, 
Hector Galvez Lopez1, Enrique Sanchez1, Guadalupe Valdez1, Jaime Campos1, Prashant Vikram1, Thomas Payne1, David Marshall2, 
Andrzej Kilian3 and Kevin Pixley4, (1)CIMMYT- International Maize and Wheat Improvement Centre, Texcoco, Mexico, (2)The 
James Hutton Institute, Dundee, United Kingdom, (3)Diversity Arrays Technology Pty Ltd, Canberra, Australia, (4)CIMMYT- 
International Maize and Wheat Improvement Centre, Texcoco, TX 
The genetic diversity conserved in wheat genebanks worldwide represents the genetic heritage of this crop, its progenitors and wild relatives. 
These collections have a high probability to contain useful genes, alleles and haplotypes not captured in modern breeding germplasm. Molecular 
markers have been used to understand the diversity of plants; identify, track and select genomic regions contributing to specific traits. The 
evolution of increasingly cost efficient DNA marker platforms enable effective utilization of high density SNP markers in discovery and 
breeding applications. It is within this framework that International Wheat and Maize Improvement Center (CIMMYT), has in partnership with 
Diversity Arrays Technology established a high-throughput genotyping platform called SAGA (Genetic Analysis Service for Agriculture) under 
the umbrella of an ambitious Mexican Government funded initiative MasAgro. This platform, has to date generated millions of PAVs 
(presence/absence variation) SNPs (single nucleotide polymorphism) data points combining discovery and genotyping in one step using 
DArTSeq technology. SAGA has generated genomic profiles of approximately 40,000 accessions, ~28% of the wheat collection in the CIMMYT 
genebank. These materials include landraces, wild relatives, synthetics and elite wheat genotypes. In addition, a further 15,000 entries from 
breeding pipelines and a further 32,000 accessions from the ICARDA genebank have been characterized at SAGA. Genotypic data and 
associated passport and characterization/evaluation data is being made available in a searchable, publically accessible Wheat Molecular Atlas 
(www.seedsofdiscovery.org). 
 
P0799: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Key Trait Screening on Global Wheat Accessions Using KASP Genotyping Markers - a New Open Resource for the Wheat 
Breeding Community 
Darshna Yvas1, Jon Curtis1 and J D Curry2, (1)LGC Genomics Ltd, Hoddesdon, United Kingdom, (2)LGC Ltd, Hoddesdon, United 
Kingdom 
Greater availability of high-throughput genotyping methods has lead to an explosion of single nucleotide polymorphism (SNP) sequence data 
from plant genomes. This has enabled the discovery of large numbers of potential SNP markers for varietal improvement. Over the past five 
years, a collection of quantitative trait loci (QTL) related to yield (TaCwi-A1), biotic stress (Ug99) and abiotic stress (Dreb-B1) in wheat have 
been identified by the scientific community and converted into KASP SNP assays. Introgression of the traits linked to these markers into elite 
wheat varieties is vitally important for agricultural sustainability and population growth expectations.  
Here we present the first genotyping data generated using a combination of the publically available wheat KASP SNP markers across a selection 
of wheat accessions. The wheat accessions analysed originate from Europe, USA, Australia and China and include varieties on the UK 
recommended list. SNP genotyping data was generated using multiple commercially available platforms with the aim to offer the wheat breeding 
community a direct comparison of the flexibility of KASP SNP markers across platforms. Different extraction protocols producing DNA varying 
in quality and quantity were also tested. This study provides results on informative markers that will help integrate existing important QTL traits 
into wheat breeding programs quickly and efficiently. The results are freely available online. 
 
P0800: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Integration of Genomic Selection in the Nebraska Wheat Breeding Program 
Vikas Belamkar1, Mary J. Guttieri1, Ibrahim S. El-Basyoni1, Waseem Hussain1, Jesse Poland2, Diego Jarquín1, Aaron J. Lorenz3 
and P. Stephen Baenziger1, (1)Department of Agronomy and Horticulture, University of Nebraska-Lincoln, Lincoln, NE, (2)Kansas 
State University, Manhattan, KS, (3)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 
The Nebraska wheat breeding program has released ~36 varieties to date, and has a vital role in feeding millions of people. The goal of this study 
is to utilize genomic selection (GS) to make improved selection decisions, and accelerate shuttling of advanced lines as parents in the crossing 
block, to ultimately develop new and improved wheat cultivars. This work comprised 1,100 entries from four independent F3:6 nurseries evaluated 
during 2012-2015 at 27 environments (year x location combinations). Each year the F3:6 nursery was composed of ~267 entries and three checks, 
which were grown in a single replicate augmented design at five to eight locations in Nebraska. Yield (kg/h) was analyzed using mixed models 
accounting for global-trends (experimental design), local-trends (spatial variation within the trial), or both. For 22 of the 27 environments models 
adjusting for spatial variation provided better fit to the data. SNP calling was performed by combining genotype-by-sequencing data of ~3,300 
genotypes sequenced so far. The average accuracy of SNP calling was >95%. Nearly 206,622 SNPs were identified and further stringent filtering 
provided 41,913 high-quality SNPs across the 1,100 entries. The key questions currently being addressed are: 1) can GS improve selections in a 
new F3:6 nursery? 2) can the prediction accuracy be increased by incorporating environment information 3) can multi-year, multi-location 
evaluation of F3:6 nurseries assist in selecting entries suitable for advanced multi-location yield trials from the F3:5 nursery, which has ~1,800 
entries and is tested at a single location? 
 
P0801: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A Genome-Wide Survey of DNA Methylation in Hexaploid Wheat 
Laura Gardiner, Mark Quinton-Tulloch, Lisa Olohan, Jonathan Price, Neil Hall and Anthony Hall, University of Liverpool, 
Liverpool, United Kingdom 
Background 
DNA methylation is an important mechanism of epigenetic gene expression control that can be passed between generations. Here, we use sodium 
bisulfite treatment and targeted gene enrichment to study genome-wide methylation across the three sub-genomes of allohexaploid wheat.  
Results 
While the majority of methylation is conserved across all three genomes we demonstrate that differential methylation exists between the sub-
genomes in approximately equal proportions. We correlate sub-genome specific promoter methylation with decreased expression levels and 



show that altered growing temperature has a small effect on methylation state, identifying a small but functionally relevant set of methylated 
genes. Finally, we demonstrate long-term methylation maintenance using a comparison between the D sub-genome of hexaploid wheat and its 
progenitor Aegilops tauschii.  
Conclusions 
We show that tri-genome methylation is highly conserved with the diploid wheat progenitor while sub-genome specific methylation shows more 
variation. 
 
P0802: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Wheat Research at TGAC 
Ksenia V Krasileva1, Paul C. Bailey2, Xingdong Bian2, Vanessa Bueno2, Gulay Dagdas3, Gonzalo Garcia2, Victoria Goody2, 
George Kettleborough2, Clare Lewis4, Jim Lipscombe2, Jens Maintz2, Mark McMullan2, Antoine Persoons2, Dina Raats2, Ricardo 
H. Ramirez-Gonzalez2, Christian Schudoma2, Francesca Stefanato2, Simon Tyrrell2, Luca Venturini2, Walter Verweij2, Stephanie 
Wilbraham2, Jonathan M Wright2, Sarah Ayling2, Matt Clark2, Bernardo Clavijo2, Leah Clissold2, Sarah Cossey2, Robert Davey2, 
Federica Di-Palma2, Diane Saunders2, Christine Fosker2, Timothy Stitt2, David Swarbreck2 and Ji Zhou2, (1)The Genome Analysis 
Centre, The Sainsbury Laboratory, Norwich, United Kingdom, (2)The Genome Analysis Centre, Norwich, United Kingdom of 
Great Britain and Northern Ireland, (3)The Sainsbury Laboratory, Norwich, United Kingdom, (4)John Innes Centre, Norwich, 
United Kingdom 
Wheat provides 20% of the calories to the growing human population with more agricultural land devoted to its production than any other crop. 
Wheat has a complex polyploidy genome of 17 Gb, five times bigger than human genome. At The Genome Analysis Centre (TGAC), we are 
focused on decoding wheat genome and understanding how variation within and across genomes affects the plant and its interaction with the 
environment. TGAC is a leading institute in the areas of genomics and bioinformatics hosting science faculty, as well as the state of the art 
National Capability sequencing facility and High Performance Computing and partnering with variety of UK and international collaborators. On-
going wheat projects at TGAC include 1) new assembly approaches to wheat reference genome and pan-genome 2) analyses of natural and 
induced diversity across thousands of wheat lines 3) monitoring and understanding the evolution of wheat-microbe interactions 4) generating 
novel decentralised infrastructures for access to wheat genomic data. 
 
P0803: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
The Pan-Genome of Brachypodium distachyon, Capturing the Full Genetic Complement of a Plant Species 
John P. Vogel1, Sean Gordon1, Bruno Contreras-Moreira2,3, David L. Des Marais4, Diane Burgess5, Wendy Schackwitz1, Ludmila 
Tyler6, Joel Martin1, Daniel Woods7, Richard Amasino7, Anna Lipzen1, Shengqiang Shu1, Jeremy L. Phillips1, Kerrie W. Barry1, 
Ana Caicedo8, Luis Mur9, Michael R Freeling5 and Pilar Catalan10, (1)DOE Joint Genome Institute, Walnut Creek, CA, (2)Estación 
Experimental de Aula Dei (EEAD-CSIC), Zaragoza, Spain, (3)Fundación ARAID, Zaragoza, Spain, (4)Harvard University, Boston, 
MA, (5)University of California, Berkeley, CA, (6)Biochemistry and Molecular Biology Department, Amherst, MA, (7)University 
of Wisconsin-Madison, Madison, WI, (8)Biology Department, University of Massachusetts, Amherst, MA, (9)Aberystwyth 
University, Aberystwyth,, Wales, (10)Department of Agriculture (Botany), High Polytechnic School of Huesca, University of 
Zaragoza, Huesca, Spain 
The genetic diversity of a species is the sum of the diversity found in all individuals of that species. Many studies have attempted to estimate the 
diversity of plant species by resequencing diverse accessions and aligning the reads to a reference genome. While this approach readily identifies 
SNPs and small indels with respect to the reference genome, it underestimates total genomic diversity because highly divergent regions align 
poorly to the reference and, of course, any sequence not found in the reference will be missed entirely. Thus, the true extent of diversity within 
plant species is largely unknown. De-novo genome assemblies and annotation can be used to more accurately estimate the true genomic diversity 
within a species. We applied this approach using 54 Brachypodium distachyon accessions to create a pan-genome that contains all the diversity 
found in the accessions sequenced. Analysis of this data yields a high-confidence B. distachyon pan-genome that includes 13,408 core gene 
clusters found in all lines, 7,283 soft-core genes cluster absent from a few lines, and 17,195 shell gene clusters found in 3 to 52 lines. We find 
30,691 gene clusters represented by the reference genome/reference control and a varying number of other genomes. In addition, we identify 
7,135 gene clusters not represented in the reference line or controls but present in multiple divergent lines. We show that non-core genes are 
expressed at lower levels, have narrower and more variable expression across accessions, are evolving faster, have reduced orthology to related 
grasses and are less likely to have a homeologous gene retained from the ancient genome duplication in the grass lineage. We evaluate the 
relationship between the number of sequenced lines and their phylogenetic position in relation to the addition of both genic and non-coding 
sequence. We describe the physical chromosome position of non-core and non-reference genes and its relation to transposable elements. This 
analysis suggests possible mechanisms by which dispensable genes are eliminated and also barriers to their removal. 
 
P0804: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Homoeologous Relationships of Aegilops caudata and Wheat Chromosomes as Determined by Single Gene FISH Mapping 
Tatiana V. Danilova, Bernd Friebe and Bikram S. Gill, Kansas State University, Manhattan, KS 
Aegilops caudata L. (=Ae. markgrafii (Greuter) Hammer, 2n = 14), a diploid wild relative of bread wheat is a source of agronomically important 
traits for wheat improvement. Ae. caudata is also an interesting example of speciation within the tribe Triticeae because of its highly rearranged 
genome; its structure and evolution have not been studied in detail. Fluorescence in situ hybridization (FISH) is a useful tool for studying 
chromosome organization. To overcome the problem of high content of repetitive elements in Triticeae genomes (80-90%), repeats free cDNAs 
can be used to develop chromosome specific FISH probes. Earlier we had developed a wheat physical map with several cDNA FISH markers 
located on each of the 14 homoeologous chromosome arms. All wheat cDNA FISH probes produced distinct signals on chromosomes of Ae. 
caudata, and allowed elucidation of their macrostructure and homoeology to wheat. Three submetacentric chromosomes, designated previously 
as A, C and D are homoeologous and mostly colinear to wheat group 1, 5 and 6 chromosomes respectively; though the long arm of chromosome 



D has a terminal translocation from chromosome E (group 7). Other chromosomes are highly rearranged: submetacentric B and acrocentric E, F 
and G contain regions homoeologous to wheat groups 2, 7, 3 and 4 respectively, involved mostly in intrachromosomal rearrangements but some 
interchromosomal translocations as well. Location of near-centromeric cDNA probes and wheat centromere specific transposable element 
showed that the centromeres of Ae. caudata chromosomes did not change their positions compared with their wheat homoeologs. 
 
P0805: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Development of Genome Wide Introgressions from Aegilops mutica into Wheat 
Surbhi Mehra, Caiyun Yang, Csilla Nemeth, Stella Edwards (nee Hubbart), Duncan Scholefield, Paul Kasprzak, Stephen S. 
Ashling, Ian P. King and Julie King, The University of Nottingham, Loughborough, United Kingdom 
Due to modern breeding practises relatively little genetic variation is available in modern wheat varieties for breeders to develop superior adapted 
genotypes with increased yield potential and tolerance to abiotic and biotic stresses. The wild relatives of wheat provide a vast and largely 
untapped reservoir of genetic variation (for traits such as tolerance to abiotic and biotic stresses, biomass, yield and photosynthetic potential).  
Our primary objective is to transfer small, alien chromosome segments, carrying target genes but lacking deleterious genes, into hexaploid wheat 
quickly and efficiently. This is being achieved via exploitation of new marker technology, comparative mapping, in-situ hybridisation, 
exploitation of the genome sequence of model plant species and Next-Gen Sequencing technology platforms to detect and characterise 
wheat/wild relative recombinants.  
In this poster, we describe the implementation of an introgression strategy that has led to the genome wide introgression, into wheat, of genetic 
variation from Aegilops mutica (2n = 2x = 14; genome TT) a wild related species. The detection and characterisation of introgressions generated 
was facilitated via a new Affymetrix wild relative SNP array, specifically designed to detect introgressions in wheat from its wild relatives. The 
approaches we have employed have resulted in a step change in the generation and detection of wheat/wild relative introgressions that can be 
exploited for the development of superior, high yielding, environmentally adapted wheat varieties. 
 
P0806: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
D Genome microRNA Transition from Wheat Progenitor Aegilops tauschii to Triticum aestivum evident By Next Generation 
Sequencing 
Reyyan Fatima Bulut, Melda Kantar and Hikmet Budak, Sabanci University, Istanbul, Turkey 
MicroRNAs are post-transcriptional regulators of gene expression that have crucial roles in stress responses and development. Dissection of 
molecular components in bread wheat and its progenitors including miRNAs holds great importance in providing a better understanding of wheat 
genetics and genomics. In this study, we have evaluated the diversification of wheat on the basis of micoRNA repertoire by putting the sub-
genomic sequencing data under the scope. Homology based computational miRNA predictions were performed separately on flow sorted 5D 
chromosome and whole genome shotgun sequences of  Aegilops tauschii and Triticum aestivum to gain insights into miRNA emergence and 
loss, in relation to polyploidization. Our analysis revealed evolutionarily conserved miRNAs in addition to the species-specific ones.  The 
expression levels of selected miRNAs were quantified in response to shock drought stress revealing their drought responsive roles and the 
presence of species specific modes of regulation. Aegilops 5D was highlighted as a miRNA rich chromosome, both in terms of variety and 
quantity. A great majority of its miRNAs were observed to be conserved in bread wheat 5D, showing consistency in their representation across 
two species. Additionally we analyzed the pre-miRNA repeat contents and provide the first experimental proofs for the presence of some of the 
in silico identified miRNAs.  
Keywords:  Triticum aestivum, Aegilops tauschii, Triticaea, evolution, microRNA prediction, next-generation sequencing, quantitative real time 
reverse transcription PCR 
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The International Wheat Genome Sequencing Consortium 
The International Wheat Genome Sequencing Consortium1, Kellye Eversole2, Jane Rogers3 and Isabelle Caugant1, (1)IWGSC, 
Lee's Summit, MO, (2)IWGSC, Bethesda, MD, (3)IWGSC, Cambridge, United Kingdom 
Bread wheat, the staple food for 35% of the world’s population and the most widely produced crop, is one of the most important crop species. 
Genomics offers powerful tools for understanding the molecular basis of phenotypic variation as well as accelerating gene cloning, marker 
assisted selection, and more efficient exploitation of genetic diversity.  
The International Wheat Genome Sequencing Consortium (IWGSC), with more than 1,100 members in 55 countries, is an international, 
collaborative consortium, established in 2005 by a group of wheat growers, plant scientists, and public and private breeders. The IWGSC aims to 
produce a high quality reference genome sequence for bread wheat.  
To ensure the rapid delivery of new tools and resources to wheat breeders and scientists, a milestone-based, adaptable strategy, with short- and 
mid-term goals is used. The IWGSC is following a chromosome-specific approach to develop physical maps, draft sequences, and high quality 
sequencing of the Minimum Tiling Paths of mapped BAC clones and utilizing available whole genome data to achieve a gold standard reference 
sequence.  
Survey sequences and the virtual gene order for all 21 chromosomes of the reference cultivar, Chinese Spring were published in July 2014 and 
upgrades based on improved whole genome sequencing, long read strategies and improved assembly algorithms are in preparation. Physical 
maps have been completed for all 21 chromosomes. Completion of the pseudomolecule sequence of chromosome 3B in 2013 has set the standard 
for BAC-by-BAC sequencing that is under way for 13.5 chromosomes. An overview of the consortium activities will be presented. 
 
P0808: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome-Wide Mutation Scanning By Exon Capture in Wheat 
Andy L Phillips1, Robert King1, Ricardo H. Ramirez-Gonzalez2, Paul C. Bailey2, Ksenia V Krasileva3, James Simmonds4 and 
Cristobal Uauy5, (1)Rothamsted Research, Harpenden, United Kingdom, (2)The Genome Analysis Centre, Norwich, United 



Kingdom of Great Britain and Northern Ireland, (3)The Genome Analysis Centre, The Sainsbury Laboratory, Norwich, United 
Kingdom, (4)John Innes Center, Norwich, United Kingdom, (5)John Innes Centre, Norwich, United Kingdom 
Mutagenesis using ethyl methane sulphonate (EMS) is a common method for increasing available genetic variation in plants: the mutations 
created can be used for both forward and reverse genetics. The latter approach is particularly powerful in polyploid species such as wheat as 
genetic redundancy limits the use of forward genetics but also allows very high mutation rates. We and our collaborators have developed a high-
throughput mutation screening approach in wheat using exome capture and next-generation sequencing. This has identified a very large number 
of point mutations in the majority of wheat genes within an EMS-mutagenized population of wheat cv. Cadenza that provides a publicly-
available resource for functional genomic and crop improvement. In this work, we have analyzed the exome capture data for variation in read 
coverage at the scaffold and exon level and have identified widespread deletions, including the loss of whole chromosome and chromosome 
arms. Large homozygous deletions were observed to be far less abundant in the M2 DNA than heterozygous deletions, indicating that large 
deletions may affect transmission of gametes or viability of offspring. Data will be presented on the presence of such deletions in subsequent 
generations of the population. 
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Subgenomic Diversity Patterns Caused By Directional Selection in Bread Wheat Genepools 
Kai Voss-Fels1, Matthias Frisch2, Lunwen Qian1, Stefan Kontowski3, Wolfgang Friedt1, Sven Gottwald1 and Rod Snowdon1, 
(1)Department of Plant Breeding, Justus Liebig University, Giessen, Germany, (2)Justus Liebig University, Giessen, Germany, 
(3)W. von Borries-Eckendorf GmbH & Co. KG, Leopoldshöhe, Germany 
Genetic diversity represents the fundamental key to breeding success, providing the basis for breeders to select varieties with constantly 
improving yield performance. On the other hand, strong selection during domestication and breeding have eliminated considerable genetic 
diversity in the breeding pools of major crops, causing erosion of genetic potential for adaptation to emerging challenges like climate change. 
High-throughput genomics technologies can address this dilemma by providing detailed knowledge to characterise and replenish genetic 
diversity in breeding programs. In hexaploid bread wheat (Triticum aestivum L.), the staple food for 35 percent of the world’s population, 
bottlenecks during allopolyploidisation followed by strong artificial selection have considerably narrowed diversity, to the extent that in many 
regions yields appear to be unexpectedly stagnating.  
In this study we used a 90k single-nucleotide-polymorphism (SNP) wheat genotyping array to assay high-frequency, polymorphic SNP markers 
in 460 accessions representing different phenological diversity groups from Asian, Australian, European, and North American bread wheat 
breeding materials. Detailed analysis of subgroup diversity at the chromosome and subgenome scale revealed highly distinct patterns of 
conserved linkage disequilibrium between different gene pools. The data enable identification of genome regions in most need of rejuvenation 
with novel diversity, and provide a high-resolution molecular basis for genomic-assisted introgression of novel diversity into chromosome 
segments surrounding directionally selected meta-loci conferring important adaptation and quality traits. 
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Optimum Genotyping Strategy for Genomic Prediction By Using Association Study, a Case of Study in Wheat Advanced 
Breading Lines 
Fabio Cericola1, Ahmed Jahoor2, Jihad Orabi2, Jeppe R. Andersen2, Luc L. Janss1 and Just Jensen1, (1)Molecular Biology and 
Genetics, Aarhus University, Tjele, Denmark, (2)Nordic Seed, Galten, Denmark 
In the last decade genomic selection (GS) has been implemented, especially for animals, as a new breeding technology. More recently, the 
opportunity offered by GS to speed up  genetic gains in complex traits without the need of identifying markers associations with the QTLs, have 
attracted attention of plant breeders. However, rather inexpensive and accurate plant phenotypes can often be obtained; hence a cost efficient 
genotyping method is pivotal for GS implementation in the breeding procedure.  
In the present study 645 advanced wheat lines from standard breeding program of Nordic Seed Inc. were genotyped with the Illumina 15K wheat 
chip and phenotyped across different years and locations. After filtering 11045 SNPs were available and yield and lodging score were analyzed. 
K-fold cross-validation using all the markers in a standard gBLUP model showed predictive abilities (PA) for both traits around 0.55. Moreover 
PA where computed for progressively smaller, randomly selected SNPs subsets.  This exercise showed that around 1K markers were enough to 
reach a PA of 0.5.  An association study (AS) for both traits identified few significantly associated markers. When the selection of SNPs subsets 
was based on the significance level yielded by the AS an increase of genomic predictions was observed for small subsets and a PA of 0.5 was 
reached with 300-500 AS-selected SNPs.  
Our results show limitations of AS when working with elite breeding lines because of small QTL effects. Nevertheless, AS can be used to 
increase the efficiency of GS by using the larger (mostly non-significant) marker effects. 
 
P0811: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Sequencing the Genome of the Hexaploid Oat 
Rachel N. Walstead1, Adam Whaley1, Rob Reid2, Jeremy J. Jay3, Rebekah Lee4, Robert Sebra5, Tim Langdon6, Jamie Sheridan7, 
Alec Hayes8, Eric Jackson7, Eric N. Jellen4, Jeff Maughan4, Cory Brouwer3 and Jessica Schlueter1, (1)University of North Carolina 
at Charlotte, Charlotte, NC, (2)University of North Carolina Charlotte, Kannapolis, NC, (3)University of North Carolina at 
Charlotte, Kannapolis, NC, (4)Brigham Young University, Provo, UT, (5)Icahn Institute, New York, NY, (6)IBERS, Aberystwyth 
University, Aberystwyth, United Kingdom, (7)General Mills, Kannapolis, NC, (8)PepsiCo, Hawthorne, NY 
The hexaploid oat (Avena sativa L.) is a staple cereal crop for both food production and animal feed. We aim to fully sequence the allohexaploid 
genome (AACCDD, 2n = 6x = 42). We have previously developed a high-density consensus map that we will use in ordering and orienting our 
contig assemblies. To achieve this goal, we are using a combined PacBio sequencing as well as BioNano optial mapping approach. Current N50 
sub read lengths of our PacBio sequencing are 13,167 bp. To aid in the assembly of the full hexaploid genome, we will are aiming to use diploid 
references as well: the existing diploid AA genome zipper, and developing CC-diploid resources. These assemblies will help ensure proper 
anchoring of the hexaploid genome to each sub-genome. Once assembly is complete, we will annotate using transcript sequence resources and 



predictive gene models and integrate using Maker and Augustus. This genomic information will become a great resource for crop scientists and 
breeders and available at avenagenome.org. 
 
P0812: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Association Mapping in a Wheat Diversity Panel 
Melissa Garcia1, David Mitchell1, Delphine Fleury1, Beata Sznajder1, Stephan M. Haefele1, Chris Brien2 and Kate Dowling2, 
(1)Australian Centre for Plant Functional Genomics, Glen Osmond, Australia, (2)University of South Australia, Mawson Lakes, 
Australia 
The population structure of a collection of 500 Triticeae accessions from around the world, including landraces, synthetic hexaploids and modern 
cultivars was analysed following genotyping using the 90K Illumina iSelect markers. The collection separated into five dominant clusters. The 
whole population was then grown in South Australian field conditions and yield, yield components, harvest index and plant phenology were 
assessed over two years. Significant associations are reported here. Two of the clusters were selected for association mapping of their responses 
to combined drought and heat with the aim of defining new genetic loci for stress tolerance. 
 
P0813: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
ClimBar: An Integrated Approach to Evaluate and Utilize Genetic Diversity 
Alan H. Schulman, LUKE & University of Helsinki, Helsinki, Finland, Søren K. Rasmussen, University of Copenhagen, 
Frederiksberg, Denmark, Menachem Mosehlion, The Hebrew University of Jerusalem, The Robert H. Smith Faculty of Agriculture, 
Food and Environment, Rehovot, Israel, Eyal Fridman, Institute of Plant Sciences, Agricultural Research Organization (ARO), The 
Volcani Center, Bet Degan, Israel, Alessandro Tondelli, CRA - Genomics Research Centre, Fiorenzuola d'Arda, Italy, Luigi 
Cattivelli, CREA Genomics Research Centre, Fiorenzuola d'Arda, Italy, Tamas Dalmay, University of East Anglia, School of 
Biological Sciences, Norwich, United Kingdom, Laura Rossini, Universty of Milan - DiSAA, Milano, Italy, Ernesto Igartua, 
Estación Experimental de Aula Dei , CSIC, Zaragoza, Spain, Ana Casas, Estación Experimental de Aula Dei, CSIC, Zaragoza, 
Spain, Santiago Beguería, Estación Experimental de Aula Dei — CSIC, Zaragoza, Spain, Patrick Schweizer, Leibniz Institute of 
Plant Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany, Robbie Waugh, The University of Dundee at JHI, 
Invergowrie, Dundee, United Kingdom, Bill Thomas, The James Hutton Institute, Dundee, United Kingdom and Joanne Russell, 
James Hutton Institute, Invergowrie, Dundee, United Kingdom 
European agriculture anticipates an unprecedented combination of stress factors, production threats and quality needs due to climate change. 
Various regions of Europe will be affected differently. Barley & wheat domestication, and landrace formation in Europe, were under very 
different climates than those emerging now. Alleles needed for sustainable, resilient, quality yields in a changed climate are likely not combined 
in current haplotypes of elite barley cultivars. These alleles are likely found in diverse landraces and wild relatives in the Mediterranean basin 
and Fertile Crescent -- areas that prefigure expected climate change. New precision, high-throughput phenotyping tools are essential to find trait-
allele associations needed for future-climate breeding. Combining genetics, genomics, modelling, molecular biology, morphology, and 
physiology, ClimBar takes an interdisciplinary approach to develop a strategy for breeding an increased resilience to climate change in 
barley.  ClimBar, a new project under the framework of FACCE ERA-NET Plus Joint Programming Initiative on Climate Smart Agriculture, will 
identify genome regions, genes, and alleles conferring the traits needed to breed resilient barley varieties adapted to the climatic conditions 
predicted for 2070 in different European environments. Adapted, resilient germplasm created using ClimBar data, tools and models will provide 
food-chain security, economic stability and environmental sustainability.  
Website: http://plen.ku.dk/english/research/plant_soil/breeding/quality/climbar/ 
 
P0814: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Handling Genotype-By-Environment Interaction in Genomic Selection to Predict New Genotypes and New Environments 
Lucia Gutierrez1,2, Bettina Lado1, Pablo Gonzalez1, Paul Silva3 and Martin Quinke3, (1)Universidad de la Republica, Montevideo, 
Uruguay, (2)University of Wisconsin - Madison, Madison, WI, (3)INIA, Colonia, Uruguay 
Genomic selection (GS) has successfully been used in plant breeding to improve selection efficiency and reduce breeding time and cost. 
Furthermore, genotype by environment interaction (GEI) is a widespread phenomenon in plants, and how to incorporate GEI to GS models 
remains a challenge. Mixed models have been used to exploit GEI by borrowing information from other environments or individuals in other 
contexts. The objective of this work was to compare strategies to exploit GEI in GS using mixed models. Specifically, we compared strategies to 
predict new genotypes by borrowing information from other environments modeling the correlation matrix across environments, and to design 
sets of environments aiming for low GEI to predict genomic performance in new environments. We evaluated 1477 advanced wheat lines for 
yield in 35 location-year combinations genotyped with genotyping-by sequencing (GBS). Mixed models were used to obtain either overall or by-
environment predictions for different sets of environments. Overall accuracy was high (0.5). Borrowing information from relatives evaluated in 
multiple environments and modeling the correlation matrix across environments was the best strategy to predict new genotypes. On the other 
hand, the best strategy for predicting the performance of genotypes in new environments was either to predict across locations for single years, or 
to predict within defined mega-environments for any year or location. In summary, higher predictive ability was obtained by characterizing and 
by modeling GEI in the GS context. 
 
P0815: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A Novel Approach to Detect Fungal and Wheat Genes Involved in Leaf Rust Disease By Expression Associations during 
Various Race-Specific Interactions 
Hala Badr Khalil1, Xiben Wang2, Rob Linning3, David L. Joly4, Dustin Cram5, Nina Thiessen6, Greg Taylor6, Brent McCallum2, 
Barry J. Saville7 and Guus Bakkeren3, (1)Agriculture and Agri-food Canada, Summerland, BC, Canada, (2)Agriculture and Agri-
Food Canada, Winnipeg, MB, Canada, (3)Agriculture and Agri-Food Canada, Summerland, BC, Canada, (4)Department of 



Biology, Université de Moncton, Moncton, NB, Canada, (5)Plant Biotechnology Institute, National Research Council of Canada, 
Saskatoon, BC, Canada, (6)Canada's Michael Smith Genome Sciences Centre, Vancouver, BC, Canada, (7)Trent University, 
Peterborough, ON, Canada 
NGS approaches have greatly expanded our understanding of pathogen-host interactions. In numerous reports, transcript expression profiling has 
focused on either hosts or pathogens. Here we compared global gene expression dynamics of both wheat leaf rust fungus Puccinia triticina (Pt) 
and wheat Triticum aestivum (Ta) host genes during four genetically defined interactions. Four Pt races, BBBD (representing the race 1 reference 
genome sequence), MBDS, SBDG and FBDJ, were inoculated on Thatcher, a highly susceptible wheat cultivar, and two near-isogenic lines 
carrying the leaf rust resistance genes Lr2a and Lr3, representing various infection types (ITs): highly susceptible (IT3 or 4), intermediate 
resistant (IT2), and highly resistant (IT1) triggering necrosis.  Sampling of all interactions over 2 weeks allowed the association of ITs with gene 
expression by Illumina-based RNAseq of interactive cDNA libraries. Relative expression levels of both Pt and Ta genes were analysed by 
mapping transcripts to the BBBD reference genome and to the draft Ta genome from the International Wheat Genome Sequencing Consortium. 
In-depth analysis of small Pt candidate effector protein genes revealed sequential waves of their expression across time. Focussing on highly 
expressed effectors, we identified Pt genes whose expression varied significantly among various ITs. By correlating these expression patterns 
with those of the host, we detected wheat genes likely affected by and hence possible interacting with those effectors. 
 
P0816: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Optimization of the Number of Marker for Genomic Selection in a Historical Data Set of Southeastern US Winter Wheat 
Jose Martin Sarinelli1, Paul Murphy1, Gina Brown-Guedira1, Pryanka Tyagi1, Jerry Johnson2, Esten Mason3, Stephen A. Harrison4, 
Russel Sutton5 and Carl Griffey6, (1)CropScience NCSU, Raleigh, NC, (2)University of Georgia, Griffin, GA, (3)University of 
Arkansas, Fayetteville, AR, (4)Louisiana State University, Baton Rouge, LA, (5)Texas A&M AgriLife Research, Texas, TX, 
(6)Virginia Tech, Blacksburg, VA 
Genomic Selection (GS) is a method for obtaining genomic estimated breeding values (GEBV) of individuals on the basis of a genome-wide 
marker data. Genotyping by sequencing (GBS) generates high-density genome coverage with thousands of markers at low cost, making the use 
of this tool attractive for plant breeders. One question that arises is how many markers are necessary to generate accurate predictions of 
performance of individuals. In order to test the effect of marker numbers on predictive ability, one can evaluate accuracies of different marker 
data subsets.  The objective of this work was determine how filtering criteria and overall marker numbers effect predictive ability for conducting 
genomic selection in wheat.  A large GBS marker data set on 334 soft red winter wheat lines from different southeastern USA breeding programs 
was partitioned based on different filter criteria, including read depth, percentage of missing data and frequency of heterozygous individuals. The 
effect of the marker subsets on prediction accuracy determined using phenotypic data from the Gulf-Atlantic Wheat Nursery over seven years. 
Results from 16 different filters yield a different number of markers (1 to 70,317) that is a function of the stringency of the kind of filter used. 
Stringent filters yield a small number of markers resulting in models with low predictive ability, while reduction in filter stringency increase the 
predictive ability of the model until reach a plateau around 4,000 markers. That information suggest that breeders can allocate resources related 
with marker information in different ways. 
 
P0817: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Mobilizing Useful Biodiversity from Gene Bank into Wheat Breeding Programs for Varietal Improvement 
Sukhwinder Singh1, Prashant Vikram1, Carolina Saint Pierre2, Juan Burgueño3, Huihui Li2, Carolina Paola Sansaloni1, Deepmala 
Sehgal4, Gilberto E. Salinas-Garcia5,6, Carlos Guzmán2, Thomas Payne1, Ravi P. Singh7, Govindan Velu2, Matthew Reynolds8, 
Pawan Singh2, Jose Crossa7, Gamboa Sergio Cortez9, Pedro Figueroa López10, Guillermo Fuentes Dávila11, Víctor Manuel 
Hernández Muela11, Javier Ireta Moreno11, Carlos Gustavo Martínez Rueda12, Leodegario Osorio Alcalá10, Ernesto Solís Moya10, 
Andrzej Kilian13, David Marshall14, Clay Sneller15, Kevin Pixley16 and Gaspar Estrada Campuzano12, (1)CIMMYT- International 
Maize and Wheat Improvement Centre, Texcoco, Mexico, (2)CIMMYT, Texcoco, Mexico, (3)CIMMYT, TEXCOCO, Mexico, 
(4)CIMMYT, Mexico, Mexico, (5)Centro Internacional de Mejoramiento de Maiz y Trigo, TEXCOCO, EDO. DE MEXICO, 
Mexico, (6)CIMMYT - International Maize and Wheat Improvement Centre, EL-BATAN, TEXCOCO, KS, Mexico, (7)CIMMYT, 
Mexico DF, Mexico, (8)CIMMYT, Mexico D.F., Mexico, (9)Universidad Politécnica de Francisco I. Madero, Mexico, Mexico, 
(10)INIFAP, Mexico, Mexico, (11)INIFAP, México, Mexico, (12)Universidad Autónoma del, México, Mexico, (13)Diversity 
Arrays Technology, Bruce, Australia, (14)The James Hutton Institute, Dundee, United Kingdom, (15)OHIO STATE 
UNIVERSITY, WOOSTER, OH, (16)CIMMYT- International Maize and Wheat Improvement Centre, Texcoco, TX 
Increased future demand for food and slow rate of genetic gain for yield are concerns that have led the United Nations’ Food and Agriculture 
Organization to call for increased use of on-farm and gene bank biodiversity. The gene bank at the International Center for Maize and Wheat 
Improvement (CIMMYT) contains 140,000 accessions of wheat, including landraces, wild relatives, synthetics and elite wheat genotypes that are 
adapted to major wheat growing environments of the world. CIMMYT’s ‘Seeds of Discovery’ project is making large-scale efforts to unravel the 
value of this resource and to mobilize useful variation into breeding pipelines. This includes genotypic characterization of 35,000 gene bank 
accessions and 15,000 breeding germplasm through genotype-by-sequencing (DArTseq technology), and phenotypic evaluation of 70,000 
accessions for heat and/or drought tolerance, 22,000 for grain quality, 10,000 for diseases, 2,000 for phosphorous use efficiency (PUE), and 900 
synthetic wheats for biomass and yield potential. Diversity profiles from landraces of Mexico (10,000), Iran (3,000) and other countries revealed 
useful information for pre-breeding. Trait donors for heat, drought, PUE, yellow rust, Karnal bunt and various grain quality traits were identified. 
This wealth of genetic and phenotypic information was used to develop an array of pre-breeding germplasm involving 1,000 exotic wheat 
accessions. Population panels are being maintained for germplasm selections, genetic analyses and genomics-assisted breeding. Preliminary 
evaluation of pre-breeding populations suggests that useful variations from landraces have been incorporated into the breeding germplasm pool 
and that these resources will contribute to varietal development and genetic analyses. Multi-environment evaluation of these gene bank-derived 
materials is now beginning with a growing network of partners in target environments, currently mainly in Mexico and South Asia. The genetic 
resources described herein are available to the global wheat community. 



 
P0818: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Modeling Genome By Environment Interaction in Allohexaploid Wheat 
Nicholas Santantonio1, Jean-Luc Jannink2 and Mark E Sorrells1, (1)Cornell University, Ithaca, NY, (2)USDA-ARS / Cornell 
University, Ithaca, NY 
A long term plant breeding objective has been to develop varieties that are stable across a defined set of environments. Genetic variation of 
stability implies that there is a heritable portion of environmental variance that can be explained by genetic differences between individuals. As 
an autogamous allohexaploid, wheat (Triticum aestivum) represents a unique opportunity to study the interaction of multiple genomes, A, B and 
D, and their interactions with the environment. To investigate the effect of genome by genome and genome by environment interactions, genome 
specific additive genetic covariance matrices can be calculated from markers belonging to each genome respectively. Using genome specific 
covariance matrices, estimates of genome specific variances and additive effects can be determined in a linear mixed model with separate kernels 
for each genome. Similarly additive by additive effects between genomes can be modeled using the Hadamard product of genome specific 
covariance matrices. Genome by environment effects, as well as higher order interactions can also be modeled using the Kronecker product of 
the genetic environmental covariance matrix with the genome specific additive covariance matrices. To examine the influence of each genome 
and their interactions on stability, double hierarchical generalized linear models can be used to estimate additive genetic variance of the variance 
as well as genotype specific additive effects of the variance to identify stable lines. This methodology is applied to two multi-environment trial 
data sets of wheat, and provides insights into genetic variation, heritability and predictability of genome by environment interactions and stability 
in allopolyploids. 
 
P0819: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Assembly of Aegilops tauschii, the Ancestor of the Wheat D Genome 
Daniela Puiu1, Jan Dvorak2, Karin R. Deal2, Naxin Huo3, Geo Pertea1, Aleksey Zimin1 and Steven L. Salzberg1, (1)Johns Hopkins 
University, School of Medicine, Baltimore, MD, (2)Department of Plant Sciences, University of California, Davis, Davis, CA, 
(3)Dept. of Plant Sciences, Davis, CA 
We have sequenced the 4.3 gigabase Aegilops tauschii genome using pools of 6-10 overlapping BACs. In total, we sequenced 5646 pools at over 
100x coverage using Illumina MiSeq paired-end libraries, and we assembled each pool using SOAPdenovo2. The overall contiguity of this 
assembly is excellent, with a scaffold N50 size of 207 Kb, and the large majority of the BAC pools are anchored to chromosomes.  
Although previous efforts to sequence wheat genomes using the whole-genome shotgun method have resulted in fragmented assemblies, very 
recently NRGene generated a relatively high-quality assembly of Aegilops tauschii using very deep coverage in Illumina HiSeq reads, tightly 
constrained mate-pair libraries, and their proprietary DeNovoMAGIC2 WGS assembler. This assembly, which had an N50 scaffold size of 1.1 
Mb, was provided as part of our project.  
We then merged the BAC pool and WGS assemblies. The resulting combined assembly has a scaffold N50 size of 2.8Mb, substantially larger 
than either of the two component assemblies. The contig N50 size is 93 Kb, compared to 127 Kb (BAC pool assembly) and 16 Kb (WGS 
assembly).  
We will present these results along with general methods for comparing, validating and merging large assemblies.  
 
P0820: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Annotation of the 4.1 Gb Aegilops tauschii Reference Genome Sequence 
Hao Wang1,2, Thomas Wicker3, Karl G. Kugler4, Klaus F.X. Mayer5, Jeffrey L. Bennetzen2 and Katrien M. Devos1, (1)Institute of 
Plant Breeding, Genetics and Genomics, and Dept. of Plant Biology, University of Georgia, Athens, GA, (2)Dept. of Genetics, 
University of Georgia, Athens, GA, (3)Institute of Plant Biology, University of Zurich, Zurich, Switzerland, (4)Plant Genome and 
Systems Biology, Helmholtz Center Munich, Neuherberg, Germany, (5)Helmholtz Center Munich - Plant Genome and Systems 
Biology, Neuherberg, Germany 
Seven pseudomolecules, corresponding to the seven chromosomes of Aegilops tauschii, the D-genome donor to bread wheat, have been 
generated under NSF project IOS-1238231.  The pseudomolecules were produced by combining information from assemblies of MiSeq data 
from pools of overlapping BAC clones selected from the Ae. tauschii minimum tiling path, a NRGene assembly based on HiSeq whole genome 
shotgun data and whole genome BioNano optical maps. Repeat annotation included de novo and homology-based identification of long terminal 
repeat (LTR) retrotransposons, short interspersed nuclear elements (SINEs), miniature inverted-repeat transposable elements (MITEs), and 
homology-based identification of other DNA elements, Helitrons and long interspersed nuclear elements (LINEs).  Approximately 80% of the 
genome consists of transposable elements, the vast majority of which are LTR retrotransposons.  Most of these elements inserted in the Ae. 
tauschii genome in the past 4 million years. Clustering of intact elements showed that many of the low-copy-elements belonged to previously 
unidentified families.  A preliminary de novo and homology-based annotation of genes in the repeat-masked Ae. tauschii sequence identified 
33,826 high confidence genes.  This number is very similar to the number of genes annotated in the D genome of hexaploid wheat. About 90% of 
the high confidence genes annotated in the wheat and Ae. tauschii D genomes overlapped, suggesting that the total number of genes in the Ae. 
tauschii genome might be close to 37,000. 
 
P0821: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Validation of Chromosomal Locations of 90K Array Single Nucleotide Polymorphisms in US Wheat 
Shuyu Liu1, Silvano Ocheya2, Smit Dhakal2, Xiangkun Gu2, Chor Tee Tan1, Yan Yang2, Jackie C Rudd1, Dirk Hays2, Amir 
Ibrahim2, Qingwu Xue1, Shiaoman Chao3, Ravindra Devkota1, Cody Shachter1, Trevis Huggins2, Suheb Mohammed2 and Pilar 
Fuentealba1, (1)Texas A&M AgriLife Research, Amarillo, TX, (2)Texas A&M University, College Station, TX, (3)USDA-ARS, 
Fargo, ND 



Mapping single nucleotide polymorphisms (SNPs) in wheat (Triticum aestivum L.) can help to develop high throughput molecular markers for 
important traits. The 90K Infinium iSelect SNP array was used to screen three recombinant inbred line (RIL) populations derived from three 
crosses, CO 960293-2/’TAM 111’ (CT), ‘TAM 112’/TAM 111 (TT), and ‘Halberd’/’Len’ (HL). The objective of this study was to compare and 
validate the chromosomal locations of mapped SNPs in wheat. A set of 152, 124, and 180 RILs were used in CT, TT, and HL. Among the 91,829 
SNPs, 54,258 SNPs were called at least in one mapping population. A set of 5950, 4861, and 8376 SNPs were mapped onto chromosomes of CT, 
TT, and HL, respectively, with a total of 15,604 unique SNPs. Only 374 SNPs (2.4%) were commonly mapped across three populations, and 
3025 SNPs (19.4%) were mapped across all combinations of two of the three populations. The number of uniquely mapped SNPs specific to 
each population was 3291 (21.1%) in CT, 2418 (15.5%) in TT, and 6224 (40.0%) in HL. With known chromosomal locations of the mapped 40K 
out of 90K array SNPs, linkage groups in all three mapping populations were assigned onto chromosomes. More than 76% of the mapped SNPs 
have consistent chromosomal locations with the previously mapped 40K SNPs. A set of 2190 (14.0%) unique newly mapped SNPs and 1316 
(8.4%) SNPs mapped onto multiple chromosomes were presented. These chromosome maps are essential for the discoveries of genes and 
quantitative trait loci (QTL) of important traits in wheat. 
 
P0822: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Targeted Next Generation Amplicon Sequencing of Diverse Winter Wheat Vernalization and Photoperiod Genes as a 
Method for Variant Discovery 
Mai Xiong, North Carolina State University, Raleigh, NC, Ross Whetten, Department of Forestry & Environmental Resources, 
Raleigh, NC and Gina Brown-Guedira, CropScience NCSU, Raleigh, NC 
Winter wheat exhibits wide variation for flowering time in response to cold treatment and day length. Association mapping and QTL analyses 
have implicated the wheat VRN1 and PPD1 loci as important determinants for timing developmental phases.  Although much progress has been 
made in cloning and characterizing variation at the major vernalization and photoperiod loci, evaluation of the allelic variation available to wheat 
breeders is needed.  To identify novel gene variants that may contribute to flowering time variation, we undertook a project to sequence the 
VRN1 and PPD1 loci from diverse winter wheat lines and to characterize critical variants that may have a functional or regulatory role. 
Advances in next generation sequencing (NGS) has reduced the cost of DNA sequencing allowing for the development of novel methods to 
address many biological questions. NGS platforms provide a much higher sequencing throughput than Sanger sequencing which can facilitate the 
discovery of novel gene variants. Here, we present a protocol to construct gene specific targeted amplicon libraries of winter wheat vernalization 
and photoperiod genes for sequencing using the Illumina MiSeq platform and bioinformatic workflow for downstream analysis. This method was 
a cost effective approach to screen for novel gene variants in winter wheat and can be applied to a wide range of organism 
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Wheat miRNA Ancestors: Evident by A, B, and D Genomes 
Burcu Alptekin, Sabanci University, Istanbul, Turkey 
Burcu Alptekin, Bala Anı Akpınar and Hikmet Budak  
Sabanci University, Istanbul, Turkey  
Wheat is a hardy crop for human diet by providing 20 % of all calories consumed in worldwide. Despite its abundant harvest through world, the 
gained yield is far from satisfying the demands, exclusively considering the day by day increasing human population. Domestication of wheat 
has improved production and yield at the expense of lost genetic diversity accompanied by related genes with stress tolerance and adaptation. 
Nevertheless, ancient relatives of wheat; as well as its progenitor from A, B, and D genome lineages; provide a valuable source for exploring and 
regaining the eradicated genes. MicroRNAs (miRNAs) are essential building blocks of post-transcriptional gene regulation with outstanding 
effects on many fundamental processes of cellular life. Their identification and characterization holds significance for revelation of mechanisms 
which are profiting from gene regulation such as stress tolerance and environmental adaptation. The advent of the next generation sequencing 
technologies have paved the way into the exploration of many miRNAs that have been characterized as targeting significant molecules in diverse 
pathways. Understanding the mechanisms of miRNA-based gene regulation is critical considering the aim of enduring plant cultivar 
development to different environmental conditions. In this study, we performed in silico identification and comparative analysis of microRNA 
repertoires of bread wheat (Triticum aestivum L.) and its diploid progenitors and relatives, Aegilops sharonensis, Aegilops speltoides, Aegilops 
tauschii, Triticum monococcum and Triticum urartu through the utilization of publicly available transcriptomic data. Our analysis revealed the 
presence of over 200 different putative microRNA families among all species. The expressed miRNA repertoires of bread wheat and its diploid 
progenitors and relatives provide significant insight into the diversification and distribution of miRNA genes among Poaceae family which can 
provide unique opportunities to modulation of gene regulation for better crop performance. 
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Physical Mapping Resources for Bread Wheat Chromosome 5A: Radiation Hybrids and an Integrated Physical Map 
Delfina Barabaschi1, Andrea Volante1, Maria Buerstmayr2, Hermann Buerstmayr2, Giampiero Valè1 and Luigi Cattivelli1, 
(1)CREA Genomics Research Centre, Fiorenzuola d'Arda, Italy, (2)Dept. for Agrobiotechnology (IFA-Tulln), Tulln, Austria 
High-quality integrated physical maps for both arms of bread wheat chromosome 5A were developed within the frame of the International Wheat 
Genome Sequence Consortium. Overall, 75,995 fingerprinted BACs were assembled into contigs independently by FingerPrinted Contig and 
Linear Topological Contig tools, and two partially overlapping versions of Minimal Tiling Paths were established for short (5AS) and long arm 
(5AL). Combined anchoring approaches based on polymerase chain reaction marker screening, microarray, and sequence homology searches 
applied to several genomic tools (genetic maps, deletion bin map, neighbor maps, BAC end sequences, genome zipper, and chromosome survey 
sequences) allowed the development of a high-quality physical map with an anchored physical coverage of 75% for 5AS and 53% for 5AL with 
high portions (64 and 48%, respectively) of contigs ordered along the chromosome. However, due to the lack of recombination in certain regions 
of the chromosome, genetic mapping, which uses recombination frequency to map marker loci, alone was not likely to result in a saturated 
marker scaffold for a sequence ready physical map. Therefore, a Radiation hybrid (RH) mapping technique, which uses radiation induced 
chromosomal breaks to map gene-based markers and BAC contigs has been undertaken. A RH panel was developed for the chromosome 5A in 



order to complement available data from genetic and physical mapping. This RH panel together with the generated physical map represent 
invaluable resources for developing a complete marker scaffold for the whole genome sequence assembly, fine mapping of markers and map-
based cloning of agronomically relevant traits. 
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Sequencing and Assembling a Pseudomolecule for the Wheat Chromosome 6B 
Hiroyuki Kanamori1, Kanako Kurita1, Harumi Sasaki1, Satoshi Katagiri1, Hiroko Fujisawa1, Wataru Karasawa1, Fuminori 
Kobayashi1, Tsuyoshi Tanaka1, Michihiko Shimomura2, Nobukazu Namiki2, Hiroshi Ikawa2, Takashi Matsumoto1, Yuichi 
Katayose1, Jianzhong Wu1 and Hirokazu Handa1, (1)National Institute of Agrobiological Sciences, Tsukuba, Ibaraki, Japan, 
(2)Mitsubishi Space Software Co.,Ltd., Tsukuba, Ibaraki, Japan 
The International Wheat Genome Sequencing Consortium (IWGSC) makes effort to obtain a high quality reference genome sequence of the 
bread wheat (cv. Chinese Spring), which is anchored to the genetic and physical maps.  As a part of this international effort, we focus on 
sequencing of both (short and long) arms of chromosome 6B utilizing a minimum tiling path (MTP) BAC-by-BAC sequencing strategy.   
A total of 7,573 MTP BAC clones were selected based on the physical mapping and then sequenced individually using 96-tag sequencing system 
with GS FLX (Roche).  We found that up to 87% of these clones were successfully sequenced.  For BAC clones with the successes on draft 
sequencing, we checked their sequence overlapping with neighboring BAC clones on the physical map, and it was confirmed that more than 90% 
of these BAC clones were truly overlapped.  Two kinds of mate-pair libraries (3~4 kb, 8~11 kb) using pooled BAC clones was constructed and 
sequenced with MiSeq (24 tags/run, Illumina) to make a map-based and high-quality pseudomolecule of the wheat chromosome 6B.  The 
assemblies of draft sequences from the BAC clones confirmed their overlapping were manually ordered using the output of SSPACE, which 
resulted in the first version of wheat chromosome 6B pseudomolecule (648.30 Mb).  The number of scaffolds (> 10kb) was 2,935 and the size of 
the largest scaffold was about 3.1 Mb.   
This work was supported by a grant from the Ministry of Agriculture, Forestry, and Fisheries of Japan. (Genomics-based Technology for 
Agricultural Improvement, NGB1003) 
 
P0826: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Completing Reference Sequence of the Wheat Chromosome Arm 7DS 
Zuzana Tulpova1, Helena Stankova1, Ming-Cheng Luo2, Paul Visendi3, Satomi Hayashi3, Katerina Holusova1, Petr Vojta4, Andrzej 
Kilian5, Vijay K. Tiwari6, Ajay Kumar7, Alex Hastie8, Philippe Leroy9, Helene Rimbert10, Michael Abrouk1, Jan Bartoš1, Jacqueline 
Batley11, David Edwards12, Jaroslav Dolezel1 and Hana Simkova1, (1)Institute of Experimental Botany, Olomouc, Czech Republic, 
(2)Department of Plant Sciences, University of California, Davis, Davis, CA, (3)University of Queensland, Brisbane, Australia, 
(4)Institute of Molecular and Translational Medicine, Olomouc, Czech Republic, (5)Diversity Arrays Technology Pty Ltd, 
Canberra, Australia, (6)Kansas State University, Manhattan, KS, (7)North Dakota State University, Fargo, ND, (8)BioNano 
Genomics, San Diego, CA, (9)INRA UMR 1095 GDEC, Clermont-Ferrand, France, (10)INRA/UBP, UMR1095, Clermont-
Ferrand, France, (11)University of Western Australia, Crawley, Australia, (12)University of Western Australia, Perth, Australia 
Bread wheat genome is characterized by high complexity (~17 Gb), polyploidy (AABBDD) and high content of repetitive sequences (>85%), 
which hampers genome mapping and sequencing. To overcome these obstacles, BAC-by-BAC sequencing strategy based on chromosome-
derived physical maps has been adopted by the International Wheat Genome Sequencing Consortium (IWGSC) as the key strategy towards 
obtaining a reference genome sequence.  
In the framework of this effort, we focus on mapping and sequencing of the 7DS chromosome arm. Clones from a 7DS-specific BAC library 
were fingerprinted and assembled into contigs using FPC and the map assembly was validated by LTC. Integration of the 7DS physical map with 
that of Aegilops tauschii (D genome progenitor) provided a clue for further merging and landing the contigs on the chromosome. Hitherto, 74% 
of the physical map length has been anchored to genetic and radiation hybrid maps through 1577 markers.  Our BAC sequencing strategy 
involved sequencing pools of four non-overlapping clones using the Illumina HiSeq. Pair-end reads thus obtained were assembled using a 
custom assembler Sassy. Assembling and pool deconvolution were supported by BAC-end sequences and mate-pair data generated for pools of 
384 clones. In the resulting assembly, we reached 1.9 scaffolds per BAC clone on average and scaffold N50 of 114 kb. The sequences were 
automatically annotated by the TriAnnot pipeline and application of wheat 7DS RNAseq data. Moreover, a BioNano genome map has been 
constructed for the 7DS and used to validate the physical map, anchor and orient BAC contigs, size gaps, deconvolute pools and support 
sequence scaffolding. 
 
P0827: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Male Fertility Genes In Wheat (Triticum aestivum) and Their Use In Seed Production Technology 
Manjit Singh1, Manish Kumar1, Joshua Young1, Ryan Whitford2, Elise Tucker2, Ute Baumann2, Myeong-Je Cho3, Marc C. 
Albertsen1 and Mark Cigan1, (1)DuPont Pioneer, Johnston, IA, (2)Australian Centre for Plant Functional Genomics, Glen Osmond, 
Australia, (3)Dupont Pioneer, Hayward, CA 
The Seed Production Technology (SPT) currently deployed at DuPont Pioneer for maize hybrid seed production utilizes the ability of a transgene 
to restore fertility to a nuclear male-sterile mutation and enables the production of all male-sterile, non-transgenic progeny. A seed sorting 
component of the transgene enables a quality control step in the early stages of the process. The core of the SPT process, however, is firmly 
based on male-sterility.  Bread wheat (Triticum aestivum) is a hexaploid crop which is difficult to screen for mutants due to presence of three 
genomes. Using both forward and reverse genetics approaches several male fertility genes in wheat have been identified which when mutated, 
confer male-sterile phenotype. The forward genetics approach included positional cloning of a gene for a known male-sterile mutant, wheat ms1. 
For reverse genetics approaches, information from known male fertility genes from other monocot species were used to direct mutations in the 
corresponding wheat genes using double-strand break technologies. Functional analysis of these genes and their mutations showed that male 
fertility in wheat can be attributed to a single homeolog in some instances whereas all three homeologs are required for others. Even when all 
three homeologs are required each genome may have a differential contribution towards male fertility. 



 
P0828: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Gene Expression Atlas of Grain Development in Wheat 
Daoquan Xiang1, Prakash Venglat2, Jinfeng Zou3, Rui Wen3, Vivijian Babic3, Richard D. Cuthbert4, Curtis J Pozniak5, Edwin 
Wang6 and Raju Datla1, (1)National Research Council Canada, Saskatoon, SK, Canada, (2)Natioanl Research Council Canada, 
Saskatoon, SK, Canada, (3)National Research Council Canada, saskatoon, SK, Canada, (4)AAFC-SPARC, Swift Current, SK, 
Canada, (5)University of Saskatchewan, Saskatoon, SK, Canada, (6)National Research Council Canada, Montreal, QC, Canada 
Wheat is globally one of the most important crops. In recent years, there has been significant interest to improve this crop to meet the current and 
future global demands. Recent advances in genomics based approaches are contributing to development of new tools for applications in several 
crops. We are using genomics based approaches to advance the understanding of grain development in wheat. Towards this goal, we focused our 
studies on developmental and gene expression programs of grain from fertilization to maturity in hexaploid, tetraploid and diploid wheat species. 
These studies include dissection and isolation of tissues from key phases of grain development and detailed analyses of these using Nomarski and 
electron microscopy, followed by RNA-seq based approaches to profile transcriptomes associated with these tissues. Analyses of the results 
revealed gene expression programs specific to embryo, endosperm and pericarp compartments as well as dynamic programs that are regulated 
coordinately between these tissues and different genomes. Comparative expression analysis of A, B and D genomes suggest differential 
regulation of some of the alleles representing these three genomes. Key findings from these studies and their implications to grain development 
in wheat will be presented. 
 
P0829: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Evaluation of Multivariate and Random Regression Models in High-Throughput Phenotyping Traits to Improve Genomic 
Prediction for Yield in Wheat 
Jin Sun1, Jessica Rutkoski2, Jesse Poland3 and Mark E Sorrells1, (1)Cornell University, Ithaca, NY, (2)Cornell University & 
CIMMYT, Ithaca, NY, (3)Kansas State University, Manhattan, KS 
High-throughput phenotyping (HTP) traits, such as, canopy temperature (CT) and normalized difference vegetation index (NDVI), can be 
applied for indirect selection for yield because of their correlations. The objectives are: 1) Identify statistical models that could efficiently utilize 
the information of HTP longitudinal data by comparing multivariate (MV) with random regression (RR) models; 2) Test the ability of HTP traits 
for improving genomic prediction accuracy for yield based on the proposed models. In this study, HTP traits, yield, and genetic data were 
collected for 557 wheat lines. HTP traits at different time points were considered as multiple response variables in a multivariate (MV) model. 
The random regression (RR) model involves growth trajectory for HTP traits collected over time and the high correlation between HTP 
observations can be reduced by a random regression function in the RR model. We found that genomic prediction accuracy for yield was 
increased in both MV and RR models for HTP traits in both training and testing populations by comparing with HTP traits only in the training 
population. Heritability for HTP traits was higher in the RR model than the MV model, however genetic correlation between HTP traits and yield 
were lower in the RR model compared to the MV model. In addition, although the RR model has advantages of fitting random regression 
coefficients individually, it was not superior to the MV model based on current genomic prediction results. In order to take advantage of 
longitudinal information efficiently using the RR model, more work is necessary to determine the growth curve between HTP traits and time and 
variation of each individual genotype around the curve. 
 
P0831: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Extending Genetic Diversity of the Cultivated Wheat By Synthetic Hexaploid Wheats for Grain Yield 
Jafar Jafarzadeh1, David Bonnett2, Jean-Luc Jannink1 and Mark E Sorrells1, (1)Cornell University, Ithaca, NY, (2)Bayer Crop 
Science, Fargo, ND 
To introduce novel genetic diversity into the bread wheat gene pool from its progenitor, Aegilops tauschii,20 CIMMYT spring bread wheat 
(BWs) were crossed to 33 primary synthetic hexaploid wheats (SYNs) in 2008 in CIMMYT, Mexico. Populations were developed through single 
seed decent by backcross, bi-parental and three-way crosses. Selection of progeny was based on plant height, days to heading and maturity. Yield 
trials were conducted under irrigated, drought and heat-stress conditions from 2011 to 2014 in Cuidad Obregon, Mexico. DArT-seq GBS 
markers was used for genotyping. Genomic estimated breeding values (GEBVs) of synthetic derived lines (SDLs) and parents were estimated 
using GBLUP model with markers. The genetic variation of parents and SDLs was assessed in A, B and D genomes using polymorphism 
information content (PIC). Mean PIC values for SYNs and BWs were similar in A and B genomes (0.23) while they were 0.37 for SYNs and 
0.05 for BWs in D genome. The overall mean PIC was 0.18, 0.28 and 0.31 for BWs, SYNs and SDLs, respetivelly. Average GEBVs (AGEBVs) 
of grain yield were 0.9 for top 10% of populations (Top10%) and 0.94 for recurrent BWs (RBWs) under irrigated condition. They were 0.34 and 
0.30 for Top10% and RBWs under drought stress, respectively. Under heat stress, AGEBVs were 0.55 and 0.26 for Top10% and RBWs, 
respectively. The synthetic wheats extende diversity of cultivated wheat and increase GEBVs of progenies by introgression of positive alleles to 
the wheat gene pool.  
Keywords: genetic diversity, synthetic wheats, genomic estimated breeding value. 
 
P0832: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Determinants of Grain Yield in Wheat Revealed By Assimilate Partitioning 
Zifeng Guo1, Dijun Chen2, Martin W. Ganal3, Marion S. Röder1 and Thorsten Schnurbusch4, (1)IPK, Gatersleben, Germany, 
(2)Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany, (3)TraitGenetics GmbH, Gatersleben, 
Germany, (4)Leibniz-Institute of Plant Genetics and Crop Plant Research (IPK), OT Gatersleben, Stadt Seeland, Germany 
Increasing the sink strength of the spike is crucial for wheat breeding, so manipulating assimilate partitioning is an important strategy for 
improving grain yield of wheat. We carried out cluster analysis of 54 yield-related traits from competing plant parts of wheat at harvest to 
investigate their phenotypic relationship. Competing plant parts or organs include pairs of: tiller:main shoot, spike: stem, spikelets within spikes, 
florets within spikelets, spike chaff-grains. Generally, we found that traits obtained from the same pair of competing plant organs show higher 



similarity (e.g. 5 traits measured for spike and stem) and clustered together. By using genome-wide association mapping (GWAS), we mapped 
these 54 traits in 200 genotypes to genetically dissect assimilate partitioning between competing plant parts of wheat. For example, the GWAS 
results obtained for tiller number, tiller dry weight (DW), main shoot DW and ratio of tiller DW/main shoot DW were used to genetically 
demonstrate to what portion assimilates were allocated between tiller and main shoot. Overall, GWAS results showed that traits belonging to the 
same pair of competing plant organs often shared the same quantitative loci (QTL). In addition, we found a large percentage of QTLs that were 
shared among the five competing pairs mentioned above, but more QTLs were only specific for one pair of competing plant parts. GWAS results 
further suggested that VRN, Ppd, FT, Rht, and Q genes are involved in the regulation of assimilate distribution between competing plant parts. 
 
P0833: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Rapid Identification of Grain-Size Related Genes through Mutational Genomics in Hexaploid Wheat 
Nikolai M. Adamski, John Innes Centre, Norwich, United Kingdom 
Yield is an important and highly polygenic trait in wheat. We propose that by breaking down yield into its individual components we can 
simplify the genetic study of this trait. Our work focuses on grain morphometric parameters (grain length and width) and we have used chemical 
mutagenesis to generate novel induced variation in hexaploid wheat. We have generated a population of 1,727 hexaploid wheat lines (cv 
Cadenza) which have a mutation density of >40 mutations per Mb. We conducted a forward genetic screen for grain morphometric mutants on 
this population over two consecutive field seasons. We identified a set of lines with consistent increases in grain length and width characteristics, 
many leading to increases in grain weight. To identify the underlying mutation, we have crossed a subset of these lines back to the original parent 
to create F2 populations which only segregate for the EMS-induced mutations present in the grain size mutant. Four of these populations were 
analysed for grain size, including populations in which significant increases in grain weight are observed but where no compensation is observed 
in other yield components such as spikelet or grain number. We have prepared bulks of extreme lines from either end of the distribution to 
determine segregation of mutants using exome-capture and next-generation sequencing. We expect to see an association between the phenotype 
and the mutation frequency within the bulks. This approach is new to wheat research and could lead to the rapid identification of genes related to 
grain size, or additional traits. 
 
P0834: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome-Wide Association Study in Bread Wheat Identifies Loci for Grain Protein Concentration and Test Weight 
Hung Q. Dao, Scott Reid, Judith Harrington and Patrick Byrne, Colorado State University, Fort Collins, CO 
Wheat is one of the top three staple grains in the world, along with rice and maize. Bread wheat (Triticum aestivum) is an allohexaploid 
(AABBDD) with a large (17 Gb) genome for which mapping efforts have been underway for many years. Wheat breeders list grain protein 
concentration and test weight as the principal grain traits of interest to wheat producers. The Triticeae-Coordinated Agricultural Project's winter 
wheat association mapping panel of 299 modern and historically important cultivars and lines adapted to the United States Great Plains region 
was grown in four environments during the 2011-2012 and 2012-2013 growing seasons. Phenotypic data were collected for a variety of 
agronomic and grain quality traits. A genome-wide association study (GWAS) found several putative loci associated with grain protein 
concentration on chromosomes 2A, 4A, and 2D, and for test weight on chromosomes 1B, 2B, 3B, and 4B. 
 
P0835: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Increased Grain Amylose and Resistant Starch in a Quintuple SBEII-Mutant Common Wheat 
André Schönhofen1, Brittany Hazard1, Xiaoqin Zhang2 and Jorge Dubcovsky2, (1)University of California - Davis, Davis, CA, 
(2)University of California, Davis, CA 
The starchy endosperm of the wheat kernel is a major source of carbohydrates worldwide. Starches with a higher proportion of amylose have 
greater content of resistant starch, a fermentable dietary fiber that can provide health benefits. A strategy to increase the levels of resistant starch 
is to pyramid mutations in the STARCH BRANCHING ENZYME II (SBEII) isoforms SBEIIa and SBEIIb in the three homoeologs present in the 
A, B and D genomes of common wheat. In this study we report the effect of four different combinations of five mutations in SBEIIa/b paralogs 
and homoeologs that were incorporated into the hexaploid wheat cultivar Lassik. Grain total starch content, relative amylose content, resistant 
starch content and starch viscosity parameters showed significant differences between mutant and wild-type genotypes. The quintuple mutant 
line (mutated SBEIIa/b in A and B genomes, and SBEIIa in D genome) presented 57% increases in amylose content (P < 0.01) and 1002% 
increases in resistant starch (P < 0.01) relative to the non-mutagenized control. In a field experiment, the quintuple mutant showed a 7.8% 
reduction in total starch (P < 0.01) and in a greenhouse a slight 7.0% reduction in kernel weight that was not significant. The quintuple mutant 
line also presented significant differences in starch viscosity parameters. The release of common wheat germplasm combining 
five SBEII mutations is expected to expedite the development of varieties with increased amylose and resistant starch content. 
 
P0836: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Mapping and QTL Analysis for End-use quality in Hard Red Winter Wheat 
Silvano Ocheya1, Maria Fuentealba2, Sharris Vader1, Joseph Awika1, Amir Ibrahim1, Jackie C Rudd2, Qingwu Xue2, Ravindra 
Devkota2, Jason Baker2 and Shuyu Liu2, (1)Texas A&M University, College Station, TX, (2)Texas A&M AgriLife Research, 
Amarillo, TX 
Molecular tagging of end-use quality traits including rheological properties of wheat is an essential component of wheat breeding and genetic 
pipeline.  End-use quality of wheat defines the price as well as acceptability of wheat and wheat products. We used 90K SNP array to fingerprint 
217 wheat recombinant inbred lines (RILs) from an elite by elite cross, CO960293-2 × TAM 111. The population was evaluated for flour protein 
content using Near Infrared (NIR) spectroscopy, kernel diameter, kernel weight, test weight, and flour rheology. A linear mixed model for multi-
trait quantitative trait loci (QTL) analysis revealed significant QTL on chromosome 1D, 1B, 2B and 5A and 5B, associated with mid-line peak 
integral (MLPI), mid-line peak time (MLPT), mid-line peak width (MLPW),  hardness index (HI) and protein content (PC). Most traits showed 
significant QTL × trait and QTL × environment interactions. The maximal R2 for MLPW and MLPT in individual environment ranged from 



12.6% to 32.8%. Co-localization of MLPI, MLPW and MLPT was observed in all the environments suggesting possible linkage or pleiotropic 
effects. Markers linked to QTL for end-use quality are potential tools for marker-assisted selection in wheat. 
 
P0837: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Characterization of Flowering Locus T2 (FT2) in Wheat and Brachypodium 
Lindsay Shaw1, Bo Lv2, Rebecca Nitcher1, Chengxia Li1,3, Xiuli Han2, Daolin Fu2 and Jorge Dubcovsky1,3, (1)University of 
California Davis, Davis, CA, (2)Shandong Agricultural University, Tai'an, China, (3)Howard Hughes Medical Institute, Chevy 
Chase, MD 
The precise timing of the developmental transition from vegetative to reproductive growth (flowering) has a major impact on end yield potential 
and the adaptability of crop species. The two major external stimuli used by temperate cereals to coordinate flowering with seasonal changes are 
temperature and light, through the vernalization and photoperiod pathways. These pathways converge on Flowering Locus T1 (FT1). FT belongs 
to the small multigene PEBP family of which there are six FT-like members in wheat. While data suggests FT1 is a key gene in the induction of 
flowering, its deletion delays flowering less than one month, suggesting that other FT-like genes may have overlapping functions. In this study, 
we characterized FT2 homologs in the temperate grasses Brachypodium distachyon, barley and wheat using transgenic and mutant approaches. 
Transgenic Brachypodium and barley plants over-expressing FT2 flowered extremely early, confirming the role of FT2 as a floral promoter. 
Downregulation of FT2 by RNAi in Brachypodium was associated with a significant eight day delay in flowering and reduced seed set. Loss-of-
function mutations in FT-A2 (alone or in combination with mutants for FT-B2) resulted in a small but significant delay in flowering in the field. 
Taken together these results indicate that FT2 is not essential for flowering, but it does contribute to the promotion of flowering in both 
Brachypodium and wheat. We also found that FT2 gene expression profiles differ from those of FT1, suggesting that these two genes may have 
independent roles in the regulation of flowering in temperate cereals. 
 
P0838: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Selection Strategies for Increasing Water Soluble Carbohydrate Accumulation in Wheat 
Ben Ovenden, NSW Dept of Primary Industries, Yanco, Australia, Andrew Milgate, NSW Dept of Primary Industries, Wagga 
Wagga, Australia, Greg Rebetzke, CSIRO Agriculture Flagship, Black Mountain, Australia, Len Wade, Charles Sturt University, 
Wagga Wagga, Australia and James B. Holland, North Carolina State University, Raleigh, NC 
Increased water soluble carbohydrate concentration in stem bases has been shown to contribute to stability of grain yield of wheat under terminal 
water deficit. Initial studies have indicated moderate broad sense heritability, however molecular marker technologies could facilitate greater 
genetic gain for this complex trait. 
Water soluble carbohydrate accumulation is subject to the dynamics of supply from photosynthesis and demand from maturing grains and other 
sinks, but is also influenced by phenology, plant size, stem diameter, and canopy senescence, under the influence of declining water availability 
during grain fill. This study examined genetic contributions to expression of water soluble carbohydrate concentration and its relationship to 
yield expression in contrasting environmental conditions. The study focused on genotype ×environment interactions, and investigated the 
application of genome-wide association studies (GWAS) and genomic selection to genetic improvement. 
Genotype ×environment interactions were complex, and experiments clustered into well-watered and water deficit environments. As expected for 
such a complex trait, GWAS did not identify any major loci explaining substantial genetic variance. Genomic prediction models for each 
environment cluster provided a robust whole genome analysis which assisted understanding of genetic control of this complex trait. The relative 
accuracy from genomic selection compared to phenotypic selection indicates that genomic selection may be more effective strategy to select for 
increased carbohydrate concentration. 
The results are discussed in terms of refinement of breeding strategies for wheat cultivars with improved capacity to tolerate terminal water 
deficit and greater yield stability. 
 
P0839: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Influence of Genotype and Environment on Wheat Grain Fructan Content 
Lynn D. Veenstra1, Mark E Sorrells1 and Jean-Luc Jannink2, (1)Cornell University, Ithaca, NY, (2)USDA-ARS / Cornell 
University, Ithaca, NY 
Fructans are naturally occurring plant oligo- and polysaccharides composed of fructose molecules. These polymers are known to serve as carbon 
stores and as a potential form of protection against water deficit. In addition to serving valuable roles in plant growth and development, the 
characteristics of fructans have potentially beneficial effects on human health. Approximately 15% of flowering plant species contain fructans, 
including wheat.  
Genotypic variation for inulin, a specific type of fructan, in wheat is known to exist. To date, no published studies have examined other factors 
influencing variation of total wheat grain fructan content. Utilizing materials from a multi-year, multi-environment study, factors influencing 
variation of wheat grain fructan content in 289 winter wheat varieties will be examined.  
Information regarding the effects of genotype and environment on wheat grain fructan will be utilized for implementing recurrent genomic 
selection in winter wheat and guiding future decisions regarding breeding methodologies for total fructan content in wheat.  A greater 
understanding of the effects of genotype and environment on fructan content will have implications for breeders, producers, and the food 
industry. 
 
P0840: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Analysis of EMS Induced High Molecular Weight Glutenin Subunit 1Dx5 and 1Dy10 Alleles in Common Wheat 
Andrew C. Hogg1, Mike Giroux1, Jakob Kammeraad2, Jinrui Zhang3 and John M. Martin1, (1)Montana State University, Bozeman, 
MT, (2)Montana State Univ, Bozeman, MT, (3)Delft University of Technology, Delft, Netherlands 
The high molecular weight glutenin subunit genes (HMW-GS) in wheat (Triticum aestivum L.) play a key role in determining dough 
functionality. More specifically allelic variation for the Glu-D1 subunit loci is associated with bread making quality. Since much of the hard 



wheat germplasm is fixed for the 1Dx5+1Dy10 haplotype, our goal was to identify allelic variation in 1Dx5 and 1Dy10 HMW-GS genes using 
an EMS mutagenized population in the soft white spring wheat cultivar ‘Alpowa’. A second goal was to examine their impact on gluten strength 
and dough handling properties. Phenotypic screening for gluten strength and direct sequencing of M2 families was used to identify mutations. 
Phenotypic screening of M2 families identified three nonsense and one missense mutation from families with low gluten strength. Direct 
sequencing showed a mutation discovery density of 1/12.7 kb and identified 135 mutations of which 59% were missense mutations. A subset of 
missense and nonsense mutants were crossed to the Alpowa parent and dough handling properties were measured from mutant and wild type 
counterparts from field grown F2 populations. All nonsense mutations in 1Dx5 and 1Dy10 showed significant loss of function. On average the 
mutations reduced dough resistance, extensibility, mix time, and increased water absorption but increased flour protein. Three missense 
mutations were identified that showed increased dough resistance and/or extensibility. Such mutations show promise of expanding the 
phenotypic variability for these dough traits. 
 
P0841: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
SNP Markers Linked to Wheat Pre-Harvest Sprouting Resistance Identified in an Association Study Can Significantly 
Improve Selection Efficiency 
Meng Lin1, Shubing Liu1, Guorong Zhang2, Jianming Yu3 and Guihua Bai4, (1)Kansas State University, Manhattan, KS, (2)Kansas 
State University, Hays, KS, (3)Iowa State University, Ames, IA, (4)USDA ARS, Manhattan, KS 
Wheat pre-harvest sprouting (PHS), germination of physiologically matured grains in a spike before harvesting, can cause significant reduction 
in wheat end-use quality and thus in grain sale price. Evaluation of a large number of wheat lines for PHS resistance in wheat breeding is time 
and effort consuming, and genetic markers can provide prediction by taking advantages of linkage disequilibrium. In this study, genome-wide 
association study (GWAS) was conducted using a panel of 185 U.S. wheat lines that were genotyped with the 9K iSelect single nucleotide 
polymorphism (SNP) assay to identify SNP markers closely related to PHS resistance. The identified markers closely linked to quantitative trait 
loci (QTL) for PHS resistance were used to predict PHS resistance for each wheat line. The predicted result was compared with that from 
genomic prediction. The panel was evaluated for PHS resistance in Manhattan and Hays in both 2013 and 2014. GWAS identified 6 QTLs on 
chromosomes 3A, 4A, 6A, 7A, 1B and 3B, and these QTLs showed varied effects under different environments. Thirteen SNPs identified in 3 
QTL regions were used to predict PHS resistance, and the prediction accuracies were compared with those of different genomic prediction 
methods (ridge regression BLUP and the Bayesian methods). The set of significant SNPs identified in association study made the best prediction 
among all the prediction methods used. Therefore, for those quantitative traits that are mainly controlled by a few major QTL, marker-assisted 
selection can be more effective than genomic selection. 
 
P0842: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome-wide Association Mapping of Preharvest Sprouting Traits in PNW White Winter Wheat 
Shantel A. Martinez1, Kendra L. Jernigan1, Rehana S. Parveen1, Kimberly Garland Campbell2, Arron H. Carter1 and Camille M. 
Steber2, (1)Washington State University, Pullman, WA, (2)USDA-ARS, Pullman, WA 
Preharvest sprouting (PHS), the germination of grain on the mother plant under cool and wet conditions, is a reoccurring problem for wheat 
farmers worldwide.  PHS susceptibility can lead to degradation of starch granules which results in low Falling Numbers (FN).  Low FN grain 
produces poor quality bread and cakes.  PHS susceptibility is also associated with lower seed dormancy.  Too much seed dormancy can result in 
poor seedling emergence of winter wheat when grain is planted approximately 8 weeks after harvest.  Association mapping can help increase 
breeding efforts towards PHS tolerance by identifying genetic loci contributing to PHS-related traits in PNW germplasm.  This study evaluated a 
panel of 469 white winter wheat cultivars and elite breeding lines.  The panel was genotyped using the 90k SNP Illumina iSelect array and 
25,968 polymorphic markers were identified.  PHS tolerance was examined using three PHS-related traits: 1) spike wetting tests, 2) falling 
numbers, and 3) emergence.  A mixed model analysis was used to obtain BLUPs for all of the PHS-related traits over 2-3 environments in 
Washington State and also to determine loci association.  Association mapping was conducted using the GAPIT R package.  In order to account 
for the presence of population structure, principal component and kinship matrix analyses were conducted and incorporated. The panel had three 
kinship groups based on the end-use class and breeding program of origin.  Novel loci identified in this study can improve PHS tolerance in a 
breeding program through marker assisted selection. 
 
P0843: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic and Physical Mapping of the Earliness per se Locus EpsAm1 in Triticum monococcum Identifies EARLY 
FLOWERING 3 (ELF3) as a Candidate Gene 
Maria Alejandra Alvarez1, Gabriela Tranquilli2, Silvina Lewis2, Nestor Kippes1 and Jorge Dubcovsky1, (1)University of 
California, Davis, CA, (2)Instituto de Recursos Biológicos - INTA Castelar, Buenos Aires, Argentina 
Wheat cultivars exposed to optimal photoperiod and vernalization treatments still exhibit differences in heading time. This variation, known as 
earliness per se (Eps), is important for the fine-tuning of flowering and the adaptation to different environments. We previously identified the 
Eps-Am1 locus from Triticum monococcum and showed that the allele from cultivated accession DV92 significantly delays flowering and 
increases the number of spikelets per spike relative to the allele from wild accession G3116. We expanded a high-density genetic map and 
physical map of the Eps-Am1 region and identified the wheat ortholog of circadian clock regulator EARLY FLOWERING 3 (ELF3) as one of the 
candidate genes. No differences were found in ELF3 transcript levels between NILs carrying the DV92 and G3116 Eps-Am1 alleles, but the 
encoded ELF3 proteins differed in four amino acids. These differences were associated with altered transcription profiles of PIF-like, PPD1 and 
FT1, which are known downstream targets of ELF3. Tetraploid wheat lines with combined truncation mutations in the A- and B-genome copies 
of ELF3 flowered earlier and had less spikelets per spike than the wild type control under SD and LD conditions. Both effects were stronger in 
the photoperiod sensitive than the photoperiod insensitive background, indicating an epistatic interaction between PPD1 and ELF3. By contrast, 
the introgression of the T. monococcum chromosome segment carrying Eps-Am1-l allele from DV92 into durum wheat delayed flowering and 
increased the number of spikelets per spike in the field, providing a novel allele to modulate flowering time and spike development in wheat. 
 



P0844: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Analysis of Tetraploid Wheat Root Traits 
Anna-Maria Mastrangelo, Maria Anna Russo, Daniela Marone, Pina Ferragonio, Valentina Giovanniello, Anna Iannucci, Giovanni 
Laidò, Pasquale De Vita and Nicola Pecchioni, CREA - Cereal Research Centre, Foggia, Italy 
Durum wheat (Triticum turgidum L. var. durum) is a very important crop in the Mediterranean basin. Intense breeding activities are carried out 
to improve its productivity, quality and resistance, and new genomic tools are essential to speed up the breeding progress. A segregating 
population of 136 recombinant inbred lines (RILs) derived from a cross between the durum wheat cv. Simeto and the T. dicoccum accession 
Molise Colli was genotyped with the wheat 90k iSelect Infinium SNP assay and DArTseq assay. Out of 174,396 wheat SNP and silico DArT 
markers (81,587 derived from 90k SNP assay and 92,809 from DArTseq), a total of 44,652 were polymorphic between the parents (10,680 and 
33,972 respectively). A linkage map was developed with 31,756 SNP markers (9,040 derived from 90k SNP assay and 22,716 from DArTseq) 
and twenty one linkage groups which covered all of the chromosomes. Simeto and Molise Colli were characterized by a quite different 
development of the root apparatus, and in particular Molise Colli showed more a larger root system in terms of root length and diameter. The root 
measurements were performed with the Win-RHIZO system which is an interactive scanner-based image analysis system for the scanning, 
digitising and analysis of root samples. A total of 18 QTL were identified on chromosomes 1B, 2A, 3A, 4B, 6A, 6B and 7B. A part of the 
phenotypic variability for root apparatus size was explained by the 4B QTL corresponding to Rht region. Most of the QTL were contributed by 
Molise Colli, but for some QTL on chromosomes 6B and 7B a positive effect was found for the Simeto allele. Wild and domesticated relatives of 
wheat represent a valuable source of alleles useful for improving durum wheat, which can be transferred to varieties of elite with crosses. The 
parents of the genetic map herein represented differ for a number of traits of agronomic importance for durum wheat. Therefore the SNP-based 
Simeto x Molise Colli linkage map represents a useful tool for the genetic improvement of durum wheat. 
 
P0845: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Characterization of Gliadins Using Aneuploid Lines in Chinese Spring Wheat 
Kanako Kawaura1, Mayuko Miura1, Tatsuya M. Ikeda2 and Yasunari Ogihara1, (1)Kihara Institute for Biological Research, 
Yokohama City University, Yokohama, Japan, (2)NARO, Western Region Agricultural Research Center, Fukuyama, Japan 
Gluten comprises glutenins and gliadins and plays an important role in the property of flour. Genes encoding gluten proteins consist of multigene 
families in the wheat genome. Gliadins are further classified into α/β, γ, and ω-gliadins; α/β-gliadins are encoded by an exceptionally large 
number of multigenes. Furthermore, certain α/β-gliadins cause celiac disease (CD). To characterize each gliadin, 2D-PAGE profiles of gliadins 
extracted from mature seeds were compared among Chinese Spring wheat (CS) and its aneuploid lines. Gliadins were separated into 70 spots and 
their chromosomal location of genes was determined. Interestingly, specific α/β-gliadins derived from the 6D chromosome were partially lost in 
the tetrasomic 2A lines. Western analysis showed that α/β-gliadins harboring CD epitopes were specifically suppressed in these lines. Gene 
expression of α/β-gliadins was measured by quantitative RT-PCR. The suppression occurred in mRNA accumulation during seed development. 
These results suggested that the 2A chromosome of CS suppresses the gene expression of specific α/β-gliadins. The information of 70 
characterized gliadin spots and their regulation should be useful for breeding hypoallergenic wheat. 
 
P0846: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Modulation of the Vernalization Requirement of Hexaploid Wheat by Non-Functional VRN2 Alleles 
Nestor Kippes1, Andrew Chen1, Xiaoqin Zhang1, Adam Lukaszewski2 and Jorge Dubcovsky1, (1)University of California, Davis, 
CA, (2)University of California, Riverside, CA 
Plants respond to environmental cues in order to adjust the timing of flowering and ensure reproductive success. In winter wheats a prolonged 
exposure to low temperatures (vernalization) accelerates the transition from vegetative to reproductive stages. This response is controlled by the 
VRN2 locus, a long day dependent repressor of flowering. Natural variation in VRN2 is important in the determination of growth habit in diploid 
wheat and barley, but little is known about the natural variation of VRN2 in hexaploid wheat, except that the VRN-A2 locus is not functional. 
Here we characterized a non-functional VRN-D2 allele from Aegilops tauschii (progenitor of the D genome) and combined it with a natural 
deletion of the VRN-B2 locus to develop a hexaploid wheat line with non-functional VRN2 genes. This line carries alleles for winter growth habit 
at the three VRN1 homoeologous loci.  In the absence of vernalization, plants carrying mutations only in VRN-B2 or VRN-D2 (in addition to the 
non-functional VRN-A2) flower as late as the plants carrying both functional alleles. By contrast, when non-functional alleles were combined in 
the three homeologous genomes, heading time was accelerated by more than 100 days (P<2.8E-07). This hexaploid line with loss-of-function 
mutations in all three VRN2 loci can be used as tester line to characterize the VRN2 natural variation in hexaploid wheat and it can also be useful 
tool to determine the adaptative value of this alternative way to generate spring growth habit in hexaploid wheat. 
 
P0847: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
QTL Analysis for Grain Failing Rate and Related Traits in Doubled Haploid Population of Wheat Under Heat Stress 
Conditions 
Abdullah A. AL-Doss1, Mohamed N. Barakat1, Khaled A. Moustafa1, Mohamed Motawei2, Adel A. Elshafei1, Mohammed 
Alamri3, Mohammed S. Sallam1 and Ibrahim M. Al-Ashkar1, (1)Plant Production Dept.- King Saud University, Riyadh, Saudi 
Arabia, (2)Al-Qassim University, Burida, Saudi Arabia, (3)Dept. of Food Sciences and Nutrition, College of Food and Agricultural 
Sciences, King Saud University, Riyadh, Riyadh, Saudi Arabia 
Doubled haploid (DH) population (Yecora Rojo X Ksu106) developed from a cross of a high-quality, heat-sensitive wheat cultivar (Yecora Rojo) 
and an adapted Saudi wheat line characterized by poor bread making quality, heat tolerance and high yield potential (Ksu106) was used to 
identify molecular markers linked to a wheat (Triticum aestivum L.) grain failing rate and related traits under heat stress conditions. The parents 
and 100 DH were evaluated phenotypically for heat tolerance at two locations. 800 simple sequence repeat (SSR) primers were tested for 
polymorphism among the parental genotypes and the DH lines. Composite interval mapping detected 34 QTLs for grain failing rate and related 
traits under heat stress conditions. These QTLs were distributed over all 21 wheat chromosomes except 3A, 4A, 6A, 7A, 4B and 4D, and they 
explained 6– 48 % of the phenotypic variation for the individual traits. Of these QTLs, 24 QTLs explained phenotypic variation over 20 %, and 



two were detected in both locations. One notable tow QTLs for grain falling rate on chromosome 1D and 3B at Riyadh location were detected in 
both environments (normal condition and heat stress condition), and accounted over 20% of phenotypic variation. All of the QTLs for grain 
failing rate and related traits had a positive additive effect indicating contribution of alleles increasing the traits by the tolerant parent Ksu106. In 
addition, the positive additive effects indicated the relative importance of additive gene effects in controlling the traits for heat tolerance in DH 
lines. Therefore, these markers linked to QTLs for the grain failing rate and related traits under heat stress conditions can be further used in 
breeding for heat tolerance in wheat. 
 
P0848: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Physical Mapping of New High Temperature Adult Plant Resistance (HTAP) Locus in Wheat Cultivar Louise 
Taras Nazarov, Washington State University, Pullman, WA 
Wheat is the major source of plant-based food in the world. One of the most severe pathogens that threatens wheat production worldwide is 
stripe rust caused by Puccinia striiformis f. sp. Tritici. Genetic resistance to rust proved to be the most economically efficient method to control 
the pathogen. Previously used major resistance genes, while granting strong initial effect, showed rapid loss of function due to pathogen’s 
evolutionary arms race. Finding durable non-specific resistance is the most current direction for the pathogen control. High temperature adult 
plant resistance (HTAP) previously reported as promising trait that grants resistance to broad range of stripe rust races with high level of 
resistance especially in warm climatic conditions. Here we report physical mapping of the novel HTAP locus in wheat cultivar Louise. Louise x 
Penawawa mapping population was selected for current study based on previous field resistance screenings. Stripe rust inoculation on resistant 
and susceptible lines was followed by RNA extraction and next generation transcriptome sequencing. Transcriptome analysis with differential 
expression profiling was used for the selection of putative genes of interest. Further synteny analysis utilizing wheat SNP database followed by 
target amplifications and restriction essays lead us to the mapping of the polymorphic marker of HTAP locus on the short arm of chromosome 
2B. 
 
P0849: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Mapping for Heat and Drought Tolerance in Spring Wheat 
Sivakumar Sukumaran, International maize and wheat improvement center, texcoco, Mexico, Matthew Reynolds, CIMMYT, 
Mexico D.F., Mexico and Mariano Cossani, International maize and wheat improvement center, Texcoco, Mexico 
Wheat represents about 30% of the world cereal area, with 220 million ha cultivated worldwide, often under abiotic stress. Despite advances in 
understanding the genetic basis of flowering time and disease resistance, the genetic basis of heat and drought tolerance is poorly understood. At 
present in the CIMMYT physiology group, we have developed and tested several physiological traits related to heat and drought stress that can 
be used for gene discovery and physiological breeding. Conceptual models for heat and drought stress tolerance to genetically improve wheat 
through physiological traits were proposed earlier. In this talk, we will focus on the genetic mapping of physiological traits associated with heat 
and drought tolerance. Heat stress tolerance was measured using spectral indices to detect photo protective molecules, membrane thermostability 
and stay green traits. Genome-wide association mapping was done on a Wheat Association Mapping Initiative (WAMI) panel for these traits. 
Also a complementary bi-parental approach was followed on a phenology controlled population—Synthetic × Weebil— to study heat, drought, 
and heat+ drought tolerance. These populations were genotyped through 90K SNP markers. Several candidate regions were identified for the 
traits that co-localized with earlier detected QTLs in the present study. These regions will be further studied for fine mapping as well as marker 
assisted selection for improving drought and heat tolerance in spring wheat. 
 
P0850: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Positional Cloning of a QTL, qDHY.3BL, on Chromosome 3BL for Drought and Heat Tolerance in Bread Wheat 
Pauline M.L. Thomelin1,2, Julien Bonneau3, Julian D. Taylor2, Frederic Choulet4, Pierre Sourdille4, Peter Langridge2, Penny J. 
Tricker1,2 and Delphine Fleury1,2, (1)Australian Centre for Plant Functional Genomics, Glen Osmond, Australia, (2)University of 
Adelaide, Glen Osmond, Australia, (3)School of BioSciences - The University of Melbourne, Melbourne, Australia, (4)INRA 
GDEC, Clermont-Ferrand, France 
Drought and heat are major concerns for wheat production as they dramatically reduce grain yield. Climate change is predicted to lead to more 
episodes of drought and heat and requires the breeding of tolerant cultivars able to sustain production under stress.  A multi-environment analysis 
of a double-haploid population of a cross between two wheat cultivars RAC875 (high yielding under drought) and Kukri (low yielding under 
drought) enabled the detection of a quantitative trait locus (QTL) qDHY.3BL on chromosome 3BL. The RAC875 allele was associated with an 
increase in grain and plant biomass under drought and heat stress. The development of 47 gene-based molecular markers for fine mapping, 
coupled with whole genome sequencing data of the parental lines, and the analysis of recombinant inbred lines using the multi-environment 
model allowed us to narrow down the QTL interval. Compared with the reference Chinese Spring x Renan genetic map, a chromosomal 
rearrangement in RAC875 x Kukri reduced the interval further from 3.5 Mbp in Chinese Spring to ~710 Kbp. We defined a list of 22 genes 
within this interval. Finally, we identified haplotypes at the QTL interval from a diverse wheat panel combining 800 worldwide accessions and 
studied their distribution among these accessions. The positive RAC875 allele was rare and represents a valuable source of abiotic stress 
tolerance. 
 
P0851: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome-wide Association Study of Plant Water Status under Terminal Drought Environments Using Spring Wheat 
Collections 
Junli Zhang1, Shiferaw Gizaw2, Shiaoman Chao3, Eligio Bosolini1, Joshua M Hegarty1, Marco Maccaferri4, Arron Carter5, Eduard 
Akhunov6 and Jorge Dubcovsky7, (1)University of California Davis, Davis, CA, (2)Washington State University, Pullman, WA, 
(3)USDA-ARS, Fargo, ND, (4)DipSA - University of Bologna, Bologna, Italy, (5)Washington State University, Pulllman, WA, 
(6)Kansas State University, Manhattan, KS, (7)University of California, Davis, CA 



Bread wheat (Triticum aestivum L.) is an important crop in the world; however, its production is being affected by more frequent drought stress 
worldwide. In the present study, we evaluated 262 spring wheat collections from different breeding groups in the north America (Canada, USA 
and Mexico, including a few from national small grains collection) for canopy spectral reflectance (CSR) under terminal drought environments, 
and used genome-wide association study (GWAS) to discover quantitative trait loci (QTL) related to plant water status in the grain filling stage. 
Normalized water index 3 (NWI3) was calculated based on the CSR and was used to represent the plant canopy water status. Significant 
correlation between NWI3 and grain yield was observed in all the environments. A total of 19 validated QTL were identified under terminal 
drought conditions. Most of these 19 QTL were also located in the same chromosome regions as previously reported drought related QTL. A few 
of the 19 QTL have been highly distributed in all the breeding programs, possibly due to their beneficial functions; and majority of the favorable 
alleles of the 19 QTL are still in low frequencies in the breeding programs. These QTL have the potential to be used in breeding programs to 
increase the drought tolerance of wheat. 
 
P0852: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Global Metabolic Expression in Wheat Under Post-Anthesis Water Stress Conditions 
Md Babar1, Masum Akond1, Chris Beecher1, Felice Jong2, John Erickson1 and Kayla Thomson1, (1)University of Florida, 
Gainesville, FL, (2)IROA Technologies, LLC, Bolton, MA 
Post anthesis drought is a common limiting factor for many temperate wheat growing regions including the USA. Drought causes significant 
changes in crop growth and yield. Metabolites are the end products of cellular regulatory processes, and their levels can be regarded as the 
ultimate response of biological systems to genetic or environmental changes. The advancement of metabolomics research has provided a great 
opportunity for the plant genetics and breeding community to develop metabolic biomarkers for genetic improvement for stress. To identify the 
metabolites expressed under drought conditions, we exposed soft wheat variety “SS8641” (widely grown wheat variety in Southeastern US) to 
drought conditions. The experiment was conducted under greenhouse conditions in University of Florida, Gainesville, and plants were subjected 
to two water treatments, 100% and 25% field capacity. Leaves were harvested 2 weeks post-anthesis every 3hrs during a 24h period. Each 
sample was mixed with an equal quantity of ground wheat leaf grown under CO2 maintained at 97.5% 13C and 2.5% 12C (as an IROA Internal 
Standard).  Combined samples were extracted and analyzed by LC-MS. Ratios of paired peak areas were measured, normalized and outliers 
determined. In this experiment, a total of 724 IROA peaks were identified over the 48 samples analyzed in both positive and negative mode. 
Several hundred compounds were expressed over the 24h collection periods, including most primary metabolites, flavonoids, aglycones, 
anthraquinones, and a number of their respective glycosides. The most pronounced statistically significant changes were seen in amino acid, 
sugars and antioxidant compounds. Seventy eight compounds were significantly expressed under full irrigated and drought conditions. Some 
compounds like L-tyrosine, L-isoleucine, L-serine, L-aspertate, L-glutamate, 3-hydroxy-3-methylglutarate, L-threonine, D-arabinose, 
sedoheptulose, etc were strongly expressed. These compounds could potentially be associated with drought tolerance in wheat.  
 
P0853: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
QTL Analysis for Grain Failing Rate and Related Traits in Wheat Under Drought Stress Conditions 
Adel A. Elshafei1, Mohamed N. Barakat1, Nasser Al-Suhaibani2, Salah Hendawy2 and Ibrahim M. Al-Ashkar1, (1)Plant Production 
Dept.- King Saud University, Riyadh, Saudi Arabia, (2)King Saud University, Riyadh, Saudi Arabia 
A segregating F6 population from the cross between drought sensitive (YecoraRojo) and drought tolerant (Pavon 76) genotypes was madeto 
identify molecular markers linked to a wheat (TriticumaestivumL.) grain failing rate and related traits under drought stress conditions.The parents 
and 100 F6 lines were evaluated phenotypically for drought tolerance usingtwo irrigation treatments [0.25 and 0.75 m3(H2O) m-2(soil)]. 800 
simple sequence repeat (SSR) primers were tested for polymorphism among the parental genotypes and the RIL lines. Composite interval 
mapping detected 24 QTLs for grain failing rate and related traits under drought stress conditions. These QTLs were distributed over 
chromosomes 2A, 3A, 4A, 7A, 1B, 3B, 5B, 7B, 1D and 7D, and they explained 3– 18 % of the phenotypic variation for the individual traits. All 
of the QTLs forgrain failing rate and related traits had a positive additive effect indicating contribution of alleles increasing the traits by the 
tolerant parent Pavon 76. In addition, the positive additive effects indicated the relative importance of additive gene effects in controlling the 
traits for drought tolerance in RIL lines. Therefore, these markers linked to QTLs for the grain failing rate and related traits under drought stress 
conditions can be further used in breeding for drought tolerance in wheat. 
 
P0854: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Analysis of Plant Height, Coleoptile Length and their Relationships with Rht12 and Rht13 Genes in Wheat 
Murat Mutlucan1, Muzaffer Tosun1, Emre Ilker1, Fatma Aykut Tonk1, Deniz Istipliler1, Patrick Byrne2, Scott Haley2 and Marc 
Maragues3, (1)Ege University, Izmir, Turkey, (2)Colorado State University, Fort Collins, CO, (3)University of California, 
Riverside, California, CA 
In wheat (Triticumaestivum L.) production, deep sowing is beneficial in some regions subject to soil moisture deficits and deeply planted wheat 
with longer coleoptilescould be affectedless by post anthesis drought due to its ability to use water at deeper layers of soil.This study was 
conducted to determine the effects of the semi-dwarfing genes Rht12 and Rht13 on coleoptile length, plant height, and yield-related traits; to 
confirm the inheritance of Rht12 and Rht13 based on molecular markers; and to determine the possibility of obtaining short wheat genotypes 
with long coleoptiles.Two F4 populations derived from the crosses Merj-5 (Rht12)x Scholar and Magsilva-15 (Rht13) x Scholar were used to 
measure coleoptile lengths, plant height and several other agronomic traits.Previously identified simple sequence repeat (SSR) markers were 
screened to detect the F4 lines carrying the responsible dwarfing genes in each population. The mean values of plant height and 1000-kernel 
weight of the lines witheither of the two dwarfing genes were lower than the lines without any Rht genes. The results of marker regression 
analysis revealed that only the marker for Rht13 (Xwms577) had negative and significant effects for those two traits. The segregation of both 
markers (Xwmc410 and Xwms577) were fit a monogenic inheritance pattern for each F4 population. Lines which combined short plant height and 
long coleoptile were obtained in both populations. Development of short wheat genotypes with longer coleoptiles could contribute to emergence 
of the plants and therefore it would be possibleto utilize deep soil water in post anthesis drought stress. 
 



P0855: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Glutamine Synthetase Activity Characterization in Wheat: A New Approach for Evaluating Nitrogen Use Efficiency 
Jonathan C Djietror, University of Adelaide, Adelaide, Australia 
A standard protocol for quantifying Glutamine synthetase (GS) activity in wheat accessions was investigated under high (5.0mM NO3-) nitrogen 
(N) and low N (0.5mM NO3-) treatments. Seedlings of 5 spring wheat parental lines and 2 mapping population sets were cultured in hydroponic 
units. Leaf and root tissues were harvested at 5 different growth points and assayed for 4-glutamylhydroxamate (ι-Glutamic acid Υ-
monohydroxamate) metabolic activity. Leaf and root cDNA samples were synthesized and used for gene expression analysis. Data of the tissue 
enzyme activity was analyzed in a trait x genotype linkage analysis. Analysis of two GS homologs (TaGS1 and TaGS2) linked with NO3- uptake 
show that GS activity was moderated by a number of loci unlinked to the structural genes.  The results also show that GS activity was under 
temporal control as when harvesting date was standardized across different wheat accessions at Zadok’s Scale 39 (Feeke’s, 9) in wheat growth 
stages. The standardization of GS activity analysis reported in this paper provides a fresh perspective for nitrogen use efficiency (NUE) 
evaluation in wheat. 
 
P0856: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Variation in Wheat Root Transcriptome Response to Cadmium 
Mary J. Guttieri, P. Stephen Baenziger, Keenan Amundsen and Brian M Waters, Department of Agronomy and Horticulture, 
University of Nebraska-Lincoln, Lincoln, NE 
Wheat (Triticum aestivum L.) genotypes vary for the propensity to accumulate cadmium (Cd) in grain.  Cadmium is toxic, and producing low Cd 
grain is important to a safe, healthful food supply.  In field-grown plants, grain Cd concentration was proportional to above-ground plant Cd 
concentration at flowering.  In a low-volume hydroponic system, high-Cd wheat genotypes accumulated more Cd in shoots and less Cd in roots 
than a low-Cd wheat genotype.  Root transcriptome response to 1 μM Cd was evaluated in high and low-Cd wheat genotypes using RNAseq 
technology.  Downregulated transcripts outnumbered upregulated transcripts in all genotypes.  Gene ontology (GO) singular enrichment analysis 
identified 22 significantly enriched GO terms in the Cd-upregulated transcripts, including transcripts associated with metal ion binding, and 94 
significantly enriched GO terms in the Cd-downregulated transcripts, most notably transcripts associated with nicotianamine biosynthetic 
processes.  Between the lowest and highest-Cd genotypes, abundance of 134 transcripts responded differently to Cd.  Among these differentially 
responsive transcripts, 105 had GO annotations, and 28 GO terms were significantly enriched, including transcripts associated with 
transmembrane transport, heme binding, and nutrient reservoir activity.  The differentially responsive transcript set included transcripts 
homologous to YS1, an iron-phytosiderophore transporter, which was downregulated in the Cd-accumulating genotype.  Transcripts encoding a 
group of Mn-binding proteins associated with defense response were differentially upregulated in the high-Cd genotype.  Candidate genes for 
differential Cd accumulation, including phytochelatin synthase and genes in the glutathione biosynthetic pathway, HMA3, and NRAMP, were 
not differentially expressed in response to Cd in high and low-Cd genotypes. 
 
P0857: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Seeking Novel Alleles for Tolerance to Boron Toxicity in a Vast Collection of Durum Wheat Entries 
Khaoula EL Hassouni1,2, Meryem Zaim1,2, Bouchra Belkadi2, Abdelkarim M. Filali2, Michel E Ghanem1, Miloudi Nachit1 and 
Filippo Maria Bassi1, (1)International Center for Agricutural Research in the Dry Areas, Rabat, Morocco, (2)Mohammed V 
University, Rabat, Morocco 
Durum wheat (Triticum durum Desf.) is the 10th most important crop grown globally. Many biotic and abiotic constrains affect this crop. 
Among them, there is the sensitivity of durum wheat to toxic or deficient concentration of boron (B) in the soil. While deficiencies can be 
controlled with relative ease by deploying B-rich fertilizers, the same cannot be said for toxicities. The most strategic approach remains a 
combination of agronomical practices to reduce the toxicity levels and the deployment of B toxicity tolerant genotypes. In the present study, a 
collection of 1,500 durum wheat elites and landraces from 42 countries has been investigated for tolerance to extreme levels of B-toxicity in 
aerated hydroponic system. A total of 112 entries (7%) were selected in the first screen and further tested, comparing root length after 10 days 
growing in toxic and non-toxic boron solutions. Of these, the most tolerant genotypes were first an ICARDA elite that carries various 
introgressions from T. polonicum and T. araraticum, followed by an Ethiopian landrace (Ig:85403), and third was the Canadian variety ‘Ac 
Navigator’. This germplasm was tested with markers for Bot1, and none carried the tolerant allele. We concluded that these are novel sources of 
B toxicity tolerance and we are now in the process of searching 8500 SNPs for association to this trait. 
 
P0858: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Accuracy of Genome-Wide Prediction for Fusarium Head Blight Associated Traits in a Spring Wheat Breeding Program 
Emily J. Conley and James A Anderson, University of Minnesota, St. Paul, MN 
The development of wheat varieties with resistance to Fusarium head blight is a major breeding goal for the University of Minnesota’s spring 
wheat breeding program.   Currently, the program selects for FHB resistance using a combination of targeted molecular markers associated with 
major QTL, and phenotypic evaluation in misted, inoculated disease nurseries over several years and environments.  Phenotypic selection for 
FHB resistance is a resource intensive activity, and adds time to the breeding cycle.  Genome-wide predictive modeling of line performance has 
the potential to reduce time and resources allocated to phenotypic selection.  Program and trait-specific models need to be evaluated to 
empirically assess their efficacy in predicting the performance of lines for FHB associated traits.  To assess accuracy of genome-wide prediction 
models for the UMN Wheat Breeding Program, a panel of 383 F7-derived lines were phenotyped in a minimum of five environments between 
2009 and 2013.  The panel was genotyped at high density using the 90K Illumina Infinium iSelect Assay, resulting in 16,697 SNP markers for 
model training and prediction.  Here we present genome-wide prediction model accuracies for FHB-related traits, expressed as the correlation 
between the phenotype predicted by the model, and the BLUP of the observed phenotype. 
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Towards Cloning of the Fusarium Head Blight-Resistance Locus from Thinopyrum elongatum Chromosome 7EL 



Therese Ouellet1, Lulu Gou2, David Konkin3, Jiro Hattori1, Farideh Tekieh1, Danielle Wolfe1, Margaret Balcerzak1, Firoozeh 
Chalabian1, Jan Vrana4, Marie Kubalakova4, Jaroslav Dolezel4, Nicholas A. Tinker1, Andrew G. Sharpe5 and George Fedak1, 
(1)Agriculture and Agri-Food Canada, Ottawa, ON, Canada, (2)Triticeae Research Institute, Sichuan Agricultural University, 
Chengdu, China, (3)National Research Council Canada, Saskatoon, SK, Canada, (4)Institute of Experimental Botany, Olomouc, 
Czech Republic, (5)National Research Council Canada / Global Institute for Food Security (U of S), Saskatoon, SK, Canada 
The wild grass species Thinopyrum elongatum has been identified as a source of strong fusarium head blight (FHB) resistance. Using wheat 
addition lines carrying single Th. elongatum chromosomes, resistance to FHB has been mapped to the long arm of chromosome 7E. This 
resistance is of great interest because it protects wheat against FHB to a high level, and also because the source is located on a single 
chromosome arm, possibly at a single locus, in contrast to other sources of resistance that are complex and multi-genic.   
We are developing  approaches and tools to characterize and clone  the 7EL source of FHB resistance, including: 1) identification of expressed 
7EL candidate genes from contrasting expression profiles between the wheat lines Chinese Spring (CS; FHB susceptible) and CS-7EL (CS plus 
the addition of the long arm of chromosome7E); 2) development of genetic markers for the expressed 7EL candidate genes; 3) assembly of a 
draft genome sequence of the 7EL chromosome fragment, obtained using paired end and mate pair Illumina sequencing libraries; 4) 
characterization of introgressed wheat families containing fragments of 7EL of different sizes, inserted by recombination into the wheat 
chromosome 7D, following a cross between the mutant line CSph1b and the substitution line CS-7E(7D). 
 
P0860: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Increasing the Genetic Variation of Wheat Germplasm by Introgressing Thinopyrum intermedium Chromosomes and 
Chromosome Segments 
Andras Cseh, Surbhi Mehra, Caiyun Yang, Csilla Nemeth, Stella Edwards, Duncan Scholefield, Paul Kasprzak, Stephen S. 
Ashling, Ian P. King and Julie King, The University of Nottingham, Loughborough, United Kingdom 
Wheat (Triticum aestivum L., ABD, 2n=6x=42) is one of the most important food crops in the world. In the next forty years, world food 
production will face an increase in food demand of 70% caused by the growth of the current world population from 6.7 billion to 9 billion. One 
of the challenges to today’s agricultural research is thus to develop new high-yielding wheat cultivars adaptable to a range of climate changes in 
a sustainable manner.  
The transfer of the genetic diversity from wild species provides an important strategy by which wheat can be adapted to the changing 
environment. Intermediate wheatgrass (Thinopyrum intermedium, Barkworth & D.R. Dewey, JJsS, 2n=6x=42) is one of the most promising gene 
sources within the Triticeae. Its main advantages consist of resistance to various diseases (leaf rust, wheat streak mosaic virus, etc.), tolerance to 
abiotic stresses (drought, high temperature, salinity) and perennial growth habit.  
The aim of the present work is to develop a new original strategy to exploit the full potential of the wheatgrass genome in wheat improvement by 
inducing genome wide introgressions in wheat-Th. intermedium hybrids and derivatives. Selection procedures are being facilitated by the use of 
an Axiom 35k (Affymetrix) exome capture based SNP array. From the 2187 polymorphic SNPs identified 343 were mapped on a preliminary 
genetic map composed of 125 BC1, BC2 and BC3plants. To support the SNP data analysis the presence of the wheatgrass introgressions have 
been confirmed by molecular cytogenetic techniques, i.e. GISH and FISH.  
AC gratefully acknowledges support from a Marie Curie Fellowship Grant (FP7-PEOPLE-2013-IEF-625671) under the seventh framework 
program of the European Union. This work was supported by the Biotechnology and Biological Sciences Research Council (BBSRC) (Grant 
BB/100260X/1; “Enhancing diversity in UK wheat through a public sector prebreeding programme”). 
 
P0861: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
The Role of Ethylene in PAMP-Triggered Immunity in Fusarium Crown Rot Disease Resistance in Wheat 
Sara Allen, Purdue University, West Lafayette, IN, Ketaki Bhide, Bioinformatics Core, Purdue University, West Lafayette, IN and 
Steve Scofield, USDA-ARS Purdue University, West Lafayette, IN 
Fusarium Crown Rot (FCR) is a devastating disease of cereal crops worldwide cause by necrotrophic fungal pathogens Fusarium graminearum 
and Fusarium pseudograminearum, resulting in 89% crop loss.  No-till cultivation conservation efforts have led to a resurgence of 
FCR.  Recently, our laboratory has shown that disease resistance to FCR can be enhanced in susceptible wheat cultivars by stimulating the 
ethylene-signaling pathway with ethylene biosynthetic precursor 1-aminocyclopropene-1carboxylic acid (ACC).  Additionally,  resistant 
cultivars become more susceptible when ethylene-signaling is inhibited by treatment with the competitive inhibitor 1-methylcylopropene (1-
MCP).  Stimulating the ethylene-signaling pathway has also shown enhanced basal defense response to pathogen-associated molecular pattern 
flg22 in FCR-susceptible wheat cv ‘Kennedy’ and blocking ethylene perception appears to decrease basal defense response to flg22 in FCR-
resistant wheat cv ‘Bobwhite’.  RNA-Seq analysis of FCR-susceptible wheat cv ‘Kennedy’ during enhanced resistant and genetically susceptible 
interactions has shown a significant difference in Differentially Expressed Genes (DEGs).  In the ACC-treated enhanced resistant interaction, 
7466 and 6716 DEGs were uniquely up and down regulated, respectively.  Many of the DEGs identified by Biotic Stress MapMap analysis fall 
within disease-response categories such as peroxidases, pathogenesis-related proteins, WRKY transcription factors, plant hormone signaling, and 
ethylene response factors.  Further analysis of the RNA-Seq data paired with quantifiable disease responses to FCR and PAMPs will help to 
determine the role of ethylene signaling in defense responses in wheat.  Additional transcriptome analysis will be performed on genetically 
resistant wheat cv ‘Bobwhite’ to identify any correlation between induced and genetic resistance to FCR by evaluating shared DEGs and 
promoter sequences. 
 
P0862: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Eco-Tilling for Fusarium Head Blight Resistance in Hexaploid Wheat 
Patricia L. Vrinten, Andrea Todd and Halim Song, National Research Council, Canada, Saskatoon, SK, Canada 
Fusarium Head Blight (FHB), which is most commonly caused by the fungus Fusarium graminearum, is becoming more of a concern on the 
Canadian Prairies. Besides reducing yields, FHB damage reduces end-use quality, largely due to the production of mycotoxins by F. 
graminearum.  Our objectives were to identify naturally-occurring inactive variants of genes that contribute to increased susceptibility to FHB, to 



develop markers for these variants, and to combine A-, B- and D-subgenome derived copies of these genes by traditional breeding 
methods.  Genes expected to increase susceptibility were identified by various methods, such as expression studies followed virus-induced gene 
silencing (VIGS), or through reviews of the literature. A collection of several hundred lines including landraces and varieties from throughout the 
world were screened for inactive variants of genes of interest using a “tilling by sequencing” approach.  After variants were traced to single lines, 
sequence information was used to develop markers capable of distinguishing variant and wild-type alleles. These markers were used to 
efficiently produce plants containing combinations of one, two or three inactive homoeologous genes. 
 
P0863: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Improvement of Resistance Against Septoria Leaf Blotch Caused By Zymoseptoria tritici in Danish Winter Wheat Cultivars 
Nana Vagndorf1, Nanna Hellum Nielsen1, Vahid Edriss1, Jihad Orabi1, Jeppe R. Andersen1, Lise N. Jørgensen2 and Ahmed 
Jahoor1, (1)Nordic Seed, Galten, Denmark, (2)Aarhus University, Slagelse, Denmark 
Septoria tritici blotch (STB) caused by the ascomycete fungus Zymoseptoria tritici (formerly Mycosphaerella graminicola), is a devastating 
disease causing major yield losses in winter wheat. It is therefore important to develop varieties with a broad range of resistance towards the 
disease. The purpose of this study is to identify new and effective resistance genes and implement them in the wheat breeding program at Nordic 
Seed. Earlier analyses have identified 18 resistance genes, Stb1-Stb18. In addition, several QTL against STB have been mapped. In this study, 
170 lines from Northern Europe were evaluated for STB resistance in field trials in Denmark. All 170 wheat lines were genotyped with iSelect 
15k SNP wheat array. We identified four QTL associated with resistance towards STB, located on chromosome 1B, 2A, 5D and 7A. Already 
identified resistance genes towards STB, Stb2 and Stb11, have been mapped to chromosome 1B and Stb3 to chromosome 7A (Liu et al. 2012; 
Chartrain et al. 2005; Tika and Stephen 2004). Furthermore, an additional QTL providing resistance to STB has been identified on chromosome 
7A (Risser, PhD 2010). The same markers were used for the subsequent analysis of population structure of the 170 lines. The optimal number of 
groups (K) was calculated using STRUCTURE 2.3.4 and estimated to 3. Additionally, markers on chromosome 4A were found to contribute the 
most to the grouping. While several QTL with moderate effects were identified, no major QTL for resistance towards STB were identified in this 
study. The preliminary results indicate that STB resistance is more quantitative than qualitative. 
 
P0864: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome Wide Association Study of Seedling and Adult Plant Leaf Rust Resistance in Elite Spring Wheat Breeding Lines 
Liangliang Gao1, M. Kathryn Turner1, Shiaoman Chao2, James Kolmer3 and James A Anderson1, (1)University of Minnesota, St. 
Paul, MN, (2)USDA-ARS, Fargo, ND, (3)USDA-ARS, St Paul, MN 
Leaf rust is an important disease, threatening wheat production annually. Identification of resistance genes or QTLs for effective field resistance 
could greatly enhance our ability to breed durably resistant varieties. We used a genome wide association study (GWAS) approach using the 
iSelect 90K SNP array to identify resistance genes or QTLs in 338 wheat breeding lines from public and private sectors that were predominately 
developed in the Americas. A total of 46 QTLs were identified for field and seedling traits and approximately 20-30 confer field resistance in 
varying degrees. The 10 QTLs accounting for the most variation in field resistance explained 26-30% of the total variation (depending on traits: 
severity, coefficient of infection or response type), while the 10 QTLs accounting for most of the variation in seedling resistance to different 
races explained 24-34% of the variation, after correcting for population structure. Two potentially novel QTLs (QLr.umn-1AL, QLr.umn-4AS) 
were identified. Identification of novel genes or QTLs and validation of previously identified genes or QTLs for seedling and especially adult 
plant resistance will enhance our understanding of leaf rust resistance and assist breeding for resistant wheat varieties. We also developed 
computer programs to automate field and seedling rust phenotype data conversions. This is the first GWAS study of leaf rust resistance in elite 
wheat breeding lines genotyped with high density 90K SNP arrays. 
 
P0865: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
High Resolution Mapping of the Stem Rust Resistance Gene SrCad 
Curt A. McCartney1, Mulualem T. Kassa2, Colin Hiebert1, Frank M. You1, Curtis J Pozniak3, Pierre Fobert4, Andrew G. Sharpe5, 
Jim Menzies1, Mark Jordan1, Tingting Zhu6, Ming-Cheng Luo6 and Tom Fetch7, (1)Agriculture and Agri-Food Canada, Morden, 
MB, Canada, (2)National Research Council Canada, Winnipeg, MB, Canada, (3)University of Saskatchewan, Saskatoon, SK, 
Canada, (4)National Research Council Canada, Saskatoon, SK, Canada, (5)National Research Council Canada / Global Institute for 
Food Security (U of S), Saskatoon, SK, Canada, (6)Department of Plant Sciences, University of California, Davis, Davis, CA, 
(7)Agriculture and Agri-Food Canada, Brandon, MB, Canada 
Stem rust, caused by the fungus Puccinia graminis f. sp. tritici, is a disease of wheat that can cause devastating economic losses. The evolution 
and emergence of new highly virulent races, TTKSK (Ug99) and its variants, has alarmed the global wheat community. Highly effective 
resistance to Ug99 and its variants is present in Canadian wheat cultivars Peace (BW90*3/BW553) and AC Cadillac 
(BW90*3/BW553//BW90‘S’/Katepwa). The resistance gene SrCad, which confers Ug99 resistance, was previously mapped to chromosome arm 
6DS in both cultivars. A lack of polymorphic markers in the 6DS region has hindered fine mapping of SrCad.  Thus, using bioinformatical tools 
we identified single nucleotide polymorphisms (SNP) associated with SrCad resistance using an Infinium 90K iSelect assay, publicly available 
SNP databases, the wheat survey sequence, and Aegilops tauschii genomic resources. SNPs were converted to Kompetitive Allele Specific PCR 
(KASP) assays and were mapped in two populations: 345 DH lines from RL6071/Peace and an F6-derived recombinant inbred line population of 
1,872 lines from BW278/AC Foremost. The SNP markers delineated SrCad to a 0.6 cM interval using the two populations.  Five SNP markers 
developed from resistance gene analogs (RGAs) co-segregated with SrCad in the BW278/AC Foremost population. These RGAs are candidate 
genes for SrCad. The goal of this project is to develop diagnostic molecular markers useful for wheat breeding programs and to sequence the 
gene SrCad. 
 
P0866: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Architecture of Complex Resistance to Wheat Rusts Using Nested Association Mapping 



Huihui Li1, Sukhwinder Singh2, Ravi P. Singh3, Deepmala Sehgal4, Sidhar Bhavani1, Prashant Vikram2, Juan Burgueno5, Julio 
Huerta-Espino6 and Bhoja R Basnet7,8, (1)CIMMYT, Texcoco, Mexico, (2)CIMMYT- International Maize and Wheat Improvement 
Centre, Texcoco, Mexico, (3)CIMMYT, Mexico DF, Mexico, (4)CIMMYT, Mexico, Mexico, (5)CIMMYT International Maize 
and Wheat Improvement Center, elbatan, Mexico, (6)INIFAP, Chapingo, Mexico, (7)CIMMYT, El Batan, Texcoco, Edo. De. 
Mexico, Mexico, (8)CIMMYT, Col. El Batan, Texcoco, Mexico 
Rust diseases affect wheat grain production significantly and are important threats to future food security worldwide. The rust pathogens can 
evolve into new virulent strains over time and thus present new threats to the crop. In this study, a wheat nested association mapping (WNAM) 
population with 1122 lines, including nine recombinant inbred line (RIL) families sharing one common parent (PBW343) was generated. This 
WNAM is the largest publicly available genetic resource platform to dissect the genetic architecture of resistances to stem rust (Sr), yellow rust 
(Yr) and leaf rust (Lr) using joint linkage analysis. The ten parental lines and their derived WNAM population showed a wide range of genetic 
and phenotypic variation, particularly for Sr resistance. The consensus map was constructed with 777 polymorphic DArT markers, which were 
polymorphic in at least three WNAM families. In total, there were 34 QTL related to adult plant resistance (APR) to Sr, Yr, and Lr with 9, 18, 
and 7 QTL located on A, B and D genomes, respectively. Twenty of 34 QTL had pleiotropic effects on Sr, Yr and Lr resistances. Four QTL were 
located at same chromosomes region as well characterized APR genes (Sr31/Sr26, Lr46/Yr29/Sr58, Sr2/Yr30/Lr27, and Sr57/Yr18/Lr34); and 12 
previously reported QTL were validated. Seventeen QTL are reported for the first time, three (q1AL, q1BS-1, and q1DS-2) of which showed high 
sequence similarity to various resistance genes encoding proteins that recognize pathogen effectors or their modified host targets. Two novel 
QTL, q1AL and q1BS-1 had pleiotropic effects on Sr, Yr and Lr resistances. For Sr, 65.7% of the resistance alleles were contributed by non-
PBW343, and the performance of WNAM founders could be predicted by the estimated additive effects of Sr resistance QTL (R2=0.41). Novel 
pleiotropic QTL identified in this study will advance the genetic research for wheat rusts, and will provide valuable resources for genomics-
assisted breeding. 
 
P0867: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Characterisation of the Slow Rusting Stripe Rust QTL (QYr.sgi-4A.1) of Kariega 
Corneli Smit, CenGen (Pty) Ltd, Worcester, South Africa, Simon Krattinger, University of Zurich, Zurich, Switzerland, Carel J 
Van Heerden, Central Analytical Facilities - DNA Sequencing Unit Stellenbosch University, Stellenbosch, South Africa, Marizanne 
Horn, Sensako (Pty) Ltd, Napier, South Africa and Renée Prins, CenGen (Pty) Ltd and University of the Free State, Worcester, 
South Africa 
The multi-pathogen Lr34/Yr18/Sr57/Pm38 resistance gene is one of a few genes proven to be effective against all three wheat rusts over decades. 
Cloning of this slow rusting gene located on 7D, revealed that it encodes a full-size ATP-binding cassette (ABC) transporter of the ABCG 
subfamily. Kariega was the first wheat cultivar in South Africa to be subjected to a linkage mapping approach to unravel the genetics of a 
quantitative trait. Using a QTL analysis approach, its adult plant stripe rust resistance components were determined and verified i.e.: 
Lr34/Yr18/Sr57/Pm38 (7D), QYr-sgi.2B.1 (2B) and QYr-sgi4A.1 (4A). Similar to Lr34/Yr18 (Lr34-D), the slow-rusting nature of QYr-sgi4A.1 on 
4AL is of particular interest. Krattinger et al. identified and characterised homoeologous and orthologous Lr34 genes in hexaploid wheat and 
other grasses. The homoeologs were identified on 4AL (Lr34-B) and 7A (Lr34-A) of which the latter’s sequence is disrupted by the insertion of 
repetitive elements. The homoeologous LR34-B protein (97% amino acid identity with LR34-D) has the susceptible haplotype for the two 
critical polymorphisms that distinguish the LR34 proteins of susceptible from resistant wheat cultivars. In addition, by comparing the map 
location of Lr34-B with that of QYr-sgi4A.1, Krattinger concluded that the slow rusting QYr-sgi4A.1 maps distal to Lr34-B and therefore seems 
to be a different genetic element. In this study we report on the validation of the uniqueness of QYr-sgi4A.1 by sequencing sections of Lr34-B in 
Kariega and Avocet S and the analysis of the QYr-sgi4A.1 region using the Illumina iSelect 90K wheat SNP array. 
 
P0868: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Mapping and Validation of a QTL Conferring Partial Resistance to Stripe Rust in Hexaploid Wheat 
Nicolas Cobo, University of California - Davis, Davis, CA, Humphrey Wanjugi, Monsanto Company, Chesterfield, MO, Luxmi 
Tomar, CCS Haryana Agricultural University, Hisar, India and Jorge Dubcovsky, University of California, Davis, CA; Howard 
Hughes Medical Institute, Chevy Chase, MD 
A mapping population of 96 recombinant inbred lines (RIL) was developed from a cross of Klein Proteo and Klein Chajá. Using the iSelect 
Illumina platform for 9,000 wheat SNP, a map was built including 2,698 SNP and 108 SSR markers. The population was evaluated during four 
seasons for stripe rust response in field experiments at Davis, CA, by measuring infection type (IT) and disease severity (S). Independent QTL 
analyses were performed on data from each year. A partial resistance QTL (QYr.ucw-1BL) contributed by Klein Chajá was identified on the 
distal region of chromosome 1BL in all four years (explained variation, 22% IT for and 23% for S). A validation population was generated by 
crossing one of the original RIL carrying only the QYr.ucw-1BL resistance locus, with a RIL carrying susceptible alleles for all QTL discovered. 
In 2015, 1,300 segregating F2:3 plants from the validation population were evaluated for rust resistance in the field to refine the mapping. 
Fingerprinting of the parental lines with the 90,000 iSelect SNP marker platform was used to develop eight new markers and reduce the QTL 
region to 2.8 cM. To test if QYr.ucw-1BL was different from Yr29/Lr46, we evaluated 759 F2 plants segregating for both genes in the field in 
2014. We identified 15 fully susceptible plants suggesting that QYr.ucw-1BL is different from Yr29/Lr46 and that the two genes are 
approximately 5cM apart. Yr29/Lr46 presented lower levels of resistance than QYr.ucw-1BL under field conditions, the combination of both 
genes resulted in the best resistance. 
 
P0869: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Analysis of Adult Plant Stripe Rust Resistance in Australian Wheat Cultivar Sentinel 
Bosco Chemayek1, Urmil Bansal1, William Wagoire2 and Harbans Bariana1, (1)University of Sydney, Cobbitty, Australia, 
(2)National Agricultural Research Organisation, Entebbe, Uganda 
Stripe rust, caused by Puccinia striiformis f. sp. tritici (Pst), is a devastating disease of wheat globally. Emergence of new virulent pathotypes 
continues to render resistance genes ineffective. Deployment of combinations of rust resistance genes is essential to achieve durable control of 



stripe rust. The common wheat cultivar Sentinel was observed to be resistant to stripe rust under field conditions and genetic basis of resistance is 
unknown. Sentinel was crossed with stripe rust susceptible genotype Nyabing 3 (NYB3) and a set of 109 F6 RILs were developed. RILs and 
parental genotypes showed susceptible responses at the seedling stage when inoculated with Pst pathotype 134E16A+Yr17+Yr27. The entire RIL 
population was grown in the field as 10 seed hill plots and artificially inoculated with Pst pathotype 134E16A+Yr17+Yr27. Adult plant stripe 
rust assessments were made using 1 to 9 scale, where 1 equals very resistant and 9 very susceptible and population was categorized as 
homozygous resistant (HR) and homozygous susceptible (HS). 55, 28, 14 and 12 RILs produced adult plant responses 2 to 3, 4 to 5, 6 to 7 and 8 
to 9, respectively. Chi-squared analysis of adult plant stripe rust response variation conformed to segregation at three independent loci (97 HR : 
12 HS, χ²7:1 = 0.22, non-significant at P=0.05 and 1 d.f.). Genotyping of parents with Yr18-linked STS marker csLV34 and Yr29-linked SNP 
marker indicated the absence of Yr18 and presence of Yr29 in Sentinel. Yr29-linked SNP marker was genotyped on the entire RIL population and 
showed monogenic segregation. F6 RILs are currently being evaluated in the field and will be genotyped using 90K SNP platform to identify 
genomic locations of the remaining two adult plant stripe rust resistance genes carried by Sentinel. 
 
P0870: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Variation and Genotype x Environment Interaction Studies for Resistance to Leaf and Stripe Rust Disease in Spring Wheat 
(Triticum aestivum L.) 
Ravindra Prasad, Texas A&M University, College Station, TX 
Wheat is a cereal crop of global importance. Consumed as a staple food in many countries, the international trade of wheat and its price has 
implications for global political stability in which its import is a subsistance food. As such, a stable global supply of wheat is a global necessity. 
In the United States and many other countries it is threatened by two fungal diseases viz., leaf and stripe rust which cause significant yield losses 
on an annual basis. With this in mind, the variability in resistance to leaf and stripe rust in three unique breeding trials (each consisting 40 
genotypes) was evaluated at six different locations across Texas. Analysis of variance revealed significant differences among the genotypes for 
area under the disease progression curve (AUDPC) and disease susceptibility (DS) in response to leaf and stripe rust in all three trials. The G x E 
interaction across locations also exhibited highly significant difference for AUDPC and DS among the genotypes in all sets. Based on reaction 
type (mean of six locations) at dough growth stages, genotypes were grouped into resistant, moderately resistant, moderately susceptible and 
susceptible. In the TAMU-TIA 50%, TAMU-TIAP1 35% and TAMU-TIAP2 37.5% of the genotypes were resistant for leaf rust while 27%, 17.5 
% and 17.5% were resistant for stripe rust followed by moderately resistant, moderately susceptible and susceptible genotypes. In terms of a 
higher AUDPC, the Uvalde, Texas location was the most severe for TIA and TIAP1 population and Castroville for the TIAP2 population for leaf 
rust, while Mcgreger, Texas showed a higher AUDPC for stripe rust in all three trials. Along with disease severity leaf-tip necrosis (Ltn) 
expression which has been associated with the expression of adult plant resistance to leaf and stripe rust was also visually recorded and compared 
with the degree of DS and found that genotypes having a complete expression of Ltn exhibited low (either trace or resistance) DS for leaf rust. 
This indicates that they might possess the Lr34/Lr36 genes responsible for their adult plant resistance, for confirmation of this molecular work is 
in progress.   
Key Words: Wheat, Triticum aestivum, Ltn, Leaf rust, Stripe rust, Resistance, AUDPC  
Presenting author's email: rprasadbhugpb@gmail.com 
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Identification of Novel Stripe Rust Resistance in the US Pacific Northwest Winter Wheat 
Yukiko Naruoka, Washington State University, Pullman, WA, Kimberly Garland Campbell, USDA-ARS, Pullman, WA and 
Arron Carter, Washington State University, Pulllman, WA 
Stripe rust, caused by Puccinia striiformis f. sp. tritici is a devastating disease of wheat production world- wide including the US Pacific 
Northwest (PNW). Historically, major epidemics have happened in this region, and resulted in introducing both adult plant resistance and all-
stage resistance into PNW wheat breeding programs. The objective of this study was 1) to identify loci associated with stripe rust resistance by 
genome wide association mapping (GWAS) using a wheat panel consisting of 468 soft white winter wheat adapted to the PNW, and 2) to 
compare consistent marker-trait associations with the linkage map re-constructed from a recombinant inbred line (RIL) population derived from a 
cross between ‘Coda’ and ‘Brundage’. Field evaluation for stripe rust resistance was carried out at Pullman, Central Ferry and Mount Vernon, 
WA in 2013, 2014 and 2015. Race specific resistance was evaluated for Pst-100, Pstv-11 and Pstv-51 under greenhouse conditions. The 
association panel was genotyped with Illumina 90,000 SNP array, and a total of 25,489 SNP were used for analysis. Mixed-linear model 
incorporating population structure and kinship was used for GWAS. Preliminary result showed that loci significantly associated with stripe rust 
resistance at the seedling stage were located on chromosomes 1A, 1B, 1D, 2B, 3D, 4A, 5A, 5B, 6B and 7B. The 1B loci were repeatedly 
identified in GWAS for field disease response as well as the linkage map in the Coda and Brundage RIL. These loci appeared to be novel and 
prevalent in PNW soft white winter wheat germplasm. 
 
P0872: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
High Density Mapping of Powdery Mildew Resistance Gene Qpm.Tut-4A Introgressed to Bread Wheat from Triticum 
militinae 
Eva Komínková1, Barbora Balcarkova1, Michael Abrouk1, Diana Reis2, Irena Jakobson2, Hilma Peusha2, Kadri Järve2, Ljudmilla 
Timofejeva2, Jaroslav Dolezel1 and Miroslav Valarik1, (1)Institute of Experimental Botany, Olomouc, Czech Republic, 
(2)Department of Gene Technology, Tallinn University of Technology, Tallinn, Estonia 
Powdery mildew is one of the most deleterious wheat diseases caused by fungal pathogen Blumeria graminis f. sp. tritici. Recently, a race 
nonspecific resistance locus QPm.tut-4A effective during seedling and adult plant stage was introgressed from T. militinae to the 4AL 
chromosome arm of bread wheat cv. Tähti, creating resistant introgression line 8.1. In effort to clone the gene, two high-resolution mapping 
populations were created and advanced wheat genomic resources were employed for efficient marker development. The survey sequences of 
4AL arm of cv. Chinese Spring and the same arm carrying T. militinae introgression together with 4A GenomeZipper were used. The mapping 
population originating after crossing susceptible cv. Chinese Spring with the line 8.1 comprises 7500 lines and using 51 new molecular markers, 



the QPm.tut-4A gene region was delimited to 0.013 cM. Moreover, two recombination hotspots flanking the region were discovered. The second 
mapping population was derived from cross of the line 8.1 and cv. Chinese Spring with homozygous ph1- gene. Among 1256 lines of this 
population, about 27 fold higher recombination rate was observed and the QPm.tut-4A gene region was divided by another four recombination 
events. The locus was anchored to the Chinese Spring 4A chromosome-specific physical map and BAC clones spanning the region will be used 
to identify QPm.tut-4A candidate genes. This work has been supported by grant LO1204 from the National Program of Sustainability I, by the 
Czech Science Foundation (14-07164S) and by Estonian Ministry of Agriculture.  
 
P0873: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Transcriptome Analysis of the Wheat/Wheat Powdery Mildew Interaction 
Coraline Rosalie Praz, University of Zürich, Zürich, Switzerland, Salim Bourras, Institute of Plant Biology. University of Zurich, 
Zurich, Switzerland and Beat Keller, University of Zurich, Zurich, Switzerland 
Blumeria graminis f. sp. tritici is a pathogen causing powdery mildew of wheat. It is an obligate biotrophic fungus with high host specificity. In 
this interaction, effectors are believed to play an important role in suppressing wheat immunity and facilitating host reprogramming for nutrient 
uptake. It is proposed that the genetic background, effector content, and transcriptional programs together play a role in tuning the virulence of 
the pathogen.  
In this work, the nature and level of changes in gene expression upon wheat infection with three powdery mildew isolates are studied. An 
RNAseq approach was used to study the compatible interaction during formation of “haustorium”: a feeding structure mediating successful 
pathogen infection and disease progression. Sequencing data were generated from (i) uninfected wheat leaves, and (ii) wheat leaves infected with 
the mildew isolates 96224, JIW2 and 94202. On the pathogen side, we found significant differences between isolates in the nature and level of 
expression of effector genes suggesting isolate specific regulatory programs. Effectors are statistically overrepresented in highly expressed genes 
suggesting that the fungus is investing massively in their expression at this stage of the infection. They are also statistically overrepresented 
among the most differentially expressed genes between isolates. We propose that these differences between isolates could be associated to the 
fitness of the pathogen or to race specificity. Finally, we found that most of the differences are due to a few effector gene families suggesting that 
these families are more important for virulence at this stage than others. Based on this observation, we hypothesize that different effectors 
families distinctly contribute to different phases of disease development. 
 
P0874: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Molecular Mapping and Validation of Race Non-Specific Powdery Mildew Resistance Loci in Wheat cv Naxos with High-
Density SNP Markers 
Susanne Windju1,2, Keshav Malla1,3, Tatiana Belova1, Jon Arne Dieseth2, Muath Alsheikh1,2 and Morten Lillemo1, (1)Norwegian 
University of Life Sciences, Aas, Norway, (2)Graminor, Ridabu, Norway, (3)Hedmark University College, Hamar, Norway 
The German spring wheat cultivar ‘Naxos’ has shown high levels partial resistance to powdery mildew at the adult plant stage and the absence of 
race-specific resistance at the seedling stage. QTL mapping in the SHA3/CBRD x Naxos population identified resistance loci with stable effects 
across environments on 1AS and 2DL and two minor loci on 2BL and 7DS (Lu et al., 2012, TAG 125: 297-309). The main objectives of the 
present study were to validate the powdery mildew resistance QTL from ‘Naxos’ in new genetic backgrounds and identify tightly linked SNP 
markers for powdery mildew resistance breeding. One F6 RIL population from the cross SORU#1 x Naxos was evaluated in hillplot nurseries 
over two years (2012 and 2013) at two locations (Hamar and Ås) in south-eastern Norway. A total of 10,372 polymorphic SNP markers from the 
Illumina iSelect 90K wheat chip were used to develop linkage maps based on 131 RILs. The major QTL on 1AS and the minor QTL on 2BL 
reported in SHA3/CBRD x Naxos were confirmed by QTL mapping in this new population. In addition, Naxos were found to contribute QTL for 
powdery mildew resistance with consistent effects across environments on chromosome arms 2AL and 7BL. Additionally, SORU#1 contributed 
a QTL for resistance on 3AS. KASP assays were developed for the most closely linked SNP markers to the Naxos QTL on 1AS, 2AL, 2BL and 
7BL, and genotyped on 140 RILs from the Avocet x Naxos population. Three of these QTL – on 1AS, 2AL and 7BL – were found to segregate 
and showed significant effects on powdery mildew resistance in this population. The Avoxet x Naxos population was also found to segregate for 
Lr46/Pm39 that tended to mask the effect fo the minor QTL on 2AL and 7BL, which were only signficant in the subpopulation lacking the 
resistance allele at this locus. The 1AS QTL was confirmed as a major QTL for powdery mildew resistance in Naxos, and tightly linked KASP 
markers were validated for use in marker-assisted selection. 
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RNAi Mediated Silencing of Endogenous Wheat Genes eIF4(iso)E-2 and eIF4G Induces Resistance to Potyviruses Wheat 
streak mosaic virus and Triticum mosaic virus 
Jessica L. Rupp, Montana State University, Bozeman, MT 59717-3150, MT, Luisa Cruz, Pathway Biologic, Plant City, FL, John 
Fellers, USDA, Manhattan, KS and Harold N. Trick, Kansas State University, Manhattan, KS 
Wheat streak mosaic virus (WSMV) and Triticum mosaic virus (TriMV) are two viruses affecting wheat in the Great Plains of the United States. 
Current disease management strategies incorporate  deployment of resistant varieties, mite vector control and various cultural practices; however, 
it is not fully effective. Both of these viruses belong to the family Potyviridae and use host eukaryotic initiation factors in order to facilitate 
replication of their genomes. We evaluated the use of RNAi to silence eIF4(iso)E2 and eIF4G to interrupt this process in order induce resistance 
to these wheat viruses. RNAi expression vectors were independently created from the sequences of the wheat genes eIF4E(iso)2 and eIF4G. 
Immature embryos of the wheat cultivar ‘Bobwhite’ were independently co-transformed by biolistic particle delivery system with RNAi 
expression vectors and pAHC20, which contains the bar gene for glufosinate selection. All progeny have undergone PCR and RT-PCR analysis. 
Progeny were mechanically inoculated with the viruses.  A consistent stable resistance response was demonstrated in three transgenic lines of 
eIF4(iso)E2 construct and four transgenic lines of eIF4G, each derived by single seed descent. T6 progeny were co-infected with WSMV and 
TriMV continue to be resistant. Traditional crosses have been performed with the winter wheat ‘Overley.’ Effectiveness of the RNAi construct 
has been evaluated using Real-time PCR.  Results show up to 18-fold reduction in viral titer in the transgenic lines, the F1 cross and the BC1F1 



in compared to control plants. This research provides evidence that a single transgene can provide resistance to multiple viruses having great 
potential benefits to breeders and producers. 
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Fine Mapping of the Orange Wheat Blossom Midge Resistance Gene Sm1 
Mulualem T. Kassa1,2, Dragan Perovic3, Clare Lewis4, Frank M. You2, Curtis J Pozniak5, Edgar Schliephake6, Ilona Krämer6, 
Andrew G. Sharpe7, Pierre Fobert1, Ian L. Wise8, James Simmonds9, Julian Thomas8, Frank Ordon3, Cristobal Uauy10 and Curt A. 
McCartney2, (1)National Research Council Canada, Saskatoon, SK, Canada, (2)Agriculture and Agri-Food Canada, Morden, MB, 
Canada, (3)Julius Kühn-Institute (JKI), Quedlinburg, Germany, (4)John Innes Centre, Norwich, United Kingdom, (5)University of 
Saskatchewan, Saskatoon, SK, Canada, (6)Julius Kuehn-Institute (JKI), Federal Research Centre for Cultivated Plants, 
Quedlinburg, Germany, (7)National Research Council Canada / Global Institute for Food Security (U of S), Saskatoon, SK, Canada, 
(8)Winnipeg, MB, Canada, (9)John Innes Center, Norwich, United Kingdom, (10)John Innes Centre, Norwich, England 
The orange wheat blossom midge (OWBM) (Sitodiplosis mosellana Géhin; Diptera: Cecidomyiidae) is among the most damaging insect pests of 
wheat in most temperate wheat growing areas of the world. Genetic resistance is an effective strategy for managing wheat midge and Sm1 is the 
only described gene for OWBM resistance. The mechanism by which Sm1 confers resistance was proposed to be antibiosis-based through the 
production of ferulic acid and/or p-coumaric acid. Previous research mapped Sm1 to wheat chromosome arm 2BS. In this study, fine mapping of 
Sm1 was pursued using a large F2 population (>5000 plants) from the cross between the wheat cv. Thatcher (susceptible: lacks Sm1) and the 
breeding line 99B60-EJ2D (resistant: carries Sm1). To better delineate the Sm1 interval and saturate the region, single nucleotide polymorphism 
(SNP) markers were developed and genotyped using the KASP assay. Flanking markers identified 200 fixed F3 recombinants in the defined 
interval of Sm1. Four haplotypes were identified based on recombination breaking points of the Sm1 locus. Phenotypic data of eight lines (2 lines 
from each haplotype) was consistent and placed Sm1 in the defined interval with one and three recombinants to distal and proximal sides, 
respectively. Two SNP markers co-segregated with Sm1. These results were consistent with the results from four low resolution Sm1 mapping 
populations. In Brachypodium distachyon, the Sm1 interval corresponds to an inverted orthologous (syntenic) block of 95 kb (10 genes) on 
chromosome 5. Marker saturation of the Sm1 interval is currently pursued to further narrow the region. 
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Development of High Throughput SNPs for Host Plant Resistance in Wheat 
Chor Tee Tan1, Silvano Ocheya2, Smit Dhakal2, Jackie C Rudd1, Qingwu Xue1, Amir Ibrahim2, Guorong Zhang3, Guihua Bai4, 
Scott Haley5, Lisa Garza1, Hangjin Yu1 and Shuyu Liu1, (1)Texas A&M AgriLife Research, Amarillo, TX, (2)Texas A&M 
University, College Station, TX, (3)Kansas State University, Hays, KS, (4)USDA ARS, Manhattan, KS, (5)Colorado State 
University, Fort Collins, CO 
Development and utilization of genetic markers play a crucial role in marker-assisted breeding of wheat cultivars with multiple stress tolerances. 
Arthropods and their transmitted viral diseases are major limiting factors for wheat production in the US Great Plains. The major biotic stresses 
include Greenbugs (GB), wheat curl mites (WCM) and its transmitted pathogen wheat streak mosaic virus (WSMV). However, available markers 
for these traits are not diagnostic across breeding populations. In this study, we used 90K single nucleotide polymorphism (SNP) array to identify 
new markers which are effective across different genetic backgrounds. Linked SNPs from the array were converted to Kompetetive Allele 
Specific PCR (KASP) markers. Here we report development and utilization of KASP assay for genotyping of these three resistance genes. Gb3 
for GB resistance: Gb3 on chromosome 7DL shows a wide spectrum resistance to GB. This gene was identified from TAM112 and two closely 
linked flanking SNPs were identified and validated in a set of lines. CmcTAM112 for WCM resistance: In addition to the 1AL.1RS rye 
translocation in TAM 112 which confers resistance to WCM, a second WCM resistance gene from Ae. tauschii was mapped and two linked 
SNPs were validated with a set of lines. Wsm2 for WSMV resistance: Wsm2 was mapped on chromosome 3BS in CO960293-2 that is 
consistent with previous studies. A set of six closely linked SNPs that flank Wsm2 were validated in multiple breeding populations. Application 
of these closely linked markers allows breeders to increase selection efficiency. 
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Genomic Analysis and Marker Development for Race-Specific and Nonspecific Tan Spot Resistance Genes in Wheat 
Justin D. Faris1, Zhaohui Liu2, Megan Overlander1, Gayan Kariyawasam2, Jason D. Zurn2, Maricelis Acevedo2, Arron H. Carter3, 
Zengcui Zhang1 and Steven S. Xu1, (1)USDA-ARS, Fargo, ND, (2)North Dakota State University, Fargo, ND, (3)Washington State 
University, Pullman, WA 
Tan spot, caused by Pyrenophora tritici-repentis, is a destructive disease of wheat worldwide. The pathosystem is known to involve race-specific 
interactions involving host gene-necrotrophic effector interactions, such as Tsc1-Ptr ToxC, that lead to susceptibility, and also race-nonspecific 
resistance genes. Here, we analyzed bi-parental hexaploid populations derived from Louise × Penawawa (LouPen) and LMPG-6 × PI626573 for 
reaction to chlorosis induced by Ptr ToxC-producing races of the tan spot pathogen. Both populations harbored a QTL with major effects in the 
Tsc1 region of chromosome arm 1AS. Numerous markers were developed based on the wheat 90K SNP consensus map, SNP contextual 
sequences, and their corresponding whole genome survey sequences, and used to saturate the Tsc1 region of both maps delimiting the gene to a 
small interval. Analysis of the LouPen population revealed that it also harbored a major race-nonspecific resistance QTL on 3BL. Additional 
evaluation of a tetraploid population derived from Langdon (LDN) × LDN-Triticum dicoccoides disomic 3B substitution line revealed a single 
dominant gene on 3BL conferring resistance to all known tan spot races. This gene was mapped to a position corresponding to that of the 3BL 
QTL identified in the LouPen population based on common SSR markers. Genetic analysis of the 1AS and 3BL QTLs in the LouPen population 
indicated that their effects were largely additive. The markers identified in this research can be used to expedite the pyramiding of the 3BL race 
nonspecific resistance gene and the Ptr ToxC-insensitive Tsc1 allele to develop tan spot resistant wheat varieties. 
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Assembly and Validation of the Wild Emmer Wheat Genome 
Assaf Distelfeld, Faculty of Life Sciences - Tel Aviv University, Tel Aviv, Israel 
Wild emmer wheat (Triticum turgidum ssp. dicoccoides, genome BBAA) gene-pool is an important source for wheat research and improvement. 
The International Wild Emmer Wheat Genome Sequencing consortium (WEWseq - http://wewseq.wix.com/consortium) aims to explore this 
resource by providing cost-effective high quality genomic sequence. As a step towards achieving genome assembly of tetraploid wheat we 
hybridized durum wheat (T. turgidum ssp. durum, cv. Svevo) with wild emmer wheat and developed a recombinant inbred line (RIL) population. 
An ultra-dense genetic map was constructed by combing data from the wheat 90K iSelect SNP genotyping assay along with genotyping by 
sequencing (GBS) data. Next, we have performed paired-end (2 x 260 nucleotides) and mate-pair shotgun sequencing equal to about 190x 
genome coverage of the wild emmer accession 'Zavitan'. The short reads were assembled to scaffolds using NRGene's DeNovoMAGICTM2.0 
assembler and cover ~90% of the genome with L50 of 7 Mb and N50 of 414. Most of the scaffolds were anchored to our genetic map more than 
71,000 gene models were annotated. The integrity and quality of the genome assembly were assessed using different approaches and the latest 
results will be presented. 
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Annotation of the Triticum dicoccoides Genome Provides Insights into Genome Organization and Cereal Evolution 
Sven O. Twardziok1, Manuel Spannagl1, The wild emmer wheat sequencing consortium (WEWseq)2, Gil Ronen3, Assaf Distelfeld4 
and Klaus F.X. Mayer1, (1)Helmholtz Center Munich - Plant Genome and Systems Biology, Neuherberg, Germany, (2)Tel-Aviv 
University, Tel-Aviv, Israel, (3)NRGene Ltd., Ness Ziona, Israel, (4)Tel Aviv University, Tel-Aviv, Israel 
The tetraploid wild Emmer, Triticum dicoccoides, is an important ancestor of most domesticated wheat accessions. An annotation pipeline was 
set up to predict gene structures on a Triticum dicoccoides genome assembly. The annotation pipeline combined information from gene structures 
of closely related grass species and gene expression data. We used Genomethreader to perform splice aware alignments between protein 
sequences as well as cDNA sequences from related grass species on the Triticum dicoccoides assembly after masking for repetitive regions. 
RNA-seq reads from 20 different tissues were aligned against the genome assembly using Tophat2 and assembled by using Cufflinks. Results 
from the reference based approach were merged with gene structure information from RNA-seq experiment by using Cuffcompare and redundant 
transcripts were removed from the results. Potential transcript sequences were extracted and the putative ORFs were determined with the 
Transdecoder software. Based on PFAM signatures and peptide homology searches against a comprehensive high-confidence plant protein data 
set including Arabidopsis thaliana, Zea mays, Brachypodium distachyon, Oriza sativa, and Sorghum bicolor sequences, the most reliable peptide 
translations were selected for all predicted transcripts. The analysis resulted in structural information of more than 71,000 high confidence genes 
and more than 300,000 transcripts. Functional annotations (“human readable descriptions”) were computed for all high confidence genes using 
the AHRD (MPIZ Cologne) pipeline, including gene onthology (GO) terms and protein domains (PFAM/INTERPRO). 
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SNP-Based Association Analysis for Stripe-Rust Resistance in Wild Emmer Wheat, Triticum dicoccoides L. 
Jing Ren1,2, Yan Liang3, Liang Chen4, Zhengyu Zhang5, Miaomiao Zhang4, Yunliang Peng5, Chunjie Fu1, Eviatar Nevo6, Ming-
Cheng Luo7, Dongfa Sun8 and Junhua Peng9, (1)Life Science & Technology Center of China Seed, Wuhan, China, (2)College of 
Biological Sciences, Dezhou University, Dezhou, China, (3)China National Rice Research Institute, Hangzhou, China, (4)Wuhan 
Botanical Garden, Chinese Academy of Sciences, Wuhan, China, (5)Institute of Plant Protection, Sichuan Academy of Agricultural 
Sciences, Chengdu, China, (6)Institute of Evolution, University of Haifa, Mount Carmel, Israel, (7)Department of Plant Sciences, 
University of California, Davis, Davis, CA, (8)College of Plant Science & Technology, Huazhong Agricultural University, Wuhan, 
China, (9)Life Sci & Tech Center of China Seed, Wuhan, Hubei, China 
Stripe rust is one of the most destructive fungal diseases afflicting wheat production in many regions of the world. Breeding resistant cultivars is 
the most effective, economical and environment-safe approach for controlling the stripe-rust disease. Continuous identification and application of 
novel resistance resources/ genes against stripe rust are of great importance for wheat breeding. Association mapping is a powerful approach for 
discovering and mapping resistance genes/QTLs based on linkage disequilibrium (LD) in molecular plant breeding. In the present study, 
association analysis was performed for stripe-rust resistance in a sample population of 350 wild emmer wheat accessions collected from the 
Fertile Crescent using a total of 1,018 amenable SNP markers. A total of 28 SNP loci identified were significantly associated with stripe-rust 
resistance. Three of them were found in the same chromosome bins where stripe-rust resistance gene/QTLs had been previously reported. The 
remaining 25 associations appear at the unreported locations and may therefore represent new loci. Furthermore, some evidence for novel loci, 
such as quantitative RT-PCR analysis, was presented. Although the roles of these new loci need to be further investigated, this information 
coupled with the next analysis of haplotype profiles of segregating populations/breeding lines will offer novel opportunities for marker-assisted 
selection. On the other hand, we identified some promising stripe-rust resistance resource that will be a useful core germplasm for mining 
resistance genes and further studies on breeding utilization in wheat improvement.  
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Markers Linked to Wheat Stem Rust Resistance Gene Sr11 Effective to Puccinia graminis f. sp. tritici  
Jayaveeramuthu Nirmala1, Shiaoman Chao2, Pablo Olivera3, Bekele Abeyo4, Zerihun Tadesse5, Muhammad Imtiaz6, Luther 
Talbert7, Nancy Blake7, Eduard Akhunov8, Michael Pumphrey9, Yue Jin10 and Matthew Rouse11, (1)Cereal Disease Laboratory, St. 
Paul, MN, (2)USDA-ARS, Fargo, ND, (3)Department of Plant Pathology, St. Paul, MN, (4)CIMMYT-Ethiopia, Addis Ababa, 
Ethiopia, (5)Ethiopian Institute of Agricultural Research, Kulumsa, Ethiopia, (6)CIMMYT-Pakistan, Islamabad, Pakistan, 
(7)Montana State University, Bozeman, MT, (8)Kansas State University, Manhattan, KS, (9)Washington State University, Pullman, 
WA, (10)USDA-ARS, University of Minnesota, St Paul, MN, (11)USDA-ARS Cereal disease laboratory, St. Paul, MN 
Wheat stem rust caused by Puccinia graminis f. sp. tritici can cause severe yield losses on susceptible wheat varieties and cultivars. Although 
stem rust can be controlled by the use of genetic resistance, population dynamics of P. graminis f. sp. tritici can frequently lead to defeat of 



wheat stem rust resistance genes. P. graminis f. sp. tritici race TKTTF caused a severe epidemic in Ethiopia on the Ug99-resistant cultivar 
‘Digalu’ in 2013 and 2014. The gene Sr11 confers resistance to race TKTTF and is present in cultivar ‘Gabo 56’. We identified SNP markers 
linked to Sr11 from a cross between ‘Gabo 56’/‘Chinese Spring’ exploiting a 90K Infinium iSelect Custom beadchip. Twelve SNP markers were 
converted to KASP assays and five of them were validated on a ‘Berkut’/‘Scalavatis’ population that segregated for Sr11. Two of the SNP 
markers, KASP_6BL_IWB10724 and KASP_6BL_IWB72471, were predictive of Sr11 among wheat genetic stocks, cultivars, and breeding 
lines from North America, Ethiopia, and Pakistan. These markers can be utilized to select for Sr11 in wheat breeding and to detect the presence 
of Sr11 in uncharacterized germplasm. 
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AMMI Analysis for Assessing Environmental Effects on Grainyield of Durum Wheat 
Meryem Zaim1,2, Khaoula EL Hassouni1,2, Abdelkarim M. Filali1, Miloudi Nachit2 and Filippo Maria Bassi2, (1)Mohammed V 
University, Rabat, Morocco, (2)International Center for Agricutural Research in the Dry Areas, Rabat, Morocco 
The genotype by environment (GE) interaction determines the ability of a given genotype to respond to various environmental factors. Exposing 
genotypes to several pathogens and abiotic stresses allows the assessment of their ‘yield stability’ as a measure of the overall tolerance of the 
genotypes to these stresses. This study reports on the GE interaction of 24 wide crosses of durum wheat across eleven dynamic environments in 
Morocco, Lebanon and Senegal, where severe abiotic (drought, heat, and frost) and biotic (Pyrenophora, Puccinia spp., and Hessian fly) stresses 
occurred. The heritability for grain yield in these environments was 0.42, and GE accounted for 5.6% of the variation. The additive main effects 
and multiplicative interactions (AMMI) analysis was used to calculate a stability index. This showed that four of the genotypes had large wide 
adaptation and simultaneously top yields in specific environments. Their yield components and resistance to pathogens are described here. 
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High Resolution Mapping Improved Detectability and Resolution of QTLs for Grain Protein Content and Yield Related 
Traits in Tetraploid Wheat 
Andrew Fatiukha1, Lianne Merchuk2, Mathieu Deblieck3, Abraham B. Korol1, Tzion Fahima1, Frank Ordon3, Yehoshua Saranga2 
and Tamar Krugman1, (1)Department of Evolutionary and Environmental Biology, Institute of Evolution, Faculty of Natural 
Sciences, Haifa, Israel, (2)R. H. Smith Institute of Plant Science & Genetics in Agriculture, The Hebrew University of Jerusalem, 
Rehovot, Israel, (3)Julius Kühn-Institute (JKI), Quedlinburg, Germany 
High throughput SNP markers and advanced genetic and QTL mapping tools were used in this study to improve the detectability and resolution 
of QTLs in the complex genome of tetraploid wheat. We have reanalyzed QTLs for grain productivity and quality after genotyping our RIL 
population derived from Triticum durum var. Langdon X Triticum dicoccoides (G18-16) with wheat 15K SNP array (TraitGenetics). A new 
linkage map was constructed based on >4,000 polymorphic SNPs using MultipointULD software package (MultiQTL LTD).  The assembled 
map is significantly shorter than our previous SSR map (1,836 cM vs. 2,317 cM) and the average distance of between adjacent markers is much 
shorter (1.3 cM vs. 7.5 cM).  This map exposed new chromosomal regions that were not present in the older map, including the complete arm of 
chromosome 4BS. A total of 26 QTLs were mapped for yield related traits (LOD 3.6 - 29.7) and 13 QTLs for grain protein content (GPC) (LOD 
3.2 - 11.2). Our new ultra-dense genetic map improved the resolution of previous QTLs (e.g. higher LOD and percentage of explained variation 
(PEV), and reduced the interval length), and detected novel QTLs, not present in the previous map. These new loci included a QTL for GPC on 
chromosome 4BS and 5 QTLs for yield related traits on chromosomes 2A, 5A, 3B, 3A, and 7A. The new map described here will facilitate 
marker assisted introgression and map-based cloning of wild emmer wheat genes underlying these traits. 
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The ‘Miracle Wheat’ Homoeo-Allele, bht-B1, Affects Spike-Branching in Tetraploid Wheat 
Gizaw M Wolde, Leibniz-Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany, Martin Mascher, Leibniz 
Institute of Plant Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany and Thorsten Schnurbusch, Leibniz-Institute of 
Plant Genetics and Crop Plant Research (IPK), OT Gatersleben, Stadt Seeland, Germany 
The wheat genome carries related genomes derived from interspecific hybridizations events of progenitors establishing a polyploid genome 
structure. Polyploidy in wheat is therefore associated with several gene variants originating from homoeologous chromosomes. These so called 
homoeo-alleles can be silenced or active thereby contributing to gene dosage effects. We previously identified Branched Head (TtBH-A1) on 
chromosome 2AS as the tetraploid wheat ortholog of ZmBd1, OsFZP, BdMOS1 and HvCOM2, for being the major gene controlling spike-
branching. TtBH-A1, which encodes an AP2/ERF Transcription Factor, is involved in suppressing branch and supernumerary spikelet (SS) 
formation in wheat. By studying 145 Recombinant Inbred Lines (RILs) developed from a cross between a durum wheat variety Bellaroi 
(standard spike) and TRI 19165 (Branched spike or ‘Miracle Wheat’), we found that the 2B copy of TtBH (i.e. TtBH-B1) from Bellaroi is 
involved in functionally compensating the loss-of-function of the mutant allele at bht-A1 leading to a reduced or in some cases even complete 
abolition of SS formation. Unlike in hexaploid wheat, where WFZP-B1 is reported to be lowly expressed, TtBH-B1 in tetraploid wheat is 
therefore involved in the same functional role as its functional homoeo-allele, TtBH-A1. On the contrary, recombinants carrying both homoeo-
alleles (bht-A1 and bht-B1) from ‘Miracle Wheat’ always tend to have strong branching and SS formation, indicating that both of these putative 
mutant homoeo-alleles are less or non-functional. Since loss-of-function in TtBH/WFZP lead to fertile supernumerary spikelets, TtBH/WFZP can 
be further manipulated for increasing grain yield in wheat. 
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Whole Genome QTL Search for Root System Architecture in Tetraploid Wheat 
Marco Maccaferri1, Walid El-Feki2, Nazemi Ghasemali3, Chiara Colalongo1, Silvio Salvi1, Sandra Stefanelli1 and Roberto 
Tuberosa1, (1)DipSA - University of Bologna, Bologna, Italy, (2)2Department of Crop Sciences, Faculty of Agriculture, Alexandria 
University, Alexandria, Egypt, (3)3Department of Agriculture, Haji Abad Branch, Islamic Azad University, Haji Abad, Iran 



Linkage and association mapping for root system architecture (RSA) traits evaluated in seedlings of two recombinant inbred line populations and 
one association mapping panel of durum wheat (Triticum turgidum L. var. durum Desf.) evidenced 20 clusters of quantitative trait loci (QTL) for 
root length and number and 30 QTLs for root growth angle (RGA). QTLs were projected on a high-density tetraploid consensus map based on 
transcript-associated Illumina 90K SNPs developed for bread and durum wheat, thus allowing for an accurate cross-referencing of RSA QTLs 
between durum and bread wheat. Among the main QTL clusters for root length and number highlighted in this study, 15 overlapped with QTLs 
for multiple RSA traits reported in bread wheat while out of 30 QTLs for RGA, only six showed colocation with previously reported QTLs in 
wheat. RSA QTLs have been prioritized based on their relative additive effects, allelic distribution in the AM panel and co-location with QTLs 
for kernel weight and yield. Three major QTL clusters for root length and number (RSA_QTL_cluster_5#, RSA_QTL_cluster_6#, and 
RSA_QTL_cluster_12#) and five QTL clusters for root growth angle (QRGA.ubo-2A.3, QRGA.ubo-2B.2/2B.3, QRGA.ubo-4B.4, QRGA.ubo-6A.2 
and QRGA.ubo-7A.2) appear particularly valuable for further  investigation towards positional cloning / marker-assisted selection. 
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Genome Wide Association Analysis of Leaf Rust Response in a Worldwide Germplasm Collection of Durum Wheat 
Meriem Aoun1, Mattew Breiland1, Shiaoman Chao2, Steven S. Xu3, James Kolmer4 and Maricelis Acevedo1, (1)North Dakota State 
University, Fargo, ND, (2)USDA–ARS Genotyping Lab., Biosciences Research Lab, Fargo, ND, (3)USDA-ARS, Cereal Crops 
Research Unit, Northern Crop Science Laboratory, Fargo, ND, (4)USDA-ARS Cereal Disease Laboratory, St. Paul, MN 
Leaf rust (caused by Puccinia triticina Eriks.) is increasingly impacting durum wheat production worldwide since the recent emergence of races 
with virulence to widely grown cultivars in many durum production areas. A leaf rust race highly virulent on durum wheat was recently collected 
in Kansas. This race may spread to the Northern Great Plains, where most of the U.S. durum wheat is produced. The objective of this study was 
to identify sources of resistance to North American (USA and Mexico) leaf rust races at seedling stage in the greenhouse and at adult stage in 
field experiments. Genome wide association analysis was used to identify SNP markers associated with leaf rust response in a worldwide durum 
wheat collection of 496 accessions. Ten accessions comprised of six landraces, two breeding lines, and two cultivars were resistant across all 
experiments. Association mapping revealed 91 significant SNPs associated with leaf rust response. Of these 91 SNPs, 33 were located on 
chromosomes 2A and 2B. The leaf rust – SNP associations were distributed across all chromosomes except for 1B. Twenty three markers were 
associated with leaf rust response at seedling stage experiments, while 68 markers were associated with leaf rust response at adult stage. The 
current study identified a total of 22 novel loci associated with leaf rust response in durum wheat. The discovery of these novel loci through 
association mapping is a significant step in availing useful genes that can be used to broaden leaf rust resistance in durum wheat germplasm. 
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High-Density Molecular Characterization and Association Mapping in Ethiopian Durum Wheat Landraces Reveals High 
Diversity and Potential for Wheat Breeding 
Dejene K Mengistu1,2, Yosef G Kidane1,3, Marcello Catellani4, Elisabetta Frascaroli5, Carlo Fadda6, Mario Enrico Pè1 and Matteo 
Dell'Acqua1, (1)Scuola Superiore Sant'Anna di Pisa, Pisa, Italy, (2)Mekelle University, Mekelle, Ethiopia, (3)Sirinka Agricultural 
Research Center, Sirinka (Woldja), Ethiopia, (4)ENEA, UT-BIORAD, Laboratory of Biotechnology, Rome, Italy, (5)University of 
Bologna, Bologna, Italy, (6)Bioversity International, Addis Ababa, Ethiopia 
Durum wheat (Triticum turgidum subsp. durum) is a key crop worldwide, yet its improvement and adaptation to emerging environmental threats 
is made difficult by the limited amount of allelic variation included in its elite pool. New allelic diversity may provide novel loci to international 
crop breeding through quantitative trait loci (QTL) mapping in unexplored material. Here we report the extensive molecular and phenotypic 
characterization of hundreds of Ethiopian durum wheat landraces and several Ethiopian improved lines. We test 81,587 markers scoring 30,155 
single nucleotide polymorphisms and use them to survey the diversity, structure, and genome-specific variation in the panel. We show the 
uniqueness of Ethiopian germplasm using a siding collection of Mediterranean durum wheat accessions. We phenotype the Ethiopian panel for 
ten agronomic traits in two highly diversified Ethiopian environments for two consecutive years, and use this information to conduct a genome 
wide association study. We identify several loci underpinning agronomic traits of interest, both confirming loci already reported and describing 
new promising genomic regions. These loci may be efficiently targeted with molecular markers already available to conduct marker assisted 
selection in Ethiopian and international wheat. We show that Ethiopian durum wheat represents an important and mostly unexplored source of 
durum wheat diversity. The panel analyzed in this study allows the accumulation of QTL mapping experiments, providing the initial step for a 
quantitative, methodical exploitation of untapped diversity in producing a better wheat. 
 
P0889: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Mapping of Single Nucleotide Polymorphism (SNP) Associated with Low Cadmium Uptake in Durum Wheat 
(Triticum turgidum L. var. durum Desf.) 
Atena Oladzadabbasabadi1, Evan Salsman1, Marina Dobridina1, Shiaoman Chao2 and Elias Elias1, (1)North Dakota State 
University, Fargo, ND, (2)USDA-ARS, Fargo, ND 
Cadmium (Cd) is a toxic heavy metal that no biological function has been known for this element. The maximum level of Cd concentration 
which is allowed to trade on international markets for wheat grains is 0.2 mg kg-1. Therefore accumulation of Cd in durum wheat (Triticum 
turgidum L. var. durum Desf), may threaten its export. To develop new durum wheat cultivars that are low in Cd uptake, and speed up the 
selection process in breeding program, identification of SNP(s) associated with low Cd uptake in the durum experimental line D041735 was 
proposed in this study. An F4:5 population from a cross between D041735 and Divide (a high Cd uptake cultivar) was phenotyped for Cd uptake. 
The wheat 90k SNP chips were processed via Illumina’s Infinium protocol by the Genotyping Lab at the USDA in Fargo. Genotypes were scored 
using the GenomeStudio software (Illumina). After filtering out SNPs with high missing data rate, linkage maps were developed using MapDisto 
software version 2.5. Recently published durum wheat consensus map was used to aid in the linkage map development for this study. Results 
from QTL mapping analysis performed using QTL Cartographer v. 2.5 will be presented. 
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Identification of QTL for Resistance to Ug99 Races of Stem Rust in Durum Wheat 
Sachin Kumar1, Ron E. Knox2, Asheesh K. Singh3, Tom Fetch4, Davinder Singh5, Sridhar Bhavani6, Richard D. Cuthbert2, Yuefeng 
Ruan2, Curtis J Pozniak7, Heather L. Campbell2 and Brad Meyer2, (1)Chaudhary Charan Singh University, Meerut, India, (2)AAFC-
SPARC, Swift Current, SK, Canada, (3)Iowa State University, Ames, IA, (4)Agriculture and Agri-Food Canada, Brandon, MB, 
Canada, (5)The University of Sydney, Camden, NSW, Australia, (6)CIMMYT, Nairobi, Kenya, (7)University of Saskatchewan, 
Saskatoon, SK, Canada 
Stem rust of durum wheat (Triticum turgidum L. var. durum) caused by Puccinia graminis f. sp. tritici has the potential to cause major yield 
losses around the world, particularly with emergence of new races such as Ug99 and its derivatives, including race TTKSK. The present study 
was conducted to identify genomic regions associated with stem rust resistance using a doubled haploid mapping population derived from a cross 
between the cultivar Strongfield, (moderately susceptible to the Ug99 stem rust race group) and line A9919-BY5C (resistant to the Ug99 race 
group). The parents and population were phenotyped for adult plant stem rust severity and infection response in Kenya from 2008 to 2011, and 
for seedling reaction to TTKSK in a containment facility near Morden, Manitoba in 2010. Composite interval mapping on 66 doubled haploid 
families using 612 SNP/DArT markers identified four significant QTL associated with stem rust resistance. A QTL on chromosome 6A 
associated with seedling resistance was derived from resistant parent A9919-BY5C and explained 71% of Phenotypic Variation (PV). Another 
QTL derived from A9919-BY5C was located on chromosome 1B and explained 14% PV. Quantitative trait loci on chromosomes 4A and 5B 
were not stable across years and were derived from Strongfield. Markers associated with the QTL can be used to proactively assist with the 
incorporation into Canadian durum wheat cultivars resistance to the Ug99 stem rust race group. 
 
P0891: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Mapping of Stem Rust Resistance Genes from Triticum turgidum ssp. dicoccum 
Jyoti Saini1, Steven S. Xu2, Matthew N. Rouse3, Shiaoman Chao2, Phillip McClean4 and Justin D. Faris2, (1)North Dakota State 
University, Fargo, ND, (2)USDA-ARS, Fargo, ND, (3)USDA-ARS, University of Minnesota, St Paul, MN, (4)Dept of Plant 
Sciences, North Dakota State University, Fargo, ND 
The fungal pathogen Puccinia graminis Pers. f. sp. tritici (Pgt) causes stem rust on wheat. Especially threatening to wheat production are the 
Ug99 race group (e.g. TTKSK) and TRTTF. In this study, a population of 190 recombinant inbred lines (RP883 population) derived from a cross 
between the susceptible tetraploid durum wheat line Rusty and the resistant cultivated emmer (T. turgidum ssp. dicoccum) accession PI 193883 
was used for the identification of stem rust resistance genes. The population was genotyped with the Illumina 90K SNP beadchip and simple 
sequence repeat (SSR) markers, and linkage maps consisting of (no.) markers were constructed. The population was evaluated for reaction to 
stem rust caused by Pgt races TTKSK and TRTTF and analyzed for quantitative trait loci (QTL) associated with resistance. A major QTL 
explaining 60-80% of the variation associated with the TTKSK and TRTTF was identified on chromosome arm 2BL. Comparisons with other 
maps of 2B containing stem rust resistance genes indicated that the gene derived from PI 193883 is likely novel.  A QTL with relatively minor 
effects was located on chromosome arm 6AL and may be an allele of Sr13. These results indicate that PI 193883 carries two stem rust resistance 
genes, which should be useful for the future improvement of stem rust resistance in durum and common wheat cultivars.  
 
P0892: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Complete Chloroplast DNA Sequences of Zanduri Wheat (Triticum spp.) 
Mari Z. Gogniashvili, Agricultural University of Georgia, Tbilisi, Georgia 
Georgia plays an important role in wheat formation. In the past, the Zanduri population of Georgia was a set of diploid – Triticum monococcum 
var. hornemanii (2n =14) (Gvatsa Zanduri), tetraploid Triticum timopheevi (2n=28) (Chelta Zanduri) and hexaploid Triticum zhukovskyi Men. et 
Er. (2n = 42). It is a Zanduri puzzle that wild T.timopheevi (T.araraticum) was not found in Georgia, though cultivated T.timopheeviwas only 
detected here.  
Next-generation sequencing technologies enable the determination of complete nucleotide sequences of both chloroplast and mitochondrial DNA 
of many higher plants, including wheat. The genetic structure of Zanduri wheat is more accurately inferred by the complete sequences of 
chloroplast DNA. In the present investigation, the complete sequences of three Zanduri wheats and wild T.araraticum are presented. Sequencing 
of chloroplast DNA was performed on an Illumina MiSeq platform. Chloroplast DNA molecules were assembled using the SOAPdenovo 
computer program.  
The sequenced chloroplast DNA molecules were compared to other Triticum and Aegilops species, and a phylogenetic tree was constructed. 
T.araraticum, T.timopheevi and T.zhukovskyi  chloroplast DNA showed the closest phylogenetic relationship with the chloroplast DNA of 
Ae.speltoides. The most significant difference was in the 114-bp deletion within the gene ndhH in the Timopheevi species. Unlike T.araraticum, 
T.timopheevi and T.zhukovskyi have a 6-bp repeat in the gene ndhH, which results in a dipeptide duplication in the corresponding protein.  
In comparison to T. araraticum, there are 12 SNPs, a 25 bp inversion in the ccsA-ndhD intergenic sequence, and a 38-bp inversion in the 
intergenic sequence rbcL-rpl23 pseudogene identified in T. timopheevii and T. zhukovskyi. 
Gvatsa Zanduri chloroplast DNA slightly differs from other einkorn chloroplast DNA. In comparison to T.monococcum var.monococcum, four 
SNPs can be identified, two in gene matK and one in gene ndhD. 
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BRIDGE Project: Biodiversity Informatics for Harnessing Barley Genetic Diversity Hosted at the Genebank of IPK 
Gatersleben 
Sara G. Milner1, Axel Himmelbach2, Markus Oppermann1, Andreas Graner3, Helmut Knuepffer1, Uwe Scholz4, Andreas Boerner5, 
Martin Mascher6 and Nils Stein6, (1)IPK Gatersleben, Stadt Seeland, Germany, (2)Institute of Plant Genetics and Crop Plant 
Research (IPK), Gaermany, Germany, (3)Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany, 
(4)Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany, (5)IPKGatersleben, Stadt Seeland, Germany, 
(6)Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany 



Genomics and biodiversity informatics are rising as fundamental tools to harness genetic resources harbored in germplasm collections, which 
represent essential albeit mostly untapped reservoirs of genetic diversity for crop research and improvement. The BRIDGE project aims to 
molecularly characterize more than 20,000 accessions of wild (Hordeum vulgare L. subsp. spontaneum (K. Koch) Thell.) and domesticated 
(Hordeum vulgare L. subsp. vulgare) barley hosted at the German ex situ genebank at IPK Gatersleben, by means of a genotyping-by-sequencing 
(GBS) approach. GBS data will be analyzed in context of the barley genomic framework to study population structure and genetic diversity 
patterns and also to mine allelic variation at breeding-relevant traits. A novel warehouse infrastructure will provide a systematic valorization to 
the upcoming genomics data and a link to the passport and phenotypic data accumulated by the IPK genebank conservation management. Here, 
we describe our bioinformatics pipeline for read mapping, variant detection and genotyping. First results of the GBS analysis conducted on more 
than 3,000 barley accessions will be presented. 
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Good, Better and Best: How to Get the Most out of Genotyping By Sequencing (GBS) Data in Barley 
Amina Abed and Francois Belzile, Laval University, Québec, QC, Canada 
The characterisation of genetic polymorphism is a crucial step in both genetic studies and breeding programmes. Genotyping by sequencing 
(GBS) constitutes one of the most attractive approaches for this purpose, especially in a genome as large as that of barley. The current genome 
assembly for this species (cv. Morex) is thought to adequately capture the genic portion of the genome but is thought to cover only ~80 % of the 
entire genome. In an effort to achieve a more complete genomewide SNP coverage, we explored the joint use of two computational pipelines to 
call SNPs from GBS data; a pipeline that does not require a reference genome (UNEAK) and another that does (Fast-GBS). 
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The Barley Genome Sequence – Leveraging Next Generation Mapping as a Tool to Aid Assembly 
Nils Stein, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany 
Barley is one of the most important cereal crop species. It is a close relative to wheat and rye. Its haploid genome size exceeds 5 Gigabases 
(Gbp), almost twice the size of any fully sequenced organism or crop species. The International Barley Sequencing Consortium (IBSC) has come 
close to reach its 10 year milestone of a genome-wide BAC-by-BAC based genome sequence of barley. All seven barley chromosomes were 
sequenced based on short-read sequencing-by-synthesis technology along their respective minimum tiling path of the physical map. The biggest 
challenge remaining to be solved, however, was generating long range contiguity during scaffolding through those regions around the genetic 
centromeres, which are low in recombination. By employing 3D conformation capture sequencing (HiC) and Bionano genome mapping 4.6 Gbp 
of the 4.8 Gbp non-redundant sequences could be linearly ordered into seven pseudomolecules representing a first version (v1.0) reference 
sequence of the barley genome. 
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Malting Quality QTLs in Elite North American Facultative/Winter 6-rowed Barley (Hordeum vulgare L.) – 21 QTLs 
Identified via GWAS 
Araby Belcher1, Alfonso Cuesta-Marcos1, Kevin P. Smith2 and Patrick M. Hayes1, (1)Oregon State University, Corvallis, OR, 
(2)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 
Malt barley is an economically important crop worldwide. Barley malt quality is difficult to breed for, as it is a combination of complex traits 
which are time-consuming and expensive to phenotype. This makes marker-assisted selection – and thus quantitative trait locus (QTL) mapping 
– particularly appealing. We used the Oregon State University and University of Minnesota facultative/winter 6-rowed barley advanced breeding 
lines to assemble a GWAS panel, named the FAC-WIN6, in part to map malt quality QTLs within our programs. Winter and facultative malt 
barleys can be sown in fall, which makes them more sustainable in terms of soil erosion and input efficiency. The FAC-WIN6 projects are part of 
the Triticeae Coordinated Agricultural Project, which works to develop sustainable barley and wheat germplasm that is robust to climate change. 
We designed a two-year, single location GWAS experiment for twelve malt quality traits. The FAC-WIN6 has 300 lines, with genotypic data for 
5,812 polymorphic SNP markers. We report 21 malt quality QTLs across seven traits. Eight of our QTLs appear to be novel. For each QTL, we 
provide an effect estimate, a representative marker, a candidate gene, and a qualitative confidence level that summarizes ambiguity in the GWAS 
raw results. Our results are useful for marker-assisted selection, as well as for strengthening the confidence of QTLs mapped in other germplasm. 
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Genetic Characterization of Barley Nested Association Mapping Population using Genotype by Sequencing 
Priyanka Tyagi, North Carolina State University, Raleigh, NC, Gina Brown-Guedira, CropScience NCSU, Raleigh, NC, Gary J. 
Muehlbauer, Department of Plant Biology, University of Minnesota, St. Paul, MN, Richard Horsley, North Dakota State University, 
Fargo, ND and Kevin P. Smith, Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 
Barley (Hordeum vulgare) is one of the major small grain cereals grown worldwide. Previous studies have reported a loss of genetic diversity in 
barley germplasm. In such scenario, Nested Association Mapping (NAM) population developed from a set of diverse parents is an invaluable 
resource for barley breeding and genetics research. We used Genotype by sequencing to characterize a large Barley NAM population developed 
using 99 diverse accessions from the core subset of National Small Grains Collection (NSGC) crossed to the cultivar Conlon. We report the 
patterns of linkage disequilibrium and recombination across the barley genome. This study provides useful data for future association mapping 
studies in Barley. 
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Genomic Selection of an Index Trait to Develop Winter Malting Barley 
Celeste Marie Falcon, University of Minnesota, St. Paul, MN and Kevin P. Smith, Department of Agronomy and Plant Genetics, 
University of Minnesota, St. Paul, MN 



Genomic selection (GS) takes advantage of genome-wide marker data and may accelerate gain from selection because it allows breeders to 
evaluate lines in earlier generations and at multiple times per year. For three breeding cycles, we selected lines that were predicted by marker 
data to have the best value for an index trait combining winter survival, malt extract, plant height, heading date, and grain yield. The lines were 
evaluated for these traits as well as Fusarium head blight severity, beta-glucan, and free amino nitrogen (not under selection) in three to six 
locations in 2014 and 2015. Genome-wide markers used to generate genomic predictions also allowed us to assess changes in genotypic variation 
across selection cycles. The objectives of this study were to 1) assess accuracy of predictions based on progeny performance, 2) assess rate of 
gain from GS, and 3) evaluate changes in the genetic variance of the population over cycles of selection based on principal components analysis 
(PCA). Progeny-based prediction accuracy was high for winter survival, plant height, and malt extract (>0.50) and was low for heading date and 
yield (<0.25). Winter survival was the only trait that improved significantly after two cycles of GS. Based on PCA, we observed that the genetic 
variance of the population decreased over cycles of selection and that the population shifted toward similarity with the winter parents used to 
create the population. This empirical evaluation of GS will inform plant breeders who are considering whether to adopt this breeding strategy. 
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Domesticated Barley (Hordeum vulgare L.) Originated from an Intermedium Type of Wild Barley 
Helmy M. Youssef1,2, Mohammad A. Ayoub3, Martin Mascher4, Nils Stein4, Benjamin Kilian5,6 and Thorsten Schnurbusch7, 
(1)Cairo University, Giza, Egypt, (2)IPK-Gatersleben, Germany, Gatersleben, Germany, (3)UMC Utrecht, Utrecht, Netherlands, 
(4)Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany, (5)Leibniz Institute of Plant 
Genetics and Crop Plant Research (IPK), Gatersleben, Germany, (6)Bayer CropScience NV, Innovation Center, Zwijnaarde, 
Belgium, (7)Leibniz-Institute of Plant Genetics and Crop Plant Research (IPK), OT Gatersleben, Stadt Seeland, Germany 
Barley (Hordeum vulgare L.) was domesticated from its wild two-rowed ancestor H. vulgare ssp. spontaneum (C. Koch.) Thell. To clarify the 
phylogenetic relationship between two- and six-rowed domesticated barley, and to better understand the role of the intermedium row-type during 
barley domestication history, phenotypic analyses and re-sequencing of three known row-type genes (six-rowed-spike 1 (Vrs1), Vrs4 and 
Intermedium –c, Int-c) was performed in a worldwide collection of Intermedium-barleys (302 accessions), wild barley ssp. spontaneum (100), 
ssp. agriocrithon (10) and H. bulbosum (3) accessions. Measuring lateral floret length and width revealed the presence of two distinct row-type 
groups within wild barley; one row-type form with enlarged but infertile lateral florets, designated here as ssp. spontaneum-Intermedium, and 
one group with significantly smaller lateral florets, similar to domesticated two-rowed barleys, designated here as ssp. spontaneum-Distichon. 
93.7% of the Intermedium-barley collection, all ssp. spontaneum-Intermedium and H. bulbosum carried the two-rowed allele Vrs1.b in 
combination with the six-rowed allele Int-c.a. Further network analyses revealed that ssp. spontaneum-Intermedium, phylogenetically closer to 
H. bulbosum, is the direct ancestor of ssp. spontaneum-Distichon and all domesticated barleys. All ssp. spontaneum-Distichon accessions, 
however, possessed only two-rowed alleles at both Vrs1 and Int-c; whereas ssp. agriocrithon carried six-rowed specific alleles at all tested loci. 
Vrs1 transcript levels in wild and Intermedium-barleys predominantly correlated negatively with lateral spikelet fertility as expected, indicating 
that Intermedium-barleys are a rich genetic resource for increasing lateral spikelet fertility in breeding programs. A revised model of barley 
evolution and domestication is discussed. 
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Evaluation of Cell Wall Biosynthetic Genes in Barley Hordeum vulgare L 
Alicia Nesbary1, Nidhi Rawat2, Jamie Sherman3 and Christopher Botanga1, (1)Chicago State University, Chicago, IL, (2)Kansas 
State University, Manhattan, KS, (3)Montana State University, Bozeman, MT 
Lodging is a highly undesirable attribute for cereal crop plants because of increased disease infestations, decreased grain quality, uneven 
maturity, and increased harvesting costs.  Lodging in barley, Hordeum vulgare, can cause a 65% reduction in grain yield.  There are variations in 
straw (stem) strength among barley cultivars. Stiff-strawed cultivars tend to show higher resistance to lodging. We are investigating the genetic 
basis of straw stiffness in barley. We hypothesize that there are structural differences in the cell walls of stiff- and weak-stemmed genotypes of 
barley and, therefore, anticipate identifying polymorphism in the genes that are involved in their synthesis. In order to investigate this hypothesis, 
barley genotypes characterized as stiff- and weak-strawed were grown in the green house and the tissue harvested for DNA isolation. PCR 
primers were designed from cell wall biosynthetic genes either from the rice or wheat ESTs. Contrary to our hypothesis, data from PCR analysis 
showed largely monomorphic PCR products, suggesting that the cell wall genes evaluated are present in both the stiff- and weak-strawed 
genotypes of barley. This also suggests that the cell wall biosynthetic genes evaluated are likely orthologs and highly conserved among the three 
species; barley, rice and wheat. While these genes are present in both stiff- and weak-strawed barley genotypes, it is not known if they are 
differentially expressed. Efforts are underway to begin assessing the expression levels of these genes using qRT-PCR in an effort to see if they 
are differentially expressed in these genotypes. We are equally sequencing the PCR products in order to evaluate for single nucleotide 
polymorphisms (SNPs) among the genotypes. The ultimate goal for this project is to identify useful stiff straw genes that can be introgressed into 
elite barley germplasms showing the weak straw phenotypes. Funding: Funding support from the USDA-NIFA Triticeae Coordinated 
Agricultural Project (T-CAP) awarded CB. 
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Genetic Dissection of Tiller Development in Barley 
G.Wilma van Esse, Max Planck Institute for Plant Breeding Research, Köln, Germany 
Crop yield in cereals is determined by different yield components such as seed weight, seed number per spike and tiller number. Negative 
correlations between these traits have hampered the genetic gain of total yield.  The trait-off between different yield components is often 
attributed to a limited amount of resources. However, recent evidence suggest that the same genes or regulatory modules may affect 
inflorescence branching (seed number) and shoot branching (tillering). We studied the pleiotropic effects of barley high and low tillering mutants 
on inflorescence branching. Based on this, two main mutant groups were characterized. The first group, which include the row type genes vrs1 
and vrs4, exhibit an increased seed number and a reduced tiller number at maturity likely due to resource limitations at the end of their 
development. The second group, which includes the low tillering mutants als, lnt and int-b, are characterized by a reduction in seed and tiller 



number suggesting that in these loci are involved in the initiation and growth control of seeds and tillers. In addition, we used RNA-sequencing 
to gain insight into the genetic pathways affected by these genes. The transcriptional profiling, combined with genetic mapping to identify the 
causative gene(s), will provide insights into how genes affecting spike and inflorescence branching are regulated and control downstream targets. 
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Investigating the Genetics of Lateral Branching in Barley 
Allison M. Haaning, University of Minnesota, Saint Paul, MN, Kevin P. Smith, Department of Agronomy and Plant Genetics, 
University of Minnesota, St. Paul, MN and Gary J. Muehlbauer, Department of Plant Biology, University of Minnesota, St. Paul, 
MN 
Lateral branches, called tillers, in barley directly contribute to grain yield. Precisely modifying the number and quality of tillers may improve 
plant architecture and yield. However, a better understanding of the genetics underlying tillering is necessary to achieve this optimization. 
Therefore, the natural genetic diversity of the USDA-ARS National Small Grains Core Collection (NSGCC), which contains cultivars, landraces, 
and breeding lines from all over the world, was exploited to understand how tillering traits relate to other traits and to identify associated 
quantitative trait loci (QTL) through genome-wide association mapping. A subset of the most genetically diverse spring two-row and six-row 
lines from the NSGCC was grown in the field in Saint Paul, MN in 2014 and 2015. Data for numerous traits were obtained including: weekly 
average tillers, average productive tillers, days to heading, height, and other yield-related traits. In 2014, height and days to heading were both 
weakly, positively correlated with average productive tillers. Tiller number was strongly influenced by environment as indicated by drastically 
different tillering capacity between 2014 and 2015 and low heritability estimates.  As expected, on average two-row lines tillered more than six-
row lines. However, one quarter of the six-row lines tillered more than the two-row average, and some six-row lines were able to reach the 
highest tillering capacity observed in the entire population. Three tillering QTL were detected in 2014: one on chromosome 2H that overlaps the 
Photoperiod-H1 (Ppd-H1) locus, a major regulator of photoperiod sensitivity; one on 5H; and one on 7H. Four tillering QTL were detected in 
2015: three on 3H, one of which overlaps the circadian gene Lux1, and the same one on 5H as in 2014. The most significant heading date QTL 
detected overlapped Ppd-H1 in 2014 and Lux1 in 2015, indicating that tillering is influenced by genes controlling heading date. 
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The Barley Homeobox Transcription Factor VRS1 Influences Both Leaf Width and Vein Number 
Thirulogachandar Venkatasubbu, Ahmad Mohammad I. Alqudah, Ravi Koppolu, Twan Rutten, Andreas Graner, Goetz Hensel, 
Jochen Kumlehn, Nese Sreenivasulu, Thorsten Schnurbusch and Markus Kuhlmann, Leibniz-Institute of Plant Genetics and Crop 
Plant Research (IPK), OT Gatersleben, Stadt Seeland, Germany 
A crop's canopy structure, largely determined by the size and angle of the leaves, contributes significantly to its photosynthetic efficiency and so 
ultimately to its economic yield. The homeobox transcription factor, Six-rowed spike 1 (Vrs1), present in major genera of tribe Triticeae, is the 
genetic basis of the two-rowed vs six-rowed spike in barley. Here, both a genome-wide association analysis and a comparison between the allelic 
status of Vrs1 consistently indicated that the same transcription factor also regulates both leaf development and canopy architecture by an effect 
on the size of the flag leaf and the number of leaf veins which are developed. A histological analysis of the leaves borne by plants harbouring 
vrs1, in combination with an analysis of its transcriptome, revealed that the transcription factor's control over vein number and leaf width is 
achieved by regulating cell proliferation. 
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A Pale Shade of Green: Abundance and Structural Integrity of the Chloroplast Genome in Barley Microspores and Albino 
Plants 
Rémi Maglione, LAVAL University, QC, Canada, Quebec, QC, Canada 
Androgenesis is a highly valuable technology rapidly yielding homozygous lines from a heterozygous donor in a single generation. By reducing 
the time to genetic fixation, it is of benefit in plant breeding and genetic research. One of the drawbacks of the technology is the occurrence of 
albinism, a condition that results in plants that are incapable of performing photosynthesis and are thus unviable. Past studies have revealed that 
albinism is associated with morphological anomalies of the chloroplast and the loss of certain portions of the chloroplast genome (cpDNA). In 
this work, our goal was to examine the abundance and structural integrity of the cpDNA in microspores and albino plants of barley (Hordeum 
vulgare) using next-generation sequencing. Total DNA was extracted from green leaves of the donor plant (control), microspores undergoing 
androgenesis, and albino leaves. These DNAs were sequenced and chloroplast reads were aligned against the chloroplast reference genome. We 
observed an eight-fold decrease in the abundance of cpDNA reads in microspores relative to the green leaf control; no evidence of any structural 
rearrangement was found. In albino leaves, contrary to the situation in green leaves and microspores, depth of coverage of the cpDNA varied 
widely, with inverted repeats (IRs) enjoying a mean abundance 16 fold higher than the single copy region. Even across the single copy regions, 
coverage was highly variable and seemed to follow a gradient sloping downward with increasing distance from the IRs. Such a profile of 
coverage in albino plants is inconsistent with a circular chloroplast genome. 
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Candidate Genes for Yield and Cell Wall Components of Winter Barley Identified Using Genome-Wide Association 
Mapping 
Andrea Bellucci1,2, Alessandro Tondelli3, Jonatan U. Fangel2, Andrew J Flavell4, Xu Xin5, Anna Maria Torp2, Willian G. T. 
Willats2, Luigi Cattivelli3 and Søren Kjærsgaard Rasmussen2, (1)Department of Molecular Biology and Genetics, Aarhus 
University, Tjele, Denmark, (2)Department of Plant and Environmental Sciences, University of Copenhagen, Frederiksberg, 
Denmark, (3)CREA Genomics Research Centre, Fiorenzuola d'Arda, Italy, (4)Division of Plant Sciences, University of Dundee, 
Dundee, United Kingdom, (5)College of Life Science, South-Central University for Nationalities, Wuhan, China 



In the past decade a growing interest in plant cell wall components has been observed due to its involvement in stress response, for the beneficial 
effects on human health and as a feedstock for bioenergy production. Cellulose, hemicellulose and lignin form a complex heterogeneous 
structure estimated to be regulated by thousands of genes. Yet, very few of them are known and well characterized. From a breeding point of 
view, including traits related to plant cell wall composition into programs for genetic improvement could have beneficial effects also on final 
yield and increase the overall agricultural productions value.  
Objectives of the present work were: i) phenotype a collection of 112 winter barley (Hordeum vulgare L.) varieties tested in the field for two 
years in Northern Italy for yield and culms secondary cell wall components; ii) identify markers associated with the traits studied using genome 
wide association scan (GWAS); iii) formulate hypothesis on candidate genes linked to the significant markers based on the bioinformatics 
resources available.  
The 9K iSelect array was employed to genotype the barley collection and a mixed linear model accounting for population structure were used to 
perform GWAS.   
Results showed a strong association between markers on 3HL and grain yield, linked to Hv-eIF4E, a gene involved in the resistance against 
barley yellow mosaic virus (BaYMV). This virus severely affected the first year of trial. Markers resulted significant for α-(1-5)-arabinans were 
also located on 3HL and highlighted a region where several genes involved in carbohydrate biosynthesis were reported. 
 
P0907: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Describing and Cloning Root Mutants In Barley 
Riccardo Bovina1, Sara G Milner1, Martin Mascher2, Nils Stein3, Roberto Tuberosa1 and Silvio Salvi1, (1)DipSA - University of 
Bologna, Bologna, Italy, (2)Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany, (3)Institute 
of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany 
Despite the importance of mutants in plant biology investigations and plant breeding, only a limited number of root mutants have been described 
in crop species. Recently, the interest in mutant collections has increased due to the availability of new genomics-assisted mapping and cloning 
approaches (eg. mapping by sequencing) enabling the exploitation of mutant collections in a forward-genetics fashion. In this context, we 
performed a screening of a barley mutant population (cv. Morex background) formerly produced for TILLING purposes (Talamè et al. 2008, 
Plant Biotech J. 6:477-485), to identify and clone root morphology mutants. By means of a paper-roll method, 3,071 M5 mutant families were 
phenotyped at the seedling stage and several tens of putative root mutants were identified. Mutants were grouped in three categories: root  growth 
rate/length (short and long, 77%), root morphology (coiling, geotropic, etc., 15%) and root hairs (hairless, shorthairs, etc., 8%). Four mutants 
were utilized in experimental crosses and their Mendelian inheritance confirmed. A SNP array-based bulk-segregant analysis applied on the 
experimental crosses allowed us to quickly map the mutations at cM-range interval. NGS-based approaches are being tested both on phenotypic 
bulks and single mutant lines in order to streamline the process of linking a mutant with the underlying gene, thus making our population a useful 
resource for functional  genomics in cereals. 
 
P0908: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Barley RPG4/RPG5 Integrated Decoy Resistance to Ug99; Towards Effector Identification 
Robert S. Brueggeman, Roshan Sharma Poudel, Shyam Solanki and Jonathan Richards, Department of Plant Pathology, North 
Dakota State University, Fargo, ND 
The rpg4/Rpg5 locus, harbors two NLR R-genes, Rpg5 and HvRga1, that are required together for resistance against wheat stem rust Puccinia 
graminis f. sp. tritici (Pgt) races including TTKSK (Ug99). Rpg5 is a predicted NLR resistance-proteins with an additional C-terminal kinase 
(STPK) domain. The transcription factor, HvVOZ1, was identified by yeast-two-hybrid of a library constructed from RNA of the rpg4/Rpg5+ 
line Q21861 48 hours post inoculation utilizing the Rpg5-STPK as bait. We hypothesize that the Rpg5-STPK acts as an integrated decoy that 
HvVOZ1 binds to negatively regulate defense activation or binds after activation as part of a signaling complex. The second NLR protein 
HvRga1 may guard the VOZ1-Rpg5 interaction or the Rpg5-STPK domain from Pgt rpg4/Rpg5-Avr (r45-Avr) effector manipulation. HvRga1 
detects the manipulation by r45-Avr triggering the defense responses. The r45-Avr needs to be identified to investigate these mechanisms and test 
our hypothesis, thus a panel of 37 rust isolates with differential reactions on rpg4/Rpg5 were genotyped using restriction site associated DNA-
genotyping-by-sequencing (RAD-GBS) producing 4,919 informative SNPs. The genotyping information was used to select 24 diverse isolates 
(16 avrRpg4/rpg5- and 8 Avrrpg4/Rpg5+) that are being used to conduct RNAseq during the infection process 5 days post inoculation. The 
RNAseq data will be used to identify Puccinia graminis SNPs within genes expressed during the infection process that will be added to previous 
RAD-GBS SNPs to conduct association mapping. This robust genotyping and the solid phenotyping on these diverse differential isolates should 
provide enough power to identify candidate r45-Avr genes. 
 
P0909: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Identifying the Components of Salinity Tolerance using a Nested Association Mapping Barley Population 
Stephanie Charbel Saade, King Abdullah University of Science and Technology (KAUST), Jeddah, Saudi Arabia 
The need to feed an ever-increasing population remains one of the major concerns of humanity, especially given that the available area of arable 
lands is limited. Hence, many research groups, including “The Salt Lab” at KAUST, are interested in making crops more tolerant to abiotic 
stresses, such as high soil salinity. Salt is a major limiting factor that affects plant growth and yield. Therefore, identifying loci associated with 
different traits that contribute to salinity tolerance can help breeders improve crops.  
In this study, the effect of salinity on HEB-25 barley population is being investigated under both controlled and field conditions. HEB-25, 
developed by Professor Klaus Pillen, is a Nested Association Mapping population, where Barke (the recipient) is crossed with 25 wild barley 
donors from the Fertile Crescent. Growth of seedlings is measured in control and salt-stressed barley using non-destructive, high-throughput 
imaging facilities available at The Plant Accelerator® (Adelaide, Australia). The effect of salinity on harvest index, yield, and other important 
agronomic traits is evaluated in the field at the International Center for Biosaline Agriculture (ICBA, Dubai, UAE).  
Preliminary results obtained from both controlled environment and field experiments will be presented to highlight the effects of high soil 
salinity on barley and to suggest putative QTLs associated with salinity tolerance. 



 
P0910: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Toward Fine Mapping of a Powdery Mildew Resistance Gene in a Hordeum vulgare/ bulbosum Introgression Line 
Parastoo Hoseinzadeh1, Martin Mascher1, Brigitte Ruge-Wehling2, Patrick Schweizer1 and Nils Stein1, (1)Leibniz Institute of Plant 
Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany, (2)Julius Kühn-Institut, Sanitz, Germany 
Powdery mildew (PM) caused by Blumeria graminis f.sp. hordei (Bgh) is one of the main foliar diseases on barley (Hordeum vulgare L.) leading 
to severe economic losses worldwide. For disease resistance, wild barley relatives have been considered as valuable genetic diversity resources in 
barley breeding. However, most sources of PM resistance have been overcome by the emergence of new virulent races within the pathogen. 
Therefore, new durable and broadly acting sources of resistance are necessary for a long-term success of disease resistance in barley. The 
secondary gene pool of barley (Hordeum bulbosum L.) is a potential source of resistance genes for barley improvement. Despite crossing 
barriers, hybridization and recombination between two Hordeum genomes allow the introgression of H. bulbosum chromosome segments into 
barley carrying novel resistance genes. The aim of the project is to positionally clone a H. bulbosum-derived resistance gene introgressed to 
cultivated barley. Novel Single Nucleotide Polymorphism (SNP) markers will be developed by genotyping-by-sequencing for two Hordeum 
vulgare/bulbosum introgressions lines conferring resistance to Bgh. Resistant recombinants with small introgression size and a high marker 
density will be used for map-based cloning of genes underlying Bgh resistance. Based on the physical/genetic map, gene-flanking markers will 
be employed to identify a barley BAC contig corresponding to the orthologous region of the H. bulbosum genome. 
 
P0911: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Required for Mla Resistance 3, a New Player in Barley Powdery Mildew Resistance? 
Antony V. E. Chapman1, Priyanka Surana1, Matthew R Hunt1, Greg Fuerst2 and Roger Wise3, (1)Iowa State University, Ames, IA, 
(2)USDA-ARS, Iowa State University, Ames, IA, (3)Corn Insects and Crop Genetics Research, USDA-Agricultural Research 
Service, Iowa State University, Ames, IA 
Barley alleles of Mildew resistance locus a (Mla) encode c. 30 variants of CC-NB-LRR proteins.  These proteins recognise corresponding 
avirulence (AVR) effectors secreted by the obligate fungal pathogen, Blumeria graminis f. sp. hordei (Bgh), triggering defense.  Key factors in 
this resistance pathway include Required for Mla12 Resistance 1 (Rar1), Suppressor of G-two allele of skp1 (SGT1), Heat-shock protein 90 
(HSP90) and several WRKY and MYB transcription factors (TFs).  
Fast-neutron mutagenesis of barley CI 16151 (Mla6) generated the mutant m11526, which displayed susceptibility to the avirulent isolate Bgh 
5874 (AVRa6). Complementation tests revealed that the susceptibility was not due to mutations in Rar1 or Mla6.  Sequence-based analysis also 
ruled out other known members of the Mla resistance pathway, notably SGT1, HSP90 and all WRKY/MYB TFs.  This suggests that the mutation 
has occurred in a novel gene, which we designated as Required for Mla resistance 3 (Rar3).  Several strategies are being used to isolate Rar3, 
including transcript based cloning, exome capture, and genome resequencing.  
Crosses of m11526 with lines carrying other Mla alleles (Mla1, Mla7, Mla10, Mla12, Mla13 & Mla15) were used to indicate which alleles do 
and, most intriguingly, do not require Rar3 to function.  This differential requirement of Rar3 by Mla alleles is reminiscent of Rar1 
dependence.  These data suggest that RAR3 functions in the Mla pathway at, or upstream of, RAR1.  Lastly, Barley1 GeneChip differential 
transcriptome analysis revealed that while Rar1 mutants affect expression of a dozen genes, Rar3 influences over one-thousand.  
Supported by NSF-PGRP grants 09-22746 and 13-39348. 
 
P0912: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Characterization of a Pyrenophora teres f. maculata Mapping Population Reveals the Complexity of Virulence in the Spot 
Form Net Blotch-Barley Interaction 
Steven A. Carlsen1, Anjan Neupane2, Jonathan Richards1, Steven S. Xu3, Justin D. Faris3, Robert S. Brueggeman1 and Timothy L. 
Friesen3, (1)Department of Plant Pathology, North Dakota State University, Fargo, ND, (2)not affilated, na, MB, (3)USDA-ARS, 
Fargo, ND 
Pyrenophora teres f. maculata is a major pathogen of barley worldwide, however, little is known about the virulence underlying this disease. To 
gain insight into pathogen virulence, a mapping population of 118 progeny was developed using a cross between P. teres f. maculata isolates 
FGOB10Ptm-1 (North Dakota) and SG1 (Australia). The population was phenotyped using 13 diverse barley lines including lines from the world 
barley core collection assembled by the Triticeae Coordinated Agriculture Project (T-CAP). Lines selected from the collection demonstrate a 
differential reaction to the parental isolates. The North Dakota isolate exhibited significantly higher virulence on nine of the barley lines while 
the Australian isolate had higher virulence on four of the lines. Genotyping was done using a two-enzyme restriction associated DNA (RAD) 
GBS approach developed for the Ion Torrent PGM. A SNP pipeline identified a total of 983 informative SNP markers that were distributed 
across 16 linkage groups generating a total map size of 1650 cM. QTL analysis identified more than 25 genomic regions associated with P. teres 
f. maculata virulence; QTL associated with individual barley lines were identified. The variation in virulence QTL between barley lines and the 
high number of genomic regions associated with virulence shows a high level of complexity in pathogen virulence and therefore it is likely that a 
similar level of complexity will be found in host resistance/susceptibility. 
 
P0913: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Characterization of the Complex Net Form Net Blotch Susceptibility Locus Harboring Multiple Molecular Interactions on 
Barley Chromosome 6H 
Jonathan Richards1, Timothy L. Friesen2 and Robert S. Brueggeman1, (1)Department of Plant Pathology, North Dakota State 
University, Fargo, ND, (2)USDA-ARS, Fargo, ND 
Pyrenophora teres f. teres (Ptt) is a necrotrophic fungal pathogen and the causal agent of the destructive foliar disease net form net blotch in 
barley. Resistance/susceptibility to NFNB has often mapped to a common locus in the centromeric region of barley chromosome 6H. Barley 
cultivars Rika and Kombar were found to be susceptible to Ptt isolates 6A and 15A, respectively, and the susceptibility exists in repulsion at the 
centromeric 6H locus. Fine mapping using SNP markers developed from barley orthologs of syntenic Brachypodium genes and 2976 



recombinant gametes derived from a Rika/Kombar cross delimited the major effect Susceptibility to Pyrenophora teres 1 (Spt1) locus to ~0.29 
cM between markers rpt-M8 and rpt-M32. Additionally, two minor effect quantitative trait loci (QTL), Spt2 and Spt3, were identified within the 
Spt1 region and within an ~0.06 cM region, respectively. A candidate Spt1 gene, a LRR-receptor like gene, was identified in barley cultivar 
Morex within the newly delimited region. Allele sequencing from Rika, Kombar, and Morex identified a predicted protein consisting of a 
conserved C-terminal LRR, diverged N-terminus, and predicted transmembrane domain. Allele analysis of globally diverse barley lines shows a 
strong correlation between the presence of a Rika, Kombar, or Morex allele and susceptibility to Ptt isolates 6A, 15A, and TA5/TD10, 
respectively, indicating the possibility of Spt1 being a functional multi-allelic susceptibility gene. Spt3 was physically mapped to an ~105 kb 
region on two overlapping BAC clones containing a single phosphoenolpyruvate carboxykinase. Validation will be attempted through BSMV-
VIGS, development of transformants, and mutagenesis. 
 
P0914: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Lipid Metabolism Plays a Role in the Resistance Response of Barley to Infection by the Spot Blotch Pathogen Cochliobolus 
sativus 
Matthew William Haas, University of Minnesota, Saint Paul, MN, Martin Mascher, Leibniz Institute of Plant Genetics and Crop 
Plant Research (IPK), Stadt Seeland, Germany and Brian J. Steffenson, University of Minnesota, St. Paul, MN 
Spot blotch, caused by Cochliobolus sativus, is a serious disease of barley in the Midwestern United States capable of causing up to 30% yield 
loss. Spot blotch has been controlled for the past 50 years by three quantitative trait loci (QTL) on chromosomes 1H, 3H, and 7H contributed by 
the breeding line NDB112 and termed the “Midwest Six-rowed Durable Resistance Haplotype” (MSDRH). We identified a gamma radiation-
induced susceptibility mutant in the field and are using it to further explore the genetic basis of spot blotch resistance. Genetic analysis of F2 and 
F3 families from a cross of Morex wild type (WT) x Morex mutant (MUT) suggested a single major gene was controlling the seedling spot blotch 
resistance in the population as well as an association between seedling susceptibility and the development of large necrotic lesions at the adult 
plant stage. RNA-seq analysis was conducted to better understand the transcriptional changes underlying the early defense response. Differential 
expression revealed 18 up- and 27 down-regulated genes in the WT compared to the MUT across three time points (12, 24, and 36 hours after 
inoculation) when challenged with C. sativus isolate. Two genes were identified computationally as deletion candidates. One of these, 
MLOC_17240, encodes a putative long-chain fatty acid CoA ligase and was selected for further investigation. Primers designed to amplify 
regions across the entire genomic sequence of MLOC_17240 revealed that the products match the intended sequence in the WT, but the primers 
also amplified products from MUT DNA. These results demonstrate the importance of temporal regulation of cell death pathways for resistance 
to spot blotch, but the exact location and nature of the mutation in Morex MUT remains unknown. 
 
P0915: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Mapping of Intermediate-Host Resistance of Barley to Wheat Stripe Rust 
Kun Li1, Joshua M Hegarty2, Xianming Chen3, Gina Brown-Guedira4, Maria Muñoz-Amatriain5, Daolin Fu6 and Jorge 
Dubcovsky1, (1)University of California, Davis, CA, (2)University of California Davis, Davis, CA, (3)USDA-ARS, Pullman, WA, 
(4)CropScience NCSU, Raleigh, NC, (5)Department of Botany & Plant Sciences, University of California - Riverside, Riverside, 
CA, (6)Shandong Agricultural University, Tai’an, China 
Wheat stripe rust, caused by pathogen Puccinia striiformis f. sp. tritici (Pst) is a major pathogen of wheat. While the deployment of genetic 
resistance remains the most effective method to combat this pathogen, many known resistance genes have been overcome by new races of Pst. In 
contrast, cultivated barley (Hordeum vulgare ssp. vulgare) and its wild relative (Hordeum vulgare ssp. spontaneum) are predominantly resistant 
to Pst and it is possible that this type of intermediate-host resistance could provide a more durable source of resistance to Pst. We identified 
accessions of cultivated and wild barley susceptible to Pst and developed populations to map the genetic basis of resistance to wheat stripe rust 
within barley. Within the cross between the Pst susceptible barley cultivar Russell and the resistant Steptoe, we identified a primary QTL on 
chromosome 4HL and a minor effect locus 5H. We also found three accessions of wild barley susceptible to Pst and with them mapped another 
locus conferring resistance to Pst on the distal region of chromosome arm 7HL and designated it as Rps6. This locus was also detected in the 
cultivated barley ‘Tamalpais’ and the Chinese barley ‘Y12’, suggesting it is another important component of barley resistance to Pst. High 
density genetic mapping with more than 10,000 gametes placed Rps6 within a 0.06 cM region, but revealed no candidate genes. Further work 
will refine the genetic position of the loci on 4H and 5H and a dedicated positional cloning effort in barley will be required to identify Rps6. 
 
P0916: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
The Rrs1 Resistance Locus Against Scald in Barley 
Bianca Buettner1, Cristina Silvar2, Ana Casas3, Ernesto Igartua4, Klaus F.X. Mayer5 and Guenther Schweizer1, (1)Bavarian State 
Research Center for Agriculture, Freising, Germany, (2)University of Coruña, A Coruña, Spain, (3)Aula Dei Experimental Station, 
CSIC, Zaragoza, Spain, (4)Estación Experimental de Aula Dei , CSIC, Zaragoza, Spain, (5)Helmholtz Center Munich - Plant 
Genome and Systems Biology, Neuherberg, Germany 
Rhynchosporium commune is the causal agent of scald, which is one of the most destructive barley diseases. The first resistance locus described 
in barley was the Rrs1 locus near the centromeric region of chromosome 3HL. Rrs1 represents a highly complex locus with either many tightly 
linked genes or multiple alleles at a single locus. A search for new resistance sources revealed that Spanish landrace-derived lines SBCC145 and 
SBCC154 showed outstanding resistance to scald. To analyze the genetic basis in more detail two large DH mapping populations were 
developed. QTL mapping after genotyping with the 1,536-SNP Illumina Golden Gate Oligonucleotid Pool assay (BOPA1) and further fine 
mapping confirmed the Rrs1 locus as the main effect for scald resistance. The genome zipper identified several candidate genes in the region of 
Rrs1. An enrichment of candidate sequences is done by a BSTA (bulked segregant transcriptome analysis) with four normalized cDNA libraries 
and Illumina HiSeq in combination with a high resolution mapping program. For fine mapping and haplotyping a mapping population 
comprising 15,000 F2 from the cross SBCC145 x Beatrix has been constructed. To physically map the Rrs1 locus, which was not described in 
any sequenced barley up to date, the whole genome of the resistance donor SBCC145 was sequenced by NGS. The sequence analysis is in 
progress. The effective Rrs1 allele found and the closely linked markers developed are already useful tools for molecular breeding programs.  



 
P0917: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Developing Genetic and Genomic Resources for Intermediate Wheatgrass (Thinopyrum intermedium):  a 'Breeding-Assisted 
Genomics' Approach 
Traci R. Kantarski1, Lee DeHaan2, Steve Larson3, Xiaofei Zhang4 and Jesse Poland1, (1)Kansas State University, Manhattan, KS, 
(2)The Land Institute, Salina, KS, (3)USDA-ARS Forage and Range Research, Logan, UT, (4)University of Minnesota, St. Paul, 
MN 
The cultivation of perennial species improved through domestication and selection has been proposed as an approach to facilitate the sustainable 
intensification of agriculture, conserving natural resources while producing food.  Intermediate wheatgrass (IWG), a perennial relative of wheat, 
was selected for domestication as a dual grain and biofuel crop because of its relatively large seeds and high grain and biomass yield.  After only 
three cycles of selection, a plant with larger, free-threshing seeds, was achieved.  However, with the increased genetic complexity due to the vast 
allelic diversity and heterozygosity in this outcrossing polyploid, it has been difficult to stack and fix traits in the population with traditional 
breeding.  We have utilized several IWG breeding populations during the past two breeding cycles to develop genetic markers, construct a 
consensus genetic map, investigate colinearity with barley, and identify major quantitative trait loci (QTL) underlying important domestication-
related traits, including free-threshing and non-shattering.  Additionally, the primary wheat domestication gene, Q, has been partially cloned in 
intermediate wheatgrass and the population genotyped at five tiQ alleles.  Three tiQ alleles associate with free-threshing seed, with one of the 
three and two additional alleles contributing to non-shattering.  QTL analyses have revealed several additional loci that contribute to free-
threshing and shattering, as well as several QTL influencing important plant architecture and seed characteristics.  These findings, in combination 
with future phenotyping and genotyping, will allow for the implementation of marker-assisted and genomic selection to rapidly fix beneficial 
alleles in the breeding population. 
 
P0918: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Linkage and Association Mapping of Intermediate Wheatgrass (Thinopyrum intermedium) Height and Seed Size 
Xiaofei Zhang1, Liangliang Gao1, Ahmad Sallam1, Katherine Frels1, Lee DeHaan2, Donald L. Wyse1 and James A Anderson1, 
(1)University of Minnesota, St. Paul, MN, (2)The Land Institute, Salina, KS 
Thinopyrum intermedium, commonly known as intermediate wheatgrass, is genetically related to wheat, belonging to the Triticeae tribe. 
Intermediate wheatgrass, however, is a perennial crop that produces large biomass that can be used for forage and biofuel. It also shows great 
potential to be developed as a grain crop, and provides sustainable environmental services. The environmental benefits of perennial crops relative 
to annual grain crops are widely recognized, including reduced soil and water erosion, reduced soil nitrate leaching, increased carbon 
sequestration, and reduced inputs of energy and pesticide. Intermediate wheatgrass has historically been used as a forage crop with only recent 
efforts to improve agronomic traits such as grain yield. With the advancements of new genotyping by sequencing approaches, it is feasible to 
utilize all genetic information for a new crop species such as intermediate wheatgrass. The goal of this study is to identify major quantitative trait 
loci (QTL) for plant height and seed size using association mapping in a breeding population containing 1,126 representative genets from 58 
half-sib families, and linkage mapping in a bi-parental population with 178 genets. We generated more than 3,000 ordered markers using 
genotyping by sequencing to perform association mapping using a model that accounts for population structure and genetic relatedness. Linkage 
mapping was conducted using composite interval mapping to identify genetic regions responsible for height and seed size. 
 
P0919: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Novel and Classical Resistance Genes Provide Nonhost Resistance to Wheat Stripe Rust in Brachypodium distachyon 
Jan Bettgenhaeuser1, Brian Gilbert2, Matthew Gardiner1, Phon Green1, Magdalena Opanowicz3, Narayana Upadhyaya4, John 
Doonan5, Michael Ayliffe2 and Matthew James Moscou1, (1)The Sainsbury Laboratory, Norwich, United Kingdom, (2)CSIRO, 
Canberra, Australia, (3)BRC Imaging and Flow Cytometry Facility, London, United Kingdom, (4)CSIRO Agriculture, Canberra, 
Australia, (5)IBERS, Aberystwyth University, Aberystwyth, United Kingdom 
The plant pathogen Puccinia striiformis f. sp. tritici (PST), commonly known as wheat stripe rust, is an obligate biotroph with a wide host range. 
In addition to the agronomically important grass species wheat, barley and rye, it can also rarely infect the taxonomically distant Brachypodium 
distachyon. As a model grass species with a sequenced genome, a high rate of recombination, and advantageous morphological characteristics, B. 
distachyon is an excellent system to study the genetic basis of PST resistance in an intermediate nonhost species. We found that most B. 
distachyon accessions were completely resistant to various UK and Australian PST isolates, whereas some accessions showed a range of 
susceptibility symptoms. Five populations were used to establish the genetic architecture of this resistance, including ABR6 x Bd21, BdTR10H x 
Tek-4, BdTR13K x Bd21, Luc1 x Jer1, and Foz1 x Luc1. Inoculation with three UK and one Australian PST isolates identified three major 
QTLs, designated Yrr1 to Yrr3. Interestingly, Yrr1 was narrowed down to a 75 kb gain of function interval on chromosome 4, which does not 
contain any known resistance gene homologs. However, classical resistance genes encoding nucleotide binding site, leucine-rich repeat domains 
(NBS-LRRs) are the candidates underlying Yrr2 (chromosome 4) and the 102 kb gain of function interval of Yrr3 (chromosome 2). Strikingly, 
isolate specificity was observed to Yrr2, highlighting the conservation of typical aspects of host-pathogen interaction in this system. These results 
suggest the involvement of both novel and classical resistance pathways in intermediate nonhost resistance. 
 
P0920: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Characterization of Two Isogenic Chromosome Arm Translocations from Rye into Wheat That Show Differential Drought 
Resistance 
Tyson R. Howell, University of California Davis, Davis, CA, Adam Lukaszewski, University of California, Riverside, CA and 
Jorge Dubcovsky, University of California, Davis, CA 
Wheat is an important food staple, estimated to account for approximately 20% of all human food calories and protein consumed worldwide. 
Increases in wheat yields are required to accommodate increasing food demand caused by the rapidly growing human population. One potential 
source for that improvement is introgression of alien chromatin. Translocation of the short arm of rye (Secale cereal L.) chromosome 1 (1RS) to 



common wheat (Triticum aestivum L.) chromosome 1B (1RS.1BL) is used in wheat breeding programs worldwide, initially due to an array of 
pest and disease resistance genes, but it has also been shown to increase yield, particularly under abiotic stress conditions. To identify genetic 
elements responsible for drought resistance conferred by the 1RS.1BL translocation we sequenced and assembled two flow-sorted ditelosomic 
1RS chromosome arms from hexaploid wheat. One chromosome arm was a complete 1RS arm from the 1RS.1BL translocation and the other was 
a recombinant 1BS-1RS with a small segment of wheat chromatin, which when present greatly reduces yield under drought conditions. We have 
identified a suite of wheat sequences that have been introduced into the recombinant 1RS chromosome arm but without a corresponding 
reciprocal loss of rye sequence. This suggests that the event that produced the recombinant 1BS-1RS arm might have been an out-of-register 
unequal crossover.  While this does not offer much assistance in the identification of the elements responsible for drought tolerance, it may 
provide insight about crossovers in the absence of the Ph1 locus in wheat. We are using this new sequence information to screen a large 
population of deletion mutants to further delimit the region responsible for different drought resistance. Apart from being useful for identifying 
the gene(s) responsible, this resource will provide breeders and scientists with a comprehensive draft sequence of the most widely spread 
1RS.1BL translocation than is currently available for use in marker assisted breeding and mapping projects. 
 
P0921: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Transcriptome Analysis of Tall Fescue Endophyte-Infected Tissues Under Stress Conditions 
Randy Dinkins1, Padmaja Nagabhyru2 and Christopher Schardl2, (1)USDA-ARS, Forage-Animal Production Research Unit, 
Lexington, KY, (2)University of Kentucky, Lexington, KY 
Tall fescue (Lolium arundinaceum) plants symbiotic with the endophytic fungus, Epichloe coenophiala , (E+), have been shown to have better 
survivability and persistence than plants lacking the endophyte (E-).  To understand more about the grass-endophyte interactions and how 
endophyte affects the host plant physiology and gene expression, we have analyzed gene expression in different tissues (leaf, pseudostem, crown 
and roots) of a genetically identical E+ and E- clone grown in the greenhouse using RNA-Seq technology.  An in house tall fescue transcriptome 
assembly was generated using the RNA-Seq reads from different tissue/endophyte combinations using Trinity at iPlantCollaborative.org, and 
mapping onto the assembly was done using CLC Genomics Workbench.  Analysis of differential gene expression was done using JMP Genomics 
and significant differences were calculated using a False Discovery Rate at α< 0.05 where significant differences (>2-fold; P<0.0001) were 
calculated using computed adjustments for each comparison separately.  Over all the tissues examined, 478 unigenes were differentially 
expressed between the E+ and E- tissues (>2-fold; P<0.0001), 179 E+>E- and 222 E->E+.  No unigene was differentially expressed across the 
four tissues.  Gene ontology terms, GO:0010200 (response to chitin), GO:0002679 (respiratory burst during defense response) and GO:0035556 
(intracellular signal transduction) were significantly over-represented involving 25 E->E+ DEG’s in the leaf tissue, although a number of the 
other unigenes determined as DEG’s were also associated with defense and abiotic response. 
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Genetics and Mapping of Multiflorous Spikelet in Hexaploid Oat 
Itamar C. Nava1, Kelly Pellizzaro1, Shiaoman Chao2, Marcelo T. Pacheco1 and Luiz C. Federizzi1, (1)Federal University of Rio 
Grande do Sul (UFRGS), Porto Alegre, Brazil, (2)United States Department of Agriculture (USDA), Research Agricultural Service 
(ARS), Biosciences Research Laboratory, Fargo, ND 
The formation of naked grains is directly associated with the development of a multiflorous spikelet in hexaploid oat. The objectives of this study 
were to determine the genetics of multiflorous spikelet and to identify molecular markers linked to this character in hexaploid oat. A genetic 
population of recombinant inbred lines (RILs) developed from a simple cross between the oat lines UFRGS 01B7114-1-3 (normal spikelet) and 
UFRGS 006013-1 (multiflorous spikelet) was analyzed in this study. Parental and recombinant inbred lines were evaluated for multiflorous 
spikelet in field tests during the growing seasons of 2012 and 2013 in southern Brazil. DNAs extracted from F5:6 plants were assayed with 6,000 
genome-wide single nucleotide polymorphism (SNP) markers using a genotyping platform developed for oat. Multiflorous spikelet in the 
evaluated population was controlled by one major gene, with multiflorous spikelet lines carrying Mf1Mf1 and normal spikelet lines carrying 
mf1mf1 alleles. The SNP marker ‘GMI_ES17_c5923_221’ showed high association with the multiflorous/spikelet phenotype. In 2012, the 
genetic distance between the marker GMI_ES17_c5923_221 and the locus Mf1 was 1.8 cM, while in 2013 the genetic distance was 3.5 cM. 
However, we could not map the SNP marker GMI_ES17_c5923_221 to any of the 42 linkage groups formed in the UFRGS 01B7114-1-3 x 
UFRGS 006013-1 mapping population. Further studies will confirm the association of this marker with multiflorous spikelet in different 
populations and also investigate the potential of use this marker in breeding naked oat cultivars. 
 
P0923: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Systems Biology Approaches Enhance Trait Dissection and Potential for Improvement of Agronomic and Nutritional 
Qualities in Oat 
Gracia Montilla-Bascon1, Owen Hoekenga1, Deniz Akdemir1, Julio Isidro-Sanchez2, Michael A. Gore1, James W Clohesy1, Jean-
Luc Jannink1 and Mark E Sorrells1, (1)Cornell University, Ithaca, NY, (2)University College Dublin, Dublin, Ireland 
One of the promises of systems biology is to accelerate the pace of trait dissection and improvement, via the simultaneous examination of the 
metabolome, phenome and genome. Here we describe the characterization of a 1,000-member oat germplasm panel selected from the AFRI Core 
and National Small Grains Collections, supplemented by families created for specialty composition traits, using systems biology tools. First, the 
complete collection was genotyped using GBS to generate a dense genetic map suitable for genome wide association studies (GWAS) and 
genomic selection. Second, a 500-member subset was selected for agronomic evaluation on two farms using an incomplete block design, which 
contained single entries for most lines but with 2 check varieties to help account for experimental and environmental variance. Heading date, 
susceptibility to Puccinia coronata f.sp. avenae, height and lodging,  were evaluated. Third, this 500-member subset was examined using both 
gas and liquid chromatography separation methods coupled with mass spectrometry to estimate the metabolome of mature, naked oats. These 
data were organized and visualized using a weighted network correlation analysis, to condense the ~1,000 features detected by mass 
spectrometry into co-regulated modules. This procedure reduces data complexity and provides an entry point for GWAS and other genetic 



analyses. We will present a case study that describes the connection between the avenanthramides, a group of phenolic antioxidants, and 
resistance to P. coronata. 
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Identification of Mixed Linkage β-glucan Quantitative Trait Loci in Hexaploid Oat 
Scott Smith, North Carolina State University, Kannapolis, NC 
Hexaploid oat, Avena sativa (2n=6x=42) is a commercially important cereal in the Poaceae family with many human health benefits. Among the 
cereal grains, oats contain one of the highest levels of (1-3,1-4)-β-D-glucan (β-glucan). Identifying regions of the genome that are associated 
with β-glucan accumulation can lead to identification of genes involved in β-glucan accumulation as well as provide a useful resource for 
breeders. We performed genome wide association studies (GWAS) on a total of 579 accessions across three diverse data sets grown in two or 
three locations.  Each data set was genotyped using 1,772 to 2,524 markers. A mixed model approach was used to control for population 
structure that took into account both principle component analysis and kinship analysis. Significant markers were filtered by selecting only 
significant loci that were replicated across locations and/or studies. One of the remaining QTL regions on mrg12 was of particular interest with 9 
significant markers across a 6.5 cM region replicated in all three studies and two of the three locations. 
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Mapping Resistance in Oat to Puccinia graminis f. Sp. avenae Races TQL and KBD 
Ebrahiem Babiker1, Tyler Grodon1, Shiaoman Chao2, Sam Gale3, Yue Jin4 and J. Michael Bonman1, (1)USDA-ARS, Aberdeen, 
ID, (2)USDA-ARS, Fargo, ND, (3)USDA, SAINT PAUL, MN, (4)USDA-ARS, University of Minnesota, St Paul, MN 
In seedling tests, the Canadian oat cultivar CDC Boyer showed a resistant infection type of ‘2’ to Puccinia graminis f. sp. avenae (Pga) races 
TQL and KBD. To elucidate the inheritance of resistance to these two Pga races, two populations generated from crosses between CDC Boyer 
and susceptible parents were available: Provena/CDC Boyer and CDC Boyer /94197A1-9-2-2-2-5. The parents and RIL populations were tested 
at the seedling stage against Pga races TQL and KBD. Chi square ratios of 1R:1S indicated that one gene in CDC Boyer conditioned seedling 
resistance. A newly developed iSelect SNP genotyping platform containing 5744 oat SNP markers was used to genotype the parents and RIL 
populations. Resistance to TQL and KBD mapped to the same locus on the long arm of chromosome 17A. The stem rust genes, Pg1, Pg2, Pg4, 
Pg9, and Pg13 have been used widely in Canada to control oat stem rust. Of these genes only Pg9 and Pg13 are effective against Pga race TQL 
and thus the resistance in CDC Boyer could be either Pg9 or Pg13or possibly a new resistance gene 
 
P0926: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Development of PCR Based Molecular Markers for Oat Crown Rust Resistance Genes and Comparison of Assay 
Techniques 
Belayneh A. Yimer, Kathy L. Klos, Robert Campbell and J. Michael Bonman, USDA-ARS, Aberdeen, ID 
Oat crown rust caused by the fungus Puccinia coronata avenae (Pca) is a major production constraint of oat in North America. There are over 
100 genes effective against one or more Pca race, most of which are not yet mapped, making it difficult to pursue marker assisted breeding in 
oats for crown rust resistance. Marker-assisted selection in plant breeding requires that the markers be linked to genes of interest, and be cost-
effective. A number of assay techniques are available to develop markers using the sequence information of SNPs linked to target genes/QTLs. 
Here we report a comparison of molecular markers developed for oat crown rust resistance genes/QTLs mapped on chromosomes 9D, 13A, 14D 
and 15A of oat using multiple assay techniques. 
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A Detailed Curation of the Zymoseptoria tritici IPO323 Gene Annotation 
Robert King, Jason J Rudd and Kostya Kanyuka, Rothamsted Research, Harpenden, United Kingdom 
Functional and comparative genomics based projects are dependent upon the availability of a genome sequence and accompanying genome 
annotation. The quality of the annotation can have numerous downstream effects on the research. If a gene model is inaccurate or not present 
then SNP consequences may be misinterpreted or overlooked respectively. Zymoseptoria tritici is an important foliar pathogen of wheat. A 
complete genomic reference sequence is available for Z. tritici isolate IPO323, however the currently available three genome annotations from 
JGI (10,933 genes), Rothamsted Research (10,688 genes) and Max Plank Institute (11,839 genes) contain a number of inaccurately predicted 
gene models. For example, some gene models are lacking either start or stop codon, and some have two physically closely linked genes miss-
annotated as one. Moreover, several gene models can only be found in one of the three genome annotations but not in the other two. Here we 
present results of a comprehensive re-annotation of IPO323 followed by its manual curation. To achieve this, the three earlier genome 
annotations were merged together with a fourth, new annotation that we produced using Maker2 with new transcript and protein supporting 
evidences. We identified a large number of gene models that were missed or miss-annotated in previous genome annotations. Our resulting 
annotation consists of 13,862 gene models with 899 of those representing genes encoding secreted proteins, which is a 55% increase (317 new 
genes) on the JGI annotation set of 582 and 7.5% increase (125 new genes) on the Max Plank Institute set of 774 genes. 
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The Nottingham Arabidopsis Stock Centre (NASC): An Overview 
Marcos Castellanos, Nottingham Arabidopsis Stock Centre, Loughborough, United Kingdom and Sean Tobias May, Nottingham 
Arabidopsis Stock Centre., Loughborough, United Kingdom 
The Nottingham Arabidopsis Stock Centre (NASC), based at the University of Nottingham, collects, preserves, reproduces and distributes 
diverse seed and other stocks of the model plant Arabidopsis thaliana and related species for research and education. Established in April 1991 
with British public funding, NASC’s seed collection approaches one million stocks.  NASC’s activities are coordinated with those of the 
Arabidopsis Biological Resource Center, (ABRC) based at Ohio State University, USA. Both stock centres offer several advantages:  they 
provide security and stability as seed stocks are preserved under the best possible conditions and they maintain and curate large numbers of 



stocks according to common standards. NASC has traditionally been funded by the Biotechnology and Biological Sciences Research Council 
(BBSRC) with a small proportion of operational costs also covered through user fees. This combination of government funding and cost recovery 
represents a reasonable balance between community services provided and financial support required.  The usage of NASC resources has 
increased year on year continuously since introducing user fees and has shown a recent acceleration in distribution. The number of seed and 
DNA stocks sent annually is now over 100,000, a rate that substantially exceeds anything imagined in the beginning. As a module of the AIP, 
our data are freely available through web services and we are currently expanding our integration with other community resources and the 
ABRC. 
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Exploring Phylogenetic Incongruence on a Genome-wide Scale in Brassicaceae 
Evan S Forsythe and Mark A Beilstein, School of Plant Sciences, University of Arizona, Tucson, AZ 
Molecular phylogeneticists traditionally use a small number of genetic marker loci to infer the organismal phylogeny of a group of species. 
However, the evolutionary history of loci can vary due to processes such as gene duplication and loss, incomplete lineage sorting, and horizontal 
gene transfer (i.e. hybridization). Thus, a gene tree inferred from a locus that has undergone any of these processes may deviate from trees of 
genes that have not. The number of publicly available whole genome sequences is rapidly increasing, allowing for phylogenetic analysis of 
numerous markers across the genome, an approach known as phylogenomics. Here, I introduce a pipeline for performing high-throughput 
phylogenomic analyses. Alternative topologies uncovered by these analyses are displayed on interactive chromosome maps to identify genomic 
regions with alternative evolutionary histories. I apply the pipeline to whole genome sequences from Arabidopsis and its close relatives to 
identify regions that may have experienced hybridization and/or incomplete lineage sorting. 
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The Polyploid of Brassica Genomes and Their Evolutionary Consequence 
Wenliang Wang, Wuhan University, Wuhan, China 
Species in genus Brassica have undergone several times of polyploidization, making them ideal models to study evolution process of polyploid. 
There are three basic diploid genomes in the classical U triangle, and they formed three allotetraploids by combining with each other. Two of the 
three diploid genomes, Brassica rapa and Brassica oleracea, had been assembled and already published in the past few years. Here we  present 
our work on the third diploid genome, Brassica nigra, and the comparative analysis of the Brassica genomes. We’ve got an assembly of 515Mb 
of the Brassica nigra genome, with a 460kb scaffold N50 and a 16kb contig N50. Using this assembly, we got an annotation of  42,029 genes. 
The following analysis were based on this assembly and annotation. Our work showed that, the three diploid genomes were different since the 
formation of the WGT and they had undergone WGT independently. Studies on the retention of the WGT genes in the three diploid genomes 
showed that they have a preference on the retention of genes of specific functions, such as, response to stimulus, photorespiration and transport, 
while gene loss showed no enrichment in gene function. We also sequenced the three allotetraploids at an average depth of 10x and mapped the 
data to its two progenitor genomes. We found that there were thousands of genes lost or entirely different from their progenitors during the less 
to 10k years evolution since the allotetraploid formed. 
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Structural Variation of the Chromosome A09 During Allopolyploidization of Brassica Species 
Zhongsong Liu, Hunan Agricultural University, Changsha, China 
The allopolyploid species Brassica napus and B. juncea are derived from inter-specific hybridization between B. rapa and B. oleracea/B. nigra. 
After formation of the allotetraploid species, these subspecies are produced through selection during domestication and breeding. What structural 
variations did chromosomes of B. juncea and B. napus undergo via allopolyploidization? Did B. juncea and B. napus undergo the same 
chromosomal variation in structure although they have different genomic constitutions? What structural variations was brought about by 
selection during domestication and breeding? When and in which portion of a chromosome did these variations occur? To address these issues, 
we are carrying out comparative mapping and sequence analysis between Brassica species. A new genetic map of B. juncea was developed using 
the DArT markers with an F2 population consisting of 165 individual plants from the cross Sichuan Yellow × Ziyejie. The sequences of 232 
DArT markers mapped on chromosome A09 were aligned to the assembled sequences of B. rapa chromosome A09 by BLAST analysis. The 
results showed that the B. juncea chromosome A09 has experienced rich structural rearrangements including the events of inversion, insertion 
and deletion since allopolyploidization. Furthermore, a BAC library constructed from the parental line Ziyejie was screened by four-dimensional 
PCR procedure using the SSR, and developed STS markers mapped on chromosome A09. End sequences from approximately 2000 BACs from 
the built contigs of the chromosome A09 were sequenced. Sequence alignments confirmed that A large inversion covering about 4 Mb was 
observed when compared to B. rapa genome, which corresponded the inversion identified in A9 linkage map of B. juncea.. Our results are 
essentially consistent with published A09 pseduomolecule of B. napus genome. Structural comparison of the whole chromosome A09 between B. 
juncea, B. napus and B. rapa is underway.  
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Matching Brassica Root Architecture to Optimize Nitrogen Acquisition in Time and Space 
Laszlo Kupcsik1, Jiajia Xu2, Hugues De Gernier1, Jérôme De Pessemier1 and Christian RM Hermans3, (1)Université Libre de 
Bruxelles, Brussels, Belgium, (2)Université Libre de Bruxelles, Bussels, Belgium, (3)Université Libre de Bruxelles, Lab of Plant 
Physiology and Molecular Genetics, Brussels, Belgium 
Nitrogen fertilization has been used for decades to increase crop yield but excessive concentrations of nitrate are detrimental to people and the 
environment (nitrate leaching and greenhouse gas emission). One way to reduce nitrogen fertilizer input is to breed for crops with better Nitrogen 
Use Efficiency (NUE). Our goal is to increase the degree of lateral root branching for exploring a larger soil volume in search of the mobile 
nitrogen resource. We study Brassica napus (oilseed rape) because it has relatively poor NUE and its small recovery of applied N involves risks 
of soil leaching. We screened 57 cultivars from the Belgian Catalogue of Agricultural Plant Varieties upon in vitro culture at low and moderate 



nitrate supplies. Cultivars with high root length also had high shoot biomass production at two nitrate supplies. This suggests that high root 
branching can be a positive NUE indicator. In order to identify the genetic determinism of such root traits, we screened a panel of 150 double 
haploïd lines, which represents the diversity across the crop gene pool. After our initial screen, we pursue (i) root transcriptome sequencing for 
detecting homologous gene copies differentially expressed between genotypes with contrasting root morphologies. (ii) genome wide-association 
study with the root traits from all lines. Finally, delineation of genomic regions that control root traits will be helped with the aligning syntenic 
chromosomic regions of the model species Arabidopsis thaliana, a close parent of Brassica crops. 
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Identification of Phloem-Mobile mRNA in Arabidopsis 
Michitaka Notaguchi1,2, Tetsuya Higashiyama2 and Takamasa Suzuki2, (1)JST ERATO Higashiyama Live-Holonics Project, 
Nagoya, Japan, (2)Graduate School of Science, Nagoya University, Nagoya, Japan 
Signaling between cells/tissues/organs is essential for multicellular organisms to coordinate and adapt their growth and development to internal 
and environmental changes. Plants have evolved a long-distance signaling pathway between organs via a vascular tissue, called phloem, and 
achieved efficient photosynthate allocation as well as intercellular communications. Phloem delivers not only small molecules such as 
metabolites and phytohormones but also proteins and RNAs. Recent studies on the phloem revealed that phloem proteins and small RNAs have 
crucial roles in physiological processes including flowering, systemic silencing and nutrient allocation. However, the role of mRNAs transported 
in the phloem pathway is not yet clear, even the mobility over long-distance has been well evidenced. To gain our knowledge, it is important to 
collect further information on the profile of mRNAs in the phloem translocation stream. Here, we identified 138 Arabidopsis transcripts as 
mobile mRNAs, termed the mRNA mobilome, by conducting a RNA-Seq analysis on a hetero-graft system with Nicotiana and Arabidopsis. In 
this system, if some of Arabidopsis transcripts move to the Nicotiana plant part across the graft union, they can be identified as distinct 
transcripts from those of Nicotiana based on their sequence differences. The transcripts which we identified includes potential signaling factors 
and, unexpectedly, more general factors. In our investigations, we found neither preferred transcript length nor previously known sequence 
motifs in promoter/transcript sequences. This finding would increase the understanding of the mechanisms behind long-distance signaling in 
plants and on how plants adapt their growth and development to the surrounding environment. 
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Why Non-Reciprocal Homoeologous Genetic Exchanges Should be Taken in Account in mRNA-Seq Differential Expression 
Analysis 
Aurélien Blary, Institut Jean-Pierre Bourgin (INRA Centre de Versailles-Grignon), Versailles, France 
Many important crops are allopolyploids; they combine two or more sets of related chromosomes (homeologues), some of them showing 
evidences of past inter-homeologous exchanges. Among these events, the non-reciprocal homeologous exchanges (NRHEs), are characterized by 
the loss of a chromosomal region that is replaced by a duplicate copy of the corresponding homeologous region; they could be either be shared 
between different accessions or be specific to some genotypes.  
In this study, we investigate the consequences of NRHEs for mRNA-seq differential expression analysis. After confirming the occurrence of 
NRHEs events in two representative B. napus accessions, we quantify to what extent these genotype-specific NRHEs impact read mapping and 
differential expression between these two varieties. Overall, our results indicate that NHREs characterization should be a prerequisite before 
conducting a differential expression analysis. 
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Heat Tolerance in Arabidopsis thaliana By Genome-Wide Association Mapping of Leaf Growth and Chlorophyll 
Fluorescence Traits 
Niklas Körber, Jinquan Li, Silvia Braun, Thorsten Brehm, Birgit Bleise, Kathrin Heinz and Fabio Fiorani, Forschungszentrum 
Jülich GmbH, Jülich, Germany 
Heat tolerance in crops will be more and more important with the progression of climate change because the frequency and intensity of heat 
waves is predicted to increase in Central Europe. These heat waves may affect several cop species at different stages of development, from small 
seedlings to maturity and could lead to yield reduction or total crop failure.  
Therefore, there is a need for breeding crops which are more resistant against such extreme temperature conditions. This could be done, for 
example, by marker-assisted selection (MAS) if genes or genome regions which are associated with a positive plant response to the heat stress 
condition are known. The aim of this study was the identification of candidate genes which are up- or downregulated during heat stress 
conditions by a genome-wide association study (GWAS) to avoid the negative effects of such extreme stress events. As a model plant extensive 
genomic resources are available for Arabidopsis thaliana. Thus, the vast array of genome resources could be used to identify such candidate 
genes first in A. thaliana and afterwards use this knowledge to other crop species. We selected 80 Arabidopsis ecotypes from the 1001 genome 
project for high throughput phenotyping using RGB and fluorescence camera systems in automated climate chambers under control as well as 
heat stress conditions. In a GWAS with 250K SNPs, we observed based on Bonferroni threshold several associations for the 22 examined traits 
which were different between the control and the heat stress conditions. 
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Temperature-Dependent Flowering of Arabidopsis thaliana is Modulated By Natural Variation of FLOWERING LOCUS M 
Ulrich Lutz, TU München, Freising, Germany 
Plants integrate seasonal cues such as temperature and day length to optimally adjust their flowering to the environment. We identified the 
Arabidopsis thaliana accession Killean-0 (Kil-0), which showed accelerated flowering time in a range of environmental conditions. By 
combining classical marker-based mapping with next generation sequencing-based approaches (Pool-Seq and RNA-Seq), we identified 
FLOWERING LOCUS M (FLM) as a high-confidence candidate gene. FLM was recently described as an important regulator of ambient 
temperature-regulated flowering. The FLM transcript was strongly down-regulated in Kil-0 and sequencing of the Kil-0 FLM locus identified a 



5.7 kb insertion in the first intron. By screening a large set of accessions, we identified nine further accessions with this polymorphism, which all 
showed a down-regulation of FLM combined with an early flowering phenotype when compared to the Col-0 reference. By combining 
information from transgenic lines, T-DNA insertion lines, and additional ecotypes that all exhibited large length polymorphisms in the first 
intron, we showed that not only the length but also the position of the insertion might control FLM abundance. Furthermore we observed that the 
intronic regions harbor essential elements for the expression and relative abundance of two dominant FLM splice forms.We thus conclude that 
modulation of FLM abundance is an important mechanism for the adaptation of plants and flowering to changing ambient temperature. 
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The Arabidopsis QQS orphan gene modulates carbon allocation across species 
Ling Li, Iowa State University, Ames, IA 
Ling Li1, Wenguang Zheng1, Mingsheng Qi2, Steven Whitham2, Xuefeng Zhao3, Dan Nettleton4, Yanhai Yin1, and Eve Syrkin Wurtele1  
1Department of Genetics, Development, and Cell Biology, Iowa State University, Ames, IA  
2Department of Plant Pathology & Microbiology, Iowa State University, Ames, IA 
3Information Technology, College of Liberal Arts and Sciences, Iowa State University, Ames, IA 
4Department of Statistics, Iowa State University, Ames, IA 
Little is known about the functional significance of the species-specific orphan genes. The Arabidopsis thaliana QQS-orphan-gene modulates 
carbon allocation to protein and starch1, 2. Ectopic expression of QQS increases protein content in soybean leaf and seed2, in multiple high-/low-
protein soybeans, and in rice and corn3. Transcriptomics analyses indicate QQS alters its transcript level under stresses and in mutants of genes 
involved in all sorts of stresses, suggesting that QQS may integrate primary metabolism and environmental perturbations, adjusting adaption to 
abiotic and biotic stresses4. The QQS protein binds to a transcriptional regulator in Arabidopsis and its soybean, rice and corn homologs3. 
Overexpression of QQS interactor in Arabidopsis mimics QQS-overexpression phenotype, increasing protein content and decreasing 
carbohydrate3. The data reveal the skeleton of a previously undefined network in which QQS participates, and indicate QQS exerts its effect via 
an interaction with this transcription factor conserved across eukaryotic species3. Deficiency in dietary protein is globally one of the most severe 
health problems; this insight provides a new strategy to modulate protein levels in crops5. Our research presents QQS as a model plant orphan 
gene regulating plant metabolism, and illustrates an example of how basic research in Arabidopsis be applied in agriculture. 
References 
1Li et al, Plant J (2009). 
2Li et al, Plant Biotech J (2015). 
3Li et al, PNAS (2015). 
4Arendsee et al, Trends Plant Sci (2014). 
5Li and Wurtele, U.S. Patent 9157091 (2012). 
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Frequent Regulatory Neofunctionalization and Accelerated Sequence Evolution of Duplicated Imprinted Genes in 
Arabidopsis 
Yichun Qiu1, Shao-Lun Liu2 and Keith Adams1, (1)University of British Columbia, Vancouver, BC, Canada, (2)Tunghai 
University, Taichung, Taiwan 
Eukaryotic genomes have large numbers of duplicated genes that can evolve new functions or expression patterns by changes in coding and 
regulatory sequences, referred to as  neofunctionalization. In flowering plants, some duplicated genes are imprinted in the endosperm,  where 
only one allele is expressed depending on its parental origin. We identified 125 imprinted  genes in Arabidopsis that arose from gene duplication 
events during the evolution of the Brassicales. Analyses of 46 gene pairs duplicated by an ancient whole genome duplication indicated that many 
imprinted genes have shown an accelerated rate of amino acid changes compared to their paralogs. Analyses of microarray expression data from 
63 organ types and developmental stages indicated that many imprinted genes have expression patterns restricted to flowers and/or seeds in 
contrast to their broadly expressed paralogs. Assays of expression in orthologs from outgroup species revealed that some imprinted genes have 
acquired a novel organ-specific expression pattern restricted to flowers and/or seeds, indicating regulatory neofunctionalization. The new 
expression pattern and the accelerated sequence evolution in the imprinted genes suggest that the imprinted genes have undergone 
neofunctionalization. The imprinted genes MPC, HDG6 and HDG3 are particularly interesting cases that have different functions from their 
paralogs. This study indicates that a large number of imprinted genes in Arabidopsis are evolutionarily recent duplicates and that many of them 
show regulatory neofunctionalization and accelerated sequence evolution. Acquisition of imprinting is a mode of duplicate gene divergence in 
plants that is more common than previously thought. 
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Identification of Reference Genes for Quantitative Expression Analysis Using Large-scale RNA-seq Data of Arabidopsis 
thaliana and Model Crop Plants 
Toru Kudo1, Yohei Sasaki1, Shin Terashima1, Noriko Matsuda1, Tomoyuki Takano1, Misa Saito1, Maasa Kanno1, Keita Suwabe2, 
Go Suzuki3, Masao Watanabe4, Makoto Matsuoka5, Seiji Takayama6 and Kentaro Yano1, (1)School of Agri., Meiji University, 
Kawasaki, Japan, (2)Mie University, Tsu, Japan, (3)Osaka Kyoiku University, Kashiwara, Japan, (4)Tohoku University, Sendai, 
Miyagi, Japan, (5)Bioscience and Biotechnology Center, Nagoya University, Nagoya, Japan, (6)Nara Institute of Science and 
Technology, Ikoma, Nara, Japan 
In quantitative gene expression analysis, normalization using a reference gene as an internal control is frequently performed for appropriate 
interpretation of the results. Recently emerging RNA sequencing (RNA-seq) provides an ideal source for comprehensive exploration of reference 
genes since this method is capable of detecting all expressed genes, in principle including even unknown genes. Through the use of this method, 
we report the results of comprehensive exploration of reference genes using public RNA-seq data of plants such as Arabidopsis thaliana 
(arabidopsis), Glycine max (soybean), Solanum lycopersicum (tomato), and Oryza sativa(rice). By selecting genes showing stable expression in 



broader experimental conditions as possible, 13, 10, 12, and 21 top candidates for reference genes were proposed in arabidopsis, soybean, 
tomato, and rice, respectively. These novel reference genes will be useful to analyze the gene expression profile across experiments designed 
with various experimental conditions.  
   This study was supported in part by MEXT Grants-in-Aid for Scientific Research on Innovative Areas (No. 26113716 to K.Y., No. 23113006 
to G.S., K.S., M.W., No. 23113005 to M.M., No. 23113001 to G.S., M.W., M.M.); Scientific Research (A) (No. 25252001 to M.W.) from the 
Japan Society for Promotion of Science (JSPS); MEXT-Supported Program for the Strategic Research Foundation at Private Universities (2014-
2018); and Research Funding for Computational Software Supporting Program from Meiji University to K.Y.. Computations were partially 
performed on the NIG supercomputer at ROIS National Institute of Genetics. 
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Ribosome Biogenesis Factor HRR25 in Arabidopsis Growth and Development 
Kumarakurubaran Selvaraj, Department of Biology, University of Saskatchewan, Saskatoon, SK, Canada and Peta Bonham-
Smith, College of Arts & Science, University of Saskatchewan, Saskatoon, SK, Canada 
Ribosomes drive translation of the genome into the proteome in all living cells and ribosome biogenesis is coupled to cellular homeostasis and 
growth rate. Improper ribosome assembly often results in nonfunctional proteins. Whereas ribosome biogenesis is well described in bacteria, 
yeast, and mammals, little is known in plants. Yeast ribosome biogenesis requires multiple rRNA processing events in coordination with 200 
ribosome biogenesis factors (RBFs). In this process, HRR25 is an essential gene coding for a casein kinase1-like (CK1L) protein (Hrr25p) that 
through the Ltv1p-Enp1 complex regulates incorporation of the two small subunit ribosomal proteins, RPS3 and RPS10, that line the mRNA 
entry channel of the 40S small subunit; key ribosome maturation events. Furthermore, a Hrr25p-Nup53p (nuclear pore complex) interaction 
suggests that the mobility of Hrr25p during cell division may effect the cell cycle. In Arabidopsis thaliana 14 CK1L isoforms (1-13, 9α- β) have 
been reported as plasmodesmata-associated kinases. Phylogenetic analysis of these CK1L isoforms shows five of the 14 closely cluster with 
yeast Hrr25p. What are the role(s) of these five Hrr25 orthologs in Arabidopsis ribosome biogenesis and plant growth and development? 
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Significance of PPi Hydrolysis Function of H+-Pyrophosphatase in Vegetative Growth of Arabidopsis thaliana 
Mariko Asaoka, Nagoya university, Nagoya, Japan 
H+-pyrophosphatase (H+-PPase) catalyzes a coupled reaction of pyrophosphate (PPi) hydrolysis and active proton translocation across the 
membrane. PPi is a by-product released from nearly 200 distinct biosynthetic processes, such as macromolecule biosyntheses of DNA, RNA, and 
proteins. H+-PPase has been found in the vacuolar membranes of plants but not in yeast or animal. Overexpression of H+-PPase improves growth 
in various plant species, and loss-of-function mutants (fugu5s) of H+-PPase in Arabidopsis thaliana have postgerminative developmental defects. 
Here, to further clarify the physiological significance of this important enzyme, we newly generated three varieties of H+-PPase overexpressing 
lines with different levels of activity that we analyzed together with the loss-of-function mutant fugu5-3. The H+-PPase overexpressors exhibited 
enhanced activity of H+-PPase during vegetative growth, but no change in the activity of vacuolar H+-ATPase. Overexpressors with high 
enzymatic activity grew more vigorously with fresh weight increased by more than 24% and 44%, compared to the wild type and fugu5-3, 
respectively. Consistently, the overexpressors had larger rosette leaves and ~30% more cells in the leaves than the wild type. When uncoupling 
mutated variants of H+-PPase, that could hydrolyze PPi but could not translocate protons, were introduced into the fugu5-3 mutant background, 
shoot growth defects recovered to the same levels as when a normal H+-PPase was introduced. Taken together, our findings clearly demonstrate 
that additional expression of H+-PPase improves plant growth by increasing cell number, predominantly as a consequence of the PPi-hydrolyzing 
activity of the enzyme. 
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ZFTF Gene Family Functional Characterization Using miRNA Gene Regulatory Network in Arabidopsis thaliana 
Young Koung Lee1, Lifang Zhang1, Mariana Leite1, Jerry Lu1, Andrew Olson1, Felix Hauser2, Julian I. Schroeder2 and Doreen 
Ware1,3, (1)Cold Spring Harbor Laboratory, COLD SPRING HARBOR, NY, (2)University of California, San Diego, La Jolla, CA, 
(3)Cold Spring Harbor Laboratory/USDA-ARS, NY, NY 
In plants, tillers and seed number are associated with agronomically important yield traits contributing to increased grain yield production and 
biomass. The shoot branching developmental trait is initiated by the formation of axillary meristems and determined by developmental and 
environmental signals. Shoot branching architecture (SBA) plays a major role in determining tillers and seed number, which directly impact yield 
production associated with grain yield and biomass traits. To characterize candidate genes associated with developmental traits, we generated a 
gene regulatory network enriched in miRNAs network. Zinc Finger Homeobox TFs were highly connected within the network. We uncovered a 
developmental regulator and characterized a relatively small TF family named Zinc Finger Homeobox (ZF-HD) transcription factor family that 
controls branching and flower architecture in the flowering plant Arabidopsis thaliana. We have recently performed smRNA expression profiling 
and transcriptome expression profiling between wild type and ZF-HD TF mutants with morphological differences is caused by molecular 
perturbation of the miRNA gene regulatory sub-network.  Phylogenetic analysis suggests the ZF-HD TF family has evolved from water to land 
plants and has been conserved throughout land plants. In addition to the evolutionary aspect, genetic analysis, transcriptional profiling in the loss 
of function mutants and in vivo binding analysis suggests that genetic factors are tightly linked and become more systematically modulated in 
branching changes. 
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Imprints of Divergent Evolution and Artificial Selection in Oilseed Rape Breeding Pools 
Christian R. Werner1, Sarah Hatzig1, Habib U. Jan1, Lunwen Qian1, Amine Abbadi2, Gunhild Leckband2 and Rod Snowdon1, 
(1)Department of Plant Breeding, Justus Liebig University, Giessen, Germany, (2)NPZ Innovation GmbH, Holtsee, Germany 
Brassica napus (rapeseed) has undergone intense artificial selection since the spontaneous hybridization of Brassica rapa and Brassica oleracea, 
the event which gave rise to this domesticated agricultural species. In rapeseed, the analysis of molecular diversity patterns can provide deep 



insight into the evolution of this crop, including intra- and interspecific diversification as well as genetic narrowing (bottleneck effect) associated 
with artificial selection pressure. High-density single-nucleotide polymorphism (SNP) genotyping provides a powerful platform to investigate 
diversity on a genome-wide scale. 
We investigated genomic diversification between and within genetically distinct winter, semi-winter and spring oilseed rape breeding 
populations by genotyping a collection of 883 highly homozygous breeding lines with the Brassica 60k SNP Illumina array. Linkage 
disequilibrium (LD) and genome diversity at the population and chromosome level were assessed in conjunction with pairwise comparisons of 
Extended Haplotype Homozygosity (EHH) between subgroups.  
Genome-wide evaluation indicated strongly eroded genetic diversity across several chromosome regions. Extensive patterns of LD were 
observed within all B. napus subgroups examined, especially in the C-subgenome. Furthermore, the arrangement of the identified selective 
sweeps indicated divergent evolutionary processes between geographically diverse genepools. These findings provide valuable knowledge for the 
establishment and improvement of heterotic pools for rapeseed hybrid breeding as well as fundamental insights into the genomic architecture of 
rapeseed, thereby enabling further inferences about the evolution history of this species. 
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Molecular Mapping and QTL for Seed Pigmentations and 19 Genes of Flavonoid Pathway in Brassica napus L 
Cunmin Qu1, Kun Lu1, Fuyou Fu2, Kai Zhang1, Shuiyan Liu1, Haidong Bu1, Rui Wang1, Xinfu Xu1 and Jiana Li*1, (1)Southwest 
University, Chongqing, China, (2)Department of Botany and Plant Pathology,Purdue University, West Lafayette, IN 
This research focused on QTL identification responsible for four seed pigmentations and nineteen genes in flavonoid pathway to systematically 
elucidate the characteristics of flavonoid pathway, and provide the necessary information for seeking the key genes or regulation nodes 
controlled the yellow seed trait formation in B. napus.  
We employed a sample of 94 recombinant inbred lines (RILs) from a population derived from a cross between black-seeded male parent cultivar 
Zhongyou 821 and yellow-seeded female parent line GH06. Major QTLs controlling four kinds of seed pigmentations were identified by genetic 
map construction. Then, transcript-level variation analysis was carried out on RNA from seeds of 30 days after flower (DAF) by qRT-PCR. 
Regarding as quantitative traits, the transcript levels of the flavonoid biosynthesis genes families were examined by QTL mapping method for 
eQTL detection. To confirm the candidate genes, sequences of association makers were used for BLASTN search in the BRAD and our local B. 
napus genome sequence database. 
A total of 57 QTLs for seed pigmentations and 75 eQTLs for nineteen genes were detected and distributed among 15 different linkage groups. 
Interestingly, 4 hotspot regions including 19 QTLs and 30 eQTLs were identified and distributed on the chromosome A03, A09 and C08, 
respectively. Besides, the most interesting hotspot in our study was the lower hotspot on chromosome A09, showed well synteny to genome 
sequences of A. thaliana, A. lyrata and Brassica relatives. A total of 8 transcription factors were identified in this region, three of them belongs to 
the flavonoid biosynthesis related MYB transcription factor family. Additionally, In trans-eQTL hotspot on chromosome A03, C08 and the 
upper A09, we identified 5, 1 and 10 transcription factors, respectively. Among these transcription factors, bZIP25, MYC1 and other function 
unclear transcription factors could be regarded as candidate genes in the trans-eQTL hotspots for further verification.  
Molecular markers closely linked with these QTLs could be applied in marker-assisted selection of improving of feeding value of rapeseed. The 
functions of these candidate genes will provide insight into the molecular and biochemical mechanism of seed coat development in Brassicaceae, 
and elucidate the regulatory network underlying seed coat colour formation in B. napus. 
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A Look Under the Surface: Discovery of Genetic Variation for Root Traits in Brassica napus L 
Andreas Stahl1, Derek Wright1, Wolfgang Friedt2, Benjamin Wittkop1 and Rod Snowdon2, (1)Justus Liebig University, Giessen, 
Germany, (2)Department of Plant Breeding, Justus Liebig University, Giessen, Germany 
Oilseed rape (Brassica napus L.) is among the three most important oil crops in the world and plays an integral role in cereal crop rotations. 
Drought events are among the most important factors limiting yield in oilseed rape production. Especially in light of climate change, adaptation 
to low rainfall conditions is a major target of ongoing breeding programs. Very little is known about how oilseed rape roots maintain water 
uptake during rainless growth periods, for example by penetration into deeper soil or increasing the density of fine roots, however these traits are 
highly relevant to avoid yield losses under dehydration. Moreover, the reaction of the root system to nitrogen availability is also of great interest 
for increasing nitrogen use efficiency in oilseed rape.  
In a large-container phenotyping system, comprising 120 wheelie-bins with 90 cm soil depth, we assessed genetic variation for several root traits 
in fully mature plants from two diversity sets of 30 genotypes each. The first panel broadly covered genetic variation present in the B. napus gene 
pool, including synthetic accessions and older varieties with high seed erucic acid and glucosinolate content. The second panel represents 
breeding progress in European commercial elite inbred and hybrid varieties, released to the market between 1989 and 2014. We discovered 
extreme variation for root traits within the gene pool of B. napus, providing unprecedented insight into important diversity for breeding. Besides 
a differentiation in soil volume penetration and root biomass, contrasting inverse reactions to nitrogen supply were observed in some accessions. 
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Genetic Basis Underlying the Variation of Meiotic Recombination Frequencies in a Polyploid Species, Brassica napus 
Aurélien Blary, Institut Jean-Pierre Bourgin (INRA Centre de Versailles-Grignon), Versailles, France 
Meiotic recombination is a crucial component of evolution and breeding. Although studies in Arabidopsis thaliana have provided important 
insights into the formation of meiotic crossovers (COs) in plants, little is known about the genes/mechanisms responsible for natural variation in 
CO rates, especially in polyploid crops. Capitalizing on our previous results, this project specifically aims to analyze whether: (i) changes in CO 
rate in Brassica napus (AACC) may correlate with gene expression changes during meiosis, (ii) CO rate can be increased in this species by 
knocking down an anti-recombination protein that has been identified in Arabidopsis (FANCM) and (iii) recombination frequencies can be 
further increased by knocking down FANCM in Brassica AAC hybrids already showing extra COs.  



An RNA-Seq experiment revealed how much variable the meiotic transcriptome is and to what extent each of the main factor (genome, variety 
and ploidy) accounts for the observed variability. This expression analysis also revealed extensive polymorphism between two Brassica napus 
varieties, some of which colocalizing with previously detected QTLs for the control of CO frequencies  
Homeologue-specific (i.e. A- and C-) TILLING mutants have been identified for FANCM and the null homozygous double mutants (A-A-C-C-), as 
well as their progenies, have been produced and are currently under analysis. The same strategy will be followed for AAC plants.  
This project will shed new light on the pending cause of CO variation within plant species, which is essential for genetics, evolution and plant 
breeding. 
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Unravelling the Genetic Control of Tocopherol Biosynthesis in Rapeseed (Brassica napus L.) using Associative 
Transcriptomics 
Lenka Havlickova, University of York, York, United Kingdom 
Rapeseed (Brassica napus L.) is one of the most important oil crops grown worldwide. Rapeseed oil contains high amounts of tocopherols, lipid-
soluble antioxidants, which have important structural and protective functions in plants, and have a significant impact on oil-stabilizing activity. 
Tocopherols belong to the group of vitamin E compounds, and are an important source of essential vitamin E in human and livestock diets. In 
this study we used Associative Transcriptomics to determine the genetic architecture of tocopherol content in rapeseed oil using 355,536 SNPs 
and 53,889 gene expression markers (GEMs) in a new diversity panel of 383 accessions of B. napus. The seed tocopherol content across the 
panel was normally distributed and ranged from 196.3 to 445.5 mg.kg-1 for total tocopherol, 56.6 to 229.3 mg.kg-1 for alpha-tocopherol, 78 to 
347 mg.kg-1 for gamma-tocopherol, and 1.3 to 14 mg.kg- for delta-tocopherol. SNP and GEM association analysis revealed strong associations in 
several regions of the A and C genomes for different tocopherol traits, providing valuable genetic markers for use in future breeding programmes 
to select for different tocopherol profiles. 
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Epigenetic Analyses in Brassica oleracea 
Stephen J Robinson, Tricia Bender, Kyla Horner, Wayne E. Clarke, Erin Higgins and Isobel Parkin, Agriculture and Agri-Food 
Canada, Saskatoon, SK, Canada 
Domestication of Brassica oleracea has resulted in an array of starkly contrasting phenotypes that are familiar to us all as common vegetable 
crops.  The tremendous amount of morphological variation present within B. oleracea is testament to both the polyploid origin and flexibility of 
its gene expression. Numerous layers of information regulate gene expression, including the interaction among promoters, enhancers, repressors 
and the general transcription machinery.  Superimposed onto these are additional regulatory mechanisms acting through epigenetic pathways 
involving DNA methylation, histone modifications and non-coding RNA molecules that together control the expression of complex traits. The 
recent development of a high quality genome sequence for B. oleracea has heralded the beginning of the post-genomics era for this species and it 
also serves as a model for its close relatives B. napus and B. carinata.  DNA methylation is an important epigenetic mark that regulates gene 
expression but the information is not encoded in the primary DNA sequence.  This study focuses on the detection of DNA methylation patterns 
in B. oleracea.  We describe the application of whole genome bisulfite sequencing and RNA-Seq to characterize global DNA methylation and 
transcript abundance patterns and discuss the bioinformatics challenges of working within an ancient polyploid crop species. 
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Identification of QTLs and Candidate Genes Associated with Agronomic Traits in Brassica oleracea var. Italica  
Samantha Case, North Carolina State University - Plant Pathways Elucidation Project, Kannapolis, NC 
Optimizing crop growing and harvesting efficiency requires the elucidation of genetic variation of agronomic traits in diverse crop culitvars. In 
this study, a genome-wide association study (GWAS) on 112 Brassica oleracea var. italica diversity lines was conducted to identify significant 
loci and candidate genes important to over 20 agronomic traits. A QK mixed model was applied in order to appropriately account for population 
structure. With replication over two years, an average of 6 QTLs were identified for each trait. The QTL regions were searched for candidate 
genes from a list aggregated from the scientific literature by a Natural Language Processing software. For example, the QTL regions associated 
with black rot trait, caused by the Xanthomonas campestris bacteria, contained defense related genes such as pathogenesis-thaumatin, defensin 
(DEFL), disease resistance (TIR-NBS-LRR), and hypersensitive response lesion-inducing candidate genes. Identifying candidate genes 
associated with complex agronomic traits provides a great resource for genetic and breeding research to further improve broccoli agronomics and 
allow greater access to broccoli’s plethora of human health benefits. 
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QTL Mapping of Heat Tolerance in a Doubled Haploid Population of Broccoli using Genotyping-by-Sequencing 
Sandra E. Branham1, David M. Couillard1, Zachary J. Stansell2 and Mark W. Farnham1, (1)USDA-ARS Vegetable Laboratory, 
Charleston, SC, (2)Cornell University, Charleston, SC 
Broccoli is a cool weather vegetable crop with a vernalization requirement to initiate and maintain floral development. Breeding for heat 
tolerance in broccoli has the potential to both expand viable production areas and extend the growing season.  A doubled haploid (DH) 
population of broccoli (Brassica oleracea var. italica L.) consisting of 159 individuals segregating for heat tolerance was produced by a cross 
between heat-tolerant and heat-sensitive breeding lines. The population was evaluated for resistance to heat stress (using a 9 point scale) in three 
years of field trials in Charleston, SC. Population tolerance scores displayed a continuous distribution with a mean of 3.4 points and a standard 
deviation of 1.5 points. Genotyping-by-sequencing followed by imputation with FSFHap yielded 2,335 non-redundant informative SNPs for 
genetic map construction. Composite interval mapping was performed using the qtl package in R. Identified QTL and their implications for 
marker-assisted selection in future breeding efforts will be discussed. 
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RAD Sequencing of Diverse Accessions of Lepidium campestre,  a Target Species for Domestication as a Novel Oil Crop 
Fernando Lopes Pinto1, Tytti Vanhala2, Mulatu Mulatu Dida Geleta3, Judith Risse4, Jenna Nichols4, Karim Gharbi4 and Dirk-Jan de 
Koning1, (1)Swedish University of Agricultural Sciences, Uppsala, Sweden, (2)Vanhalytix, Knivsta, Sweden, (3)Swedish 
University of Agricultural Sciences, Alnarp, Sweden, (4)Edinburgh Genomics, School of Biological Sciences, Edinburgh, Scotland 
Lepidium campestre is a wild and winter hardy biennial potential oilseed crop. It can be cultivated as a catch crop and sown in between regular 
crops. In the Mistra Biotech project, we aim to domesticate L. campestre through a combination of traditional breeding, molecular selection and 
GM approaches. Target traits are oil quality, oil yield and prevention of premature pod shattering. To provide a molecular toolbox for L. 
campestre we used Restriction Site Associated DNA (RAD) sequencing to provide a large number of potential single nucleotide polymorphisms 
(SNP). To get the most informative set of SNPs for both linkage mapping and association studies we selected 8 samples (parents and F1 
offspring) from a divergent cross and 10 different accessions for RAD sequencing. DNA was isolated using the protocol by Lopes-Pinto and 
Vanhala at molmeth.org (2015, http://molmeth.org/protocol/detailed-protocol-isolating-cleaning-and-measuring-dna-lepidium-leaves-rad-
sequencing-0).    Single-digest RAD library preparation was carried out using EcoR1 and libraries were sequenced in a single lane of an Illumina 
HiSeq 2500 using a 125 base paired-end sequencing strategy. RAD reads were analysed de novo using STACKS and SNPs were identified using 
SAMtools. After filtering, we identified more than 90,000 high quality SNPs that segregate in the experimental cross plus and/or the population 
samples.  A subset of these SNPs will be selected for a genotyping assay that will enable linkage mapping, QTL mapping, GWAS analyses and 
also Genomic Prediction in L. campestre. 
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Structure and Evolution of the Mesohexaploid Radish (Raphanus sativus L.) Genome 
Jeong-Hwan Mun1, Hee-Ju Yu2, Young-Min Jeong2 and Namshin Kim3, (1)Myongji University, Yongin, South Korea, (2)The 
Catholic University of Korea, Bucheon, South Korea, (3)Epigenomics Research Center of Genome Institute, KRIBB, Daejeon, 
South Korea 
Radish (Raphanus sativus L.) is an agronomically important root vegetable crop and its origin and phylogenetic position in the tribe Brassiceae is 
controversial. Here we present a comprehensive analysis of the radish genome based on the fully-sequenced and annotated chromosome 
sequences. The radish genome was sequenced and assembled into 426.2 Mb spanning >98% of the gene space, of which 344.0 Mb were 
integrated into nine chromosome pseudomolecules. Approximately 36% of the genome was repetitive sequences and 46,514 protein-coding 
genes were predicted and annotated. Comparative mapping of the tPCK-like ancestral genome revealed that the radish genome has intermediate 
characteristics between the Brassica A/C and B genomes in the triplicated segments, suggesting an internal origin from the genus Brassica. The 
evolutionary characteristics shared between radish and other Brassica species provided genomic evidences that the current form of 9 
chromosomes in radish was reconstructed from 12 chromosomes. Overall, this study provides a reference genome sequence of radish as well as 
novel insight into evolution of the mesohexaploid genomes in the tribe Brassiceae. 
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Resequencing Analysis of the Radish (Raphanus sativus L.) Genome Identifies Patterns of Genetic Selection during 
Domestication 
Hee-Ju Yu1, Jeong-Hwan Mun2, Young-Min Jeong1 and Namshin Kim3, (1)The Catholic University of Korea, Bucheon, South 
Korea, (2)Myongji University, Yongin, South Korea, (3)Epigenomics Research Center of Genome Institute, KRIBB, Daejeon, 
South Korea 
Radish (Raphanus sativus L.) is an important root vegetable crop that has a long history of domestication, but the origins of cultivated radishes 
remain controversial. Repeated selection on specific traits during domestication reduces genetic variation around domestication-related genes 
(DRG), which are known as a selective sweep. Finding genetic bottlenecks in crop species is a key for elucidating history of domestication as 
well as identification of DRG. In this study, we present comprehensive whole-genome resequencing analysis of radish to explore genomic 
variation in the radish population. Multi-sample genotyping analysis of 17 cultivated and wild accessions obtained 9.5 million homozygous 
single-nucleotide polymorphisms (SNPs)/insertions or deletions (InDels). Phylogenetic and population structure analysis revealed close 
relationships between Asian cultivated and wild radishes, suggesting that Asian cultivars were domesticated from wild Asian species. 
Comparison of genetic variation between Asian genotypes identified 512 DRG candidates that are related to root architecture, cell wall, and 
sugar metabolism. Expression analysis of DRGs during root development suggested that selective traits included a taproot architecture, reduced 
cell wall rigidity, and favorable taste. This study provides evolutionary insight into radish domestication as well as the potential trait-related 
markers for background selection in molecular breeding.  
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Meiosis in the Allodiploid Plant xBrassicoraphanus Derived from the Intergeneric Hybridization Between Brassica rapa and 
Raphanus sativus 
Hye Rang Park, Seoul National University, Seoul, South Korea 
Hallmark features of meiosis include the formation of synapsis between the homologous chromosomes and the production of haploid spores with 
unique genetic compositions. Several studies reported meiotic behaviors in the haploid plant cells, which often displayed very limited synapsis 
and chiasma formation during meiotic prophase I compared to the diploid cells, resulting in many abnormal chromosome behaviors in the 
subsequent stages. This is most likely due to the absence of homologous chromosome pairing required for the success of meiosis. However, it is 
largely unknown how meiosis takes place in the allodiploid plants, whose haploid chromosome sets are derived during hybridization from the 
parents sharing a significant level of homology between the two genomes. This exerts a very unprecedented environment to the allodiploid 
meiocyte which goes through differentiation into gametes through reducing meiotic cell division. In this study, we observed the chromosome 
behavior of a newly synthesized allodiploid xBrassicoraphanus derived from a cross between Brassica rapa (2n = 20) and Raphanus sativus (2n 
= 18). The resulting allodiploid plant was found to retain a total of 19 chromosomes (n = 19). Meiosis in the pollen mother cell displayed severe 
defects in chromosome pairing and synaptonemal complex formation, eventually leading to the production of gametes with unbalanced 



chromosome sets such as diads and triads instead of normal haploid tetrads. This study should provide interesting mechanistic insights into the 
meiotic behavior in intergeneric allodiploid plants that retain a substantial degree of homology and distinction at the same time between the two 
genomes.  
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Role of Aquaporin Gene Family Towards Abiotic and Biotic Stress Tolerance in Brassica rapa 
Abdul Kayum1, Jeongsukhyeon Han1, Jong-In Park1, Nasar Uddin Ahmed2, Kwon-Kyoo Kang3 and Illsup Nou1, (1)Sunchon 
National University, Suncheon, South Korea, (2)Patuakhali Science and Technology University, Barisal, Bangladesh, (3)Hankyong 
National University, Ansung, South Korea 
Aquaporin (AQP) genes are those which have been so far reported as responsive for water transportation in plants. The aquaporin proteins are 
present in diverse forms in plants, where they function in transport of water and nutrient molecules through living membranes, and might be 
essential for survival under salt and drought stresses. In this study, we have explored and identified 59 AQP genes in Brassica rapa database and 
Br135K microarray dataset. Phylogenetic analysis revealed four subfamilies, including plasma membrane intrinsic proteins (PIPs), tonoplast 
intrinsic proteins (TIPs), NOD26-like intrinsic proteins (NIPs), and small basic intrinsic proteins (SIPs). Here, we have selected PIP subfamily 
genes for detailed qPCR expression analysis in response to cold, salt, drought, and water logging conditions as well as ABA (abssicic acid) 
treatment and Fusarium oxysporum f. sp. conglutinans infection. All BrPIP genes showed organ-specific expression. Twelve out of 22 BrPIP 
genes were differentially expressed upon cold treatment in two B. rapa inbred lines (Chiifu and Kenshin). Seven and seventeen BrPIP genes 
showed up-regulation under drought and salt stresses respectively. Whereas, 18 BrPIP genes were responsive to ABA treatment, and all BrPIP 
genes showed down-regulation under water logged condition. Four BrPIP genes were found responsive to F. oxysporum f. sp. conglutinans 
infection. Therefore, this study gives a comprehensive report of AQPs in B. rapa on expression profile 22 members of the BrPIPsubfamily, 
which could be provided a basis to elucidate the stress-related biological functions of specific PIP gene. (213003-04-3-SB420) 
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Indentification of New Clubroot Resistant Locus in Chinese Cabbage (Brassica rapa L.) Against Plasmodiophora brassicae 
Pathotypes of Korea 
Jong-In Park1, Nam-Hee Jeong1, Hye Ran Kim2, Tae-Jin Yang3 and Illsup Nou1, (1)Sunchon National University, Suncheon, 
South Korea, (2)KRIBB-Plant Systems Engineering Center, Daejeon, Korea, (3)Seoul National University, Seoul, South Korea 
Clubroot disease, which is caused by the soil-borne plant pathogen Plasmodiophora brassicae Woronin, is the most serious disease in cultivated 
Brassica species such as Brassica rapa, B. oleracea and B. napus. P. brassicae causes abnormal cell enlargement and cell division of infected 
roots that produces characteristic deforming galls. Thus this disease causes substantial reductions in crop quality and yield. Many mapping 
studies for CR loci have been reported in Brassica to date, and at least eight CR loci such as Crr1, Crr2, Crr3, Crr4, CRa, CRb, CRc, and CRk 
have been identified in B. rapa. In Japan, four pathotypic groups (group 1 to group 4) were identified from the collected field isolates. Recently, 
a B. rapa cultivar named ‘Akimeki’ has been developed which is resistant against all four pathotype groups. In Korean field, very similar 
pathotypic groups against each of the four Japanese pathotypes have been identified. The four Korean pathotypes are: wild type, mutant type 1, 
mutant type 2 and mutant type 3. The Japanese cultivar ‘Akimeki’ showed resistance against wild type, mutant type 1 and mutant type 2 
pathotypes of Korea. But notably the ‘Akimeki’ cultivar was found susceptible against the mutant type 3. The results indicated that the pathotype 
mutant groups between Japan and Korea differ in CR locus. We believe that the CR locus present in Korean mutant type 3 might be a new locus 
that has not been reported before. Therefore we have planned to map the probable unknown locus present mutant type 3. To achieve this 
objective we have crossed resistant and susceptible lines of mutant type 3, produced F1 generation and subsequently the F2 generation. The F2 
generation is being sequenced by RAD-seq. and the data to be used to construct a genetic map of the predicted new locus present in mutant type 
3. (213003-04-3-SB110, 213003-04-3-SB420) 
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Molecular Characterization and Stress Induced Expression Profiling of TIFY Family Genes in Chinese Cabbage (Brassica 
rapa ssp. pekinensis) 
Gopal Saha1, Jong-In Park1, Yong-Gu Cho2 and Illsup Nou1, (1)Sunchon National University, Suncheon, South Korea, 
(2)Chungbuk National University, Cheongju, South Korea 
The TIFY family is a novel, plant-specific group of genes and has been reported widely for their important functions related to biological 
processes, such as plants development, stress and hormone responses in different crop species. Till date, there is no information related to TIFY 
genes in any Brassica crop. Here, we reports 36 TIFY genes in Brassica rapa, an economically important crop species from Brassicaceae. In 
silico analyses confirmed 36 TIFY genes under four subfamilies (JAZ, TIFY, ZML and PPD) in B. rapa, where highest 21 TIFY genes are from 
JAZ subfamily. Afterwards, RT-PCR expression analysis revealed JAZ genes with constitutive expression patterns in floral organs and flower 
growth stages of B. rapa. To elucidate the stress responses of B. rapa JAZs, we analyzed low temperature-treated whole-genome microarray data 
set, where they showed variable transcript abundance between two contrasting inbred lines Chiifu and Kenshin. Subsequently, from qPCR 
validation study, nine JAZs showed differential up- regulation against cold stress in the same two lines. Specifically, a high and differential 
expression of JAZs against JA treatment indicates about their JA mediated growth regulatory functions. Furthermore, BrTIFY JAZs have also 
showed variable induction in response to salt, drought, Fusarium, ABA and SA treatments, where six genes (BrTIFY3a, 3b, 6a, 9a, 9b and 9c) 
showed corresponsive expression against all the stresses. Extensive annotation and expression profiling data related to TIFY genes presented here 
might be useful for functional characterization and exploitation of these genes in the fertility and stress resistance study of B. rapa. 
 
P0958: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 
Development of Doubled Haploid Inbred Lines in Brassica Vegetables 
Suhyoung Park1, Hayoung Jang1, Min young Park1, Jung-Ho Kwak1, Won Byoung Chae1 and Yong Pyo Lim2, (1)National 
Institute of Horticultural & Herbal Science, Wanju, South Korea, (2)Chungnam National University, Daejeon, South Korea 



Kimchi cabbage (Chinese cabbage), radish and Cabbage are major Brassicaceae vegetables in Korea. Especially, we can easily develop whole 
plant from one microspore in Kimchi cabbage and radish. To develop clubroot resistant doubled-haploid (DH) inbred lines, we pollinated a 
clubroot resistant turnip of 'IT 033820' with a Kimchi cabbage (Chinese cabbage) inbred of 'BP 079'. More than 85 DH inbred lines were 
developed from this combination. We screened about 400 materials including these DH inbred lines, commercial cultivars and breeding materials 
during 3 years using hydroponic system after inoculating single spore isolation race 4(SSI-04) inoculate.  
One inbred line derived from this combination selected as clubroot resistant and registered as ‘Wonkyo20036ho’. We inoculated 26 DH inbred 
lines derived from 'Zoong-baek 2ho' using SSI-4, the percent of resistant plants varied from 0 to 83%. However the horticultural traits of highly 
resistant DH inbred line was poor. Thus we selected one DH line showing 77% resistant with yellow inner leaf and maid good head, was 
registered as 'Wonkyo20034ho'. Another DH inbred line derived from Korean variety of 'Wol-dong' showing 86% resistant was registered as 
'Wonkyo20037ho'. Other DH inbred lines were derived from Chinese cultivar of 'Choon-hi-go-hang-wang' and 'Hwang-shim-zo48' showed 80 
and 71% resistant, respectively, was also selected for registration. Even though DH inbred lines derived from turnip showed highly resistant to 
SSI-04 and provincial inoculate, they showed poor characteristics in horticultural traits.  
One DH inbred of ‘Wonkyo10051ho’ was developed from microspore cultivation of traditional commercial cultivar of ‘Taebaek’ radish. Even 
though parental material showed short and thief root shape, the DH inbred produced long and thin root. Five commercial radish breeders showed 
interesting for adapting these DH inbred lines in commercial breeding. 
 
P0959: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
A Comprehensive Survey of Epigenomic Variation on a Population Scale in Legumes 
Lexiang Ji1, Kyung Do Kim1, Jonathan Corbi1, Zhenzhen Qiao2, Drexel Neumann1, Nicholas Rohr1, Jane Grimwood3, Marc 
Libault2, Scott A. Jackson1 and Robert Schmitz1, (1)University of Georgia, Athens, GA, (2)University of Oklahoma, Norman, OK, 
(3)HudsonAlpha Institute for Biotechnology, Huntsville, AL 
Epigenomics is an intensely investigated area, not just because it expands our abilities to understand and explain observed phenotypic variations, 
but also because of its reversible nature it can be used to alter and manipulate economically important processes in crop plants. Legumes, such as 
soybean (Glycine max) and common bean (Phaseolus vulgaris) are major crop species that provides our daily food and oils, occupying an 
unreplaceable position in the nutrition pyramid. In this study, we surveyed legume epigenomic variations on a population scale with multiple data 
types, including methylomes (MethylC-seq), transcriptomes (RNA-seq), and small-RNAs (Small RNA-seq) in soybean, common bean and 
Medicago truncatula. In this study, we are aiming to 1) identify natural epigenomic variations and investigate how much of them are driven by 
genetic variation, 2) expand our understanding of the intimate symbiotic relationships between soil bacteria (rhizobia) and legumes and to 
explore potential epigenomic mechanisms behind each legume species and compare the differences between them, 3) compare and contrast the 
epigenomic variations between the two major types of nodules, determinate (soybean and common bean) vs. indeterminate (Medicago) nodules, 
4) determine the role of genes targeted for gene silencing by RdDM (RNA-directed DNA methylation) and if they may serve a functional role in 
particular developmental processes or stress responses such as rapid response to infection, 5) determine the conservation of gene body 
methylation and RdDM targeting methylation within and between legumes. 
 
P0960: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Predicting Consensus Sequence of Pre-mRNA Splicing Sites in Legume Plants 
Chaeyoung Lee, Jin-Hyun Kim, Joo-Seok Park and Hong-kyu Choi, Dong-A University, Busan, South Korea 
For purposes of studying intron structures and predicting consensus splice motifs, a total of 102 legume species were used to isolate introns 
across the family. Of 196 gene-targeted PCR primer pairs, we successfully amplified 118 intron-containing genes (60.2%) and obtained a total of 
1,870 introns with an average size of 143 nucleotides. Species-based compilation of 5’- and 3’-splicing motifs showed lineage-specific 
conservation in each splicing motif. Compilation of the entire intron set permitted prediction of the consensus sequences of splicing signal motifs 
in legumes, AYGWGTABABGHandTVNC/TAGGHTVforthe5’-and3’-splicing motifs, respectively. Interestingly, these consensus motifs are very 
similar to the corresponding splicing signals of two model systems, Arabidopsis and rice. This result is suggestive of conservation of pre-mRNA 
splicing mechanisms in higher plants. Multiple alignments of CALTL introns demonstrated that the region from the branch point to 3’ splice site 
was relatively more conserved than the region from5’ splice site to the branch point. Phylogenetic analysis demonstrated that each of three 
splicing motifs, 5’-splice sites, 3’-splice sits, and branch site, was relevant to evolutionary divergence of species and phylogenetically 
informative, suggesting that splice signal sequences would be useful as a potential tool for the molecular phylogenetic analysis.  
 
P0961: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Comparative Evolutionary Analysis of DNA-Binding with One-Finger (DOF) Transcription Factor Family Among Species 
from Poaceae, Fabaceae and Malvaceae 
Rana Muhammad Atif1, Sohaib Ahmed1, Waqas Shafqat1, Amir Shakeel1, Muhammad Tehseen Azhar1, Iqrar Ahmad Rana1, 
Bushra Sadia1, Asif Ali Khan1 and Sergio Ochatt2, (1)University of Agriculture,, Faisalabad, Pakistan, (2)Institute Nationale de la 
Recherche Agronomique, Dijon, France 
The availability of complete genome sequences of numerous plant species has opened new horizons for comparative genomic studies of various 
gene families. These insights can provide evolutionary clues for expansion of gene families and can help to predict their functions. DOF proteins 
are plant-specific transcription factors which have been implicated in diverse processes ranging from development to stress tolerance. In this 
study, evolutionary comparison of DOF TF family was carried out in Oryza sativa, Sorghum bicolor, Zea mays, Arabidopsis thaliana, Cajanus 
cajan, Cicer arietinum, Glycine max, Medicago truncatula, Gossypium raimondii and Gossypium arboretum. DOF family expanded with the 
course of evolution from single-celled green algae Chlamydomonas reinhardtii having single DOF gene to tetraploid soybean with 78 DOF 
genes. It was also inferred that DOF TFs regulating the seed development process in rice, sorghum and maize were evolved in Polaes-specific 
lineage. Investigations of gene structural organization has revealed that the several introns were lost from CrDof during evolution, so majority of 
DOF genes in higher plants are either intron-less or have single intron. Some intron re-gain events have also been observed. Segmental as well as 
tandem duplications seemed to be responsible for expansion of DOF family in studied Poales. Whereas tandem duplication events seemed to be 



main route for its expansion in Fabales. Gene duplication studies in Malvales suggested that large-scale segmental duplications might have been 
solely responsible for the DOF family expansion in Gossypium species. Most of the recent expansions of the DOF family seemed to involve 
development-related genes. 
 
P0962: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Translational and Comparative Genome Analysis of Abiotic Stress-Responsive Genes Between Arabidopsis and Medicago 
truncatula 
Chaeyoung Lee, Jin-Hyun Kim, Joo-Seok Park, Daejin Hyung and Hong-kyu Choi, Dong-A University, Busan, South Korea 
Cross-species translation of genomic information may play a pivotal role in applying biological knowledge gained from relatively simple model 
system to other less studied, but related, genomes. The information of abiotic stress (ABS)-responsive genes in Arabidopsis was identified and 
translated into the legume model system, Medicago truncatula. Various data resources, such as TAIR/AtGI DB, expression profiles and 
literatures, were used to build a genome-wide list of ABS genes. tBlastX/BlastP similarity search tools and manual inspection of alignments were 
used to identify orthologous genes between the two genomes. A total of 1,377 genes were finally collected and classified into 18 functional 
criteria of gene ontology. The data analysis according to the expression cues showed substantial level of interaction among drought, salinity and 
cold stress. In an attempt to translate the ABS genes between these two species, genomic locations for each gene were mapped using an in-house-
developed comparative analysis platform. The comparative analysis revealed fragmental colinearity represented by only 37 synteny blocks 
between the two model species. Based on the combination of E-value and alignment remarks, estimated translation rate was 60.2% for this cross-
family translation. As a prelude of the functional comparative genomic approaches, one of the sub-networks was integrated with corresponding 
comparative map. The results demonstrated that core members of the sub-network were well aligned with previously reported ABS regulatory 
networks. Taken together, the results indicate that network-based integrative approaches of comparative and functional genomics are important 
to interpret and translate genomic information for complex traits such as abiotic stresses. 
 
P0963: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Comparative Molecular Docking Analysis in Two Legume Species: Glycine max and Medicago truncatula 
Kuaybe Yucebilgili Kurtoglu1,2, Ertugrul Filiz3, Ibrahim Ilker Ozyigit1, Recep Vatansever1 and Mehmet Emin Uras1, (1)Marmara 
University, Istanbul, Turkey, (2)Istanbul Medeniyet University, Istanbul, Turkey, (3)Duzce University, Duzce, Turkey 
Urease (EC 3.5.1.5) is an enzyme responsible for the hydrolysis of urea into ammonia and carbon dioxide which results in the release of two 
molecules of ammonia and one molecule of carbon dioxide as follows: (NH2)2CO + H2O → CO2 + 2NH3. Ureases are known to be present in 
several bacteria, fungi, algae, plants and invertebrates. They are nickel-containing metalloenzymes of high molecular weight. This study 
investigates primary, secondary and tertiary structures of G. max and M. truncatula ureases. 3D models are generated and docking analyses with 
urea were performed. In addition to mutation analysis, a structure-based phylogenetic tree was constructed. According to our findings, ureases 
belong to two species show similarity in terms of primary, secondary and tertiary structures.  
In phylogenetic tree, plant and bacterial ureases were distinct, and plant ureases exhibited more conserved 3D structures. A common interacting 
residue in both Glycine (2.2 Å) and Medicago (2.8 Å) was found as Glutamic acid (Glu). Besides highly mutable amino acids were 
demonstrated; Arg435 in Medicago and Arg437 in Glycine. Urea-urease complexes in both plants and bacteria were measured for their free 
binding energies (ΔG) which ranged from -3.8 to -4.2 kcal/mol. This study provides insight for future studies of urea-urease binding interactions 
in plants, especially in legumes.  
 
P0964: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Genetic and Phenotypic Diversity of a Public Soybean Breeding Program 
Robert Bruce, Chris Grainger, Milad Eskandari and Istvan Rajcan, University of Guelph, Guelph, ON, Canada 
Characterizing relationships between genotypic and phenotypic data are core aspects of germplasm development in modern breeding programs. 
To understand these relationships in a public breeding program close to 300 genotypes from the University of Guelph soybean breeding program 
were chosen for study. The genotypes chosen are from two separate University programs and consist of original founder lines, released cultivars, 
exotic germplasm and experimental lines. These lines were SNP genotyped using genotyping-by-sequencing and grown out in replicated two-
location yield trials in summer 2015. Traits measured included yield, oil, protein, canopy traits such as normalized difference red edge index 
(NDRE) and several seed traits. These traits were used to understand the dynamics of selection across the genome and relate them to trait 
improvement over the history of the breeding program. Genome-wide association (GWA) was conducted to find genomic regions of significance 
for future breeding efforts. Allele flow through generations of breeding germplasm was mapped for these traits to determine the underlying 
selection signatures for each trait. The combined genotypic and phenotypic information will allow for better parental selection when making 
crosses in the breeding program by providing opportunities for allele enrichment for enhanced trait performance. 
 
P0965: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Coding and Noncoding RNA Sequences of Glycine latifolia, a Wild Perennial Relative of Soybean 
Qiong Liu, University of Illinois, Urbana, IL and Leslie Domier, USDA-ARS, Urbana, IL 
Glycine latifolia, a wild perennial relative of soybean (Glycine max), is recognized for its resistance to multiple phytopathogenic diseases and 
tolerance to abiotic stresses. Better understanding of the G. latifolia genome and its characteristics may assist in the identification of genes 
underlying favorable traits in wild perennial soybean relatives. For that purpose, RNASeq and small RNA libraries were prepared using RNAs 
purified from various G. latifolia tissue types and analyzed by Illumina high-throughput sequencing, yielding over 400 million and 200 million 
reads, respectively. Trinity transcriptome de novo assembly generated more than 300,000 contigs with an N50 of 1,394 nt. Among the 158,427 
protein sequences predicted by TransDecoder, 70% aligned to predicted products of G. max nuclear, mitochondrial or chloroplast coding 
sequences. The transcriptome assembly also facilitated annotation by MAKER of a draft G. latifolia genome sequence that predicted 59,400 
protein-coding loci - similar to the number (56,044) for G. max. The products of predicted genes included 66 pathogenesis-related proteins and 
311 putative disease resistance proteins. Small RNA data were analyzed using miRPlant for expression levels, secondary structure of the primary 



transcripts and genome locations utilizing the draft G. latifolia genome sequence as reference. Subsequent manual selection based on miRPlant 
results yielded 231 microRNAs (miRNAs), including 45 novel miRNAs and 186 conserved miRNAs from 41 families. The most abundantly 
expressed miRNAs were miR166, miR396, miR482, and miR1507, which display similar expression patterns in G. max. Degradome sequence 
analysis will be required to confirm the activity of the novel miRNAs. 
 
P0966: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Genotyping-By-Sequencing of Soybean Breeding Lines from Africa, Brazil, Canada, and the USA 
Marco Pessoa-Filho1,2, Davoud Torkamaneh3, Andre Luiz de Lima Passianotto4, Marcelo Fernandes de Oliveira4, Ricardo 
Abdelnoor4, Randall Nelson5, Francois Belzile6 and Brian W. Diers2, (1)Embrapa Cerrados, Brasília - DF, Brazil, (2)University of 
Illinois, Urbana, IL, (3)Laval University, Quebec, QC, Canada, (4)Embrapa Soja, Londrina, Brazil, (5)USDA ARS, Urbana, IL, 
(6)Université Laval, Québec, QC, Canada 
Soybean improvement efforts at the International Institute of Tropical Agriculture (IITA, Nigeria) began in the mid 1970’s. Release of high 
yielding varieties that are tolerant or resistant to biotic and abiotic stresses has contributed to increasing average yields in Sub-Saharan Africa in 
the last four decades. More recently, the Soybean Innovation Lab was established as an international consortium focused on sustainable soybean 
development in Africa. Plant breeding and germplasm research at the Soybean Innovation Lab includes the introduction of elite germplasm from 
the USA and Brazil, and improvement of IITA soybean varieties. We used genotyping-by-sequencing to assess the genetic diversity and structure 
of 298 IITA breeding lines, and to compare them to diverse panels of soybean varieties from the USA (94 lines), Canada (139 lines), and Brazil 
(103 lines). A total of 42,067 SNPs were obtained for the IITA dataset, which allowed a genome-wide characterization of nucleotide diversity, 
linkage disequilibrium (LD), and genetic structure. Pairwise values of Identity-by-State (IBS) distances showed that 27 pairs of lines were 
closely related (IBS distance values < 0.02). In order to compare diversity between datasets, a subset of 100 IITA samples was selected to 
compose a representative group of diverse breeding lines from Africa. Approximately 15,000 SNPs shared by the four datasets were used to 
compare their values of nucleotide diversity, LD patterns, and haplotype structures. Results indicated that IITA breeding lines are as diverse as 
varieties from the USA, Canada, and Brazil. Genetic structure patterns between the four groups were mainly influenced by differences in 
maturity groups, in addition to geographic origins of samples. 
 
P0967: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Revitalizing Historic Soybean Mutant Resources Using New Genomic Tools 
Benjamin W. Campbell, Erin Gilbert, Amritpal Singh, Robert M. Stupar and Aaron J. Lorenz, Department of Agronomy and Plant 
Genetics, University of Minnesota, St. Paul, MN 
The recent genotyping of the USDA soybean germplasm collection has provide a wealth of data that is enabling new research goals and 
objectives.  In the 1960’s and 1970’s, soybean researchers created a collection of near isogenic mutant lines, called the Soybean Isolines, by 
backcrossing one or more mutant alleles into the cultivars Clark, Harosoy, and Williams.  While many of the mutant alleles in the Soybean 
Isoline collection are agronomically detrimental, some of the alleles have positive effects on yield, insect resistance, and disease resistance.  The 
public release of the Soy50KSNP genotyping data provided sufficient information to map the introgression intervals for many of the lines in the 
Soybean Isoline collection.  Proof-of-concept of this mapping method was performed on the trichome mutant T31, resulting in the cloning and 
validation of the causative sequence polymorphism.  This work provides a roadmap for furthering knowledge of soybean gene function and 
introgressing potentially valuable mutant alleles into elite germplasm. 
 
P0968: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
What's New at SoyBase? 
David Grant1, Rex Nelson1, Kevin H. Feeley1, Jacqueline D. Campbell2, Sudhansu Dash3, Nathan Weeks1 and Steven B. Cannon1, 
(1)USDA-ARS-CICGRU, Ames, IA, (2)Iowa State University, Ames, IA, (3)National Center for Genome Resources (NCGR), 
Santa Fe, NM 
SoyBase, the USDA-ARS soybean genetics and genomics database, provides a comprehensive collection of data, analysis tools and links to 
external resources of interest to soybean researchers. Numerous data types are available including genetic maps, the soybean reference genome 
sequence with annotation tracks covering genetic markers, genome organization, gene annotation and expression, and gene knockout mutants. 
These data are linked together wherever possible to allow easy identification and browsing of related subjects. The data in SoyBase are provided 
through intuitive interfaces, and an extensive navigation menu and site description provides facile access to all sections of SoyBase. SoyBase is 
an actively curated database, with new data regularly being incorporated, including additions to the controlled vocabularies (ontologies) for 
soybean growth, development and phenotypic traits, soybean genes, QTL, and genome sequences and annotations. Recent additions to SoyBase 
will be presented. 
 
P0969: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Combining High-Throughput Genotyping and Whole Genome Sequencing Data to Accurately Genotype Causative Alleles 
in Soybean (Glycine max) 
Aurélie Tardivel1, Francois Belzile1 and Louise S. O'Donoughue2, (1)Laval University, Québec, QC, Canada, (2)CÉROM, Centre 
de recherche sur les grains inc., Saint-Mathieu de Beloeil, QC, Canada 
The tremendous throughput of modern DNA sequencing technology has allowed the resequencing of hundreds of soybean accessions, thus 
providing a catalogue of millions of single nucleotide polymorphisms (SNPs) and capturing causative mutations in many genes of interest.  Such 
whole genome sequencing (WGS) is however too costly to perform routinely on a large number of lines as required in breeding work. In 
contrast, thanks to its low cost, high-throughput genotyping (via GBS or SNP arrays) has made it possible to genotype large numbers of 
individuals at thousands of SNPs. In this work, we wanted to test if these two technologies could be exploited jointly. We performed WGS on a 
set of 23 Canadian soybean lines. In parallel, two collections of soybean accessions were analyzed via GBS: a set of 136 Canadian lines and a set 
of 89 PI lines from diverse geographical origins. For each set, we used the WGS SNP data as a reference to impute the untyped SNP loci. To 



examine the quality and usefulness of this imputed dataset, we analyzed GmPhyA3, a gene for which several causative mutations have been 
reported to affect maturity. In both collections, GBS-derived SNPs failed to capture the causative mutations. In contrast, the imputation of the 
previously untyped causative mutation was found to be extremely accurate as long as a given causative mutation was present in the reference 
panel. This work shows that it is possible to obtain exhaustive SNP datasets using imputation on the basis of affordable SNP genotyping 
technologies. 
 
P0970: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identification and Characterization of New Soybean Sources of Significantly Elevated Seed Stearic Acid with Resistance to 
Soybean Cyst Nematode Using Forward and Reverse Genetic Screening 
Naoufal Lakhssassi, Shiming Liu, Zhou Zhou and Khalid Meksem, Department of Plant Soil and Agricultural Systems, SIUC, 
Carbondale, IL 
Stearoyl-acyl carrier protein desaturase (SACPD), which has four isoforms in soybean: SACPD-A, -B, -C and –D, converts stearic acid into oleic 
acid, influencing and controlling the accumulation of stearic acid. The available soybean lines with high level of seed stearic acid are mostly 
susceptible to soybean cyst nematode (SCN), one of the most devastating pests in soybean production. We developed a new ethyl 
methanesulfonate (EMS) mutagenized SCN-resistant soybean cv. Forrest M2 population, which displayed many kinds of significant 
morphological phenotypes. A subset of the mutagenized population containing  about 1000 families (M3 and M4 lines), was screened using 
TILLING to identify  mutants within the SACPD genes, we identified three missense SACPD-D mutants: F2360 (G263E), F2374 (E37K), and 
F2487 (T297M), and all the three lines were measured to contain the same level of seed stearic acid as the wild type Forrest. Using a forward 
screening approach, we were able to identify four mutants: F605, F620, F714, and F813, all of which contain high level of seed stearic acid with 
an increased level of up to 2.4 times compared to the wild type parent Forrest used to develop the mutagenized population. Each of these four 
mutants was identified to carry one missense or nonsense mutation of SACPD-C: Q83* (F605), L79F (F620), D77N (F714), and P102L (F813), 
among them, Q83*, L79F, and P102L are the new SACPD-C alleles identified in soybean. However, none of the four mutants exhibited 
mutations in SACPD-A, SACPD-B, and SACPD-D except that two of them (F605 and F813) showed one identical silent mutation (P80=) in 
SACPD-D. The four mutants were all identified to be resistant to SCN.  
In this study, we report for the first time three new missense and one nonsense mutations localized in the first side chain of the SACPD-C 
enzyme between the conserved E105/76 and H146/117 residues, which are essential for iron ion interaction. Furthermore, the alignment of SACPD-C 
protein sequences of these four mutants with those of other soybean lines and other plant species indicated that all the four SACPD-C mutations 
we identified in this work are localized in the highly new conserved amino acids positions. Put together, only the mutations of SACPD-C 
perfectly correlate with the alteration of soybean seed stearic acid phenotype, suggesting SACPD-C is most likely responsible for the 
accumulation of stearic acid in soybean seed. The identified mutants can be used as new SCN resistant soybean sources with high seed stearic 
acid contents for further breeding purposes. 
 
P0971: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identification of Rare Alleles in Soybean Population using TILLInG by Sequencing 
Rima Thapa1, Militza Carrero-Colon2, Katy Martin Rainey1 and Karen A Hudson2, (1)Purdue University, West Lafayette, IN, 
(2)USDA-ARS, West Lafayette, IN 
Modified carbohydrate composition in soybean improves metabolizable energy (ME) for monogastric animals. Incompletely removed during 
standard processing of soybean meal, raffinose family oligosaccharides (RFOs) reduce ME due to fermentation in the gut of monogastric 
animals, while sucrose increases ME. The goal of this project is to identify genetic variation for carbohydrate composition. To achieve this we 
implemented chemical mutagenesis via N-nitroso-N-methylurea (NMU), which induces single-nucleotide polymorphism (SNP) mutations across 
the genome. Through the application of TILLING (Targeting Induced Local Lesions In Genomes), a reverse genetic technique, unique 
chemically induced mutations can be identified within target genes that have potential to alter gene function. The main challenge of TILLInG is 
the cost, compounded by the fact that in soybean multiple copies of homeologous genes are present. A strong mutation, or sometimes even a 
double mutant, is often required to observe a phenotype. Our method makes this more affordable by surveying the available diversity in the 
population using next-generation sequencing, then isolating mutant individuals by genotyping with a custom SNP marker. In this study we 
describe our method and report the successful identification of a mutant allele of RS3 (RAFFINOSE SYNTHASE3), which is expected to reduce 
levels of RFOs and impact carbohydrate composition. 
 
P0972: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identification of QTLs Controlling Symbiotic Nitrogen Fixation in Soybean 
Francois Belzile1, Davoud Torkamaneh1, Fausta Karaboneye1, Francois-P Chalifour1, Chantal Beauchamp1, Steve Boahen2 and 
Hesham Agrama3, (1)Laval University, Quebec, QC, Canada, (2)International Institute for Tropical Agriculture, Ibadan, Nigeria, 
(3)Sultan Qaboos University, Muscat, Oman 
Symbiotic nitrogen fixation (SNF) allows legumes to benefit from the conversion of atmospheric nitrogen (N2) into useable forms of nitrogen for 
the plant following the establishment of a complex symbiotic relationship with rhizobacteria. Despite the importance of SNF, very few studies 
have been conducted to dissect the genetic architecture of SNF in soybean. We genotyped 292 lines representative of the International Institute 
for Tropical Agriculture (IITA) soybean germplasm with 50K high-quality SNPs obtained via genotyping-by-sequencing (GBS). Greenhouse-
grown plants were either inoculated with a single strain of Bradyrhizobium japonicum or fed with nitrogen fertilizer. A total of nine traits related 
to nitrogen fixation were measured: Shoot Dry Weight (SDW), Root Dry Weight (RDW), Number of Nodules (NN), Nodule Dry Weight 
(NDW), NDW/SDW ratio, normalized NDW (nNDW), NDW/RDW ratio, SDWinoculated/SDWfertilized, and RDWinoculated/RDWfertilized. In total, GWAS 
analysis identified more than 14 highly significant QTL regions (q < 0.01). Among these, a highly significant association between markers on 
Gm19 and SDW (p=6.45E-06) was noted, but this association was found in both inoculated and N-fertilized plants. We observed that the RDW 
ratio between inoculated and N-fertilized plants (RDWinoculated/RDWfertilized) proved the most informative in terms of detecting QTLs unique to the 
inoculated treatment. In the interval extending 100 kb to either side of the peak marker of our QTLs, we identified 15 genes previously reported 



to be involved in SNF. Compared to the genome-wide occurrence of such genes, this represents an 80-fold enrichment (p=2.93E-16). We believe 
our results will shed further light on SNF in soybean. 
 
P0973: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Differential Gene Expression Profiling in Soybean to Investigate the Relationship Between Nitrogen Fixation and Drought 
Stress 
Marianne L. Emery1, Arun Prabhu Dhanapal1, C. Andy King2, Larry C. Purcell2, Jeffery D. Ray3, James R. Smith3, Felix B. 
Fritschi1 and Christine G. Elsik1,4, (1)Division of Plant Sciences, University of Missouri, Columbia, MO, (2)University of Arkansas, 
Fayetteville, AR, (3)USDA-ARS, Stoneville, MS, (4)MU Informatics Institute, University of Missouri, Columbia, MO 
Drought is a major constraint in soybean (Glycine max) agriculture. Soybean plants obtain nitrogen through nitrogen fixation (N-fixation), a 
process that is sensitive to water deficit. Reliance on N-fixation as a source of nitrogen thus makes soybean plants vulnerable to nitrogen 
deficiency during periods of drought. Since soybean genotypes differ in N-fixation efficiency and in N-fixation sensitivity to drought, improving 
N-fixation tolerance to water deficit is an approach used in breeding programs to improve soybean crop performance. Identification of genes 
involved in the response of N-fixation to water deficit will provide candidate loci for marker development. We have used RNAseq to investigate 
the effects of water deficit on gene expression in high and low nitrogen fixing cultivars. We exposed two soybean cultivars to varying moisture 
level conditions (well-watered, moderate water stress and severe water stress) and extracted RNA from three tissues (leaves, roots, and root 
nodules) for sequencing using Illumina Hi-Seq (100 bp single-end reads). Reference-based transcript assembly followed by differential gene 
expression analysis will provide insights into the relationship between N-fixation and drought, and may provide candidate genes as sources of 
markers for use in crop improvement programs. 
 
P0974: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identification of QTL Controlling Symbiotic Nitrogen Fixation in Soybean  
Francois Belzile, Laval University, Québec, QC, Canada 
Symbiotic nitrogen fixation (SNF) allows legumes to benefit from the conversion of atmospheric nitrogen into forms of nitrogen that are useable 
by the plant thanks to a complex symbiotic relationship with rhizobacteria. Despite the importance of SNF in soybean, very few studies have 
been conducted to dissect the genetic architecture of SNF in this crop. We genotyped 292 lines representative of the International Institute for 
Tropical Agriculture (IITA) soybean germplasm with 50K high-quality SNPs obtained via genotyping-by-sequencing (GBS). Greenhouse-grown 
plants were either inoculated with a single strain of Bradyrhizobium japonicum or fed with nitrogen fertilizer. A total of nine traits related to 
nitrogen fixation were measured: Shoot Dry Weight (SDW), Root Dry Weight (RDW), Number of Nodules (NN), Nodule Dry Weight (NDW), 
NDW/SDW ratio, normalized NDW (nNDW), NDW/RDW ratio, SDWinoculated/SDWfertilized, and RDWinoculated/RDWfertilized. In total, GWAS analysis 
identified over 50 highly significant QTL regions (q < 0.01). Among these, a highly significant association between markers on Gm19 and SDW 
(p=6.45E-06) was noted, but this association was found in both inoculated and fertilized plants. We observed that the RDW ratio between 
inoculated and fertilized plants (RDWinoculated/RDWfertilized) proved the most informative in terms of detecting QTLs unique to the inoculated 
treatment. In the interval extending 100 kb to either side of the peak marker of our QTLs, we identified 15 genes previously reported to be 
involved in SNF. Compared to the genome-wide occurrence of such genes, this represents an 80-fold enrichment (p=2.93E-16). We hope our 
results will shed further light on SNF in soybean. 
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A SNP Genetic Linkage Map Based on the ‘Hamilton’ by ‘Spencer’ Recombinant Inbred Line Population Identified QTL 
for Seed Isoflavone Contents in Soybean 
Masum Akond1, Shiming Liu2, Stella Kantartzi3, Khalid Meksem2, Nacer Ballaloui4, David A. Lightfoot3, James A. Anderson3, 
Dechun Wang5, Jiazheng Yuan5 and Abdelmajid Kassem6, (1)University of Florida, Gainesville, FL, (2)Department of Plant Soil 
and Agricultural Systems, SIUC, Carbondale, IL, (3)Southern Illinois University, Carbondale, IL, (4)USDA, Stoneville, MS, 
(5)Michigan State University, East Lansing, MI, (6)Fayetteville State University, Fayetteville, NC 
Soybean is one of the most important crops worldwide for its protein and oil as well as the health beneficial phytoestrogens or isoflavone. This 
study reports a relatively dense single nucleotide polymorphism (SNP)-based genetic map based on ‘Hamilton’ by ‘Spencer’ recombinant inbred 
line population and quantitative trait loci (QTL) for seed isoflavone contents. The genetic map is composed of 1502 SNP markers and covers 
about 1423.72 cM of the soybean genome. Two QTL for seed isoflavone contents have been identified in this population. One major QTL that 
controlled both daidzein (qDZ1) and total isoflavone contents (qTI1) was found on LG C2 (Chr 6). And a second QTL for glycitein content 
(qGT1) was identified on the LG G (Chr 18). These two QTL in addition to others identified in soybean could be used in soybean breeding to 
optimize isoflavone content. This newly assembled soybean linkage map is a useful tool to identify and map QTL for important agronomic traits 
and enhance the identification of the genes involved in these traits. 
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Artificial Selection of Seed-Coat Permeability during Domestication: The Desirable Accompanied by the Undesirable 
Lianjun Sun, Purdue University, West Lafayette, IN 
Loss or reduction of hard seededness or impermeability to water was a key step that led to domestication of many leguminous crops for 
agricultural production. However, the molecular basis underlying this trait remains unknown. Here we report map-based cloning and 
characterization of a major quantitative trait locus (QTL), designated as Hs1, which controls the seed hardedness in Glycine soja, the wild 
progenitor species of the cultivated soybean (Glycine max). We demonstrate that Hs1 encodes a calcineurin-like metallo-phosphoesterase-like 
transmembrane protein localized in cellular membranes, and the transition from hard seededness in the wild accessions to soft seededness in the 
cultivated soybeans was caused by a single nucleotide mutation within Hs1, which changed an amino acid of the gene and resulted in a recessive 
mutation allele (hs1). Hs1 and hs1 are both expressed in the seed coats during seed development, but the former is expressed at a level 
significantly higher than the latter, particularly, in the late stage of seed development prior to seed maturity. In-situ hybridization demonstrates 



that Hs1 is primarily expressed in malphighian layer that is responsible for the impermeability of seed coats. Although hs1 was artificially 
selected and fixed in most cultivated soybeans, a number of landraces was escaped from the selection for hs1, possibly due to introgression of 
Hs1 from seed-coat cracking landraces and subsequent selection for permeable but non-cracking varieties. These findings will facilitate the 
exploitation of genetic diversity from wild soybeans for cultivar enhancement, and the improvement of seed qualities for production, storage, and 
special uses.  
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Genomic Resequencing and Copy Number Determination by Digital PCR Reveal Varying Size Deletions in a Repetitive 
Region Controlling Seed Color in Soybean 
Young B. Cho and Lila Vodkin, University of Illinois, Urbana, IL 
Determining structural variation in repetitive regions is not straightforward. Here, we determined the extent of naturally occurring deletions at the 
I locus which specifies seed color. The dominant ii allele is composed of an inverted-repeat cluster of chalcone synthase (CHS) genes whose 
unique arrangement generates short-interfering RNAs (siRNAs) that downregulate target CHS genes resulting in yellow seed coats. Both 
versions of the Williams reference genome (Wm82.a1 and Wm82.a2) have inversions or gaps and do not accurately represent this repetitive CHS 
gene region on chromosome 8. Therefore, we aligned NGS data to the reference genome which was improved at the I locus using the sequence of 
a BAC. We observed that black-seeded mutant lines with the recessive i allele have at least two types of deletions. The first type spanned 122 kb 
and included 19 coding regions, six of which are deleted CHS genes as confirmed by digital PCR. The large deletion appears to be a homologous 
recombination event between one of the CHS genes in the CHS I cluster region and a repeated CHS gene in a region 122 kb away. The second 
type was a shorter 17 kb deletion that appeared to be a homologous recombination event between the CHS genes within the CHS I cluster region. 
Both deletion types destroy part of the 27-kb inverted repeat CHS cluster resulting in lack of CHS siRNAs which leads to black seed coats. Our 
study demonstrates the importance of correct representation of the target region for determining structural variation. 
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Genetic Mapping of QTL Associated with Seed Macronutrients Accumulation in ‘MD 96-5722’ by ‘Spencer’ Recombinant 
Inbred Lines of Soybean 
Nacer Ballaloui1, Laila Khandaker2, Masum Akond3, Stella Kantartzi4, Khalid Meksem5, David A. Lightfoot4, Abdelmajid 
Kassem6 and Alemu Mengistu7, (1)USDA, Stoneville, MS, (2)University of Florida, Gainesville, FL, FL, (3)University of Florida, 
Gainesville, FL, (4)Southern Illinois University, Carbondale, IL, (5)Department of Plant Soil and Agricultural Systems, SIUC, 
Carbondale, IL, (6)Fayetteville State University, Fayetteville, NC, (7)USDA, Jackson, TN 
Research of quantitative trait loci (QTL) for macronutrient accumulation in soybean seed is limited. Therefore, the objective of this research was 
to identify QTL related to macronutrients (N, C, S, P, K, Ca, and Mg) in seeds in 92 F5:7 recombinant inbred lines (RILs) developed from a 
cross between MD 96-5722 (MD) and Spencer using a total 5,376 Single Nucleotide Polymorphism (SNP) markers. A genetic linkage map based 
on SNP markers was constructed using the Illumina Infinium SoySNP6K BeadChip Array. The RILs were genotyped using 537 polymorphic, 
reliably segregating SNP markers. A total of 8 QTL for K (qPOT001-qPOT008) were identified on LGs D1b (Chr 1), N (Chr 3), A1 (Chr 5), O 
(Chr 10), F (Chr 13), B2 (Chr 14), and J (Chr 16). Four QTL for Mg (qMAG001-qMAG004) were identified on LGs N (Chr 3), A1 (Chr 5), J 
(Chr 16), and G (Chr 18). One QTL for P (qPHO001), one for C on LG J (Chr 16), one for N (qNIT001) and S (qSUL001) on the same LG J 
(Chr 16), and one QTL for Ca (qCAL001) on LG G (Chr 18). K and Mg QTL were clustered together on LG A1 (Chr 5) with a peak position of 
9.50 cM and LOD support interval of 8.50-9.50 cM. Similar observation was noticed for P, K, Mg, C, N, and S, where the QTL were clustered 
on LG J (Chr 16) with peak position of 11 cM for K, P, and S, and 10 cM for C and N, and 12 cM for Mg. The LOD support intervals for all 
these clustered QTL were between 8.90 and 12.30 cM. The QTL clustering of these nutrients suggests possible common physiological and 
genetic relationships, suggesting possible similar metabolic processes and pathways for these nutrients. The inverse relationships between N:S 
ratio and all nutrients suggest possible use of N:S ratio as a measure for higher nutrients accumulation in seed. Since most of QTL identified in 
this study were not previously reported, this research will further help breeders to improve nutrient accumulation in seeds and contribute to our 
understanding of the physiological and genetic bases of seed nutrition quality. 
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Genome-wide Association Analysis of Carbon Isotope and Oxygen Isotope Ratios in Diverse Soybean [Glycine max (L.) 
Merr.] Genotypes 
Avjinder Kaler1, Larry C. Purcell1, Arun Prabhu Dhanapal2, Jeffery D. Ray3 and Felix B. Fritschi2, (1)University of Arkansas, 
Fayetteville, AR, (2)Division of Plant Sciences, University of Missouri, Columbia, MO, (3)USDA-ARS, Stoneville, MS 
Drought stress is a major factor limiting soybean [Glycine max (L.) Merr.] yield. High water use efficiency (WUE) contributes to crop 
productivity under drought, but increased WUE is often associated with a decrease in transpiration (T), which is often accompanied by a decrease 
in biomass. This interdependence of T and biomass production is a major constraint in selection for high WUE by breeding programs. 
Measurement of genetic variability in WUE and T through carbon isotope ratio () and oxygen isotope ratio (), respectively, could be important in 
identifying genotypes with high WUE that also have relatively high T, and hence, high rate of biomass production. The study’s objective was to 
identify SNP markers associated with whole-plant biomass  and. A diverse collection of 373 soybean genotypes were characterized for  and  in 
four field environments (two years and two locations). A genome-wide association analysis were performed using 31,260 SNPs with a minor 
allele frequency (MAF) ≥ 5% to identify SNPs associated with  and . Several environment-specific SNPs were identified by using different 
statistical models, and 187 and 50 SNPs showed a significant association with  and, respectively, for at least two of the environments present in 
all models. Putative loci with multiple SNPs, that were located close to each other, were identified on chromosomes 2, 5, 13, 15 and 17, and on 
chromosome 4 and 6 for   and  respectively. These markers may represent an important resource for pyramiding favorable alleles for identifying 
drought-tolerant genotypes. 
 
P0980: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 



Expression Profiling of Iron Deficiency Chlorosis (IDC) in Soybean (Glycine max): Similarities and Differences Between 
Low Iron Supply and Alkaline Stress 
Brian M Waters, Department of Agronomy and Horticulture, University of Nebraska-Lincoln, Lincoln, NE 
Alkaline soils comprise 30% of the earth and have low plant-available iron concentration, and can cause iron deficiency chlorosis (IDC). In the 
North-Central U.S., IDC causes soybean yield losses of $260 million annually. However, it is not known whether molecular responses to IDC are 
equivalent to those resulting from low iron supply. IDC tolerant and sensitive soybean lines from recurrent selection on high-pH soils in 
Nebraska provide a contrast to identify specific factors associated with IDC. We compared gene expression under alkaline and low iron 
conditions by sequencing RNA from roots of IDC tolerant and sensitive soybean lines grown hydroponically. We found both substantial overlap 
and substantial differences in differentially expressed genes when comparing iron deficiency and alkaline stress. Classical iron uptake genes were 
upregulated by both Fe deficiency and alkaline stress, including ferric-chelate reductase and ferrous transporter genes, however, their gene 
products did not function well at alkaline pH. In addition, genes in the phenylpropanoid synthesis pathway were upregulated in both alkaline and 
low Fe conditions. These genes lead to the production of fluorescent root exudate compounds, such as coumarins. Fluorescence of nutrient 
solution increased with alkaline treatment, and was higher in the IDC tolerant line. We hypothesize that root coumarin exudates become essential 
at alkaline pH where the classical iron uptake system does not function well. We are performing metabolomic profiling to identify these 
compounds. This work could result in new strategies to screen for IDC tolerance, and provide breeding targets to improve crop alkaline stress 
tolerance. 
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Candidate Genes In The Iron-Efficiency Response Of Soybean 
Adrienne N. Moran Lauter, USDA-ARS-CICGRU, Ames, IA 
Iron Deficiency Chlorosis (IDC) is an global problem for crops grown on calcareous soil, leading to yield loss.  We have conducted 
transcriptomic studies of leaf and root tissue from the iron efficient soybean cultivar, Clark, at 30, 60 and 120 minutes after reduction of iron 
from hydroponic media.  We see an increase in the number of differentially expressed genes (DEGs) over time in leaves, and a decrease over 
time in roots. Both leaves and roots regulate the expression of DEGs involved in hormone signaling, cell wall biogenesis, regulation of DNA 
replication and iron uptake utilization, which are key aspects of the soybean iron-efficiency response.  Despite the similarity in pathways 
identified in leaves and roots, there is very little overlap in individual DEGs between the tissues and time points. This data suggests the 
involvement of many transcription factors in eliciting rapid changes in gene expression.    
We have performed RNAseq on GmNAC3-silenced Clark and Isoclark plants. NAC3 is a transcription factor that has been shown to be involved 
in both biotic and abiotic stresses, and its transcript is reduced in Clark leaves in response to iron stress.  Silencing the gene affected leaf 
development and chlorophyll content.  These results should provide more insight into the mechanism of iron tolerance.  
To further characterize iron deficiency responsive genes, we are using Virus-induced gene silencing (VIGS) to elucidate the function of several 
candidate genes. We are currently targeting members of the SnRK/TOR signaling pathway and Casparian strip formation genes that were 
significant in our dataset. 
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Isolation and Characterization of Two Chlorophyll-Deficient Genes in Soybean 
Devinder Sandhu1, Taylor Atkinson2, Andrea Noll2, Callie Johnson2, Katherine Espinosa3, Jessica Boelter2, Stephanie Abel2, 
Terese Barta2, Eric Singsaas2, Sol Sepsenwol2, Susana Goggi3 and Reid Palmer3, (1)United States Department of Agriculture - 
Agricultural Research Services, Riverside, CA, (2)University of Wisconsin-Stevens Point, Stevens Point, WI, (3)Iowa State 
University, Ames, IA 
We have identified a lethal-yellow and a viable-yellow mutant in soybean. The three phenotypes green, lethal- and viable-yellow were easily 
distinguished based on their light reflectance indices, chlorophyll abundance and photochemical conversion efficiency. Photochemical 
conversion efficiency was reduced in the viable-yellow plants, whereas, lethal-yellow plants showed no ability to convert light energy. The 
lethal-yellow and viable-yellow plants showed significant reduction of chlorophyll A and B. In lethal-yellow plants proplastids did not 
differentiate into chloroplasts and few membranes were present. The reduction in thylakoid stacking was apparent in the viable-yellow plants. 
Genetic analysis revealed recessive epistatic interaction between the lethal- and the viable-yellow genes. The lethal-yellow gene was mapped to 
an 83 kb region on chromosome 3 that contained 13 predicted genes. We have identified and sequenced three potential candidate genes in this 
region. A single base insertion in the second exon of Glyma.03G230300 resulted in a frame shift that caused an early stop codon. 
Glyma.03G230300 codes for PsbP that is involved in the development of Photosystem II and is critical for photosynthesis. The viable-yellow 
gene was mapped to a 58 kb region on chromosome 2. We located 7 predicted genes in this region. A frame shift mutation due to a deletion of a 
base in Glyma.02g233700 resulted in an early stop codon. Glyma.02g233700 showed homology to a translocon in the inner membrane of 
chloroplast (Tic110) in Arabidopsis. Tic110 is known to play a critical role in plastid biogenesis and the heterozygous mutants for Tic110 in 
Arabidopsis exhibited a pale phenotype. Characterization of lethal- and viable-yellow genes may help to better understand the biosynthetic 
pathways involved in the development of chloroplasts. 
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Genetic Analysis of Salt Tolerance in Soybean 
Donghe Xu1, Do Duc Tuyen1,2, Huatao Chen1,3, Vu Thi Thu Hien1,4 and Aladdin Hamwieh1,5, (1)Japan International Research 
Center for Agricultural Sciences, Tsukuba, Japan, (2)Cuulong Delta Rice Research Institute, Cantho, Vietnam, (3)Institute of 
Vegetable Crops, Jiangsu Academy of Agricultural Sciences, Nanjing, China, (4)Agricultural Genetics Institute, Hanoi, Vietnam, 
(5)ICARDA, Cairo, Egypt 
Salt-affected soils significantly reduce land value and productivity. About 7% of the earth’s land and 20% of the irrigated land is affected by salt 
stress. Soybean [Glycine max (L.) Merr.] is generally regarded as a salt sensitive crop compared with other crops such as wheat, rice, and cotton. 
Genetic improvement of salt tolerance is essential for maintaining sustainable production in areas where soybean growth is threatened by salt 



stresses. To identify higher saline tolerance soybean germplasm, we evaluated more than 600 soybean accessions, including wild soybean [G. 
soja Sieb. & Zucc.], in a greenhouse condition, and several soybean genotypes, such as a Brazilian soybean cultivar FT-Abyara, a Chinese 
soybean cultivar Jindou 6, and a Japanese wild soybean accession JWS156-1, with high saline tolerance were identified. QTL analysis with four 
mapping populations derived from crosses between the tolerance lines and sensitive cultivars revealed a major saline tolerant QTL on soybean 
chromosome 3 flanking by SSR markers Sat_91, Satt255, Satt339, and Satt237. The QTL accounted for 31.3-68.7 % of the total variance for 
saline tolerance in the mapping populations. Using marker assistant selection (MAS), we developed near isogenic lines (NILs) for the saline 
tolerance QTL. Field test revealed the saline tolerance allele could greatly increase soybean grain yield in a salinity field condition. Map-based 
cloning approach was employed to isolate the gene coffering saline tolerance at this locus, and a candidate gene underlying the QTL was 
identified and characterized. 
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Environmental Association Analyses Identify Candidates for Abiotic Stress Tolerance in Glycine soja, the Wild Progenitor 
of Cultivated Soybeans 
Justin E. Anderson1, Michael B. Kantar1, Thomas J. Y. Kono2, Peter L. Morrell3 and Robert M. Stupar2, (1)University of 
Minnesota, St. Paul, MN, (2)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN, (3)Department 
of Agronomy and Plant Genetics, University of Minnesota, Saint Paul, MN 
Natural populations across a species range demonstrate population structure owing to neutral processes such as localized origins of mutations and 
migration limitations. Selection also acts on a subset of loci, contributing to local adaptation. An understanding of the genetic basis of adaptation 
to local environmental conditions is a fundamental goal in basic biological research. When applied to crop wild relatives, this same research 
provides the opportunity to identify adaptive genetic variation that may be used to breed for crops better adapted to novel or changing 
environments. The present study explores an ex situ conservation collection, the USDA germplasm collection, genotyped at 32,416 SNPs to 
identify population structure and test for associations with bioclimatic and biophysical conditions variables in Glycine soja, the wild progenitor 
of Glycine max (soybean). Candidate loci were detected that putatively contribute to adaptation to abiotic stresses. The identification of 
potentially adaptive variants in ex situ collection may permit a more targeted use of germplasm collections. 
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Exploring Genes Resistant to Cotton Bollworm in Wild Soybean 
Yongqing Jiao, Oil Crops Research Institute of Chinese Academy of Sciences, P.R. China, Wuhan, Hubei, China 
Cotton bollworm (Helicoverpa armigera) is one of damaging pests for soybean (Glycine max). Identification and utilization of native resistance 
genes in soybean are one of economical and environmentally means to control this pest. Wild soybean (Glycine soja), YD59, was highly resistant 
to cotton bollworm in comparison with cv. Tianlong 2, PI535807 and PI 533604 in either choice or no-choice assays. In order to reveal the 
resistance mechanism, we conducted transcript and protein profiling for YD59 and a susceptible cultivar, 05-4, at 24h after inoculation by Cotton 
bollworm. The results showed that 2073 transcripts and 119 proteins were specifically regulated in YD59, which included protein kinases, 
transcriptional factors and genes involved in hormone biosynthesis and signal transduction. Noticeable, a large number of genes related to anti-
nutritive or toxic proteins were specifically induced in ED059. Functions of three genes, #33, #34 and #35, were confirmed by transgenic studies 
in Arabidopsis. Currently, QTL mapping of resistance gene in YD59 were ongoing in our lab. 
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Fine Mapping a Root Knot Nematode Resistance QTL in Soybean: How Does One QTL Control Two Species of 
Nematodes? 
Rebecca M Tashiro1, Zi Shi1, James Noe2 and Zenglu Li1, (1)Institute of Plant Breeding, Genetics, and Genomics and Department 
of Crop and Soil Sciences, The University of Georgia, Athens, GA, (2)Department of Plant Pathology, The University of Georgia, 
Athens, GA 
Root knot nematode (RKN) species are some of the most damaging nematodes found in farm soil, with estimated losses of $30 million/year in 
the Southeastern USA.  To reduce losses in soybean, breeders have developed lines with resistance to the three major RKN species that infect the 
plants.  While most of the breeding effort focuses on Southern RKN, Peanut RKN and Javanese RKN are emerging as serious pests due to the 
low number of resistant soybean lines available for these species.  Using RFLPs, researchers previously mapped a single major QTL that 
increased resistance to both Peanut and Javanese RKN on chromosome 13.  The aim of this study is to use high throughput molecular markers 
(SNPs) to fine map the resistance QTL(s) and identify the candidate gene(s) to develop robust SNP markers for marker-assisted selection (MAS).  
Bi-parental crosses were made to develop two F5-derived RIL populations to fine map the Peanut RKN QTL and Javanese RKN QTL using 
polymorphic SNP markers based on SoySNP50k Infinium Chip data.  QTL mapping results indicate a region of resistance near the SNP marker 
BARC_1.01_Gm13_26668562 on chromosome 13 for both RKN species.  Sequence data from the soybean reference genome indicate several 
genes of interest located near the marker.  Candidate genes responsible for the resistance QTL(s) will be confirmed by qRT-PCR.  The results of 
this research can lead to the identification of functional markers associated with one or both RKN QTLs, which will allow for MAS in breeding 
soybean lines for resistance to these two RKN species. 
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Twenty One Years of Molecular Marker-Assisted Breeding for Resistance to Soybean Sudden Death Syndrome 
Vincent Colantonio and David A. Lightfoot, Southern Illinois University, Carbondale, IL 
Novel tools to improve resistance to sudden death syndrome (SDS) and the underlying Fusarium root rot (FRR) caused by Fusarium 
virguliforme (Aoki) have been developed for soybean [Glycine max (L.) Merr.]. Between eighteen and thirty resistance loci have been identified 
due to clustering the real number is unclear. Many were confirmed over the past twenty one years (named Rfs1 to Rfs18). To select the beneficial 
alleles of 8 to 10 loci per cross needed for optimal resistance is a difficult task for plant breeders. Resistance mechanisms to FRR and SDS 
provide only partial protection. Crops contend with many Fusaria, a group with a wide host range and flexible hemibiotrophic lifestyle. Full 



resistance is absent among the leguminacea, brassicacea, cucurbitacea, and solanacea. This poster focuses on the use of plant genomics resources 
to aid breeding selection for resistance to FRR and SDS. The SDS is a combination of two diseases. The first, FRR,  includes rotted roots and 
toxin-restricted root development. Resistances include variations in infection severity, infection frequency, and rot severity. The second is caused 
by toxins translocated from infected roots to the shoots. Leaf scorch, supra-petiolar abscission, pod abortion and early plant maturity are 
consequences of many toxin to target interactions. Breeding for combined FRR and SDS resistance has begun using a set of exciting new tools 
for pathogen quantification in roots. Resistance genes were proven, including GmRLK18-1 (Glyma_18_02680) Rfs2 through trangenics, and also 
MIPs1a (EC 5.5.1.4; Rfs3) by mutation. NILS and SNPs were used to confirm two more genes on the same chromosome 18 (Rfs and Rfs1). Some 
candidate genes were identified. The new tools provide an opportunity for new breeding initiatives. This review aims to inform these new 
programs of the core discoveries from the past 21 yrs, to incorporate best practices from old and new initiatives.  
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Genome-Wide Association and Epistasis Studies Unravel the Genetic Architecture of Sudden Death Syndrome Resistance in 
Soybean 
Jiaoping Zhang, Department of Agronomy, Iowa State University, Ames, IA 
Soybean [Glycine max (L.) Merr.] is an economically important crop grown worldwide. Sudden death syndrome (SDS), caused by Fusarium 
virguliforme, is one of the top yield-limiting diseases in soybean. However, the genetic basis, especially the epistatic interactions, of SDS 
resistance is still unclear. To better understand the genetic architecture of soybean SDS resistance, genome-wide association and epistasis studies 
were conducted using a population of 214 germplasm accessions and 31,914 single nucleotide polymorphisms (SNPs) from SoySNP50K 
Illumina Infinium BeadChip.  
Twelve loci and 12 SNP-SNP interactions associated with SDS resistance were identified at different time-points after inoculation. These 
additive and epistatic loci together explained 24-52% of phenotypic variances. Disease-resistant, pathogenesis-related and chitin- and wound-
responsive genes were identified in the proximity of peak SNPs, including the gene stress-induced receptor-like kinase gene 1 (SIK1) that is 
pinpointed by a trait-associated non-synonymous SNP and encodes a Leucine-rich repeat containing protein. We report that the proportion of 
phenotypic variance explained by identified loci can be considerably improved by taking the epistatic effects into account.  
This study shows the necessity of involving epistatic effects in soybean SDS resistance breeding using marker-assisted and genomic selection 
approaches. Based on our findings we proposed a model of soybean root defense against the SDS pathogen. Our results facilitate the 
identification of the molecular mechanism underlying SDS resistance in soybean, and lay a genetic basis for soybean SDS resistance 
improvement through breeding strategies built upon additive and epistatic effects. 
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Genome Sequencing of Phomopsis longicolla type Strain TWH P74 Causing Phomopsis Seed Decay in Soybean 
Shuxian Li, USDA-ARS, Crop Genetics Research Unit, Stoneville, MS and Qijian Song, USDA-ARS, Soybean Genomics and 
Improvement Lab, Beltsville, MD 
Phomopsis longicolla (syn. Diaporthe longicolla) is the primary cause of Phomopsis seed decay in soybean. We report the de novo assembled 
draft genome sequence of P. longicolla type strain TWH P74. The resulting draft genome was estimated to be approximately 64 Mb in size with 
an overall G+C content of 48.1%. The draft genome contains 16,606 annotated genes. The draft genome of the type strain TWH P74 of P. 
longicolla represents one of the important seed-borne fungal pathogens in the Diaporthe-Phomopsis complex. The P. longicolla genome 
sequence provides molecular resources for developing genetic markers to study the genetic variability of this pathogen, and valuable for studying 
soybean-fungal interactions. It facilitates the identification of genes associated with fungal growth and pathogenicity, understanding of the 
mechanism of infection and development of new control strategies for this pathogen. 
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Genome Wide Association Study of Sclerotinia stem rot in Soybean 
Tara Moellers and Asheesh K. Singh, Iowa State University, Ames, IA 
Sclerotinia stem rot or white mold (WM) [Sclerotinia sclerotiorum (Lib.) de Bary] is an important fungal disease affecting soybean [Glycine 
max (L.) Merr.] and causes yield and quality losses. WM is prevalent in cool and moist environments, particularly in the soybean growing 
regions of Northern United States and Canada. Although sources of complete resistance have not yet been identified, several quantitative trait 
loci (QTL) for partial resistance have been reported but generally using bi-parental mapping populations. Genome-wide association (GWA) 
studies have been used to dissect complex disease resistance traits in plants and to identify the genes controlling the expression. We phenotyped 
473 diverse plant introduction accessions from the USDA Soybean Germplasm Collection and genotyped with the Illumina Infinium BeadChip 
with 50K SNP to 1) find sources of WM resistance, 2) identify SNP associated with WM resistance using GWA studies, and 3) determine 
putative candidate genes for WM resistance. Phenotyping for WM was done under artificial epiphytotic conditions in both field and greenhouse 
tests. Multiple response variables were recorded at varying growth stages. GWA study was performed in GAPIT using ordinal logistic mixed 
model to obtain BLUPs. A range of disease responses were recorded among the PI lines. Forty five SNP associated with WM resistance were 
identified at different growth stages and for multiple response variables. A wide range of candidate genes were identified at the proximity of peak 
SNPs, which included disease response genes previously reported in the literature as well as previously unreported genes. 
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Sequencing and Genome Assembly of Cultivated Alfalfa at the Diploid Level (CADL) Medicago sativa 
Diego A. Fajardo1, Thiruvarangan Ramaraj1, Nicolas Devitt1, Haibao Tang2, Connor T. Cameron1, E. Charles Brummer3, 
Christopher D. Town4, Michael K. Udvardi5, Maria J. Monteros5, Andrew D. Farmer1, Jason R. Miller4, Nevin D. Young6 and Joann 
Mudge1, (1)National Center for Genome Resources (NCGR), Santa Fe, NM, (2)University of Arizona, Tucson, AZ, (3)University 
of California, Davis, Davis, CA, (4)J. Craig Venter Institute, Rockville, MD, (5)The Samuel Roberts Noble Foundation, Ardmore, 
OK, (6)Department of Plant Pathology, University of Minnesota, St. Paul, MN 



The cultivated alfalfa is an autotetraploid (2n=4x=32) crop and it is recognized as one of the most important forage crops worldwide. The 
complex tetrasomic inheritance makes the cultivated alfalfa difficult to work with at a genetic level, positioning CADL (Cultivated Alfalfa at the 
Diploid Level) as an alternative for genetic and genomic studies. The CADL genome was assembled from PacBio reads, with a 100x coverage, 
using the Falcon assembler and polished with Quiver. The genome assembly quality as well as preliminary comparative genomic data against the 
tetraploid Alfalfa (Medicago sativa L.) assembly, 180x coverage obtained from PacBio and Illumina reads (long and short insert size libraries), is 
presented here.  
 
P0992: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Scaffolding 3rd Generation Sequence Contigs using Dovetail and BioNano technologies 
Karen M. Moll1, Nicholas Devitt1, Diego A. Fajardo1, Thiruvarangan Ramaraj1, Jason R. Miller2, Kevin AT Silverstein3, Nevin D. 
Young4 and Joann Mudge1, (1)National Center for Genome Resources (NCGR), Santa Fe, NM, (2)J. Craig Venter Institute, 
Rockville, MD, (3)Supercomputing Institute, University of Minnesota, Minneapolis, MN, (4)Department of Plant Pathology, 
University of Minnesota, St. Paul, MN 
Long-range information is required to generate high quality reference genomes. Here we present a high quality genome assembly of Medicago 
truncatula (HM340) (subspecies, tricycla), a model plant with a genome size of approximately 0.5 Gbp used for studying legume symbioses. 
Assemblies were generated using data from PacBio RS II, Dovetail and BioNano technologies. PacBio RS II sub-reads were corrected using 
Dazzler and assembled using FALCON assembler. Illumina sequence reads generated from the Chicago library method from Dovetail genomics 
and BioNano high-fidelity contiguous whole genome maps were used to further scaffold the PacBio FALCON assembly. We have generated 
assemblies with different combinations of these technologies. Analyzing these different assemblies will not only provide detailed information on 
how they compare to each other but also help elucidate how these technologies complement one another. This new high quality assembly joins 
the existing M. truncatula reference previously created in a separate accession (HM101, aka A17), enabling novel comparative insights into the 
genome evolution of nodulation and symbiosis. 
 
P0993: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Population Genomics in the Model Legume, Medicago truncatula 
Michael Grillo, University of Illinois, Urbana, IL 
The role of geography has become established as a central issue in studies of coevolution. Modern sequencing approaches now allow for the 
examination of coevolutionary selection at the molecular level. Towards this goal, a population genomic analysis was conducted in the model 
legume, Medicago truncatula, to assess the scale of population genetic structure and scan the genome for symbiosis related genes that have been 
under selection. Using RAD-seq over 26,000 SNPs were generated from 192 individuals from 12 sampling sites within the native range. 
STRUCTURE analysis has revealed 5 distinct clusters underlying these accessions. Approximately 70 loci were identified as genomic outliers, 
including the symbiosis gene, DMI1. This work sets the stage for corresponding studies of genetic structure in the associated rhizobium and can 
shed light on the mechanisms that maintain genetic variation within this mutualism. 
 
P0994: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Using Selection Mapping to Assess the Genetic Control of Fall Dormancy in Cultivated Alfalfa 
Gitanshu Munjal, Jingjie Hao and E. Charles Brummer, University of California, Davis, Davis, CA 
Manipulating the fall dormancy reaction in alfalfa to allow extensive vegetative fall growth independent of the ability to survive winter 
conditions remains a long-standing breeding goal of the alfalfa community. The possibility of improving autumn biomass production in regions 
with limited winter may be realized quickly if genomic regions controlling fall dormancy could be targeted by marker-assisted selection. 
Historically, dissecting the genetic control of the trait has been rendered difficult by the biology of the taxon, allogamous autotetraploid, coupled 
with the limitations of the plant materials, differing in their origin and genetic background, used for evaluation of the trait. Selection mapping in 
experimental populations presents a viable approach to evaluate the genetic control of fall dormancy in alfalfa. That selection increases the 
frequency of favorable alleles in a population is a cornerstone of evolutionary theory. Here we leverage this principle and use GBS based pooled 
sequencing to assess temporal shifts in allele frequency in experimental populations subjected to a divergent selection regime for autumn 
regrowth (a proxy for fall dormancy) in Davis, CA. We demonstrate that in absence of a reference genome, window-based analyses may be 
successfully implemented using only those markers that map to the highly syntenic genome of Medicago truncatula. Our genomic scan for 
divergence within a genetic background (CUF 101) finds both previously undetected regions and regions recently reported to be associated with 
fall dormancy. Preliminary findings in a second genetic background (Lahontan) show evidence for shared regions controlling fall dormancy in 
different germplasm. 
 
P0995: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
GBS Analysis of Selection Footprints in Alfalfa (Medicago sativa) Populations Recurrently Selected for Freezing Tolerance 
Solen Rocher1, Martine Jean2, Yves Castonguay1, David Gagné1 and Francois Belzile2, (1)Agriculture and Agri-Food Canada, 
Québec, QC, Canada, (2)Université Laval, Québec, QC, Canada 
Insufficient tolerance to freezing temperatures reduces winter survival of alfalfa (Medicago sativa) in northern climates. The identification of 
allelic variants associated with variation in freezing tolerance within breeding populations would help accelerate the improvement of complex 
traits in open-pollinated polyploids.  
We used GBS to identify SNPs under selection pressure in populations of outbreeding alfalfa recurrently selected for superior freezing tolerance 
(FT) within the cultivar Apica. GBS was performed on ApeKI-digested libraries using DNA from 48 genotypes of each of two populations: A-
FT0 (initial population) and A-FT5 (obtained after 5 cycles of recurrent selection). Nearly 400 million 100-bp reads were obtained on an 
Illumina HiSeq2000 and analyzed using the UNEAK pipeline. After filtering for quality and read depth, 2732 high-quality SNPs were retained, 
of which 1467 could be positioned on the Medicago truncatula reference genome (Mt4.0).  



Association between SNP loci (pairwise Fisher exact test with FDR correction) revealed that more than 90% (2531) have no significant linkage. 
A Fisher exact test identified 103 SNP loci displaying significant (p-value ≤0.01) genotype frequency variation in response to recurrent selection. 
Among this group, 73 had homologies with M. truncatula and/or M. sativa coding sequences. Several of these sequences are putatively involved 
in signal transduction and regulation of transcription and translation. The candidate loci located on M. truncatula were distributed along the eight 
chromosomes with no apparent clustering.  
Results show that GBS analysis of populations under recurrent selection allows the identification of regions with candidate genes putatively 
affecting quantitative traits in complex polyploids. 
 
P0996: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
A Whole Genome Association Study on Verticillium Wilt Resistance in Heterozygous Autotetraploid Alfalfa (Medicago 
sativa L.) 
Long-Xi Yu1, Ping Zheng2, Julie Ho3, Suresh Bhamidimarri4 and Dorrie Main2, (1)USDA-ARS-Plant Germplasm Introduction and 
Testing, PROSSER, WA, (2)Washington State University, Pullman, WA, (3)Forage Genetics International, Nampa, ID, (4)S&W 
Seed Co., Arlington, WI 
Verticillium wilt (VW) of alfalfa is a soilborne disease causes severe yield loss in alfalfa production.  Identification of genes involved in VW 
resistance will facilitate breeding for improving resistance to the disease in alfalfa. In the present investigation, we applied an integrated 
framework of genome-wide association with high-throughput genotyping by sequencing for identifying VW resistance loci in two alfalfa 
populations selected for the disease resistance.  Phenotyping was done by inoculation of the pathogen to replicated cloned plants of each 
individual and disease severity was scored using a standard scale. Marker-trait association by linkage disequilibrium identified a group of SNP 
markers significantly associated with VW resistance.  Alignment of their sequence tags to the M. truncatula genome revealed multiple 
chromosomal locations, including chromosomes 5, 6, 7 and 8 in the Forage Genetics population and 1, 6 and 7 in the S&W population.  Overlaps 
of the resistance loci were found on chromosomes 6 and 7 between the two populations, and between our prevoius report and the present study. 
Additional markers were aligned to different contigs whose chromosomal locations are unknown. BLAST search using the flanking sequences of 
the resistance loci against M. truncatula genome identified candidate genes associated with disease resistance, including TIR-NBS-LRR protein 
and MDR-ABC transporter.  With further investigation, these markers may be used for marker-assisted selection for breeding VW resistant 
alfalfa. 
 
P0997: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identification of Loci Controlling Forage Yield and Nutritive Value in Diploid Alfalfa Using GBS-GWAS 
Muhammet Sakiroglu, Department of Bioengineering, Kafkas University/Department of Plant Sciences, UC Davis, Davis, CA and 
E. Charles Brummer, University of California, Davis, Davis, CA 
Alfalfa is one the most widely cultivated forage legumes worldwide and improving alfalfa forage yield and nutritive value is a major global 
breeding goal. Genotyping-by-sequencing (GBS) provides cost effective molecular marker genotyping for genome-wide association studies 
(GWAS). The tetraploid nature of cultivated alfalfa possesses challenges for mapping procedures, so to circumvent these problems, we 
previously used a panel of 365 diploid individuals and 89 SSR markers to map 22 forage yield and nutritive value related traits over two years. 
The limited marker number, unsurprisingly did not identify any associations. Using GBS, we were able to do a true GWAS to investigate 
association between forage yield and nutritive value-related traits over two years. More than 16,700 genome-wide SNPs passed the quality 
criterion after filtering and were used for subsequent analyses. We used an independent set of 89 SSR markers to account for the presence of 
population structure. We have detected a large number of associations for all the traits evaluated and are currently in the process of further 
investigating the the top associations and locating them on the Medigaco truncatula genome.  The alleles we identify with the major impact on 
forage yield and nutritive value can be rapidly incorporated into our breeding program. 
 
P0998: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Analysis of Genetic Diversity, Evolution and Signature of Environmental Selection in Wild Phaseolus vulgaris using 
Genotyping-By-Sequencing (GBS) and Landscape Genomics 
Andrea Ariani, Jorge C. Berny and Paul Gepts, University of California, Davis, CA 
Wild common bean (P. vulgaris) constitutes a very useful resource for broadening the genetic diversity and breeding improvement of its two 
domesticated gene pools. However, this resource is still under-exploited due to the scarcity of information regarding genetic diversity and 
markers, which are essential for an efficient breeding program. For this reason, we applied Genotyping-By-Sequencing (GBS) to a panel of 271 
wild common bean representative of the genetic diversity and geographical distribution of this species. With this approach, we identified 19,126 
variants in the common bean genome across 246 wild individuals. We used this dataset to analyze genetic diversity, population structure, and 
phylogenetic relationship among the different wild gene pools of this species, but also for evolutionary studies using coalescent simulation and 
Approximate Bayesian Computation (ABC). In addition, we applied a landscape genomic approach by coupling genotypic information with GIS 
data and bio-climatic databases, and identified several markers correlated with environmental variables, potentially involved in local adaptation. 
This is the first study reporting a genome-wide genetic characterization of wild Phaseolus vulgaris using state-of-the-art genotyping 
technologies. The results delivered will allow a more efficient germplasm management for this species, and will facilitate breeding improvement 
of domesticated common bean by introgessing abiotic resistance traits from the wild gene pool. 
 
P0999: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Genetic Progress of Plant Architecture Using Recurrent Selection in Common Beans 
Lais Andrade Pereira1, Luiz Paulo Miranda Pires2, Indalecio Cunha Vieira Junior2, Angela de Fátima Barbosa Abreu3 and Magno 
Antonio Patto Ramalho2, (1)Universidade Federal de Lavras/Purdue University, West Lafayette, IN, (2)Universidade Federal de 
Lavras, Lavras, Brazil, (3)EMBRAPA, Lavras, Brazil 



Common bean (Phaseolus vulgaris) farmers in Brazil have been looking over time for plants with better upright architecture,which was found to 
be a complex trait with quantitative nature. Thus, recurrent selection (RS) represents the best breeding technique to successfully attain genetic 
gains. Plant architecture is evaluated using a grade scale, which usually has a high heritability, so RS to this trait has been done upon visual 
selection on S0 generation.  
This study aimed to verify if we had genetic progress and if the genetic gain estimative changes when different number of progenies are analyzed 
by generation or when different generations are considered. The effect of RS to grain yield was also assed. Populations S0:3 and S0:4, from the 
fifth, eight and twelfth RS cycle were used. Combined analysis of variance based on adjusted means of 47 best progenies from each cycle and 
generation, using two common controls as reference was carried out. The joint analyses of the two generations in each cycle were also 
performed.  
Genetic gains were estimated using linear regression between the adjusted mean of each cycle.  RS was efficient and the genetic progress based 
on average of progenies was 4.46%. When fewer progenies were evaluated, the genetic gain was also of smaller magnitude. Our results support 
that it is possible to successfully select for increasing grain yield after three or more cycles of selection upon plant architecture, making possible 
to obtain upright high yielding plants. 
 
P1000: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Plant Architecture Traits Show Co-localized Signals in Common Bean Durango Diversity Panel 
Samira Mafi Moghaddam1, Ali Soltani1, Sujan Mamidi1,2, Rian Lee1, Mohammadmehdi Maharlooei3,4, Sreekala Bajwa3, Phillip 
Miklas5, Juan Osorno1 and Phillip McClean1, (1)Dept of Plant Sciences, North Dakota State University, Fargo, ND, 
(2)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (3)Department of Agricultural and Biosystems Engineering, North 
Dakota State University, Frago, ND, (4)Dept of Mechanical Engineering of Biosystem, Shahid Bahonar University of Kerman, 
Kerman, Iran, (5)USDA-ARS, Prosser, WA 
Common bean (Phaseolus vulgaris L.) shows many domestication syndromes like other cultivated crops. One of the major differences between 
the wild and the cultivated species is plant architecture. The cultivated forms show more erect growth habit compared to the wild types that are 
mainly creeper/climbers. This characteristic is important in bean production due to its impact on harvest practices and disease incidence. The 
type II growth habit (indeterminate erect) is favored because it lowers harvest costs while reducing disease incidence due to higher air flow in 
between rows and minimum pod contact with the soil.  To discover the genomic regions associated with plant architecture, a genome wide 
association study (GWAS) was conducted using the Durango Diversity Panel (DDP). Traits such as stem shear test, plant length, canopy height, 
canopy width, growth habit, and lodging were measured in North Dakota for 145 DDP genotypes. Re-sequencing of the DDP genotypes up to 6x 
coverage yielded 2.1 million SNPs with minor allele frequency of 5% and greater for GWAS. Significant co-localized GWAS signals were 
detected for these inter-related traits. A GWAS peak on Pv07 was in common among all the traits. Pv11 also had a consistent peak among all the 
traits except canopy width. The major GWAS signal for lodging and canopy height were on Pv04 and Pv07, respectively. Growth habit 
encompassed both these signals as its major peaks. This study provides a starting point to discover the genes that affect the plant architecture in 
the Durango race in common bean. 
 
P1001: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Genetic-Relationship Assessment and Population Structure in Common Bean (Phaseolus vulgaris L.) Using SSR and SNP 
markers 
Seda Nemli1, Tansel Kaygisiz Asciogul1, Duygu Ates1, Dursun Esiyok2 and M. Bahattin Tanyolac1, (1)Ege University, Izmir, 
Turkey, (2)Ege university, Izmir, Turkey 
Common bean (Phaseolus vulgaris L.) is a diverse legume species which are separated into Andean and Mesoamerican genepools. The 
knowledge of the genetic-relationship level of accessions is important for future genetic analysis. The main objective of this research was to 
determine the genetic diverstiy level in 173 common bean accessions collected all around the world and to study population structure of common 
beans using simple sequence repeat (SSR) and single nucleotide polymorphism (SNP).  For the purpose of determine SNP, we used a GBS 
protocol based on next generation sequencing technologies. After filtering, 33 microsatellite and 16,366 SNP markers in common bean were 
genotyped in this study. Using a model-based approach, implemented in the software STRUCTURE, we identified three populations in common 
bean, including one of Andean and one of Mesoamerican origins). Andean genotypes were included in POP I and Mesoamerican geneotyeps 
belonged to POP III. STRUCTURE analysis confirmed genetic relationships among accessions and populations observed with a Principal 
Coordinate Analysis (PCA) which also clustered common bean accessions in three groups. Genetic distances between cultivars were determined 
based on the marker data and calculated between 0,002 (#61 Sırık boncuk-Tokat and #130 Yerli 23 koy cesidi- Antalya) - 0,962 (#47 Hatay taze 
oturak- Bandirma and #82 Taze fasulye- Havsa, Edirne). These findings are useful for parental selection consideration in common bean breeding, 
and the utility of GBS in genetic-diversity analysis of genetic-relationship assessment. 
 
P1002: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Contrasting Expansion Patterns of Nodulation-Related Signaling Peptides 
Diana Trujillo, University of Minnesota, Saint Paul, MN, Kevin AT Silverstein, Supercomputing Institute, University of 
Minnesota, Minneapolis, MN and Nevin D. Young, Department of Plant Pathology, University of Minnesota, St. Paul, MN 
Small signaling peptides play an important role in the development of nodules, the symbiotic organs necessary for legume symbioses with 
nitrogen fixing Rhizobia. In this study, lineage-specific expansions of peptide families were analyzed in a systematic way, using nodule 
transcriptome data coupled with gene clustering. Our study discovered the expansion of two largely unstudied gene families with nodule-specific 
expression that are unique to either Trifoleae and Phaseoleae lineages. The first family, annotated as 'Embryo-Specific Protein' (ESP), has five 
nodule specific members that expanded by tandem duplication in Medicago truncatula. Synteny analyses suggest that a single copy of the 
nodule-specific syntenic ortholog was retained in Glycine max and was lost in Phaseolus vulgaris. The more distantly related legumes Arachis 
duranensis and A. ipaensis also have a copy of a nodule-specific ESP, yet phylogenetic analyses suggest these were co-opted for nodulation 
through a separate event. The second family of interest has previously been annotated as ‘Nodulin’, and appears to be unique to the Phaseoleae 



lineage. P. vulgaris has three nodulins in this family that expanded through tandem duplications. By contrast, the seven copies present in the 
soybean genome expanded through distant duplications and/or ancient whole-genome duplications, suggesting that the expansions occurred 
separately in the Glycine and Phaseolus lineages. Thus, parallel expansions (or co-opting?) of nodulation-related families have occurred across 
different legume lineages, yet they have to have occurred through different mechanisms. 
 
P1003: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Development and Characterization of a Common Bean Segregant Population for Domestication Traits Analyses and 
Breeding Purposes 
Elisa Bellucci1, Maria Leonarda Murgia2, Elena Bitocchi1, Laura Nanni1, Debora Santo1, Monica Rodriguez2, Giovanna Attene2, 
Domenico Rau2 and Roberto Papa1, (1)Dipartimento di Scienze Agrarie, Alimentari e Ambientali, Università Politecnica delle 
Marche, Ancona, Italy, (2)Sezione di Agronomia, Coltivazioni Erbacee e Genetica, Dipartimento di Agraria, Università degli Studi 
di Sassari, Sassari, Italy 
To realize benefits of genetics for crop improvement, geneticists and breeders need to identify genes and molecular variants responsible for 
phenotypic variations, and to position these along the genome of the targeted crops. The domestication process of plants and animals represents 
not only a milestone in the history of the human race and a unique tool for the study of evolutionary processes, but also a crucial model to 
discover important agronomic trait related genes and genomic regions and to exploit the genetic diversity of the wild relative. Many studies have 
clearly indicated that the use of wild relatives can have a tremendous impact on crop improvements.  
In common bean, Phaseolus vulgaris, we have developed an introgression line segregant population based on domestication syndrome traits. The 
wild donor was the Mesoamerican wild G12873 P. vulgaris accession, while the recurrent parent is represented by the Andean variety Midas. 
These materials are crucial to overcome some of the genetic problems related to the use of wild germplasm in plant breeding (i.e. the dominance 
of most wild alleles at domestication loci, the occurrence of deleterious traits that tend to mask useful variants, and the presence of various levels 
of incompatibility between domesticated crops and their wild relatives), and to capitalize the genetic diversity in exotic germplasm and use it for 
plant breeding as well as to discover and validate genes and functions.  
This segregant population was also deeply characterized genotypically, using GBS and other Next Generation Sequencing techniques, and 
phenotypically. 
 
P1004: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Linkage Disequilibrium in a Diverse Panel of Phaseolus vulgaris Considering Population Structure and Kinship Information 
Augusto L. Diniz1, Antonio A. F. Garcia1, Luciana L. Benchimol-Reis2, Alisson F. Chiorato3 and Maria L. C. Vieira1, (1)Luiz de 
Queiroz College of Agriculture, Department of Genetics, University of São Paulo, Piracicaba SP, Brazil, (2)Research and 
Development Centre on Natural Genetic Plant Resources, The Agronomic Institute of Campinas (IAC), Campinas, SP, Brazil, 
(3)Grain and Fiber Center, The Agronomic Institute of Campinas (IAC), Campinas, Brazil 
Common bean (P. vulgaris) is an important grain legume for direct human consumption. Recently, GWAS have been performed for the species 
aiming to identify loci related to important quantitative traits. For association genetics, the extent to which measures of linkage disequilibrium 
(LD) reflect the true association between a marker and QTL is an issue of great interest. In this study, we used r² to estimate LD and r² extensions 
that correct bias due to population structure (r²s), kinship (r²k) and both (r²ks). A set of 180 genotypes, including inbred lines from different 
breeding programs, was genotyped by sequencing and 10,362 high quality SNPs were obtained. Intra and inter-chromosomal LD was estimated 
by an optimized version of 'LD.Measure' in the R package 'LDcorSV'. Considering r², we were able to identify high LD (over 0.7) between SNPs 
localized at opposite ends of the chromosomes. Considering r²ks, LD decayed to 0.1 at an average distance of 155 kb. Different LD patterns were 
observed for each chromosome, illustrating their particularities. Interestingly, some inter-chromosomal LD was found, possibly due to selection 
of epistatic loci during the breeding process. This is the first r²ks SNP-based LD analysis performed for P. vulgaris and it can lead to better 
understanding of the genomic structure of the species. 
 
P1005: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Genome-Wide Association Mapping (GWAS) of Nutrient Elements in Seed Using Genotyping By Sequencing (GBS) in 
Common Bean (Phaseolus vulgaris L.) 
Seda Nemli1, Tansel Kaygisiz Asciogul1, Duygu Ates1, Dursun Esiyok2 and M. Bahattin Tanyolac1, (1)Ege University, Izmir, 
Turkey, (2)Ege university, Izmir, Turkey 
Nutrients are essential for human health. Human intake nutrient elements by consuming cereals and legumes. Common bean is a good source of 
nutrient with protein and carbohydrate additionally contain low fat for human human consumption. In this study, we characterized 43,018 SNPs 
through GBS analysis among 166 common bean accessions.  Of the 10,000 SNPs, after filtering missing data and monomorphic data, therefore 
only 16,366 SNPs were used for association study. Population structure analysis grouped the accessions into two groups, the Andean and the 
Mesoamerican. Our purpose with the proposal is to identify SNPs associated with genes controlling accumulation of nutrient elements (Fe, Zn, 
Ca, Mg, Cu, Se, Mn) in seed by genome-wide association mapping (GWAS) in the Tassel software.. The study was performed across two 
environments: one field site in Bornova/Turkey, one in Menemen/Turkey. Using General Lineer Model (GLM), a total of 37 SNP marker loci 
associated with 7 nutrient elements concentration were identified. Mg concentration was associated with the greatest number of markers in two 
environments. This study demonstrated that association mapping can be successfully applied in common bean breeding for detection of marker-
traits associations. Furthermore, these findings may help in the identification of genes associated with the accumulation of essential nutrient 
elements such as Fe, Zn, Ca, Mg, Cu, Se, Mn and molecular assisted breeding in common bean. 
 
P1006: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
SNP Identification through Genotyping By Sequencing and Genome-Wide Association Study (GWAS) of Pod Traits in 
Common Bean 



Seda Nemli1, Tansel Kaygisiz Asciogul1, Duygu Ates1, Dursun Esiyok2 and M. Bahattin Tanyolac1, (1)Ege University, Izmir, 
Turkey, (2)Ege university, Izmir, Turkey 
The common bean or Phaseolus vulgaris L. (2n = 2x = 22), is one of the most important crops all around the world due to constitutes the main 
source of vegetable protein, minerals and vitamins, provides interesting features to study the process of plant domestication. The restriction-
based approaches, genotyping-by-sequencing (GBS), is an easy and affordable method that restriction-based approaches requires no prior 
sequencing of plant genome and is capable of producing high-density, low-cost genotype information to generate genome-wide single nucleotide 
Polymorphism (SNP) markers. The objective of this study was to determine association between Single Nucleotide Polymorphism (SNP) and 
pod trait in common bean. In this study, a total of 43,018 SNPs markers were developed from 173 common bean accessions through Genotyping 
by Sequencing assays. After filtering and removed monomorphic,16,366 SNPs were used to perform an association analysis by using a general 
linear model (GLM) as implemented in the TASSEL software.  We identified 45 SNPs that were significantly associated with all eight traits for 
pod (Pod lenght, lenght of beak, pod median width, pod transverse thickness, ratio pod transverse thickness, pod lightness value, pod Hue value 
and pod chroma value). This study demonstrate that the power and feasibility of SNPs for GWAS to explore complex traits in common bean. 
 
P1007: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identification, Classification and Quantitative Expression Analysis of Selected DNA Methyltransferase Genes during Plant 
Development in Common Bean (Phaseolus vulgaris L.) 
Adrianne Brown1, Ayalew Osena1, Rita Hayford1, Kalpalatha Melmaiee1 and Venu (Kal) Kalavacharla2, (1)Delaware State 
University, Dover, DE, (2)Molecular Genetics & Epigenomics Laboratory, Delaware State University, Dover, DE 
DNA methylation is an epigenetic mechanism that is responsible for controlling gene expression during plant growth and development, defense 
responses and genome stability. Methylation patterns are found to be more prevalent in plants when compared to other organisms due to their 
occurrence in CpG, CpNpG, and CpNpN (N=A, T or C) contexts. Methylation is catalyzed by an enzyme called DNA methyltransferase (Dnmt). 
Based on model plant species, there are four classes of Dnmts identified: DNA Methyltransferase (MET), Chromo-methyltransferase (CMT), 
Domains Rearranged Methyltransferase (DRM), and DNA methyltransferase 2 (Dnmt2) which are differentiated based on their conserved 
domains. Previous Dnmt studies identified MET, CMT and DRM as functional Dnmts. In this study, we used the BLASTP sequence analysis to 
identify and clone three homologous Dnmts (MET1, CMT2 and DRM2) using sequences derived from three common bean genotypes: G19833 
(sequenced genome), Sierra (resistant), and Olathe (susceptible) to Uromyces appendiculatus (rust race-53). Following cloning and sequencing, 
these genes were classified based on their evolutionary relationships with homologue Dnmts from other plant species. Analysis of gene 
expression using quantitative PCR revealed that selected Dnmts are expressed at all developmental stages tested (seedling, flowering and pod). 
The amino acid sequences obtained from cloning were used to develop unique polypeptide antibodies for further analysis to identify Dnmt-DNA 
interaction throughout the common bean genome using ChIP-seq methods. 
 
P1008: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identifying QTL Associated with Waterlogging Tolerance in Dry Bean (Phaseolus vulgaris L.), Set the Stage for Marker-
Assisted Selection 
Ali Soltani1, Samira Mafi Moghaddam1, Katelynn Walter1, Stephan Schroder2, Sujan Mamidi1, Rian Lee1, Phillip McClean1 and 
Juan Osorno1, (1)Dept of Plant Sciences, North Dakota State University, Fargo, ND, (2)Dept of Plant Sciences, North Dakota State 
University, Frago, ND 
Climate change adversely affects crop production, mostly by altering temperature and rainfall patterns.  Several studies have addressed the 
devastating effects of heat and drought, however few efforts have been devoted to understand the mechanism by which crops cope with excess 
precipitation and waterlogging. Legumes, particularly dry bean, are classified as very sensitive crops to excess water, especially during early 
stages. To identify the loci associated with waterlogging tolerance in dry bean, a Genome-Wide Association Study (GWAS) was conducted using 
~600 genotypes belonging to Middle-American and Andean gene pools in the greenhouse. Nine traits were measured from both stress and non-
stress conditions including total weight, shoot weight, root weight, chlorophyll content, and adventitious root rate. Genotyping was performed by 
using a combination of two 6K Illumina iSelect gene chips and Genotyping-by-sequencing (GBS) platforms. Using these two platforms we could 
cover the dry bean genome with more than 150K SNPs. The results indicate that root is the primary tissue which is affected by waterlogged 
condition. In the Middle-American gene pool, a signal was detected on Pv08 associated with root weight. This peak is ~53 Kbp far away from 
Rap2.6L gene, which was shown to be involved in waterlogging tolerance in Arabidopsis. Furthermore, within the Andean gene pool, a peak on 
Pv09 was detected for adventitious root production. Besides these, at least ten other QTL were detected which contribute to waterlogging 
tolerance of dry bean. Using the markers linked to these QTL would help breeders for marker-assisted selection and variety improvement. 
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Possible Role of Common bean (Phaseolus vulgaris L.) Histone deacetylase6 in Development  and Cold Stress Response 
Rita Hayford1, Ayalew Osena1, Adrianne Brown1, Kalpalatha Melmaiee1, Khwaja G Hossain2 and Venu (Kal) Kalavacharla3, 
(1)Delaware State University, Dover, DE, (2)Mayville State University, Mayville, ND, (3)Molecular Genetics & Epigenomics 
Laboratory, Delaware State University, Dover, DE 
Histone deacetylases (HDACs) are important regulators of chromatin structure and function. HDACs have been found to play key roles in plant 
developmental processes and also respond to environmental cues. For example, the Arabidopsis HDA6 has been shown to regulate transcription 
of ribosomal RNA and plays a role in cold acclimation. Despite its essential role in plants, HDA6 is yet to be validated in common bean. In this 
study, we cloned and sequenced HDA6 from common bean cultivar Sierra, a resistant genotype to Uromyces appendiculatus (rust race-53). To 
validate expression of the HDA6 at different developmental stages, and during cold stress, we used the quantitative real-time PCR. Analysis of 
the HDA6 amino acid sequence revealed very high similarity with homologues in model species, with highly conserved domains suggesting a 
critical role of this gene in planta. Our finding showed up-regulation of HDA6 in common bean with age (seedling >flowering >maturity). 
Spatial distribution analysis revealed more HDA6 transcripts in flowers and pods. Further validation of recombinant HDA6 protein by western 
blot using specific antibodies detected a 60 kDa protein. Interestingly, the transcripts of HDA6 are up-regulated in response to cold stress. To our 



knowledge, this is the first report suggesting a crucial role of HDA6 in common bean growth and development and also appears to be involved in 
the cold-response pathway. These findings would help in elucidating the functions of HDA6 in common bean and eventually help in 
understanding regulatory pathways controlled by HDA6.  
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Epigenetic Regulators of Plant Stress Responses in Legumes: A Case Study of the Bean-Bean Rust Interaction 
Venkateswara R. Sripathi1,2, Vasudevan Ayyappan2, Mollee C Crampton2, Jyothi Thimmapuram3, Ketaki Bhide3, Antonette 
Todd2 and Venu (Kal) Kalavacharla2, (1)Center for Molecular Biology, Alabama A&M University, Normal, AL, (2)Molecular 
Genetics & Epigenomics Laboratory, Delaware State University, Dover, DE, (3)Bioinformatics Core, Purdue University, West 
Lafayette, IN 
Common bean (Phaseolus vulgaris L.) is economically important for its high protein, fiber and micronutrient contents. Bean-rust, caused by the 
fungal pathogen Uromyces appendiculatus is a major constraint in common bean production. Integrating the information extracted from next 
generation sequencing (NGS) approaches aid in understanding regulatory mechanisms associated with disease-resistance in common bean. The 
inoculated (I) and mock-inoculated (MI) leaf samples were collected at 0, 12 and 84 hour-after-inoculation (hai). This study utilized chromatin 
immunoprecipitation sequencing (ChIP-Seq), RNA sequencing (RNA-Seq), and small RNA sequencing (small RNA-Seq). The bioinformatic 
tools used for these analyses were Bowtie, SICER, HOMER, TopHat, Cufflinks and miRPlant. We identified five important classes of epigenetic 
modulators in gene expression that include DNA methylation (279), histone methylation (45), histone acetylation (145), chromatin remodeling 
(26) and Polycomb Group (225) proteins. Four differentially expressed stress responsive genes identified were early-responsive to dehydration 
(ERD) stress family protein, chloroplast drought-induced stress protein, oxidative stress 3 and stress induced alpha-beta barrel domain protein 
between 0, 12 and 84 hai. The R proteins marked by both methylation and acetylation modifications were pleiotropic drug resistant protein 12, 
LRR family, NB-ARC domain containing and TIR-NBS-LRR proteins. Some key defense responsive genes (calmodulin, cytochrome p450, 
chitinase, DNA Pol II, and LRR) and transcription factors (WRKY, bZIP, MYB, HSFB3, GRAS, NAC, and NMRA) were also identified. This is 
the first comprehensive report in understanding the role of epigenetic regulation in bean-rust interaction and can be exploited in other non-model 
species under biotic and abiotic stresses. 
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Induction of Thermotolerance through Heat Acclimation and Phytohormones in Mung Bean Seedlings 
Simeen Mansoor, Department of Genetics, University of Karachi.Karachi.Pakistan, Karachi, Pakistan 
Abstract  
High temperature is one of the major abiotic stress that can reduce yield of any crop. Plants have different optimum temperature for best 
morphological and physiological performance and 30°C is optimum temperature for mung bean where as lethal temperature is 50°C. The 
ultimate aim is  to study the pretreatment effect of moderately high temperature (40°C) and phytohormones [indole acetic acid (IAA) and 
gibberellic acid (GA3) prior to heat shock (50°C) to reduce the adverse effects of  heat shock and induction of thermotolerance in mung bean 
seedlings.  The experimental material consisted of mung bean genotype (NM 13-1), seeds were imbibed in distilled water, 100 µM IAA and 100 
µM GA3 for 20 h, allowed to grow in distilled water for 24 h, then treated with heat shock (50°C for 2h) and pretreated with moderately high 
temperature (40°C for 1h ) prior to 50°C. Heat shock showed extremely retarded growth, low levels of proteins, ascorbate peroxidase (APX) and 
catalase (CAT) with increased activity of guaiacol peroxidase (GPX) as compared to control (30°C). In contrast, the moderately high temperature 
(40°C for 1 h) prior to 50°C observed improved growth and further increase in the activity of APX, CAT and GPX. The growth effect and 
enzymes activity became more enhancing when seedlings were imbibed in IAA and GA3 for both control (30°C) as well as treated samples. 
Protein profile also revealed minor variations among control and treated samples. Pretreatment with moderately high temperature and 
phytohormone is an easy and effective method for the induction of thermotolerance in mung bean.    
Keywords: Antioxidant enzymes, ascorbate peroxidase, catalase, gibberellic acid, guaiacol peroxidase, heat shock,  indole acetic acid, 
thermotolerance 
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A Genetically-Anchored Genome Assembly for Cowpea Facilitated by a High-Density Genotyping Assay 
Maria Muñoz-Amatriain1, Hamid Mirebrahim2, Steve Wanamaker1, Ming-Cheng Luo3, Serdar Bozdag2,4, Matthew Alpert2, 
Mitchell R. Lucas2,5, Pei Xu6, Hind Alhakami2, Philip A. Roberts7, Stefano Lonardi2 and Timothy J. Close1, (1)Department of 
Botany & Plant Sciences, University of California - Riverside, Riverside, CA, (2)University of California Riverside, Riverside, CA, 
(3)University of California Davis, Davis, CA, (4)Marquette University, Milwaukee, WI, (5)Syngenta Seeds Inc, Naples, FL, 
(6)Zhejiang Academy of Agricultural Sciences, Hangzhou, China, (7)Department of Nematology, University of California - 
Riverside, Riverside, CA 
Cowpea (Vigna unguiculata (L.) Walp), native to Africa and a member of the Fabaceae family, is one of the most important legume crops in the 
semiarid tropics covering Africa, Asia, Southern Europe, Southern United States and Central and South America, where it is a good source of 
protein, fiber, and certain vitamins and minerals. Cowpea is a warm season legume along with soybean and common bean, although it is more 
drought and heat tolerant than its legume relatives. Despite its relevance to agriculture in the developing world and its resilience, cowpea has 
received little attention relative to other crops of major significance. It is presently the most widely grown legume that lacks a published 
reference genome sequence. Using the recently developed Illumina iSelect genotyping assay for cowpea, we have genotyped five biparental RIL 
populations and developed a consensus genetic map containing over 37,000 SNPs mapped to ~3,200 bins in ~800 cM. This map is being used to 
genetically anchor an initial whole-genome shotgun (WGS) assembly of cowpea accession IT97K-499-35, which includes sequences for about 
97% of all known cowpea genes (Close et al. 2011, PAG XIX). Sequences from about 4,000 minimal tiling path BACs are being incorporated to 
increase the number of anchored scaffolds and help resolve the order within recombination bins. 
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Feed the Future Innovation Lab for Climate Resilient Cowpea 
Timothy J. Close1, Stefano Lonardi2, Philip A. Roberts3, Maria Muñoz-Amatriain1, Ibrahim Atokple4, Joseph Batieno5, Ousmane 
Boukar6, Ndiaga Cisse7, Issa Drabo8, Christian Fatokun6, Yi-Ning Guo2, Bao-Lam Huynh3, Francis Kusi4, Sassoum Lo2, Mitchell R. 
Lucas1, Hamid Mirebrahim2, Savanah M St Clair2, Steve Wanamaker1 and Pei Xu9, (1)Department of Botany & Plant Sciences, 
University of California - Riverside, Riverside, CA, (2)University of California Riverside, Riverside, CA, (3)Department of 
Nematology, University of California - Riverside, Riverside, CA, (4)CSIR - Savanna Agricultural Research Institute, Tamale, 
Ghana, (5)Institut de l'Environnement et de Recherches Agricoles, Kamboinse, Burkina Faso, (6)International Institute of Tropical 
Agriculture, Ibadan, Nigeria, (7)ISRA-Senegal, Bambey, Senegal, (8)Institut de l'Environnement et de Recherches Agricoles, Saria, 
Burkina Faso, (9)Zhejiang Academy of Agricultural Sciences, Hangzhou, China 
The five-year “Innovation Lab for Climate Resilient Cowpea" began September 2013 under the Feed the Future Global Hunger and Food 
Security Research Strategy: Climate Resilience, Nutrition, and Policy in the Program Area "High-Yielding, Climate Resilient Legumes". The 
project involves partnership between the University of California at Riverside and the leading cowpea breeders in four West African nations 
(Burkina Faso, Ghana, Nigeria and Senegal) in the Sudano-Sahelian region; this is the main production zone for cowpea. The focus is genetics 
and breeding, with the ultimate aim of increasing yield potential and providing solutions for major production constraints. The areas of emphasis 
for variety improvement are drought tolerance at critical stages (early seedling, flowering, and pod filling), heat tolerance during reproductive 
development, and resistance to the fungal pathogen Macrophomina phaseolina. There are three basic objectives: 1) Foundation Development, 2) 
Training and 3) Implementation. Foundation Development includes the improvement of genotyping capabilities. So far, this has included the 
development of a “60k” BeadAssay iSelect for SNP genotyping which successfully assays 49,393 SNPs, and its application to bi-parental and 
MAGIC RILs, diverse germplasm, and over 400 West African breeder favorites. One of the outcomes of genotyping bi-parental RILs has been 
the assignment of over 37,000 SNPs to map positions. Also, the extent of purity and relationships between breeder materials have become 
evident from analyses of the SNP data. Phenotyping and seed increases are ongoing, and annual workshops ensure the sharing of research 
advances and the training of people. The project is synergistic with the FtF Legume Innovation Lab, which emphasizes insect resistance in the 
context of the drought prone production environment. 
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Molecular Mapping of the Genome and Agronomic Traits in Cowpea 
Yang Zhang1, Chantel F. Scheuring1, Brijesh Angira1, Laura L. Masor1, Yun-Hua Liu1, Yadong Zhang1,2, B.B. Singh1, Hong-Bin 
Zhang1, Dirk Hays1 and Meiping Zhang1, (1)Texas A&M University, College Station, TX, (2)Jiangsu Academy of Agricultural 
Sciences, Nanjing, China 
Cowpea [Vigna unguiculata (L.) Walp.], 2n = 2x = 22 (620 Mb/1C), is an important food legume crop in over 65 countries, including the 
southern U.S. It is an excellent source of proteins, minerals and antioxidants, and a unique source of genes for many agronomic traits such as 
drought tolerance, heat tolerance, efficient use of soil minerals and water, low-phosphorus tolerance, disease resistance and insect resistance. 
However, cowpea has been subjected to limited modern genomics research. To explore its unique genes and enhance its research and breeding, 
we screened widely used cowpea breeding germplasm lines and developed several populations of recombined inbred lines (RILs) segregating for 
these and other agronomic traits. We sequenced the Golden Eye Cream (GEC) x IT98K-476-8 population consisting of 184 RILs using the high-
throughput sequencing-based RAD-seq technology. Analysis of the sequences identified 4,154 high-quality SNPs, from which we constructed an 
RAD-seq-based SNP genetic map for cowpea. The map consists of 11 linkage groups, with 4,154 high-quality SNP markers distributing in 2,254 
haplotypes and 756 chromosomal bins, and spanning a total of 837.62 cM, thus having a density of one SNP marker in approximately 0.20 cM or 
149 kb. We have also phenotyped numerous agronomic traits of the population, including heat tolerance, drought tolerance, plant height, 
flowering date, maturity date, biomass/plant, pods/plant, pod weight/plant, seeds/pod, grain yield/plant, 100-seed weight, etc. We are currently 
mapping these agronomic traits using the map, thus providing toolkits to ultimately clone the genes and enable enhanced cowpea research and 
breeding. 
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A Multiparent Advanced Generation Inter-Cross Population for Genetic Analysis and Breeding in Cowpea (Vigna 
unguiculata L. Walp.) 
Bao-Lam Huynh1, Jasmine L. Gracin-Dixon1, Yi-Ning Guo2, Jansen R. P. Santos1, Arsenio D. Ndeve1, Maria Muñoz-Amatriain2, 
Sassoum Lo2, Ira Herniter2, Steve Wanamaker2, Tra T.T. Duong1, Savanah St. Clair2, Mitchell R. Lucas2, Jeffrey D. Ehlers3, 
Timothy J. Close2 and Philip A. Roberts1, (1)Department of Nematology, University of California - Riverside, Riverside, CA, 
(2)Department of Botany & Plant Sciences, University of California - Riverside, Riverside, CA, (3)The Bill and Melinda Gates 
Foundation, Seattle, WA 
Development and analysis of Multiparent Advanced Generation Inter-Cross (MAGIC) populations have been conducted with several crop plants 
due to the potential for dissecting the genetic structure of traits and improving breeding populations. As part of the Tropical Legumes I Project 
(GCP-funded, 2009-2015), we developed an 8-parent MAGIC population for cowpea (Vigna unguiculata L. Walp.). The 8 founder parents 
(IT89KD-288, IT84S-2049, CB27, IT82E-18, SuVita 2, IT00K-1263, IT84S-2246, and IT93K-503-1) are highly diverse and carry many abiotic 
and biotic stress resistance, seed quality and agronomic traits relevant to cowpea improvement in sub-Saharan Africa. They were inter-mated 
using structured matings to ensure a population would have equal representation from each of the founder parents, followed by single-seed 
descent, resulting in more than 300 F8 recombinant inbred lines (RILs) each carrying a mosaic of genome blocks contributed from all founders. 
This was confirmed by SNP genotyping with the Illumina 60K iSelect as part of the Feed the Future Innovation Lab for Climate Resilient 
Cowpea. The F8 lines were on average 99.74% homozygous while also diverse in morphological traits including growth habit, flower color, 
flowering time, maturity, leaf shape, pod load, and seed size, shape, color and texture. Due to its broad genetic base, the cowpea MAGIC 
population promises breakthroughs in genetic gain, QTL discovery, and construction of high-resolution genetic maps for use in haplotype-trait 
definition and genome assembly. 
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Marker-assisted introgression of large seed size QTLs into a cowpea cultivar from Senegal 
Sassoum Lo1,2, Maria Muñoz-Amatriain3, Mitchell R. Lucas4, Ndiaga Cissé2, Philip A. Roberts1 and Timothy J. Close1, 
(1)University of California Riverside, Riverside, CA, (2)ISRA-CERAAS, Thies, Senegal, (3)Department of Botany & Plant 
Sciences, University of California - Riverside, Riverside, CA, (4)Syngenta Seeds Inc, Naples, FL 
Cowpea (Vigna unguiculata), also known as black-eyed pea, is a warm season legume cultivated extensively in West and Central Africa. 
Cowpea is one of the highest sources of protein, folic acid and several vitamins for many people in sub-Saharan Africa. Incorporating 
information on consumer preferences is important for decisions on developing improved cowpea cultivars, and increased seed size is one of the 
targeted preferred traits. In order to develop new cowpea cultivars with large seed, genetic markers (SNPs) are being employed to introgress two 
QTLs (Css-1 and Css-4) for large seed size from the recombinant inbred line “113-4-6-14-1” (CB27/IT82E-18 x CB27) into “Pakau,” a new 
popular cultivar in Senegal. Recently, a 60k assay genotyping platform has been developed for cowpea and used for genotyping the CB27 x 
IT82E-18 population, in which Css-1 and Css-4 were mapped previously (Lucas et al. 2013, Front Plant Sci.). A total of 16566 high quality 
SNPs segregated in this population, and were used in QTL mapping to identify new SNPs within the seed-size QTL regions. These SNPs will be 
used for marker-assisted backcrossing to incorporate Css-1 and Css-4 into Pakau. Four possible combinations will be analyzed to test the effect 
on seed phenotype of these QTLs in the Pakau genetic background: no QTL, each of the two QTLs, and both QTLs. Future studies will include 
determining the effect of increasing seed size on both yield and the nutritional quality of cowpea.  
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Association Mapping of Seed Nutritional Elements in Wild (Cicer reticulatum L.) and Cultivated (Cicer arietinum L.) 
Chickpea Accessions from Turkey 
Seda Nemli1, Duygu Ates1, Bulent Yagmur1, Hasan Yilmaz2, Semih Erdogmus2, Esin Ozkuru2, Nur Karaca2, Canan Kartal1, Semih 
Otles2, Muzaffer Tosun1, Ozgul Ozdestan1, M. Bahattin Tanyolac1 and Abdullah Kahriman3, (1)Ege University, Izmir, Turkey, 
(2)Ege university, Izmir, Turkey, (3)Harran University, S Urfa, Turkey 
Chickpea is the important grain legume or “pulse crop” that is used extensively for protein-rich seeds for human consumption. Chickpea seeds 
contain protein, rich carbohydrates, starch,  low fat and ash. Association mapping, also known as linkage disequilibrium (LD), to detect 
quantitative trait loci (QTL) controlling complex traits has become a popular approach in crop plants for determining association between marker 
and traits. The objectives of this study were to performed QTL associated with  7 different traits; content of Fe, Zn, Ca, and Se in 100 wild and 
100 cultivated chickpea landraces from Turkey. The population was genotyped with 7,147 SNP markers using genotyping-by-sequencing. 
Significant LD was detected across the genome of chickpea accessions and the extent of LD varied along with 8 chickpea chromosomes, and 
existing of population structure might be the major factors of creating high LD. Phenotypic data SNP markers have been used for LD and 
association analyses in Tassel software according to General Linear Model  (GLM). In total, 75 marker–trait associations  significant 
were  detected for all traits. The present study reports marker loci and their assocition with traits identified in this study detected targeted regions 
for future association and demonstrates the use of AM is an effective method for identifying new genomic regions associated with economic 
important traits in chickpea accessions. 
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Genome-Wide Association Studies of Disease and Drought-Relative Traits Using Whole Genome Re-Sequencing Data in 
Chickpea 
Yongle Li1, Pradeep Ruperao2, David Edwards2, Jacqueline Batley2, Kristy Hobson3, Jiayin Pang2, Kadambot Siddique2 and Tim 
Sutton4, (1)University of Adelaide, Adelaide, Australia, (2)University of Western Australia, Perth, Australia, (3)NSW Department 
of Primary Industries, Tamworth, Austria, (4)South Australian Research And Development Institute, Adelaide, Australia 
Next-generation sequencing (NGS) technology offers a cheap and high-throughput genotyping option to discover genome variation and selection 
signatures in less utilised crop species, such as chickpea.  
We performed whole genome re-sequencing (WGRS) of 64 Australian chickpea varieties, four Indian landraces, and one wild chickpea species 
(Cicer reticulatum) with 5-15X coverage. Alignment of 1.2 billion Illumina paired-end reads to the draft Kabuli genome sequence of chickpea 
resulted in the identification of over 800,000 SNPs. To handle the high error rate of NGS data, allele frequencies were estimated using site 
frequency spectrum as prior leading to improved inference of population genetic parameters. Population structure analysis reveals distinct groups 
among varieties and narrow genetic diversity in recently released varieties. Several regions of the chickpea genome are under positive selection 
based on Tajima’s D test. Both Fst genome scan and genome-wide association studies (GWAS) identify a 100kb region on chickpea 
chromosome 4 that is significantly associated with ascochyta blight resistance, a fungus disease that severely impacts the chickpea production in 
Australia and other regions of the world. This region is co-located in a large QTL interval of 7Mb~30Mb confirmed previously by three different 
mapping populations genotyped at low density with SSR or SNP markers. This 100kb region has been validated by GWAS of another 132 
advance lines with ~140,000 SNPs. In total, 13 predicted genes are located in this region including NBS-LRR receptor-like kinase, wall-
associated kinase, zinc finger protein and serine/threonine protein kinase. One significant SNP located in the coding sequence of a predicted gene 
leads to amino acid substitution. This demonstrates the power of combining WGRS data with relatively simple traits in fast developing 
“functional makers” for marker-assisted selection.  
The 132 advance lines were phenotyped with 12 yield and yield relative traits in three drought-prone field environments. GWAS analyses 
identify 35 SNPs significantly (p< 3.45e-07) associated with 6 traits in total. The result of genomic prediction using these lines as training 
population will be presented as well. 
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An Integrated Genome-Wide Strategy for Genetic Dissection of Complex Seed and Pod Yield Component Traits in 
Chickpea 



Alice Kujur1, Hari D Upadhyaya2, Deepak Bajaj1, Akhilesh K. Tyagi1 and Swarup K. Parida1, (1)NATIONAL INSTITUTE OF 
PLANT GENOME RESEARCH, NEW DELHI, India, (2)ICRISAT, Patancheru, India 
Large-scale discovery and high-throughput genotyping of SNPs (single nucleotide polymorphisms) in diverse natural and mapping populations is 
required at genome-wide level for high-resolution association analysis and QTL (quantitative trait loci) mapping to accelerate genomics-assisted 
crop improvement in chickpea. The genotyping-by-sequencing (GBS) of 92 diverse desi and kabuli chickpea accessions representing a diverse 
seed and pod trait-specific association panel and individuals belonging to an intra-specific RIL (recombinant inbred line) mapping population 
(desi cv. ICC12299 × kabuli cv. ICC8261) discovered 44,844 and 43,358 genome-wide high quality SNPs, respectively. These SNPs were 
structurally and functionally annotated in diverse coding and non-coding sequence components of genes and genomes (chromosomes). Further, a 
genome-wide association study (GWAS) (using 44,844 SNPs) was integrated with ultra-high resolution genetic linkage map (inter-marker 
distance; 0.20-0.37 cM)-based QTL mapping (using 43,358 SNPs), differential expression profiling, gene-specific molecular haplotyping/linkage 
disequilibrium (LD) mapping and QTL-region specific haplotype/LD-based trait association analysis for quantitative dissection of complex seed 
and pod yield component traits in chickpea. This enabled us to delineate novel natural allelic variants and superior haplotypes in the potential 
candidate genes harbouring major QTLs specifically regulating seed/pod number and seed weight/size in chickpea. The efficacy of ultra-high 
resolution QTL region-specific haplotype-based association analysis as compared to conventional map-based positional cloning in rapid scale-
down of the major QTLs into specific candidate gene(s) governing seed and pod traits was apparent. Collectively, the functionally relevant 
molecular tags scanned using integrated genomic strategies have potential to expedite marker-assisted genetic enhancement of crop plants, 
including chickpea. 
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A Transcript-Based Linkage Map in Apios americana ("Potato Bean") and Synteny Analysis with Other Warm-Season 
Legumes 
Jugpreet Singh1, Scott R. Kalberer2, Vikas Belamkar3, Andrew D. Farmer4, William J. Blackmon5 and Steven B. Cannon2, 
(1)ORISE Fellow, USDA-ARS-CICGRU, Ames, IA, (2)USDA-ARS-CICGRU, Ames, IA, (3)Iowa State University, Ames, IA, 
(4)National Center for Genome Resources (NCGR), Santa Fe, NM, (5)Independent Researcher, Mechanicsville, VA 
Current sequencing techniques are capable of generating a good representation of the sequence of an organism’s genome or transcriptome 
inexpensively. Such sequencing facilitates the genetic characterization of various “orphan” plant species, including some that may have a 
promising future as new crops. We used transcriptome sequencing to identify polymorphic markers for building a high-density linkage map of a 
tuberous legume, Apios americana (2n=2x=11). A pseudo-testcross strategy was implemented to perform the linkage analysis in a F1 mapping 
population (73 individuals), derived from a cross between a known maternal parent (AA-2155) and unknown pollen source. A robust Apios 
reference transcriptome was de novo assembled and refined for aligning reads from the mapping population genotypes and identifying genetic 
markers. In total, 2,624 high quality single nucleotide polymorphic (SNP) markers were used to calculate pairwise recombination and linkage 
distances. The final Apios map consisted of 13 linkage groups with 957 recombinationally distinct loci covering ~1171 cM of genetic distance. 
Comparative analyses using the sequences of mapped loci revealed distinct regions syntenic to those of related warm-season legumes. More 
Apios marker sequences showed matches with Phaseolus vulgaris and Glycine max than Vigna angularis and Vigna radiata. However, the co-
linearity of the Apios linkage groups was comparatively higher with the Vigna species than with P. vulgaris and G. max, which displayed more 
interrupted synteny patterns. This study presents the first linkage map for A. americana, and a general protocol for sequencing-based construction 
of high-density linkage maps in less characterized species. 
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Assembly of the Pea Genome By Integration of High Throughput Sequencing (PacBio and Illumina) and Whole Genome 
Profiling  (WGP TM) Data 
Mohammed-Amin Madoui1, Karine Labadie1, Léo d'Agata1, Jean-Marc Aury1, Jonathan Kreplak2, Grégoire Aubert2, Krishna 
Kishore Gali3, Bunyamin Taran3, Marie-Christine Le Paslier4, Rebecca McGee5, David Edwards6, Jacqueline Batley7, Abdelhafid 
Bendahmane8, Hélène Bergès9, Judith Lichtenzveig10, Clarice J Coyne11, Tom Warkentin3, Patrick Wincker1 and Judith Burstin2, 
(1)CEA - Genoscope, Evry, France, (2)INRA, UMR1347 Agroécologie, Dijon, France, (3)University of Saskatchewan, Saskatoon, 
SK, Canada, (4)INRA, US1279 EPGV Etude du Polymorphisme des Génomes Végétaux, CEA-IG/Centre National de Génotypage, 
EVRY, France, (5)USDA-ARS, Pullman, WA, (6)University of Western Australia, Perth, Australia, (7)University of Queensland, 
Brisbane, Australia, (8)INRA, Evry, France, (9)INRA - CNRGV, Castanet Tolosan, France, (10)Curtin University, WA, Australia, 
(11)USDA-ARS Western Regional Plant Introduction Station, Pullman, WA 
Pea (Pisum sativum) is one of the most cultivated grain legume crops in the world, however the pea crop encounters recurrent abiotic and biotic 
stresses that decrease its competitiveness. To increase our capacity to efficiently breed new cultivars and to better understand pea genome 
differentiation in different ecotypes, the International Consortium for Pea Genome Sequencing gathered their efforts to produce a high quality 
pea genome reference sequence. The pea genome being very large (4.5 Gb) and highly repetitive, the consortium strategy  is based on the 
integration of different and complementary data such as whole genome sequencing data (short and long reads), physical map, optical map and 
genetic map data.  
Whole genome shotgun DNA libraries of Pisum sativum var. Cameor with fragment sizes ranging from 160 bp to 17 kb were built and 
sequenced using the Illumina technology. A de novo assembly of the genome was done using a de Bruijn graph approach, contigs were 
scaffolded with the large insert reads and gap closed with PacBio reads. In parallel, whole genome profiling (WGP™) was used to create a 
physical map covering the entire genome. Based on the initial assembly, the WGP and the sequencing data, we improved the genome assembly 
continuity thanks to the MaGuS method (https://github.com/institut-de-genomique/MaGuS). The quality of the assembly was investigated by 
checking the collinearity with the genetic map and by using chromosome specific sequences obtained from chromosome sorting. 
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Pea Genomics: The Revolution Is Now! 



Nadim Tayeh1, Susete Alves-Carvalho1, Christelle Aluome2, Matthieu Falque3, Sébastien Carrère4, Jonathan Kreplak1, Françoise 
Jacquin1, Anthony Klein1, Anne-Lise Brochot1, Mathieu Siol1, Corinne Cruaud5, Aurélie Chauveau2, Aurélie Bérard2, Hervé 
Houtin1, Céline Rond1, Karen Boucherot1, Chantal Martin1, Patrick Wincker5, Jérôme Gouzy6, Dominique Brunel2, Pascal Marget1, 
Marie-Christine Le Paslier2, Grégoire Aubert1 and Judith Burstin1, (1)INRA, UMR1347 Agroécologie, Dijon, France, (2)INRA, 
US1279 Etude du Polymorphisme des Génomes Végétaux, CEA-IG / Centre National de Génotypage, Evry, France, (3)INRA, 
UMR320/UMR8120 Génétique Quantitative et Evolution - Le Moulon, Gif sur Yvette, France, (4)INRA/CNRS, Laboratoire des 
Interactions Plantes Micro-Organismes, Castanet-Tolosan, France, (5)CEA - Genoscope, Evry, France, (6)Laboratoire des 
Interactions Plantes Micro-organismes (LIPM) - INRA/CNRS, Castanet-Tolosan, France 
Pea (Pisum sativumL.) is an important legume and model plant, but its large, transposon-rich genome has delayed development of genomic 
resources. Key genomic tools, including a comprehensive expression Gene Atlas, an Infinium SNP genotyping array, and dense genetic maps 
were recently developed for this species. These resources will be useful for gene discovery and synteny-based cloning approaches, and for 
surveys of genome evolution, genome-wide association studies, and genomic selection strategies.  
This work was supported by the French National Institute for Agricultural Research (INRA) and funded by the French National Research Agency 
(Project ANR-09-GENM-026 “GENOPEA” and Project Investissements d’Avenir ANR-11-BTBR-0002 “PeaMUST”). 
 
P1023: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Bean Pod Mottle Virus as a Powerful VIGS Vector for Functional Genomics in Pisum sativum 
Chouaib Meziadi, Sophie Blanchet, Manon M. S. Richard, Valérie Geffroy and Stéphanie Pflieger, Institute of Plant Sciences 
Paris-Saclay (IPS2), UMR 9213/UMR1403, CNRS, INRA, Université Paris-Sud, Université d'Evry, Université Paris-Diderot 
Sorbonne Paris-Cité, Universite Paris-Saclay, Orsay, France 
Pea (Pisum sativum L.) is an important agronomic crop legume worldwide. Complete sequencing of the pea genome is currently underway and 
will lead to the identification of many genes potentially associated with important agronomic traits. Because stable genetic transformation is 
laborious for pea, virus-induced gene silencing (VIGS) appears to be a powerful alternative technology for determining the function of unknown 
genes. In this work, we present a rapid and efficient viral inoculation method using DNA infectious plasmids of BPMV-derived VIGS vector. Six 
pea genotypes with important biotic and/or abiotic genes were found susceptible to BPMV carrying GFP reporter gene and showed fluorescence 
in shoots and roots. In a second step, we investigated 37 additional pea genotypes and found that 30 were susceptible to BPMV and only 7 were 
resistant. The capacity of BPMV to induce silencing of endogenes was investigated in the most susceptible genotype using two visual reporter 
genes: PsPDS and PsKORRIGAN1 (PsKOR1) encoding PHYTOENE DESATURASE and a 1,4-β-D-glucanase, respectively. The features of the 
“one-step” BPMV-derived VIGS vector include: (i) ease of rub-inoculation, without any need for biolistic or agro-inoculation procedures, (ii) 
simple cost-effective procedure applicable in all laboratories, (iii) non-interference of viral symptoms with silencing or over-expression 
phenotypes. These features make BPMV the most adapted VIGS vector in pea to make low- to high-throughput VIGS studies.  
Keywords: Pisum sativum, virus-induced gene silencing, Bean pod mottle virus, PDS, KORRIGAN1 
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Understanding the molecular basis of Fusarium solani mediated root rot in Pisum sativum 
Amit Dhingra, Bruce Williamson, Richard Sharpe and Eliane Bodah, Department of Horticulture, Washington State University, 
Pullman, WA 
Pisum sativum (pea) yields have declined significantly over the last few decades. Root rot caused by the soil fungus, Fusarium solani f. sp. Pisi 
(Fsp) is one of the predominant cause of decline in yields. To gain a comprehensive and comparative insight into the molecular changes that 
accompany Fsp infection we performed a time-course transcriptome analysis in a set of tolerant and susceptible Pisum genotypes challenged 
with the pathogen. Identity and putative functionality of the transcripts were determined using a custom workflow that integrates the following 
software: BLAST, GO Enrichment and InterPro Scan. Comparison of the expression values between shared genes between the susceptible and 
tolerant sets revealed 2,465 differentially expressed genes. We are interested in identifying polymorphisms in the differentially expressed shared 
gene set and have employed the SeqMan Pro workflow in identification of single nucleotide polymorphisms (SNPs) in differentially expressed 
genes. . These SNPs in the DRG and DEG set will be used for polymorphisms in parental genotypes as well as F7 segregating population to 
identify molecular markers associated with disease tolerance or susceptibility. Identified SNPs that are strongly associated with Fsp tolerance or 
susceptibility are expected to be useful for marker assisted selection (MAS) of seedlings in pea breeding programs. 
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AGILE – Expanding Genetic Diversity for Sustainable Lentil Production 
Albert Vandenberg1, James L. Weller2, Eric J von Wettberg3, Douglas R Cook4, Andrew G. Sharpe5, Peter W. B. Phillips1 and 
Kirstin Bett1, (1)University of Saskatchewan, Saskatoon, SK, Canada, (2)School of Biological Sciences, University of Tasmania, 
Hobart, Australia, (3)Florida International University, Miami, FL, (4)University of California at Davis, Davis, CA, (5)National 
Research Council Canada / Global Institute for Food Security (U of S), Saskatoon, SK, Canada 
Genetic gain is a function of heritability, diversity, and the ability to select superior genotypes.  AGILE (Application of Genomics to Innovation 
in the Lentil Economy) is a new project that aims to expand genetic diversity in Canadian germplasm, and develop breeder-friendly genomic 
tools to increase heritability and to improve the selection process.  In this project, we will characterize the genetic variability available within the 
primary and secondary gene pools of genus Lens to determine the genetic basis of domestication and adaptation characteristics. We will then 
develop breeder-friendly markers for tracking response to photoperiod, temperature and light quality, and generate resources and tools to allow 
breeders to better use exotic germplasm and wild relatives while reducing any negative impacts.  The systematic study of symbiont diversity will 
allow for a better understanding of ways to improve the nitrogen fixation process in lentils.  In addition, we will identify the various factors that 
may influence producer decision making processes and propose a strategy for effective communication and information/knowledge exchange. 
Results of this project will help expand lentil production sustainably and promote innovation for long-term industry success. 



 
P1026: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Construction of Linkage Map Through Genotyping by Sequencing in Lentil (Lens culinaris Medic.) 
Hulya Yilmaz Temel, Duygu Ates and M. Bahattin Tanyolac, Ege University, Izmir, Turkey 
Lentil (Lens culinaris Medic.), is a diploid (2n = 2x = 14), self-pollinating crop with a genome size of 4063 Mbp. It is a rich source of protein in 
both the human diet and animal feed. High density linkage mapping is necessary to define precise location of genes and QTLs. Recently Elshire 
et al (2011) developed technique to identify large amount of SNPs. As s frame of this project, recombinat inbreed lines of LR39 was used as a 
genetic materials. A total of 5355 SNPs were developed using GBS technique. After filtering the data 1939 SNP were subjected to mapping 
analysis. A total of 10 linkage groups (8 major and 2 minor) were obtained.  
SNP s were equally distributed throughout genome. The LGs that contained high number of SNPs were LG5, low number of SNPs was LG10. 
Average distance between adjacent markers was 0.63 cM. Total length of the map was 609.3 cM. The longest LG was 148.4 cM and the shortest 
LG was 7.2 cM. The population of recombinant inbred lines produced in this study showed high level of polymorphism between parents. GBS 
markers with the recent advances in next generation sequencing technologies allow us to reduce distance between adjacent markers, though the 
technique allowed us construct high-density linkage map.  
This linkage map could be used for lentil molecular breeding. It can be used for identification of QTL regions linked to agronomic traits, and for 
marker-assisted selection in lentil. 
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De novo Assembly of Lens ervoides to Aid in Genomic-Assisted Selection of Lentil Interspecific Crosses 
Carolyn T. Caron, Larissa Ramsay, Vijai Bhadauria, Sabine Banniza, Albert Vandenberg and Kirstin Bett, University of 
Saskatchewan, Saskatoon, SK, Canada 
Increasing genetic diversity of cultivated lentil (Lens culinaris) through the introgression of wild germplasm is becoming more important for 
enhancing resilience of the crop. In particular, Lens ervoides has been shown to exhibit high levels of disease resistance relevant to Canadian 
lentil cultivars. Breeders can more efficiently utilize the genepools of wild relatives through better understanding of the wild genomes, thereby 
saving time developing breeding material. Mate-pair (2K, 4K, 8K) and paired-end (250bp, 350bp, 550bp) libraries from L. ervoides line L01-
827A were developed and sequenced using the Illumina platform. The assembly is being carried out using SOAPdenovo2 and scaffolded with 
SSPACE. A linkage map has been developed for LR-66, an intraspecific L. ervoides population, to aid in anchoring and ordering of the scaffolds. 
The assembled genome will provide the ability to track introgressions of L. ervoides-specific DNA into cultivated germplasm, by comparing the 
sequence with the recently completed L. culinaris genome reference. This will ultimately provide breeders with additional context regarding the 
domestication of lentil, allowing them to better pinpoint desirable genes for introgression while minimizing introduction of negative traits that 
are associated with traditional breeding practices. 
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Phenotypic and Genotypic Diversity for Tolerance to Environmental Stresses in Rhizobia Nodulating Lentil 
Sripada M. Udupa, ICARDA, Rabat, Morocco, Imane Benjelloun, Protection des Plantes, Département de Biologie, Faculté des 
Sciences de Kenitra, Université Ibn Tofayl,, Kenitra, Morocco, Imane Thami-Alami, Institut Nationale de la Recherche 
Agronomique (INRA),, Rabat, Morocco, Mohamed El Khadir, Institut Nationale de la Recherche Agronomique (INRA),, Rabat,, 
Morocco and A. Douira, Laboratoire de Botanique, Biotechnologie et de Protection des Plantes, Département de Biologie, Faculté 
des Sciences de Kenitra, Kenitra, Morocco 
Growth and productivity of lentil (Lens culinaris) in most of the growing areas is usually affected by different environmental stresses such as 
drought, extreme temperatures, soil pH, salinity and heavy metals in soils. These environmental stresses also affect biological nitrogen fixing 
ability of the nodulating rhozobia, thereby affecting growth and productivity of lentils.  Here, we isolated 206 rhizobia nodulating lentil from 27 
sites representing different soil types in Morocco, examined their phenotypic diversity for tolerance to the above environmental stresses, 
performed molecular diversity analysis using rep-PCR and showed that there is a substantial phenotypic and genotypic diversity exists in the 
rhizobial population. Phenotypic and rep-PCR analysis revealed 23 phenotypic and 4 genotypic groups. No relationship between genotype and 
phenotype was observed. The isolates from different phenotypic groups were clustered in a genotypic groups, indicating no relationship between 
genotype and phenotypic groupings. We selected multiple stress tolerant and genetically diverse strains for studying nitrogen fixation ability and 
identified better N2-fixing strains for inoculation of lentil. The identified strains are being tested under field conditions. 
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Linkage Mapping of Peroxidase Genes in Lentil 
Hulya Yilmaz Temel, Duygu Ates and M. Bahattin Tanyolac, Ege University, Izmir, Turkey 
Lentil (Lens culinaris Medic.) is one of the oldest crops in Mediterranean region with an economic importance because of the source of dietary 
protein in both the human diet and animal feed.  
Peroxidase enzymes (POX) are conservative oxydoreductase enzymes found in plants, animals and microorganisms. Plant POX enzymes 
catalyzes many important reactions such as plant cell wall lignification, salt resistance, auxin degredation, formation of cell wall proteins. The 
enzymes also protect the plant against pathogens. As a result of these properties, POX enzymes are accepted as model enzymes in molecular 
mechanisms that take a role in plants’ defense systems.  The aim of this study is to find identify the location of POX genes on lentil genome.  
Recombinat Inbreed Lines of LR39 were used as mapping population. Because of the conservation of POX genes, 14 primers of POX genes 
generated from rice and Arabidopsis genome were screened in parents of LR39. Out of 14 primers, ten primers showed polymorphism between 
parents. Polymorphic markers were mapped with 1939 SNP, 31 SSR markers. Among the POX markers polymorphic between parents, 6 POX 
markers were be able to be mapped by using Joinmap4.0 software. The markers located on LG2, LG8 and LG10. Defining the locus of the POX 
genes on the chromosomes will be useful for map-based cloning studies and marker assisted selection because POX has important role in plants 
defense systems. 
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Understanding the Origin of Peanut: A Next Generation Sequencing Approach 
Sergio S Samoluk1, Carolina Ballen1, M. Carolina Chavarro1, Soraya Bertioli2, J. Guillermo Seijo3, David Bertioli4 and Scott A. 
Jackson1, (1)University of Georgia, Athens, GA, (2)Embrapa Genetic Resources and Biotechnology, Brasilia, DF, Brazil, 
(3)Institutto de Botanica del Nordeste- Universidad Nacional del Nordeste, Corrientes, Argentina, (4)University of Brasilia, 
Brasilia, DF, Brazil 
The cultivated peanut (Arachis hypogaea) is widely used as a source of protein and oil and is cultivated worldwide in tropics, subtropics and in 
warmer areas of temperate regions. It is an allotetraploid species (2n=4x=40) of recent origin with an AABB genome constitution. Cytogenetic 
and molecular evidence suggests that A. duranensis (A-genome) and A. ipaensis (B-genome) are the wild diploid species (2n=2x=20) most likely 
involved in the origin of the cultigen. To date, only one accession of A. ipaensis K30076 was ever found and is therefore considered to be the 
donor of the B genome in peanut. In contrast, there are many different accessions of A. duranensis that are possible donors of the A genome. In 
this context, in order to identify the A. duranensis accession most closely related to that involved in the peanut origin, we performed whole 
genome sequencing of 11 different accessions of A. duranensis using MiSeq technology (Illumina). The NGSEP software was used to discover 
SNPs and Indels between the A. duranensis accessions and the pseudomolecules of the cultivar TIFrunner (Arachis hypogaea subsp. hypogaea 
var. hypogaea). This study will allow the identification of the accession that more likely participated as the A genome donor of peanut genome, 
and will provide a better understanding of the genetic origin of this crop. 
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Elarging Genetic Diverity in Peanut (Arachis hypogaea L.) By Using Related Wild Species: Toward Identification Genomic 
Regions Controlling Pre-Harvest Aflatoxin Contamination (PAC) Using Chromosome Segment Substitution Lines (CSSLs) 
Issa Faye, ISRA, Bambey, Senegal 
Aflatoxins are hazardous chemicals for human and animals. They’re the main cause of deterioration of peanut quality in sub-saharan Africa and 
Asia.  
A population of CSSLs developed from a cross between a variety Fleur 11 and a wild synthetic (Arachis duranensis x Arachis ipaensis)x4 using a 
marker assisted backrossing strategy was evaluated along with six varieties as checks for pre-harvest aflatoxin contamination (PAC) and 
agronomic performances. The trial was conducted in a field known as highly infested by Aspergillus flavus, at ISRA’s research station at Nioro 
(13° 45’ N and 15° 48’ W) during the 2014 off-season. An alpha lattice design with three replications was used. Large variations were observed 
within the CSSLs population. Pod yield per plant and haulm yield per plant ranged within the CSSLs from 14.16 to 28.71g and 19.12 to 47.24 g, 
respectively. In addition, we found CSSLs with high agronomic performance showing also very low aflatoxin concentration (< 4 ppb) indicating 
resistance to PAC. Studies are ongoing to confirm these results and identify QTLs for PAC and their applicability in marker-assisted selection. 
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The Genome Sequences of Cultivated Peanut’s Diploid Ancestors 
David Bertioli, University of Georgia, Athens, GA 
Cultivated peanut (Arachis hypogaea) is an allotetraploid with closely related subgenomes of total size ~2.7 Gb (2n = 4x = 40; genome type 
AABB). This makes its genome assembly very challenging. Therefore as first step to understanding the genome of cultivated peanut, its diploid 
ancestors A. duranensis and A. ipaënsis, which contributed the A- and B-subgenomes respectively, were sequenced. We show that the sum of the 
diploid genomes is a good proxy for the cultivated peanut genome. However, there are distinct signs that the cultivated peanut genome is 
evolving by genetic exchange between the subgenomes. Based on remarkably high DNA identity of A. ipaënsis and the B-subgenome of 
cultivated peanut, and biogeographical evidence, we conclude that A. ipaënsis may be a direct descendant of the same population that contributed 
the B-subgenome to cultivated peanut. 
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Characterization of Newly Identified Natural High-Oleate Mutant from the USDA Cultivated Peanut Germplasm 
Collection 
Mingli Wang1, Brandon Tonnis1, Yong-Qiang (Charles) An2, David Pinnow1, Charles Y. Chen3 and Gary A. Pederson1, (1)USDA-
ARS, PGRCU, Griffin, GA, (2)USDA/ARS PGRU, Saint Louis, MO, (3)Department of Crop, Soil and Environmental Sciences, 
Auburn University, Auburn, AL 
In plants and animals, natural genetic variation may exist in germplasm collection. Mining and utilizing this variation may provide benefits for 
new breed/cultivar development. From screening over 4,000 cultivated peanut germplasm accessions, we identified two natural mutant lines with 
80% oleic acid by gas chromatography analysis. It is known that FAD2A and FAD2B are the two major genes involved in the conversion of oleic 
to linoleic acid in peanuts by fatty acid desaturase. Functional mutations in one or both genes can alter the oleate level.  By sequencing the 
coding region of these two genes, we identified a substitution of G448A in FAD2A and a substitution of C301G in FAD2B for both mutant lines. 
The substitution in FAD2A is the same as a previously identified one, resulting in a missense amino acid substitution of D150N; but the 
substitution in FAD2B is a new one, resulting in H101D. The new amino acid substitution on FAD2B is located in the first histidine box (one of 
the active sites) of the fatty acid desaturase and may significantly decrease its activity. Our mutants belong to subspecies hypogaea due to 
morphologically no flowers on the main stem, but F435, a previously identified natural high oleate mutant, is from subspecies fastigiata since it 
had flowers on the main stem. Therefore, we identified a class of natural mutants from the subspecies hypogaea and provided new additional 
genetic resources for breeders to use. Our results also demonstrate a good example of the importance and usefulness for preserving natural 
genetic diversity and utilizing germplasm collections. 
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Evidence of Mixed Disomic and Polysomic Inheritance in Allotetraploid Peanut 



Joël Romaric Nguepjop1,2, Hodo-Abalo Tossim2, Djibril Sane1, Jean-François Rami3 and Daniel Fonceka2,3, (1)University of 
Cheikh Anta Diop of Dakar, Dakar, Senegal, (2)CERAAS, Thiès, Senegal, (3)CIRAD, Montpellier, France 
Cultivated peanut and wild synthetic are allotetraploid (2n=4x=40) with two homeologous sets of chromosomes. Genetic mapping in tetraploid 
peanut is usually performed considering a diploid-like meiotic behavior. However, a recent study points out the occurrence of partial tetrasomic 
behavior. In this study, we investigated the meiotic inheritance of the allotetraploid peanut using 380 SSR markers and 93 F2 progenies derived 
from the cross between Arachis hypogaea cv Fleur11 (AABB) and ISATGR278/18 (AAKK), a wild synthetic with a K genome reported to pair 
with the cultivated B genome during meiosis. As results, the analysis of the segregation for 34 SSR markers, revealed unexpected null band 
among some progenies, unexplainable under disomic inheritance. Chi-square tests for these loci indicated a 1:34:1 segregation ratio consistent 
with a tetrasomic inheritance rather than the 1:2:1 Mendelian ratio for disomic inheritance. A linkage map was constructed. It consists of 365 loci 
aligned into 20 linkage groups (LGs) with a total length of 1928 cM, averaging 5.1 cM between markers. Interestingly, among the ten 
homeologous sets of LGs, one set consisted of markers that all segregate in a tetrasomic pattern, 6 in a likely disomic pattern and the 3 remaining 
in a mixed pattern with disomic and tetrasomic loci, clustered on the same LG. Our findings provided evidence that the meiotic behavior of 
allotetraploid peanut is neither fully disomic nor fully tetrasomic, but rather mixed. In addition, we reported a conversion of homeologous 
chromosomes for some progenies. This opens new horizons for peanut breeding. 
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Phenotypic Screening and Association Mapping of a Peanut Germplasm Collection for Tolerance to Water Deficit Stress 
Mark D. Burow1, Michael Selvaraj Gomez1, Jennifer Chagoya1, Vikas Belamkar2, Ratan Chopra2, Philippe Sankara3, M’Bi Bertin 
Zagré4 and Paxton Payton5, (1)Texas A&M AgriLife Research, Lubbock, TX, (2)Texas Tech University, Lubbock, TX, 
(3)Université de Ouagadougou, Ouagadougou, Burkina Faso, (4)Institut de l’Environnement et de Recherches Agricoles, 
Ouagadougou, Burkina Faso, (5)USDA-ARS, Lubbock, TX 
The U.S. peanut minicore collection was screened over two years at two locations in Texas for response to water deficit stress.  The collection 
was also been evaluated in Burkina Faso at two locations over two years, with differences in rainfall between the two locations.  Field 
measurements were taken at biweekly intervals in Texas during mid-season drought, and significant differences were found among accessions 
for SPAD chlorophyll, flowering, paraheliotropism, and canopy temperature; differences in yield were also noted.  In Burkina Faso, stress and 
wilting ratings were taken, and significant differences were found, as well as for yield.  Association mapping using SSR markers identified 
markers for traits over multiple environments.  Some markers were associated with multiple traits, suggesting genetic control could involve 
pathways that govern more than one response.  Identification of novel sources of drought tolerance with different physiological responses, and 
markers for selection, could lead to improved cultivars. 
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Uganda Groundnut Improvement Program at a Glance 
David Okello Kalule, Uganda National Agricultural Organization, Serere, Uganda 
In Uganda, groundnut (Arachis hypogaea L)  is the second most important legume after beans. The cultivated area is estimated at nearly 260,000 
ha, representing 24.6% of the total arable land. On-farm pod yields are low, averaging 800 kg/ha of dry pods compared to on-station yields of 
3,000kg/ha. Sales from current production could potentially generate $344 million to the producers who are largely resource poor small scale 
farmers. The yield gaps are attributed to a combination of biotic, abiotic, cultural and political factors. Since the 1920s, research efforts have 
released 24 varieties, the most recent commercial varieties being the Serenut 1-14 series. These varieties have helped to alleviate some of the 
production problems. However, varied growing agroecologies, land tenure systems, diverse market preferences, and emerging stresses call for 
continuous research.  
Our current research includes breeding for high oleic, leafminer resistance, confectionery, aflatoxin tolerance, and early to medium maturing 
varieties in high yielding groundnut rosette disease resistant backgrounds. We have initiated Marker Assisted Selection and adopted Breeding 
Management System for Digitalization of data capture, management, analyses and storage. A recently developed regeneration protocol will aid in 
introgressing additional traits.  
To date, the groundnut breeding program has an active breeding pipeline releasing varieties and lines which have already been shared with 
National Programs across Africa (South Sudan, Ethiopia, Ghana, Mozambique, Mali, Malawi), Haiti and the USA with many additional National 
Programs making requests. We have strong partnerships in Research and Development among the African Countries, USAID, ICRISAT, and the 
Gates Foundation. 
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The Origin and Evolution of Mimosine Degrading Enzymes within the Mimosoideae (Leguminosae) 
Madhugiri Nageswara-Rao1, Masakazu Fukuta2, Shigeki Oogai3, Diana V. Dugas1, Erik Koenen4, Colin E. Hughes4 and Donovan 
Bailey1, (1)New Mexico State University, Las Cruces, NM, (2)Department of Bioscience and Biotechnology, Faculty of 
Agriculture, University of the Ryukyus, Senbaru 1, Nishihara-cho, Okinawa 903-0129, Okinawa, Japan, (3)Department of 
Bioscience and Biotechnology, University of the Ryukyus, Senbaru 1, Nishihara-cho, Okinawa, Japan, (4)Institute of Systematic 
Botany, University of Zurich, Zollikerstrasse 107, 8008, Zurich, Switzerland 
Mimosine is a novel non-protein amino acid found in some members of the Mimosoideae subfamily of legumes. This unique secondary 
metabolite has been discussed as important in pest/disease resistance and as a carbon/nitrogen reservoir. However, the presence of mimosine 
induces various physiological disorders in vertebrate herbivores including infertility, birth defects and hair loss. This action limits the potential 
utility of these plants being used as a fodder. With the dry weight of seeds and leaves in some species reaching 6-10% mimosine, the evolution of 
novel mimosine degrading enzyme (MIMOSINASE) systems is of general interest to both basic and applied science. MIMOSINASE enzymes 
have at least two independent origins, one in mimosoid legumes (e,g., Leucaena and Mimosa) and the other in a few bacteria associated with 
mimosoid legumes. However, little is known about the genomic origin(s) or diversification of MIMOSINASE encoding genes in legumes. In the 
present study, we used the available L. leucocephala cDNA sequence as a reference in BLAT searches against 27 de novo assembled mimosoid 



transcriptomes. The recovered transcripts included sequences most similar to the reference (likely functional MIMOSINASES) and members of 
the CYSTATHIONINE BETA-LYASE gene family. Consequently, we conducted a series of phylogenetic analyses including all our sequences and 
other similar sequences from GenBank. Well supported phylogenetic results were consistent with the putative MIMOSINASE sequences being 
derived from CYSTATHIONINE BETA-LYASE. The future characterization of MIMOSINASE activity derived from these diverse sequences may 
be of significance to plant breeding programs focused on the manipulation of mimosine content. 
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Characterizing Genetic Factors Involved in 2,4-D Resistance using the Red Clover 
Mehul Bhakta1, Kenneth H. Quesenberry1, Marcio Resende2, Matias Kirst1 and Patricio R. Munoz3, (1)University of Florida, 
Gainesville, FL, (2)RAPiD Genomics LLC, Gainesville, FL, (3)University of Florida, Agronomy Department, Gainesville, FL 
2,4-Dichlorophenoxyacetic acid (2,4-D), the first herbicide that selectively controlled dicot species, is an important weedicide against broad-leaf 
weeds. Despite being used for more than 70 years, the precise molecular mode of action of 2,4-D has been poorly understood. Several dicot 
weeds species have been reported to show resistance to 2,4-D and with the new releases of 2,4-D resistant engineered crops, this is expected to 
increase. Further, exploring the genetics underpinning 2,4-D resistance in naturally occurring resistant species can help enlighten molecular 
biology as well as generate resistant cultivars without the need of transgenic system. This study is aimed towards characterizing the genes 
involved in a 2,4-D resistant Trifolium pratense L. (red clover) developed using conventional breeding approach. The University of Florida 
Forage Breeding Program has just released a 2,4-D resistant cultivar, FL24D, using recurrent phenotypic selection (6 cycle, C0 : C6). In order to 
locate the resistance imparting genes, we bulk sequenced the base population (C0, susceptible) and FL24D (C6, resistant). Subsequently, with the 
help of draft red clover genome assembly, we identified genomic regions showing significant shift in the allele frequency from the C0 to C6 
generation. Initial comparative genomic analysis has shown presence of auxin pathway genes in the vicinity of the regions of interest. These 
regions can prove useful for marker-assisted breeding of 2,4-D resistance into elite cultivars.  Further studies are ongoing to validate the 
candidate genes which can help discern the biology behind 2,4-D resistance in the red clover. Such knowledge can provide insight into the 
molecular mechanism of 2,4-D in dicots and can significantly contribute towards understanding and control of evolution of weeds resistant to 
2,4-D. Results and discussion of these study will be presented. 
 
P1039: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Developing transcriptomic resources for the mimosoid legume genus Leucaena (Leguminosae) 
Madhugiri Nageswara-Rao1, Diana V. Dugas1, Colin E. Hughes2 and Donovan Bailey1, (1)New Mexico State University, Las 
Cruces, NM, (2)Institute of Systematic Botany, University of Zurich, Zollikerstrasse 107, 8008, Zurich, Switzerland 
Leucaena includes 19 diploid and five allotetraploid species of neotropical trees and shrubs classified within the Mimosoideae subfamily of 
legumes. Leucaena, especially L. leucocephala, have been co-opted into multipurpose agriculture throughout the tropics. These semi-
domesticates provide protein-rich leaves for green manure and animal fodder as well as wood for construction and biofuels. However, they have 
also become noxious invasive weeds in many tropical regions. Despite interest in the evolutionary history as well as the economic and agro-
ecological importance of the genus, few genomic resources are available for mimosoids in general or Leucaena specifically. RNA-seq analyses 
were carried out on three seedlings from the same maternal lineage for each species of Leucaena. The resulting Illumina 100bp PE reads were de 
novo assembled into transcriptomes using the software suite Trinity. The number of transcripts recovered, projected number of genes, as well as 
full-length orthologs matching TRAPID were comparable across species. The results from TRAPID categorized over 96.0 % of transcripts into 
known gene families. Furthermore, analysis with CEGMA identified 97.5-99.2 % “complete hits”, suggesting that these whole seedling 
transcriptomes have deeply sampled gene space. These resources, as well as future analyses of the data, serve as a primary platform to investigate 
questions relevant to the evolution of Leucaena genomes while also being useful in plant breeding research. 
 
P1040: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Resolving the evolutionary history of Leucaena using Chloroplast and Mitochondrial Transcriptome Data 
Lynsey L. Kovar, Noor R Muhyi, Madhugiri Nageswara-Rao, Diana V. Dugas and Donovan Bailey, New Mexico State University, 
Las Cruces, NM 
The complex evolutionary history of the mimosoid legume genus Leucaena includes diploid and tetraploid speciation events that have been 
influenced by human translocation. A full understanding of the patterns of divergent and reticulate evolution in Leucaena requires phylogenetic 
resolution from nuclear and organellar markers. However, sequences from a handful of cpDNA genes, as representatives of organellar genomes, 
have only provided modest phylogenetic resolution. Here we use de novo assembled transcriptome data to obtain sequences from chloroplast and 
mitochondrial expressed genes to further explore patterns of divergent and reticulate evolution in Leucaena. The cpRNA and mtRNA derived 
trees identified well-supported lineages that are congruent with previously recognized major clades, but with greater resolution and support 
therein. With the exception of L. confertiflora, the inferred maternal origin for each allotetraploid species was consistent with previous results. 
These data will provide the critical phylogenetic resolution required for future evolutionary investigations focused on patterns of diversification 
among the genes and genomes of Leucaena.  
 
P1041: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
A Draft Mitochondrial Genome for Leucaena trichandra (Mimosoidaea: Leguminosae) 
Sealtiel Ortega-Rodriguez1, Susan Strickler2, Madhugiri Nageswara-Rao1, Lukas Mueller2 and C. Donovan Bailey1, (1)New 
Mexico State University, Las Cruces, NM, (2)Boyce Thompson Institute for Plant Research, Ithaca, NY 
Mitochondrial genomes are essential for the survival of eukaryotic cells, providing critical genetic information for the production of ATP. 
However, as a result of high rates of intracellular recombination, few plant mitochondrial genomes have been sequenced so far. This is even true 
for the ecologically and economically important legumes, where mitochondrial genome sequences are only available for five closely related 
papilionoid taxa. To diversify the representation of available legume mitochondrial genomes, we generated a draft sequence assembly for the 
Leucaena trichandra, a species belongs to Mimosoidaea family. The assembly process involved mapping PacBio reads to the soybean and cotton 



mitochondrial reference genomes to gather seed sequences for a self-corrected PBcR-Celera assembly. The resulting contigs were further 
assembled in Geneious and scaffolded with the complete set of PacBio reads using SS-SpaceLongReads. The final draft assembly resulted into 
four contigs totaling over 800kb. The preliminary mitofy annotation recognized 40 of 41 protein coding genes and 29 of 31 tRNA genes typically 
found in any plant mitochondria.  
 
 
P1042: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Mimosoid Legume Plastome Evolution: IR Expansion, Tandem Repeat Expansions, and Accelerated Rate of Evolution in 
clpP 
Diana V. Dugas1, David Hernandez1, Erik Koenen2, Erika Schwarz3, Shannon Straub4,5, Colin E. Hughes2, Robert K. Jansen3,6, 
Madhugiri Nageswara-Rao1, Martijn Staats7, Joshua Trujillo1, Nahid H. Hajrah6, Njud S. Alharbi6, Abdulrahman L. Al-Malki8, 
Jamal Sabir6 and Donovan Bailey1, (1)New Mexico State University, Las Cruces, NM, (2)Institute of Systematic Botany, 
University of Zurich, Zollikerstrasse 107, 8008, Zurich, Switzerland, (3)Department of Integrative Biology, The University of 
Texas at Austin, Austin, TX, (4)Hobart and William Smith Colleges, Geneva, NY, (5)Oregon State University, Department Of 
Plant Biology, Corvallis, OR, (6)Biotechnology Research Group, Department of Biological Sciences, Faculty of Science, Jeddah, 
Saudi Arabia, (7)Biosystematics Group, Wageningen University, Wageningen, Netherlands, (8)Department of Biochemistry, 
Faculty of Science, Jeddah, Saudi Arabia 
The Leguminosae has emerged as a model for studying angiosperm plastome evolution because of its striking diversity of structural 
rearrangements and sequence variation.  However, most of what is known about legume plastomes comes from few genera representing a subset 
of lineages in subfamily Papilionoideae.  We investigate plastome evolution in subfamily Mimosoideae based on two newly sequenced plastomes 
(Inga and Leucaena) and two recently published plastomes (Acacia and Prosopis), and discuss the results in the context of other legume and 
rosid plastid genomes.  Mimosoid plastomes have a typical angiosperm gene content and general organization as well as a generally slow rate of 
protein coding gene evolution, but they are the largest known among legumes. The increased length results from tandem repeat expansions and 
an unusual 13 kb IR-SSC boundary shift in Acacia and Inga.  Mimosoid plastomes harbor additional interesting features, including loss of  clpP 
intron1 in Inga, accelerated rates of evolution in clpP for Acacia and Inga, and dN/dS ratios consistent with neutral and positive selection for 
several genes.  These new plastomes and results provide important resources for legume comparative genomics, plant breeding, and plastid 
genetic engineering, while shedding further light on the complexity of plastome evolution in legumes and angiosperms. 
 
P1043: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Investigating the Mechanistic Basis and Adaptive Significance of the Coordination of Plant Growth by External and 
Internal Cues 
Stacey L. Harmer1, Hagop S. Atamian1, Srinidhi V. Holalu2, Nicky M. Creux1, Lucas P. Henry2, Austin G. Garner2, Evan A. 
Brown2 and Benjamin K. Blackman2, (1)University of California, Davis, Davis, CA, (2)University of Virginia, Charlottesville, VA 
Plant growth occurs with daily rhythms that are often the product of complex interactions between external cues and internal signaling networks 
such as the circadian clock.  One such rhythm is the daily change in leaf and apex orientation during the course of the day so that these organs 
remain perpendicular to the sun’s rays, a process called solar tracking (or diaheliotropism).  Solar tracking is associated with increased yield, 
likely due to increases in photosynthetic and water use efficiency. Plants such as sunflower follow the sun during the day, moving their leaves 
and stems from east to west.  Notably, these organs also rapidly re-orient during the night so that they face east well before the sun rises. Such 
anticipation of daily environmental changes is a hallmark of circadian rhythms.  We now demonstrate the involvement of the circadian clock in 
sunflower solar tracking and provide mechanistic insights into how the clock coordinates growth with environmental cycles.  
During anthesis, the floral heads of sunflowers cease solar tracking and become fixed facing east. Although many hypotheses have been 
suggested for this orientation, its ecological function has not been experimentally investigated. We have examined natural variation in both solar 
tracking and floral head orientation and used association and QTL mapping to identify candidate genes involved in this process. These 
experiments will provide insight into the importance of coordinated plant growth for yield and fitness. Together, these studies will help us 
understand how external and internal factors interact to coordinate plant growth with a changing environment 
 
P1044: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Genome Wide Association Mapping of Heat Stress Tolerant Traits in Rapeseed/Canola (Brassica napusL.) 
MD Mizanur Rahaman, North Dakota State University, Fargo, ND 
Heat stress causes early abortion of flowers, pollen grain death and pollen sterility of rapeseed/canola. Seed yield contributing traits like pods per 
plant, pod length, seeds per pod, seed weight are suffered by heat. High temperature during flowering time significantly reduces the seed oil and 
seed protein content. This study is undertaken to identify heat stress tolerant gene through natural and artificial screening and molecular study. A 
total of 160 previously genotyped Brassica napus germplasm of spring type canola were naturally screened in the field. Screening of the same 
germplasm under artificial heat stress simulating condition in a walk-in plant growth chamber. A controlled experiment had set with the same 
germplasms without the heat stress treatment. The phenotypic data of the germplasms will be aligned with the SNP genotyping data to identify 
the genomic region controlling the heat tolerant gene(s) in the wide accessions of B. napus through a genome-wide association mapping. 
Variable pod abortion and pollen sterility were identified among the germplasms screened in the field. Under heat stress simulation condition in 
the growth chamber, high variation on pollen sterility, flower abortion, yellowing desiccated pod, pod abortion were observed compared with the 
control experiment. Several germplasm were identified tolerant to heat stress in growth chamber heat simulation conditions. The heat stress 
tolerant accessions will be used in breeding program to introgress the trait into elite breeding lines. Genome-wide association mapping will be 
conducted to find the genomic region controlling the trait. 
 
P1045: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Genome-Wide Association Study of Drought Resistance in Cultivated Sunflower Seedlings 



Rishi R. Masalia, University of Georgia, Athens, GA 
Of all abiotic stresses that negatively impact crop productivity, drought is considered to be the most devastating. Functionally, resistance to water 
deficits have been well characterized through osmotic adjustment, early flowering, and improved water uptake strategies, however the underlying 
genetic mechanisms governing these strategies are still poorly understood. In the last decade, an appreciable genomic and transcriptomic effort 
has taken place to elucidate the mechanisms underlying drought resistance in both crop and model plant species, but little of this work has 
translated to improved breeding efforts. To address this concern, this project capitalized on the cultivated sunflower (Helianthus annuus) 
association mapping population, stressing and screening sunflower seedlings to identify marker-trait associations in relation to drought 
resistance. The osmotica polyethylene glycol 6000 was used, over a traditional drydown, to facilitate a controlled and reproducible drought 
effect. Though this project is still ongoing, we have assessed phenotypic variation for 15 quantitative seedling traits, most focusing on 2D root 
architecture and development. Once these phenotypes are fully processed, marker-trait associations will be run to identify genes and genomic 
regions of interest using standard genome-wide association protocols. 
 
P1046: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Assessment of Tocopherol and Fatty Acid Content in Sunflower Accessions in Relation to Oxidative Stability and Shelf Life 
Linchay Janine Daniels, Agricultural research council, Biotechnology Platform, Pretoria, South Africa 
Sunflower (Helianthus annuus) oil consists of high levels of polyunsaturated fatty acids making it easily susceptible to oxidation. This makes the 
oil rancid, resulting in unstable oil with short life spans. Oxidation can be prevented by the presence of tocopherols (α, β, γ, & δ). The aim of 
this project is to determine the correlation between α, β, γ, & δ tocopherol levels and the fatty acid (oleic/linoleic) profiles of 104 ARC 
sunflower accessions. The composition of all four tocopherol derivatives was profiled using the GC-MS\MS. Among these derivatives tested, α-
tocopherol was the predominant tocopherol and contained a mean average value of 331.41 ppm. Concentrations ranged between 171.15 – 697.71 
ppm for α-tocopherol, 33 – 104.58 ppm for β-tocopherol, 0.38 – 5.1 ppm for γ-tocopherol and 0.31 – 2.68 ppm for δ-tocopherol respectively. 
The highest levels of total tocopherol were observed in the sample Kp1575 with a mean value of 742.99 ppm. Sunflower accessions analyzed had 
low oleic acid and high linoleic acid concentrations. However, in ±10% of the accessions an inverse of this was observed. It was also observed 
that an increase in tocopherol content in samples coincided with a decrease in oleic acid and linoleic acid levels, and vice versa. α-Tocopherol 
was highly correlated with total tocopherol (r = 0.89**) indicating that the contribution of this specific tocopherol is highly important among all 
four tocopherol derivatives. A positive correlation was also observed between tocopherol derivatives and total tocopherol as well as a moderate 
significance among oleic, linoleic acid, γ and δ tocopherol. 
 
P1047: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Intact Genomic DNA Purified from Flow-sorted Nuclei Unleashes the Potential of Nanochannel-based Optical Mapping in 
Solanum Species 
Paola Gaiero1, Hana Simkova2, Jan Vrana2, Federico Santiñaque3, Beatriz Lopez-Carro3, Gustavo A. Folle3, Jose van de Belt1, 
Frank Becker1, Elio Schijlen4, Sander A. Peters4, Gabino F. Sanchez Perez4, Jaroslav Dolezel2 and Hans de Jong1, (1)Department of 
Genetics - Wageningen University, Wageningen, Netherlands, (2)Institute of Experimental Botany, Olomouc, Czech Republic, 
(3)Cell Sorting and Flow Cytometry Service, Instituto de Investigaciones Biológicas Clemente Estable, Montevideo, Uruguay, 
(4)Plant Research International, Wageningen University, Wageningen, Netherlands 
Optical mapping of high molecular weight DNA (HMW DNA) through nanochannels is the ideal tool for completing genome assemblies by 
sizing and/or closing gaps, ordering contigs and scaffolds, joining scaffolds, correcting assembly errors, evaluating and anchoring the assembly 
and even identifying, spanning and assembling repeated sequences. So far this strategy has been applied in sequencing efforts of bacteria and 
other low complexity genomes, while major developments have been achieved for the human genome sequence and some large complex 
genomes (e.g. domesticated goat). In the higher plant genomics community, researchers still face the challenges of obtaining sufficient amounts 
of purified HMW DNA due to the thick cell walls and cytoplasmic polyphenols and polysaccharides. Here we describe a flow sorting method for 
isolation of highly purified interphase nuclei from small amounts of fast growing root or leaf material, using different flow sorting platforms and 
DNA stains. The nuclei thus obtained are embedded in agarose plugs and treated by proteinase to obtain very pure HMW DNA, suitable for 
nanochannel-based optical mapping. The method has been applied to tomato Heinz 1706, obtaining high quality DNA that allowed for a 
successful nanochannel-based optical mapping run with good labelling density (7.7 sites per 100 Kbp), average molecule length of 290 kb and a 
throughput of 1.3 Gb per scan. The same method is under way for other Solanum species belonging to the potato clade. 
 
P1048: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Using High-Throughput SNP Genotyping to Harness Genetic Diversity in Potato Germplasms 
John Baison, Agricultural Research Council, Biotechnology Platform, Pretoria, South Africa 
The cultivated potato (Solanum tuberrosum L.) is a vegetatively propagated, autotetraploid and is considered to be the world’s most important 
non-grain food crop. The breeding efforts within the Africa have relied predominantly on phenotypic selection of the elite lines developed from 
intra- and inter-market class crosses. With over 15 million tonnes of potatoes produced in Africa per annum there is a need for introgression of 
wild and cultivated Solanum relatives in order to develop cultivars with novel traits, such as disease resistance and high yields. The introgression 
of these traits will go a long way in providing a more affordable and reliable food crop for Africa and therefore addressing food security issues in 
Africa. With publishing of the potato genome, high throughput genotyping methods have been developed that present an opportunity for the 
incorporation of genotypic data into the breeding decision making process. In order to fully understand and exploit the genetic resources in a 
germplasm there is need to interrogate the available gene pool. The availability of the Illumina 8K Infinium Single Nucleotide Polymorphism 
(SNP) chip has provided a tool for high throughput genotyping that can be used for such a purpose. As a case study this tool was used to 
genotype a diversity panel composed of Agricultural Research Council (South Africa) elite lines and Hungarian disease resistance lines. 
Population structure analysis revealed four sub-populations within the germplasm, with the Hungarian disease resistance lines grouping together 
and separate from the elite ARC lines. The percentage of heterozygous loci is at par with the international and genetic stocks with an average of 
56% heterozygosity observed. The Minor Allele Frequencies (MAF) for the two most important traits (Disease resistance and Carotenoid 



biosynthesis pathways) were determined using PLINK. These frequencies have helped to identify fixed alleles for various traits within the 
germplasm. A phylogenetic analysis of the ARC germplasm also clustered the genotypes according to the population structure inference that had 
been observed. Several other genome wide statistics were calculated such as the IBS of all the individuals genotyped, in order to provide a clear 
picture of the genetic relatedness and diversity of the lines genotyped. The ability to understand the genetic diversity and relatedness will allow 
for a more rapid genome guided breeding for potatoes in Africa. The genotyping of the breeding lines has already led to the identification of 
genotypes that need to be imported in order to bring the necessary heterozygosity. 
 
P1049: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Linkage Analysis and QTL Mapping in Tetraploid Potato 
Alicia N Massa1, Richard Novy2, Craig Yencho3 and David Douches1, (1)Michigan State University, East Lansing, MI, (2)USDA-
ARS, ABERDEEN, ID, (3)North Carolina State University, Raleigh, NC 
With the availability of a genome-wide set of single nucleotide polymorphism (SNP) markers and the development of statistical tools for the 
utilization of allele dosage information, it is now possible to generate high-resolution maps for autotetraploid potato. The aim of this study was to 
construct a SNP-based genetic map at the tetraploid level to locate quantitative trait loci contributing to economically important traits. A 162 F1 
progeny and parents of a cross (PRRG) between "Premier Russet" and "Rio Grande Russet" were genotyped with the Infinium 8303 Potato 
Array. Furthermore, the PRRG population and parents were evaluated for 24 phenotypic traits in two locations, Idaho and North Carolina, over 
two years. We have developed the linkage maps for both parents by analyzing allele dosage from a set of ~ 2500 segregating SNPs.  A 
preliminary data analysis using these maps revealed quantitative trait loci and candidate SNPs for key agronomic and tuber quality traits 
including reducing sugars, specific gravity, growth habit, and plant maturity. These candidate SNPs are of interest and are the focus of further 
marker development. 
 
P1050: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Drought Tolerance in Potato (Solanum tuberosum L.): Marker Development for Potential Candidate Genes 
Christina Kurowsky1, Christoph Tim Krannich1, Lisa Maletzki1, Bernd Truberg2, Karin Köhl3, Joachim Kopka3, Heike Sprenger3, 
Dirk Hincha3, Dirk Walther3, Ellen Zuther3, Manuela Haas3, Sylvia Seddig4, Katharina Rudack4, Rolf Peters5, Hans-Reinhard 
Hofferbert6, Josef Strahwald7, Stefan Lütke Entrup8 and Renate Horn1, (1)University of Rostock, Rostock, Germany, (2)Norika 
GmbH, Sanitz, Germany, (3)Max-Planck-Institut für Molekulare Pflanzenphysiologie, Potsdam, Germany, (4)Julius Kühn-Institut, 
Sanitz, Germany, (5)Landwirtschaftskammer Niedersachsen, Munster, Germany, (6)Böhm-Nordkartoffel Agrarproduktion OHG, 
Lindholz, Germany, (7)SaKa Pflanzenzucht GmbH & Co. KG Zuchtstation Windeby, Windeby, Germany, (8)Gemeinschaft zur 
Förderung von Pflanzeninnovation e. V. (GFPi), Bonn, Germany 
Climate changes and the predicted increasing world population will lead to a challenge for the future world food supply. Therefore, it is essential 
to develop drought-tolerant varieties in crops like potato, the fourth most important food crop worldwide, providing adequate yields. Marker-
assisted selection can be a helpful tool in breeding for this complex trait. A lot of putative candidate genes have been published for drought 
tolerance involving enzymes of biosynthesis and signaling pathways of plant hormones like abscisic acid or ethylene, osmolytes, detoxification 
enzymes and transcription factors. In our study, 151 SSR (Simple Sequence Repeat) markers have been derived from 99 candidate genes, 
gathered from the literature or transcript marker candidates of the project TROST. Gene sequences were extracted from the databases Spud DB, 
Phytozome, NCBI and Ensembl Plants. Newly derived microsatellite markers were tested in an association panel of 34 starch potato cultivars 
ranked according to their drought tolerance within TROST. More than half of the tested SSR primer combinations revealed polymorphic banding 
patterns. Interestingly, five of the SSR markers showed a significant association (p < 0.05) with drought tolerance. In order to map the newly 
developed microsatellite markers in TetraploidMap, these SSR markers have been analyzed in a segregating F1 population (> 250 offspring) 
obtained by a cross of a drought-tolerant and a drought-sensitive cultivar in VALDIS TROST. Furthermore, 22 AFLP (Amplified Fragment 
Length Polymorphism) primer combinations have been analyzed to saturate the genetic maps. Altogether 290 polymorphic AFLP banding 
patterns with informative segregation ratios were obtained. 
 
P1051: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Improving the Processing Quality of Potato Varieties Using Genomic Prediction 
Stephen Byrne, Denis Griffin, Francesca Mesiti, Colum Kennedy, Andrew Bourke and Dan Milbourne, Crops, Environment & 
Land Use Programme, Teagasc, Carlow, Ireland 
Like many countries, Ireland produces potatoes locally to satisfy its indigenous crisping industry. However, long term storage of potatoes for the 
crisping industry is a challenge. Potatoes destined for crisping are normally stored at 80C, below this glucose accumulates leading to very dark 
fry colours and potential acrylamide build up. Unfortunately, sprouting occurs above 80C and reduces the product quality. This demands the use 
of sprout suppressant chemicals such as chlorpropham, however, the EU is moving to phase out the use of such chemicals due to health 
concerns.  Ideally we would be able to develop potatoes that can be stored below 80C without suffering from low temperature sweetening (LTS). 
LTS is a trait under polygenic control and consequently challenging for traditional breeding programmes, particularly when it needs to be 
combined with other traits such as yield and disease resistance. This is where new breeding methodologies such as genomic selection (GS) can 
assist traditional programmes. GS simultaneously estimates all loci, haplotype, or marker effects across the entire genome to calculate Genomic 
Estimated Breeding Values (GEBVs). Our goal is to use GS to generate GEBVs for processing quality at early stages in the breeding cycle, 
where phenotyping for this trait is not practical. 
 
P1052: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Treatment of Potatoes with 1,4-Dimethylnapthalene Results in Temporal Changes in Transcription 
Olivia M. D'Annibale, Penn State Behrend, Erie, PA and Michael Campbell, Penn State Erie, The Behrend College, Erie, PA 
Potatoes are the third largest agricultural crop in the world.  Sprout control is critical for storage, and applications of sprout inhibitors have been 
used to maintain storage life of tubers.  Chlorpropham (CIPC) is the most common method to prevent sprouting; CIPC disrupts microtubules and 



there is concern regarding its impact on human health. The compound 1,4-dimethylnapthalene (DMN), originally isolated from dormant potato 
tubers, has been recently used as a sprout control agent in stored tubers.  To determine a possible mode of action for DMN changes, the potato 
transcriptomes were examined following application of the sprout inhibitor. Nondormant potato tubers were treated in a 9 L air tight chamber 
with concentrations of DMN ranging from 19.5 µmol/L to 1625 µmol/L.  Potato periderm and meristems were harvested after two days of DMN 
application and after five days of air-dry time.  Harvested meristems were frozen in liquid nitrogen, RNA was extracted, and a cDNA library was 
produced.  The average periderm residue levels for DMN ranged from 0.1 to 4.2 ppm depending on the level of exposure.  Transcripts were 
mapped to the doubled monohaploid S. tuberosum DM1-3 using Tophat. Differential expression was determined using Cufflinks. QT-PCR was 
utilized to confirm RNA-seq data and showed that the WRKY transcription factors are altered under DMN exposure with varying levels of 
increasing, decreasing, and maintaining levels of expression. Several transcripts associated with plastid function and development decreased. 
Both the WRKY and plastid genes showed recovery 14 days after DMN exposure to normal levels. 
 
P1053: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Identification of Molecular Markers Linked to Resistance to Different Pathotypes of Synchytrium endobioticum in a 
Dihaploid Potato Population 
Annette Bartkiewicz1, Friederike Busse1, Diro Terefe-Ayana1, Marcus Linde1, Eckhard Tacke2, Hans-Reinhard Hofferbert3, Jens 
Lübeck4, Josef Strahwald4, Kerstin Flath5, Verena Ristau5 and Thomas Debener1, (1)Leibniz University of Hannover, Hannover, 
Germany, (2)Bioplant, Biotechnologisches Forschungslabor GmbH, Ebstorf, Germany, (3)Böhm-Nordkartoffel Agrarproduktion 
OHG, Ebstorf, Germany, (4)SaKa Pflanzenzucht GmbH & Co. KG Zuchtstation Windeby, Windeby, Germany, (5)Julius-Kühn-
Institut, Bundesforschungsinstitut für Kulturpflanzen, Institut für Pflanzenschutz in Ackerbau und Grünland, Kleinmachnow, 
Germany 
The obligate biotrophic, soil-borne fungus Synchytrium endobioticum is the causal agent of potato wart disease. The quarantine pathogen infects 
tubers, stolons and stems of the potato, causing yield losses of up to 50-100 %. Typical symptoms are the formation of cauliflower-like irregular 
galls on the below-ground parts of the plant. In Europe, 38 different pathotypes of Synchytrium endobioticum have been reported, with 
pathotypes 1, 2, 6 and 18 being the most relevant and aggressive forms. Common strategies to control the disease are strict phytosanitary 
measures and breeding of resistant cultivars. As the phenotypic evaluation of resistance to Synchytrium endobioticum is very laborious and often 
ambigiuous, DNA-based markers closely linked to wart resistance genes would considerably facilitate the detection of resistance to potato wart 
disease.  
To reduce genome complexity a dihaploid potato population was generated from a highly resistant tetraploid potato cultivar through a so-called 
prickle pollination to facilitate molecular marker analyses. In a Bulked Segregant Analysis approach, Simple Sequence Repeat- and Single Strand 
Conformation Polymorphism-markers were identified that are significantly associated with resistance to different pathotypes of 
Synchytrium endobioticum. The identified markers were developed from resistance gene analogs in the Sen1-region on potato chromosome 11. In 
a genome wide SNP genotyping approach using the 12.8k SolCAP SNP genotyping array, SNP markers were identified that were also 
significantly linked with resistance and were also located on chromosome 11, indicating that Sen1 is the major locus conferring resistance to 
various pathotypes of Synchytrium endobioticum. 
 
P1054: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Development of Genomic Resources for Solanum chilense and Solanum sitiens 
Tomasz J. Kurowski1, Pedro Fidalgo De Almeida1, Fady Mohareb1, Niranjan Shirgaonkar2, Deepika Singh2, Geetika Bhagwat2, 
Sarvesh Pratap Kashyap2, H. C. Prasanna2 and Andrew Thompson1, (1)Cranfield University, School of Energy, Environment, and 
Agrifood, Cranfield, United Kingdom, (2)Indian Institute of Vegetable Research, Varanasi, India 
Water use efficiency and drought resistance are very desirable traits for tomato and many other agricultural crops. The cultivated tomato has 
three known wild relatives, native to arid areas, which exhibit such traits. One of them, Solanum pennellii, has already been well studied, and has 
an established body of genomic resources including a reference genome. The development of high-quality reference genome sequences for the 
two other relatives, Solanum chilense and Solanum sitiens, is the main objective of this project.  
Variant mapping using paired-end 150 bp Illumina HiSeq2500 data was undertaken for Solanum chilense to facilitate the breeding of 
introgression, advanced backcross and recombinant inbred line populations. A pipeline for selecting robust SNPs in coding regions was 
developed and used to create a set of 70,000 markers. Subsets of these will be used for genotyping during population development and in 
creation of genetic maps to support genome assembly.  
Paired-end 250 bp data for genome assembly was generated using a PCR-free library construction protocol, resulting in 220x coverage for S. 
chilense and 160x coverage for S. sitiens. Using k-mer analysis, the sizes and heterozygosity rates of both genomes were estimated.  
Multiple assemblies were generated for the two genomes using different software, including SOAPdenovo2 and DISCOVAR de novo. The current 
quality metrics for these assemblies will be presented. The highest quality assembly will be selected for further development using data from 
other platforms, including PacBio RSII, to enhance scaffolding, gap filling, and chromosome anchoring. 
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Transcriptomic Analysis of the Resistance of Potatoes Against Potato Wart Disease 
Friederike Busse1, Annette Bartkiewicz1, Diro Terefe-Ayana1, Marcus Linde1, Jens Lübeck2, Josef Strahwald2, Eckhard Tacke3, 
Hans-Reinhard Hofferbert4, Kerstin Flath5, Jude Obidiegwu6, Christiane Gebhardt6 and Thomas Debener1, (1)Leibniz University of 
Hannover, Hannover, Germany, (2)SaKa Pflanzenzucht GmbH & Co. KG Zuchtstation Windeby, Windeby, Germany, (3)Bioplant, 
Biotechnologisches Forschungslabor GmbH, Ebstorf, Germany, (4)Böhm-Nordkartoffel Agrarproduktion OHG, Ebstorf, Germany, 
(5)Julius-Kühn-Institut, Bundesforschungsinstitut für Kulturpflanzen, Institut für Pflanzenschutz in Ackerbau und Grünland, 
Kleinmachnow, Germany, (6)Max Planck Institute for Plant Breeding Research, Cologne, Germany 



Potato is a host for many different diseases like for example potato wart disease. This disease is caused by Synchytrium endobioticum 
(Schilberszky) Percival which is classified as a quarantine pest. From 38 S. endobioticum pathotypes occurring in Europe, pathotype 1, 2, 6 and 
18 are the most relevant ones. An infection with this pathogen can cause yield losses from 50 - 100 %. The resistance mechanism and the 
pathogenesis are not well characterized until now.The question is how these reactions are characterized on transcriptomic level. The objective of 
this study is to identify candidate genes based on a transcriptomic approach. To characterize the transcriptome of potatoes and, moreover, to get 
an insight of gene expression patterns during the infection with Synchytrium endobioticum in resistant and susceptible potato genotypes, a RNA-
seq analysis is carried out. Most of the potatoes are autotetraploid and therefore the transcriptome is expected to be highly complex. For RNA-
seq analysis well phenotypic characterized tetraploid potato genotypes were used. Two pools, each consisting of four resistant and four 
susceptible genotypes, were constructed for Illumina paired-end sequencing. Samples for RNA sequencing and data validation were harvested on 
three different time points during the infection process and mock treatments (2, 7 and 14 dpi). It was possible to identify 22 differentially 
expressed genes between susceptible and resistant pools as putative candidates. Especially the expression of NB-LRR genes were analyzed and 
first candidate genes were identified, which have to be validated by qRT-PCR. 
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The High-Quality Draft Genome Sequence of Solanum etuberosum 
Lidija Berke1, Saulo A. Aflitos2, Klaas Bouwmeester1, Francine Govers1, Laurie Grandont1, Hans de Jong3, Sander A. Peters2, 
Gabino F. Sanchez Perez2, Elio Schijlen2, Ronald G. van den Berg1 and M. Eric Schranz1, (1)Wageningen University, Wageningen, 
Netherlands, (2)Plant Research International, Wageningen University, Wageningen, Netherlands, (3)Department of Genetics - 
Wageningen University, Wageningen, Netherlands 
The genus Solanum comprises over a thousand species, most notably potato (Solanum tuberosum) and tomato (Solanum lycopersicum). The 
published genomes of both species, as well as those of close relatives enabled genome-level comparisons that resulted in advances in 
understanding the two genomes at structural and molecular level.  
However, to determine the evolutionary changes that gave rise to potato and tomato, an outgroup species is necessary. Solanum etuberosum, a 
tuber-less species native to Chile, separated from the main lineage just before the tomato and potato lineage diverged. The temporal proximity of 
these events makes S. etuberosuman ideal outgroup for comparative genomics studies.  
We here present a high-quality draft genome sequence of S. etuberosum. With 3,666 scaffolds it covers 94% of the estimated total genome size 
of 702 Mb. The N50 statistic at scaffold level is 1.7 Mb, with 115 scaffolds equal or longer than N50 (L50 statistic). The S. etuberosum genome 
sequence encodes 96% of core eukaryotic gene-set. It thus enables discovery of the origin of economically important and biologically interesting 
traits, as well as provides an invaluable reference point for structural studies. 
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Next Generation Sequencing for Detection and Characterization of Potato Viruses in South Africa 
John Baison1, Lerato Bame Tsalaemang Matsaunyane2 and Ledwaba Klaas2, (1)Agricultural Research Council, Biotechnology 
Platform, Pretoria, South Africa, (2)Agricultural Research Council, Pretoria, South Africa 
Despite potato breeders being successful in breeding potatoes with improved yield, these cultivars are still hosts to large number of devastating 
bacterial, fungal and viral pathogens. Amongst the most devastating viral diseases, Potato Virus Y (PVY), which is a member of the Potyviridae 
family, is regarded as the most economically important cultivated potato virus with up to 100 % crop loss on those that are infected (Cuevas et 
al., 2012). To date, three main PVY strains have been characterised and these are PVYO, PVYN and PVYC (Song and Schwarzfischer, 2008). 
However, due to recombination, new PVY strains were identified and these include amongst others PVYNTN and PVYN-W (Visser et al., 2012). 
Due to the identified prevalence of viral recombination, it is hypothesied that more strains may be present, and identification as well as 
characterisation of these in South Africa was important. This project then aimed at utilising metagenomics through Next Generation Sequencing 
(NGS) to identify and characterise these viruses. Viral symptomatic potato samples were collected from potato production regions in South 
Africa to ensure representation. Metagenomic analysis was performed on both RNA and DNA viral isolates to identify and compare isolated 
strains to the known PVY strains. This enabled the identification of prospective new PVY – related strains that were present in South Africa. 
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Comparative Differential Gene Expression Analysis in Response to PVY Infection in Resistant and Susceptible Potato 
Cultivars in South Africa 
Lerato Bame Tsalaemang Matsaunyane, Agricultural Research Council, Pretoria, South Africa and John Baison, Agricultural 
Research Council, Biotechnology Platform, Pretoria, South Africa 
Potatoes are an essential part of a healthy, balanced diet and is one of the most important food crops in the world as it is highly nutritious. The 
gross value of potatoes in South Africa accounts for 43% of major vegetables produced. Bacterial, fungal and viral infections in potato plants are 
of major concern as potatoes are prone to such infections. Potato Virus Y (PVY) is a member of the Potyviridae family and is one of the most 
economically important pathogens affecting potatoes. The current methods used to control PVY infection are costly and time consuming; 
therefore breeding for cultivars resistant to PVY would be a long-term, more productive option. Gene expression profiles of potatoes during 
infection with PVY is unknown, which would give an indication of the protective mechanisms that resistant cultivars have over susceptible 
cultivars. Transciptomics using RNA-seq allows for the identification of genes that are differentially expressed at different stages during 
infection of potato plants with the PVY. The plants will undergo disease challenge with PVY in order to analyse the phenotypic effects of disease 
symptoms that the virus has on the plants and a comparison of gene expression profiles will be drawn between resistant and susceptible cultivars. 
Therefore this study aims to use transciptomic analysis to determine differential expression of genes in potato plants when challenged with PVY 
in order to understand the disease response of potatoes, and also to identify resistance genes that can be used as genetic markers for marker-
assisted breeding selection. 
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Multi-platform metabolomic approaches for tomato: GC- and LC-QqQ-MS Analyses 
Yuji Sawada, Muneo Sato, Akane Sakata, Yamada Yutaka, Mami Okamoto, Junko Takanobu, Hiroshi Tsugawa and Masami 
Yokota Hirai, RIKEN Center for Sustainable Resource Science, Yokohama, Japan 
Metabolite accumulation patterns are known to be linked to board plant physiologies. Thus, monitoring for broad range of metabolites will allow 
us to identify practical biomarkers. The use of mass spectrometry (MS)-based metabolomics platform will be an efficient approach for metabolic 
marker construction. The selected reaction monitoring (SRM) based on standard compounds using tandem quadrupole (QqQ)-MS is suitable for 
high-sensitivity metabolite detection. More than 1000 conditions based on the SRM and retention time (RT) of standard compounds can be tested 
by integrated analyses of GC- and LC-QqQ-MS. In this study, tomato leaves were subjected to the widely targeted metabolomics as follows. The 
tomato leaves were lyophilized and powdered by a mixer mill. The metabolites were extracted from the powdered samples by 80% methanol 
with 0.1% formic acid. The dried-up extracts were dissolved in LC-MS grade pure water and subjected to LC-QqQ-MS analysis. The solutions 
were also applied to GC-QqQ-MS analysis after the trimethylsilylation derivatization. These analyses can detect carbohydrates, sugar 
phosphates, amino acids, organic acids, nucleotides, flavonoids, terpenoids, etc. The 475 and 526 SRM-RT conditions were used for GC- and 
LC-QqQ-MS, respectively. Total 213 metabolites were detected by the following criterion: signal to noise ratio <5 and relative standard 
deviation >30%. The accumulation patterns of these metabolites are thought to be connected to the various agricultural traits, and metabolic 
markers useful for improvement of crop quality and yields will be identified. This study was supported by the Cross-ministerial Strategic 
Innovation Promotion Program of the Cabinet Office, Government of Japan. 
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RefSeq Annotation and Curation of the Tomato Genome 
Anjana Raina Vatsan1, Francoise Thibaud-Nissen1, Terence D. Murphy2 and Kim D. Pruitt1, (1)National Center for Biotechnology 
Information (NCBI/NLM/NIH), Bethesda, MD, (2)National Center for Biotechnology Information, NLM, NIH, Bethesda, MD 
NCBI’s Reference Sequence (RefSeq) project is a publicly available database of annotated genomic, transcript, and protein sequence records. 
RefSeq records for plants, in most part, are generated using NCBI’s eukaryotic genome annotation pipeline. The annotation process involves 
prediction of genes, transcripts and proteins (XM_, XP_ and XR_ accessions) for finished and unfinished genome assemblies submitted to 
GenBank. A small subset of “known” records (NM_, NP_, NR_ accessions) are generated and maintained independently of the annotation 
process by a combination of automated processing and manual review.  
Currently 35 plant genomes have been annotated by NCBI, including four Solanaceae genomes: tomato, potato and two tobacco species, 
Nicotiana sylvestris, and Nicotiana tomentosiformis. The tomato genome was chosen for manual curation because of its importance to the plant 
community and the availability of large-scale transcript data. This transcript-based curation process of “known” dataset focuses on improving the 
quality of the represented sequence by assessing indels and mismatches among the RefSeq transcripts, removing chimeric and redundant 
transcripts and genes, updating product names and creating alternatively spliced transcript variants and protein isoforms. The curation process 
also allows for the extension of UTRs to have the representation of full gene. This curated dataset defines the ‘best’ sequence representation 
which, in turn, is used as a primary input reagent for annotating other plant genomes, of the same or related family.  
The plant genomes annotated by this pipeline are reported publicly with links to FTP, BLAST, MapViewer, and a detailed Annotation Report 
Summary at http://www.ncbi.nlm.nih.gov/genome/annotation_euk/all/.  
RefSeq data can be accessed at the RefSeq homepage http://www.ncbi.nlm.nih.gov/refseq/ or can be downloaded from the FTP directory at 
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/plant/Solanum_lycopersicum/.   
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Tomato Bioresources in Japan: Collection of ‘Micro-Tom’ Mutants with Major Fruit Metabolite Profiles 
Ken Hoshikawa1, Tohru Ariizumi1, Naoya Fukuda1, Yoshinori Kanayama2, Yasutaka Kubo3, Koh Aoki4 and Hiroshi Ezura1, 
(1)University of Tsukuba, Tsukuba, Japan, (2)Tohoku University, Sendai, Japan, (3)Okayama University, Okayama, Japan, 
(4)Osaka Prefecture University, Sakai, Japan 
Tomato is an excellent model plant for studies of fleshy fruits and experimental genomic studies of the Solanaceae family including potato, 
eggplant, pepper, petunia and tobacco. Tomato fruits contain many functional metabolites, such as lycopene, vitamin A and C and GABA. To 
facilitate breeding and functional genomics research of tomato, we launched on the tomato bioresource program in 2007 within the framework of 
the National BioResource Project (NBRP) in Japan (NBRP tomato; http://tomato.nbrp.jp/). The major purpose of the NBRP-tomato is to collect, 
preserve and provide tomato bioresources including major experimental lines, mutant lines, transgenic lines and cDNA collections. We have 
chosen a cultivar Micro-Tom as a model system that has advantages as a model plant due to its small plant size, a short life cycle and the 
availability of functional genomics tools. As mutant resources in NBRP tomato, we have generated >13,000 mutant lines by 
ethylmethanesulfonate (EMS) treatment and gamma-ray irradiation. All of the visible phenotyping data and other associated data were registered 
with the database ‘TOMATOMA’ (http://tomatoma.nbrp.jp/). For enhancement of the quality of the mutant resources, we are profiling metabolic 
components of tomato fruits including amino acid composition, carotenoid contents and Brix values, and the data was available through 
TOMATOMA from Jun. 2015. The metabolite information will support further acceleration of tomato fruits researches. In addition to the mutant 
resources, as DNA resources, the sequence information of Micro-Tom full-length cDNA and EST is available from database ‘KaFTom 
(http://www.pgb.kazusa.or.jp/kaftom/) and EST database ‘MiBASE’ (http://www.pgb.kazusa.or.jp/mibase/), respectively. Information on 
genome structural annotations between Micro-Tom and Heinz 1706 is accessible through the genome browser in ‘TOMATOMICS’ 
(http://bioinf.mind.meiji.ac.jp/tomatomics/). Our bioresources of Micro-Tom will support further acceleration of tomato researches. 
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Genome-Enabled Analysis of Pathogen Migration and Evolution 
Erica M. Goss, University of Florida, Gainesville, FL 
Genomics-based genetic marker discovery is leading to unprecedented collection of population genetic data for pathogens. Genomics-based data 
can be used for detailed analysis of the ancestry of population samples for studying pathogen molecular epidemiology and evolution. Population 



genomics studies of agricultural pathogens are increasing in number as the costs of sequencing continue to go down. Genomics-enabled markers 
are valuable for rapidly changing populations and for emerging and clonal pathogens that exhibit little genetic variation. International trade and 
continued globalization of agriculture has had major effects on plant pathogen populations and their interactions with crop hosts. Increased long-
distance movement of pathogens has made disease management particularly challenging. Genomic information is providing data for disease 
management strategies. We are using whole genome sequencing to examine the processes underlying shifts in the Xanthomonas perforans 
population causing bacterial spot of tomato in Florida. We have found gain and loss of effectors not previously recognized as being under R gene 
selection, as well as variation in effector gene content correlated with strain genetic background, indicating multiple introductions of strains with 
different effector profiles. For understanding the role of strain movement in pathogen population shifts, national and international cooperative 
efforts are needed. Rapid monitoring of population variation using genomics-informed markers would benefit disease management in many 
pathosystems. 
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Transcriptome Profiling of Tomato Fruit Development Reveals Transcription Factors Associated with Ascorbic Acid, 
Carotenoid and Flavonoid Biosynthesis 
Jie Ye, Yuyang Zhang, Hanxia Li and Zhibiao Ye, Huazhong Agricultural University, Wuhan, China 
Both transcriptome and metabolic profiling of tomato fruit development was investigated aiming to find potential transcription factors involved 
in nutrient quality. The transcriptomes of fruit at seven developmental stages (7, 14, 21, 28, 35, 42 and 49 days after flowering) from two tomato 
cultivars (Ailsa Craig and HG6-61) were evaluated using the Illumina sequencing platform. A total of 26,397 genes, which were expressed in at 
least one developmental stage, were detected in the two cultivars, and the expression patterns of those genes could be divided into 20 groups 
using a K-mean cluster analysis. Gene Ontology term enrichment analysis indicated that genes involved in RNA regulation, secondary 
metabolism, hormone metabolism and cell wall metabolism were the most highly differentially expressed genes during fruit development and 
ripening. A co-expression analysis revealed several transcription factors whose expression patterns correlated with those of genes associated with 
ascorbic acid, carotenoid and flavonoid biosynthesis. This transcriptional correlation was confirmed by agroinfiltration mediated transient 
expression, which showed that most of the enzymatic genes in the ascorbic acid biosynthesis were regulated by the overexpression of each of the 
three transcription factors that were tested. The metabolic dynamics of ascorbic acid, carotenoid and flavonoid were investigated during fruit 
development and ripening, and some selected transcription factors showed transcriptional correlation with the accumulation of ascorbic acid, 
carotenoid and flavonoid. This transcriptome study provides insight into the regulatory mechanism of fruit development and presents candidate 
transcription factors involved in secondary metabolism. 
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Genetic Fruit Weight Regulation in 3 Distinct Tomato (Solanum lycopersicum L.) Market Classes 
Eudald Illa-Berenguer, Center for Applied Genetic Technologies - University of Georgia, Athens, GA, Samuel F. Hutton, 
University of Florida, GCREC, Wimauma, FL, Dilip R. Panthee, Department of Horticultural Science, North Carolina State 
University, Mountain Horticultural Crops Research and Extension Center, Mills River, NC and Esther van der Knaap, Department 
of Horticulture, Institute of Plant Breeding, Genetics and Genomics, University of Georgia, Athens, GA 
Fruit weight is a quantitatively inherited trait of great importance in breeding. In tomato, the increase in fruit weight is controlled by multiple 
quantitative trait loci (QTL) including FW2.2, FW3.2, FW11.3, FASCIATED (FAS) and LOCULE NUMBER (LC). Across tomato domestication 
and widespread cultivation, several market classes have appeared with specific fruit quality requirements. We focus our efforts in understanding 
fruit weight regulation in grapes, plums and beefsteaks tomatoes. Increased fruit weight is desired for the plum and beefsteak breeding programs, 
but not in grapes, where exchanging fruit weight alleles may result in improved germplasm. In order to evaluate the possible effects of different 
fruit weight gene alleles in distinct genetic backgrounds, we introgressed different fruit weight and shape allele combinations in two selected 
plum, grape and beefsteak fresh-market class accessions. Since our aim was also to provide insights on the pleiotropic effects of the alleles and 
usefulness of the pre-breeding materials towards market class improvement, about 6-12 plants for each homozygous combination were selected 
to be evaluated for fruit weight and shape as well as for horticultural acceptability. For plums, only allelic combinations with the cultivated allele 
of FW3.2 yielded acceptable fruits. LC per se was not sufficient to increase fruit size when the wild-type allele of FW3.2 was present. Phenotypic 
data from the 2 other market classes would help us get a more general idea on how the different allele combinations affects the overall 
acceptability of tomato across market classes. 
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The Control of Tomato Fruit Weight By fw2.2, fw3.2 and fw11.3 in Near Isogenic Lines in the Tomato Wild Relative 
Background 
Xiaoxi Liu, Center for Applied Genetic Technologies, University of Georgia, Athens, GA, Eudald Illa-Berenguer, Center for 
Applied Genetic Technologies - University of Georgia, Athens, GA and Esther van der Knaap, Department of Horticulture, Institute 
of Plant Breeding, Genetics and Genomics, University of Georgia, Athens, GA 
Fruit weight is an important trait in the domestication of horticultural vegetables. In tomato (Solanum lycopersicum L.), three major QTLs (fw2.2, 
fw3.2 and fw11.3) control fruit weight. The effect of each locus on fruit weight has been described but comparative studies as well as interaction 
effects among these three loci have never been assessed. We have used the fw2.2, fw3.2 and fw11.3 single, double and triple near isogenic lines in 
the wild relative tomato background (S. pimpinellifolium, LA1589). Among the three loci, fw11.3 showed the strongest effect on increasing 
tomato fruit weight, whereas fw2.2 has the weakest impact. In two biological replicates, no consistent interaction between any two of the three 
loci was found and no interaction was detected among the three loci either. To shed light on the mechanisms by which those loci increase fruit 
weight, fruit structure analyses were performed. Fruit pericarp area was found to be increased by all three loci, especially by fw11.3. 
Morphological traits of the vegetative organs were also evaluated. fw3.2 decreased the whole leaf length as well as the terminal leaf shape index, 
by decreasing the terminal leaf length without changing the width. In addition, terminal leaf color was also impacted by the three fruit weight 
loci: L* score was increased by fw2.2; Hue score was significantly increased by both fw3.2 and fw11.3; and Chroma score was reduced by fw3.2.  



This project was supported by AFRI Competitive Grant no. 2013-67013-21229 from the USDA NIFA, China Agricultural University and China 
Scholarship Council.  
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A Cascade of Arabinosyltransferases Controls Shoot Meristem Size in Tomato 
Cao Xu, Cold spring harbor lab, cold spring harbor, NY 
Shoot meristems of plants are composed of stem cells that are continuously replenished through a classical feedback circuit involving the 
homeobox WUSCHEL (WUS) gene and the CLAVATA (CLV)gene signaling pathway. In CLV signaling, the CLV1 receptor complex is bound by 
CLV3, a secreted peptide modified with sugars. However, the pathway responsible for modifying CLV3 and its relevance for CLV signaling are 
unknown. By studying mutants with enlarged meristems and branched inflorescences with extra flowers and floral organs, we show that tomato 
genes encoding arabinosyltransferases are essential for the CLV-WUS circuit. The most extreme mutant fasciated inflorescence (fin) is disrupted 
in a hydroxyproline O-arabinosyltransferase and can be rescued with arabinosylated CLV3. Chemically induced and CRISPR/Cas9 engineered 
mutations in the FASCIATED AND BRANCHED 2 (FAB2) and REDUCED RESIDUAL ARABINOSE 3 (RRA3)genes, encoding 
arabinosyltransferases predicted to extend arabinose chains, result in plants with fasciated and branched phenotypes, resembling but weaker than 
fin, indicating that CLV3 must be fully arabinosylated to maintain meristem size. Finally, we show that a mutation in CLV3 increased fruit size 
during domestication. Our findings uncover a new layer of complexity in the control of plant stem cell proliferation. 
 
P1067: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Analysis of Fruit Shape, Color, Sugar and Ascorbic Acid Content in Tomato Cultivars 
Hyun Jung Kim, Department of Eco-Friendly Horticulture, Cheonan Yonam College, Chungnam, South Korea and Inhwa Yeam, 
Department of Horticulture and Breeding, Andong-si, South Korea 
Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops in the world. Tomato fruit shape, color, and flavor are major 
characters to determine marketability in fresh market. The fruit shape index, the ratio of highest fruit height to widest width (H/W), was 
measured with Tomato analyzer v3 in 15 tomato cultivars growing Korea. The a/b (redness/yellowness) values were measured with colorimeter 
in the fruits, and the chlorophyll contents were measure with chlorophyll meter in tomato leaves. Sugar content and ascorbic acid content were 
measured in 15 tomato cultivars and lines. We performed correlation analysis of sugar contents and ascorbic acid contents among different color 
categories: black, red and pink. Values of a/b showed a negative correlation with chlorophyll contents. The results of correlation showed that 
higher chlorophyll contents have positive effects on the sugar accumulation. Sugar contents and ascorbic acid contents showed a positive 
correlation within each color category; correlation coefficient was 0.97, 1 and 1 for black, red, and pink respectively. 
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The Genetics of Trichome Density and Resistance to Two-Spotted Spider Mites in Tomatoes from the Galapagos Islands 
Regis C. Carvalho1, Marcela C. Andrade1, Wilson R. Maluf1 and David M. Francis2, (1)Universidade Federal de Lavras, Lavras, 
Brazil, (2)The Ohio State University, OARDC, Wooster, OH 
In tomato, pest resistance sources have been identified among wild accessions. Previous studies demonstrate a role for acyl sugars produced by 
type IV glandular trichomes from wild relatives of the cultivated tomato in providing resistance to a number of insect pests. One of these wild 
species, Solanum galapagense, which is endemic to the Galapagos Islands of Ecuador, shows a high density of type IV glandular trichomes. This 
study aimed to assess resistance to two-spotted spider mites (Tetranychus urticae) in tomato clones, previously selected from an F2 population 
derived from crosses of S. galapagense and a commercial variety.  Directional selection was practiced for high and low trichome density and a 
tail-mapping approach was used to identify QTLs associated with resistance. Resistance to two-spotted spider mites was assessed based on insect 
movement behavior and proved to be negatively correlated with the density of type IV glandular trichomes (P =3.2E-08; R2 = 0.658). QTLs were 
identified for two-spotted spider mite resistance located on chromosomes 2, 3 and 10. Two of these QTL are also associated with the density of 
type IV trichomes. Thus inheritance of trichome density and resistance appears to be genetically simple, with 2-3 loci contributing. 
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Whole Genome Sequencing Reveals Introgressions and Structural Variations in the Pedigree of a Tomato Line Bred for 
Resistance to Multiple Species of Xanthomonas 
Debora A. Liabeuf and David M. Francis, The Ohio State University, OARDC, Wooster, OH 
Tomato variety improvement has a 100 year history of introducing resistance from wild relatives.  Introduced resistances are often accompanied 
by large chromosomal fragments referred to as introgressions.  Our goal was to quantify the size of introgressions introduced through breeding 
and to identify structural variations (SV) within these regions.  The processing tomato line OH7663 integrates resistance which is effective 
against different Xanthomonas species causing bacterial spot.  The pedigree of OH7663 has four potential wild donors of resistance.  We used 
resequencing of the pedigree to identify introgressions.  Four analytical approaches were used: (1) comparison of single nucleotide 
polymorphism (SNP) density, (2) phylogenetic analysis, (3) alignment against an alternative genome and (4) analysis of SV.  The sequences 
averaged 12-fold depth and were aligned to the SL2.50 (Solanum lycopersicum) and the LA 1589 (S. pimpinellifolium) references.  A statistical 
comparison of SNP density and phylogenetic analysis defined 12 introgressions ranging from 0.1 to 37.3 Mb.  Deletions and inversions were 
identified across the genome, with a large number mapping to chromosome 1, 5, 10, 11 and 12.  These regions represent portions of the genome 
that differentiate the pedigree from the Heinz reference due to fresh-market or wild species introgressions.  In addition, 31% and 25% of 
sequences that did not map to SL2.50, mapped to chromosome 5 and 11 of LA1589, consistent with the occurrence of SV in these regions.  The 
detection of structural variation associated with introgressions highlights the need for more than one reference genome in order to interpret non-
linear genome organization in re-sequencing analysis. 
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The Yellow-Fruited Tomato 1(yft1) Mutant Has Altered Fruit Carotenoid Accumulation and Reduced Ethylene Production 
As a Result of a Genetic Lesion in Ethylene Insensitive 2 (EIN2) 
Lei Gao1, Weihua Zhao1, Haiou Qu1, Qishan Wang1 and Lingxia Zhao2, (1)shanghai Jiao tong university, shanghai, China, 
(2)shanghai Jiao tong university, Shanghai, China 
Fruit color is one of the most important quality traits of tomato (Solanum lycopersicum) and is closely associated with both nutritional and 
market value. In this study, we characterized a tomato fruit color mutant yellow-fruited tomato 1 (yft1), which produces yellow colored mature 
fruit. Fruit color segregation of the progeny from an intra-specific cross (M82 × n3122) and an inter-specific cross (n3122 × LA1585) revealed 
that a single recessive nuclear gene determined the yellow fruit phenotype. Through map-based cloning, the yft1 locus was assigned to an 88.2 kb 
region at the top of chromosome 9 that was annotated as containing 12 genes. Sequencing revealed that one gene, Solyc09g007870, which 
encodes Ethylene Insensitive 2 (EIN2), contained two mutations in yft1: a 13bp deletion and a 573bp insertion at position -318 bp upstream of the 
translation initiation site. We determined that EIN2 expression was substantially lower in yft1 than in the red-fruited M82 wild type and that, in 
addition, carotenoid accumulation was decreased, and the response to ethylene and chromoplast development was delayed. The results implied 
that the reduced expression of EIN2 in yft1 leads to suppressed ethylene signaling and that leads to abnormal carotenoid production. 
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Genetic Mapping of Broad-Spectrum QTLs and Strain-Specific Major QTL for Resistance to Ralstonia solanacearum in 
Eggplant Using GBS 
Sylvia Salgon1, Cyril Jourda2, Christopher Sauvage3, Marie-Christine Daunay3, Emmanuel Wicker2 and Jacques Dintinger2, 
(1)CIRAD - Université de la Réunion - ARMEFLHOR, Saint-Pierre, La Réunion, France, (2)CIRAD-UMR PVBMT, Saint-Pierre, 
La Réunion, France, (3)INRA UR1052 GAFL, Montfavet, France 
The Solanaceae family includes major agricultural crops cultivated worldwide such as tomato, potato, pepper and eggplant. Production of these 
crops in tropical and subtropical areas is limited by Ralstonia solanacearum, the causal agent of the bacterial wilt disease. This pathogen 
represents a threat for crops due to its large host range, its persistence in fields and its extensive genetic diversity. The species complex of R. 
solanacearum is divided into four phylotypes, which all are able to wilt eggplant. Seeking for efficient and stable resistance to bacterial wilt, an 
intraspecific population of 178 eggplant recombinant inbred lines (RILs) was evaluated for resistance to R. solanacearum strains belonging to 
phylotypes I, IIA, IIB, and III. In addition of 162 AFLP and SSR markers, genotyping-by-sequencing (GBS) of the RILs provided 661 SNPs 
used to construct a dense genetic map anchored to the physical map of tomato. Quantitative Trait Loci (QTL) analysis showed the presence of a 
major QTL (ERs1) specifically associated with resistance to phylotype I strains on the chromosome 9 of eggplant. Two broad-spectrum QTLs 
were also identified on chromosome 2 and chromosome 5. Although less efficient than ERs1, these QTLs were found to partially control strains 
belonging to phylotype I, IIA and III. Molecular markers linked to QTLs will be very useful for breeding resistance to Ralstonia solanacearum in 
eggplant. The anchored map will also help to identify candidate genes underlying the so far identified resistance factors. 
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Defining The Genetic And Physiological Mechanisms Regulating Fruit Size In Pepper 
Allen Van Deynze1, Theresa Hill2, Amanda M. Hulse-Kemp3, Kevin Stoffel2, Jareerat Chunthawodtiporn1 and Juriaan Visser1, 
(1)University of California, Davis, CA, (2)Seed Biotechnology Center, University of California, Davis, CA, (3)University of 
California, Davis, Bryan, TX 
Our understanding of the development of fruit and its association to productivity is limited to whole fruit observations in segregating populations, 
yielding the isolation of six genes in tomato mainly associated with fruit shape. Although these genes have not been associated with yield in 
tomato, several fruit QTL are associated with yield in pepper. We have developed a series of populations to understand the relationship between 
fruit size and yield in pepper. We have identified consistent QTL across five genetic populations and diversifying selection in breeding 
germplasm. We are in the process of studying the developmental processes and genetic loci affecting fruit shape and size in pepper.  Preliminary 
results indicate that pepper may have unique developmental pathways that were not previously reported in Solanaceae to explain the extensive 
variation found in Capsicum species. 
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Genome-Wide SNP Discovery in Indonesian Pepper  (Capsicum annum L.) 
Puji Lestari1, Habib Rijzaani1, Rerenstradika Tizar Terryana1, Kristianto Nugroho1, Reflinur Basyirin1, Dani Satyawan1, Tri 
Handayani2, Rinda Kirana2, Ida Rosdianti1, Muhamad Sabran1 and I Made Tasma1, (1)Indonesian Center for Agricultural 
Biotechnology and Genetic Resources Research and Development, Bogor, Indonesia, (2)Indonesian Vegetable Research Institute, 
Lembang, Indonesia 
Pepper (Capsicum annuum L.), an herbaceous diploid species, is an important and strategic horticultural crop in Indonesia and satisfies people’s 
spicy taste worldwide.  To gain a better understanding of genome information for future breeding, six varieties of peppers were paired-end re-
sequenced of their whole genome. Their sequence variation revealed  26,079,616 variants, of which one DNA variation was shown in every 101 
bases. Of total variant, approximately 94.7% were SNPs and the remaining were indels (insertion/deletion). Abundant SNPs were shared among 
varieties and some private SNPs could be unique to the Indonesian pepper. Of the 175,885 SNPs with functional classes, 60.5% were mis-sense 
mutation and only small portion was silent mutation (1.9%). Such mutation might modify amino acid composition encoding protein, leading to 
phenotypic change. Ratio of transition and transversion (1.9:1) indicated the higher quality of these sequences. Around 0.62% variants identified 
within coding region indicated their relation with important genes in pepper as shown by the functional annotation with Gene Ontology (GO). 
For SNP validation, 48 SNPs were chosen and most of the SNPs detected by bioinformatic tools were confirmed by re-sequencing with Sanger 
Method. Based on the confirmed SNPs, at least 68% sequences identity were sharing between two genotypes (Tanjung and Lembang-1). The 
informative genome-wide SNPs and the confirmation in our study could be useful to develop molecular markers for genetic studies, 
fingerprinting and marker-assisted selection in pepper breeding program. 
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Trait Development Via Mutagenesis in Tomato and Pepper 
Daryl J. Somers1, Travis W. Banks1, Michael Pautler1, David Liscombe1, Anissa Poleatewich1, Keiko Yoshioka2 and Jas Singh3, 
(1)Vineland Research and Innovation Centre, Vineland Station, ON, Canada, (2)University of Toronto, Toronto, ON, Canada, 
(3)Agriculture and Agri-Food Canada, Ottawa, ON, Canada 
Advancements in genomics technologies, particularly genotyping and DNA sequencing, have led to a resurgence in using a reverse genetic 
approach to trait development.  More specifically, researchers are using mutagenesis combined with high throughput DNA sequencing to develop 
novel alleles in genes that control biotic / abiotic stress and quality improvement.  Over the past 4 years, we have developed methods and EMS 
mutagenized populations of petunia, tomato, pepper and soybean that form a platform for trait development and functional genomics 
studies.  Our approach includes using high resolution DNA melting for genotyping and Illumina-based sequencing coupled with informatics to 
discover and apply new alleles in plant breeding.  The tomato (4,600 lines), pepper (3,400 lines) and soybean (4,300 lines) populations were 
determined to have mutation densities of 1 SNP/54 bp, 1 SNP/72 bp and 1 SNP / 40 bp respectively when the whole population is 
considered.  We are pursuing trait development in tomato and pepper to improve disease resistance and quality characteristics such as 
flavour.  The presentation will describe our rationale and process to generate both the genomics and biological resources needed for trait 
development and look to the future for emerging strategies. 
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Progress Toward the Development of Diploid Recombinant Inbred Lines 
Shelley Jansky, USDA-ARS, Madison, WI, David Douches, Michigan State University, East Lansing, MI and Jeffrey Endelman, 
University of Wisconsin Department of Horticulture, Madison, WI 
Recombinant inbred lines (RILs) offer new germplasm resources for mapping traits in potato.  They also provide an opportunity to evaluate 
responses to inbreeding in interspecific hybrids.  We are developing a set of six RILs, which will comprise a nested association mapping 
population.  The common parent is M6, an inbred line of the diploid wild relative Solanum chacoense.  It is homozygous for a dominant self-
incompatibility inhibitor.  Other germplasm in the RILs includes S. tuberosum Tuberosum Group, S. tuberosum Phureja Group, and S. 
berthaultii.   The parents of the RILs have been selected based on tuber morphology and yield, disease resistance, and processing quality.  We 
plan to create 100 F6 inbred lines of each of the six RIL populations.  Currently, we have populations ranging from the F2 to F6 
generations.  The DM1-3 x M6 F2 population has been used to map 10 genes associated with skin and flesh color, tuber shape, anther 
development, jelly end, and the presence of eye tubers instead of normal sprouts. During inbreeding, a reduction in vigor has been observed, as 
expected.  However, the major challenge is maintaining adequate flower production and fertility for seed production. The RILs will be shared 
with the research community for phenotyping and mapping.  
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Genetic Mapping of Quantitative Trait Loci for Bacterial Wilt Resistance in Pepper (Capsicum annuum L.) using 
Genotyping-by-Sequencing 
Taehwan Jun, Pusan National University, MIRYANG, South Korea and Yul Kyun Ahn, National Institute of Horticultural & 
Herbal Science, Rural Development Administration, South Korea 
Bacterial wilt (BW) caused by Ralstonia solanacearum is one of the most common soil-borne vascular diseases of many solanaceous crops such 
as pepper. This study aimed to identify QTL for bacterial wilt resistance in a 170 F8 recombinant inbred line (RIL) population obtained from a 
cross of ‘YCM334’ x ‘Taean’ using genotyping by sequencing (GBS) approach. For pathogen inoculations, R. solanacearum isolate WR-1 was 
cultured on NB medium at 28℃ for 48 h and a bacterial suspension was adjusted to 1 x 107 to 1 X 108 CFU/mL (A 600 = 0.3 to 0.4). Seedlings 
for each RIL and parents were inoculated at the 6 to 8 leaf stage using soil-drenching (3 to 5 ml/ plant) inoculation methods with 3 replications. 
After 10 days post inoculation, each line was evaluated visually for occurrence of bacterial wilt ranging from 1 (most resistant) to 5 (most 
susceptible). The construction of four 48-plex libraries from the RIL population is ongoing, and until now two GBS libraries (96 individuals) 
have been sequenced on one lane each of Illumina HiSeq4000. Approximately 98 gigabases of data containing 646,570,104 paired-end reads 
were obtained, ranged from 2.0 to 13.2 million reads per individual. A total of 8,579 SNPs were detected between the parents, of which 1,749 
SNPs were also detected in the RIL population, and 1,430 of the polymorphic SNPs were high quality suitable for high-density genetic map 
construction. After GBS analysis for all RILs is completed, several QTL significantly associated with resistance to BW will be presented. 
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Haplotype Inference in Autotetraploids and Its Application to Genome-Wide Prediction and Association Analysis 
Umesh R. Rosyara, University of Wisconsin-Madison, Madison, WI and Jeffrey Endelman, University of Wisconsin Department 
of Horticulture, Madison, WI 
For diploids, previous research has shown that haplotype-based approaches to genome-wide prediction and association analysis can improve 
upon single-marker methods by increasing statistical power and accuracy.   The objective of this research was to investigate whether similar 
benefits are observed in autotetraploids.  Two different haplotyping software packages—SATlotyper and polyHap—were evaluated using a 
simulated population of autotetraploids, which was created from five founders and 100 generations of random mating.  Haplotypes were inferred 
using 3–5 bi-allelic markers and compared with the frequency of true haplotypes from the simulation.  The accuracy of linkage disequilibrium 
estimates was also determined.   The effect of haplotype inference accuracy on statistical power for GWAS was investigated using simulated 
phenotypes.  Having validated the haplotype-based approach on simulated data, we compared its performance against single-marker analyses for 
GWAS and genome-wide prediction using empirical data from North American potato breeding programs. 
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Genetic Variation in Tobacco Germplasm Identified By DArT-Seq Markers 



Maisa Curtolo1, João Paulo Gomes Viana2, Alessandro Alves Pereira1, Carlos Eduardo Pulcinelli3, Lucia Scuciato3, Luis Eduardo 
Aranha Camargo1 and José Baldin Pinheiro1, (1)University of São Paulo, Piracicaba, Brazil, (2)University of Campinas, Campinas, 
Brazil, (3)Souza Cruz S.A., Rio Negro, Brazil 
Tobacco (Nicotiana tabacum L.) is one of the most important commercial non-food crop in the world. As in other cultures, genetic improvement 
concerning it is performed using a narrow genetic basis. Among other reasons, the lack of knowledge about the genetic diversity of tobacco 
germplasm constitutes a limitation to its use in breeding programs. For this reason, the study of the genetic diversity is the first step to a better 
use of this germplasm. Thus, the objectives of this study were to characterize the genetic diversity and understand the structure of 87 accesses 
from 9 varietal groups. The characterization was made using DArT-seq technique, largely unexplored in tobacco. A filtering was held considered 
markers with low quantity of missing data and high reproducibility, resulting in 424 SNPs markers of high quality. The genetic diversity average, 
quantified by the expected heterozygosity, was low for all varietal groups (He=0,027). Cluster analyzes using the Unweighted Pair Group 
Method with arithmetic mean (UPGMA) showed that the accesses could be grouped into two principal clusters, while using Discriminant 
Analysis of Principal Components (DAPC) analyzes found 5 clusters. Analysis of molecular variance (AMOVA) showed that the genetic 
variation was found mainly within varietal groups (77.63%), but variance among varietal groups was only 22.37%. The results showed that 
through the analysis of DArT-seq markers was not verified the structure of 9 clusters, corresponding to the 9 varietal groups, whereas genotypes 
of different groups share alleles. 
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The Genome and Transcriptomes of Wild and Laboratory strains of Nicotiana benthamiana. 
Peter Waterhouse, Centre for Tropical Crops & Biocommodities, Queensland University of Technology, Brisbane, Australia 
Nicotiana benthamiana is widely used as a model plant for functional genomics, synthetic metabolic engineering, RNA interference and plant-
microbe interaction research.  The transcriptomes of five wild strains, collected from across the spectrum of the species’ natural distribution in 
Australia, and one popular GFP-expressing line, 16C, have been assembled and mapped onto the laboratory (LAB) strain genome to provide 
details and insights about the variability of the species and the cause of the LAB strain’s unusual properties. LAB, and an accession from South 
Australia, have a 72nt insertion in a critical defence gene (Rdr1). This not only renders these plants hyper-susceptible to virus infection, more 
amenable to transient transgene expression and virus induced gene silencing (VIGS), but also confers increased early vigour and seed size. This 
insertion event occurred about 750,000 years ago and appears to give the plants a selective advantage in the harsh conditions of Central Australia 
where the disease pressure is very low but a speedy lifecycle, with high water-use efficiency, is important.  An interactive website 
(www.benthgenome.com) has been set up to facilitate examination of the laboratory and wild strain genomes and transcriptomes, their gene 
expression patterns and their microRNA regulation. 
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QTL Identification for Plant and Flower Traits in Petunia Using Recombinant Inbred Lines and SNP Markers 
Zhe Cao1, Yufang Guo2, Qian Yang1, Yanhong He3, Ryan M. Warner2 and Zhanao Deng1, (1)University of Florida, Wimauma, FL, 
(2)Michigan State University, East Lansing, MI, (3)Huazhong Agricultural University, Wuhan, China 
Petunia is one of the most popular bedding flowers worldwide for its high aesthetical performance. Petunia breeding is conducted in numerous 
countries. The identification and localization of quantitative trait loci (QTL) controlling important plant and flower traits could facilitate petunia 
breeding. In this study, 173 recombinant inbred lines (RILs) derived from an interspecific cross between Petunia axillaris and Petunia exserta 
were phenotyped for plant size (PZ), flower diameter (FD), flower length (FL), flower counts (FC) and days to anthesis (DTA) in 2014 and 2015. 
These RILs showed transgressive segregation for all traits studied. The broad-sense heritability on a two-year basis ranged from 0.21 (days to 
anthesis) to 0.62 (flower length). A single nucleotide polymorphism (SNP)-based genetic map, consisting of 343 bins and covering a total of 
274.7 cM across seven chromosomes, was used for QTL identification. A total of 12 QTL on chromosomes 1, 2, 3, and 4 were discovered for the 
five traits. Seven QTL, including one for PZ, two for FD, one for FL, and three for FC, were consistently detected across both years. The two 
QTL for FD collectively explained up to 46.3% of the observed phenotypic variation in flower diameter. There were five additional QTL that 
were detected in either 2014 or 2015, and these QTL showed the considerable interactions with the environment and/or cultivation conditions. 
Multiple QTL controlling PZ, FC, and DTA were identified on two adjacent regions of chromosome 2, suggesting these regions may have value 
for petunia breeding.  
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Comparative Genomics in Cotton Using High-Throughput, Whole Genome Mapping 
Aaron Sharp and Joshua A. Udall, Brigham Young University, Provo, UT 
Massively parallel sequencing (MPS) has enabled great strides forward in comparative genomics.  However, certain large genomic differences 
known as structural variants (SVs) are difficult to detect with the short DNA inserts typically used for MPS.  Characterization of much longer, 
contiguous DNA molecules gives more genomic context and so it may facilitate the discovery of SVs that exist between closely related species. 
One method for such characterization is to use a modified restriction enzyme to detect specific sequence motifs, revealing a pattern of 
intervening distances. Long DNA molecules characterized in this way can be assembled into maps that represent the whole genome.  Here we 
apply this method of high-throughput, whole genome mapping for SV detection between three different species of Cotton. 
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Updates to CottonGen: The Community Database for Genomics, Genetics and Breeding Research in Cotton 
Jing Yu1, Sook Jung1, Chun-Huai Cheng1, Taein Lee1, Katheryn Buble1, Ping Zheng1, Jodi L. Humann1, Deah McGaughey1, Heidi 
Hough1, Stephen P. Ficklin1, B. Todd Campbell2, Richard G. Percy3, Don C. Jones4 and Dorrie Main1, (1)Washington State 
University, Pullman, WA, (2)USDA-ARS, Florence, SC, (3)USDA-ARS, Southern Plains Agricultural Research Center, College 
Station, TX, (4)Cotton Incorporated, Cary, NC 



CottonGen (http://www.cottongen.org) is the community database for basic, translational and applied research in cotton. Developed using Tripal, 
an open-source, resource-efficient, standardized platform for biological database construction, it provides an online portal of curated and 
integrated genomics, genetics and breeding data, combined with a suite of tools facilitating intuitive data mining and analysis. We highlight new 
data and functionality in CottonGen, with a particular emphasis on application in breeding, and present future plans for development over the 
next 5 years for this industry, USDA, USDA-ARS funded resource. 
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A Cluster File for Automated Genotyping of Cottons Containing Germplasm from Gossypium Diploid Species on the 
CottonSNP63K 
Ammani Naidu Kyanam, Amanda M. Hulse-Kemp, Fei Wang, Dwaine A. Raska and David M. Stelly, Texas A&M University, 
College Station, TX 
Diploid cotton species are a recognized source of novel genes and traits with potential agronomic benefits. Molecular marker technologies play 
increasingly significant roles in facilitating and expediting the transfer of germplasm, genes, and traits through introgression. SNP arrays based 
on Illumina Infinium assays are a go-to tool for quick-turnaround genotyping. However, the speed and ease of use depends on “cluster files” that 
statistically describe the “behavior” of each SNP across relevant germplasm, and thereby enable automated computer-based genotype calling. 
The CottonSNP63K Chip released in early 2014 includes 63K potential SNP assays relative to Upland cotton, Gossypium hirsutum (L.). A 
cluster file was developed to enable automated genotype calling of intraspecific and interspecific germplasm involving natural “tetraploid” AD-
genome species (2n=52). Not surprisingly, genetic types containing germplasm from diploid species proved to be recalcitrant to automatic 
genotype calls using the aforementioned cluster. We report here progress toward a cluster file for populations of introgression lines containing 
A2 and D1 Gossypium diploid species germplasm; it also has potential applicability to other diploid genomes. Using GenomeStudioTM and the 
previously developed AD-genome cluster file, we examined each SNP across the diploid-based sample population; for any SNP that exhibited an 
atypical graphical distribution, we manually adjusted the software cluster definitions. The resulting cluster file can be used to report putative 
genotypes and segregation ratios specific for populations that are derived in introgression studies involving these diploids and perhaps others. It 
will expedite and facilitate marker assisted analysis and selection of diploid-derived traits. 
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Insight in the Utilization of Molecular Breeding in Gossypium hirsutum L. Cotton (A Review) 
Khezir Hayat, Agriculture Biotechnology Labortary, Kahramanmaras, Turkey 
Upland cotton represents the most important, and natural fiber crop in the world. But limitations in conventional breeding program for genetic 
improvement is due to the lack of knowledge about yield productivity and fiber quality traits. The use of molecular markers for the detection and 
exploitation of DNA polymorphism is one of the significant developments in the field of molecular genetics. The availability of reference 
genome of G. raimondii L., G. arboreum L., and next generation sequencing, routed it on the fast track for exploring the variability among 
genotypes of cotton. There is no molecular marker available which can fulfill all the requirement of cotton scientists. Plant breeders should 
utilize genomics in the breeding programs for effective selection of potential parents for certain traits. The genomic research work could be 
quantitative trait loci mapping, genome wide associations and next generation sequencing strategies. This review highlights the recent 
developments of various molecular markers for analyzing genetic diversity, constructing linkage maps and genomics tools which will assist in 
marker assisted selection in cotton. 
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Genomic Heterozygosity and Hybrid Breakdown in Cotton (Gossypium): Different Traits, Different Effects 
Zhongxu Lin1, Baoshen Dai1, Huanle Guo2 and Xianlong Zhang3, (1)Huazhong Agricultural University, Wuhan, China, 
(2)Huazhong Agricultural University, wuhan, China, (3)National Key Laboratory of Crop Genetic Improvement, Huazhong 
Agricultural University, Wuhan, China 
Hybrid breakdown has been well documented in various species. In the current study, two reciprocal F2 populations were developed using 
Gossypium hirsutum cv. Emian 22 and G. barbadense acc. 3-79 as parents to study hybrid breakdown in cotton. A total of 125 simple sequence 
repeat (SSR) markers were used to genotype the two F2 interspecific populations. After marker checking, 83 common loci were used to assess the 
extent of genomic heterozygosity. The only relationships observed between hybrid breakdown and heterozygosity in the (Emian22 × 3-79) F2 
population were for seed index (SI) and boll number per plant (BN). The maternal cytoplasmic environment may have a significant effect on 
genomic heterozygosity and on correlations between heterozygosity and reproductive traits. These findings may offer new insights into hybrid 
breakdown in allotetraploid cotton interspecific hybrids, and may be useful for the development of interspecific hybrids for cotton genetic 
improvement. 
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Combination of Next Generation Mapping, Transcriptome and Functional Analyses: A New Strategy to Identify Candidate 
Genes for Fiber Quality Traits in Upland Cotton 
Md Sariful Islam1, David D. Fang1, Linghe Zeng2, Gregory Thyssen3, Chris D. Delhom4 and Hee Jin Kim1, (1)Cotton Fiber 
Biosciences Unit, USDA-ARS-SRRC, New Orleans, LA, (2)USDA ARS, Stoneville, MS, (3)Cotton Chemistry and Utilization 
Unit, USDA-ARS-SRRC, New Orleans, LA, (4)USDA ARS SRRC, New Orleans, LA 
Fiber strength, length, maturity and fineness determine the market value of cotton fibers and the quality of spun yarn. Cotton fiber strength has 
been recognized as a critical quality attribute in the modern textile industry. Molecular mechanisms responsible for regulating fiber strength still 
remain unclear. Gossypium hirsutum near isogenic lines (NILs), MD52ne and MD90ne showing variations in fiber strength provide an 
opportunity for uncovering the molecular and genetic basis of superior fiber quality. Comparative transcriptome analyses of the NILs showed 
that the superior bundle strength of MD52ne fibers was potentially related to two signaling pathways: one is ethylene and the interconnected 
phytohormonal pathways that are involved in cotton fiber elongation, and the other is receptor-like kinases (RLKs) signaling pathways that are 



involved in maintaining cell wall integrity. A group of 27 new SNP markers generated from mapping-by-sequencing (MBS) were placed in QTL 
regions to improve existing maps. The QTL regions contained multiple significantly differentially expressed RLKs. SNPs that result in non-
synonymous substitutions to amino acid sequences of annotated genes were identified within these differentially expressed genes, and mapped. 
Taken together, mapping, transcriptome and amino acid mutation analysis indicate that RLK genes that were suggested to mediate a coordination 
of cell elongation and SCW biosynthesis in other plants likely are candidate genes for regulating cotton fiber cell wall assembly and strength. 
MBS along with transcriptome analysis demonstrated a powerful strategy to elucidate candidate genes for the QTLs that control complex traits in 
a complex genome like tetraploid upland cotton. 
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Inhibition of Histone Acetylation Dynamics in Developing Fiber Cells for Yield Improvement in Cotton 
Sunil Kumar Singh1, Babita Singh1, Archana Bhardwaj1, Verandra Kumar1, Krishan Mohan Rai1, Vikash Kumar Yadav1, Surendra 
Pratap Singh1, Sumit K. Bag1, Kumkum Mishra2, Parthasarthi Bhattacharya3 and Samir V. Sawant1, (1)CSIR-National Botanical 
Research Institute, Lucknow, India, (2)University of Lucknow, Lucknow, India, (3)Tierra Seed Science Pvt. Ltd., Hyderabad, India 
Fiber development in cotton have been extensively studied to elucidate the mechanism and genetic contributors, however limited knowledge is 
available about its epigenetic regulation. Here, we used Anacardic acid (inhibitor of p300/PCAF) and Trichostatin A (TSA; inhibitor of HDACs) 
in in-vitro cotton ovule culture to assess the role of these histone modifiers in fiber development. Our results indicate that Anacardic acid 
treatment enhances the fiber cell initiation and elongation of fiber cells on cultured cotton ovules while the TSA treatment inhibits the fiber 
development. We observed that Anacardic acid treatment induces up-regulation of genes contributing to the auxin biosynthesis and responsive 
pathways. Similarly, the Ascorbate peroxidase activity was also increased in Anacardic acid treated ovules. These alterations may contribute to 
the promotion of fiber development by Anacardic acid treatment on cultured cotton ovules. Histone H3K9Ac mark was found to be significantly 
enriched around transcription start site (TSS) of the genes transcriptionally active during the fiber elongation stage. We identified significant 
number of genes important for fiber development in cotton with altered level of H3K9 acetylation and corresponding change in gene expression 
due to the Anacardic acid and TSA treatment. We used Anacardic acid for the direct application on cotton plants in field condition by spraying it 
on developing cotton flowers which resulted in the improvement of fiber yield and quality in most of the cotton genotypes. Thus, application of 
Anacardic acid and modulation of histone acetylation may serve as potential approaches for enhancement of fiber yield and quality in cotton. 
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Evolutionary Insights in Expansion of  DOF and WRKY Protein Families in Diploid Cotton Species Gossypium raimondii 
and Gossypium arboreum 
Rana Muhammad Atif1, Waqas Shafqat1, Adil Mahmood2, Farrukh Azeem3, Amir Shakeel1, Asif Saeed1, Muhammad Tehseen 
Azhar1, Faisal Saeed Awan1, Bushra Sadia1 and Asif Ali Khan1, (1)University of Agriculture,, Faisalabad, Pakistan, (2)University of 
Sargodha, Sargodha, Pakistan, (3)GC University, Faisalabad, Pakistan 
The recent advancements in high throughput genome sequencing technologies have resulted in availability of complete genome sequences of 
numerous plant species. This wealth of genomic data has facilitated the comparative and evolutionary studies of gene families among these 
species. In this context, the recent availability of complete genome sequence of diploid cotton species i.e. Gossypium raimondii and Gossypium 
arboreum offers an opportunity to study the evolution of WRKY and Dof TF families. Genome-wide in-silico survey has enabled us to identify 
55 non-redundant putative Dof genes in G. raimondii and 58 Dof genes in G. arboreum. Similarly 103 genes encoding WRKY proteins were 
computationally identified both in G. raimondii and G. arboretum. The predicted Dof and WRKY genes were non-randomly distributed across all 
the 13 chromosomes of both the species. Phylogenetic tree based inference of paralogous gene pairs suggested segmental duplications to be the 
principle route of expansion of Dof family in G. raimondii and G. arboreum. Similar trend also seemed to be predominant for expansion of 
WRKY family in both these species. Various conserved domains were also observed to be present in cluster-specific manner endorsing 
expansion of these families during the course of evolution. Moreover intron-exon organization of genes within the same clade of phylogenetic 
tree followed similar pattern. Various syntenic regions were found between G. raimondii and G. arboreum harbouring Dof and WRKY genes. 
These studies could serve as a base for functional characterization of members of these TF families in cotton. 
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Chloroplast DNA Structural Variation, Phylogeny, and Age of Divergence Among Diploid Cotton Species 
Zhiwen Chen1, Corrinne E. Grover2, Jonathan F. Wendel2 and Jinping Hua1, (1)China Agricultural University, Beijing, China, 
(2)Iowa State University, Ames, IA 
The cotton genus (Gossypium spp.) contains 8 monophyletic diploid genome groups (A, B, C, D, E, F, G, K) and a single allotetraploid clade 
(AD). To gain insight into the phylogeny of Gossypium and molecular evolution of the chloroplast genome in this group, we performed a 
comparative analysis of 19 Gossypium cp genomes, six reported here for the first time. Nucleotide distance in non-coding regions was about 
three times that of coding regions. As expected, distances were smaller within than among genome groups. Phylogenetic topologies based on 
nucleotide and indel data support for the resolution of the 8 genome groups into 6 clades. Phylogenetic analysis of indel distribution among the 
19 genomes demonstrates contrasting evolutionary dynamics in different clades, with a parallel genome downsizing in two genome groups and a 
biased accumulation of insertions in the clade containing the cultivated cottons leading to large (for Gossypium) chloroplast genomes. 
Divergence time estimates derived from the cpDNA sequence suggest that the major diploid clades diverged approximately 10 to 11 million 
years ago. The complete nucleotide sequences of 6 cpDNA genomes are provided, offering a resource for cytonuclear studies in Gossypium.  
Key Words: Gossypium, chloroplast genomes, indels, nucleotide distance, sequence divergence divergence time estimation, molecular evolution. 
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Indels in 5' Region of Biased Genes in Polyploid Cotton Are Implicated in Homoeologous Expression Bias 
Sara M. Greenfield, Brigham Young University, Provo, UT 



Expression bias exists between duplicated genes of polyploid plant genomes. Recent research in allotetraploid cotton petal tissue show a 
conservation of expression bias.  This conservation of bias suggested there was a mechanism controlling this bias, including cis and trans acting 
mechanisms.  Recent studies in other plant species suggest cis acting mechanisms play an important role in polyploid expression bias.  In this 
study, the structures of the cis acting mechanisms in biased genes were quantified.  This includes the number and size of indels in the upstream 5’ 
region, the downstream 3’ region, and in introns and exons within Illumina WGS data and Sanger sequencing reads.  Differences in indels in the 
5’ and 3’ untranslated regions of biased genes appeared to be more associated with biased gene expression than other quantified 
differences.  Genes that have a higher expression level appear to have more deletions than duplicate homoeolog. This suggests that expression 
biases in polyploids are a product of cis-acting mechanisms that diverged during speciation of the A- and D-genomes of cotton. 
 
P1091: Genome Mapping, Tagging & Characterization: Cotton 
Cloning and Expression Analysis of Salt-tolerance Related Genes in Cotton Mitochondria 
Wuwei Ye, Cotton research institute,CAAS, Anyang, China 
Cotton, a kind of crops with strong salt resistance, is important to explore excellent salt-tolerant genes and improve the level of salt-tolerance on 
cotton. The mitochondria is playing an essential role in salt-tolerance of plants. Based on 0.4% salt stress method, we obtained three salt-
tolerance related gene ccmC, rps12 and nad3 from mitochondria of cotton. We cloned them from Zhong 9409(Gossypium hirsutum L., a salt-
tolerance variety). Subsequently, the analysis of biological information were used; subcellular localization of those genes were found out; based 
on over-expression vector, transformed into Arabidopsis thaliana by floral-dip method and transformed into cotton by gene gun transgenic 
technology. The over-expression vector pBI121-rps12, pBI121-ccmC and pBI121-nad3 were constructed and transferred into cotton by gene gun 
transgenic technology, which laid a certain foundation for further analysis salt-tolerant molecular mechanism and salt resistance germplasm 
innovation of cotton. 
 
P1092: Genome Mapping, Tagging & Characterization: Cotton 
Genome-Wide Association Study of Gossypium arboreum Resistance to Reniform Nematode 
Ruijuan Li and John Erpelding, USDA-ARS, Stoneville, MS 
The Gossypium arboreum germplasm collection is an important source of resistance to reniform nematode (RN, Rotylenchulus reniformis), 
which is a serious root pathogen of upland cotton in the United States. To understand the genetic basis of RN resistance of G. arboreum, a 
genome-wide association study was performed using 246 G. arboreum accessions and 7,220 single nucleotide polymorphic (SNP) sequences 
generated from genotyping-by-sequencing. Fifteen SNPs distributed over 8 chromosomes were identified to be significantly associated with RN 
resistance. A set of genes containing or physically close to these SNPs were proposed as candidate genes for RN resistance. Significantly 
associated SNPs identified from this study can serve as potential important tools in marker-assisted breeding of upland cotton with improved RN 
resistance. Genetic structure and functional analysis of RN resistance candidate genes will contribute to the understanding of the molecular 
mechanisms of resistance. 
 
P1093: Genome Mapping, Tagging & Characterization: Cotton 
Cotton Characterization 
Christian Olsen, Biomatters, Inc., Newark, NJ 
Expression bias exists between duplicated genes of polyploid plant genomes. Recent research in allotetraploid cotton petal tissue show a 
conservation of expression bias.  This conservation of bias suggested there was a mechanism controlling this bias, including cis and trans acting 
mechanisms.  Recent studies in other plant species suggest cis acting mechanisms play an important role in polyploid expression bias.  
In this study, the structures of the cis acting mechanisms in biased genes were quantified.  This includes the number and size of indels in the 
upstream 5’ region, the downstream 3’ region, and in introns and exons within Illumina WGS data and Sanger sequencing reads.  
Differences in indels in the promoter regions of biased genes appeared to be more associated with biased gene expression than other quantified 
differences..  Genes that have a higher expression level appear to have more deletions than then duplicate homoeolog. This suggests that 
expression biases in polyploids are a product of cis-acting mechanisms that diverged during speciation of the A- and D-genomes of cotton. 
 
P1094: Genome Mapping, Tagging & Characterization: Fruit Species 
Mapping Human Taste Perception on the Apple Genome 
Daryl J. Somers1, Beatrice Amyotte1, Amy Bowen1, Travis W. Banks1, David Liscombe1 and Istvan Rajcan2, (1)Vineland Research 
and Innovation Centre, Vineland Station, ON, Canada, (2)University of Guelph, Guelph, ON, Canada 
Breeding apples can take 10-20 years before elite cultivars are selected and tested for production and commercial value.  In 2011, Vineland 
initiated an apple breeding program in partnership with the Ontario Apple Growers.  Consultation with the apple sector strongly emphasized the 
importance of breeding high quality, marketable apples.  Vineland launched an apple project to merge human sensory perception, consumer 
preference, analytical evaluation and apple genome sequencing with a long term goal of mapping the human taste experience onto the apple 
genome.  This would give the breeding program valuable insight into genomic regions and DNA markers that are associated with high quality 
attributes of apple that are preferred by consumers.  A collection of 80 apple accessions were examined over 2 years by a human sensory panel 
measuring 18 attributes, a consumer taste panel to measure preference, 5 analytical measures and Genotype-by-Sequencing (GBS).  The genome 
wide association analysis showed several human sensory traits could be mapped including juciness, crispness, mealiness, and thick skin.  The 
research also leads to a search for causative genes and SNPs underlying the mapped traits.  This presentation will summarize the current findings 
from the project and discuss next steps or applications of this approach in other crop species. 
 
P1095: Genome Mapping, Tagging & Characterization: Fruit Species 
Whole Genome Functional Annotation of Wild Olive (Olea europaea var. sylvestris) 
Oussama Badad, University Mohamed the Fifth, Rabat, Morocco, Rabat, Morocco 



Olive (Olea europaea L.) is an economically important fruit tree, widely spread in the Mediterranean Basin, and belonging to the family of 
Oleaceae, order of Lamiales, which includes important members for their essential oils, fragrances and phenolics. The olive tree is a diploid (2n 
= 2x = 46), predominantly allogamous, and vegetatively propagated species. The genome of the wild olive tree (O. europaea var. sylvestris) has 
been recently sequenced and assembled. Structural annotation revealed 60,214 protein-encoding genes (CDS). For the functional annotation we 
adopted a double approach : a blast based approach and a protein domain search approach ( Blast_v2.2.30p.sh and interproscan5.sh). The results 
were combined on a Blas2Go pro project for further Gene Ontology (GO) analysis and functional description assignments. From the total of 
60,214 CDS sequences, 23% fail to obtain a BLAST hit, 4% of the BLASTed sequences without hits with functional information cannot be 
linked to GO entries and 9% of the sequences with GO mapping does not reach the quality for an annotation assignment. The high percentage of 
CDS with no blast hits would be due to the quality of assembly or structural annotation. Overall, we could assign functional labels to 64% of the 
input sequences. In addition the Enzyme Code (EC) and  KEGG analysis allowed the identification of 1,480 ECs out of 133 KEGG pathways. 
These results are similar to the ones obtained from other sequenced plants genomes using the same approach. Meanwhile we are developing the 
Olea Europea genome Browser as platform for data visualization ( chromosome map, gene struccture, ...  etc ) 1- University Mohamed the Fifth, 
Rabat, Morocco 2- University Mohamed Premier, Oujda/Nador, Morocco 3- Southern Illinois University , Carbondale, USA 4- Biology 
Department, Faculty of Science, Cankiri Karatekin University , Turkey 5- International Olive Genome Sequencing Consortium  
The Authors Oussama Badad1,2,3,5  David A Lightfoot 3,5 Hassan Ghazal 2,5 Turgay Unver 4,5  
1- University Mohamed the Fifth, Rabat, Morocco 2- University Mohamed Premier, Oujda/Nador, Morocco 3- Southern Illinois University , 
Carbondale, USA 4- Biology Department, Faculty of Science, Cankiri Karatekin University , Turkey 5- International Olive Genome Sequencing 
Consortium 
 
P1096: Genome Mapping, Tagging & Characterization: Fruit Species 
Construction of a Dense Genetic Linkage Map and Identification of QTLs for Aroma Compounds in the Apple Progeny 
‘Kasel-37 X Delbarestivale’ 
Ebru Kafkas1, Serif Ozongun2, Murat Guney1, Murat Aydin1, Nergiz Coban3, Elmira Ziya Motalebipour1, Mortaza 
Khodaeiaminjan1,4, Hayat Topcu1, Erol Aydin5, Mozhgan Zarifikhosroshahi1, Nermin Kalay Sari1, Kadir Ugurtan Yilmaz6, Nilgun 
Atay2, Cemil Ernim7, Nejdet Kaplan8 and Salih Kafkas1, (1)University of Cukurova, Adana, Turkey, (2)Egirdir Fruit Research 
Station, Isparta, Turkey, (3)Pistachio Research Institute., G. Antep,, Turkey, (4)University of Cukurova, Deaprtment of 
Biotechnology, Adana, Turkey, (5)Black Sea Agricultural Research Institute,, Samsun, Turkey, (6)5University of Erciyes, Faculty 
of Agriculture, Department of Horticulture,, Kayseri, Turkey, (7)Malatya Fruit Research Institute, Malatya, Turkey, (8)Agricultural 
Research Organization, Horticultural Crops Chairmanship, Ankara, Turkey 
Turkey is one of the apple producer countries in the world. The most important local cultivar in Turkey is ‘Amasya’ which is a very important 
genetic source with a unique fruit quality. ‘Amasya’ cultivar produces firm, juicy, highly aromatic and long storable fruits, whereas its some 
characters such as small sized fruits and alternate bearing make it a unpreferable cultivar by the growers. Fruit-tree cultivar breeding programs 
are time consuming due to their long juvenile periods. Molecular breeding strategy in the breeding programs can reduce time and cost by MAS. 
In this study, we aimed to identify QTLs for aroma compounds using F1 population of apple cultivars Kasel-37 x Delbarestivale. Kasel-37 is a 
selection from Amasya. The population had 180 F1 progenies planted in three different locations on M9 rootstocks with two replicates. Firstly, a 
dense genetic linkage maps of the parents were constructed by SSR, AFLP, E-STS and RGA markers. Kaşel-37 map had 1701.1 cM length 
containing a total of 621 markers with marker density of 2.9 cM. Delbarestivale map was 1826.7 cM length including a total of 557 markers with 
one marker per 3.6 cM. The aroma analysis results from gas chromatography were subjected to QTL analysis, and a total of 69 stable QTLs were 
identified. Most of the detected QTLs were on LG3, LG5, LG8, LG9, LG10 and on LG11. Identification of QTLs for aroma compounds is an 
important step to discover the genes and eventually enabling marker-assisted breeding in apple. 
 
P1097: Genome Mapping, Tagging & Characterization: Fruit Species 
Fine-Mapping and Identification of Candidate Genes for Rvi12 Based Apple Scab Resistance from Malus baccata ‘Hansen’s 
Baccata 2’ 
Sudharsan Padmarasu1, Andrea Patocchi2, Michela Troggio1, Gareth Linsmith3, Melanie Jänsch2, Markus Kellerhals2, Stefano 
Tartarini4, Daniel J. Sargent1 and Riccardo Velasco3, (1)Center for Research and Innovation, Fondazione Edmund Mach, San 
Michele all' Adige, Trento, Italy, (2)Institute for Plant Production Sciences (IPS), Agroscope, Wädenswil, Switzerland, (3)Research 
and Innovation Centre, Edmund Mach Foundation, San Michele all'Adige, Italy, (4)Department of Fruit Tree and Woody Plant 
Science, University of Bologna, Bologna, Italy 
Apple scab is a disease caused by the fungus Venturia inequalis which leads to significant economic losses in apple production. Breeding 
programs are attempting to introgress scab resistance genes from wild apple varieties into commercial cultivars for the control of the disease. 
Even though, 18 scab resistance genes have been identified and mapped, only three have been fine-mapped and candidate resistance genes have 
been identified. In this study, our objectives are to fine-map and identify the candidate resistance genes for the Rvi12 apple scab resistance from 
Malus baccata ‘Hansen’s baccata 2’. By using a large segregating population and closely linked markers, Rvi12 has been mapped within an 
interval of 882kb on Golden Delicious genome sequence. A BAC library of ‘Hansen’s baccata 2’ containing approximately 36,864 clones, with a 
6.7X coverage of apple genome was developed at Amplicon Express, WA, USA. By chromosome walking, contiguous clones spanning the 
Rvi12 interval was identified. By the use of new SSR markers developed in this study and markers designed from BAC-end sequences, the Rvi12 
resistance gene interval was further narrowed down between SNP-32N11-RSP-T/C_243 and 6F11-FSP. A single BAC clone was sufficient to 
cover the Rvi12 mapping interval. PacBio sequencing and assembly of the BAC clone sequences were done. Following gene prediction and qRT-
PCR, two candidate genes for disease resistance were identified. Further studies on complementation and validation of the role of candidates in 
apple scab resistance are in progress. 
 
P1098: Genome Mapping, Tagging & Characterization: Fruit Species 



Transcriptome Analysis of an Apple (Malus ×domestica) Yellow Fruit Somatic Mutation Identifies a Gene Network Module 
Highly Associated with Anthocyanin and Epigenetic Regulation 
Kenong Xu, Islam El-Sharkawy and Dong Liang, Horticulture Section, School of Integrative Plant Science, NYSAES, Cornell 
University, Geneva, NY 
Using RNA-seq, we analyzed an anthocyanin-deficient yellow-skin apple somatic mutant ‘Blondee’ (BLO) and its red-skin parent ‘Kidd’s D-8’ 
(KID), the original name of ‘Gala’, to understand the molecular mechanisms underlying the mutation. A total of 3299 differentially expressed 
genes (DEGs) were identified between BLO and KID at four developmental stages and/or between two adjacent stages within BLO and/or KID. 
A weighted gene co-expression network analysis of the DEGs uncovered a network module of 34 genes highly associated with anthocyanin. 
Although 12 of the 34 genes in the module were characterized and known of roles in anthocyanin, the remainder 22 appeared to be novel. 
Examining the expression of ten representative genes in the module in 14 diverse apples revealed that at least eight were significantly correlated 
with anthocyanin variation. MdMYB10 (MDP0000259614) and MdGST (MDP0000252292) were among the most suppressed module member 
genes in BLO despite being undistinguishable in their corresponding sequences between BLO and KID. Methylation assay of MdMYB10 and 
MdGST in fruit skin revealed that two regions (MR3 and MR7) in the MdMYB10 promoter exhibited remarkable differences between BLO and 
KID, i.e. methylation was high and was progressively increased alongside fruit development in BLO while being correspondingly low and 
constant in KID. The methylation levels in both MR3 and MR7 were negatively correlated with anthocyanin content as well as the expression of 
MdMYB10 and MdGST. Clearly, the collective repression of the 34 genes explains the loss-of-colour in BLO while the methylation in MdMYB10 
promoter is likely causal for the mutation. 
 
P1099: Genome Mapping, Tagging & Characterization: Fruit Species 
Pear Genomics Research Network: SNP Discovery and Genetic Diversity Evaluation in Pyrus 
Sara Montanari1, Pedro J Martínez-García1, Randi Famula1, Nahla Bassil2, Joseph Postman2, Richard Bell3, Katherine M. Evans4, 
Amit Dhingra5, Rachel Elkins6, Kristian Stevens7, Marc Crepeau7, Charles H. Langley7 and David Neale1, (1)Dept. Plant Sciences 
University of California Davis, Davis, CA, (2)USDA/ARS, NCGR, Corvallis, OR, (3)USDA/ARS, Kearneysville, WV, 
(4)Washington State University, Wenatchee, WA, (5)Department of Horticulture, Washington State University, Pullman, WA, 
(6)University of California Cooperative Extension, Lakeport, CA, (7)Department of Evolution and Ecology, University of 
California, Davis, Davis, CA 
The University of California (UC) Davis, the National Clonal Germplasm Repository (NGCR) in Corvallis, OR, the Appalachian Fruit Research 
Station (AFRS) in Kearneysville, WV, and Washington State University (WSU) have teamed up under the new Pear Genomics Research 
Network (PGRN). One of the objectives of PGRN is the implementation of a Marker Assisted Breeding (MAB) program for pear to address the 
main concerns of U.S. pear growers, such as development of size-controlling and precocious rootstocks and resistance to biotic and abiotic 
stresses. Within this collaboration, we have started a re-sequencing project for the evaluation of Pyrus genetic diversity. We selected 55 pear 
accessions, representing founding cultivars and 29 species and hybrids, within the NGCR and AFRL collections for low-coverage sequencing 
aimed at the discovery of Single Nucleotide Polymorphisms (SNPs). We plan to develop an array with tens of thousands of SNP markers to be 
used for large-scale genotyping of pear cultivars and hybrids of interest. This high-density SNP array will enhance the identification of marker-
trait associations, and therefore will be very useful for the implementation of MAB in pear. 
 
P1100: Genome Mapping, Tagging & Characterization: Fruit Species 
Ectopic Expression of a Pear (Pyrus bretschneideri) Dehydroascorbate Reductase Gene, PbrDHAR1, for Increased 
Ascorbate Content in Transgenic Tomato Plants 
Linlin Xu and Jiaming Li, Nanjing Agricultural University, Nanjing, China 
Key message DHAR gene from pear contributed to the recycling of AsA to GSH and enhanced the accumulation of AsA in fruit. 
Dehydroascorbate reductase (DHAR EC 1.8.5.1) is a key enzyme involved in the recycling of AsA to GSH. In order to increase AsA content of 
tomato, we developed transgenic tomato plants with PbrDHAR1 overexpression and the full-length cDNA encoding DHAR localized in the 
cytosol was isolated from Pyrus bretschneideri cv. Dangshansuli (PbrDHAR1) in this study. Successful incorporation in transgenic tomato plants 
was confirmed by PCR and quantitative reverse transcription PCR (qRT-PCR). PbrDHAR1 encoded a polypeptide of 213 amino acids with a 
predicted molecular mass of 54.7 kDa and shared 80–75 % sequence homology with DHAR from other plants. To explore the mechanism of 
AsA-GSH, we measured the accumulation of AsA in mature tomato fruit and analyzed gene expression patterns and enzyme activities. The 
overexpression of PbrDHAR1increased DHAR activities and AsA contents in tomato fruits. These results revealed that cytosolic DHAR might 
contribute to increasing AsA contents of tomato.  
Keywords    Dehydroascorbate reductase    Ascorbate    PbrDHAR1    Transgenic tomato 
 
P1101: Genome Mapping, Tagging & Characterization: Fruit Species 
Genome-Wide Analysis of the ppa Gene Family in Pyrus bretschneideri 
Chao Tang, NJAU, NANJING, China 
Inorganic pyrophosphatases (PPases, EC 3.6.1.1) catalyze the hydrolysis of the phosphoanhydride bond in inorganic pyrophosphate (PPi), a 
compound produced in various reversible nucleoside 5P-triphosphate-dependent reactions. Theseproteins play an important role in cell 
anabolism, providing a thermodynamic sink for biosynthetic reactions such as protein, RNA, and DNA syntheses. At present, the genomes of 
Chinese white pear (‘Dangshansuli’)  has been fully sequenced. However,information about the ppa gene family in this species is limited, and the 
evolutionary history of the ppa gene family also remains unresolved.In this study, 13 ppa genes were identified from Pyrus bretschneideri. Based 
on the structural characteristics and phylogenetic analysis of these sequences, the ppa family genes could be classified into two main groups 
(classes Aand B). Segmental and dispersed duplications were the primary forces underlying ppa gene family expansion . Purifying selection also 
played a critical role in the evolution of Hsf genes. Transcriptome data demonstrated that the expression levels of the ppa genes were widely 
different. Submitter's E-mail Address: 617627294@qq.com 
 



P1102: Genome Mapping, Tagging & Characterization: Fruit Species 
Characterization of the MYB Gene Family in the Chinese White Pear (Pyrus bretschneideri) and Comparison with 
Arabidopsis thaliana 
Xiaolong Li, Jiaming Li and Jun Wu, Nanjing Agricultural University, Nanjing, China 
The MYB superfamily as transcription factors is large, and functionally diverse in plants. To date, although several MYB genes have been 
characterized to regulate diverse processes including secondary metabolism, development, and stress responses in Arabidopsis, the MYB family 
has not yet been identified in the Chinese white pear (Pyrus bretschneideri) and their functions remain rather unclear. In this study, we provided 
a genome-wide identification and analysis to explicitly explore the detail information about MYB family in pear. Through analysis of gene 
structures, chromosome locations, conserved domains, phylogeny, and expression patterns, R2R3-MYB (PbrMYB) family was analyzed 
emphatically. Meanwhile, to predicted their functions, a comparative genomic analysis with Arabidopsis was performed. The result of 
phylogenetic analysis showed that most characterized R2R3-MYB genes which possess similar functions are clustered in the same subgroup, 
together with the identification of orthologs by synteny analysis. This strongly indicated the functional conservation among subgroups of MYB 
genes. WGD (Whole genome duplications) played critical roles in the expansion of the R2R3-MYB gene family in pear, and most of the 
duplicated MYB gene pairs were dated back to the recent whole-genome. Through the analysis of transcriptome data, the expression levels of 
MYB genes were widely different, which revealed that MYB genes play various roles in pear development and indicative of a divergence in 
function. The whole genome wide characterization of  MYB gene family in pear establish a solid foundation for future comprehensive functional 
analysis of PbrMYBs.  
Keywords: Pear (Pyrus bretschneideri); MYB gene family; gene structures , function divergence; expression pattern. 
 
P1103: Genome Mapping, Tagging & Characterization: Fruit Species 
The Slow Anion Channel (SLAC/SLAH) Gene Family in Pear (Pyrus bretschneideri) and Comparison with Other Members 
of the Rosaceae 
Guodong Chen, Nanjing Agricultural College, Nanjing, China and Juyou Wu, Nanjing Agricultural University, Nanjing, China 
SLAC/SLAH gene family is belongs to S-type anion channels, which act as important anion transport in plant, such as nitrate, chloride, sulfate. 
SLAC/SLAH gene family plays a central role in controlling the stomatal closure, however, recent studies show that it take part in nitrate 
absorption and translocation in plant roots. But, there is far less information about this family in pear and four other Rosaceae fruit crops. Here, 
we provided a genome-wide identification and analysis of the SLAC/SLAH gene family in pear and five other members of the Rosaceae. In this 
study, 26 SLAC/SLAH genes were identified from five Rosaceae species (Pyrus bretschneideri, Malus domestica, Prunus persica, Fragaria 
vesca, Prunus mume). Based on the structural characteristics and phylogenetic analysis of these sequences, the SLAC/SLAH family genes could 
be classified into three main groups. The majority of gene duplications in the Rosaceae appeared to be caused by dispersed and tandem 
duplication. Transcriptome data demonstrated that the expression levels of the Pbslac/slah genes were widely different. Four SLAC/SLAH genes 
were upregulated under conditions of nitrogen deficiency. These results provide valuable information to increase our understanding of the 
function, evolution and expression analyses of the SLAC/SLAH gene family in higher plants. 
 
P1104: Genome Mapping, Tagging & Characterization: Fruit Species 
Comparative Analyses Between Prunus persica and Arabidopsis thaliana Reveals a Novel Set of Conserved Cytokinin-
Responsive Genes 
Lee Meisel, Yvo Flores, Claudia Huerta, Karen Mujica and Pamela Quirogae, Instituto de Nutrición y Tecnología de los Alimentos 
(INTA), Universidad de Chile, Macul, Chile 
Cytokinin activates an ancient hormonal pathway that existed prior to the development of well-defined vasculature, but has diversified during 
land plant evolution.   This phytohormone plays a very important role in plant growth and development; including cell division, meristem 
maintenance, shoot initiation and growth, vascular development, nutrient uptake, chloroplast differentiation, light perception, leaf senescence and 
fruit ripening.  Recently, we have reported the conservation of the cytokinin signaling and homeostasis pathways between the Arabidopsis 
thaliana and Prunus persica.  In order to identify cytokinin-responsive genes during peach fruit development, we performed transcriptomic and 
qPCR analyses of peach fruits treated exogenously with trans-zeatin at different stages of fruits development.  Comparative analyses of these 
peach fruit cytokinin-responsive genes with published Arabidopsis meta-analyses reveals a novel set of over 200 cytokinin-responsive genes 
conserved between these two species.   
Acknowledgements: CONICYT Fondecyt/Regular Nº1121021 
 
P1105: Genome Mapping, Tagging & Characterization: Fruit Species 
RESYNTHESIS AND VORIs: Two New Marker-Based Approaches for Peach Breeding 
Pere Arús, Iban Eduardo, Werner Howad and Maria Jose Aranzana, IRTA, Barcelona, Spain 
A challenge in breeding clonally reproduced crops such as peach is to produce, by conventional hybridization, individuals reasonably close to a 
high performance, partly heterozygous, cultivar with a few key differences of agronomic interest. We propose two methods based on monitoring 
the whole genome with molecular markers in different progenies.  
Resynthesis: The objective is to select with markers from the selfed progeny of a top cultivar: a) individuals with most of the genome in 
heterozygosis like the original cultivar and only a few fragments in homozygosis (15% or less of the genome), or b) two complementary nearly-
homozygous lines that crossed would produce a cultivar genetically similar to the original one. The interest of b) is that new valuable genes can 
be introduced in one of the lines by marker-assisted introgression (MAI) and add new properties to an elite genotype in a predictable 
timeframe.      
VORIs (Varieties Obtained by Resynthesis and Introgression): This method combines MAI with resynthesis to obtain two parents that crossed 
generate a cultivar similar to an original one incorporating a new gene of interest from a wild or exotic parent. Two lines of breeding proceed in 
parallel: Line 1 involves three generations, F1 (selection for non-recombined chromosomes of the recurrent parent), BC1 (selection for 
individuals with a few introgressions) and BC1S1 (selection for homozygous individuals with a single introgression). Line 2 involves two 



consecutive selfing generations from the recurrent parent where marker selection is done for a nearly-homozygous set of chromosomes 
complementary to that obtained in Line 1.      
 
P1106: Genome Mapping, Tagging & Characterization: Fruit Species 
From Central Asian Mountain Forests to European Fields: Genetic Structure of Wild and Cultivated Apricots is Linked to 
a Loss of Resistance to Plum Pox Potyvirus (sharka) 
Veronique Decroocq1, Stéphane Decroocq2, Amandine Cornille3, David Tricon2, Sevda Babayeva4, Raul Karychev5, Svetlana 
Dolgikh5, Tatiana Kostritsyna6, Shuo Liu7, Wei-Sheng Liu7, Bayram Murat Asma8, Zeynal Akparov4 and Tatiana Giraud9, (1)UMR 
BFP1332 - INRA-Universite de Bordeaux, Villenave d'Ornon Cedex, France, (2)UMR BFP1332 - INRA-Universite de Bordeaux, 
Villenave d'Ornon, France, (3)Swiss Federal Institute of Technology of Zürich ETHZ, Zürich, Switzerland, (4)Genetic Resources 
Institute of ANAS, Baku, Azerbaijan, (5)Kazakh Research Institute of Horticulture and Viticulture, Almaty, Kazakhstan, 
(6)Botanical Garden of National Academy of Sciences, Bishkek, Kyrgyzstan, (7)Liaoning Institute of Pomology, Xiongyue, 
Yingkou City Liaoning, China, (8)Inonu University, Department of Horticulture, Malatya, Turkey, (9)Université Paris-Sud Orsay, 
Ecologie, Systematique et Evolution, UMR8079 CNRS, Orsay, France 
Apricot (Prunus armeniaca L.) is an important horticultural stone fruit species in the Northern hemisphere, where it is being severely threatened 
by Plum Pox Virus (PPV) infection (sharka disease). Domestication occurred thousands of years ago in Central Asia both in eastern (China) and 
western (Irano-Caucasian and European) areas. The apricot wild progenitor, P. armeniaca vulgaris, is still present as a forest tree in its native 
area, on the slopes of the Tien Shan range, where it co-occurs with the wild apple species, Malus sieversii. In this study, we investigated patterns 
of molecular diversity and genetic structure using microsatellite markers in a dataset of 380 wild apricot accessions collected in Central Asia, 
natural populations (Kazakhstan, Uzbekistan, Western China and Kyrgyzstan). They were compared with Western and Eastern cultivated 
relatives in order to determine putative geographic origin of European cultivated apricots and to reconstruct its evolutionary history. We observed 
high levels of genetic diversity in Central Asian and Chinese germplasm, in agreement with an origin of this species in this region. Three main 
genetic clusters were identified, corresponding to different human usages and geographic ranges: a) cultivars and landraces from European and 
Irano-caucasian countries, b) Chinese cultivars and landraces, and c) wild forms of P. armeniaca from Central Asia. A second level of genetic 
subdivision was identified within the wild accessions. Lastly, we unraveled the origin of resistance to PPV and present here preliminary results 
on its variability within the native apricot gene-pool. 
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A High Density Linkage Map of the Ancestral Diploid Strawberry, F. iinumae  
Lise L. Mahoney1, Daniel J. Sargent2, Yilong Yang1, Dave J. Wood1, Judson Ward3, Nahla Bassil4, James F. Hancock5, Kevin M. 
Folta6 and Thomas M. Davis1, (1)University of New Hampshire, Durham, NH, (2)Center for Research and Innovation, Fondazione 
Edmund Mach, San Michele all' Adige, Trento, Italy, (3)Driscoll's, Watsonville, CA, (4)USDA/ARS, NCGR, Corvallis, OR, 
(5)Michigan State University, East Lansing, MI, (6)University of Florida, Gainesville, FL 
The F. vesca ‘Hawaii 4’ reference genome has proven to be an immensely valuable resource for strawberry genetic/genomic research and 
resource development, including the IStraw90 SNP array. However, of the four pairs of subgenomes present in octoploid Fragaria, including the 
cultivated species F. xananassa, only one pair is derived from F. vesca. Here we describe the development of a second diploid strawberry 
reference genome, that of the ancestral diploid F. iinumae (Fii).  Using germplasm collected in Hokkaido, Japan in 2004, we have developed an 
F2 generation mapping population which was subjected to SNP array and GBS genotyping, culminating in the construction of a high density 
linkage map of 4,173 markers at 496 loci spanning 451 cM. This map is now being used to anchor a Fii genome assembly. Comparison of the Fii 
linkage map to available versions of the ‘Hawaii 4’ genome assembly reveals no large scale genomic rearrangements, but illuminates 
discrepancies that may be indicative of small scale divergences and/or remaining errors in the latest 'Hawaii 4' assembly.  The development of an 
octoploid reference genome is also being pursued, utilizing a novel strategy in which diploid x octoploid crosses are used to produce pentaploid 
progeny which can be exploited as “surrogate haploids”.  A preliminary linkage map has been constructed using SNP array data from a 
pentaploid progeny population, and whole genome sequencing of a specific pentaploid individual has been initiated. 
 
P1108: Genome Mapping, Tagging & Characterization: Fruit Species 
Identification of Chromosome Specific Regions in 8x Cultivated Strawberry by Construction of a SNP Map 
Soichiro Nagano1, Kenta Shirasawa1, Hideki Hirakawa2, Fumi Maeda3, Masami Ishikawa3 and Sachiko Isobe1, (1)Kazusa DNA 
Research Institute, Kisarazu, Japan, (2)Kazusa DNA Research Institute, Kisarazu, Chiba, Japan, (3)Chiba Prefectural Agriculture 
and Forestry Research Center, Chiba, Japan 
The cultivated strawberry, Fragaria x ananassa, is an allo-octoploid (2n = 8x = 56) species, and the complexity of the genome structure has 
hindered genetic and genomic analysis of this important crop. Although construction for high-density linkage maps with SSR markers and SNPs 
(Isobe et al. 2013, Bassil et al. 2015, Sargent et al. 2015) and whole-genome sequencing (Hirakawa et al. 2014) have been performed, 
discrimination of homoeologous chromosomes has never been achieved so far. In the present study, we have identified candidate chromosome 
specific regions by segregation analysis in a S1 mapping population of a cultivar, ‘Reikou’ with Axiom IStraw90® SNP array. A total of 8,524 
SNPs (6.2 % of tested) showed segregation of AA:AB:BB=1:2:1, which suggested chromosome specific manner. The 8,524 SNPs were mapped 
onto 39 linkage groups with 3,370 cM in total distance. The mapped SNPs are expected to be seed points for construction of pseudomolecule 
sequences in the cultivated strawberry. 
 
P1109: Genome Mapping, Tagging & Characterization: Fruit Species 
Use of Pentaploid Surrogates for Assembly and Anchoring of Octoploid Strawberry Genomes 
Yilong Yang1, Bo Liu2 and Thomas M. Davis1, (1)University of New Hampshire, Durham, NH, (2)Texas A&M University, College 
Station, TX 



The assembly of a reference genome for an octoploid Fragaria (strawberry) species remains an elusive goal. Challenges facing such efforts 
include those inherent to polyploidy, as well as those associated with heterozygosity. In the absence of an available octoploid-derived haploid or 
doubled haploid, we have found that pentaploid hybrids and progeny populations generated from certain diploid x octoploid crosses can be used 
as “surrogate haploids”. These pentaploids offer many potential advantages for genomic research in strawberry. We describe initial progress in 
the use of a pentaploid progeny population to construct a linkage map. The mapping population derived from a cross between F. vesca (H4) and 
octoploid Fragaria LB48, where LB48 is a F1 hybrid between F. virginiana accessions L1 and BC6. A subpopulation of 30 pentaploid 
individuals was interrogated by the Axiom Istraw90 strawberry SNP array. A total of 5261 markers were used for map construction using 
JoinMap 4.1.  4289 markers were allocated to 41 linkage groups, covering a total map distance of 1998.5 centimorgan (CM). Our results validate 
the use of a pentaploid progeny population for genetic linkage map construction, and indicate that a higher resolution pentaploid-based map 
could be used for anchoring the assembly of a pentaploid-derived octoploid strawberry genome. 
 
P1110: Genome Mapping, Tagging & Characterization: Fruit Species 
Pc1: A Large-Effect QTL Conferring Resistance to Phytophthora cactorum in Strawberry 
Jozer Mangandi1, Sujeet Verma1, Natalia Peres1, Marco C.A.M. Bink2, W. Eric Van de Weg3, Nahla Bassil4 and Vance M. 
Whitaker1, (1)University of Florida, Wimauma, FL, (2)Wageningen UR - Biometris, Wageningen, Netherlands, (3)Plant Breeding 
Wageningen University & Research centre, Wageningen, Netherlands, (4)USDA/ARS, NCGR, Corvallis, OR 
Developing strawberry cultivars with both disease resistance and desirable fruit quality is the major objective of the USDA-NIFA-SCRI-funded 
RosBREED project and of the University of Florida strawberry breeding program. Plant collapse and resultant yield loss from crown and root 
rots caused by Phytophthora cactorum cause economic losses in Florida each season. Inoculated field trials were conducted in two consecutive 
years using clonally replicated seedlings from a circular diallel mating design, representing 122 full-sib families and more than 1,000 seedlings 
from the UF breeding germplasm. Wide variation was observed in area under the disease progress curve values from 0 to 132. Pedigree-based 
QTL analysis was performed using 3.8K genetically mapped SNP markers using FlexQTL™ software. One large-effect QTL was detected on 
LG7D, Pc1, in each of two years. Genome wide association analysis also indicated highly significant markers at the Pc1 locus in both years. The 
location of the Pc1 region was validated using three different genetic maps. Haploblocks were constructed to examine recombination patterns on 
LG7D, and SNP haplotypes were constructed in the QTL peak region. Haplotype effects were validated in a set of advanced breeding selections 
totaling more than 600 individuals. Putative functional allele combinations were constructed by assigning haplotypes to alleles based on their 
average effects in the validation set. The assigned allele combinations accounted for approximately 40% of the phenotypic variation for 
resistance/susceptibility in the validation set and strongly indicated partial dominance for the resistant allele(s). This information will help enrich 
breeding germplasm with the resistant allele. 
 
P1111: Genome Mapping, Tagging & Characterization: Fruit Species 
QTL Discovery and Marker Development for Strawberry Angular Leaf Spot Caused By Xanthomonas fragariae 
Jack Roach1, Sujeet Verma1, Ashlee Anciro1, Seonghee Lee1, Sachiko Isobe2, Andrew Jameison3, Nahla Bassil4, Marco C.A.M. 
Bink5, W. Eric Van de Weg6 and Vance M. Whitaker1, (1)University of Florida, Wimauma, FL, (2)Kazusa DNA Research Institute, 
Kisarazu, Chiba, Japan, (3)Agriculture and Agri-Food Canada, Kentville, ON, Canada, (4)USDA/ARS, NCGR, Corvallis, OR, 
(5)Wageningen UR - Biometris, Wageningen, Netherlands, (6)Plant Breeding Wageningen University & Research centre, 
Wageningen, Netherlands 
Combining disease resistance with excellent fruit quality in new rosaceous crop cultivars is the primary goal of the USDA-SCRI-funded 
RosBREED project. Angular leaf spot (ALS) caused by Xanthomonas fragariae is the only major bacterial disease of cultivated strawberry 
(Fragaria ×ananassa). While the disease may cause up to 8% reductions of marketable yield in Florida’s winter annual production, no resistant 
cultivars have been commercialized to date. Introgression of the resistance trait into commercial quality perennial-type germplasm was initiated 
using two accessions, US4808 and US4809, previously identified as resistant to the four genetic clades of X. fragariae. Previous reports 
indicated high heritability but the mode of inheritance was undetermined. Resistance to ALS was observed in two years of inoculated field trials 
that assayed four full-sib families descended from US4808 and US4809. ALS resistance segregated in 1:1 ratio in all families thus indicating 
control by dominant allele(s) at a single locus. Using a selective genotyping approach with the IStraw90 Axiom® SNP array and pedigree-based 
QTL detection software FlexQTL™, a single major-effect QTL was identified in progeny descended from both resistant accessions. Based on 
SNP probe alignment to the F. vesca sp. bracteata reference sequence, the QTL location was localized at the 33.6 to 33.9 Mb region of LG6D in 
both resistance sources, and designated as FaRXf1. One high-resolution melting SNP-assay and two simple sequence repeat (SSR) markers with 
approximately 95% efficiency were developed and will be used for marker-assisted selection in 2016 in the UF strawberry breeding program. 
 
P1112: Genome Mapping, Tagging & Characterization: Fruit Species 
Development of High-Throughput Markers for Phytophthora Crown Rot Resistance in Strawberry 
Young-Hee Noh1,2, Jozer Mangandi1, Sujeet Verma1, Vance M. Whitaker1, Jae-Soon Cha2 and Seonghee Lee1, (1)University of 
Florida, Wimauma, FL, (2)Chungbuk National University, Cheongju, South Korea 
Phytophthora crown rot (PhCR) caused by Phytophthora cactorum is a common and destructive disease in cultivated strawberry (2n=8×=56) 
worldwide.  Cultivars range from highly susceptible to highly resistant and genetic resistance is the most effective way to control PhCR in 
commercial production.  In the previous study, a major quantitative trait locus (QTL) for PhCR resistance, Pc1, located on the distal end of 
linkage group 7D was discovered using whole-genome single nucleotide polymorphism (SNP) genotyping (IStraw90 Axiom® SNP Array) and 
pedigree-based marker-trait association analysis (FlexQTL™) in complex, multi-family populations. Approximately 1.5 Mb region of Pc1 was 
determined for further sequence based on Axiom® probe alignment to the Fragaria vesca ssp. bracteata reference genome (v2.0).  To identify 
molecular markers tightly linked to Pc1, SNP-based high resolution melting (HRM) and simple sequence repeat (SSR) markers were developed 
and tested for 8 cultivars and 15 advanced selections that inherited putative functional allele combinations of Pc1pc1 (heterozygous resistant) or 
pc1pc1 (susceptible) based on SNP haplotypes from the QTL analysis.  Markers segregating with the Pc1 allele will be utilized for fine mapping 



in larger, segregating F1 populations.  The most informative markers will be implemented in marker-assisted seedling selection to increase 
genetic gains for this trait in the University of Florida breeding program. 
 
P1113: Marker Systems Diversity: Other Marker Related Topic 
DNA marker development and validation for the level of methyl butanoate in strawberries 
Thishakya P. M. de Silva, RMIT University, Victoria, Australia 
Strawberry (Fragaria x ananassa Dutch.) breeding with intense flavour and better quality has always been a priority of the Australian breeding 
program. One of the main reasons is that foreign sourced commercial varieties do not always produce consistence flavour across the season to 
satisfy customer perception under Australian growing conditions. Previous analysis of genotype-by-environment interactions of flavour 
compounds suggested that the inheritance of some compounds is highly influenced by the genetic composition of the genotype. Therefore, our 
current research has focused on screening polymorphic markers between two bulks of plants possessing high and low levels of key flavour 
compounds with high genetic influence. The aroma profile of the parental genotypes, Juliette and 07-102-41 breeding line and 50 F1 progeny 
plants were analysed using solid phase micro-extraction (SPME) and gas chromatography coupled with mass spectrometry (GC-MS). The results 
showed that no methyl butanoate was detected in Juliette whilst significantly high levels of the compound were identified in 07-102-41. 
Frequency distribution was generated to categorise progeny plants into two extremes bulks according to high and low levels of methyl butanoate 
detected in each plant. A strawberry-specific Subtracted Diversity Array (SDA) was then used as a platform for screening polymorphic markers 
between the two phenotypic extreme bulks. The resulting microarray data set was subjected to Discriminant function analysis, Fisher’s ratio and 
Independent samples t-test for the identification of polymorphic markers associated with the biosynthesis of methyl butanoate in Australian-
grown strawberries. DNA sequence analysis of a polymorphic marker, FLP1D7 revealed a putative C/T Single Nucleotide Polymorphism (SNP) 
between Juliette and 07-102-41. For the validation of the marker, a primer set was designed to amplify the region flanking SNP. The putative 
marker was validated on the F1 progeny plants derived from the two phenotypic extreme bulks and a wider range of germplasm including the 
Australian commercial varieties Melba, San Andreas, Portola, Palomar, Camino Real and Albion. DNA sequencing of the putative marker 
confirmed the association between the C/T SNP and the levels of methyl butanoate in the strawberry genotypes tested.  
 
P1114: Genome Mapping, Tagging & Characterization: Fruit Species 
Development of Software for Assisting High-Throughput Phenotyping in Citrus Breeding 
Takanari Tanabata1,2, Naoya Sagara2,3, Sachiko Isobe2, Keisuke Nonaka4 and Tokurou Shimizu5, (1)RIKEN Center for 
Sustainable Resource Science, Tsukuba, Ibaraki, Japan, (2)Kazusa DNA Research Institute, Kisarazu, Chiba, Japan, (3)Hitotsubashi 
University Institute of Economic Research, Kunitachi, Tokyo, Japan, (4)NARO Institute of Fruit Tree Science, Nagasaki, Japan, 
(5)NARO Institute of Fruit Tree Science, Shizuoka, Japan 
Investigation of morphological characteristics of harvested fruits is an essential process in citrus breeding. To enhance genomics-assisted crop 
improvement, more efficient, reliable, and high-throughput phenotyping methods are required. We developed two programs for assisting high-
throughput phenotyping of harvested fruits, an image analysis software and digital note application. (1) IMAGE ANALYSIS SOFTWARE:  It is 
for investigation of morphological traits of cross sectional fruits by using digital pictures. A flatbed scanner is used for capturing digital images. 
Outlines of multiple citrus fruits in an image and flavedos of each fruit are automatically distinguished by an algorithm developed based on color 
segmentation. Then, multiple morphological characteristics of citrus fruits are simultaneously estimated, such as length, width, area, contour 
length and colors of fruits flesh and flavedos by programs in the software. (2) DIGITAL NOTE APPLICATION: We developed an application 
program for iPad device (Apple Inc.) that helps recording tasks of fruit trait investigation by tapping the displayed numeric or items, feeding 
short notes and shooting pictures. The scoring items can be easily changed according to the user’s demand. The developed software is expecting 
to assist in measuring and recording data in harvested fruits phenotyping. This work was supported by a grant from the Ministry of Agriculture, 
Forestry, and Fisheries of Japan (Genomics-based Technology for Agricultural Improvement, NGB-3001, NGB-3002). 
 
P1115: Genome Mapping, Tagging & Characterization: Fruit Species 
Resequencing Analyses of Rough Lemon (Citrus jambhiri) 
Dongliang Du1, Xiaoyun Du1, Yanbo Wang1, Qibin Yu1, Zhanao Deng2 and Fred G. Gmitter1, (1)University of Florida, IFAS-
CREC, Lake Alfred, FL, (2)University of Florida, Wimauma, FL 
Rough lemon (Citrus jambhiri) is considered tolerant to Huanglongbing, the most devastating disease of citrus in the world. Understanding the 
genetic origin of rough lemon should be useful to elucidate its tolerance mechanism. A total of 118 million (X2) 100-bp Illumina paired-end 
reads were generated from rough lemon DNA.The genome was assembled using a reference-guided method, IMR/DENOM, which combines the 
alignment to the reference genome (C. clementina v1.0) with the de novo assembled contigs. The resulting 299.7-Mb rough lemon genome is 
slightly smaller than that of the Clementine genome (301.4 Mb).Compared with the Clementine genome, 2,782,239 single base variants and 
731,203 indels were identified in rough lemon. More than half (59.22%) of the single base variants were ambiguous, suggesting a high degree of 
heterozygosity.Combining the recently published nuclear species-diagnostic SNP markers for citrus, the relative contributions of four ancestral 
species to rough lemon were calculated. Similar contributions from citron (43.4%) and mandarin (44.8%) were identified, with most of the citron 
and mandarin diagnostic markers in heterozygous configuration. No contribution of papeda was found, while the contribution of pummelo was 
11.8%.Phylogenetic analysis using the chloroplast SNVs showed that rough lemon was closely clustered with mandarin. These results 
demonstrate that rough lemon originated from the interspecific hybridization of mandarin, citron and pummelo, and its chloroplast is probably 
derived from mandarin. 
 
P1117: Genome Mapping, Tagging & Characterization: Fruit Species 
Valencene Deficiency in Mandarin Hybrids Is Associated with a Deletion in the Promoter Region of the Valencene Synthase 
Gene 
Qibin Yu, Ming Huang, Hongge Jia, Yuan Yu, Nian Wang and Fred G. Gmitter, University of Florida, IFAS-CREC, Lake Alfred, 
FL 



We have discovered that in Murcott mandarin (Citrus reticulata hybrid) expression of the gene encoding valencene synthase (CsTps1; 
EC:4.2.3.22 4.2.3.75) is severely reduced. Valencene synthase (CsTps1) catalyzes the biosynthesis of linear and cyclic compounds from the 15-
carbon substrate farnesyl diphosphate. The product of CsTps1, valencene, is a major sesquiterpene in citrus oils, and the second most abundant 
volatile compound typically found in mandarin juice. We have investigated a segregating population between Fortune and Murcott mandarins. 
Fortune produces abundant valencene, whereas valencene is undetectable in Murcott. Quantitative PCR analysis showed that the expression level 
of CsTps1 gene in Fortune was over 3000-fold higher than in Murcott. Phenotypic segregation was determined from 80 individuals and was 
34:46 (non-detected: valencene), not significantly different from a 1:1 ratio (χ2=0.134). There was a clear correlation between level of CsTps1 
transcript, measured by QRT-PCR, and the level of valencene in fruit from parents and their progeny. The pattern of gene expression of CsTps1 
and valencene quantification is inherited as a simple Mendelian locus. The results indicated that valencene synthase is a single gene which 
controls the production of valencene. Cloning and sequencing the CsTps1 gene in Fortune and Murcott revealed that they are both composed of 
seven exons and six introns in identical length, and encodes a 548-amino acid protein with 97% similarity. The upstream regulatory regions of 
CsTps1 were isolated by genome walking in Fortune and Murcott. Sequence alignment showed a deletion of 12 nucleotides in the Murcott 
CsTps1 promoter compared to Fortune. Transient expression analysis of the Fortune CsTps1 promoter in sweet orange showed significant GUS 
expression, whereas the Murcott CsTps1 promoter did not show any. In addition, functional activity of the CsTps1 promoter in Murcott is 
recovered by re-inserting the deletion of 12 nucleotides. By genotyping the 12 nucleotide deletion allele among 115 individuals, the ratio 
between deletion and non-deletion in the promoter region is 57:58. The genotype matches the production of valencene in these individuals. This 
result suggests the deletion of 12 nucleotides in the upstream regulatory promoter regions of the CsTps1 gene is associated with the production of 
valencene deficiency in hybrid mandarins.  
 
P1118: Genome Mapping, Tagging & Characterization: Fruit Species 
Genomic Sequences of Citrus limonia Reveal High Similarity to Citrus medica 
Nicholas V. Silva, Marcos A. Machado and Marco A. Takita, Centro de Citricultura Sylvio Moreira, IAC, Cordeiropolis, SP, 
Brazil 
Rangpur (Citrus limonia Osbeck) is a citrus hybrid originated in India. It is also known as Rangpur lime even though it does not share many 
similarities with true limes. Indeed its fruit resembles a mandarin and presents a very acidic juice content, allowing its use as a substitute for 
commercial lemons or limes. There are several varieties of this mandarin-like fruit with different characteristics but whose origin is somewhat 
controversial. It is hypothesized that Rangpur resulted from a cross of lemon (C. limon) and mandarin (C. reticulata), citron (C. medica) and a 
mandarin hybrid, rough lemon (C. jambhiri) and mandarin, or mandarin and citron. To get insights on the origin of this mandarin-like citrus, we 
have evaluated an assembly of 948,437,749 sequences  (99.95% Illumina and 0.05% 454) that resulted in 409,783,077 nucleotides (1.1 x 
coverage) in 513,098 contigs, which were compared to genomic sequences of C. clementina, C. sinensis, C. reticulata, C. medica, and C. 
maxima. Fragments larger than 1.5 Kb present in all the species were evaluated for the level of similarity among themselves. Around 60% of the 
Rangpur sequences were more similar to C. medica sequences while 30% of them showed higher similarity to the genome of C. clementina, 
being those, the species with higher similarities to the genome of C. limonia. The next species with highest level of similarity was C. sinensis 
(4%) and then C. reticulata (2%). The other sequences showed either higher similarity to the genome of C. maxima, or were not closely related 
to any species in particular. These results point to citron and a mandarin (or one of its hybrids) as the parental species of Rangpur. Clearly citron 
is the responsible for the majority of the Rangpur genome and interestingly, the C. reticulata variety used for the analysis, which is supposedly a 
hybrid of the true C. reticulata species that could be the putative parental is not, in fact, one of the closest genome.  
Financial support: FAPESP (08/57909-2) and CNPq (573848/08-4). 
 
P1119: Genome Mapping, Tagging & Characterization: Fruit Species 
Genome-wide Identification, Characterization and Expression Analyses of Constitutive Disease Resistance Gene and 
Miraculin Gene Families in Citrus 
Nidhi Rawat1, Ute Albrecht2, Kim D. Bowman2, Fred G. Gmitter3 and Zhanao Deng1, (1)University of Florida, Wimauma, FL, 
(2)U.S. Department of Agriculture, Fort Pierce, FL, (3)University of Florida, IFAS-CREC, Lake Alfred, FL 
The bacterial disease Huanglongbing (HLB) is one of the most serious threats to citrus production worldwide. Development of HLB-resistant or 
tolerant citrus cultivars is the most effective approach for long-term management of HLB. Recent studies showed that constitutive disease 
resistance (CDR) genes and miraculin genes have a potential role in citrus against HLB disease based on microarray, iTRAQ and meta-analysis 
of published reports. Based on Hidden Markov Model and BLAST searches, we have identified a total of 17 copies of CDR gene family 
members in two citrus genomes (nine in Citrus clementina and eight in Citrus sinensis). Similarly, we retrieved 66 miraculin gene related 
sequences from citrus genomes (33 in C. clementina, 17 in C. sinensis (USA) and 16 in C. sinensis (China). All the identified CDR and miraculin 
genes were further validated by conserved domain searching using CDD and Pfam databases and bootstrap neighbor-joining phylogenetic trees 
were created based on multiple alignments with Clustal X 2.0 and PHYML. Real-time PCR validation was done for selected CDR and miraculin 
genes on citrus varieties classified as HLB-susceptible (‘Valencia’, ‘Cleopatra’, ‘Duncan’ and ‘Ruby Red’) and HLB-tolerant (sour orange, ‘US-
897’, ‘US-802’, ‘US-812’ and ‘US-942’). Results showed up-regulation of some CDR (CDR-14 and CDR-15) and miraculin related (mir-3 and 
mir-6) genes in ‘US-812’, ‘US-897’, ‘US-942’, ‘Cleopatra’ and ‘Duncan’. Down-regulation of most of these genes was noted in sour orange, 
‘Valencia’, ‘Ruby Red’ and ‘US-802’. These data bring new insight to the control of CDR and miraculin gene expression at the transcriptional 
level, which may provide clues for further functional characterization of these genes and genetic improvement of citrus for HLB resistance. 
 
P1120: Genome Mapping, Tagging & Characterization: Fruit Species 
Development of Digital Image Analysis Protocol for High-Throughput Phenotyping of Fruiting Traits in Vitis 
Matthew D. Clark, Alexander Quentin Susko and Soon Li Teh, University of Minnesota, St. Paul, MN 
Genetic mapping of fruit traits in grapevine (Vitis spp.) is important for enabling marker assisted breeding (MAB) that combines disease 
resistance and fruit quality traits for cultivar development.  The development of image analysis protocols with ImageJ and MATLAB software 
can expedite the phenotyping of traits that are destructive in nature, difficult to measure by hand, or rely on numerous replicates for increased 



precision.  Digital image phenotyping allows samples to be analyzed when convenient and maximizes the number of data points from a single 
image.  Measurements were made on berry color and berry size and correlated with hand measurements.  Observations were made on single 
clusters for branched shoulder and bunch density.  The traits were genetically mapped in a F1 population of 120 individuals using genotype by 
sequencing markers.  Signficant QTL for fruit color attributes were mapped to linkage group (LG) 2 from 54-63.2 cM.  A significant QTL for the 
presence of a branched shoulder was mapped to LG 18 with a LOD score of 3.2. 
 
P1121: Genome Mapping, Tagging & Characterization: Fruit Species 
Transcriptional Regulation of Grapevine Bud Burst in Light and Dark Conditions 
Sandra Patricia Agudelo-Romero1, Karlia Meitha1, Oliver Berkowitz1, Colin S Gordon2, Christine H Foyer3, John A Considine1 
and Michael J Considine4, (1)University of Western Australia, Crawley, Australia, (2)Department of Agriculture and Food Western 
Australia, South Perth, Australia, (3)University of Leeds, Leeds, United Kingdom, (4)University of Western Australia, Perth, 
Australia 
The transition from quiescence to bud burst is rapid, taking 3-5 days from completely enclosed bud to a fully open and photosynthetic organ. 
However, little is known about what process underlining during grapevine buds transition. Here, we studied a developmental time course of bud 
burst grown in a light/dark photoperiod (0h, 24h, 72h and 144h) and continuous darkness (0h, 3h 24h, 72h and 144h) to gain knowledge about 
the processes involved in grapevine bud burst (Crimson Seedless).  
To investigate the requirement for light to enable viable bud burst, RNA-Seq experiment was done (FDR 0.01 and FC 3-fold). In both, light/dark 
photoperiod and continuous darkness were performed comparisons against 0h. Functional enrichment (FatiGO, P=0.01) was performed to each 
treatment.  
Categories as cellular process, metabolism (cellular, primary and secondary), signaling, response to stimulus and transport overview were altered 
between treatments. Genes belonging to NAC family transcription were detected down-regulated whole time course in continuous darkness, 
whereas ERF genes related to AP2 family transcription factor were found in light/dark photoperiod. Remarkably, Circadian clock Signaling 
category was down-regulated in the early stages with a slight increased at 144h in both treatments. However, different genes built their profiles. 
Furthermore, C2C2-YABBY family transcription factor was detected up-regulated in light/dark treatment.  
Altogether the data provides an overview of gene expression alteration due to light exposition in grapevine buds and how these treatments 
affected the initiation of bud burst. Suggesting a pivotal role of several functional categories as metabolism (primary and secondary) as well as 
transport overview. 
 
P1122: Genome Mapping, Tagging & Characterization: Fruit Species 
Genetic Mapping of Organic Acids in Grapevine 
Florian Schwander, Eva Zyprian and Reinhard Töpfer, Julius Kühn-Institute (JKI), Institute for Grapevine Breeding, Siebeldingen, 
Germany 
Climate change will significantly influence grapevine production in coming decades. Especially white wine cultivars adapted to the cooler 
growing regions will lose their typical levels of organic acids in certain years. Next to the adverse organoleptic change, wine quality can also 
decrease due to an elevated pH-value which protects the fruit to a certain extinct against microbial attack in the field. Acidity in must is also 
necessary for a stable vinification process and prevents wines to become flat or flabby.  
The acidity profile of a white berry F1 cross population (Gf.Ga-47-42 x ‘Villard Blanc’) was recorded in five successive growing seasons under 
field conditions at Geilweilerhof (Palatinate, Germany). The plants differ among other things in acidity level and maturity progress. Obtained 
data were used for QTL analysis to identify genetic regions involved in acidity leveling using an integrated genetic map consisting of 543 loci on 
19 chromosomes. Regions of major genetic influence on acidity were identified and prove to be stable over the years.  
The Knowledge about genomic regions with significant impact on acidity and other quality traits will enhance and accelerate the grapevine 
breeding progress. Newly identified trait-linked molecular markers are intended for application in marker-assisted selection (MAS). The desired 
grapevines are pathogen resistant and of high wine quality potential as well as adapted to the future climate conditions.  
This study is financially supported by the Federal Ministry of Food and Agriculture (BMEL) through the Federal Agency for Agriculture and 
Food (BLE) within the Program for Advancement of Innovations. 
 
P1123: Genome Mapping, Tagging & Characterization: Fruit Species 
Genomic Ancestry Estimation in Grape 
Zoë Migicovsky1, Jason Sawler2, Daniel Money1, Rudolph Eibach3, Allison Miller4, James J. Luby5, Walter Wührer6, John 
Warner7, Sven von Kintzel8, Heidi Schwaninger9, Gan-Yuan Zhong9, Patrick J. Brown10 and Sean Myles1, (1)Dalhousie University, 
Truro, NS, Canada, (2)Anandia Labs, Vancouver, BC, Canada, (3)JKI Institute for Grapevine Breeding, Geilweilerhof, Germany, 
(4)Saint Louis University, Saint Louis, MO, (5)University of Minnesota, St. Paul, MN, (6)Wuhrer Vineyards, Kingston, NS, 
Canada, (7)Warner Vineyards, Centreville, NS, Canada, NS, Canada, (8)Jost Vineyards, Malagash, NS, Canada, (9)USDA-ARS, 
Geneva, NY, (10)University of Illinois, Urbana-Champaign, Urbana, IL 
Grapes are one of the world’s most valuable crops and most are made into wine. Grapes belong to the genus Vitis, which includes over 60 inter-
fertile species. The most common grape cultivars derive their entire ancestry from the species V. vinifera, but wild relatives have also been 
exploited to create “hybrid” cultivars, often with increased disease resistance. Here we evaluate the genetic ancestry of some of the most widely 
grown commercial hybrids from North America and Europe. Using genotyping-by-sequencing (GBS), we generated 2482 SNP genotypes from 7 
wild, 7 V. vinifera, and 64 hybrid cultivars. We used a PCA-based ancestry estimation procedure and verified its accuracy with both empirical 
and simulated data. V. vinifera ancestry ranged from 11% to 76% across hybrids studied. Approximately one third (22/64) of the hybrids have 
ancestry estimates consistent with F1 hybridization: they derive half of their ancestry from wild Vitis and half from V. vinifera, suggesting hybrid 
grape breeding is in its infancy. The distribution of V. vinifera ancestry across hybrids also suggests that backcrosses to wild Vitis species have 
been more frequent than backcrosses to V. vinifera during hybrid grape breeding. This pattern is unusual in crop breeding, as it is most common 



to repeatedly backcross to elite, or domesticated, germplasm. We anticipate our method can be extended to facilitate marker-assisted selection in 
order to introgress beneficial wild Vitis traits, while allowing for offspring with the highest V. vinifera content to be selected at the seedling stage. 
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Detection of Somatic Variants from Next Generation Sequencing Data in Grapevine Bud Sports 
Mara Miculan1,2, Michele Morgante3,4, Davide Scaglione5, Gabriele Di Gaspero4 and Federica Cattonaro5, (1)University of Udine, 
Udine, Italy, (2)Institute of Applied Genomics, Udine, Italy, (3)Dipartimento di Scienze Agrarie ed Ambientali, Facoltà di Agraria, 
Università di Udine, Udine (UD), Italy, (4)Istituto di Genomica Applicata, Udine, Italy, (5)IGA Technology Services, Udine, Italy 
Somatic variation in the shoot apical meristem is a cause of intravarietal diversity in many fruit crops, such as grapevine, apple and Citrus 
species. The selection of these somatic mutants and the certification of clonal identity have important commercial implications for fruit crop 
nurseries. The signatures of somatic mutations are difficult to detect at the DNA level because mutated and wild-type cells coexist in most of the 
organs, therefore the mutation is diluted in the extracted DNA. For this reason, we developed a reliable system for whole-genome scanning of 
chimeric variants based on next generation sequencing (NGS) of leaf DNA. We resequenced (Illumina technology) fourteen individuals of Vitis 
vinifera derived from two different seedlings: four clones of ‘Pinot’ and ten clones of ‘Sangiovese’. Vitis vinifera is a model for fruit crops for 
this issue because there are many clones with accumulated somatic mutations and a high quality reference genome sequence is available. The 
bioinformatics pipeline for variations detection was calibrated on quality scores of two known chimeric mutations in Pinot. The comparison 
between ‘Sangiovese’ clones revealed a lower level of genetic variation than the comparison between ‘Pinot’ clones: this reflects little 
phenotypic diversity and short history of vegetative propagation of ‘Sangiovese’. Through the power of the NGS technology we have produced a 
sufficient depth and breadth of sequence coverage to comprehensively discover somatic mutations that distinguish clones analysed in this study, 
that provides the first whole-genome estimation of the rate of somatic mutation in grapevine varieties. 
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The Genetic Architecture of Grapevine Leaf Morphology 
Elizabeth M. Takacs1, Paola Barba1, Shanshan Yang1, Brigette Williams2, Cheng-Ruei Lee3, Chin-Feng Hwang2, Bruce Reisch1, 
Dan Chitwood4 and Jason Londo5, (1)School of Integrative Plant Science, Cornell University, Geneva, NY, (2)Missouri State 
University, Mountain Grove, MO, (3)Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria, (4)Donald Danforth 
Plant Science Center, St. Louis, MO, (5)USDA-ARS Grape Genetics Research Unit, Geneva, NY 
The vast complexity of plant leaf shape and form add beauty to the world around us.  However, leaf shape also plays important roles in water 
use, canopy structure, and physiological tolerances to abiotic stresses.  All of these traits are important for the future development and 
sustainability of grapevine cultivation.  Ampelography, the study of leaf shape in grapes, has been used historically to differentiate Vitis species 
and cultivars based on finite leaf attributes.  However, these individual measurements do not comprehensively illustrate the entirety of leaf 
shape.  We paired a seventeen-point landmark survey with a Generalized Procrustes Analysis (GPA) to reconstruct grapevine leaves digitally 
from five interspecific hybrid mapping families.  Using the reconstructed leaves, we identified significant shape variation via Principal 
Components Analysis (PCA).   Next, we performed Quantitative Trait Loci (QTL) analyses by integrating the PCA dataset with high-resolution 
linkage maps of each family to determine the underlying genetic architecture that defines leaf shape.  We plan to develop molecular markers 
based on the results for marker-assisted breeding of leaf morphology and to provide a genetic-based tool to differentiate Vitis species. 
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Investigation of VviLAZY1 and VviTAC1 for Optimizing the Vertical Growth and Branch Angle in Grapevine Varieties 
(Vitis vinifera) 
Rene Kaiser1, Elisa Kruse1, Juliane Vogt1, Christopher Dardick2, Courtney Hollender2, Rudolph Eibach3, Reinhard Töpfer3 and 
Renate Horn1, (1)University of Rostock, Rostock, Germany, (2)USDA-ARS Appalachian Fruit Research Station, Kearneysville, 
WV, (3)Julius Kühn-Institute (JKI), Institute for Grapevine Breeding, Siebeldingen, Germany 
One of the most important goals in agriculture is to increase biomass productivity and to reduce simultaneously space requirements of a plant. 
Optimizing the plant’s architecture could be a useful approach to facilitate this. Dardick et al. (2013) revealed with PpeTAC1 and PpeLAZY1 two 
genes in peach that greatly influence the branch angle and thereby the architecture of the whole plant. While PpeTAC1 promotes wide branching 
angles and horizontal growth, PpeLAZY1 stimulates the development of small branching angles and vertical growth. Genes homologous to TAC1 
and LAZY1 are present in numerous families of the gymnosperms and angiosperms (Hollender et al., 2014). Investigating these genes opens up 
new possibilities to influence plant architecture and productivity by selective breeding. Vertical growth of the shoot is an important characteristic 
for the architecture of grapevines, as it facilitates pruning, a process, which is necessary, but represents a time-consuming and labor-intensive 
step in cultivation. We want to investigate the role of VviTAC1 and VviLAZY1 on the shoot attitude in Vitis vinifera. By sequence and expression 
analysis of VviTAC1 and VviLAZY1, it is our goal to identify characteristic sequence variations in a set of 13 reference grapevine varieties of Vitis 
vinifera, to develop diagnostic DNA-markers for different types of shoot growth: ‘erect’, ‘horizontal’ and ‘drooping’. In addition, we investigate 
the expression and the role of VviTAC1 and VviLAZY1 during plant development. Diagnostic DNA-markers will allow breeders to select for 
shoot attitude in early stages of plant development and to speed up breeding programs. 
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Genetic Dissection of Powdery Mildew Resistance in Interspecific Half-Sib Grapevine Families Using SNP-Based Maps 
Soon Li Teh1, Matthew D. Clark2, Jonathan Fresnedo Ramirez3, Qi Sun4, Lance Cadle-Davidson5 and James J. Luby2, (1)University 
of Minnesota, Saint Paul, MN, (2)University of Minnesota, St. Paul, MN, (3)Institute of Biotechnology, Cornell University, Ithaca, 
NY, (4)Institute for Genomic Diversity, Cornell University, Ithaca, NY, (5)USDA-ARS Grape Genetics Research Unit, Geneva, 
NY 



Quantitative trait locus (QTL) identification in perennial fruit crops is impeded largely by their lengthy generation time, resulting in costly and 
labor-intensive maintenance of breeding programs. In a grapevine (genus Vitis) breeding program, although experimental families are typically 
unreplicated, the genetic backgrounds may contain similar progenitors previously selected due to their contribution of favorable alleles. In this 
study, we investigated the utility of joint QTL identification provided by analyzing half-sib families. The genetic control of powdery mildew was 
studied using two half-sib F1 families, namely GE0711/1009 (MN1264 × MN1214; N = 147) and GE1025 (MN1264 × MN1246; N = 125) with 
multiple species in their ancestry. Maternal genetic maps consisting of 1,077 and 1,641 single nucleotide polymorphism (SNP) markers 
respectively were constructed using a pseudo-testcross strategy. Ratings of field resistance to powdery mildew were obtained based on whole-
plant evaluation of disease severity. This two-year analysis uncovered two QTLs that were validated on a consensus map in these half-sib 
families with improved precision relative to the parental maps. Examination of haplotype combinations based on the two QTL regions identified 
strong association of haplotypes inherited from Seyval blanc, through MN 1264, with powdery mildew resistance. This investigation also 
encompassed the use of SSR markers to establish a correlation between 206-bp (UDV-015b) and 357-bp (VViv67) fragment sizes with 
resistance-carrying haplotypes. Our work is one of the first reports in grapevine demonstrating the use of SNP-based maps and haplotypes for 
QTL identification and tagging of powdery mildew resistance in half-sib families. 
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Genetics of Downy Mildew Resistance in Two Interspecific Hybrid Grapevine Families 
Konstantin Divilov1, Paola Barba1, Lance Cadle-Davidson2 and Bruce Reisch1, (1)School of Integrative Plant Science, Cornell 
University, Geneva, NY, (2)USDA-ARS Grape Genetics Research Unit, Geneva, NY 
Due to lack of co-evolution with Plasmopara viticola, the causal pathogen of grapevine downy mildew, nearly all cultivated grapevines are 
susceptible to downy mildew, whereas their wild relatives are frequently resistant. In order to find QTL for downy mildew resistance and 
susceptibility, we performed leaf disc assays on two families of grapevine (V. rupestris B38 x ‘Horizon’ [3 experiments; n = 159] and ‘Horizon’ 
x V. cinerea B9 [2 experiments; n = 152]) and evaluated disease using a visual rating system that measured hypersensitive response (HR) at 2 
days post-inoculation (dpi) and sporulation at 3, 4, 5, 6, and 7 dpi. QTL analysis was performed using R/qtl, and a QTL was considered 
reproducible if it was significant in at least two experiments. Two reproducible QTL were found in V. rupestris, but none was found in V. 
cinerea. Four reproducible QTL were found in ‘Horizon’, two of which were significant in both families. Out of the six QTL, four affected 
sporulation without a corresponding change in HR, and the other two involved increased HR. The QTL found in these experiments can be 
introgressed into grapevines with a V. vinifera background using marker-assisted selection, eventually leading to grapevine cultivars resistant to 
downy mildew. 
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Grape Leafroll Virus: A Systems Approach to Understand Its Interaction with the Plant and Its Effect on Fruit Ripening 
Laurent Deluc1, Amanda Vondras1, Satyanarayana Gouthu1 and Robert Martin2, (1)Oregon State University, Corvallis, OR, 
(2)USDA-ARS, Corvallis, OR 
The post-transcriptional regulation of gene expression through miRNA and alternative splicing is an essential component of plant development 
and response to stress. The present study used RNA and small RNA sequencing technologies to assemble a holistic view of these regulatory 
agents during ripening in an economically important crop (wine grape) and in response to infection by Grape Leafroll associated Virus (GLRaV). 
mRNAs and small RNAs from healthy and GLRaV-infected pinot noir fruits were measured weekly from the ripening onset to fruit maturity. We 
observed approximately 1,700 differentially expressed genes upon comparing healthy and infected berries. Among these genes, a small subset 
was alternatively spliced (differential exon usage in healthy vs. virus-infected plants). Interestingly, between 1% and 3% of all small RNA reads 
in GLRaV-infected samples mapped exclusively to the viral genome, providing a trove of information to better understand the interaction 
between the plant and the virus. Finally, by constructing a network of viral infection-associated differentially expressed genes and incorporating 
information about changes in the small RNA landscape and the predicted targets of those small RNAs, we identified core nodes through which 
the presence of the virus potentially signals widespread changes in the berry transcriptome during ripening.  
 
P1130: Genome Mapping, Tagging & Characterization: Fruit Species 
Free the Tannins: The Role of Grape Pathogenesis-Related Proteins in Limiting Condensed Tannin Extraction during 
Winemaking 
Gavin Sacks1, Lindsay F Springer1, Jonathan Fresnedo Ramirez2, Shanshan Yang3, Elizabeth M. Takacs3, Bruce Reisch3 and Lance 
Cadle-Davidson4, (1)Food Science, Cornell University, Ithaca, NY, (2)Institute of Biotechnology, Cornell University, Ithaca, NY, 
(3)School of Integrative Plant Science, Cornell University, Geneva, NY, (4)USDA-ARS Grape Genetics Research Unit, Geneva, 
NY 
Grape-derived condensed tannins (CT) are important to the mouthfeel of red wines, but CT concentrations in red wines produced from wild Vitis 
species or their hybrids are often lower than corresponding wines produced from European wine grapes (V. vinifera), potentially decreasing their 
utility. These lower CT concentrations in wines arise from not only lower overall and skin tannin concentrations in wild Vitis, but also from 
lower tannin extractability during fermentation. As part of the USDA-NIFA VitisGen project (www.vitisgen.org) for grapevine cultivar 
improvement, we investigated the factors limiting CT extraction or retention across species. In one set of experiments, we showed that 
differences in CT retention following its addition to wines produced from different cultivars are related to the concentration of grape 
pathogenesis-related proteins (PRPs). A subsequent experiment with 16 site-cultivar combinations showed that under identical winemaking 
conditions, tannin extractability is well modeled from juice PRP concentration. To study this further, a mapping population from Horizon × 
Illinois 547-1 (V. rupestris B38 x V. cinerea B9) was phenotyped for juice protein, which ranged from <2 to 121 mg/L. Using a high-resolution 
genetic map derived from genotyping-by-sequencing markers, one QTL associated with increased PRP concentration was identified from Illinois 
547-1 and explained 10% of the variance.  Another QTL associated with decreased PRP concentration was identified from Horizon and 
explained 10% of the variance, but did not pass the significance threshold. These results suggest that limiting PRP accumulation may be a viable 
strategy for breeding wine grapes that yield high CT wines. 
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Blueprints for Blueberry: A Genome Assembly and Annotation 
Rob Reid, University of North Carolina Charlotte, Kannapolis, NC, Allan Brown, NC State University, Kannapolis, NC, Dorrie 
Main, Washington State University, Pullman, WA, Cory Brouwer, University of North Carolina at Charlotte, Kannapolis, NC, 
Rachel N. Walstead, University of North Carolina at Charlotte, Charlotte, NC and Ying Chen, North Carolina State Univeristy, 
Kannapolis, NC 
The paper reports on the current state of the blueberry genome. While many plant sequencing efforts are underway across the plant kingdom, the 
vaccinium genus is under represented. The goal in sequencing the blueberry is to anchor this part of the evolutionary tree and to generate a 
genome reference will act as a resource to guide better and more efficient breeding. This in turn aids growing, berry collecting, processing and 
improved human nutrition. Marker guided breeding benefits from having a genome resource to associate gene regulation with desirable plant 
traits.  Here, we describe the current status of assembly, the available resources to the scientific community and highlight future strategies 
towards achieving a complete genome. 
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RNA-Seq Analysis and Annotation of a Draft Blueberry Genome Assembly 
Ann Loraine and Rob Reid, University of North Carolina Charlotte, Kannapolis, NC 
Highbush blueberry is an important small fruit crop in the US, Chile, New Zealand, and many other countries. Thanks to decades of breeding, 
blueberries can now be grown in many different locations and climates.  Understanding the genetic and molecular basis for valuable berry traits 
requires access to genome sequence and annotations. We used a combination of sequencing strategies to generate a draft genome assembly for 
blueberry. We annotated the assembly using RNA-Seq data from five stages of berry fruit development and ripening. Homology-based 
annotation assigned potential functions to more than 60% of gene models. RNA-Seq expression profiling showed that blueberry growth, 
maturation, and ripening involve dynamic gene expression changes, including coordinated up- and down-regulation of metabolic pathway 
enzymes and transcriptional regulators. Analysis of RNA-seq alignments identified developmentally regulated alternative splicing, promoter use, 
and 3′ end formation. Data are available for visualization in Integrated Genome Browser via an IGB Quickload site located 
at http://www.igbquickload.org/blueberry/.  In this talk, we'll describe these resources and highlight major results obtained from genome 
annotation and RNA-Seq analysis of berry fruit. 
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GBS Analysis of Genetic Variation of Organic Acids in American Cranberry 
Stephanie K Fong1, Guillaume Daverdin2, Jennifer Johnson-Cicalese3, James Polashock4, Juan E. Zalapa5 and Nicholi Vorsa1, 
(1)Rutgers University, New Brunswick, NJ, (2)Current address: Marucci Center for Blueberry & Cranberry Research and 
Extension, Rutgers University, Chatsworth, NJ, (3)Rutgers University, Chatsworth, NJ, (4)USDA - ARS, Chatsworth, NJ, 
(5)USDA, ARS, Madison, WI 
This study focused on phenotypic variation of four organic acids found in cranberry fruit (Vaccinium macrocarpon Aiton); quinic acid (QA), 
benzoic acid (BA), citric acid (CA), and malic acid (MA). CA and MA are common in other fruit species and contribute to the tart taste of 
cranberries. QA and BA are quite unique to cranberry and have been associated with fruit rot resistance. Genetic variation for these acids is 
evident in our cranberry germplasm and breeding populations.  We evaluated variation in 99 progeny from a bi-parental cross between Budd’s 
Blues (high in BA and QA, and highly fruit rot resistant) and Crimson Queen (low in BA and QA). Fruit samples were collected at two points 
during the season, early in fruit development (Jul 30) and at fruit maturity (Oct 8), and concentrations of QA, BA, MA, and CA were determined 
using high performance liquid chromatography (HPLC). QA levels decreased from the first (immature) to second (mature) harvest date, BA and 
MA increased between the two dates, and CA remained fairly stable. Phenotypic variation in organic acid constituents in cranberry was evident 
at both stages of fruit development. For example on Oct 8, QA levels ranged from 10 to 20 mg/g among the 99 progeny; BA: 0.02-0.28 mg/g; 
CA: 5-13 mg/g; and MA: 3-9 mg/g. Genotyping by Sequencing (GBS) identified SNPs and a number of QTLs associated with levels of these 
organic acids. 
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A GBS Based High Density Genetic Map for Cranberry Fruit Rot Resistance QTL Detection 
Guillaume Daverdin, Current address: Marucci Center for Blueberry & Cranberry Research and Extension, Rutgers University, 
Chatsworth, NJ, Jennifer Johnson-Cicalese, Rutgers University, Chatsworth, NJ, James Polashock, USDA - ARS, Chatsworth, NJ, 
Juan Zalapa, Wisconsin University (USDA), Madison, WI and Nicholi Vorsa, Rutgers University, New Brunswick, NJ 
Cranberry (Vaccinium macrocarpon Aiton) is a woody perennial trailing shrub native to North America producing berries mostly used as juice or 
dry fruit. A main threat to cranberry production in NJ and MA is fruit rot caused by a fungal complex which can lead to a complete crop loss. 
The use of broad spectrum fungicides, up to 6 times a year, is effective to control the disease but raises residue and environmental concerns. Four 
unrelated accessions in our cranberry germplasm displayed fruit-rot resistance (FRR) and were used in a breeding and selection program to 
introgress FRR into elite horticultural backgrounds, to reduce the fungicide requirement. We developed a high density genetic map through the 
use of Genotyping By Sequencing (GBS) on a bi-parental population segregating for fruit rot resistance. Each parental map consists of about 
3000 markers and putative FRR QTLs were identified. These maps were also used to identify potential QTLs for yield, fruit weight, and other 
traits. These results, combined with previous studies, provide important tools that will be used for candidate gene discovery and pyramiding of 
FRR QTLs from various germplasm accessions. 
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Computational Annotation of the Pecan Genome 



Spencer D. Barnes1, Hua Zhong2, L.J. Grauke3, Christopher P. Mattison4, Rio A. Stamler1, Jeremy Schmutz5, Jerry Jenkins6, 
Richard Heerema1, Mingzhou Song1 and Jennifer J. Randall1, (1)New Mexico State University, Las Cruces, NM, (2)NMSU, Las 
Cruces, NM, (3)USDA ARS Crop Germplasm Research, Somerville, TX, (4)USDA, New Orleans, LA, (5)HudsonAlpha Institute 
for Biotechnology, Huntsville, AL, (6)DOE Joint Genome Institute, Huntsville, AL 
Pecans (Carya illinoinensis) are large deciduous trees native to North and Central America. Pecan trees produce nutrient rich edible seeds and the 
trees can produce nuts for hundreds of years after planting. Pecans are a recently domesticated crop and have successfully been introduced to 
geographically and environmentally diverse areas including both arid and humid regions. An annotated pecan genome is necessary for genetic 
studies in pecan and molecular marker assisted breeding and is not yet available. Computational genome annotation predicts novel genes by 
identifying potential exons and introns via aligning transcripts, protein sequences, and known genes of other species to the target genome 
sequence. We report the preliminary annotation of an Illumina generated genome sequence from a USDA clonal germplasm repository pecan 
seedling accession that originated in Mexico (87MX3-2.11). MAKER software was used to annotate the 87MX3-2.11 genome. Plant genomes 
exhibit high rates of pseudogenization, contain both coding and noncoding sequences, and show unusually high numbers of transposable 
elements. The longest assembled contigs of the pecan genome were annotated for putative genes based on a pecan embryo transcriptome and 
protein homology based on the reference proteome of Populus trichocarpa. Noncoding sequences were also inferred by homology to noncoding 
RNA genes in other plants. Additionally, ab initio genes were predicted by using SNAP that was trained on genes identified by sequence 
alignment in the previous step. Knowledge of the annotated pecan genome will generate novel insights on the genetics of this species. 
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A Draft Genome Sequence for the Cashew Tree (Anacardium occidentale) Based on High Coverage Pacbio Sequencing 
Orzenil B. da Silva Junior1, Patricia N. Bordallo2, Ravena F. Vidal2, Dheyne S. Melo2 and Dario Grattapaglia3, (1)EMBRAPA 
Genetic Resources and Biotechnology, Brasília, Brazil, (2)Embrapa Tropical Agroindustry, Fortaleza, Brazil, (3)Plant Genetics Lab 
- EMBRAPA Genetic Resources & Biotechnology, Brasília, Brazil 
The cashew tree (Anacardium occidentale) is widely cultivated in the tropical world for its nuts and apple, both rich in bioactive compounds and 
sources of biofuel. Large germplasm collections and extensive progeny trials are supporting a dynamic breeding program at EMBRAPA in 
Brazil. Yet varietal development is a lengthy process.  
With a two-fold objective of accelerating breeding and empowering germplasm assessment, we have generated a draft assembly of the diploid 
~500 Mbp genome of the BRS226 dwarf variety using exclusively long read sequencing. Over 4M of filtered SMRT reads (median:6,588bp) 
were generated using P6C4 chemistry, totaling >33 Gbp of data (~70x coverage). Hierarchical nonhybrid assembly based on PBcR-MHAP was 
used to correct reads, and the longest 25× of corrected reads (12Gb in 934,094 reads) were assembled using Celera Assembler and polished with 
Quiver. The current assembly contains 532 Mbp in 8,050 contigs, the longest contig with 3.2 Mbp, while 7,809 contigs are >10 Kbp and 1,066 
>100 Kbp. N50 size of the contigs is 160Kb. Quality Value (QV) was estimated from 10xMiSeq (2x250bp) filtered reads. PE reads were 
transformed into 'super-reads' with MaSuRCA and aligned to the reference assembly using Nucmer, validated using the Gage scripts in Quast. 
By counting both SNP and Indels we estimate that the assembly achieved a lower bound accuracy of 99.85% (QV28).  
A high-density linkage map is under development and 24 cashew varieties including founders of the breeding program were resequenced at 
~15X (Hiseq 2x150bp) to provide the baseline data for a high-density SNP chip. 
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Exploring Patterns of Sequence Variation in Regions Associated with Chestnut Blight Resistance Using Whole-Genome 
Resequencing of Chinese Chestnut (Castanea mollissima) 
Nicholas LaBonte, Purdue University, West Lafayette, IN and Keith E. Woeste, USDA-FS HTIRC, Purdue University, west 
lafayette, IN 
Chinese chestnut is the main donor of disease resistance in the blight resistance breeding program conducted by the American Chestnut 
Foundation (ACF), which aims to restore chestnut forests to eastern North America.  Chinese chestnuts show variability in susceptibility to 
blight, but the genetic basis of this variability and its potential impact on the American chestnut breeding program have not been extensively 
studied.  In particular, if differences in blight resistance correspond to high levels of allelic diversity at disease resistance loci in Chinese 
chestnut, reliance on a small number of resistance donor parents would be problematic for the long-term success of the breeding program.   The 
moderate size (~780-800 Mb) of the chestnut genome makes whole-genome resequencing a viable option for investigating functional genetic 
variation in Chinese chestnut.  We have currently sequenced the whole genomes (Illumina 100 bp paired-end reads: depth 10-25x) of 16 Chinese 
chestnuts and interspecific hybrids with variable blight resistance, utilizing the Chinese chestnut draft genome sequence and the sequence of 
three major blight resistance QTL regions for assembly.  We plan to sequence more individuals, and present preliminary analyses that have 
revealed patterns of sequence diversity across the three major blight resistance QTL and polymorphisms potentially associated with differences 
in blight resistance. 
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Reciprocal Translocation in Chestnut (Castanea spp) 
Nurul Islam-Faridi1, M.a. Majid2, Tatyana Zhebentyayeva3, Shenghua Fan4, L. Georgi5, F. Hebard5, P. Sisco6, Albert G. Abbott4, 
John E. Carlson7 and C. Dana Nelson4,8, (1)Southern Institute of Forest Genetics, US Forest Service, College Station, TX, (2)Dept. 
of Ecosystem Science & Management, College Station, TX, (3)Clemson University Genomics & Computational Biology 
Laboratory, Clemson, SC, (4)Forest Health Research and Education Center, University of Kentucky, Lexington, KY, (5)The 
American Chestnut Foundation Meadowview Research Farms, Meadowview, VA, (6)Carolinas Chapter of The American Chestnut 
Foundation, Asheville, NC, (7)Penn State University, University Park, PA, (8)Southern Institute of Forest Genetics, US Forest 
Service SRS, Saucier, MS 



The American chestnut (Castanea dentata, 2n = 2x = 24), once known as the King of the Appalachian Forest, has been decimated by chestnut 
blight caused by an invasive fungus (Cryphonectria parasitica).  Chinese chestnut (C. mollissima) is resistant to the fungus and the trait is being 
transferred into American chestnut through backcross breeding by The American Chestnut Foundation (TACF).  Interspecies crosses often unveil 
structural differences such as translocations, inversions, and/or insertions/deletions of chromosomal segments.  Kubisiak et al. (1997) first 
developed a genetic map of chestnut using an inter-specific F2 family where the formation of two of the 12 genetic linkage groups were not 
resolved but formed a single complex group.  A later discussion of these results raised a possibility of the presence of a reciprocal translocation 
(RT) involving linkage groups (LGs) B and E.  In addition, our unpublished data of a meiocyte analysis of an F1 tree supported the reciprocal 
translocation hypothesis.   More recent genetic mapping data (unpublished) has indicated that a C. mollissima genotype is heterozygous for a 
translocation involving LG_H and LG_L.  We have used BAC-FISH (fluorescent in situ hybridization) to explore this apparent H/L translocation 
in pachytene spreads of the indicated genotype.  Four of the six BACs (all labeled with digoxigenin hapten and detected with green 
fluorochrome), selected across the entire length (2.7, 16.0, 22.5, 31.0, 35.6 and 47.0 cM) of LG_L, hybridized to about 40% of the pachytene 
chromosome and the other two BACs hybridized towards the distal 10% of the opposite arm of the same chromosome, leaving approximately 
about 50% of the chromosomes with no BAC-FISH signal.  In addition, one of seven BACs (all labeled with biotin hapten and detected with 
spectrum orange fluorochrome), selected across the entire length (1.3, 6.3, 14.9, 17.5, 36.0, 46.0 and 57.9 cM) of LG_H hybridized close to one 
of the LG_L BACs (positioned third from one end of the chromosome or positioned fourth from the other end) and leaving about 50% of the 
chromosome with no BAC-FISH signal.  This undetected portion of the LG_L chromosome could be a region of a translocated segment from the 
LG_H chromosome.  Additional research is needed to confirm this hypothesis of Reciprocal Translocation in Chestnut. 
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Development of a High-Density Genetic Map for QTL Analysis of Resistance to Phytophthora cinnamomi in an Interspecific 
American × Chinese Chestnut Population 
Tatyana Zhebentyayeva1, L. Georgi2, Steven N. Jeffers3, Joe James4, P. Sisco5, F. Hebard2, Christopher A. Saski1, Margaret Staton3, 
C. Dana Nelson6 and Albert G. Abbott7, (1)Clemson University Genomics & Computational Biology Laboratory, Clemson, SC, 
(2)The American Chestnut Foundation Meadowview Research Farms, Meadowview, VA, (3)Clemson University, Clemson, SC, 
(4)Chestnut Return Farms, Seneca, SC, (5)Carolinas Chapter of The American Chestnut Foundation, Asheville, NC, (6)Southern 
Institute of Forest Genetics, US Forest Service SRS, Saucier, MS, (7)Forest Health Research and Education Center, University of 
Kentucky, Lexington, KY 
Phytophthora root rot, caused by Phytophthora cinnamomi (Pc) and also called ink disease, is one of the major factors affecting restoration of 
American chestnut (Castanea dentata) in the southeastern U.S. Due to a lack of reproductive barriers, introducing resistance to Pc from Chinese 
chestnut (C. mollissima) into American chestnut is a feasible task for molecular breeding.  To identify genomic regions in Chinese chestnut 
controlling resistance to Pc in interspecific BC1F1 progenies, we used a traditional approach—quantitative trait locus (QTL) analysis in bi-
parental populations based on fine-scale linkage maps. Using genotyping-by-sequencing (Pst1-Msp1 double digestion, Illumina paired-end 
sequencing), we generated linkage maps for the HB2 (KY115 × AD98) cross consisting of 238 individuals segregating for severity of root rot 
symptoms. Parental female and male maps were composed of 626 and 497 non-redundant and non-distorted (P<0.05) SNP markers, 
respectively.  The markers were organized into 12 linkage groups covering genetic distances of 581.2 cM on the KY115 map and 691.5 cM on 
the AD98 map. Using sequenced marker information, the HB2 linkage groups were anchored to the C. mollissima genome v1.1 scaffolds and 
oriented against the C. mollissima reference map. Three significant QTLs (LG_A, LG_E and LG_K) were detected for the KY115 parent, which 
was derived from the Chinese chestnut cultivar ‘Mahogany.’ Details on the bioinformatic pipeline used for genotypic data processing, anchoring 
HB2 maps to the Chinese chestnut reference map, and QTL analyses will be presented. 
 
P1140: Genome Mapping, Tagging & Characterization: Fruit Species 
Whole Genome Sequencing and High Density Genetic Mapping in Pistachio Reveal a Large Non-Recombining Region of 
Sex Chromosomes 
Salih Kafkas1,2, Haibao Tang3, Rafael Navajas-Pérez4, Hakan Ozkan1, Andrzej Kilian5, Ray Ming6, Mortaza Khodaijman2, Elmira 
Ziya Motalebipour1, Murat Guney1, Hayat Topcu1, Ebru Kafkas1, Nergiz Çoban7, Hatice Gozel7, Francisca Robles4, Roberto de la 
Herrán4, Carmelo Ruiz Rejón4, Jason Carling5, Jie Song5 and William Wadlington6, (1)University of Cukurova, Adana, Turkey, 
(2)University of Cukurova, Balcali, Turkey, (3)University of Arizona, Tucson, AZ, (4)Universidad de Granada, Granada, Spain, 
(5)Diversity Arrays Technology Pty Ltd, Canberra, Australia, (6)University of Illinois at Urbana-Champaign, Urbana, IL, 
(7)Pistachio Research Institute, Gaziantep, Turkey 
The genus Pistacia belongs to Anacardiaceae family, and has about 11 species. Pistacia vera is the only cultivated species in the genus. The 
‘Siirt’ cultivar is one of the most commercially important cultivars in Turkey, and has also a highly heterozygous genome that presents 
challenges during the genome assembly. We obtained ~100x PacBio data and used along with 305x Illumina data for genome assembly using a 
hybrid, multi-stage assembly process. The final assembly contained 1,787 scaffolds with a total length of 614 Mbp, N50 contig size of 680Kb, 
and N50 scaffold size of 1.51 Mb. The unigene coverage was estimated to be 96.2%. The pistachio genome have been annotated to contain 61K 
genes, which included TE-related genes. The scaffolds were explored for repetitive elements, and 55% of them were assigned to 309 repetitive 
clusters. In addition to whole genome sequencing, we used three F1 segregating populations for genetic mapping by SNP markers and obtained a 
consensus map comprised of 11.2 K markers. This map as well as individual maps were used to anchor individual scaffolds onto chromosomes, 
and 85% of the scaffolds were located into the 15 chromosomes of pistachio. We also found that the largest linkage group LG1 (chr1; about 54 
Mb) is the ZW sex chromosomes in pistachio, and has about 30 Mb region with no recombination, more than 50% of the W chromosome. Whole 
genome sequence of pistachio, along with well-characterized sex chromosomes, provide pistachio breeders new tools and methodologies to 
accelerate cultivar and rootstock breeding programs. 
 
P1141: Genome Mapping, Tagging & Characterization: Fruit Species 
Mapping New Simple Sequence Repeat Markers in Hazelnut 



Gehendra Bhattarai and Shawn A. Mehlenbacher, Oregon State University, Corvallis, OR 
New simple sequence repeat (SSR) markers (344) were developed in hazelnut (Corylus avellana L.) by mining genomic sequences of cv. 
‘Jefferson’.  Fragments from 'Jefferson' that contained SSRs with motifs of 3-6 bases were initially aligned and compared in silico with Illumina 
genomic sequences from seven additional cultivars.  The alignments were visualized in Tablet software and inspected for variation in repeat 
number among the reads.  Of the 489 identified as polymorphic in Tablet, PCR amplification followed by separation on agarose gels confirmed 
polymorphism for 366 of them.  Twenty two sequences were identified as duplicates and removed.  Polymorphism in the remaining 344 was 
further validated by capillary electrophoresis after post-PCR multiplexing.  These new SSRs were added to the linkage map for hazelnut.  All 
138 seedlings in a mapping population from a cross of OSU 252.146 x OSU 414.062 were amplified and scored for the 210 segregating SSR 
loci.  Of these, 130 segregated in a 1:1 ratio, 53 in a 1:1:1:1 ratio, and 57 in a 1:2:1 ratio.  The markers were assigned to linkage groups and maps 
were constructed using JoinMap 4.1.  All new SSRs were assigned to linkage groups, and 90% were placed on the map.  A dense linkage map 
with SSR markers will facilitate the study of traits, assignment of loci to linkage groups, mapping of additional markers, and marker-assisted 
selection.  Highly polymorphic and easy to score SSR markers that cover each LG at regular intervals will be useful for fingerprinting accessions 
and studying genetic diversity. 
 
P1142: Genome Mapping, Tagging & Characterization: Fruit Species 
Differential Gene Expression during Sporophytic Incompatibility in European Hazelnut (Corylus avellana L.) 
Vidyasagar R Sathuvalli1, Kelly Vining2, Brian J. Knaus3 and Shawn A. Mehlenbacher2, (1)Oregon State University, Hermiston, 
OR, (2)Oregon State University, Corvallis, OR, (3)USDA Agricultural Research Service, Corvallis, OR 
European hazelnut (Corylus avellana L.) is the only economically important nut crop in the family Betulaceace.  It is native to most of Europe, 
Asia Minor and the Caucasus mountains.  Pollen-stigma incompatibility is of the sporophytic type and is under the control of a single locus with 
multiple alleles.  The stigmatic surface is the site of the incompatibility reaction, which is expressed as delayed pollen germination and pollen 
tubes that are distorted and fail to penetrate the stigma.  We studied systemic gene expression during compatible and incompatible pollen-stigma 
interactions.  Styles of ‘Jefferson’ hazelnut  (S1S3) were pollinated with pollen of ‘Jefferson’ and ‘Tombul Ghiaghli’ (S4S8), giving incompatible 
and compatible reactions, respectively.  RNA-Seq data was obtained from an Illumima HiSeq 2000 sequencing and RNA extracted from styles at 
0hr, 1hr, 3hr and 5hrs post-pollination.  The sequences were aligned to the 'Jefferson' hazelnut reference genome using Bowtie2.  Two methods 
were then used for pair-wise time point comparisons to quantify differential gene expression:  1) the Cufflinks/Cuffmerge/Cuffdiff programs 
from the “Tuxedo” bioinformatic pipeline, using default parameters, and  2) DESeq2 to fit generalized linear models to test for differential 
expression in compatible and incompatible pollinations at each of the four time points.  We compared the sets of differentially-expressed genes 
identified by these two methods.  Here, we report these results, and their implications for experimental design and statistical modeling. 
 
P1143: Genome Mapping, Tagging & Characterization: Fruit Species 
Comparative Genomics of the Locus Controlling Astringency in Diospyros species 
Soichiro Nishiyama1, Atsushi Kono2, Noriyuki Onoue2, Akihiko Sato2, Koichiro Ushijima3, Hisayo Yamane1, Ryutaro Tao1 and 
Keizo Yonemori4, (1)Graduate School of Agriculture, Kyoto University, Kyoto, Japan, (2)NARO Institute of Fruit Tree Science 
(NIFTS), Higashi-Hiroshima, Japan, (3)Graduate School of Environmental and Life Science, Okayama University, Okayama, 
Japan, (4)Faculty of Agriculture, Ryukoku University, Otsu, Japan 
Persimmon (Diospyros kaki ; 2n = 6x = 90) accumulates a large amount of proanthocyanidin (PA) in its fruit, resulting in an astringent taste. 
Persimmon cultivars are classified into four types based on the nature of the astringency loss and the amount of PA remaining in the mature fruit. 
Pollination-constant and non-astringent (PCNA) type cultivars stop accumulating PA early in fruit development and can be consumed when still 
firm without the need for artificial deastringency treatment. It has been shown that the PCNA trait is conferred by a recessive allele at a single 
locus (ASTRINGENCY ; AST). The exact genetic determinant remains unidentified, partly because of the complex segregation in hexaploid D. 
kaki. In this study, we used D. lotus (2n = 2x = 30), one of the closest relative of D. kaki, as a reference to characterize the AST locus. Using BAC 
sequencing, we obtained a 850-kb D. lotus genomic contig, which is syntenic to the D. kaki genomic region that includes the AST locus. We 
performed comparative mapping analysis using an F1 population of 296 D. kaki sibling trees segregating for the astringency trait and another F1 
population of 336 D. lotus sibling trees. DNA markers developed from the 850-kb region of D. lotus genomic sequence were used for genetic 
analysis in D. kaki. Although the astringency phenotype and marker genotypes were consistent with each other in all D. kaki individuals tested, 
we did identify individuals with recombination events falling within the genome region syntenic to the D. lotus 850-kb region. The average 
physical distance relative to the genetic distance in this region was approximately 220 kb/cM in D. lotus, suggesting that the AST locus is 
probably located in a euchromatic region. Collectively, comparative genomics appear to be a promising approach to identify the gene(s) 
responsible for astringency in persimmon. 
 
P1144: Genome Mapping, Tagging & Characterization: Fruit Species 
Identification and Expression of the WRKY Transcription Factors of Carica Papaya in Response to Abiotic and Biotic 
Stresses 
Linjie PAN, Huazhong Agriculture University, Wuhan, China and Ling Jiang, Huazhong Agricultural University, Wuhan, China 
The WRKY transcription factor (TF) plays a very important role in the response of plants to various abiotic and biotic stresses. A local papaya 
database was built according to the GenBank expressed sequence tag database using the BioEdit software. Fifty-two coding sequences of Carica 
papaya WRKY TFs were predicted using the tBLASTn tool. The phylogenetic tree of the WRKY proteins was classified. The expression profiles 
of 13 selected C. papaya WRKY TF genes under stress induction were constructed by quantitative real-time polymerase chain reaction. The 
expression levels of these WRKY genes in response to 3 abiotic and 2 biotic stresses were evaluated. TF807.3 and TF72.14 are upregulated by 
low temperature; TF807.3, TF43.76, TF12.199 and TF12.62 are involved in the response to drought stress; TF9.35, TF18.51, TF72.14 and 
TF12.199 is involved in response to wound; TF12.199, TF807.3, TF21.156 and TF18.51 was induced by PRSV pathogen; TF72.14 and TF43.76 
are upregulated by SA. The regulated expression levels of above eight genes normalized against housekeeping gene actin were significant at 
probability of 0.01 levels. These WRKY TFs could be related to corresponding stress resistance and selected as the candidate genes, especially, 



the two genes TF807.3 and TF12.199, which were regulated notably by four stresses respectively. This study may provide useful information and 
candidate genes for the development of transgenic stress tolerant papaya varieties. Keywords: Carica papaya L.; WRKY transcription factor; 
Quantitative real time PCR (qRT-PCR); Biotic stress; Abiotic stress; Papaya ringspot virus (PRSV). 
 
P1145: Genome Mapping, Tagging & Characterization: Fruit Species 
A Survey of Protein Folds into the Ataulfo Mango Transcriptome 
Rogerio Sotelo-Mundo, BioMolecular Structure Lab. CIAD Centro de Inv. en Alimentación Des. A.C., Hermosillo, Mexico, 
Alonso A. Lopez-Zavala, Universidad de Sonora-ChemBio Dept., Hermosillo, Mexico, Maria A. Islas-Osuna, CIAD Centro de 
Investigación en Alimentación Desarrollo A.C., Hermosillo, Mexico and Adrian Ochoa-Leyva, Biotechnology Institute-UNAM, 
Cuernavaca, Mexico 
Using the Ataulfo mango RNAseq transcriptome (see talk at the Mango Genomics workshop), we classified the amino acid deduced sequences 
for protein fold families. We are interested in identifying novel folds and proteins that contribute to understand structure and function. For 
example, we have crystallized and solved the crystal structure of mango GST which is 50% identical to wheat GST (PDB 1GWC) and there is a 
root mean square deviation (RMSD) of 1.6 Å between both structures. We are using Phyre2 algorithm to predict structure into the clean 
classified transcriptome Ataulfo mango transcriptome. We surveyed the triose phosphate isomerase fold as well as the cell wall modifying 
enzymes. This on-going project is an example of a fruitful collaboration between agri-genomics and structural biology to identify novel targets 
and also to understand structure and function relationships in proteins. 
 
P1146: Genome Mapping, Tagging & Characterization: Fruit Species 
De novo Transcriptome Analysis in Physiological Disorders of Mangosteen (Garcinia mangostana L.) Fruits by RNA-Seq 
Deden Derajat Matra1,2, Toshinori Kozaki3, Kazuo Ishii3, Roedhy Poerwanto2, Darda Efendi2, Hisao Higashio1 and Eiichi Inoue1, 
(1)Ibaraki University, Ami, Japan, (2)Bogor Agricultural University, Bogor, Indonesia, (3)Tokyo University of Agriculture and 
Technology, Fuchu, Japan 
Mangosteen is one of the most important Indonesian tropical fruits because it has high economic value and a pleasing taste, and a rich aroma as 
well as anti-oxidants. However, the quality of fruit depends on the occurrence of physiological disorders, like gamboge disorder (GD) and the 
fruit translucent disorder (TFD). In order to identify the differential gene expression on the normal fruit and the physiological disorder-affected 
fruits, the transcriptome was analyzed using the Ion Proton™ system. First, we collected 4 types of the tissues: GD-affected rind (GDR), normal 
rind (NR), TFD-affected aril (TFDA) and normal aril (NA). The 11 libraries were sequenced and a total of 202.48 million short reads (16.52 
billion bases) were produced. The bases of low Q values were trimmed and a total of 38.6 million short reads were produced. The de novo 
assembly was performed with the trimmed reads by Trinity. This assembling produced 236,152 contigs with an average of 484 bp in length 
ranging between 224 – 5557 bp. The contigs were annotated using EnsemblePlant database. The transcripts of the trimmed reads were mapped 
individually into the assembled-contigs by Bowtie2. We identified 5,525 transcripts to be further analyzed in the differential gene expression 
(DGE). After normalization and fisher’s exact test (q-value ≦0.05), DGE analysis identified the transcript difference in 147 transcripts between 
GDA and NR, and 932 transcripts between TFDA and NA, respectively. These results provide a starting information to further discovering and 
understanding the regulating genes involved in the physiological disorders of mangosteen. 
 
P1147: Genome Mapping, Tagging & Characterization: Fruit Species 
Assembly of highly heterozygous mango (Mangifera indica cv. Amrapali) genome using PacBio long sequence reads 
Nagendra K. Singh, ICAR-National Research Centre on Plant Biotechnology, New Delhi, India 
Mango (Mangifera indica L.), a member of the family Anacardiaceae is an allotetraploid fruit tree with small genome size of 439 Mb (2n= 40). 
India is the largest producer of mango growing more than 1,000 varieties, where it is known as ‘king of fruits’ for its rich taste, flavor, color and 
diverse end-usage. To facilitate the assembly of highly heterozygous diploid genome of a popular mango variety ‘Amrapali’ we used PacBio-
SMRT sequencing with long average read lengths and 70x genome coverage. De novo assembly using FALCON diploid assembler resulted in an 
assembly of 323 Mbp in 9,550 large contigs, with 73.2% genome coverage, largest contig size of 1.09 Mb and N50 of 98.3 Kb. Gene prediction 
using FGENESH revealed total 43,247 gene models with an average gene size of 894 bps in a range of 150 to12,102 bp. Comparison with the 
other published plant genomes showed highest similarity with Citrus sinensis. We identified 122,332 genomic SSR and developed 8,451 Type1 
SSR and 835 HSSR markers with high level of detectable polymorphism. Further, we have identified 1.67 million high quality SNPs by ddRAD 
sequencing of 91 diverse mango varieties for which a database has been created and population structure of Indian mango varieties is determined. 
Using this data a single-copy gene based 50K SNP chip has been designed for genotyping using Affymetrix platform. These genomic resources 
will fast track the mango varietal improvement for higher productivity, disease resistance and superior end-use quality. 
 
P1148: Genome Mapping, Tagging & Characterization: Fruit Species 
Genome-wide annotation, tissue specific expression, and temporal expression profiling of transcription factors revealed 
candidate components of circadian clock in pineapple genome 
Anupma Sharma1, Ching Man Wai2, Ray Ming2 and Qingyi Yu1, (1)Texas A&M AgriLife Research, Dallas, TX, (2)University of 
Illinois at Urbana-Champaign, Urbana, IL 
Circadian clocks provide fitness advantage by coordinating internal metabolic processes and fine-tuning physiological events to external cyclic 
environments. Core clock components exhibit rhythmic changes in gene expression over a 24 hour period, and many of them are transcription 
factors (TFs) and transcription coregulators (TCs). In this study, we annotated TF/TCs in pineapple genome, and analyzed their tissue-specific 
and temporal expression pattern. We identified 1,398 TFs from 67 TF families and 80 TCs from 20 TC families. Nine TF families and two TC 
families were most abundant, accounting for approximately 50% of TF/TCs. Grouping of TF/TCs based on their combinatorial expression in 
leaf, flower, root, and fruit identified 581 TF/TCs upregulated in only one tissue, and 193 TF/TCs co-upregulated in more than one tissue. 
Majority of the genes in the latter group were co-upregulated in both leaf and flower, or in the root and fruit. Members 14 TF families and 1 TC 
family were significantly upregulated in only one tissue, and only one TF family was significantly upregulated in two tissues. Temporal 



expression profiles of pineapple TF/TCs in the green leaf tip and white leaf base tissues revealed diel peak in the expression of 547 TFs and 36 
TCs. A total of 158 TF/TCs were cycling only in the white leaf base, 251 were cycling only in the green leaf tip, and 174 were cycling in both 
tissues. We identified a set of 66 TF/TCs whose expression was phase-locked between the green and white tissue, and this set was enriched in 
homologs of known Arabidopsis circadian system components. Our results suggest that phase-locked TF/TCs are prospective circadian system 
components, and their functional characterization may be instrumental in understanding the regulation of CAM photosynthesis in pineapple. 
 
P1149: Genome Mapping, Tagging & Characterization: Fruit Species 
Field Resistance to Pseudomonas Syringae pv. Actinidiae (Psa) in a Diploid Male Kiwifruit Breeding Parent Is Conferred By 
Multiple QTLs 
Susan E Gardiner, The New Zealand Institute for Plant & Food Research Limited, Palmerston North, New Zealand, Heather M 
Bassett, The New Zealand Institute for Plant & Food Research Limited, Palmeerston North, New Zealand, Cecilia Deng, Plant & 
Food Research, Auckland, New Zealand, David Chagne, Plant and Food Research, Palmerston North, New Zealand and Luis Gea, 
Plant & Food Research, Te Puke, New Zealand 
The bacterium Pseudomonas syringae pv. actinidiae (Psa) has cost the NZ kiwifruit industry approximately 500 million dollars over five 
years.   The breeding programme needs to achieve quickly high levels of tolerance/resistance to Psa and develop marker assisted selection for the 
development of new cultivars. We identified QTLs for field resistance to Psa in a diploid Actinidia chinensis family resulting from a cross 
between a susceptible female (Hort16A) and a resistant male parent (P1) widely represented in commercial populations.   The small mapping 
population of 52 clonally-propagated individuals was phenotyped at monthly intervals (for 18 months) for disease indicators, including cane 
death and tip death.  Genotyping-By-Sequencing (GBS) was used to construct a genetic map of 27 of the 29 chromosomes of P1, spanning 4,295 
cM and comprising 3,364 SNP markers. Kruskal Wallis analysis identified a number of QTLs contributing to resistance control, by both 
phenotypic measures.  Some of the QTLs for both traits were in common. The QTLs effects were additive, as resistance strength increased with 
the number of QTLs present in an individual.  SSR markers mined from the reference A. chinensis genome sequence enabled allelotyping of the 
QTL effect and will be used for QTL validation in existing phenotyped breeding populations.  
 
P1150: Genome Mapping, Tagging & Characterization: Fruit Species 
De Novo Assembly of a Genome-Wide Transcriptome of Paw-Paw (Asimina triloba; Annonaceae) and Functional 
Annotations of Fruit Development 
Joon Seon Lee1, Sariel Hubner1, Andrej Arsovski2 and Keith Adams1, (1)University of British Columbia, Vancouver, BC, Canada, 
(2)Agriculture and Agri-Food Canada, Southern Crop Protection and Food Research Centre, London, ON, Canada 
Paw-paw (Asimina triloba Dunal; Annonaceae) is the only species in the genus Asimina found in eastern North America, and it bears the largest 
indigenous fruit to the continent. Despite its economical and ecological importance, the lack of transcriptomic and genomic data limits the 
genomic and genetic investigation of this important fruit tree. The transcriptome from early fruit developmental stage (14 days after pollination) 
was sequenced in order to generate expression datasets of three genotypes (Davis, NC1 and PG). A total of 45 million reads (Illumina 150 bp 
paired-end reads) were obtained from the fruits of the three genotypes. High quality reads were assembled de novo into 406,979 unique 
transcripts (UTs). An average of 49,091 UTs were assigned to 1,177 Gene Ontology (GO) terms. Using the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway database, we mapped an average of 480 GO terms onto 109 pathways. Ethylene responsive pathway-related 
candidate genes were expressed significantly higher (p < 0.05) than randomly selected genes. This study produced the first fruit trnascriptome 
sequence of Asimina, and it identifed several candidate genes in the ethylene responsive pathway for the fruit development. 
 
P1151: Genome Mapping, Tagging & Characterization: Fruit Species 
The Draft Genome of Lychee (Litchi chinensis Sonn) Revealed Independent Domestication Events of Early and Late Mature 
Cultivars 
Guibing Hu1, Guangyi Fan2, Xu Xiang3, Jiabao Wang4, Chengming Liu5, Zhenxian Wu1, Ray Ming6, Xu Xun7, Houbin Chen1 and 
Jianguo Li1, (1)South China Agricultural University, Guangzhou, China, (2)BGI, Shenzhen, China, (3)Institute of Fruit Research, 
Guangdong Academy of Agricultural Sciences, Guangzhou, China, (4)Environment and Plant Protection Institute, Chinese 
Academy of Tropical Agriculture Sciences, Danzhou, China, (5)South China Agricultural University, Guangzhou, China, 
(6)University of Illinois at Urbana-Champaign, Urbana, IL, (7)Beijing Genomics Institute (BGI), Shenzhen, China 
Lychee is an exotic and nutritious fruit that has been domesticated thousands of years ago, and cultivated in tropical regions worldwide. We 
reports a high-quality draft genome of the domesticated litchi (Litchi chinensisSonn.), which is the first genome sequence of Sapindaceae family 
and perennial tropical fruit trees. The assembled genome size (987 Mb) is twice that determined by flow cytometry and were separated into two 
haplotypes spanning ~430 Mb (haplotype A, HA) and ~443 Mb (haplotype B, HB), respectively. Of the totally predicted 65,076 gene models of 
all the assembly, HA and HB contains 30,371 and 31,209 genes respectively. We identified 28,174 pair allelic genes between the two haplotypes 
and the mean identity of the allele pairs was about 96.90%, and 24.42% of them were selectively expressed in 15 transcriptome samples. The 
lychee genome has no whole genome duplication event after the “gamma” triplication event shared by all eudicots. Re-sequencing of 64 litchi 
accessions, including 31 wild and 33 cultivated, resulted in identification of selective sweeps, candidate genes for fruit maturation, and 
independent domestication events of early and late mature cultivars. The early mature lychee cultivars were domesticated in Yunnan province 
while the late mature cultivars in Hannan Island, southern China. 
 
P1152: Genome Mapping, Tagging & Characterization: Fruit Species 
Discovery of Genome-wide Single Nucleotide Polymorphisms using Next Generation Sequencing in Melon (Cucumis Melo 
L.) 
Sung-Chur Sim1, Ngan Thi Phan1 and Younghoon Park2, (1)Sejong University, Seoul, South Korea, (2)Pusan National University, 
Miryang, South Korea 



The decreasing cost along with rapid progress in next generation sequencing (NGS) and related bioinformatics computing resources has 
facilitated large-scale discovery of SNPs in crop species. Melon (C. melo L.) is an economically important species (2n = 2x = 24) in the 
Cucurbitaceae family. It has been extensively studied as a model fruit for several biological characters such as fruit ripening and sex 
determination. In this study, the genomes of two melon varieties (P1 and P2) were sequenced using the HiSeq system. The 6.8 Gbp and 6.0 Gbp 
sequences were generated for P1 and P2, respectively and these sequences were used to identify single nucleotide polymorphisms (SNPs). By 
comparing with the melon reference genome assembly version 3.5.1, we detected 1,844,761 (P1) and 1,654,882 (P2) SNPs in both intergenic and 
genic regions. In addition, a total of 534,477 SNPs were detected between P1 and P2 varieties. Of these SNPs, a subset of 222 SNPs were 
randomly selected for validation and their primers were designed for high resolution melting (HRM) analysis. A total of 185 SNPs (83.33%) 
were validated and these SNPs were used to genotype additional 16 melon varieties. The SNPs from our study will be a useful resource for 
genome-wide association studies and breeder’s toolbox development.  
 
P1153: Genome Mapping, Tagging & Characterization: Fruit Species 
Genetic Relationships among Dihaploid Altinbas Melon (Cucumis melo L. var. inodorus) Lines Revealed by SSR Markers 
Baris Dal, Nebahat Sari, Yildiz Kacar and Ilknur Solmaz, CUKUROVA UNIVERSITY, ADANA, Turkey 
Melon is an economically important vegetable crop in Turkey. The production amount is approximately 1.7 million tonnes and winter type 
melons (Cucumis melo L. var. inodorus)    are widely grown in many regions using local genotypes. Haploidization technique is known to be a 
useful tool in plant breeding by reducing time for the production of 100% homozygous lines. We examined the genetic relationships of 96 
dihaploid Altinbas melon genotypes that we developed by irradiated pollen technique using SSR (Simple Sequence Repeat) markers. Twenty 
polymorphic primers were used to generate the SSR markers. Based on SSR data, the genetic similarity coefficients were calculated and 
dendrograms were constructed using UPGMA (unweighted pair-group method with arithmetic average). According to cluster analysis dihaploid 
lines were separated into different groups. Our results provide us different heterotic groups for developing new breeding programmes in Altinbas 
melon dihaploid lines 
 
P1154: Genome Mapping, Tagging & Characterization: Fruit Species 
Genetic Relationships in the Desert Watermelon Citrullus colocynthis As Viewed with High Frequency Oligonucleotide–
Targeting Active Gene (HFO–TAG) Markers  
Amnon Levi1, Alvin M. Simmons2, Laura Massey3, John Coffey4, Patrick Wechter5, Yaakov (Kobi) Tadmor6, Padma 
Nimmakayala7 and Umesh K. Reddy7, (1)USDA-ARS, U.S. Vegtable Laboratory, Charleston, SC, (2)USDA-ARS, U.S. Vegetable 
Laboratory, Charleston, SC, (3)USDA, ARS, U.S. Vegetable Laboratory, Charleston, SC, (4)U.S. Vegetable Laboratory, USDA, 
ARS, Charleston, SC, (5)USDA-ARS, Cherleston, SC, (6)Agricultural Research Organization, ARO, Ramat Yishay, Israel, 
(7)Department of Biology, West Virginia State University, Institute, WV 
United States Plant Introductions (PIs) of Citrullus colocynthis (L.) Schrad. are a viable source for enhancing disease and pest resistance in 
watermelon cultivars. However, there is a little information about their genetic diversity and relationships to watermelon cultivars. Genetic 
diversity and relationships were examined among 29 accessions of C. colocynthis (CC) collected in northern Africa, the Middle East, and Asia. 
Also, among 6 accessions of Citrullus lanatus var. lanatus (Thunb.) Matsum. & Nakai (CLL), 12 accessios of C. lanatus (Thunb.) Matsum. et 
Nakai subsp. lanatus var. citroides (Bailey) Mansf. ex Greb. (CLC) and a PI classified as the desert perennial C. ecirrhosus Cogn. (CE) (Griffin 
16945, collected in southern Africa). Twenty-three high frequency oligonucleotides - targeting active gene (HFO-TAG) primers were used in 
polymerase chain reaction (PCR) experiments to produce a total of 431 polymorphic fragments that represent coding regions of watermelon 
genome. The analyses showed closer genetic relationships of CC to CLL than to CLC. The desert perennial CE (Griffin 16945), collected in 
southern Africa, comprises alleles of CC, CLC and CLL, suggesting that it may evolved from a common Citrullus ancestor. The CC PIs 
differentiated into five subgroups, concuringwith their geographic distribution in northern Africa, the Middle East, and Asia. Although the 
existence of reproductive barriers resulting in significant reduced fertility, several of the C. colocynthis PIs, particularly those collected in 
northern Africa, can be crossed with watermelon cultivars and used in breeding programs aimed to enhance watermelon cultivars for disease or 
pest resistance. 
 
P1155: Genome Mapping, Tagging & Characterization: Fruit Species 
Genetic Diversity within Turkish Watermelon [Citrullus lanatus (Thunb.) Matsumura & Nakai] Accessions Revealed by 
SSR and SRAP Markers 
Ilknur Solmaz1, Nebahat Sari1, Yildiz Kacar1 and Ozhan Simsek2, (1)CUKUROVA UNIVERSITY, ADANA, Turkey, 
(2)Department of Horticulture, Faculty of Agriculture, University of Cukurova, ADANA, Turkey 
The genetic diversity of Turkish watermelon genotypes selected from the watermelon genetic resource collection was evaluated by SSR (Simple 
Sequence Repeat) and SRAP (Sequence-Related Amplified Polymorphism) markers. Most of the accessions were collected from various 
geographical regions of Turkey. Different Citrullus species, wild relatives, foreign landraces, open pollinated (OP) and commercial hybrid 
cultivars were also assesed for genetic relatedness. Fourteen SSR primers and 31 SRAP primer combinations were used in the experiment. Both 
SSR markers (100%) and SRAP markers (97.3%) generated high polymorphisms. Based on the SSR and SRAP data, the genetic similarity 
coefficients were calculated and dendrograms were constructed using the unweighted pair-group method with arithmetic average (UPGMA). 
Cluster and principle coordinate analyses indicated that, Citrullus lanatus var. lanatus subspecies genotypes, collected from the different regions 
of Turkey were closely genetically related. Overall our results displayed low genetic variability exists within the Turkish watermelon germplasm 
in contrast with their considerably high morphological diversity.  
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Study on Chilling Requirement and Heat Requirement of Zizyphus jujuba Mill. cv. Lingwu Changzao and Zizyphus jujuba 
Mill. cv. Dongzao for Protected Cultivation 
Chengchen Li, University, Ningxia, China 



Taking Zizyphus jujuba Mill. cv. Lingwuchangzao and Zizyphus jujuba Mill. cv. Dongzao for Protected Cultivation in China of Ningxia were 
selected as experiment materials, using the method of branch soaking sprouting and air temperature observation, we evaluated the chilling 
requirement and heat requirement of two jujube varieties based on three different chilling requirement models(≤7.2°C model, 0¡ﾁ`7.2°C model and 
Utah model ), and two heat requirement models(growing degree hour model and effective temperature model),and also measured some 
physiological indices of jujube branches during their dormancy period. The results showed that: there is a significant difference in chilling 
requirement and heat requirement for the same variety under different estimate models, and there is a slight result difference in ≤7.2°C model and 
0¡ﾁ`7.2°C model for the same variety chilling requirement .The chilling requirement of Zizyphus jujuba Mill. cv. Lingwu Changzao and Zizyphus 

jujuba Mill. cv. Dongzao for protected cultivation were 410h and 413h (0¡ﾁ`7.2°C model) respectively .The heat requirement of Zizyphus jujuba 
Mill. cv. Lingwu Changzao for protected cultivation were 8841.6GDH°C(growing degree hour model)and 200.8D°C(effective temperature 
model).Suitable bud sprouting germination temperature distribution ranges was 20°C¡ﾁ`25°C. At the late period of dormancy to germination, the 
content of starch and protein in the branches increased, the content of soluble sugar in the branches decreased. 
 
P1157: Genome Mapping, Tagging & Characterization: Fruit Species 
Mining  Genome and Transcriptome Sequences of Poncirus trifoliata for NB-LRR Genes and Their Association with HLB 
Disease Resistance 
Nidhi Rawat1, Zhanao Deng1 and Fred G. Gmitter2, (1)University of Florida, Wimauma, FL, (2)University of Florida, IFAS-
CREC, Lake Alfred, FL 
Nucleotide binding site-leucine rich repeat (NB-LRR)  genes are among the most important gene classes for plant breeding and genetic 
engineering purposes being responsible for activation of plant defense mechanisms against various pathogens. The bacterial disease 
Huanglongbing (HLB) is a most devastating disease of citrus worldwide. Several studies have indicated that Poncirus is resistant/tolerant to 
HLB, but the Poncirus genes for HLB resistance/tolerance are to be identified and characterized. As of today, no report exists on sequence and 
expression analysis of NB-LRR gene repertoire in Poncirus. In the present study, RNA-seq and DNA-seq paired end reads were generated using 
Illumina HiSeq 2000 and aligned to 618 nucleotide sequences of recently characterized NB-LRR genes from the Citrus clementina genome using 
TopHat and BWA, respectively. We found ~1.45 million reads from DNA-seq data matching to 616 NB-LRR related genes from the C. 
clementina genome. These Poncirus NB-LRR sequences showed an overall pairwise identity of 84.8-99.5% and 68.9-99.3% identical site with 
the NB-LRR genes of C. clementina genome. We identified structural variations and SNP/indels in the coding sequences of these genes. RNAseq 
data analysis identified 208 contigs matching with 141 NB-LRR genes in non-inoculated Poncirus, while 158 contigs corresponding to 112 NB-
LRR genes in HLB-inoculated Poncirus. We identified that 75 genes were up-regulated (>2 fold) and 63 genes were down-regulated (<2 fold) in 
HLB-inoculated Poncirus. Differentially expressed NB-LRR isoforms in HLB-inoculated Poncirus were also detected. The identified Poncirus 
NB-LRR gene repertoire would assist in the study of their functions in HLB disease resistance. 
 
P1158: Genome Mapping, Tagging & Characterization: Fruit Species 
Development of Female (F) Locus Specific Co-Dominant Marker from Cucumber 
Sanghyeob Lee, Sejong University, Seoul, South Korea 
Cucumber is a typical monoecious plant with individual male and female flowers, and sex expression in cucumber is mainly determined by three 
major genes: F/f, M/m and A/a. Gynoecy plays an important role in cucumber hybrid breeding and use of gynoecious lines as maternal parent 
ensures high productivity. This study aimed to identify a co-dominant molecular marker linked to Female (F) locus to distinguish homozygous 
and heterozygous gynoecious lines for cucumber breeding. Firstly, we analyzed the sequence polymorphism of 5 gynoecious and 5 monoecious 
inbred lines to detect the polymorphism linked to F locus. A pair of specific primer based on insertion/deletion polymorphism on 3’ UTR of 
branched-chain amino acid transaminase (BCAT) gene was designed to examine the polymorphism in the parents, F1 and F2 segregating 
population and additional 56 divergent cucumber accessions. The result showed that the specific fragment amplified with Cs-BCAT-F/Cs-BCAT-
R, was identified as a co-dominant marker and almost co-segregated with sexual phenotype in F2 population. Furthermore, we present a new 
intensive linkage map for F locus using Indel markers. This is the first report for the development of F locus specific co-dominant marker which 
can distinguish homozygous and heterozygous gynoecious and it could be used in marker-assisted selection in cucumber breeding. 
 
P1159: Genome Mapping, Tagging & Characterization: Fruit Species 
Rapid and Reliable Identification of Cucumber Fruit Length Loci by QTL-seq 
Qingzhen Wei1, Xiaodong Qin2, Qunfeng Lou3, Jinfeng Chen4 and Yunzhu Wang3, (1)NanJing Agriculture University, Nanjing, 
China, (2)College of Horticulture, Nanjing Agricultural University, Nanjing, China, (3)Nanjing Agricultural University, Nanjing, 
China, (4)Nanjing Agricultural University, Nanjing, Jiangsu, China 
Cucumber，Cucumis sativus L.(2n = 2x = 14), is a globally cultivated vegetable crop of economic importance. Fruit length is an important 
agronomic and domesticated trait in cucumber, which is controlled by multiple quantitative trait loci (QTL), nonetheless the underlying genetic 
mechanism remains unclear. In the present study, QTL-seq, a rapid identification method of plant QTLs via whole-genome resequencing was 
employed to explore the fruit length QTL loci based on a population of 135 F7 recombinant inbred lines (RILs). A major QTL fl3.1 on cucumber 
chromosome 3 was detected through genome-wide comparison of SNP profiles between the extreme long and short fruit bulks. Four candidate 
genes, Csa3M180400.1 Csa3M778360.1 Csa3M778370.1 Csa3M823020.1 were discovered, of which quantitative RT-PCR results revealed 
significantly higher expression in long fruit genotypes. In combination with our previous QTL analysis using specific-length amplified 
sequencing (SLAF-seq), several minor QTLs (QTL fl1.1, fl1.2, fl1.3, fl2.1, and fl6.1) were also identified. We also demonstrate that mature fruit 
length is largely determined during early embryo development. Results from this study shows the benefits of QTL-seq method in rapid QTL 
detection and potential application in marker-assistant selection, as well as fine mapping of fruit-length related loci.  
Key words: QTL-seq, whole genome re-sequencing, fruit length, Cucumis sativus L. 
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Genome-Wide Anlysis of Cucumber Downy Mildew Resistant QTLs 
Sanghyeob Lee, Sejong University, Seoul, South Korea 
Due to the variation and mutation of the races of Pseudoperonospora cubensis, downy mildew has in recent years become the most devastating 
leaf disease of cucumber worldwide. Novel resistance to downy mildew (DM) has been identified in the breeding lines of Cucumis species of 
Korea. After the successful hybridization between breeding lines of cucumber (C. sativus L.), a mapping population for QTL mapping of downy 
mildew resistance has been generated. We used classical QTL mapping and GBS(genotype-based sequencing) –based mapping , to find the 
gene(s) responsible for downy mildew resistance in cucumber. In this meeting, we present the current result of Downy mildew resistance QTL 
mapping  
 
P1161: Genome Mapping, Tagging & Characterization: Fruit Species 
QTL Mapping of Downy Mildew Resistances in PI 197088 and WI7120 Cucumbers 
Yuhui Wang1, Changlong Wen2, Kyle VandenLangenberg3, Todd Wehner3, Peter A.G. Kraan4, Jos Suelmann4, Xiangyang Zheng5, 
Ken Owens5 and Yiqun Weng1,6, (1)UW-Madison, Madison, WI, (2)Beijing Academy of Agricultural and Forestry Sciences, 
Beijing, China, (3)Horticultural Science, North Carolina State University, Raleigh, NC, (4)Bayer CropScience Vegetable Seeds, 
Haelen, Netherlands, (5)Magnum Seeds, Dixon, CA, (6)USDA-ARS, Vegetable Crops Research Unit and UW-Madison, Madison, 
WI 
Downy mildew (DM, Pseudoperonospora cubensis) is a devastating fungal disease of cucumber worldwide. Several plant introduction lines have 
been identified with high resistance to the post-2004 new DM strain found in the U.S. However, the inheritance of DM resistance is still not well 
defined. Molecular markers that can be used for marker-assisted selection in DM resistance breeding are not widely available. Here, we report 
QTL mapping studies with two inbred lines PI 197088 and WI7120 (derived from PI 330628) with high resistance against the post-2004 DM 
strain. Mapping populations included 154 F6 RILs from PI 197088 × Coolgreen and 243 F3 families from WI7120 × 9930. Reponses to downy 
mildew pathogen in artificial greenhouse or natural field inoculations of the two populations were evaluated in multiple environments over three 
years and four locations. Genotyping of the RIL and F3 populations was conducted with 2,086 specific-length amplified fragment (SLAF) 
markers and 348 SSR markers, respectively. QTL analysis identified six QTLs underlying DM resistance in the RIL population contributed by PI 
197088, which were located in cucumber chromosomes 1, 3, 4, and 5, respectively with 3 located in Chr5. These QTL together explained 78.4% 
observed phenotypic variations. With the F3 population of WI7120 × 9930, four QTLs for DM resistance contributed by WI7120 were identified 
in chromosomes 2, 4, 5, and 6 that could explain 75.5% phenotypic variations. Based on the LOD support interval of each QTL, two QTLs, one 
in Chr4, and the other in Chr5 seemed to be shared by PI 197088 and WI7120 although the magnitude of effects (R2) was different between the 
two lines at each locus. 
 
P1162: Genome Mapping, Tagging & Characterization: Fruit Species 
De Novo Assembly of A Draft Genome for Cucumis hystrix, the Closest Relative of Cucumber 
Paradee Thammapichai, University of Wisconsin, Madison, Madison, WI and Yiqun Weng, USDA-ARS, Vegetable Crops 
Research Unit and UW-Madison, Madison, WI 
Cucumis hystrix (2n = 2x = 24) is the only known species that is cross-compatible with cucumber and has a great potential for cucumber 
improvement. To facilitate introgression of C. hystrix chromatins into cucumber genetic background, we sequenced two accessions, TH1 and 
CN1, of the C. hystrix genome with Illumina HiSeq 2000 and Roche/454 platforms and conducted de novo draft genome assembly. With the 
Newbler (v2.8) software package, 225 out of 378 million reads (60%) were assembled for TH1. The estimated genome size was 447.0 Mbp. The 
resulting assembly contained 16,865 scaffolds (~78× coverage) with the largest scaffold being 467 kb and N50 scaffold size of 23.8 kb. For the 
CN1 accession, 72.4 out of 117 million reads (61.9%) were assembled with 24× coverage and an estimated genome size of 478.8 Mbp. The 
assembly contains 88,371 contigs with N50 contig size of 4.0 kb. Scaffolds for CN1 were not obtained due to low quality of 454 sequencing 
reads. We determined that both assemblies were of good quality and with sufficient coverage for comparative analysis with cucumber and melon 
genomes, as well as mining of molecular markers. For SNP calling, DNA repeats within both assemblies were filtered out using the Viridiplantae 
repeat database and RepeatMasker program. Over 554,000 SNPs and 58,000 indels were identified between two accessions. We also identified 
>4.5x106 SNPs between C. hystrix TH1 and cucumber inbred line 9930. A subset of SNPs and indels are being validated and will be used in 
developing a linkage map for C. hystrix. 
 
P1163: Genome Mapping, Tagging & Characterization: Fruit Species 
Linkage Mapping of Olive (Olea europaea L.) Genome through Genotyping By Sequencing (GBS) 
Nurengin Mete1, Duygu Ates2, Hulya Yilmaz Temel2, OZnur Cetin1, Mustafa Sahin1, Hulya Kaya3 and M. Bahattin Tanyolac2, 
(1)Central Research Institute of Olive,, BORNOVA /Izmir, Turkey, (2)Ege University, Izmir, Turkey, (3)Central Research Institute 
of Olive,, Izmir, Turkey 
The olive tree (Olea europaea L., 2n=2x=46) is one of the oldest and long-lived fruit species cultivated in the Mediterranean Basin with a 
significant economic value. Up to date, only a few hundred of the markers were be able to be mapped in the olive genome, which was contained 
insufficient number of markers to construct a high-density olive linkage map and to cover the genome in previously published papers. Olive 
linkage map was constructed based on the 92 F1 individuals generated from a cross between two highly heterozygous olive genotypes, Memecik 
(female parent) and Uslu (male parent) cultivars. Using GBS and SSR markers, we were able to map a total of 3,890 SNPs and 13 SSR markers 
in olive and constructed the most comprehensive SNP reference linkage map. In the Memecik linkage map, a total of 2,071 polymorphic markers 
(2,063 SNPs and 8 SSR) mapped and generated 23 linkage groups. The total Memecik map length was 2,921.9 cM with an average distance of 
1.41 cM between adjacent markers. In the Uslu linkage map, a total of 1836 markers (1,827 SNPs and 9 SSR) mapped and generated 23 linkage 
groups. The total Uslu map length was 2,543.2 cM with an average distance of 1.38 cM between adjacent markers. Twenty-three linkage groups 
for each of the parents were obtained, which corresponded to a haploid chromosome number (n=23) for olives. This map could be used for future 



applications of GBS in olive include the development of genomic selection, QTL analysis and positional cloning of genes controlling traits of 
interest. 
 
P1164: Genome Mapping, Tagging & Characterization: Fruit Species 
De novo Whole Genome Sequencing of Olive Tree (Olea europaea L.) 
Turgay Unver, Biology Department, Faculty of Science, Cankiri Karatekin University, Cankiri, Turkey, Mine Turktas, Cankiri 
Karatekin University, Faculty of Science, Biology Department, Cankiri, Turkey, Gabriel Dorado, Campus de Excelencia 
Internacional Agroalimentario (ceiA3), Universidad de Córdoba, Cordoba, Spain, Pilar Hernandez, Instituto de Agricultura 
Sostenible, Cordoba, Spain and Yves Van de Peer, VIB - Ghent University, Zwijnaarde, Belgium 
Olive (Olea europaea L.) is an economically important fruit tree, being widely spread in the Mediterranean Basin. The olive tree is one of the 
most important oil crops in the world, belonging to the family of Oleaceae, order of Lamiales, which includes important members for their 
essential oils, fragrances and phenolics. Olive tree is a diploid (2n = 2x = 46), predominantly allogamous, and vegetatively propagated species. 
To date there is no available genome level sequence data of olive. We have sequenced and assembled the genome of wild olive tree (O. europaea 
var. sylvestris) with coverage of 246X. SOAPdenovo was used to assemble the genome, which resulted in a draft genome of 1.48 Gb with 
scaffold N50 of 228 kb, which is near to previous estimates by flow cytometry and k-mer analyses (~1.46 Gb). We assembled 42,843 scaffolds 
(>1 kb) with about 80% of the total assembly (1.16 Gb). Using a newly constructed genetic map we anchored 50% of the sequences into 23 
linkage groups, which included 572 Mb. About 50% of the total genome assembly was found to be composed of repetitive DNA. Transposable 
elements and interspersed repeats occupied 47% of the genome. Protein-encoding gene models were constructed by combined methodology, 
including de novo, homology-based and RNA-Seq-aided predictions. A total of 60,214 protein-encoding gene models were predicted for total 
assembly, of which 36,381 were anchored into chromosomes. To estimate level of heterozygosity in the genome, we performed k-mer 
distribution approach and found that the distribution is about 1.3%. A phylogenetic tree was constructed for evolutionary analyses, on the basis 
of a concatenated sequence alignment of the 99 single copy genes shared by olive and other 12 plant species. In this phylogenetic dendrogram, 
the olive tree clustered with oil-crop sesame. Whole-genome duplication and speciation events were analyzed, via fourfold synonymous third-
codon transversion (4DTv) approach, showing that there was a recent whole-genome duplication event in the olive-tree, before speciation from 
sesame. The olive tree genome was also subjected to synteny analyses with sesame, resulting in 1,727 synteny blocks. We annotated and further 
analyzed genes involved in oil biosynthesis, ripening, secondary metabolite synthesis, and alternate bearing as well as small RNAs and 
transcription factor genes using transcriptome data from several tissues. The olive reference genome sequence will serve as a crucial source not 
only for the study of olive genome biology but also for tree genomics and will facilitate more effective olive breeding programs. 
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Preliminary Study on Genes Involved in Cold Tolerance in Two Spanish Olive Cultivars 
Carolina Font i Forcada1, Marco Cirilli2, Beatriz Bielsa3, Angel Fernandez i Marti4, Rosario Muleo2 and Maria J. Rubio-Cabetas5, 
(1)Genome Center, University of California, Davis, CA, (2)Dipartimento di Scienze e Tecnologie per l’Agricoltura, le Foreste, la 
Natura e l’Energia,, Viterbo, Italy, (3)Hortofruticulture Department. Agrifood Research Center of Aragón (CITA), ZARAGOZA, 
Spain, (4)Genome Center - University of California, DAVIS, CA, (5)Hortofruticulture Department, Agrifood Research Center of 
Aragón (CITA), Zaragoza, Spain 
The olive [Olea europaea L. subsp. europaea] is an old traditional cropwhich was domesticated from the wild at various locations around the 
Mediterranean basin resulting in a vast number of accessions worldwide. This is the case of the northeast part of Spain (Aragon), where several 
genotypes were prospected and have been characterized for cold tolerance. Two cultivars have been used to identify genes involved in cold 
tolerance, the worldwide cultivar ‘Arbequina’ and ‘Royeta de Asque’ autochthonous from the Pyreneans mountain. The experiment was done in 
a growth chamber at -4ºC during 98 hrs, and physiological data were monitored along the experiment. The following involved cold genes have 
been studied by RT-qPCR: CBF3, DREB1, ICE1, HOS1, TINY and the RT results have been normalized using the geometric mean of two 
housekeeping genes: POLYUB and EF1α. RT-qPCR analysis was conducted on two biological sample, each one repeated twice, for every leaf 
tissue samples. The results obtained show an inverse relationship between molecular and physiological data. However, it is necessary to keep in 
mind that this relationship is only apparent, because in resistant plants the expression of cold-involved genes usually occurs during the first few 
hours from the beginning of the perception of the frost treatment. Subsequently, the expression of those genes drops down and other target genes 
became more expressed. This is supported by the observations that on the susceptible plants the time scale of gene expression is delayed, 
coherently with the level of gene expression detected in susceptible genotype Arbequina. Evidences on this interpretation are under examination 
by analysing the gene expression of a small set of COR genes that are target of ICE1/CBF3 signalome, and their target genes like the subfamily 
FAD, which codify for protein involved in the cell membrane stability. 
 
P1166: Genome Mapping, Tagging & Characterization: Fruit Species 
Identification of QTLs Controlling Genes of Ripening Time, Flesh Detachment from Stone and Firmness in Olive (Olea 
europaea L.) 
Duygu Ates1, OZnur Cetin2, Hulya Yilmaz Temel1, Nurengin Mete2 and M. Bahattin Tanyolac1, (1)Ege University, Izmir, Turkey, 
(2)Central Research Institute of Olive,, BORNOVA /Izmir, Turkey 
Olive fruits and olive oil have been studied for many years due to its potential health benefits. Besides providing energy, they compose of 
significant amounts of plant-derived anti-oxidants, phyto-sterols, vitamins and minerals. Olive is a diploid species having 46 chromosomes 
(2n=2x=46) and about 3.120 Mbp genome size. Olive fruit ripening, firmness, and flesh detachment from stone are the main criterias in table 
olive market so these traits are one of the main criterias for researches in olive breeding. Compare to other fruit crops there are few data available 
about the QTL analysis of some characters in olive. Parents and 92 F1 individuals was used in this study. Ripening time was found with the mean 
value of 161.5 days  and 165.8 days in 2011 and 2013 respectively. Flesh detachment from stone was detected in Memecik as difficult and, as 
easy in Uslu in both years. The firmness of Memecik was detected 22 N and 22.7 N and Uslu was found 19 N and 15.8 N in 2011 and 2013 
respectively. In the Memecik linkage map 1 QTL region identified for ripening time explaining the phenotypic variation between 10.0-16.6%, 3 



QTL region and 1 putative QTL marker found for flesh detachment from stone explaining the phenotypic variation between 10.0-14.9% and 1 
QTL region detected for firmness, explained the phenotypic variance with 9.5-22.0%. In the Uslu linkage map a total of 2 QTL regions were 
mapped for firmness, explaining the phenotypic variation between 9.8-26.6%.  Identification of these QTL regions could be useful data for 
molecular breeding programmes and new varieties of olive could be improved using these markers for early selection in future. 
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Genetic Diversity of Arabica Coffee (C. arabica) Based on Morphological and Biochemical Analysis 
Thi Minh Hue Tran1, Carlos Alberto Cordero Vargas2, Leonard Slade Lee3, Agnelo Furtado1, Heather Smyth1 and Robert J. 
Henry1, (1)University of Queensland/QAAFI, Brisbane, Australia, (2)CATIE, Turrialba, Costa Rica, (3)Southern Cross University, 
Lismore, Australia 
Selection of improved quality coffee genotypes can be supported by the use of association genetics linking phenotypic data (morphological and 
biochemical components in the coffee bean determining coffee quality) with genotypic data. The choice of germplasm representing diversity is 
very critical for the success of an association study. The narrow genetic base resulting from a genetic bottle neck in domestication and self-
pollination of commercial arabica has been well documented. However, the sub/spontaneous accessions have higher genetic diversity assessed by 
molecular markers.  In this work, beans of 235 coffee genotypes were selected from a population of 1800 genotypes growing in Costa Rica. 
These comprised 232 genotypes of C. arabica, two of C. canephora (robusta) and one of C. brevipes, representing samples from 24 countries 
with 82 cultivars/varieties/selections, 38 hybrids and 112 wild types. Bean morphology including weight of 100 beans, the ratio of bean length to 
width, bean thickness and bulk density has been measured and showed significant variation. Compositional analysis was also performed to 
identify diversity in the population in regards to biochemical compounds linked to coffee quality (both volatile and non-volatile components). 
The results of this study could help in direct selection of desired genotypes in coffee breeding or could be used in association genetics to identify 
genes or markers linked to coffee quality. Further, correlations between bean physical properties and composition could determine whether or not 
bean physical properties could be used for selection of desired quality genotypes. 
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Mixed Model to Multiple Harvest-Location Trial Applied to Genomic Prediction in Coffea canephora 
Luis Felipe V. Ferrão1, Romario G. Ferrão2, Maria A. G. Ferrão3, Aymbire Fonseca3 and Antônio Augusto Franco Garcia4, 
(1)University of São Paulo (ESALQ/USP), PIRACICABA, Brazil, (2)Instituto Capixaba de Pesquisa,Assistência Técnica e 
Extensão Rural, Vitoria, Brazil, (3)Instituto Capixaba de Pesquisa e Assistência Técnica e Extensão Rural / Embrapa Café, Vitoria, 
Brazil, (4)University of São Paulo (ESALQ/USP), Piracicaba - SP, Brazil 
Genomic Selection (GS) has been studied in several crops with potential to increase the rates of genetic gain and reduce the length of breeding 
cycle. Despite the relevance, there is a modest number of reports applied to the genus Coffea. Nevertheless, the effective implementation depends 
on the ability to consider genomic models that represent with adequate reliability the breeding scenario in which the specie are inserted. Coffee 
experimentation, in general, is represented for evaluations in multiples sites and harvests (MET), in order to understand the interaction magnitude 
and predicting the performance of untested genotypes. Therefore, the main objective of this study was investigate GS models that accommodate 
MET modeling. A expansion of the traditional GBLUP was proposed in order to accommodate the interactions in the GS model. Different 
scenarios that mimic the coffee breeding and models commonly used in the analysis were compared. In terms of goodness of fit this approach 
showed the lowest AIC and BIC values and, consequently, the best goodness of fit. The predictive capacity was measured by cross-validation 
and, in contrast with the GBLUP, the incorporation of the MET modeling showed higher predictive accuracy (on average 10-17% higher) and 
lower prediction errors. All the genomic analysis were performed using the Genotyping-by-sequencing (GBS) approach, which showed a good 
potential to be used in coffee breeding programs. Thus, as conclusion, the results achieved may be used as basis for additional studies into the 
Genus Coffea and expanded for other perennial crops, that have a similar experimentation design.  
 
P1169: Genome Mapping, Tagging & Characterization: Forest Trees 
Does Douglas-fir Celebrate the Solstice?  Circadian and Circannual Cycles of Gene Expression Variation in Douglas-fir 
Needles 
Peter Dolan1, Richard Cronn2, Sanjuro Jogdeo3, Dee Denver3, Brad St Clair2 and Jill Wegrzyn4, (1)University of Minnesota, 
Morris, Morris, MN, (2)USDA Forest Service Pacific Northwest Research Station, Corvallis, OR, (3)Oregon State University, 
Corvallis, OR, (4)University of Connecticut, Storrs, CT 
Perennial growth in plants is the product of interdependent cycles of daily and annual environmental stimuli that induce periods of physiological 
growth and dormancy. In conifers, leaves (“needles”) are a perennial organ that integrates seasonal signals from light, temperature and water 
availability. To understand the relationship between seasonal stimuli and seasonal responses in conifers, we examined transcriptome changes in 
Douglas-fir (Pseudotsuga menziesii) needles at diurnal and circannual scales. Using mRNA sequencing, we generated 6.1x109 100 bp 
microreads from 19 trees and constructed a de novo pan- transcriptome reference that includes 162,326 transcripts. Using this reference, we 
mapped RNA-Seq reads from 166 samples that capture daily, seasonal, and annual variation. Our analysis identifies 15,487 diurnally-cycling 
transcripts, 4,912 of which show high amplitudes and include homologues to core clock genes from model plants. Analysis also reveals 24,688 
annually-cycling transcripts, 11,963 of which show high amplitudes. The timing of maximum gene expression across diurnal and annual periods 
shows a bimodal response, with ~50% of transcripts reaching maximum expression +/- 2 hours from sunrise or sunset, and +/- 20 days from the 
shortest and longest photoperiod. The striking increase in transcription during short photoperiods is unusual because it coincides with dormancy; 
this may represent an exceptional case of transcriptional “anticipation” for the onset of spring growth. Our results implicate photoperiod as the 
dominant driver of annual transcription patterns and may be general for temperate zone conifers, making them useful for predicting rhythmic 
transcription in newly-emerging conifer models. 
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Elucidation of Transposable Elements in Conifers and Their Effect on Conifer Evolution 



Robin Paul, Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT 
Conifers are the most dominant life forms in boreal and temperate forests. They have important applications towards carbon sequesterization and 
wood production. Interspersed repeats constitute up to 80% of these typically large and complex genomes (Douglas-fir: 15Gbp, loblolly pine: 
23Gbp and sugar pine: 33Gbp) making elucidation of these genomes extremely challenging. A combination of de novo and similarity based 
methods were used to characterize the repeats in these complex genomes. It was observed that transposable elements constitute about 70%, 74% 
and 79% of Douglas-fir, loblolly pine and sugar pine genome respectively. As expected, LTR retrotransposons dominated all three genomes and 
represent 53.67%, 52.53% and 56.08% of Douglas-fir, loblolly pine and sugar pine genomes respectively. To study the proliferation and diverged 
nature of the LTRs, dating of LTR retrotransposons were carried out by comparing the nucleotide substitutions of their respective LTR regions. 
Dating results suggest that transposable element activity has been more recent in sugar pine relative to loblolly pine resulting in the expansion of 
the sugar pine genome. No major bursts in transposon activity were detected and instead a balanced insertion and removal of transposable 
elements occurred over the past 15 million years. Therefore no single repeat element contributed a major portion of the genome. It was also 
found that gypsy elements in sugar pine were more recent than those in loblolly pine supporting our observation of a gypsy expansion in sugar 
pine. 
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Genome-Wide Identification and Profiling of Novel and Conserved Mirnas during Formation of an Epigenetic Memory in 
Norway Spruce Embryos 
Igor Yakovlev, Adam Vivian-Smith and Carl Gunnar Fossdal, Norwegian Institute of Bioeconomy Research, Ås, Norway 
Epigenetic memory in Norway spruce permanently affect the timing of bud burst and bud set, vitally important adaptive traits, in this long-lived 
forest species. MicroRNAs (miRNAs), a class of small noncoding RNA molecules have recently drawn attention for their prominent role in 
development and epigenetic regulations.  
We prepared 18 small RNA libraries from embryogenic tissues of two individuals at three stages of maturation grown up in vitro at three 
culturing temperatures (18, 23 and 28°C). Obtained libraries were sequenced in duplicate on PGM™ (Ion Torrent™) system and analyzed using 
CLC genomic workbench.  
In this study, we report the identification of more than 1100 novel and conserved miRNAs in Norway spruce derived from 1050 precursors. We 
found high amount of isomiRs and high redundancy of putative miRNA genes in released Norway spruce genome v1. Based on identified 
miRNAs we studied their expression patterns in dependence on the temperature prevailing during somatic embryogenesis growth and leading to 
establishing of epigenetic marks. Distinct temperature dependent expression patterns were determined for most of analyzed miRNAs. miRNAs 
are targeting the large amounts of spruce genes with a wide range of functions, including genes involved in epigenetic regulation. 
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Genomic Selection in Tree Breeding: Prediction Accuracy in a White Spruce Diallel Mating Design 
Marie Deslauriers1, Patrick Lenz1, Yill Sung Park2, Sylvie Blais3, Jean Bousquet3 and Jean Beaulieu1, (1)Natural Resources 
Canada, Canadian Wood Fibre Centre, Quebec, QC, Canada, (2)Natural Resources Canada, Canadian Wood Fibre Centre, 
Fredericton, NB, Canada, (3)Université Laval, Canada Research Chair in Forest and Environmental Genomics, Quebec, QC, 
Canada 
The ability to predict the genetic value of trees at an early age is of interest to tree breeders coping with long selection cycles in boreal conifers. 
Mature phenotypes, such as wood traits, can only be assessed after many years of testing and marker-based selection tools are thought to be a 
cost-effective alternative to accelerated breeding. A genomic selection (GS) analysis was carried out in a population of 303 clones derived from 
75 full-sib families produced using a disconnected diallel mating design, with 20 parents divided into 4 groups. The effectiveness of GS models 
was evaluated by the ability to predict phenotypes and breeding values using two types of population subset. First, a 10-fold cross-validation was 
performed in which full-sib families are included in each training set. Second, three breeding groups were used for training and GS models were 
validated in the remaining group. For the first validation scheme, marker predicted breeding values were well correlated with “true” breeding 
values, as estimated using available pedigree information for all 303 clones. Correlations for cross validated pedigree models were somewhat 
stronger, but prediction accuracies obtained with markers were encouraging. The ability to predict phenotypes was weak to moderate and carried 
large errors. Using trees from an unrelated diallel group for validation led to a drop in accuracy close to 0 as expected from earlier studies on 
white spruce. Results underline the importance of a shared relationship between training and validation sets of GS models to predict breeding 
value or phenotypes. 
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Mediterranean Firs: A Complete Next-Generation Sequencing Phylogeny 
Anass Terrab Benjelloun, Francisco Balao, M Teresa Lorenzo Romero, Jose Manuel Sánchez and Juan Luis García-Castaño, 
University of Seville, Seville, Spain 
Some molecular phylogenetic studies were conducted for Abies Mill. either by including a limited set of species or by using only data from a few 
markers of a single genome (from chloroplast, mitochondrial or nuclear ribosomal DNA). Here we present the first complete molecular 
phylogeny of a tree genus, Abies, in the Mediterranean. The application of sequencing of restriction-site-associated DNA tags (RADseq), a next-
generation sequencing-based method, provided highly valuable information to assess the position of the different Abies species in the study area. 
Over 6,000 filtered SNPs produced a well-supported phylogenetic tree and confirmed species delimitations. Additionally, we obtained a well-
resolved molecular phylogeny that corroborated the monophyletic origin of all the Mediterranean firs as well as their separation in the two 
sections previously recognized, sect. Abies and sect. Piceaster. Finally, the evolutionary history of the Mediterranean firs appeared to show 
frequent interspecific hybridization events due to secondary contacts, adding complexity to the nowadays situation. 
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Construction of a High-Density Genetic Linkage Map using Axiom Genotyping and Identification of QTLs for Wood 
Property, Growth and Male Flower Formation in Japanese Cedar (Cryptomeria japonica) 
Kentaro Mishima1, Tomonori Hirao2, Taiichi Iki3, Yuichiro Hiraoka4, Miyoko Fukatsu-Tsubomura5, Miho Tamura6, Makoto 
Takahashi4, Hiroshi Hoshi5 and Atsushi Watanabe7, (1)Forest Tree Breeding Center, FFPRI, Hitachi, Japan, (2)Forest Bio-Research 
Center, FFPRI, Hitachi, Ibaraki, Japan, (3)Tohoku Breeding Office for FTBC, Forestry and Forest Products Research Institute, 
Takizawa,Iwate, Japan, (4)Forest Tree Breeding Center, FFPRI, Hitachi, Ibaraki, Japan, (5)Forest Tree Breeding Center, Forestry 
and Forest Products Research Institute, Hitachi, Ibaraki, Japan, (6)Faculty of Agriculture, Kyushu University, Higashi-ku, Fukuoka, 
Japan, (7)Faculty of Agriculture, Kyushu University, Fukuoka, Japan 
We constructed a high-density linkage map, and performed quantitative traits loci (QTL) analysis of the seventy traits related to wood property, 
growth and male flower formation using F1 population from a cross between plus-trees “Minaminasu2”and “Otawara1”. For the 
constructinglinkage map, approximately 70kSNPs, which were identified from ESTs collected from plural tissue, were genotyped using Axiom 
genotyping system. About 1.2k SNPs out of 70kSNPs was polymorphic between the parents. The linkage map of “Minaminasu2” consisted of 11 
linkage groups of 1,403 loci spanning 1221.2cM and that of “Otawara1” consisted of 11 linkage groups of 1,297 loci spanning 1,282.3cM. The 
integrated map became 11linkage groups, which corresponds the chromosome number of C.japonica, of 2,045 loci spanning 1,330.2cM. The 
detected QTLs for traits related to wood property and growth were located various position in linkage groups on the both “Minaminasu2”and 
“Otawara1”map. The evident QTL that had relatively high QTL score (more than 4.0), for the GA-treated male flower formation was found on 
LG6 on the Otawara1 map. 
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Exome Genotyping and Association Genetics of Environmental Adaptation and Stress Mitigation Traits in a Clonally 
Tested Loblolly Pine (Pinus taeda L.) Population 
Mengmeng Lu1, Konstantin V. Krutovsky1,2, C. Dana Nelson3, Tomasz Koralewsky4, Tom D. Bryam4 and Carol Loopstra1, 
(1)Texas A&M University, College Station, TX, (2)Georg-August-University of Göttingen, Göttingen, Germany, (3)Southern 
Institute of Forest Genetics, US Forest Service SRS, Saucier, MS, (4)Texas A&M Forest Service/Texas A&M University, College 
Station, TX 
Loblolly pine, Pinus taeda L., is the most widely planted and commercially important tree species in the southeastern U.S. To increase the 
number of known single nucleotide polymorphisms (SNPs) and functional markers available for research and tree breeding, we used genotyping 
by sequencing for targeted exome regions. The exons were captured in 375 trees using NimbleGen probes and then sequenced using the Illumina 
HiSeq 2500 platform. Hybridization oligonucleotide probes were designed for 199,723 exons (≈49Mb) partitioned from the loblolly pine genome 
annotation v2 (PineRefSeq). The bioinformatics analyses demonstrated 90.2% of the targeted exons were covered by the probes. The capture 
efficiency analyses showed that an average of 67.2% of the captured bases were in the target regions and more than 70% of the target bases had 
at least 10X sequencing depth. A total of 972,720 SNPs were acquired after filtering. Among them, 52.8% were located in coding regions and 
5.3% were located in 5’ or 3’ untranslated regions. Mean heterozygosity (0.32±0.01) and nucleotide diversity (0.27±0.13, on a per site basis) 
were high within this population. The zygotic linkage disequilibrium (LD) coefficient (r2) decayed to half within 55 bp, to r2=0.1 within 192 bp, 
and r2=0.05 within 451 bp. The fastStructure analysis using unlinked SNPs demonstrated two distinct clusters representing west and east parts of 
the loblolly pine area. We will describe association tests that are being conducted to discover markers and genome regions associated with 
phenotypic traits including height, specific leaf area and carbon isotope discrimination. 
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Assembling and Comparing Two Ash Tree Genomes: Coping with Heterozygosity on Non-Model Organism WGS 
Bernardo Clavijo1, Gonzalo Garcia1, Jonathan M Wright1, Darren Heavens2, Matt Clark1 and Federica Di-Palma1, (1)The Genome 
Analysis Centre, Norwich, United Kingdom of Great Britain and Northern Ireland, (2)The Genome Analysis Centre, Norwich, 
United Kingdom 
Sequencing and assembling biologically interesting samples often means leaving the easy single-reference, model organism, genome scenario 
towards a myriad of interesting but extremely challenging individual genomes. On this work we focus on two different Ash tree (Fraxinus 
excelsior) genomes, chosen from a sample group exposed to the Ash Dieback disease. This two trees, one of them less susceptible to the disease, 
where highly heterozygous, and DNA extraction proved challenging.  
We created a genome sequencing and assembly strategy based on Illumina PCR-free Paired End libraries and Nextera Long Mate Paired 
libraries, two techniques that would produce good data and would be achievable with our starting material. Typical pipelines produce assemblies 
with poor contiguity, duplicated sequence and most worryingly even loss of homozygous content. We designed a post-contigging filter, using 
kmer-spectra properties to keep all the homozygous content and discard roughly half of the heterozygous content in the final set of contigs. This 
collapsing simplifies the scaffolding problem downstream reducing the number of alternative paths for the use of long range information, which 
in turn produces a higher quality and more contiguous assembly with all the content for a complete collapsed mosaic.  
This sequencing and assembly approach created two comparable assemblies, working robustly and consistently on both samples, allowing us to 
carry on towards downstream analysis. We present here both the method for heterozygous assemblies and the results of some preliminary 
comparative analyses based on the genome sequences, to showcase the utility of assemblies created with this technique. 
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Targeted-Capture Sequencing in Whitebark Pine Reveals Range-Wide Demographic and Adaptive Patterns Despite 
Challenges of a Large, Repetitive Genome 
John V. Syring1, Jacob A. Tennessen2, Tara N. Jennings2, Camille Scelfo-Dalbey1,3 and Richard Cronn4, (1)Linfield College, 
McMinnville, OR, (2)Oregon State University, Corvallis, OR, (3)Biomedical Engineering Department, Santa Cruz, CA, (4)USDA 
Forest Service Pacific Northwest Research Station, Corvallis, OR 



Whitebark pine (Pinus albicaulis) covers an expansive range in western North America, and is considered a keystone species of subalpine 
environments. Whitebark is susceptible to multiple threats – climate change, white pine blister rust, mountain pine beetle, and fire exclusion – 
and is suffering significant mortality range-wide, prompting the tree to be listed as “globally vulnerable” by the IUCN, and “endangered” by the 
Canadian government.  Conservation collections (in situ and ex situ) are being initiated to preserve the genetic legacy of the species. Reliable, 
transferrable, and highly variable genetic markers are essential for quantifying the genetic profiles of seed collections relative to natural stands, 
and ensuring the completeness of conservation collections. We evaluated the use of hybridization-based capture to enrich targeted genomic 
regions from the 30+ GB genome of whitebark, and to evaluate genetic variation across loci, trees, and geography. Probes were designed to 
capture 7,849 distinct genes, and screening was performed on 48 trees. Despite the inclusion of repetitive elements in the probe pool, the 
resulting dataset provided information on 4,452 genes and 32% of targeted positions (528,873 sites), and we were able to identify 12,390 
segregating sites from 47 trees. Variation at SNP sites reveals strong geographic trends in heterozygosity and allelic richness, with trees from the 
southern Cascade and Sierra Range showing the greatest distinctiveness and differentiation. Our results show that targeted capture produces high 
quality, codominant genotypes from the large genome of whitebark, and the resulting data can be readily integrated into management and gene 
conservation activities. 
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QTL Mapping of Pine Wood Nematode (PWN) Resistance in Pinus thunbergii 
Tomonori Hirao, Forest Bio-Research Center, FFPRI, Hitachi, Ibaraki, Japan, Koji Matsunaga, Kyushu Breeding Office for 
FTBC, Goshi, Japan, Kentaro Mishima, Forest Tree Breeding Center, FFPRI, Hitachi, Japan and Atsushi Watanabe, Faculty of 
Agriculture, Kyushu University, Fukuoka, Japan 
Pine wilt disease (PWD) is caused by the pine wood nematode (PWN), Bursaphelenchus xylophilus, and is a chronic problem to pine forests 
(Pinus thunbergii and Pinus densiflora) in Japan. We selected two mapping populations of resistance (S1 of PWN resistance cultivar ‘Namikata 
73’ and F1 of ‘Tanabe 54’×‘Tosashimizu 64’) and infected them with PWN. Phenotypic trait was evaluated with levels of disease symptom (5 
levels) every week until 10 week after PWN infection. In the S1 population, one PWN resistance QTL was mapped with 56 molecular markers on 
linkage group 8. In the F1 population, two resistance QTLs were mapped with 131 molecular markers on linkage groups 8 and 12. A major 
resistance QTL named PWNRLG8 (LOD score 4.71-6.45) with a large phenotypic effect (10.9-20.2 %) was mapped in both populations to 
chromosome 8. Another resistance QTL was mapped on linkage group 12 (Tanabe 54×Tosashimizu 64). These data provided first evidence for 
common resistance mechanisms against PWN. QTLs identified in this study would be useful for marker-assisted selection in PWN resistant 
breeding programs in Pinus thunbergii because resistance tests are time consuming and laborious. 
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Signatures of Selection Among de novo Assembled Transcriptomes of Four White Pine Species 
U. Uzay Sezen, Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT 
Conifers are evolutionarily ancient group of trees that form the dominant vegetation throughout the northern boreal forests of high latitude 
regions of North America, Europe, and Asia. They possess exceptional longevity and play an integral economic and ecological role across much 
of the world. Here we investigate de novo assembled transcriptomes of four white pine species: western white pine (Pinus monticola), limber 
pine (Pinus flexilis), whitebark pine (Pinus albicaulis), and sugar pine (Pinus lambertiana). All are five-needle white pines classified as members 
of the subgenus Strobus. Among them Pinus monticola, Pinus flexilis, and Pinus albicaulis are high elevation species and will be largely affected 
by climate change. Annotation of the four white pine needle leaf tissue transcriptomes sequenced using Illumina next generation platform 
revealed a core set of 2025 gene families shared across the four white pines among which 408 showed signatures of selection. Of these 408, 39 
are estimated to be under positive selection (average dN/dS > 1), 9 are under neutral selection (average dN/dS < 1 and average dN/dS > 0.95), 
and the remaining 360 are under purifying selection (average dN/dS <0.95). Among the positively selected genes FBK-Skip6, E3 Ubiquitin 
Protein Ligase and UTP7 will be highlighted. A comparative study examining the gene space among the four species including candidate genes 
involved in drought tolerance, disease and pest resistance and phenology is underway. Adaptive evolution and patterns of selection among the 
four white pines will advance our understanding of this ancient non-model plant group. This study complements Sugar Pine Genome project 
gene models by providing full-length transcripts. 
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Establishment of Genomic Resources Aiming at Accelerating Advanced-Generation Tree Breeding By Molecular Breeding 
in Japanese Cedar (Cryptomeria japonica D. Don) 
Makoto Takahashi1, Yuichiro Hiraoka1, Manabu Kurita2, Kentaro Mishima1, Tomonori Hirao3, Taiichi Iki4, Miho Tamura5, Eitaro 
Fukatsu2, Mine Nose1, Miyoko Fukatsu-Tsubomura1, Mineko Ohira1, Yuya Takashima1, Taro Yamanobe1, Noritsugu Kuramoto2, 
Masahiro Miura6, Osamu Chigira7, Hiroshi Hoshi1 and Atsushi Watanabe5, (1)Forest Tree Breeding Center, FFPRI, Hitachi, Ibaraki, 
Japan, (2)Kyushu Regional Breeding Office, Forest Tree Breeding Center, FFPRI, Koshi, Kumamoto, Japan, (3)Forest Bio-
Research Center, FFPRI, Hitachi, Ibaraki, Japan, (4)Tohoku Regional Breeding Office, Forest Tree Breeding Center, FFPRI, 
Takizawa, Iwate, Japan, (5)Faculty of Agriculture, Kyushu University, Fukuoka, Japan, (6)Kansai Regional Breeding Office, Forest 
Tree Breeding Center, FFPRI, Shouo, Okayama, Japan, (7)Iriomote Tropical Forest Breeding Technical Garden, Forest Tree 
Breeding Center, FFPRI, Taketomi, Okinawa, Japan 
Shortening time required for improvement and enhancing prediction accuracy is important for efficiently driving forest tree breeding forward. In 
Sugi (Cryptomeria japonica D. Don), which is one of important coniferous species for Japanese forestry, second generation plus-tree selection 
and construction of third generation breeding population is currently under way. For accelerating the tree breeding program, build-up of genome 
resource for molecular breeding such as EST collection from multiple organs, de novo transcriptome assembly, phenotyping more than 60 traits 
related to growth and wood quality, linkage map construction, QTL analysis, gene expression analysis and genome-wide association, was carried 
out. We conducted a pilot study of genomic prediction using those genomic basis. 
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Population Genetics of Silver Birch 
Jarkko T Salojärvi, University of Helsinki, Helsinki, Finland 
Silver birch, Betula pendula, is a highly prevalent deciduous tree in boreal forests across Europe and Asia. We have recently sequenced the 
B.pendula genome and used it as a reference for a population genetics study where 11 sites across Europe and Asia were sampled.  
Initial results from shallow sequencing of over 60 individuals suggest that birch has a negligible population structure, most likely due to the wide 
dispersal range of birch pollen. This is in line with recently reported results in Populus. Local adaptation plays a strong role in shaping up the 
birch population. Using a novel approach we find evidence of selection on plant signaling and physiology which is linked with the climatal 
variation. 
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Genome Map for Quaking Aspen (Populus tremuloides) using the BioNano Genomics Irys System 
Lindsay Chaney and Josh Udall, Brigham Young University, Provo, UT 
Quaking aspen (Populus tremuloides) has the largest geographic distribution of any North American tree and has tremendous ecological, 
economic, and aesthetic value. Aspen is associated with high levels of plant and wildlife biodiversity, responsible for carbon sequestration, an 
important source of fiber and pulp, and a source of wildlife and livestock forage. 
A de novo whole genome map of aspen was created using the high-throughput whole-genome mapping technique with nanochannel arrays in the 
BioNano Genomics Irys system. Data generated 493,337 DNA molecules covering more than 173X of the aspen genome. The genome map was 
compared to the sequenced Populus trichocarpa genome. 
This is the first whole-genome map for aspen and will be instrumental in assembling the aspen genome. These molecular tools will have great 
implications for aspen ecology, restoration, and understanding how genomes of highly clonal and polyploid plant species evolve. Further, this is 
the first report of a genome map for a tree species using the BioNano Genomics Irys system. This work demonstrates a promising application of 
the whole-genome map construction for non-model organisms in a fast and reliable manner. 
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Genetic Containment of Forest Trees By RNAi Suppression of LEAFY 
Amy Leigh Klocko1, Amy Brunner2, Jian Huang3, Richard Meilan4, Haiwei Lu1, Cathleen Ma1, Alice Morel1, Dazhong Zhao3, Kori 
Ault1, Michael Dow1, Olga Shevchenko1 and Steven Strauss1, (1)Oregon State University, Corvallis, OR, (2)Department of Forest 
Resources and Environmental Conservation, Virginia Tech, Blacksburg, VA, (3)University of Wisconsin-Milwaukee, Milwaukee, 
WI, (4)Purdue University, West Lafayette, IN 
Gene flow into wild and feral populations of forest trees present a significant barrier to field studies and commercial use of exotic and 
recombinant DNA modified trees.  Both male and female sexual reproduction are significant concerns in most species.  To provide bisexual 
containment, we used RNA-interference (RNAi) to suppress the poplar ortholog of the LEAFY (LFY) gene, which is essential for development of 
floral primordia in male and female sexual organs.  We transformed this construct into male and female clones of poplar; here we present results 
from early-flowering female clone 6K10 (Populus alba).  We obtained 15 independent transformed events in clone 6K10 and examined their 
floral and vegetative traits over 4 seasons of growth in an APHIS-approved field trial.  Rooted trees were planted in 2011 and began flowering in 
2014.  Floral phenotypes were initially assessed through indoor flushing of dormant floral buds followed by observation of field-opened 
buds.  We found that suppression of the poplar orthologs of LFY gave rise to complete and stable sexual sterility in the field.  Of the 15 RNAi-
LFY events, 2 had extremely small inflorescences that lacked functional sexual organs and had reduced expression of LFY in developing floral 
buds.  The floral phenotype was repeated over two growing seasons, and the trees showed normal survival, seasonal dormancy, vegetative 
morphology, and growth rate.  Suppression or mutation of this gene should greatly facilitate field research, regulatory approval, and public 
acceptance of exotic and recombinant DNA modified forest trees. 
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Toward Higher Resolution Co-Expression Networks of Wood Developing Tissues through Data Integration 
Matthew S. Zinkgraf1, Lijun Liu1, Trevor Ramsay2, Andrew T. Groover1 and Vladimir Filkov2, (1)US Forest Service, Davis, CA, 
(2)UC Davis, Davis, CA 
Trees grow in a diverse array of habitats and must integrate environmental and developmental signals during the formation of woody tissues. 
Increasing evidence suggests that these signals are routed through complex transcriptional networks where they are precisely aggregated to elicit 
appropriate gene expression responses. To resolve such signal-aggregating regulatory pathways involved in wood formation, approaches that 
consider multiple experiments at the same time are needed. In this talk, we present a data integration analysis of diverse genomic datasets from 
Populus aimed at more precise understanding of transcriptional and regulatory responses during the wood formation process. Using multiple 
transcriptome profiling (RNA-seq) experiments, we generated higher-resolution gene co-expression networks, and identified both gene modules 
conserved across multiple datasets and those limited to specific datasets. Modules were identified that have significant correlations with 
experiment specific phenotypes, and a meta analysis of these datasets reveals that a subset of these same gene modules were highly conserved 
across multiple datasets. Furthermore, integration of transcription factor binding experiments (ChIP-seq) reveals that conserved gene modules 
were enriched for binding from three transcription factors (BELLRINGER, ARBORKNOX 1 and ARBORKNOX 2) that play fundamental roles 
in vascular cambium regulation. Together, this integrated approach increases the specificity of co-expression models and allows for the 
identification of conserved regulatory interactions, and suggests that a limited number of genes may be broadly involved in integrating 
environmental and developmental signals during wood formation. 
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Extensive Transcriptome Changes during Natural Onset and Release of Vegetative Bud Dormancy in Populus 



Haiwei Lu1, Glenn T. Howe1, David P. Horvath2, Palitha Dharmawardhana3, Henry D. Priest4, Todd C. Mockler5 and Steven H. 
Strauss1, (1)Oregon State University, Corvallis, OR, (2)USDA-ARS, Fargo, ND, (3)Department of Botany & Plant Pathology, 
Oregon State University, Corvallis, OR, (4)Donald Danforth Plant Science Center, St. Louis, MO, (5)Donald Danforth Plant 
Science Center, Saint Louis, MO 
Endodormancy is a state of suspended plant growth maintained in harsh environments or even during favorable growing periods.  To explore 
genetic basis of vegetative bud endodormancy, we collected paradormant, endodormant, and ecodormant axillary buds from Populus trichocarpa 
trees growing under field conditions in western Oregon.  Of 44,441 gene models analyzed by NimbleGen microarrays, 4% were differentially 
expressed among at least two dormancy states (false discovery rate p-value < 0.05).  Of all differentially expressed genes, 69% were down-
regulated from paradormancy to endodormancy, suggesting an overall reduced metabolic activity during endodormancy.  Multiple chromatin-
associated genes showed different expression levels in three states, and two of them (similar to SPT, SUPPRESSOR OF TY) were strongly up-
regulated during endodormancy.  Transcription factor genes that showed atypically increased expression during endodormancy include a gene 
that seems to encode a trihelix transcription factor, and genes associated with proteins involved in responses to ethylene, cold, and other abiotic 
stresses.  Analyses of phytohormone-associated genes suggest important changes in responses to ethylene, auxin, and brassinosteroids occur 
during endodormancy.  Weaker or little changes were found in genes associated with salicylic acid, jasmonic acid, gibberellins, abscisic acid, and 
cytokinin.  We identified 315 upstream sequence motifs associated with eight patterns of gene expression, including novel motifs and motifs 
previously associated with the circadian clock and responses to photoperiod, cold, dehydration, and ABA.  Analogies between the regulation of 
flowering and endodormancy suggest important roles for genes similar to SQUAMOSA-PROMOTER BINDING PROTEIN-LIKE (SPL), 
DORMANCY ASSOCIATED MADS-BOX (DAM), and SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1 (SOC1). 
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Predictive Ability of Genomic Estimated Family Values (GEFV) 
Esteban Rios1, Marcio Resende2, Matias Kirst3, Marcos D.V. Resende4 and Patricio R. Munoz1, (1)University of Florida, 
Agronomy Department, Gainesville, FL, (2)RAPiD Genomics LLC, Gainesville, FL, (3)University of Florida, Gainesville, FL, 
(4)EMBRAPA - sucursal, Vicosa, Brazil 
Genomic selection (GS) has been widely used to compute genomic estimated breeding values (GEBV) of individuals; however, it has only been 
applied to breeding cattle and major plant crops. Implementing GS in minor crops at the individual level is limited due to high costs. 
Additionally, in some crops selection is performed at the family level. We aimed to study the implementation of genome-wide family selection 
(GWFS) in a breeding population of loblolly pine (Pinus taeda L.) composed of 63 families (5-20 individuals per family), which was phenotyped 
for four traits (stem diameter, rust susceptibility, tree stiffness and lignin content) and genotyped using an Illumina Infinium assay with 4740 
polymorphic SNPs. Phenotypic and genotypic data was pooled at the family level in silico. Phenotypes were averaged across replicates for all the 
individuals and allele frequency was computed for each SNP. Marker effects were estimated at the family (GEFV) and individual (GEBV) level 
with Bayes-B using the package BGLR in R and models were validated using 10-fold cross validations. Predicted ability was computed by 
correlating phenotypes with GEFV and GEBV. Predicted ability was always higher for GEFV (0.51±0.02, 0.50±0.03, 0.47±0.03 and 0.28±0.03, 
respectively as order above) than for GEBV (0.45±0.02, 0.31±0.02, 0.39±0.03 and 0.20±0.04), even after standardizing GEFV predictions to be 
comparable to GEBV. Results revealed great potential for using GWFS in breeding programs that select families. A significant drop in 
genotyping costs as one sample per family is needed would allow the application of GS in minor crops. 
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Modest Frequency and Pleiotropic Impacts of Zinc-Finger Mutagenesis in Poplar 
Haiwei Lu, Amy Leigh Klocko, Michael Dow, Cathleen Ma, Vindhya Amarasinghe and Steven H. Strauss, Oregon State 
University, Corvallis, OR 
Gene flow from recombinant-DNA modified (GMO) trees is major barrier to their public acceptance and regulatory approval. Because many 
intensively grown trees are vegetatively propagated, complete sexual sterility could be a powerful means to mitigate or prevent gene flow. We 
tested four pairs of zinc-finger nucleases (ZFNs) as mutagenic agents against the LEAFY and AGAMOUS orthologs in poplar that are expected to 
be required for sexual fertility. Each of the four ZFN genes was cloned behind a heat-shock promoter for inducible expression and reduced 
pleiotropic effects. Using Agrobacterium tumefaciens, we transformed more than 21,000 explants. The rate of transformation was substantially 
reduced by the ZFN constructs; only 391 transgenic shoots were produced (1.8 %).  After heat shock and subsequent development of the 
transgenic plants, only two events were found to contain mutations; both were 7-bp deletions in one allele at the PtAG2 locus. No mutations were 
observed at the PtAG1 or PtLFY loci. Our results indicate a mutation rate of zero to 0.3% per explant per allele, among the lowest reported for 
ZFN mutagenesis in plants. The combined effects of reduced recovery of transgenic plants, and a modest mutation frequency, suggests that ZFNs 
may be a poor choice for mutagenesis of poplar genes. 
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Asexual Gene Drive in Populus? Results from CRISPR/Cas9 Mutagenesis of Floral Genes for Genetic Containment 
Estefania Elorriaga, Amy Leigh Klocko, Cathleen Ma and Steven Strauss, Oregon State University, Corvallis, OR 
Gene flow from genetically engineered (GE) trees into feral or wild populations are significant obstacles to their use as a result of regulatory, 
public perception, and ecological concerns.  Loss-of-function mutations in a number of floral transcription factor genes can lead to sterility in 
diverse plant species, however such mutations are rare and generally recessive, thus are very difficult to induce via conventional tree 
breeding.  The recently rediscovered Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)-associated Cas system has proven to 
be a powerful directed-mutagenesis tool in many species, including trees.  The CRISPR-Cas induced mutations appear to be highly predictable 
and stable, and reversion should be extremely rare or impossible (e.g., when there are deletions of essential parts of coding regions).  We are 
testing the mutation efficiency of six nucleases targeting two essential floral genes in Populus.  The targets are the poplar orthologs LEAFY and 
AGAMOUS—well studied genes essential for both male- and female-fertility.  The nucleases have been stably transformed into hundreds of 
independent events that we are now analyzing for mutation rate and type.  Sequencing results from 300 events indicate that the rate of identical 



mutation in both LEAFY alleles is ~32% and in both AGAMOUS alleles is ~27%.  This high rate of identical biallelic mutations may be due to 
CRISPR-Cas-mediated gene drive (allelic conversion) during initial mutagenesis or mitotic growth.  Results from study of the full population 
will be presented. 
 
P1189: Genome Mapping, Tagging & Characterization: Forest Trees 
Differential Intron Retention Is a Key Event of Alternative Splicing-Driven Transcriptome Adaptation to Environmental 
Stresses in Populus trichocarpa 
Sergei Filichkin1, Michael Hamilton2, Palitha Dharmawardhana3, Anireddy S. Reddy2, Asa Ben-Hur2 and Pankaj Jaiswal3, 
(1)Oregon State University, Corvallis, OR, (2)Colorado State University, Fort Collins, CO, (3)Department of Botany & Plant 
Pathology, Oregon State University, Corvallis, OR 
Alternative splicing (AS) of precursor messenger RNAs (pre-mRNAs) is widespread across metazoan organisms. In plants the majority of intron-
containing genes (42-61%) are alternatively spliced with intron retention (IR) being the prevalent class. The repertoire of AS can be modulated 
by various environmental stresses. We investigated the extent of abiotic stress-driven differential IR (DIR) events across principal tissue types of 
western poplar (Populus trichcarpa). Osmotic (dehydration or high salinity) or temperature (heat or cold) stresses triggered a broad range of DIR 
events in leaf, root, and xylem tissues. Each stress treatment induced a distinct set of stress-specific DIR events. The majority of transcripts 
harboring DIR events were unique between short-term and prolonged treatment phases.  However, several subsets of common DIR events were 
ubiquitously induced by two or more stress treatments. Among transcripts harboring multiple stress-regulated retained introns some DIR events 
occurred with high frequency across all treatments and tissues. Such highly responsive events were often observed in transcripts derived from 
genes regulating stress response. Stress-induced DIR events were present across key gene families regulating splicing, stress-response, plant 
development, cell wall metabolism, transcription, and circadian rhythms. 
 
P1190: Genome Mapping, Tagging & Characterization: Forest Trees 
Alternative Splicing in Wood Formation of Populus trichocarpa 
Ying-Hsuan Sun1, Hsu-Cheng Hsueh1, Ying-Chung Lin2 and Vincent Chiang2, (1)Department of Forestry, National Chung Hsing 
University, Taichung, Taiwan, (2)North Carolina State University, Raleigh, NC 
Wood of forest trees is the major sink for carbon sequestration and the potential source of lignocellulosic material for ethanol production; its 
derived products are also inseparable part of our daily life. Wood is mostly secondary xylems, the walls are composed of three major 
components: cellulose, hemicelluloses, and lignin. Cellulose and hemi-cellulose consists of about 70 to 80 % of the dry weight and make up the 
framework of the cell wall. The majority of the remaining portion is lignin, a phenolic polymer that functions as a major barrier for pathogens 
defense and water diffusion. Trees are constantly challenged by mechanical perturbations in nature. The formation of reaction wood is one of the 
most critical defense systems of trees to counteract mechanical stress/load for their long-term adaptation. Tension wood is the reaction wood 
developed by woody angiosperm. Tension wood contains elevated cellulose and decreased xylan, lignin and vessel cells. A distinct structure 
feature of tension wood is the gelatinous-layer (G-layer) in lumen of the fiber cell. The G-layer contains essentially pure cellulose. Due to these 
characteristics, tension wood is highly desirable for ethanol production and its developmental processes has been a major research topic. To 
understand the underlying regulatory networks associated with the mechanical stress response and the control cellulose, hemicelluloses and 
lignin biosynthesis, we carried out comparative analyses of transcriptome and small RNA profiles of tension and normal wood in Populus 
trichocarpa. The functional categories of the differential expressed gene  agreed with previous sudies. The Genome-wide alterative splicing 
analysis using RSEM revealed 100 genes with transcript isoforms differentially expressed in tension woods. GO enrichment analysis results of 
these 100 genes did not show preferential functional categories. The functions of these genes scatter across transcription factors, cell wall 
biosynthesis and cytoskeletal frameworks that may be associated with the g-layer formation and other tension wood characteristics. The gene 
differential expression patterns were also cross-referenced with the small RNA profiles. 
 
P1191: Genome Mapping, Tagging & Characterization: Forest Trees 
A Comprehensive lincRNA Analysis: From Conifers to Trees 
Nicolas Delhomme1, Bastian Schiffthaler1, Katja Stojkovic2, Yao-Cheng Lin3 and Nathaniel R. Street1, (1)Umeå Plant Science 
Centre, Umeå University, Umeå, Sweden, (2)Umeå Plant Science Center, Umeå, Sweden, (3)VIB - Ghent University, Zwijnaarde, 
Belgium 
We have produced an updated annotation of the Norway spruce genome on the basis of an in siliconormalised set of RNA-Seq data obtained 
from 1,529 samples and comprising 15.5 billion paired-end Illumina HiSeq reads complemented by 18Mbp of PacBio cDNA data (3.2M 
sequences). In addition to augmenting and refining the previous protein coding gene annotation, here we focus on the addition of long intergenic 
non-coding RNA (lincRNA) and micro RNA (miRNA) genes.   
In addition to non-coding loci, our analyses also identified protein coding genes that had been missed by the initial genome annotation and 
enabled us to update the annotation of existing gene models. In particular, splice variant information, as supported by PacBio sequencing reads, 
has been added to the current annotation and previously fragmented gene models have been merged by scaffolding disjoint genomic scaffolds on 
the basis of transcript evidence. Using this refined annotation, a targeted analysis of the lincRNAs enabled their classification as i) deeply 
conserved, ii) conserved in seed plants iii) gymnosperm/conifer specific.   
Concurrently, complementary analyses were performed as part of the aspen genome project and the results of a comparative analysis of the 
lincRNAs conserved in both Norway spruce and Eurasian aspen enabled us to identify conserved and diverged expression profiles.   
At present, we are delving further into the expression results with the aim to functionally annotate the lincRNA genes, by developing a co-
expression network analyses based GO annotation. 
 
P1192: Genome Mapping, Tagging & Characterization: Forest Trees 
ENHANCED DISEASE SUSCEPTIBILITY 1 (EDS1) Affects Development, Photosynthesis, Stress Signaling and Response 
in Hybrid Aspen (Populus tremula L. × tremuloides) 



Maciej Bernacki, Warsaw University of Life Sciences, Warszawa, Poland 
The function of ENHANCED DISEASE SUSCEPTIBILITY 1 (EDS1) protein is well characterized in annuals, especially in Arabidopsis 
thaliana. Our results are the first report of EDS1 function in perennial plant - Populus tremula x tremuloides grown in field conditions. We 
characterized poplar EDS1 function in photosynthesis, inter- and intra-cellular signaling, reactive oxygen species (ROS) metabolism, growth and 
development. Two independent poplar transgenic lines (eds1-7 and eds1-12) with decreased levels of EDS1 expression were obtained. Both lines 
exhibited increased quantum yield of photosystem II photochemistry (ϕPSII), non-photochemical quenching (NPQ), photochemical quenching 
(QP) and CO2 assimilation, in comparison to wild-type trees. Transgenic lines had lower content of salicylic acid (SA) and hydrogen peroxide 
(H2O2) which are important in signaling and stress responses. Moreover, differences in antioxidant enzymes (CAT, SOD, APX) activity involved 
in ROS metabolism were found. Compared to wild-type plants, transgenic trees exhibited also differences in growth and morphology. 
Furthermore, RNA-seq results proved that the expression of 207 genes was substantially deregulated in both transgenic poplar lines. Our data 
suggest that EDS1 in Populus tremula × tremuloides might be involved in the regulation of photosynthesis, cellular and sub-cellular signaling, 
reactive oxygen species (ROS) metabolism, stress tolerance, growth and development. 
 
P1193: Genome Mapping, Tagging & Characterization: Forest Trees 
Genetic Diversity Pattern of Salix alba Populations in a Fragmented  River Ecosystem in Eastern Mediterranean 
Funda Ö Degirmenci, Pelin Acar and Zeki Kaya, Department of Biological Sciences, Middle East Technical University, Ankara, 
Turkey 
The genus Salix L. is represented with more than 500 species in the world and 28 of species are found naturally in Turkey. The species of  the 
genus have been widely used for  bioenergy and phytoremediation. Salix alba like many other willow species is  with great renewable energy 
potentiali and important component of an healthy riparian ecosystem as an indicator species in major river ecosystems in Turkey. With  this 
study, it was aimed to provide information for efficient conservation, management and utilization of genetic resources of S. alba under increasing 
habitat deterioration and fragmentations. To meet this objective,   two populations of Salix alba from upper (two different branches)  and one 
population of each of middle and the lower portion a major eastern Mediterranean river ecosystem (Göksu river) in Turkey were sampled and 
screened with 7 nuclear SSR markers. Average number of alles per polymophic locus was 15.62 with the range of 10 to 25. Average observed 
heterozygosity estimated as 0.84 per locus. Generally, SSR loci revealed the excess of heterozygosity or very low inbreeding. The populations 
located in upstream of th river had higher genetic diversity (ranged from 0.84 to 0.87) than those located in middle (0.82) and lower part (0.81)of 
the river. There was an excess of heterozygotes in all populations. Number of uniique alleles were high in undisturbed upstream and midle 
populations compared to the downstream populations. The middle population where two upstream populations contribute to its genetic 
composition was genetically the most distance to the remainings. The results of the study are further evaluated with respect to habitat 
fragmentation and disturbances and conservation genetics and will be presented in the poster presentation.. 
 
P1194: Genome Mapping, Tagging & Characterization: Forest Trees 
Phylogenetic Analysis of the Turkish Salix Species Based on Sequence Data from Chloroplast matK and nuclear ITS 
Regions 
Pelin Acar, Funda Ö Degirmenci and Zeki Kaya, Department of Biological Sciences, Middle East Technical University, Ankara, 
Turkey 
The genus Salix L. is represented by more than 500 species in the world. About 28 species of these are naturally found in Turkey. This genus has 
been commonly used as biomass production for energy, phytoremediation and pharmacological products. The traditional methods for identifying 
the species based on morphology are insufficient to classify them due to hybridization, reproductive isolation, and polyploidy. The objective 
of this study was to reveal the phylogenetic relationships of native willow species in Turkey by studying the evolutionary conserved partial-
regions of chloroplast and nuclear ribosomal genome.  The sequence data are obtained from chloroplast-encoded matK and nuclear-encoded ITS 
region of 18 Salix species (taxa). The molecular diversity and phylogenetic analyses were performed by the MEGA software. Sequence data of 
both matK and ITS regions revealed high number of variable sites and most of them were parsimony informative sites. Preliminary results 
from matK sequence data are largely consistent with morphological data. The analyses of the sequences result in separating Turkish Salix species 
into two well-supported groups, subgenus Salix and Vetrix. However, the phylogenetic tree constructed with ITS sequence data differs from the 
matK tree in regard to the taxa positions. Particularly, S. pseudomedemii and S. apoda are located in Subgenus Salix group instead of Subgenus 
Vetrix. Interspecific hybridization among Salix species may be one of the causes for position change of these taxa in ITS sequence based tree. 
The phylogenetic analyses with matK and ITS data have produced results that suggest complex evolutionary relationships among Turkish Salix 
species. 
 
P1195: Genome Mapping, Tagging & Characterization: Forest Trees 
High-Resolution Mapping of Biomass-Related Traits in Shrub Willow (Salix purpurea L.) 
Craig H. Carlson1, Fred E. Gouker1, Stephen DiFazio2, Ran Zhou2 and Lawrence Smart1, (1)Cornell University, Geneva, NY, 
(2)West Virginia University, Morgantown, WV 
Shrub willow (Salix spp.) is a vigorous woody perennial feedstock bred for dedicated biofuel production. Recent genomic advances have 
provided the biomass feedstock community with new tools to improve traits related to biomass yield and wood chemical composition. Large 
mapping populations have been generated in order to locate QTL associated with these traits. In 2014, 497 progeny from an F2 S. purpurea 
family were planted in a randomized complete block design at a location of uniform grade and soil type at the New York Agricultural 
Experiment Station, Geneva, NY. A total of 40 phenotypes and over 100,000 data points were measured during the establishment and first year 
post-coppice seasons. Family parents, grandparents, and progeny were genotyped via genotyping-by-sequencing (GBS) using the restriction 
enzymes, ApeKI and EcoT22I. Variant discovery was performed in the Tassel v3 GBS pipeline using the S. purpurea v1.0 genome (F2 
grandparent) as a reference. All SNPs were quality filtered and duplicate sites collapsed. Any SNPs deviating from expected segregation were 
removed. Of the initial SNPs, approximately 5,000 were considered informative. Linkage groups were constructed and markers ordered in 
MSTMap then imported into R/qtl for downstream analyses. Significant QTL were identified for numerous growth traits as well as those for 



insect and disease resistance. For instance, a major QTL for stem height (LOD=19.3, pve=19.03%) resides within a QTL cluster (1-3 cM) for 
multiple biomass-related traits. Beyond proof-of-concept, this work aims to provide tools for early selection of traits important for biofuel 
production in shrub willow bioenergy crops. 
 
P1196: Genome Mapping, Tagging & Characterization: Forest Trees 
A High Density Genetic Linkage Map for Northern Red Oak (Quercus rubra L.) 
Arpita Konar, University of Notre Dame, Indiana, USA, Notre Dame, IN 
Oaks (Quercus spp.) are ecologically significant components of hardwood forests in the northern hemisphere and are the most species-rich genus 
within the Fagaceae (oaks, chestnuts, and beeches). Q. rubra is the most wide-ranging species in Quercus section Lobatae, the oak section native 
only in the Americas. Despite the huge ecological and economic importance of Q. rubra, a dominant species in the oak forests of Eastern North 
America, genetic studies were quite limited until recently. Using parentage analysis, we have identified 509 full sib progeny from a single seed 
parent.  All progeny were genotyped with 37 gSSR and 39 EST-SSR derived from Q. rubra, 40 EST-SSR previously mapped in European 
pedunculate oak Q. robur L. (Quercus section Quercus) and one EST-SSR marker from Castanea mollissima Blume. A subset of the full sib 
family (225) was also genotyped with ddRADtag markers. Our current consensus map includes 117 gSSR and EST-SSR framework markers and 
2736 ddRADtag markers with an average distance between markers of ~0.45 cM. We have the expected number of linkage groups (12), each of 
which is tagged to the Q. robur linkage map using the 40 EST-SSR markers mapped in both species. Our map reveals a high degree of marker 
colinearity between northern red oak and pedunculate oak, suggesting that these two species share quite similar genome architecture. This map 
will serve as a basic foundation for the study of the genetic architecture of adaptive traits and genome evolution in the genus Quercus. 
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RNAi Suppression of Two AGAMOUS Homologs in Sweetgum (Liquidambar) Impairs Male and Female Reproductive 
Development Under Field Conditions 
Amy Leigh Klocko, Kori Ault, Cathleen Ma and Steven Strauss, Oregon State University, Corvallis, OR 
Many woody ornamentals are grown as exotics outside of their native range, where they have the potential to become invasive.  As street trees, 
their fruits often create sanitation problems and their pollen exacerbates allergies.  A reduction in fertility of these ornamental plants would help 
to mitigate these problems.  We used RNA interference (RNAi) to suppress the expression of a key floral development gene, AGAMOUS (AG) in 
sweetgum trees.  Sweetgum is a popular ornamental tree in the United States known for its vibrant fall foliage, however, it is also known for 
producing copious amounts of hard, rough fruits termed gum balls or burr balls.  Shed fruits are long-lasting and are an unwelcome nuisance on 
streets, roofs, and often clog gutters.  We used Agrobacterium to transform sweetgum variety ‘Worplesdon’ with a double-stranded RNAi-
inducing transgene that targets the two distinct AG orthologs in sweetgum.  A total of 33 independent transgenic events, plus 12 non-transgenic 
controls, were planted in the field in 2006.  The RNAi-AG sweetgum trees maintained normal growth, phenology, and vivid fall coloration 
during 9 years of study.  We found that 8 events had highly-modified floral morphology, which failed to produce seeds or pollen, and had anthers 
and carpels that were converted to flat leaf-like structures with no ovules.  The female flowers from these events developed into dry papery fruits 
lacking seeds.  All of these traits were stable across multiple growing seasons.  RNAi against AG is highly effective at modifying fertility and 
reproductive development in sweetgum. 
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Association Mapping of Beech Bark Disease in American Beech 
Irina Calic, University of California, Davis, Davis, CA 
The American Beech tree (Fagus grandifolia Ehrh.), native to eastern North America, has significant ecological importance and provides high 
quality hardwood for wood products. This species is currently susceptible to beech bark disease (BBD) and it is facing considerable rates of 
mortality in North America. The disease occurs from an interaction between woolly beech scale insect (Cryptococcus fagisuga) and one of two 
species of the fungus Nectria (N. coccinea or N. galligena).  
The project aims to determine genetic architecture of disease resistance and describe patterns of genetic and phenotypic variation. The question 
of interest in our study would be are the alleles or genotypes at a genetic marker associated with disease status? We will use statistical methods 
such as unconditional logistic regression or Fisher’s exact test to access associations between SNPs and phenotypes. Here we will apply approach 
to associate variation of 512 unrelated individuals with ~18K high confidence SNPs.  
The final EST sequence database originated from two transcriptome assemblies (http://ecosystems.psu.edu/research/centers/schatz/research) was 
used as SNPs source for genotyping in association study. To gain insight into the molecular mechanisms underlying disease resistance in F. 
grandifolia, RNA samples were sequenced by using Roche 454 short reads sequencing platform when RNA was isolated from both disease-
resistance and disease-susceptible.  
As the major outcome of this study, we expect to identify candidate genes for resistance that contain polymorphisms reported to be associated 
with Beech Bark Disease (BBD).  
Key words: association genetics, American beech tree, disease resistance 
 
P1199: Genome Mapping, Tagging & Characterization: Forest Trees 
Genomic Prediction and Linkage Disequilibrium in Eucalyptus benthamii and Eucalyptus pellita using a 60K SNPs Chip 
(EUChip60K) 
Bárbara S. F. Müller1, Leandro G Neves2, Marcio Resende2, Annette M. Fahrenkrog3, Janeo Almeida Filho3, Patricio R. Munoz4, 
Matias Kirst3 and Dario Grattapaglia5, (1)University of Brasília - EMBRAPA, Brasília, Brazil, (2)RAPiD Genomics LLC, 
Gainesville, FL, (3)University of Florida, Gainesville, FL, (4)University of Florida, Agronomy Department, Gainesville, FL, 
(5)Plant Genetics Lab - EMBRAPA Genetic Resources & Biotechnology, Brasília, Brazil 
Eucalyptus benthamii (BEN) and Eucalyptus pellita (PEL) are species of increasing commercial interest due to their cold and drought tolerance, 
respectively. Genomic Selection (GS) is a promising approach to accelerate the breeding cycle and develop elite trees of these unexploited 



species. We report the development of genomic prediction models for growth traits and estimates of Linkage Disequilibrium (LD) decay in two 
breeding populations of BEN (Ne=53, n=505) and PEL (Ne=35, n=732), using SNPs genotyped with an Ilumina Infinium chip. Prediction 
models were initially built with 13,787 and 19,506 high quality polymorphic SNPs. Using progressively smaller SNP datasets (10,000 to 100), 
the results suggests that models with ~5,000 SNPs are equivalent in predictive ability (rgy) to the full model for all traits and species. The rgy 
inferred by Bayesian methods (BRR, BayesB, BayesA, BayesCπ, BL) reached similar estimates, varying from 0.14 for volume in BEN to 0.44 
for DBH in PEL. The lower values of rgy for BEN may be explained by the restricted occurrence of this species in its natural range and the 
limited genetic diversity sampled by this breeding population. The average genome-wide LD (r2) dropped below 0.2 within 15.6 and 70.6 Kbp 
for BEN and PEL, respectively. After correcting for relatedness and structure (r2VS) LD decayed faster, at 7.7 and 25.5 Kbp, confirming the 
strong effect of genetic relationship expected in these populations. This study sets the stage for the application of high-density SNPs and GS in 
two specialty eucalypts, to characterize their populations and advance breeding. 
 
P1200: Genome Mapping, Tagging & Characterization: Forest Trees 
Transcriptome Assembly and Differentially Expressed Genes Between Males and Females in Carpotroche brasiliensis 
Flora Bittencourt Lima1, Bárbara S. F. Müller2, Fabienne Micheli3, Christopher Dervinis4, Annette M. Fahrenkrog4, Matias Kirst4 
and Fernanda Amato Gaiotto1, (1)State University of Santa Cruz, Ilheus, Brazil, (2)University of Brasília - EMBRAPA, Brasília, 
Brazil, (3)Universidade Estadual de Santa Cruz (UESC), Ilheus, Brazil, (4)University of Florida, Gainesville, FL 
RNA sequencing of transcriptomes is a low-cost strategy to characterize the functional component of a species genome. When applied to non-
model organisms, sequencing of the transcriptome can provide insights about genes and polymorphisms that regulate relevant phenotypic 
characteristics. Carpotroche brasiliensis is an oleaginous species grown in agroforestry systems in Brazil, offering a range of economic and 
ecosystem services. Due to its dioecious nature, productive individuals can be identified as breeding stock when plants develop flowers. The 
main objective of this research is to develop methods for early selection of male and female C. brasiliensis seedlings. To achieve this goal we 
carried out a transcriptome assembly and identified genes differentially expressed between males and females in reproductive and vegetative 
tissue. cDNA libraries were constructed from six different tissues collected from 24 trees, to obtain RNA sequences. A total of 1,075,311 paired-
end reads with average length of 345.26 bp were assembled into 986,255 unigenes. We found 19,294 putative genes matching the Arabidopsis 
thaliana transcriptome database, which were annotated in 33 functional Gene Ontology terms. Among these putative genes, 832 are classified as 
belonging to reproductive processes. The analysis from female tissue identified 4.8% of putative genes related with reproduction function, from a 
total of 6,638 unigenes. From male tissue we obtained 4.5% of 17,362 unigenes related with reproduction process. These genes were selected for 
design of sequence-capture probes that will be used for polymorphisms identification that differentiate male and female plants, to be used in a 
pre-breeding program of C. braziliensis. 
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Tropical Tree Genomics Reveals Fragmentation of the African Rainforest during the Ice Ages 
Rosalía Piñeiro, Royal Botanic Gardens, Kew, Richmond, Surrey, United Kingdom 
The fossil record in tropical Africa suggests that dry conditions during the Ice Ages caused the contraction of rainforests in favor of savannas. 
This seems to explain why the African rainforest harbours less species than the other two main rainforests in South America and South Eastern 
Asia. Based on the rate of endemic species, the location of several refuge areas for the rainforest in Central Africa has been proposed. However, 
to what extent the forest was fragmented, where it survived, and the timing of demographic events remain unknown. In order to address these 
questions, genomic data from 500 individuals of eight rainforest tree species were generated using nuclear microsatellites and Genotyping By 
Sequencing (GBS). GIS tools showed remarkable congruence of the intraspecific genetic discontinuities across species in Central Africa, 
pointing at common past barriers to gene flow. Demographic tests revealed clear genetic signals of population expansions, possibly following 
bottleneck events, compatible with a history of forest fragmentation. Estimates of expansion times support a scenario of colonization after the 
Penultimate Glacial Maximum rather than after the Last Glacial Maximum, which may be explained by more arid climatic conditions during the 
former. 
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Genomic Selection for New Zealand Forestry 
Natalie Graham1, Emily J. Telfer1, Phillip Wilcox2, Yongjun Li1, Mari Suontama1, Mitchell Murray1,3, Lucy Macdonald1, Wei-
Young Wang4 and Heidi Dungey1, (1)Scion, Rotorua, New Zealand, (2)University of Otago, Dunedin, New Zealand, (3)University 
of Waikato, Hamilton, New Zealand, (4)PF Olsen Limited, Rotorua, New Zealand 
Radiata pine is the world’s most planted exotic conifer with over four million hectares worldwide, and constitutes 90% of the plantation forest 
estate in New Zealand. Currently the breeding programme is up to the third generation, suggesting that the genetic potential of this highly 
heterozygous outcrossing species is still largely untapped. Scion is assisting the Radiata Pine Breeding Company to develop Genomic Selection 
to accelerate the breeding programme and deliver genetic gains in a much shorter time frame than phenotypic selection. Leveraging off an 
existing transcriptomic resource, we have developed an exome-capture probe panel with assistance from Rapid Genomics LLC. We present 
results from the optimisation of this panel and the design of robust filtering pipelines, and report on the estimated genome coverage and the 
number of SNPs generated using this panel.  
The remaining 10% of New Zealand’s commercial forest estate is a combination of other exotic softwoods and exotic hardwoods. Within the 
hardwoods, the Eucalyptus spp. are of particular interest. Eucalyptus nitens shows promise as a vigorous species for planted forests, and is well-
suited to many New Zealand sites. Eucalyptus regnans and Eucalyptus fastigata are also popular choices for both pulp and carbon sequestration. 
The existing multi-species Eucalyptus SNP chip EuCHIP60K is facilitating the introduction of genomic selection into these eucalypt breeding 
programmes. We have successfully genotyped E. nitens with the EuCHIP60K and present here results from additional testing of other species 
including E. regnans and E. fastigata.  
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Gene and SNP Discovery in Taiwania cryptomerioides by RNA-seq 
Ying-Hsuan Sun1, Shin-Hung Pan1, Fang-Hua Chu2 and Jeng-Der Chung3, (1)Department of Forestry, National Chung Hsing 
University, Taichung, Taiwan, (2)School of Forestry and Resource Conservation, National Taiwan University, Taipei, Taiwan, 
(3)Division of Silviculture, Taiwan Forestry Research Institute, Taipei, Taiwan 
Taiwania (Taiwania cryptomerioides Hayata) was first discovered in Taiwan back in 1904 by Konishi, and named in 1906 by Hayata. This 
species has been found to sparsely scattered at high elevation in Taiwan. Due to its good wood quality and richness in terpenoids, lignans, 
flavonoids and steroids that are found to be antifungi, bacteria, and with potential in medical application, it has been listed by the government as 
one of the most valuable gymnosperm species in Taiwan. However, despite the discovery of these exceptional valuable extractives and timber 
quality, genetics studies of this species have been limited. We surveyed the transcripts of mature needles, developing xylem and bark tissues of 
35 T. cryptomerioides genotypes from four provenances. The results of gene discovery, differential gene expression and genetic variations 
studies analysis will be presented. 
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Towards the Development of Climate-Smart Crops for Africa 
Francesca Stomeo1, Sita Ghimire1, Jagger Harvey1, Nasser Yao1, Josiah Mutuku1, Tilly Eldridge1,2, Josephine Birungi1 and 
Appolinaire Djikeng1, (1)BecA-ILRI Hub, Nairobi, Kenya, (2)John Innes Centre, Norwich, United Kingdom 
Climate change represents a serious threat for agricultural productivity worldwide. Smallholder farmers in Sub-Saharan Africa (SSA) are even 
more vulnerable to climate change given the rain-fed nature of their agricultural systems. The Biosciences eastern and central Africa – 
International Livestock Research Institute (BecA-ILRI) Hub and its African National Agricultural Research System (NARS) partners have been 
actively involved in the development of climate-smart agricultural tools for resource-poor farmers and consumers. The BecA initiative underpins 
high-end research activities with state of the art technologies and capacity building. Some of the current research projects include: the 
establishment of an integrated genotyping service and support (IGSS) platform which will provide genome sequencing-based genetic profiling of 
target breeding populations and associated bioinformatics data management, analysis, and decision support services to plant breeders; 
improvement of tropical forage, Brachiaria spp., for biomass, nutrition and adaptation to drought and low fertility soils; characterizing molecular 
and biochemical interaction dynamics of plant-virus-vector interactions for the development of new host resistance and management strategies in 
common bean; and development and redeployment of maize cultivars that are less susceptible to mycotoxin accumulation in specific 
environments. The current status of these initiatives are presented and discussed with a particular focus on the role played by the BecA-ILRI Hub 
in developing the capacity of African scientists to solve agricultural problems in the region, and collaborative opportunities to help address key 
challenges in African agriculture. 
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Green Forensics- from First to Second Generation Fingerprinting of Plant Varieties 
Fleur Gawehns-Bruning1, Oskar Bruning2, Hedwich Teunissen1 and Michel Ebskamp1, (1)Naktuinbouw, Roelofarendsveen, 
Netherlands, (2)Universiteit van Amsterdam, Amsterdam, Netherlands 
The development of new plant varieties requires high investment costs. Plant breeders’ Rights (PBR) were implemented to protect new creations 
and to return investments. PBR are self-maintained by the breeder who holds the right. Naktuinbouw (Netherlands Inspection Service for the 
Horticulture) offers the “Variety Tracer” to support breeders when infringement is suspected. A combination between DNA and morphological 
analysis from the true-of-type and suspect variety is performed to obtain the most reliable conclusion. Until now DNA fingerprinting was 
performed mostly using AFLP or SSR; both methods are applicable to potentially all plant species, independent from genome size, complexity or 
(public) available knowledge. As breeding became technologically more advanced the discriminative power of the “Variety Tracer” has to be 
increased. High-throughput sequencing (HTS) of whole plant genomes allows analysis on a genetic deeper level than previously reached. In the 
“Green Forensics” project we determine the applicability of HTS to generate a Variety Tracer 2.0. Five different plant species were selected to 
perform Whole Genome Sequencing (WGS): Tomato, Cucumber, Rose, Lettuce and Tulip. From each plant species at least 19 cultivars were re-
sequenced with low coverage and subsequently discriminated using the most informative variable nucleotides. A test-set was used to analyse the 
robustness of the selected positions. Here we show that a WGS approach is suitable to differentiate even closely-related cultivars and to enhance 
the discriminative power of cultivar identification based on their sequence information. 
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Comparative and functional genomics in downy mildew pathogens 
Kelsey Wood, Juliana Gil, Sebastian Reyes Chin-Wo and Richard Michelmore, Genome Center, University of California, Davis, 
CA 
The downy mildews are highly specialized plant pathogens that cause disease on many agriculturally important plants worldwide. Genome 
sequencing of diverse species and populations has provided new opportunities to understand the mechanism and evolution of pathogenicity in the 
downy mildews and other oomycetes. We have sequenced the genomes of Bremia lactucae (lettuce downy mildew) and Peronospora tabacina 
(tobacco downy mildew) as well as several other related species. Genes encoding effector proteins are important in plant pathology because they 
are both determinants of host resistance and contributors to virulence through manipulation of host physiology and immune suppression. We 
used several complementary bioinformatic approaches to discover candidate genes encoding effectors in downy mildew genomes on the basis of 
conserved protein structural motifs, lineage specificity, and species-level diversity. While effector candidates from Phytophthora have been 
typically predicted using the N-terminal RXLR motif, we found that we were able to predict additional candidates for downy mildews by 
searching for WY motifs in the C-teminal domain.  Many of these WY effector candidates have RXLR-like motifs that were not detected using 
the Phytophthora-trained HMM model. These candidate effectors are being functionally tested in planta for suppression of cell death activity. 
Effector identification provides the foundation for research into the molecular mechanisms of downy mildew pathogenesis and will be valuable 
for germplasm screening and field pathogenomics. 
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Breeding Lettuce for Improved Water and Nitrogen Use Efficiency 
David W. Still and Youngsook You, Cal Poly Pomona, Pomona, CA 
Lettuce crops require high quality water and relatively high nitrogen fertilizer inputs.  Competing demands for a diminishing water supply and 
environmental impacts of nitrogen fertilizers have increased the pressure to use less of these resources.  To map quantitative trait loci (QTL) 
associated with water use efficiency (WUE) and nitrogen use efficiency (NUE), a lettuce recombinant inbred line (RIL) population was grown in 
fields under a control or deficit water/nitrogen regime.  Control plots received irrigation to replace 130% of reference crop evapotranspiration 
(ETo) and 100% nitrogen (168 kg/ha) while stress plots received water to replace 75% of ETo and nitrogen at 50% of control levels.  Carbon and 
nitrogen isotope discrimination were used as proxies for WUE and nitrogen metabolism, respectively.  At market maturity, fresh weight, leaf 
carbon and nitrogen content were obtained.  Three major QTL associated with 13C isotope discrimination  were mapped, with the largest effect 
accounting for 24% of the observed variation.  A single QTL was associated with nitrogen content and another QTL associated with 14N isotope 
discrimination (nitrogen metabolism).  Each of these QTL accounted for 17% of the variation observed.  Environmental influence and treatment 
effects on fresh weight were highly variable across production years.  Environmental variation for WUE and NUE was significant, especially 
NUE.  Controlled experiments of N uptake using gel plates were useful in eliminating environmental effects, clarified N metabolism, and led to 
identification of QTL associated with N metabolism, root growth and WUE that differed from that observed in the field. 
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Multiple Loci Controlling Heading of Iceberg Lettuce 
Chenhuan Yan, Weiyi Zhang, Lei Zhang, Qun Hu, Guanghui An, Ting Zhu, Jiongjiong Chen and Hanhui Kuang, Huazhong 
Agricultural University, Wuhan, China 
Iceberg lettuce is a major leafy lettuce worldwide. Iceberg lettuce is believed to be bred from butterhead lettuce, which was derived from romaine 
lettuce. Therefore, the tight head in iceberg lettuce is most likely controlled by multiple genes. A F2 segregating population was constructed by 
crossing an iceberg cultivar PI536839and a romaine cultivar PI344074. As expected, the heading trait showed a continuous distribution, varying 
from no head to tight head in the F2 population. Two pools were generated, one (head pool) containing 30 individuals with extremely tight head 
and the other (no head pool) containing 30 individuals with no head. RNAs were extracted from each pool and sequenced using Hiseq2000 (100 
bp pair end). A total of 5.2 Gb and 4.2 Gb clean data were obtained for the head pool and no head pool, respectively. Comparison of allele 
frequency variation at each SNP locus between the two pools suggested at least three loci controlling the heading trait. Markers were designed 
for each potential heading controlling locus and were used to screen the F2 population for individuals that are heterozygous at one target locus but 
homozygous at the other loci. F2:3 or F3:4 populations were generated from these identified individuals for fine mapping of corresponding genes. 
Using above single-locus segregating sub-populations, three loci controlling lettuce leading were fine mapped and candidate genes were 
identified. The function of the candidates will be confirmed and their mechanism underlying heading will be investigated in future study.  
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Genetic Cloning of Genes Controlling  Lettuce Leaf Color 
Wenqing Su, Rong Tao, Zhen Yue, Wenye Liu, Jiongjiong Chen and Hanhui Kuang, Huazhong Agricultural University, Wuhan, 
China 
Anthocyanidin not only provides health benefits to consumers but also contributes sensory quality to fruits and vegetables such as lettuce. Some 
cultivars have leaf colors varying from pink to purple due to the presence of different types and concentration of anthocyanidin. Four leaf color 
segregating populations of lettuce, including one with red spots, were generated. Surprisingly, lettuce leaf color tends to be quantitative trait, 
controlled by multiple loci. We used a BSA in combination of RNA-seq approach to dissect the genetic loci controlling lettuce leaf color. CAPS 
markers were designed for each detected locus, and were used to screen the segregating populations for individuals that are heterozygous at a 
targeted locus but homozygous at other color-controlling loci. The individuals were self-crossed to produce single-locus segregating population 
(such as F2:3 sub-population), which was used to fine mapping and genetic cloning of genes controlling lettuce leaf color. Consequently, four 
genes have been successfully cloned, including two MYB, one bHLH and one ANS (anthocyanindin synthase) gene. Interestingly, one of the 
detected MYB genes is recessive, likely as a competitor of an active MYB gene. Segregating populations with Mendelian ratio for five additional 
loci have been generated, and fine mapping and cloning of target genes are underway. Furthermore, genes potentially involved in production of 
anthocyanindin were identified using net-work analysis, and several novel genes were detected. The molecular mechanism for all genes 
confirmed to be involved in color formation in lettuce will be investigated in future study.           
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Marker-Trait Association Study in New RIL Population from a Cross Between Two Iceberg Lettuce Cultivar 
Miguel Macias González, Genome Center, University of California, Davis, CA 
Tipburn is a highly unpredictable, problematic physiological disorder of lettuce (Lactuca sativa) in which leaf margins and meristematic regions 
become necrotic.  All lettuce types are susceptible to tipburn but susceptibility varies considerably among cultivars and its incidence is highly 
influenced by developmental and environmental factors.  We developed a new RIL population specifically to study the genetic basis of tipburn. 
The pedigree of this RIL population is cv. Salinas by cv. Calicel, which are two iceberg type lettuce cultivars developed for coastal production in 
California. Salinas and Calicel differ in their susceptibility to tipburn incidence but are very similar genetically and phenotypically. In the 
summer of 2015, the RIL population of 382 families was planted in Salinas, CA in an alpha-lattice design with two replications. The population 
was phenotyped for tipburn incidence, plant fresh weight, and head firmness. The phenotypic data reveals transgressive segregation for tipburn 
incidence and plant fresh weight. The population is being genotyped by genotype-by-sequencing and QTL analysis is currently underway. 
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Genetics of Resistance Against Lettuce Downy Mildew 



Lorena Parra1, Oswaldo Ochoa2, Leah McHale3, Marilena Christopoulou2, Ivan Simko4 and Richard Michelmore2, (1)University 
of California Davis, Davis, CA, (2)Genome Center, University of California, Davis, CA, (3)The Ohio State University, Columbus, 
OH, (4)USDA-ARS, Salinas, CA 
Lettuce (Lactuca sativa) is one of the most valuable vegetable crops in the U.S. Downy mildew (DM), caused by Bremia lactucae, is the most 
important foliar disease of lettuce worldwide, which decreases the quality of the marketable portion of the crop. The use of resistant varieties 
carrying dominant genes (Dm genes) is the most effective method for controlling this disease; however, pathogen variability has led to the rapid 
defeat of individual Dm genes. Over 50 Dm genes and resistance factors have been identified and nominated by multiple groups; these have been 
rationalized to remove redundancies. Many resistance genes have been introgressed from wild species by repeated backcrosses to cultivated 
lettuce resulting in numerous near-isogenic lines (NILs). Whole genome sequencing of donor and recurrent genotypes and their NILs was used to 
identify the chromosome segments introgressed from wild species. Combined with genetic information, this has located the candidate 
chromosomal positions for resistance genes as well as additional introgression segments. In addition, adult plants of some lettuce varieties exhibit 
field resistance that provides partial resistance to B. lactucae. To determine the genetic basis of field resistance, two populations of recombinant 
inbred lines originating from crosses between a field resistant cultivar and a susceptible cultivar (Grand Rapids x Salinas and Iceberg x 
PI491224) have been evaluated for DM severity and genotyped using Genotyping-By-Sequencing for quantitative trait loci (QTL) analysis. 
Marker-assisted gene pyramiding of multiple Dm genes in combination with QTLs for field resistance provides the opportunity for more durable 
resistance to B. lactucae. 
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Association Study of Important Traits in Lettuce 
Lei Zhang, Weiyi Zhang, Peiyang Wu, Wenqing Su, Huanran Yuan, Wenye Liu, Jiongjiong Chen and Hanhui Kuang, Huazhong 
Agricultural University, Wuhan, China 
Lettuce (Lactuca sativa) was domesticated from its wild ancestor L. serriola in the Mediterranean region. It was re-domesticated as a stem 
vegetable after it was introduced into China two thousand years ago. Besides the stem lettuce, leafy lettuce has been bred into four major types, 
romaine, butterhead, crisphead and loose-leaf. To perform association analysis, we selected 36 romaine, 40 butterhead, 35 crisphead, 19 loose-
leaf, 41 stem lettuce cultivars, 28 intermediate ones, 43 wild genotypes as well as 40 inbred lines derived from a cross between a loose-leaf 
cultivar and a stem lettuce cultivar. RNAs were extracted from mature leaves and sequenced using Hiseq2500, and ~4 Gb sequence data were 
obtained for each sample. More than one million high-quality single-nucleotide polymorphisms were found among the sequenced genotypes. 
Lettuce is shown to have a strong population structure with cultivars of the same type grouped together. Furthermore, strong linkage 
disequilibrium (LD) exists in lettuce, hindering the application of association analysis. Nevertheless, comparative analysis identified a list of 
regions as putative domestication sweeps, including loci controlling stem thorn and seed shattering. Genome-wide association studies (GWAS) 
identified one locus for seed color, one locus for leaf shape and four loci for leaf color. These loci were confirmed using biparental segregating 
populations. RNAseq detected many genes that have presence/absence polymorphism or show dramatic expression patterns between wild 
genotypes and cultivars. Our data provide a good resource for lettuce genetics research and breeding programs and contribute to our 
understanding of lettuce evolution and domestication.  
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Dovetail/in Vitro Proximity Ligation Data Facilitates Analysis of an Ancient Whole Genome Triplication Event in Lactuca 
sativa 
Sebastian Reyes Chin-Wo, Dean Lavelle, Maria Jose Truco, Alexander Kozik and Richard Michelmore, Genome Center, 
University of California, Davis, CA 
Increases in ploidy level are widespread phenomena in plant genome evolution. Most crops have undergone polyploidization events, some recent 
and some ancient. A paleoploidization event resulting in a whole genome duplication has been suggested to be basal to all the members of the 
Compositae (Asteraceae) family based on analysis of duplicated genes. We have investigated this event using a high quality genome assembly 
and annotation of cultivated lettuce, Lactuca sativa.  The HiRise program developed by Dovetail Genomics was used to improve the assembly 
using reads from multiple Chicago libraries, which were generated with an in vitro proximity ligation technique.  This greatly increased the 
contiguity and quality of the L. sativa genome assembly; the improved assembly was validated genetically.  Combined with the curated gene set, 
this produced a high quality resource for syntenic analysis.  Intragenomic syntenic analysis of the L. sativa genome and syntenic comparisons 
with other Asterid species revealed multiple paleoploidization events that occurred basal to the Compositae family. Syntenic segments are often 
present in triplicate indicative sequential genome duplications rather than the originally proposed single duplication event. Analysis of large 
segments of the genome allowed precise definition of paralogous groups of genes and analysis of their evolution subsequent to the whole genome 
duplication events. 
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Physiological and Molecular Characterization of Two Radish Inbred Lines Showing Different Bolting Time 
Won Yong Jung1, Hye Sun Cho2, Hyun Ji Park3, Sang Sook Lee2 and Youn-Sung Kim4, (1)Korea Research Institute Bioscience 
and Biotechnology(KRIBB), Daejeon, South Korea, (2)Korea Research Institute Bioscience and Biotechnology(KRIBB), Deajeon, 
South Korea, (3)125 Gwahak-ro, Yuseong-gu, Deajeon, South Korea, (4)Nong-Hyup, Aseong, South Korea 
The radish (Raphanus sativus L.) is an important Brassicaceae root vegetable crop. The main edible part is its taproot which contains sources of 
carbohydrates, dietary fiber, organic nutrients, and valuable phytochemicals to human beings. Our study is major challenges to prevent premature 
bolting in spring plantings. We performed characterization of two different bolting time inbred lines, “Late bolting radish" (NH-JS1) and “Early 
bolting radish" (NH-JS2) generated by a breeding approach. These lines showed different flowering phenotypes depending on vernalization time 
at 4°C. Under the vernalization for 15 days, NH-JS2 plants were completely flowering from 40 days after vernalization, whereas only 5% of NH-
JS1 plants were flowering at the same condition. We measured gene expression of major flowering time-related genes between two lines by 
qRT-PCR analysis. The RsFLC1, plays a central role in the timing of initiation of flowering as a strong repressor, highly expressed in the NH-



JS1 compared to NH-JS2 at the both no and vernalization treatment conditions. The RsFRI, a positive regulator of FLC, also highly expressed in 
the NH-JS1 regardless of vernalization treatment. In contrast, the RsSOC1, suppressed by FLC, showed the most difference between two lines in 
the vernalization conditions which is maximum over 5-fold higher in NH-JS2 than NH-JS1. These results suggest that the correlations between 
gene expression and flowering time in response to the vernalizations in controlled-environment experiments using two inbred lines with different 
bolting time, indicating that the transcript expression levels of flowering genes has the potential to understand radish flowering pathway or 
mechanism. 
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Diversity and Evolution of Resistance Genes in the Compositae 
Angel Fernandez i Marti1, Sebastian Reyes Chin-Wo1, Marilena Christopoulou2 and Richard Michelmore1, (1)Genome Center, 
University of California, Davis, CA, (2)Genome Center University of California, Davis, CA 
Plants contain multiple phenotypic resistance (R) genes that provide resistance to diverse pathogens and pests. The majority of host recognition 
genes cloned to date encode nucleotide binding site–leucine rich repeat proteins (NLRs). Motif searches identified 1,141 genes in the lettuce 
reference genome of cv. Salinas that are involved in pathogen recognition, of which 413 were predicted to encode NLR proteins. Previously, 377 
putative NLR-encoding genes were grouped into 40 families, including several large multi-gene families as well as 14 singletons. Members of 
four large NLR-encoding families, RGC1, RGC2, RGC21 and RGC12 were shown to be required for 16 disease resistance phenotypes in lettuce. 
We are currently studying the evolution of R genes in the Compositae family relative to other plant species. The NLR-encoding genes were 
extracted from genome assemblies of thirty species from the Compositae and families representing Angiosperm diversity and used for 
phylogenetic analysis by the using maximum-likelihood approach (RAxML). The resultant phylogenetic trees exhibited different patterns of 
evolution. There has been expansion of specific families.  In some cases, expansion happened prior to speciation, whereas in other cases, it 
happened afterwards. Further approaches are being undertaken in order to characterize the evolutionary pathway of NLR-encoding genes in the 
Compositae. 
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Comparisons of the Chloroplast Genome within Pityopsis (Asteraceae) 
E. Anne Hatmaker1, Phillip A. Wadl1, Timothy A. Rinehart2, Edward E. Schilling1 and Margaret Staton1, (1)University of 
Tennessee, Knoxville, TN, (2)USDA-ARS Southern Horticultural Laboratory, Poplarville, MS 
Pityopsis includes several regionally and one federally endangered species of herbaceous perennials. Although three species are highly localized, 
four species are found throughout the eastern United States and the range of one extends into Mexico. Morphological studies have separated the 
genus into two distinct clades, but there have been few molecular studies and intrageneric relationships have not been fully resolved or 
understood. Additionally, all previous attempts lacked depth in sampling accepted varieties of the species. For this study, however, all seven 
species and their respective varieties were either collected from the wild or obtained from herbaria vouchers. After a chloroplast isolation 
process, chloroplast genomes were sequenced using an Illumina HiSeq Ultra Throughput Sequencing System. Sequences were aligned and 
compared using the MAFFT and IGV programs. In order to establish a robust phylogeny and resolve generic relationships, a phylogenetic tree 
was constructed and visualized using the program TREEVIEW and the Maximum Parsimony method. An additional tree using the Maximum 
Likelihood method was constructed to gain further insight and possible consensus. Chloroplasts are known to accumulate mutations more slowly 
than nuclear genomes, and therefore are considered more informative for genus-wide surveys. This study will help inform breeding and 
conservation practices, as well as general knowledge of ontology, hybridization, and speciation within Pityopsis. 
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The Genome Sequence of Hibiscus syriacus provides Insights of Genome Polyploidization 
Yong-Min Kim, Korea Bioinformation Center, Korea Research Institute of Bioscience and Biotechnology, Daejon, South Korea 
and Insu Jang, Korea Research Institute of Bioscience and Biotechnology, Daejeon, South Korea 
The Rose of Sharon (Hibiscus syriacus L.) is the national flower of Korea and one of the wide spread tree in Korea. Here we report genome 
sequence of H. syriacus containing 87,603 predicted genes. Total 1,748 Mb (91.9 % of 1,901 Mb) was assembled into 77,492 scaffolds and only 
33 Mb (1.7% of assembled genome) was gap sequences. Orthologous gene sets containing 105,342 genes in 9,076 clusters were determined by 
OrthoMCL analysis with 5 genomes including Arabidopsis thaliana, Gossypium raimondii, Theobroma cacao, Amorellos trichopoda.  Using 
one-to-one single copy genes in gene families, we investigated an evolutionary relationship based on divergence time among Malvaceae plants. 
Furthermore, gene families involved in flowering time and disease resistance were highly diverged and expanded in H. syriacus genome 
compared to the close relatives. Functional roles of these genes were investigated. Comparison of genome structures with two Malvaceae plants 
(G. raimondii, T. cacao) suggested that duplication events including whole genome duplication (WGD) and tandem duplication were occurred in 
H. syriacus genome. The copy number variation analysis also suggested that H. syriacus genome was polyploidy genome while Gossypium 
raimondii and Theobroma cacao genome were diploid genome. The further studies are ongoing for providing insights of processing genome 
polyploidization 
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A cassava genome-wide survey of sequence variations reveals eco-geographic signature of the crop’s structure, distribution 
and modern diversity 
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Automated Phenotyping for Disease Measurement in Cassava Plants Using Smartphones 
Ernest Mwebaze, Makerere University, Kampala, Uganda 
Cassava is an important security crop in most of Africa. Crop diseases are one of the leading causes of low yields in cassava particularly amongst 
small-holder farmers. Disease identification is commonly done by experts. In this work I discuss some methods we are using to speed up 



diagnosis and measurement of disease by automating the phenotyping of cassava crops. We do this using computer vision techniques 
implemented on smartphones. I will discuss the measurement of disease from symptoms that are manifest on the leaves and the root cross-
sections of cassava plants. 
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Significant Non-Additive Effects in Clonally Propagated Cassava (Manihot esculenta) Revealed By Genome-Wide Markers: 
Implications for Prediction of Total Genetic Value and Selection of Varieties 
Marnin Wolfe1, Peter Kulakow2, Ismail Rabbi2 and Jean-Luc Jannink3, (1)Cornell University, Ithaca, NY, (2)International Institute 
of Tropical Agriculture (IITA), Ibadan, Nigeria, (3)USDA-ARS / Cornell University, Ithaca, NY 
In clonally propagated crops, non-additive genetic effects can be effectively exploited by the identification of superior genetic individuals as 
varieties. Cassava (Manihot esculenta Crantz) is a clonally propagated staple food crop that feeds hundreds of millions. We quantified the 
amount and nature of non-additive genetic variation for key traits in a breeding population of cassava from sub-Saharan Africa using additive and 
non-additive genome-wide marker-based relationship matrices. We then assessed the accuracy of genomic prediction of additive compared to 
total (additive plus non-additive) genetic value. We confirmed previous findings based on diallel populations, that non-additive genetic variation 
is significant, especially for yield traits. Further, we show that we total genetic value correlated more strongly to observed phenotypes than did 
additive value, although this is constrained by low broad-sense heritability and is not beneficial for traits with already high heritability. We 
address the implication of these results for cassava breeding and put our work in the context of previous results in cassava, and other plant and 
animal species. 
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Elucidating High Betacarotene Acumulation in Cassava Based on Next Generation Sequencing 
Tatiana Ovalle, CIAT, Cali, Colombia 
Tatiana Ovalle, Claudia Perea, Mónica Pizarro, Nelson Morante, Hernán Ceballos, Dominique Dufour, Anderson Meike, Augusto Becerra 
López-Lavalle.CIAT  
Nearly two billion people around the world suffer one or more micronutrient deficiencies, being Africa the continent with the highest percentage 
of population affected. A strategy to efficiently and cost effectively mitigate micronutrient deficiencies is to genetically improve staple crops to 
increase their nutritional content. Cassava (Manihot esculentaCrantz) is a staple food for more than 500 million people in the world. In the past 
10 years CIAT, in collaboration with HarvestPlus, had made continuous efforts to increase the content of beta-carotene [provitamin A (pVA)] in 
different cassava varieties, which is naturally very low and likely to be controlled by several genes. To accelerate the selection of high pVA 
cassava genotypes, we are developing a SNP-based genetic map to unravel the genetic location of high pVA and characterize all other genes 
involved in its accumulation. Next generation sequencing for SNP discovery, allows genomic exploration of features of interest to elucidating not 
only the chromosomal location of important traits but the capacity to narrow down the search to those important genes responsible of controlling 
the trait’s expression. Two pseudo F2 high pVA segregating populations (GM3732 and GM3736) were established at CIAT and over three years 
evaluated for pVA segregation using colorimetry, NIRS and HPLC methodology. The association of the biochemical data with the RAD 
sequencing genetic map and genes of the b-carotenoid pathway characterized using Whole Genome Sequencing in 10 cassava genotypes will 
allow us to develop molecular markers linked with high provitamin A in cassava.  
keywords: Biochemical data, RAD sequencing, Whole Genome sequencing.  
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High-Throughput Sequencing for Analysis of Small RNAs in Transgenic Cassava Resistant to Cassava Brown Streak 
Disease 
Ilyas Muhammad, Getu Beyene and Nigel J. Taylor, Donald Danforth Plant Science Center, St. Louis, MO 
Plants employ RNA-mediated gene silencing to combat viral pathogens. RNAi resistance based on hairpin RNA transcript is effective, especially 
against RNA viruses. In order to gain better understanding of RNA-mediated gene silencing against cassava brown streak disease (CBSD), the 
expression profiles of small-interfering RNA (siRNA) before and after viral infection were studied in both wild type and transgenic plants by 
small RNA high-throughput sequencing. Cassava plants were transgenic for an inverted repeat construct consisting of fused coat protein (CP) 
regions from Cassava brown streak virus (CBSV) and Ugandan cassava brown streak virus (UCBSV). Mapping analysis shows that siRNA were 
expressed from almost the entire transgene (>99% breadth of coverage). Distribution of siRNA peaks was not uniform but concentrated in 
hotspots in patterns differing between the corresponding regions of CBSV and UCBSV. Data confirms that in CBSD resistant transgenic cassava 
line 5001-5 small RNAs derived from the engineered CP inverted repeat construct constitute 6% of total siRNA. siRNA were seen to be derived 
from both CBSV-CP and UCBSV-CP regions but UCBSV-CP was the major contributor. Sorting of siRNA based on nucleotide-sequence-length 
showed that 21 and 22-nt predominated (~70%) and mapped preferentially to the antisense strand of the virus. Contrary to virus-derived siRNA, 
of which ~1% were 24-nt in size, 25% of total siRNAs seen in non-infected transgenic cassava were of the 24-nt size.. Sorting on the basis of 
type of 5’ nucleotide shows that majority of siRNA started with the U nucleotide, indicating activity of AGO1. 
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QTL Mapping for Virus Resistance in Cassava 
Morag Ferguson1, Geoffrey Suleiman Mkamilo2, Esther A. Masumba1,3, Fortunus A. Kapinga2, Kasele Salum4, Inosters Nzuki1, 
Bernadetha Kimatha2, Heneriko Philbert Kulembeka4, Caroline Sichalwe3, Ana Luisa Garcia Oliveira1, Edward Kanju5, Simon 
Jeremiah4 and Steve Rounsley6, (1)International Institute of Tropical Agriculture (IITA), Nairobi, Kenya, (2)Naliendele 
Agricultural Research Institute (NARI), Mtwara, Tanzania, (3)Sugarcane Research Institute (SRI), Kibaha, Tanzania, (4)Ukiriguru 
Research Institute, Mwanza, Tanzania, (5)International Institute of Tropical Agriculture (IITA), Dar es Salaam, Tanzania, (6)Dow 
AgroSciences, Indianapolis, IN 



Yields of cassava (Manihot esculenta Crantz.), Africa’s primary food security crop, are seriously compromised by two virus diseases; Cassava 
Brown Streak Disease (CBSD) and Cassava Mosaic Disease (CMD). Two sources of CMD resistance have been recognized; CMD-1 (a 
polygenic source) and CMD-2 (a dominant gene), whereas CBSD resistance is thought to be controlled by two or more additive genes. The 
objective of this study was to identify QTL associated with CBSD resistance in five varieties, namely Namikonga, Nachinyaya, NDL06/132, 
AR40-6 and Kiroba, and two sources of CMD resistance, Albert and AR37-80, through the development of five F1 mapping populations.  
Populations ranged in size from 106 to 259 individuals, which were phenotyped in two environments in Tanzania, in 2013/14 and 2014/15. High 
density genotyping was performed using genotyping-by-sequencing (GBS). Results for CBSD root necrosis reveal one or several QTL within an 
approximately 6.5Mbp region on Chromosome 11. This QTL is supported by nine site/year combinations, across three varieties (Namikonga, 
NDL06/132 and Nachinyaya) but is rather depauperate in SNPs in certain areas, necessitating fine mapping. Kiroba, AR40-6 and Namikonga 
revealed QTL for root necrosis on a second chromosome, in addition to a number of other smaller, less consistent QTL.  
Interestingly the so-called CMD2 locus on chromosome 12 was evident in the variety ‘Albert’, but could not be detected in AR37-80, which 
itself is a product of marker-assisted selection (MAS) to introgress the CMD2 locus at CIAT. With further fine-mapping, these QTL are likely to 
form the basis for MAS for virus resistance in Africa. 
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Identifying Genes That Underlie Whitefly Resistance in Cassava 
Maria L. Irigoyen1, Adriana Bohorquez-Chaux2, L. Augusto Becerra Lopez-Lavalle2 and Linda L. Walling1, (1)UCR, Riverside, 
CA, (2)International Center for Tropical Agriculture, CIAT, Cali, Valle del Cauca, Colombia 
The yields and quality of cassava (Manihot esculenta), a major food staple in developing countries, are strongly impacted by phloem-feeding 
whiteflies, such as Bemisia tabaci and Aleurotrachelus socialis. Whiteflies are responsible not only for direct damage due to feeding, but also for 
the transmission of plant viruses. To date, little is known about cassava’s resistance mechanism to whiteflies. Our goal, as part of the 
multidisciplinary Cassava-Whitefly project (http://cassavawhitefly.org), is to identify the genes underlying whitefly resistance in South American 
and African cassava. We have employed a unique source of natural resistance to whiteflies in the South American genotype Ecu72, which is 
resistant to both the South American whitefly A. socialis and the B. tabaci species attacking cassava in Africa. Ecu72 expresses a strong, phloem-
mediated resistance that kills whitefly nymphs. To identify candidate whitefly resistance genes, the Ecu72 and whitefly-susceptible Col2246 
were infested with A. socialis for 0, 12 hr, 24 hr, 7 d, 14 d and 22 d. Time-course infestations were performed in triplicate. RNAs were isolated, 
mRNA was purified with oligodT beads and RNA-seq libraries were constructed with a home-made protocol. Six libraries per lane were 
multiplexed and single-end sequenced using Illumina’s HiSEQ2500 platform. The systemPipeRNASeq pipeline (www.bioconductor.org) was 
used to analyze these sequences. We routinely obtained 25-30 million reads per library, and ~89% of these reads were mapped to the cassava 
genome.  Using 2-fold change and a 10% FDR, transcripts that were temporally regulated in both Ecu72 and Col2246 were identified. In 
addition, a number of differentially expressed transcripts that were positively or negatively correlated with resistance were identified. We will 
report the analyses of these time-course studies. Differentially regulated transcripts have been mapped to the cassava genome and are being 
correlated with the segregation of whitefly resistance loci in a mapping population. At the present time, time-course infestations of other 
whitefly-resistant genotypes from South America are being characterized to determine if resistance mechanisms are conserved or if novel 
strategies are deployed in these genotypes. 
 
P1226: Genome Mapping, Tagging & Characterization: Other Plant Species 
Diallel Analysis of Top Size in Carrot (Daucus carota, L.) Using Biplots and Image Analysis 
Sarah D. Turner, University of Wisconsin-Madison, Madison, WI, Nathan Miller, University of Wisconsin, Madison, WI, Edgar 
Spalding, University of Wisconsin Madison, Madison, WI and Philipp W. Simon, USDA-ARS and University of Wisconsin-
Madison, Madison, WI 
Crop establishment in carrot is limited by erratic germination, poor seedling growth, and delayed canopy closure. As a result, carrots compete 
poorly with weeds and weed control is a substantial cost of production. Varieties with rapid top growth are one option to improve weed 
management, but little is known about the inheritance and genetic basis of top size in carrot. This project aims to determine the genetic 
components contributing to top size using a diallel mating design and to develop image-based phenotyping approaches, which will facilitate 
future breeding efforts. Six diverse carrot inbred lines were crossed, including reciprocals, in Madison, WI in 2014 and 2015. F1 progenies and 
parents were grown out in a randomized complete block design (RCBD) with two blocks in El Centro, CA in 2014 and in Hancock, WI in 2015. 
Midseason and harvest measurements were taken for canopy height, canopy width, shoot biomass, and root biomass. Data was analyzed using 
Griffing’s Method I, Model I to estimate general combining ability (GCA), specific combining ability (SCA), and reciprocal effects.  Estimates 
are traditionally viewed in a tabular format, but graphical representation using the GGE biplot method provides opportunities to visualize 
heterotic groups, superior hybrid combinations, and potential gene action. Additionally, development of an image based phenotyping platform 
will reduce the time required for data collection. Preliminary results suggest the primary gene action for height, width, and biomass is additive. 
Conclusions from this analysis will provide valuable insight into the inheritance of top size traits and inform selection strategies. 
 
P1227: Genome Mapping, Tagging & Characterization: Other Plant Species 
Metabolomics: An Advanced Technique for Precision Phenotyping in Yams (Dioscorea spp.) 
Elliott James Price1,2, Ranjana Bhattacharjee3, Antonio Lopez-Montes3 and Paul D. Fraser1, (1)Royal Holloway University of 
London, Egham, United Kingdom, (2)Royal Botanic Gardens, Kew, Richmond, United Kingdom, (3)International Institute of 
Tropical Agriculture, Ibadan, Nigeria 
Over 97% of Dioscorea(yam) production is in Low Income Food Deficit Countries (LIFDC). As such, yams are vital for food security. Yam 
production has doubled in the last two decades to ~60MT per annum yet yields have declined by a third during this period. Despite this, yam 
retains a large untapped base of genetic diversity (six cultivated species) and variability within species which provides intrinsic opportunity for 
crop improvements through the exploitation of natural variation.  



A diverse set of Dioscorea lines from the global breeding program have undergone metabolomic profiling and the first representation of the 
primary metabolome of yam tuber generated. Routine analysis provides relative quantification of over 200 metabolites per sample. Screening a 
preliminary subset identified accessions with metabolites of interest, redundancy within the germplasm collection and improved species 
classifications. On the basis of current genetic resources, metabolomic profiling offers more potential than gene based marker-assisted breeding 
for near-future gains in yam production and utilisation. 
 
P1228: Genome Mapping, Tagging & Characterization: Other Plant Species 
Development of Mapping Populations for Yam (Dioscorea rotundata Poir. and Dioscorea alata L.) Improvement 
Jude Obidiegwu1, Joseph Onyeka1, Chiedozie Egesi2 and Emmanuel Nwachukwu1, (1)National Root Crops Research Institute 
(NRCRI), Umudike, Nigeria, (2)National Root Crops Research Institute (NRCRI), Umuahia, Nigeria 
The development of yam genomic resources would no doubt complement and expedite conventional breeding approaches in yams. These 
genomic strides will be valuable for the yam breeding community when a strong link exist between molecular and phenotypic data. In our 
previous study, the genetic structure, diversity and ploidy status of core set of West African yam germplasm was determined. This formed the 
basis of selection for our pre- breeding activities. Using phenotypic attributes and farmers indigenous knowledge, we selected some genetic 
stocks for recombination. To this end, we seek to develop full sib F1 mapping populations by crossing extremely diverse parents in terms of 
economic and agronomic traits. Our second approach is focussing on using diverse set of eight parental plants to make recurrent inter- crossing. 
This will result in highly recombined heterogeneous population. These population development will serve as a novel genetic resource for  yam 
crop improvement. 
 
P1229: Genome Mapping, Tagging & Characterization: Other Plant Species 
Basic Seed Yam Tubers Production Using Aeroponics Technology 
Norbert Godonou Maroya, International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria 
The Aeroponics System was one of the targeted technologies for seed yam propagation through the project “Yam Improvement for Income and 
Food Security in West Africa (YIIFSWA)” (Maroya et al. 2014a). Initial testing of yam propagation in aeroponics was successful with 
generation of micro tubers Maroya et al. 2014b. The number of tubers per plant, the tubers weight per plant and the average weight per tuber 
varied with the genotype and the age at harvest. A total of 1527 tubers were harvested from 486 plants on 9 genotypes. General average weight is 
34.8 ± 1.5g per tuber and average of 3.1±0.1 tubers per plant. The highest number of tubers per plant (20) was recorded by TDr 95/18544. When 
considering the genotypes the average tubers weight per plant is 109.3 ± 6.6 but the highest weight of tubers per plant (1048.6 g) was recorded by 
TDa 2014 and the highest number of tubers per plant (20). The performance of the number of tubers per plant is linked to the genotype and 
within the same genotype varies with plants age.  At 13 months, the plants the number of tuber per plant is 1.8±0.1 for TDr 97/00917, 3.0±0.7 for 
TDr 89/02665 and 5.1±0.3 for TDr 95/18544. These numbers of tubers per plant changed to 6.3±0.2 for TDr 95/18544 at 16 months and to 
4.0±1.0 for TDr 97/00917 at 32 months. Same for the tuber weight per plant that is also dependent of the canopy development. Same 
observations for tuber weight per plant. 
 
P1230: Genome Mapping, Tagging & Characterization: Other Plant Species 
Are You Really My Clone?  Identity Verification of the in-Trust Sweetpotato Collection at the International Potato Center 
David Ellis1, Noelle Barkley1, Genoveva Rossel1, Ronald Robles1, Awais Khan1 and Andrzej Kilian2, (1)International Potato 
Center, Lima, Peru, (2)Diversity Arrays Technology Pty Ltd, Canberra, Australia 
The global in-trust sweetpotato collection maintained by the International Potato Center (CIP) in Lima, Peru consists of over 5,000 cultivated 
sweetpotato accessions maintained as clones in vitro as well as over 1,000 accessions from 67 species of Ipomoea maintained as seed 
populations.  The clonal sweetpotato collection at CIP was initiated in the 1980’s and for ~60% of the collection, original material still exists as 
potted plants in the greenhouse.  This provides a unique opportunity where genetic integrity of a clonal collection, maintained in vitro for the past 
thirty years, can be confirmed by a side-by-side comparison of the same accession from the greenhouse.  Initial molecular comparison is done 
using a set of twenty SSR primers followed by side-by-side comparison in the field using 30 morphological descriptors.  Confirmation of identity 
requires both genetic and morphological analysis as a low percentage of the accessions appear to be duplicates based on SSR yet are 
morphologically distinct.  Historical morphological descriptor data is used as a check to confirm identity and is being used as the sole check for 
accessions where we do not have original material for comparison.  SSR results from 70% of the collection has confirmed that ~85% of the in 
vitro accessions are true-to-type.  In vitro accessions which are not true-to-type are reisolated and cleaned of viruses from the confirmed true-to-
type greenhouse accessions.  Accessions which are true-to-type are fingerprinted using DArTseq to provide a sequence-based fingerprint. 
 
P1231: Genome Mapping, Tagging & Characterization: Other Plant Species 
Marker-Assisted Breeding As a Next-Generation Strategy for Genetic Improvement of Sweetpotato in Sub Saharan Africa 
(SSA) 
Mercy N. Kitavi1, Marc Ghislain2, Robert O.M. Mwanga3, Edward E Carey4, Erin Young5, Benard Yada6, Craig Yencho5 and 
Awais Khan7, (1)International Potato Center (CIP), Nairobi, Kenya, (2)International Potato center (CIP), Nairobi, Kenya, 
(3)International Potato Center (CIP), Kampala, Uganda, (4)International Potato Center, Kumasi, Ghana, (5)North Carolina State 
University, Raleigh, NC, (6)National Crops Resources Research Institute (NACRRI), Kampala, Uganda, (7)International Potato 
Center, Lima, Peru 
The development in genetic improvement of sweetpotato with conventional breeding programs in sub Saharan Africa could be accelerated with 
complete knowledge on and precise manipulation of genetic information. Particular emphasis is given to application of marker-assisted breeding 
since it is shown to be highly effective for reducing the time for variety development in other crops and promising for manipulating novel genes 
available in the sweetpotato germplasm.The Genomic Tools for Sweetpotato Improvement (GT4SP) project includes training on integration of 
genomics and molecular marker technology to strengthen institutional capacity for successful breeding to accelerate crop improvement. This will 



involve identification of gaps in laboratory expertise of partners and collaborators, hands-on training in marker-assisted breeding and short 
training courses for breeders in the application of molecular techniques.  
Through surveys/questionnaires, training modules, webinars, courses and workshops, national breeders and researchers will gain knowledge of 
appropriate methods and markers for the identification and breeding of locally-adapted modern varieties. Training will contribute to improving 
breeding and strengthening of existing research networks between partner institutions and their other associated networks, for accelerating 
improvement of sweetpotato varieties. Other objectives of GT4SP such as marker-trait association identification and genomic selection are in 
progress and will be introduced to trainees to familiarize them with new tools for rapid uptake to address specific challenges of sweetpotato 
breeding in SSA such as resistance to diseases, drought tolerance and high yield. 
 
P1232: Genome Mapping, Tagging & Characterization: Other Plant Species 
Comparative Transcriptome Analysis of Close Wild Relatives of Sweet Potato Reveals Important Salt Adaptation 
Mechanisms for Crop Improvement 
Daniella J Freese1, Robert Reid1, Huazhong Shi2, Hengyou Zhang3, Ann Loraine4 and Bao-Hua Song5, (1)University of North 
Carolina at Charlotte, Charlotte, NC, (2)Texas Tech University, Lubbock, TX, (3)Univeristy of North Carolina at Charlotte, 
Charlotte, NC, (4)University of North Carolina Charlotte, Kannapolis, NC, (5)University of North Carolina at Charlotte, Charlotte,, 
NC 
Soil salinity is one of the major environmental factors causing crop loss worldwide. Here we conducted a comparative transcriptome analysis of 
two diploid wild relatives of sweet potato, beach morning glory (halophyte) and white star (glycophyte) following salt treatment. Our objective 
was to discern novel genes and pathways that confer salt tolerance in the halophyte. Overall, our results highlighted the lineage-specific 
mechanisms in conferring salt tolerance and importance of applying crop wild relatives in crop improvement. Specifically, our results showed 
that the glycophyte exhibited more differentially expressed genes (DEGs) than the halophyte relative, suggesting the role of constitutive vs 
induced gene expression in evolutionarily adapted and non-adapted species. Meanwhile, the root tissue in both species exhibited more 
differentially expressed genes than the leaves. This highlights the role of the root tissue in conferring salt tolerance.  Hierarchical clustering 
analysis of the root tissue revealed 53.6 % of halophyte-specific up regulated DEGs under salt stress. Lastly, 102 and 23 putative orphan genes 
were found up regulated in the roots of the halophyte and glycophyte respectively. This could be an unexplored pool of novel genes with 
potential roles in salt tolerance. 
 
P1233: Genome Mapping, Tagging & Characterization: Other Plant Species 
Leveraging Long Sequencing Reads to Investigate R-Gene Clustering and Variation in Sugar Beet 
Andrew J. Funk, Michigan State University, East Lansing, MI and Mitch McGrath, USDA-ARS Sugarbeet & Bean Research Unit, 
East Lansing, MI 
Host-pathogen interactions are of prime importance to modern agriculture. Plants utilize various types of resistance genes to mitigate pathogen 
damage. However, identification of the specific gene responsible for a specific resistance can be difficult due to duplication and clustering within 
R-gene families. Furthermore, non-model species suffer from less-developed genomic resources than model crops, leading to additional 
uncertainty in location and copy number of closely-related genes. Here we utilize a new genome assembly of Beta vulgaris generated with the 
PacBio sequencing platform to clarify R-gene localization and clustering in sugar beet. Special attention is given to the resistance locus Rz1, 
which confers resistance to the disease rhizomania induced by beet necrotic yellow vein virus (BNYVV). This locus was identified and mapped 
over 15 years ago but the underlying gene has yet to be identified. As a step toward identifying the gene or genes responsible for rhizomania 
resistance, Hidden Markov Models were constructed from resistance genes of model systems as well as B. vulgaris. These models were used to 
interrogate the new genomic sequences and identify resistance genes in the region of the Rz1 locus. Phylogenetic analysis of the underlying genes 
reveals possible paralogs and provides candidate genes for further characterization of rhizomania resistance.  
 
P1234: Genome Mapping, Tagging & Characterization: Other Plant Species 
Using NEXTflex Amplicon Studio for SNPs Detection in the Flax (Linum usitatissimum) Genome by Illumina-based 
Targeted Sequencing 
Masoud Toloue, Radmila Hrdlickova, Jiri Nehyba, April Lewis and Josh Kinman, Bioo Scientific, Austin, TX 
Various mutagens are used to induce mutations in plant genomes in order to introduce selective phenotypical features. However, the methods 
traditionally used to identify these desired mutations, such as map-based cloning, TILLING, PCR-RFLP, and CAPS, are very expensive. The 
introduction of NGS targeted sequencing of specific genes opens a frontier for large scale screening of samples from populations in which 
mutations were forcibly induced. Primer design is a critical issue which must be optimized to facilitate efficient large scale targeted sequencing 
projects. Development of robust, highly multiplexed amplicon panels offering consistent, high quality results requires the design of primers with 
the same amplification efficiencies.  
With well-defined primer selection criteria, and a robust, interactive and flexible design, the NEXTflex™ Amplicon Studio™ allows production 
of the best candidate primers. A novel scoring system has been incorporated into the primer design process, ensuring candidate primers are 
always represented numerically. This scoring system allows for formal quality comparison between all primers in a set, and also allows many 
sets to be compared. Using the NEXTflex Amplicon Studio,  a custom amplicon panel was designed spanning the coding regions of the pectin 
methylesterase (PME) genes (LuPME10, LuPME73, LuPME79, LuPME105) for discovery of variations in SNPs after using ethyl 
methanesulfonate (EMS) to induce point mutations in the flax (Linum usitatissimum) genome. 
 
P1235: Genome Mapping, Tagging & Characterization: Other Plant Species 
Genome Editing in Flax in Response to Environmental Stress 
Christopher Cullis, Case Western Reserve University, Cleveland, OH 
The flax genome can be rapidly modified within a single generation in response to the growth environment. The variations do not appear to be 
due to either random mutations or movement of transposable elements, but rather that the genome appears to be able to switch between two well-



defined, different sequences at many loci. The genomes of eight lines, (genotrophs) all derived from the same progenitor line (Pl), have been 
compared, by whole genome sequencing, to the reference genome of the flax variety Bethune. The differences fall into two main classes. One, 
where regions of the genome have insertions or deletions among the genotrophs compared to Pl, the second where Pl and the genotrophs have a 
large number of SNPs over a short region of the genome. Again, one of the sets of lines is the same as Bethune and the other is very different but 
each of the variants has a consistent sequence. One of the unanswered questions is the source of these variants since they are not present in an 
intact form in the progenitor genome. When the corresponding regions of the genomes of other flax accessions and even the wild progenitor of 
flax, Linum bienne, are characterized, the same two alternative structures are seen. The identification of the genes involved in producing these 
large reproducible modifications of the genome is ongoing. 
 
P1236: Genome Mapping, Tagging & Characterization: Other Plant Species 
Whole-Genome Resequencing of Early Flowering (epi) Mutant Lines from Flax (Linum usitatissimum) Cultivar ‘Royal’ 
Induced Using a Hypomethylating Agent 5-azacytidine 
Raja Ragupathy1, Stephen J. Robinson2, Lester W. Young1 and Helen M. Booker1, (1)University of Saskatchewan, Saskatoon, SK, 
Canada, (2)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada 
Flowering time is a complex trait, an estimated 306 genes condition photoperiod, ambient temperature, vernalization, aging, circadian clock, 
hormonal, sugar and autonomous pathways (Bouche et al. 2015). Three early flowering lines including RE2 were developed from the flax 
cultivar ‘Royal’ using the DNA demethylating agent 5-azacytidine (Fieldes and Amyot 1999). Whole genome resequencing of ‘Royal’ and its 
three derivatives was done to characterize SNPs in the mutants including the gene space known to be involved in flowering time to identify 
diagnostic markers to develop early maturing cultivars for the Canadian prairies. Illumina paired-end sequencing yielded ~129 million processed 
reads which were mapped against the flax reference genome (Wang et al. 2012). The average coverage is 15.4X and a total of 160,547 SNPs 
were called using GATK unified genotyper. RE2, the least photo-sensitive line of the early flowering derivatives of Royal (Sun, 2015), exhibited 
5,188 homozygous SNPs distributed on the 15 chromosomes. A total of 880 SNPs were inside protein coding genes, 12 of which were associated 
with flowering pathways. Interestingly, a SNP was identified in the flax gene Lus10002974, an orthologue of Arabidopsis PHOTOPERIOD-
INDEPENDENT EARLY FLOWERING-1 (PIE; AT3G12810), encoding a major chromatin remodeling protein associated with epigenetic 
regulation. Positional, as well as functional, impact of these SNPs will be presented.  
References:  
Bouché et al. (2015) Nucl. Acids Res. Doi:10.1093/nar/gkv1054.  
Fieldes, M. A. and Amyot, L. M. (1999) J. Heredity, 90:199-206.  
Jia Sun. M.Sc. Thesis (2015) Department of Plant Sciences, University of Saskatchewan, 113p.  
Wang et al. (2012) Plant J. 72:461-473. 
 
P1237: Genome Mapping, Tagging & Characterization: Other Plant Species 
Mapping Black Spot Resistance in Autotetraploid Rose Using Genotyping-By-Sequencing 
Travis W. Banks, Cindy Rouet, Jaclyn Prystupa, Rumen Conev, Anissa Poleatewich and Daryl J. Somers, Vineland Research and 
Innovation Centre, Vineland Station, ON, Canada 
The black spot pathogen, Diplocarpon rosae, creates significant damage to landscape roses.  Once infection has occurred the leaves of affected 
plants become colonized by unsightly black patches which can be followed by significant defoliation and the eventual death of the plant.  Control 
of this endemic pathogen is difficult particularly as industry phases-out the use of fungicides.  Rose breeding programs around the world could 
benefit from molecular markers for black spot resistance but the complex history and genetics of rose combined with under-developed genomics 
resources has limited efforts.  
Here we present our work to map two races of black spot in autotetraploid rose.  Using genotyping-by-sequencing (GBS) we constructed parental 
maps from 350 hybrids from a cross between accession 564 and Gentle Giant®.  Using a detached leaf assay we phenotyped resistance to both 
races, each of which mapped as a single dominant gene.  The GBS SNPs were converted to high resolution DNA melting assays and have been 
deployed to our cold hardy landscape rose breeding program.  This project will serve as a framework for future development of markers across a 
number of traits important for developing superior roses. 
 
P1238: Genome Mapping, Tagging & Characterization: Other Plant Species 
Construction of a High-Density SNP-Based Genetic Linkage Map of the Ipomoea trifida (H. B. K.) G. Don. by Scaffolding a 
de novo Assembly 
Chenxi Zhou1, Lachlan J Coin1, Awais Khan2, Wolfgang Gruneberg3, Federico Diaz3 and David Maria3, (1)Institute for Molecular 
Bioscience, University of Queensland, Brisbane, Australia, (2)International Potato Center, Lima, Peru, (3)International Potato 
Center (CIP), Lima, Peru 
Despite being a critical worldwide food resource, the sweetpotato (Ipomoea batatas (L.) Lam.) remains a less well studied crop due to its genetic 
complexity (2n=6x=90). As a result the availability of sweetpotato genomic resources is highly limited. Here we propose a novel method for 
constructing genetic linkage maps and scaffolding de novo assemblies using Genotyping-by-Sequencing (GBS) data from a large full-sib family. 
We have used this approach to construct a high-density SNP-based genetic linkage map consisting of 7,799 SNPs from 15 linkage groups by 
scaffolding a de novo assembly of Ipomoea trifida (H. B. K.) G. Don., the most likely ancestor of the sweetpotato but of much less genetic 
complexity (2n=2x=30). We started from inferring transmissions of parental haplotypes to each progeny, from which we were able to calculate 
the recombination fraction (RF) between every pair of contigs. We then iteratively clustered contigs into linkage groups, and finally resolved the 
contig ordering by minimizing the RF sum along each linkage map. Our method also uses the shared haplotype structure in the family together 
with the allelic depth information to call high quality SNP genotypes. Application of our approach to simulated datasets indicates that we are able 
to accurately reconstruct the correct clustering and ordering of contigs. Moreover, as is capable of solving high ploidy genomes, we anticipate 
this method may help in constructing high quality genetic linkage maps for more plants. 
 



P1239: Genome Mapping, Tagging & Characterization: Other Plant Species 
Genome of Magnolia kobus (Magnoliaceae): An Additional Key Reference for the Angiosperm Evolution 
Jongsun Park, Sungshin Univ., Seoul, South Korea, Jong Bhak, UNIST, Ulsan, South Korea and Sangtae Kim, Sungshin 
University, Seoul, South Korea 
Magnolia has received keen interests from many botanists because it is believed one of early-diverging angiosperms in the evolutionary history 
of angiosperms. Recent molecular phylogenetic studies showed that Magnolia is placed at the “Magnoliids” clade after the Amborella, 
Nympheaceae, and Austrobailales in the angiosperm phylogeny. Therefore, its genome study is highlighted to understand the early 
diversification of angiosperms. We generated about 150 Gbp of NGS sequences from Magnolia kobus, a polular garden tree in Magnoliaceae, 
with six different libraries (2 pair-end and 4 mate-pair libraries). Preliminary version of genome assembly in M. kobus represents 1.77 Gbp with 
N20 and N50 lengths are 3,935 bp and 936 bp, respectively. The size of assembled genome moderately agrees with the estimated genome size 
(1.44 Gbp) based on flow-cytometry. Without masking repetitive sequences, gene prediction was executed resulting in 308,327 putative genes. 
Among them 93,867 genes have known functional domains, indicating that the remaining genes should be reconsidered after improving genome 
quality. Almost one thousand out of 93,867 genes are ”reverse transcriptase RNA-dependent DNA polymerases”, which is usually related to 
integrate repetitive sequences after transcription. After improving genome assembly, detailed comparison of Magnolia genome with those of 
other key taxa in the angiosperm evolution including Amborella will provide an understanding of genetic base of early diversification of 
angiosperms. 
 
P1240: Genome Mapping, Tagging & Characterization: Other Plant Species 
Development of Penstemon scariosus (Plantaginaceae) Microsatellite Markers 
Christopher D Anderson, Kevin M. Farley, Nathan J Ricks, Jeff Maughan and Mikel R. Stevens, Brigham Young University, 
Provo, UT 
Penstemon scariosus Pennell is one of many Penstemon species located in the northeastern corner of Utah and a short distance across the 
adjacent boarders of Colorado and Wyoming. This perennial plant thrives in arid, almost desolate landscapes to higher altitude forested areas. 
One distinct variety of P. scariosus, P. scariosus var. albifluvis, is being considered for listing under the Endangered Species Act of 1973 due to 
hydrocarbon deposits geographically located at sites where this variety is almost solely found. Thus, it is important to understand the 
phylogenetic relationship within P. scariosus. In order to do so, we needed to develop DNA SSRs (simple sequence repeats or microsatellites). 
These markers are specifically designed to be robust and reliable when used on P. scariosus and closely related taxa. Although SSR markers 
have been developed for Penstemon, we needed to redesign four of the six markers previously reported so that they would function appropriately 
on P. scariosus and closely related species. New SSR marker development was made possible using genomic reduction in combination with 
next-generation sequencing on samples of the four varieties of P. scariosus. From the sequence of the genomic reduction data, 240 candidate 
SSRs were randomly selected and designed into primers to determine viability.  Of the 240 markers, 16 displayed reliable and robust 
polymorphic characteristics across 12 taxa of Penstemon. These 16 microsatellite markers are now being used to do phylogenetic studies on the 
four varieties of P. scariosus and the two varieties of P. fremontii. 
 
P1241: Genome Mapping, Tagging & Characterization: Other Plant Species 
Assessing Root Variability and Metabolite Content in a Diverse Germplasm Collection of Yellow Lupin (Lupinus luteus L.) 
Ivan J. Maureira Butler1, Claudia Osorio1, Gustavo Del Canto1, Annally Rupayan1, Nicole Lichtin1 and Josh Udall2, 
(1)Agriaquaculture Nutritional Genomic Center, CGNA, Genomics and Bioinformatics Unit, Temuco, Chile, (2)Brigham Young 
University, Provo, UT 
Plant breeders have continuously generated new better yielding varieties more adapted to local conditions and specialized to specific needs of the 
industry. However, this breeding effort has been mostly dedicated to increase shoot biomass and seed yields, leaving the study of roots, and their 
influence upon grain yield, in the rear seat of crop breeding. Recent efforts have shown that by better understanding root physiology, morphology 
and genetics, significantly increases on seed yield could be achieved even under stress conditions. Thus, breeding lupins with stronger and deeper 
roots should increase and stabilize seed yields, one of the hardest traits to breed in lupin crops. The main goal of this research is to genetically 
analyze root natural variation, including morphology and metabolite content, in a diverse set of L. luteus, to facilitate the manipulation and 
introgression of favorable root traits into cultivated types. Lupin accessions were genotyped using a set of molecular markers including SSRs, 
EST-SSRs, SNPs, and INDELs. Association analyses uncovered several genomic regions associated to root morphology and secondary 
metabolite content. Currently, we are carrying out bioinformatic analyses to uncover candidate genes responsible of root variability. 
 
P1242: Genome Mapping, Tagging & Characterization: Other Plant Species 
Molecular Dissections of the DNA Transposon Tam3 Responded to Low-Temperature Stresses in Antirrhinum 
Hua Zhou, Kayo Makiya, Megumi Hirata, Kaien Fujino and Yuji Kishima, graduate school of agriculture, hokkaido university, 
sapporo, Japan 
Introduction. Several active transposons have been identified in Antirrhinum, among which Tam3 is a class-II transposon belonging to the hAT 
(hobo, Ac, Tam3) superfamily, whose members are widely distributed in multicellular organisms, including plants, animals and fungi. Unlike the 
majority of other DNA transposons, Tam3 exhibits an unusual and remarkable feature of low-temperature dependent transposition (LTDT): 
activation at low growth temperatures (15°C), but inhibition at high temperatures (above 25°C). The low temperature allows a portion of TPase 
(about 20%) to transfer into nuclei resulting in the transposition of Tam3, but high temperature rigorously inhibits this nuclear import. In this 
study, we identified a cis-motif in TAM3 TPase (T3TP) which is involved in LTDT of Tam3. Furtherly, we did the yeast-two-hybrid screening to 
isolate the T3TP-interacting factors. And for those isolated T3TP-interacting factors, we would do some selections to identify the true host 
factor(s) involved LTDT, and finally, to clarify the mechanism of LTDT of Tam3.  
Materials and Methods. Antirrhinum HAM22 (palidarec::Tam3), showing variegation in flowers under low temperature due to the transposition of 
Tam3, were grown under both 15°C and 25°C. And then the mesophyll protoplasts were used for identifying the subcellular localization of Tam3 
TPase and a series of its truncated constructs. The flowers from HAM22 growing under 25°C were also applied for the subcellular location 



experiment. The gene gun was utilized to transform these constructs into petal cells. cDNA library for yeast-two-hybrid was constructed by using 
the leaves and flowers of HAM22 growing under 25°C. And then y2h screening was carried on to isolate the Tam3 TPase-interacting proteins.  
Results/Discussion.  We examined GFP constructs carrying a series of truncated Tam3 TPase gene to observe their subcellular localization. 
Most of the constructs showed that GFP localized on the membrane at the high temperature. However, the constructs lacking normal BED-zinc 
finger domain exhibited nuclear localization of GFP signal at 25°C. The BED-zinc finger domain is present at amino acid positions181to 234 
from N terminal. When the cis-regulatory element (BED-zinc finger domain) is intact, the location of Tam3 TPase showed remarkable feature of 
low-temperature dependent nuclear import. But disruption of this cis-domain resulted in the nuclear import of Tam3 TPase even under high 
temperature. It suggests that the cis-domain is necessary for the LTDT of Tam3. To confirm this result, the same constructs were transformed 
into the petal cells of HAM22 under 25°C by particle-bombardment. And similar result was acquired, the host suppresses the nuclear import of 
Tam3 TPase through the zinc-finger domain, serving as a protein binding motif here, which also have been identified as a DNA binding domain 
to initiate the transposition of Tam3. Thus, the motif has biofunctional activities. As the domain is involved in the regulation from the host, it 
provides us some clues to isolate the host factor(s) which regulate the activity of Tam3 at the post-translational level. Till now, through yeast-
two-hybrid screening, we have got some genes, interacting with Tam3 TPase. Next, obtain the candidate gene(s) involved in LTDT are 
impendency for carrying on the subsequent work. 
 
P1243: Genome Mapping, Tagging & Characterization: Other Plant Species 
Development of Chromosome Genomics in Saffron 
M. Bahattin Tanyolac1, Jarmila Cihalikova2, Jan Vrana3, Marie Kubalakova2, Miroslava Karafiatova2, Duygu Ates1, Jana Cizkova2, 
Metin Tuna4, Levent Sik5, Petr Capal2, Jaroslav Dolezel2, Hakan Ozkan6 and Osman Erol7, (1)Ege University, Izmir, Turkey, 
(2)Institute of Experimental Botany, Olomouc, Czech Republic, (3)Experimental Botany, Olomouc, Czech Republic, (4)Namik 
Kemal University, Tekirdag, Turkey, (5)Celal Bayar University, Manisa, Turkey, (6)University of Cukurova, Adana, Turkey, 
(7)Istanbul University, Istanbul, Turkey 
Crocus sativus L. (saffron crocus) is a monocot herbaceous species of the Iridaceae family grown in the Mediterranean Basin and Western Asia. 
The plant is a source of spice saffron, the most expensive spice by weight, with a variety of uses apart from cooking. The spice is obtained from 
dried stigmas of flowers and marketed as saffron filaments, or powder from milled stigmas. Saffron crocus is a genetically monomorphic clone 
propagated vegetatively and its sterility has been attributed to its triploidy (2n=3x=24). To date, only a few genetic diversity studies have been 
completed and the knowledge of saffron crocus genome organization remains poor. In order to facilitate the analysis of the huge (10.64 Gb) and 
polypoid genome, we have developed a chromosome-based strategy, which relies on dissecting the genome to single chromosomes. During the 
work, liquid suspensions of intact mitotic chromosomes were prepared from synchronized root tips of hydroponically grown bulbs. The 
chromosomes in suspension were stained by DAPI and analyzed by flow cytometry. Flow karyotypes thus obtained indicated that a majority of 
chromosomes could be flow-sorted only in groups of two or more. In order to overcome this difficulty, single copies of chromosomes are flow-
sorted, their DNA amplified and sequenced to obtain chromosome-specific sequences. The chromosome-based strategy we have developed for 
saffron crocus not only reduces sample complexity prior to DNA sequencing, but avoids problem due the presence of three highly similar 
genomes. The work is in progress to sequence all chromosomes of saffron crocus using illumina technology 
 
P1244: Genome Mapping, Tagging & Characterization: Other Plant Species 
The Genome of Sesamum indicum L 
Hongmei Miao, Henan Sesame Reserach Center, Henan Academy of Agricultural Sciences, Zhengzhou, China and Haiyang 
Zhang, Henan Sesame Research Center, Henan Academy of Agricultural Sciences, Zhengzhou, China 
Sesame (Sesamum indicum L., 2n = 26) belongs to the Pedaliaceae family and is one of the highest oil-content crops. The Sesame Genome 
Working Group (SGWG) initiated the Sesame Genome Project in 2010 and fulfilled the whole project in 2015 (Data not published yet). The fine 
genome of S. indicum L., var. Yuzhi 11 (PRJNA74261) has been constructed using the complicated ‘Illumina + Roche 454 + BAC paired-end 
(ABI3730) + PacBio’ sequencing platform and the ‘SNP genetic map + BAC-FISH physical map + Optical map’ assisted assembly method. The 
final genome assembly reaches to 335.9Mb, occupying 94.8% of the estimated 354Mb genome using K-mer. In the final genome map, the 
number of total scaffolds is 3,734, most of which are distributed into the 13 chromosomes of sesame karyotype. The number of N50 scaffolds is 
18 and the N50 scaffold size is 6.38Mb. The number of N90 scaffolds is 886 and the N90 scaffold size is 19.6Kb. The largest scaffold covers 
14.1Mb. 31,462 gene models were found in the genome. With the aid of genome re-sequencing, association mapping and QTL mapping 
methods, we located 125 markers, 27 QTLs and 2 functional genes related to the key traits of yield, oil and protein contents, seed coat color and 
resistance to Fusarium wilt disease in the fine sesame genome. 13 elite gene clusters related to the above key agronomic traits are revealed with 
the distribution into 8 chromosomes of S. indicum L.. 
 
P1245: Genome Mapping, Tagging & Characterization: Other Plant Species 
Polymorphic Microsatellite Markers in Traditional Chinese Medical Plants Panax notoginseng 
MingFu Li, Yun Song, NaiZhong Chen and Jin Xu, Biological Germplasm Resources Identification Center of General 
Administration of Quality Supervision,Inspection and Quarantine (GAQSIQ),P.R.China;Institute of Plant Quarantine, Chinese 
Academy of Inspection and Quarantine., Beijing, China 
Panax notoginseng (Burk) F.H. Chen is a perennial with dark green leaves branching from a stem, which is a well-known medicinal herb listed 
in Chinese Pharmacopoeia, most notably as the largest ingredient in "Yunnan Baiyao". However, this species is on the verge of extinction due to 
over-exploitation for economic purposes. Therefore, it is urgent to develop conservation strategies for this endangered species through the 
assessment of its genetic structure and diversity. To evaluate genetic diversity and structure of a traditional medicinal plant Panax notoginseng 
(Burk) F.H. Chen, Here we developed 12 novel polymorphic microsatellite loci. The characteristics of these markers were determined in 60 
individuals from South China. The number of alleles per locus ranged from 2 to 9, Observed and expected heterozygosity ranged from 0.057 to 
1.000 and from 0.442 to 0.931, respectively. These markers are useful tools for future population genetic studies and conservation of genetic 
resources of P. notoginseng. 



 
P1246: Genome Mapping, Tagging & Characterization: Other Plant Species 
Identifying Candidate Genes for Improved Nutrition in Watercress through RNA-Seq 
Nikol Voutsina1, Adrienne Payne1, Robert Hancock2, Graham J J Clarkson3, Steve Rothwell3, Mark A. Chapman1 and Gail Taylor1, 
(1)University of Southampton, Southampton, United Kingdom, (2)James Hutton Institute, Dundee, United Kingdom, (3)Vitacress 
Salads, Andover, United Kingdom 
Watercress (Nasturtium officinale R. Br.; Brassicaceae) is a peppery-flavoured leafy salad crop with a long tradition of cultivation in southern 
England. It has received much attention in recent years as one of the most nutrient dense foods and is thought to offer antioxidant and 
chemopreventive benefits to the consumer. These benefits are derived from the high concentrations of secondary metabolites, particularly 
phenylpropanoid pathway derivatives and glucosinolates that are present in this species. Despite these benefits, watercress remains largely 
undeveloped with limited breeding resources and no active breeding programmes worldwide. The aim of our work is to understand the genetic 
bases of important nutritional traits in watercress and use modern molecular tools to develop breeding knowledge and resources for the future. To 
this end, we have carried out sequencing, de novo assembly and functional annotation of the watercress transcriptome using RNA-Seq. We also 
performed differential expression analysis for samples with contrasting phenotypes for antioxidants and glucosinolate content, finding expression 
differences in relevant pathways. Furthermore, we identified orthologous sequences in the watercress transcriptome to those in the Arabidopsis 
phenylpropanoid and glucosinolate biosynthetic pathways and demonstrate differential flux through relevant pathways in the high and low lines. 
Our results are a first and important genetic resource for this understudied crop and include a catalogue of genes known to be, or potentially 
involved in, nutrient status as well as thousands of markers which could be employed for marker assisted selection and/or genetic mapping for 
nutritional traits in watercress. 
 
P1247: Genome Mapping, Tagging & Characterization: Other Plant Species 
Next-Generation Transcriptome Assembly for Plukenetia volubilis 
Maria Teresa G. Lopes1, Fernanda Amato Gaiotto2, Ananda V. De Aguiar3, Annette M. Fahrenkrog4, Flora Bittencourt Lima5, 
Christopher Dervinis4, Bárbara S. F. Müller6, Rodrigo Furtado dos Santos4, Regina Caeteno Quisen7 and Matias Kirst4, 
(1)Universidade Federal do Amazonas, Gainevislle, FL, (2)Universidada Estadual de Santa Cruz, Gainesville, FL, (3)Embrapa 
Forestry/University of Florida, Gainesville, FL, (4)University of Florida, Gainesville, FL, (5)State University of Santa Cruz, Ilheus, 
Brazil, (6)University of Brasília - EMBRAPA, Brasília, Brazil, (7)Embrapa Amazonas, Manaus, Brazil 
Plukenetia volubilis is a nutraceutical oleaginous plant native to the Peruvian Amazon. Its seed oil contains high levels of polyunsaturated fatty 
acids (linoleic and linolenic), making it suitable for use in disease prevention and as a dietary supplement. Here we used high-throughput RNA 
sequencing (RNA-seq) to obtain the reference transcriptome for this species, establishing a critical genomic resource necessary for future 
genetics studies. Leaves of one adult individual of P. volubilis were collected in the Amazon rainforest (Brazil), and immediately frozen in liquid 
nitrogen and lyophilized. Total RNA was isolated and converted into cDNA prior to sequencing using an Illumina NextSeq platform. A total of 
86,762,978 raw reads (paired-end read of 151 length) were filtered by quality with Trimmomatic and assembled into 138,600 transcripts with 
Trinity. The P. volubilis de novo transcriptome assembly contains 126,435 unigenes represented by 56 Mbp, with a median (mean) contig length 
of 284 bp (404 bp) and a GC content of 43.95%. Unigenes were annotated for their putative functions based on Arabidopsis thaliana 
transcriptme database. Total of 11,673 annotated unigenes were categorized into 31 functional groups under Gene Ontology terms. In the 
biological process category, cellular processes (39.3%) and metabolic processes (36.6%) were the predominant groups. For cellular component 
category the predominant were cell part (53.6%) and organelle (33.6%). The main distributions in the molecular function category were catalytic 
activity (38.4%) and binding (35.4%). This is a critical resource to be used for the development of new molecular tools for conservation genetics 
and evolutionary studies. 
 
P1248: Genome Mapping, Tagging & Characterization: Other Plant Species 
High Quality De Novo Genome Assemblies of the Common Ice Plant (Mesembryanthemum crystallinum L.) - a Functional 
Genomics Resource for Crassulacean Acid Metabolism (CAM) and Halophytism 
Won Cheol Yim1, Sung Don Lim1, Jungmin Ha1, Bernard W. M. Wone1, Rebecca L. Albion1, John C. Cushman1, Hengfu Yin2 and 
Xiaohan Yang3, (1)Department of Biochemistry and Molecular Biology, University of Nevada, Reno, Reno, NV, (2)Biosciences 
Division, Oak Ridge National Laboratory, Oak Ridge, TN, (3)Oak Ridge National Laboratory, Oak Ridge, TN 
The common ice plant (Mesembryanthemum crystallinum L., Azoaceae, Caryophyllales) is an important halophytic and facultative crassulacean 
acid metabolism (CAM) model in which CAM can be induced by salinity or water-deficit stress. To improve our understanding of molecular 
genetic basis of CAM, water-use efficiency, and salinity tolerance in plants, a high-quality, annotated genome assembly was generated for ice 
plant using two different genome sequencing platform, Illumina and PacBio, and obtained 95,569,388,632 and 33,865,183,009 bases, 
respectively, resulting in a depth of coverage of 254X and 90X. We assembled the reads in two steps, first with ABySS, SparseAssembler, String 
Graph Assembler, and SOAPdenovo2 for Illumina and SMRTanalysis for PacBio reads, independently. The resulting assemblies were compared 
with each assembler result and with the Illumina mate-pair reads used for scaffolding. The scaffold from the PacBio-only assembly generated the 
longest scaffolds of 11,659,217 bp, N50 & NG50 of 3,255,505 bp, 957 contigs, and a total size is 382.6 Mbp, which is close to the genome size 
estimate of 390 Mbp for this species. This scaffolding result will be used for BioNano Genomics Irys® single-molecule next-generation mapping 
(NGM) to improve the accuracy and completeness of the genome assembly. This high-quality draft genome assembly will enable the 
identification of all genes required for the operation of CAM and for the adaptation of this halophytic species to salinity stress conditions, 
comparative CAM genomics efforts, and CAM biodesign projects aimed at introducing the improved WUE of CAM into crop plants. 
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Generating a Robust Genome and Transcriptome for Prickly Pear Cactus 



Jesse A. Mayer1, Won Cheol Yim1, Bernard W. M. Wone1, Andrew H. Paterson2 and John C. Cushman1, (1)Department of 
Biochemistry and Molecular Biology, University of Nevada, Reno, Reno, NV, (2)Plant Genome Mapping Laboratory, University of 
Georgia, Athens, GA 
Prickly pear cactus (Opuntia ficus-indica) is an agriculturally significant crassulacean acid metabolism (CAM) species grown for human food, 
animal feed or fodder, and a multitude of other uses including biofuel production that requires significantly lower water inputs than C3 and C4 
crops. The large octoploid genome (4 Gbp) of O. ficus-indica makes comprehensive and accurate de novo genome sequencing difficult. Multiple 
‘omics resources are in development for O. ficus-indica to enable the identification of key genetic determinants for adaptations including CAM, 
tissue succulence, and epicuticular wax synthesis. Major projrct goals include 1) utilizing single-molecule sequencing to de novo sequence the 
genome of diploid reference species Opuntia cochenillifera, 2) leveraging the O. cochenillifera genome as a scaffold to assemble the O. ficus-
indica genome, and 3) assembling and analyzing an 84-sample transcriptomic study of circadian clock regulation, water-deficit stress responses, 
and tissue types. The O. cochenillifera diploid genome is currently undergoing PacBio SMRT sequencing and will augment the assembly of an 
existing Illumina data set from O. ficus-indica. In addition, a pooled RNA sample from O. ficus-indica fruit and pads at multiple stages of 
development are being sequenced using PacBio IsoSeq cDNA sequencing to create a scaffold for further refinement of an Illumina-based RNA-
Seq transcriptome assembly and read mapping for digital mRNA expression analysis. Metabolomic data generated using the transcriptomic 
collection criteria will also be discussed. Taken together, these data will offer a platform for CAM biodesign efforts as well as assist in 
improvement of agronomic traits in prickly pear cactus. 
 
P1250: Genome Mapping, Tagging & Characterization: Other Plant Species 
Transcriptome Sequencing of Epipogium (Orchidaceae) and Monotropa (Ericaceae) Reveals Parallel Gene Losses in Nuclear 
Genomes of Non-Photosynthetic Plants 
Mikhail I. Schelkunov1, Viktoriya Ju. Shtratnikova2, Maxim S. Nuraliev2, Aleksey A. Penin2 and Maria D. Logacheva2, (1)Institute 
for Information Transmission Problems, Moscow, Russia, (2)Lomonosov Moscow State University, Moscow, Russia 
Holoheterotrophy, i.e. a total inability to photosynthesize, has arisen independently multiple times in different plant lineages. While changes in 
plastid genomes of holoheterotrophic plants are widely studied, little is known about changes in nuclear genomes accompanying transition of 
plants to completely heterotrophic lifestyle. In order to gain insight into this question we sequenced and assembled transcriptomes of non-
photosynthetic plants from two phylogenetically distant groups: monocots (Epipogium aphyllum and E. roseum) and dicots (Monotropa 
hypopitys). Earlier we characterized plastid genomes of these plants and found that they are highly reduced: only components of translation 
system and several other housekeeping genes remain intact. Comparative analysis with transcriptomes of related photosynthetic species was used 
to highlight changes inherent to nuclear genomes of these plants.  
Almost all changes that we found are associated with the loss of photosynthesis, e.g., the loss of nuclear genes encoding components of plastid 
electron-transfer chain, proteins of light-harvesting complex, components of RuBisCo etc. Surprisingly, we found that genes encoding 
chlorophyll a synthesis pathway proteins are intact in Epipogium and, presumably, in M. hypopitys. The same feature was previously reported for 
broomrape Phelipanche aegyptiaca. Also, there are several reports stating that chlorophyll a is present in many holoheterotrophic plants, 
including Monotropa uniflora, a close relative of M. hypopitys. The reasons for such conservation are yet unclear; we believe that further study 
of transcriptomes of non-photosynthetic plants will shed light on this question, as well as on other aspects of nuclear genome/plastome 
coevolution under loss of photosynthetic activity. 
 
P1251: Genome Mapping, Tagging & Characterization: Other Plant Species 
Syntenic and Phylogenetic Analysis of MADS-box Gene Family Evolution in the Carnivorous Plant Utricularia and Other 
Core Eudicots 
Tien-Hao Chang, Department of Biological Sciences, University at Buffalo, Amherst, NY, Luis Herrrera-Estrella, Laboratorio 
Nacional de Genomica para la Biodiversidad, Irapuato, Guanajuato, Mexico, Enrique Ibarra-Laclette, Laboratorio Nacional de 
Genomica para la Biodiversidad, Irapuato, Mexico and Victor A. Albert, University at Buffalo, Buffalo, NY 
MADS-box genes encode important transcription factors that regulate various developmental stages of plants, from seed germination to fruit 
ripening. Both large-scale whole genome duplication (WGD) and small-scale tandem duplication have contributed to gene family architecture 
during angiosperm evolution. 
Utricularia gibba (U. gibba), a carnivorous plant with an extremely contracted genome, has surprisingly undergone three rounds of WGD since 
it diverged from a common ancestor with tomato and grape. To observe how this special genome evolutionary history shaped the MADS-box 
gene family in U. gibba, we identified MADS-box genes from seven plant species including U. gibba. The phylogeny of these MADS-box genes 
shows diverse and dynamic changes of gene members from different species in different gene subfamily clades. To further investigate how 
duplication affected the evolution of MADS-box gene subfamilies, we analyzed synteny among MADS-box genes of four plant species. Our 
results suggest that the FLC/MAFs, SOC1, TM8, SEP and AP1/SQUA subfamilies might originate from two blocks containing tandem-
duplicated MADS-box gene pairs, which can be dated to prior to the angiosperm common ancestor. The SVP subfamily, which is distinct from 
those above, comprises subclades that might have originated before the angiosperm common ancestor from a small-scale duplication of a single 
ancient MADS-box gene. Thereafter, shared or taxon-specific WGDs together with protein functional changes further shaped gene subfamily 
architecture in eudicots. Transcriptome data suggests functional divergence among U. gibba genes in these MADS box lineages, which may have 
contributed to U. gibba’s evolution and survival. 
 
P1252: Genome Mapping, Tagging & Characterization: Other Plant Species 
Physiological Response to High Temperature and Simple Sequence Repeat Markers (SSR) in Diverse Okra Abelmoschus 
esculentus L. (Moench) Germplasm 
Shahnoosh Hayamanesh, The University of Sydney, Camden, Australia 
Okra is an important summer vegetable crop and high temperature has been shown to lower its germination, growth and yield. Genetic diversity 
is crucial for plant breeding purposes, especially in the context of environmental stress such as high temperature, which damages the plant 



photosystem, changes the balance between photosynthesis and respiration and impairs cellular function by damaging membranes. We assessed 
the genetic variability for heat-tolerance among Okra genotypes from Pakistan and the AVRDC (The World Vegetable Center) using phenotypic 
and genotypic data. One hundred and thirty okra genotypes were exposed to 45°C for 6 hours and chlorophyll fluorescence measured in both 
control and heat shock treatments. This preliminary screening identified 30 Okra accessions (including tolerant and sensitive types) which were 
used for more detailed physiological measurements, including fluorescence and electrolyte leakage. Damage of the photosystem was observed in 
some varieties, and an increase in electrolyte leakage was found in most genotypes with high temperature exposure. DNA extraction was 
optimized for Okra leaf tissue with high mucilage content and 25 SSR markers were tested for their ability to detect polymorphism in Okra 
accessions. Eight markers that demonstrated most polymorphism were chosen to test 104 accessions for genetic variability. These markers 
identified how closely the heat tolerant genotypes were related. 
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Genome Diversity Anlysis of Camelina Spp 
Sanghyeob Lee, Sejong University, Seoul, South Korea 
Although Camelina sativa is known to its nutritional value and the feedstock of biodiesel, genetic or genomics study is still at the beginning. The 
addition of a complete genome will facilitate the research of this understudied oilseed crop. In the current study, we analyzed 20 accessions of 
Camelina spp. with genotyping-by-sequence (GBS) technology. A total of 35,783 single nucleotide polymorphisms (SNPs) were generated with 
strict screening steps and basic genetic studies were performed to see their diversity. STRUCTURE and phylogenetic analysis generated five 
subgroups with the subgroup V thought to be the most ancient. Winter-types (subgroup I) may have been diverged from summer-types. Some 
genomics regions were found to be negatively selected and most of them were gene-rich regions. Specifically, subgroup V was less affected by 
the negative selection, also supporting the inference that the subgroup may be the most ancient. Marker-trait associations (MTA) with plant 
height, leaf length, and pod size inferred a total of 154 SNPs and 72 nearby genes which are significantly associated with these phenotypes. The 
SNPs and genes may need further investigation with a larger scale analysis and gene expression study. However, they may be able to serve as 
valuable resources for the improvement of C. sativa. 
 
P1254: Genome Mapping, Tagging & Characterization: Other Plant Species 
Genetic Diversity Among Wild and Cultivated Populations of Annatto (Bixa orellana) from Brazilian Amazonia 
Gabriel Dequigiovanni1, Santiago Linorio Ferreyra Ramos2, Alessandro Alves Pereira2, Charles Roland Clement3, Doriane 
Picanço Rodrigues4, Eliane Gomes Fabri5 and Elizabeth A. Veasey1, (1)ESALQ - University of São Paulo, Piracicaba, Brazil, 
(2)University of São Paulo, Piracicaba, Brazil, (3)National Institute of Amazon Researches (INPA), Manaus, Brazil, (4)Federal 
University of Amazonas, Manaus, Brazil, (5)Horticulture Center of the Agronomic Institute of Campinas, Campinas, Brazil 
Annatto (Bixa orellana L.) is a tropical crop originated in America, with the Amazonian region considered the center of origin of the species. 
Annatto is a promising crop because of its dye (bixin), widely used in the pharmaceutical, food, cosmetics and textiles industry. According to the 
systematic study of the genus, five species of Bixa are recognized, but only B. orellana is widely cultivated. The aim of this study was to evaluate 
the genetic diversity among cultivated and wild annatto from the Brazilian Amazonia. Were evaluated 490 cultivated and 169 wild annatto 
accessions from six states in the Amazonian region, using 16 microsatellite markers developed by this research group in a previous study. A total 
of 254 alleles were detected, with an average of 12 alleles per locus. We highlight a clear separation between the two groups of accessions, 
cultivated and wild, identified in the Bayesian analyzes and Neighbor-Joining trees, supported by the high value of FST(0.140). Wild accessions 
had higher rates of diversity in relation to cultivated, demonstrated by the allelic richness and observed and expected heterozygosity. Higher 
levels of diversity found in wild populations can be partly attributed to the absence of anthropic selection, as occurs in cultivated access. Our data 
suggest the existence of genetic relationship among wild types and cultivated annatto, indicated by moderate levels of gene flow between 
populations. These results will help us to identify possible centers of domestication for this crop and to understand the evolution and 
domestication of annatto in Amazonia. 
 
P1255: Genome Mapping, Tagging & Characterization: Other Plant Species 
Progress on the Genome Characterisation of Disocorea alata 
Benjamen H White1, Ranjana Bhattacharjee2, Walter Verweij3, Antonio Lopez-Montes2, P. Lava Kumar2, Sophien Kamoun4 and 
Manuel Corpas1, (1)The Genome Analysis Centre, Norwich, United Kingdom, (2)International Institute of Tropical Agriculture, 
Ibadan, Nigeria, (3)The Genome Analysis Centre, Norwich, United Kingdom of Great Britain and Northern Ireland, (4)The 
Sainsbury Laboratory, Norwich, England 
Yam is a staple crop of great agricultural, cultural and economic significance to Africa, the Americas, the Caribbean, South Pacific and Asia. 
Further insight into the genomics of yam species, including Dioscorea alata, would provide a useful resource for comparative analysis with other 
staple and orphan crop species around the globe. We have generated the reference genome sequences, assemblies and annotation for D. 
alata with the aim of carrying out comparative genomic analysis for yam and other related crop species. The de novo genome assembly and the 
newly created annotations will be made available through the TGAC’s resource page. All data is freely available and submitted to the relevant 
databases. Insight gained into the genomic content of D alata will open up avenues for perusing transgenic approaches in other crop species and 
also generating arrays for wider use in referenced and unreferenced crop species. 
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First Draft Genome Assembly and Annotation of Apple of Sodom (Calotropis procera L.) 
Ahmed Bahieldin1, Hussien F. Alameldin2, Ahmed M. Ramadan3, Tamer A. Mansour4, Shreif Edris1, Ahmed Shokry1, Nour O. 
Gadalla1, Ahmed Atef1, Magdy A. Al-kordy1, Jamal Sabir5 and Fotouh M. El-Domyati1, (1)Biological sciences Dep., Faculty of 
science, King abdulaziz university, Jeddah, Saudi Arabia, (2)Plant Soil and Microbial Scince Department, Michigan State 
University, East Lansing, MI, (3)Faculty of science- king AbdulAziz university, Jeddah, Saudi Arabia, (4)School of Veterinary 



Medicine, UC Davis, Davis, CA, (5)Biotechnology Research Group, Department of Biological Sciences, Faculty of Science, 
Jeddah, Saudi Arabia 
The desert plant Apple of Sodom, Calotropis Procera (L.), is growing in a very stressed environment; photosynthetic capacity of the leaves can 
change with water availability due to changes in both stomatal and non-stomatal factors. Revealing the genome sequence would lead to 
understand the biochemistry of this environmental stress tolerance. We generated a 24x coverage draft genome assembly for C. procera to reveal 
the genomic context of the environmental stress tolerance behavior. The data shown that the estimated genome size is 233 Mb. We structurally 
predicted 24152 protein-coding genes supported by evidences from Calotropis EST dataset, as well as Arabidopsis, potato and, tomato, in 
addition to ab ineitio gene prediction models encoded for Pfam domain. 
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Characterization of South American Grain Amaranth (Amaranthus caudatus) Domestication with Genotyping By 
Sequencing and Whole Genome Sequencing 
Karl Schmid, University of Hohenheim, Stuttgart, Germany 
Grain amaranth is a pseudo-cereal and an ancient crop of Central and South America.  Of the three species of grain amaranth, Amaranthus 
caudatus is mainly cultivated in the Andean region. To investigate the domestication history of A. caudatus and its relationship to the two wild 
relatives A. quitensis and A. hybridus, we used genotyping-by-sequencing (GBS) to genotype 119 amaranth accessions from the Andean region. 
We determined the genome sizes of the three species and compared phenotypic variation in two domestication-related traits, seed size and seed 
color. A population genetic analysis based on 9,485 SNPs revealed very little genetic differentiation between the two wild species, suggesting 
they are the same species, but showed a strong differentiation between wild and domesticated amaranths despite evidence for a significant level 
of recent gene flow. Genome sizes and seed sizes were not significantly different between wild and domesticated amaranths, although a 
genetically distinct cluster of Bolivian accessions had significantly larger seeds. The analysis of phenotypic traits like seed size and seed color 
indicates that grain amaranth is an incompletely domesticated species, either because it was not strongly selected or because high levels of gene 
flow from its sympatric wild relatives counteract the fixation of key domestication traits in the domesticated A. caudatus. We have initiated the 
resequencing of A. caudatus and wild relativ accessions to resolve the domestication history at greater detail, and first results of this work will be 
presented. 
 
P1258: Genome Mapping, Tagging & Characterization: Other Plant Species 
Molecular Diversity Assessment among Ryegrass Populations Differing in Herbicide Tolerance Levels 
Abdelhalim Ibrahim Ghazi1, Adel Zakri1, Megahed Ammar1, Hussein Migdadi2, Abdelazeim Salem1 and Abdullah A. AL-Doss3, 
(1)King Saud University, Riyadh, Saudi Arabia, (2)King Saudi University, Riyadh, Saudi Arabia, (3)Plant Production Dept.- King 
Saud University, Riyadh, Saudi Arabia 
The current study was carried out to access the genetic diversity of eight ryegrass (Lolium rigidum) populations using Microsatellite (SSR) 
markers. Ryegrass seeds were used from 8 different regions (seven regions in Saudi Arabia i.e. Wadi Aldawaseir,Tabuk, Qassim, Hail, Aljouf, 
Harad, and Aldawadmi) and sensitive to herbicide  variety from Syngenta company, England. Four samples from four heaviely infested fields 
were selected making a total of 32 samples. Thirty one SSR markers derived from both genomic and EST microsatellites were tested. The results 
showed that 23 SSR markers (74.19%), were polymorphic and eight (25.81%), showed monomorphic patterns. The number of alleles detected 
per primer ranged from one in monomorphic primers to 5 alleles in LT C SSR1. The tested primers successfully amplified 1434 bands across 
eight populations, with average of 46.26 fragments/primer. The polymorphism Information content (PIC) values ranged from 0.11 to 0.76 for 
primers LT EST-SSR5 and LT C SSR1, respectively. The clustering of the 32 samples representing eight populations based on UPGMA was 
largely based on location and herbicide tolerance level. Most of studied populations tended to cluster the four representing samples together. 
Also, the tolerant populations were separated from sensitive ones.The results illustrate the power of SSR markers in detecting the molecular 
diversity and could be applied to differentiate tolerant from sensitive populations of ryegrass. 
 
P1259: Genome Mapping, Tagging & Characterization: Other Plant Species 
Diagnostic Markers for Apospory derived from Saturated Genetic Linkage Maps of a Brachiaria ruziziensis x Brachiaria 
decumbens Hybrid Population 
Margaret L. Worthington1, Joe Tohme1, Christopher Heffelfinger2, Stephen Dellaporta2, Constanza Quintero1 and Diana Bernal1, 
(1)International Center for Tropical Agriculture, Cali, Colombia, (2)Yale University, New Haven, CT 
The availability of new tools such as genotyping-by-sequencing (GBS) and bioinformatics pipelines for species lacking reference genomes 
makes the construction of dense maps possible in Brachiaria and other polyploid, apomict grass genera. The objectives of this study were to 
develop saturated linkage maps for the maternal and paternal genomes of an interspecific B. ruziziensis x B. decumbens F1 mapping population, 
assess synteny between Brachiaria and foxtail millet and identify diagnostic markers linked to the apospory specific genetic region (ASGR) in B. 
decumbens. A total of 1920 GBS-derived single dose allele markers were mapped to 70 linkage groups across the maternal and paternal genetic 
maps. Linkage groups were assigned to chromosomes based on conservation of genome structure between Brachiaria and foxtail millet and 
shared linkages to double dose allele markers in synthetic autotetraploid B. ruziziensis. Parental GBS read ratios and marker segregation ratios in 
F1 progeny support segmental allopolyploidy in B. decumbens, with strong preferential pairing of homeologs across the genome and multisomic 
segregation most common in chromosome 8. The ASGR was mapped to an 8.3 cM region on B. decumbens linkage group 5c. Six GBS markers 
linked to the ASGR were converted to diagnostic Kompetitive allele specific PCR (KASP) assays for marker assisted selection. The linkage 
maps presented in this study provide novel insights on the ploidy and genomic complexity of B. decumbens and make basic and applied research 
on apomixis in an exciting possibility in Brachiaria. 
 
P1260: Genome Mapping, Tagging & Characterization: Other Plant Species 
Genetic Diversity and Population Structure of Zoysiagrass (Zoysia spp.) 
Fangfang Wang, Ratnesh Singh, Dennis Genovesi, Ambika Chandra and Qingyi Yu, Texas A&M AgriLife Research, Dallas, TX 



Zoysiagrass (Zoysia spp.), belonging to the subfamily Chloridoideae, is widely used  turfgrass in the southern United States and in the transition 
zone.  Taxonomic relationships among the species within the genus Zoysia were mainly based on gross morphological features and have long 
been controversial. We took RAD tag sequencing approach to evaluate genetic relationships of 41 accessions of zoysiagrass, including 
commercial varieties, breeding lines, and unimproved germplasm. A total of 389,242 SNP markers were generated from RAD tag sequencing. 
Cluster analysis suggested limited genetic variation in zoysiagrass, with an average genetic similarity among 41 accessions of 0.9256. Genome-
wide heterozygosity was evaluated for each individual of the 41 selected accessions. Interestingly, the average individual genome-wide 
heterozygosity of 14 commercial varieties was estimated at 0.001935, relatively higher than the one of the 27 non-commercial accessions at 
0.001705 (p=0.019), indicating heterosis has played a major role in zoysiagrass selection. STRUCTURE analysis revealed clear population 
structure over the geographical range extending from the Hokkaido Island of Japan to Southeastern Asia and New Zealand.  Our result suggested 
three distinct genetic populations were initially formed due to geographic isolations, and three hybrid populations evolved from subsequent 
natural hybridization between the purebred populations along transition zones. The assessment of genetic diversity among zoysiagrass cultivars 
provided the necessary information to estimate the potential in genomic selection for zoysiagrass improvement. 
 
P1261: Genome Mapping, Tagging & Characterization: Other Plant Species 
Genetic Diversity of Tall Fescue (Lolium arundinaceum (Schreb.) Darbysh.) Cultivars and Collections Using Chloroplast 
Microsatellite (cpSSR) Markers 
Vincenzo Averello, Christine Kubik, Jennifer Vaicuinas, William A. Meyer, Stacy A. Bonos and Joshua Honig, Rutgers 
University, New Brunswick, NJ 
Hexaploid tall fescue (Lolium arundinaceum (Schreb.) Darbysh.) is an important cool-season grass species that is used for turf and forage 
applications. Turf-type tall fescue is highly suitable for home lawns and sports fields due to its superior drought, heat tolerance, and fine 
texture.  The objective of this study is to show the relatedness of cultivars and collections based on the chloroplast genome. Complete genomic 
DNA was extracted from 106 tall fescue cultivars and 65 tall fescue collections (16 individual samples to represent each cultivar or collection) 
with Lolium perenne (1 cultivar), Lolium multiflorum (2 accessions), Lolium arudinaceum spp. fenas (3 accessions), and Lolium pretense (2 
accessions) as outgroups. Primers were developed based on the published tall fescue chloroplast genome (GenBank NC_011713.2).  Each 
individual was genotyped using 13 chloroplast genomic microsatellite (cpSSR) markers. PCR product size from each individual was assessed 
using capillary electrophoresis (Applied Biosystems 3500 xl Genetic Analyzer). This information, along with nuclear genomic data, can be used 
to better understand the evolutionary history of tall fescue, an allopolyploid. 
 
P1262: Genome Mapping, Tagging & Characterization: Other Plant Species 
Streptochaeta angustifolia: a Keystone Genome for Understanding Evolution of Cereals and Grains 
Arun S. Seetharam1, Andrew J. Severin1, Matthew B. Hufford1, Lynn G. Clark1 and Elizabeth A. Kellogg2, (1)Iowa State 
University, Ames, IA, (2)Donald Danforth Plant Science Center, St. Louis, MO 
The grass family (Poaceae) encompasses more than 10,000 species making it one of the largest families in the plant kingdom. The members of 
this family have adapted to numerous environments and are globally distributed and ubiquitous. Grasses are also economically important as they 
include both cereals (wheat, maize, rice, barley, and oats) and minor grains (rye and various millets). Much of our understanding of grass 
evolution comes from comparative genomic studies of domesticated cereal crops and their wild relatives. An ancestral genome in the grass 
phylogeny will allow us to better understand genome evolution of the grasses over deeper evolutionary time and will allow us to identify the 
innovations that have caused these species to be so successful and widespread. Here we report the draft genome assembly for Streptochaeta 
angustifolia. The assembly was generated using the MaSuRCA (v 2.3.2) assembler and the XSEDE High Performance Computing cluster 
(Blacklight). The total size of assembled scaffolds is approximately 98 % of the genome size, with a N50 of 2.4 Mb and L50 of 170.  There were 
a total of 237 (95.56 %) CEGMA genes and  907 (94.8%) BUSCO genes predicted from the assembly. 
 
P1263: Genome Mapping, Tagging & Characterization: Other Plant Species 
Lily RNA-Seq Analysis Reveals Candidate Genes Resistant to Botrytis Disease 
Geung-Joo Lee1, Shipra Kumari1, Bashistha Kanth1, Hyun-Soon Kim2, Ji-Young Jang2 and Saminathan Subburaj1, (1)Chungnam 
National University, Daejeon, South Korea, (2)Korea Research Institute of Bioscience, Daejeon, South Korea 
Due to large genome size and long juvenile stage, advance in a new cultivar development using a molecular tool has been limited so that lily 
breeding is mainly depending on conventional pollination method. In the present study we have developed 24 different lily hybrids showing 
various in Botrytis disease responses and obtained leaf transcriptome data from 16 different hybrid libraries. A total of 446,616,718 pair-end 
reads were generated on an Illumina Hi-Seq 2000 platform and were assembled into 752,502 unique transcripts. Digital gene expression 
profiling showed that some of the common and unique genes were differentially expressed in the susceptible and resistant hybrids as a result of 
Botrytis pathogen infection. A total of 108 candidate genes were selected from the five different groups consisted of resistant and 
susceptable lines, and some of them were found to be WRKY transcription factor, 22-like tir-nbs-lrr type disease resistance protein, f-box 
proteins, leucine rich repeat and Chitinase genes, indicating a response towards defense. All the DEGs were assigned to known Gene Ontology 
categories and grouped into cellular and metabolic processes, response to stimuli, biological regulation, biogenesis and localization. Ten 
candidate genes were randomly selected and their expression levels were validated to DEG data by quantitative real-time PCR (qRT-PCR). 
Taken together, our results revealed that the transcriptional changes between resistance and susceptible lily lines during their interaction with 
Botrytis, could provide useful information for defence related gene mining and may further helps to develop molecular markers for breeding 
Botrytis resistant lily cultivars.  
 
P1264: Genome Mapping, Tagging & Characterization: Other Plant Species 
Next Generation Global Transcriptome Sequencing to Expedite Genetic Characterization Efforts in Bamboo 
Abhishek Bhandawat, Gagandeep Singh and Ram K. Sharma*, Dept. of Biotechnology, CSIR-Institute of Himalayan Bioresource 
Technology, Palampur, India 



In the recent past, various next generation sequencing platforms are witness for paradigm shift in genomics of model as well as non-model 
species. Bamboo (family: Poaceae) is one the most important forest resources worldwide.  Infrequent flowering followed by death, however 
limits its genetic improvement through conventional breeding. Genome wide association mapping, an alternative approach for dissection of 
complex traits is limited due non-availability of species wise genomic resource. Among the various sequence based markers, microsatellite are 
derisible due to their hypervaribility, ubiquitous abundance, co-dominance, reproducibility and cross transferability across distant genera of 
bamboo. Such markers derived from the transcribed genome gives more opportunities for establishing their functional relevance to desirable 
traits. Further, genomic resources are unavailable in many of the commercially important sub-tropical bamboos including Dendrocalamus 
hamiltonii (DH).  We generated 56.9 million high quality reads through transcriptomic sequencing of multiple libraries of DH. After assembly, 
2,968 sequences containing 3,198 SSRs were identified. Frequency of SSRs was found to be 1 per 12.1 kb of assembled sequences. Tri-repeats 
were most predominant (55.8%) followed by di-repeats 39.6%. Among tri-repeats, CCG/CGG were maximum (23.6%) and AG/CT were 
predominant (65.5%) among di-repeats. 906 SSR containing sequences were matched against various protein databases namely, Swissprot, 
TAIR, TF, KEGG and Gene Ontology. 2,064 primer pairs could be successfully designed, and 48 gene specific primers were synthesized for 
validation in the species. These marker resource would assist in diversity and future genetic mapping studies of bamboo. 
 
P1265: Genome Mapping, Tagging & Characterization: Other Plant Species 
The Role of Light Acclimation and Retrograde Signalling in Regulation of Cell Death and Immune Defences in Higher 
Plants. 
Stanislaw Karpinski, Warsaw University of Life Sciences, Warsaw, Poland 
Regulation and optimization of photosynthesis, transpiration, light acclimation and innate immunity is essential for agriculture and forestry 
plants’ productivity. Our results suggest that changes in photosystem II (PS II) maximum efficiency, water use efficiency, hormonal and reactive 
oxygen species cellular homeostasis, cell death and seed yield can be defined by the exponential function and simple equation with natural 
logarithm (y = y0*e-Kx), that depends on molecular regulators: LESION SIMULATING DISEASE 1 (LSD1), ENHANCED DISEASE 
SUSCEPTIBILITY 1 (EDS1) and PHYTOALEXIN DEFICIENT 4 (PAD4). The LSD1 recessive null mutant (lsd1) regardless of permissive 
laboratory or non-permissive laboratory and field conditions demonstrates constant seed yield, but significant variation in PSII maximum and 
water use efficiencies, and in foliar transcriptomes that depend on EDS1 and PAD4. Obtained results suggest that LSD1/EDS1/PAD4 constitute 
at least tree component molecular machinery of chloroplast retrograde signalling regulating plant productivity in the field. Biotechnologically 
proven potential of these and other cell death regulators in regulation of  crops’ stress tolerance (drought, UV, pathogen attack, root hypoxia and 
excess light), biomass quality (cell wall composition and its energy potential) and quantity (trees growth in the field) and seed yield will be 
presented and discussed. In our recent studies, we have identified a novel transcriptional regulators of the chloroplast retrograde signalling and 
are assessing the modulation of the redox homeostasis as a new strategy to improve plant performance in stress conditions. 
 
P1266: Genome Mapping, Tagging & Characterization: Other Plant Species 
The Azolla Metagenome: Foul Play In the Pocket? 
Henriette Schluepmann1, Laura Dijkhuizen1, Paul Brouwer1, Henk Bolhuis2, Gert-Jan Reichert1, Nils Koppers3, Bruno Huettel4, 
Fay-Wei Li5, Xin Liu6, Gane Ka-Shu Wong7, Kathleen M. Pryer8, Andreas Weber3 and Andrea Braeutigam3, (1)Utrecht University, 
Utrecht, Netherlands, (2)Netherlands Institute for Sea Research (NIOZ), Yerseke, Netherlands, (3)Heinrich Heine Universität 
Düsseldorf, Düsseldorf, Germany, (4)Max Planck Genome Centre, Cologne, Germany, (5)Duke University, Durham, NC 27708, 
NC, (6)Beijing Genomics Institute-Shenzhen, Shenzhen, China, (7)Department of Biological Sciences, University of Alberta, 
Edmonton, AB, AB, Canada, (8)Duke University, Durham, NC 
Ferns from the genus Azolla are floating invasive weeds in waterways worldwide, yet industrialized biomass production with Azolla may be 
advantageous not the least because of their N2-fixing symbionts, Nostoc azollae. Experimental production with A. filiculoides in the absence of 
N-fertilizer yielded over 1200 kg N ha-1yr-1 fixed in the biomass harvested implying that Azolla should be considered as forage to substitute 
soybean imports in European latitudes where water is available. The genome of A. filiculoides was sequenced, assembled and annotated towards 
domestication and breeding, yet we wondered about biosafety of the biomass and therefore began to characterize the metagenome of A. 
filiculoides from a Dutch ditch and the corresponding sterilized strain grown in the laboratory. The approach included metagenome sequencing, 
taxonomic assignments using rRNA gene sequences, assembly of genome sequences and recruitment analyses. In addition, nitrogen cycle 
enzymes in the assembled persistent Rhizobium endophyte were annotated, and 15N2 fixation and biomass δ15N measured. We conclude 1) the 
immune system of A. filiculoides is very selective, 2) Azolla's main symbiont in the leaf pockets is N. azollae, 3) denitrifying Rhizobia are 
generally associated with Azolla species in culture or in A. filiculoides from the ditch 4) Rhizobia are enriched in leaf pockets and may detoxify 
excess NH4

+ produced by N. azollae or present in waterlogged anoxic sediments where nitrification is inhibited and NH4
+becomes the primary N-

source. 
 
P1267: Genome Mapping, Tagging & Characterization: Other Plant Species 
Annotating the Nuclear Genome of Azolla filiculoides 
Mathew Simenc1, Fay-Wei Li2,3, Nils Koppers4, Shifeng Cheng5, Bo Song5, Xin Liu5, Yue Song5, Shanyun Xu5, Laura Dijkhuizen6, 
Bruno Huettel7, Paul Brouwer6, Andrea Bräutigam4, Gane Ka-Shu Wong8, Henriette Schluepmann6, Kathleen M. Pryer2 and Joshua 
P. Der9, (1)California State University Fullerton, Fullerton, CA, (2)Duke University, Durham, NC, (3)University of California 
Berkeley, Berkeley, CA, (4)Heinrich Heine Universität Düsseldorf, Düsseldorf, Germany, (5)Beijing Genomics Institute-Shenzhen, 
Shenzhen, China, (6)Utrecht University, Utrecht, Netherlands, (7)Max Planck Genome Centre, Cologne, Germany, (8)Department 
of Biological Sciences, University of Alberta, Edmonton, AB, AB, Canada, (9)California State University, Fullerton, Fullerton, CA 
Ferns are one of the few remaining embryophyte lineages lacking a complete nuclear genome sequence. To remedy this gap, we have sequenced 
and annotated the nuclear genome of the heterosporous water fern, Azolla filiculoides. Azolla is a fast growing plant that forms an obligate 
symbiotic relationship with nitrogen-fixing cyanobacteria and has huge potential for carbon sequestration, providing nitrogen-rich feedstock, and 
as a sustainable biofertilizer. Azolla will serve as a critical lineage in comparative genomic analyses of land plants; in addition, knowledge of its 



genome content and structure will further our understanding of the evolution of symbiosis. A whole genome shotgun assembly was constructed 
using 51X PacBio data and was validated using over 200X coverage with Illumina sequence data. Here we present and evaluate an initial draft 
annotation of Azolla constructed using the MAKER-P pipeline. A custom repeat library was generated using RepeatModeler and LTRHarvest, 
and repetitive regions of the genome were masked using RepeatMasker prior to gene annotation. Initial gene models were predicted using both 
SNAP and Augustus and are supported by extensive RNA-seq transcriptome data. A final set of high-confidence gene models was identified 
using EVidenceModeler. Gene models are assigned putative functions using Gene Ontology and classified into other land plant gene families 
using OrthoFinder. 
 
P1268: Genome Mapping, Tagging & Characterization: Other Plant Species 
Salvinia cucullata: The Smallest Fern Genome Known 
Fay-Wei Li1, Li-Yaung Kuo2, Mathew Simenc3, Michael D. Windham1, Joshua P. Der3, Carl J. Rothfels4 and Kathleen M. Pryer1, 
(1)Duke University, Durham, NC, (2)National Taiwan University, Taipei, Taiwan, (3)California State University, Fullerton, 
Fullerton, CA, (4)University of California Berkeley, Berkeley, CA 
Ferns have notoriously high chromosome numbers (as high as 2n=1440 in Ophioglossum) and large genome sizes (up to 1C=71 Gb in Psilotum). 
We recently discovered, however, that the floating aquatic fern Salvinia cucullata (Salviniales) has an extremely reduced genome size —
 1C=255 Mb — more than 40 times smaller than the average fern genome.  
We sequenced the S. cucullata genome with 40X PacBio and 200X Illumina HiSeq. The reads were assembled using PBcR (PacBio-only 
assembly) and MaSuRCA (hybrid assembly) into a 222 Mb draft genome containing 2,865 scaffolds and a N50 scaffold length of 757 Kb. Our 
initial characterization of the S. cucullata genome found it has relatively little repetitive DNA, suggesting that the reduced genome size can be 
partly attributed to the purge of repeat elements.  
In addition to its small genome size, S. cucullata lacks true roots and its “root-like” structure is a highly modified leaf. Because of this, Salvinia 
appears to be an ideal study system for understanding the evolutionary fate of organ-specific genes when an organ is lost—do they become 
pseudogenes? gain new functions? or get co-opted by other organs? We aim to address these questions by comparing tissue-specific Salvinia 
transcriptomes with other close relatives that do have true roots.  
Finally, Salvinia is sister to Azolla, another floating aquatic fern, but one that has an obligate cyanobacterial symbiosis. By contrasting these two 
fern genera, we can identify genes and genomic elements that are likely to be important for the plant-cyanobacterial symbiosis. 
 
P1269: Genome Mapping, Tagging & Characterization: Other Plant Species 
The Genome of Symbiodinium kawagutii Illuminates Dinoflagellate Gene Expression and Coral Symbiosis 
Tuo Shi1, Xin Lin1, Ling Li1, Zhiliang Ji2 and Senjie Lin1,3, (1)State Key Laboratory of Marine Environmental Science and Marine 
Biodiversity and Global Change Research Center, Xiamen University, Xiamen, China, (2)State Key Laboratory of Stress Cell 
Biology, School of Life Sciences, Xiamen University, Xiamen, China, (3)Department of Marine Sciences, University of 
Connecticut, Groton, CT 
Coral reefs, and the biological diversity they foster, ultimately depend on symbiotic dinoflagellates belonging to the genus Symbiodinium. 
Unfortunately, attempts to understand this symbiosis have been hampered by the paucity of genome sequence for the dinoflagellate partner. Here 
we report the analysis of a 935 Mbp high-quality assembly derived from the 1.18 Gbp genome of Symbiodinium kawagutii. We annotated 36,850 
protein-coding genes including 11,833 S. kawagutii-specific novel gene families. The genome shows active (retro)transposition and expansion of 
some gene families, in particular those regulating DNA modification, N and P nutrient (including phosphonate) uptake mechanisms, metabolite 
transporters, and stress response machinery. These later represent key adaptations for survival in both oligotrophic and symbiotic environments. 
Importantly, we find extensive complementarity between the S. kawagutii genome and that of the anthozoan Acropora, presumably a result of 
host-symbiont co-evolution. This study provides an essential genomic resource for elucidating the basic molecular biology of the dinoflagellates 
and for understanding coral-Symbiodinium symbiosis. 
 
P1270: Genome Mapping, Tagging & Characterization: Other Plant Species 
Atypical Aspergillus parasiticus isolates from pistachio with aflR gene nucleotide insertion identical to Aspergillus sojae 
Sui-Sheng T. Hua, USDA-ARS, Western Regional Research Center, Albany, CA and Dan E. Parfitt, University of California, 
Davis, CA 
Aflatoxins are the most toxic and carcinogenic secondary metabolites produced primarily by the filamentous fungi Aspergillus flavus and 
Aspergillus parasiticus. The toxins cause devastating economic losses because of strict regulations on distribution of contaminated products. 
Aspergillus sojae are highly valued as koji molds in the traditional preparation of fermented foods, such as miso and shoyu.  Koji mold species 
are generally perceived of as being non-toxigenic and is generally recognized as safe (GRAS).  Even though A. sojae resembles A. parasiticus, 
the difference between the species was not well defined. Geographical distribution of A. sojae indicates that the fungus is most common in East 
Asian food preparation.   
Fungal isolates were collected from a California pistachio orchard and named as PWE strains. All the strains were identified to be A. sojae and A. 
parasiticus using b-tubulin gene sequences. However these isolates produced aflatoxins B1, B2, G1 and G2.  Aflatoxin (AF) biosynthesis genes 
are clustered on a 82-kb genome region in A. parasiticus. Regulation of AF biosynthesis genes is mediated by a complex network of interactions 
involving global regulators and pathway-specific transcription factors. The aflR gene encode a transcription activator interacting 
with  aflJ.  Comparison of aflR DNA sequences of PWE, A. parasiticus and A. sojae, we discovered that aflatoxigenic PWE strains had the six 
base insertion (CTCATG) similar to domesticated A. sojae but a pre-termination codon TGA at nucleotide positions1153-1155  was 
absent.  Because these strains produced four types of aflatoxins, we named these new isolates as atypical A. parasiticus. Concordance analysis of 
multi locus DNA sequences indicated PWE strains were most likely to be a link between A. parasiticus and A. sojae. 
 
P1271: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Metagenomics characterization of wood decay fungi colonized in peach limb heartwood 



Chunxian Chen1, Clive H. Bock1, Mike H. Hotchkiss1, Matteo Garbelotto2 and Ted E. Cottrell1, (1)USDA, ARS, SEFTNRL, 
Byron, GA, (2)University of California - Berkeley, Berkeley, CA 
Breakage of healthy-looking scaffold limbs is commonly seen in peach orchards in central Georgia, in the United States, and may have impact on 
the health and longevity of peach trees. White fungal mycelia were observed on the broken surface of some newly snapped, but otherwise 
healthy-looking peach scaffold limbs. Cross-cut limb sections from apparently healthy scion cultivars were collected and incubated under high 
humidity for 2 weeks. Fungal growth was observed on the cross-cut surface in two repeated experiments. In this study, genomic DNAs were 
extracted from the fungus growing on surface of the cross-cut sections. Using next-generation sequencing technology and metagenomic analysis, 
two white-rot fungi, Trametes versicolor and Schizophyllum commune, were deemed to be the most likely fungi colonizing the heartwood in 
these specimens. The former likely was predominant over the latter partly because there was a much greater number of read alignments onto the 
sequences from the T. versicolor genome than that from the S. commune genome. The co-existence of the two fungi were confirmed by Sanger 
sequencing of an internal transcribed spacer (ITS) amplicon and amplicons from new primers designed from selected contigs, as two different 
fragments of similar sizes were amplified by the ITS and most selected primers from the DNA extracted from the specimens. Possible reasons for 
the white-rot fungi colonizing and growing within the peach limbs of apparently healthy, living trees are discussed, as are the likely impact of the 
colonization on the peach tree health. Further research needs are considered. 
 
P1272: Bioinformatics: Algorithms 
Optimizations of Physical Genome Map Contiguity by In Silico Ligation 
Palak Sheth, BioNano Genomics, San Diego, CA 
Genome assemblies based solely on short-read technologies are often fragmented due to structural complexities like tandem and interspersed 
repetitive segments, long-range structural variations, and dispersed segmental duplications. In diseases such as prostate cancer, it has been 
estimated that about 50% of all prostate cancers have recurrent gene fusions, structural variation events not observable with NGS1. Algorithms 
that improve automation, reduce manual curation time, and improve data quality and confidence are sorely needed.  
The BioNano Genomics Irys® System linearizes and molecularly barcodes long DNA molecules, yielding single molecule information 
contiguous up to megabase lengths. The single molecule information is assembled into genome maps; once compiled, the Irys System uses this 
information to scaffold the sequence assemblies, validate the accuracy of the sequences, and anchor the adjacent sequences in the proper order 
and orientation. The long genome map contiguities are further improved by bridging the breaks at fragile sites: fragile site breaks are breaks that 
occur when modified restriction enzymes introduce nick sites too close in proximity to each other and an unintentional double-stranded break in 
the DNA molecule occurs.  
We present a computational pipeline (fragileSiteRepair) that improves structural variation detection sensitivity; automating the process of fragile 
site prediction, scaffolding of genome maps across fragile sites, and applying confidence scores based on single molecule alignments. The 
resulting fragile site repaired genome maps are highly contiguous with 25-100% increase in overall N50s with a corresponding increase in 
structural variation sensitivity. 
 
P1273: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative Genomics Analysis Identifies Genes Associated with Reproductive Phenotypes in Burmese Python (Python 
bivittatus) 
Kristopher Irizarry, Josep Rutllant and Randall Bryden, Western University of Health Sciences, Pomona, CA 
Comparative genomics approaches leverage functional genomics knowledge from one genome (such as mouse) to make inferences about the role 
of genes and proteins in a less characterized genome (such as the Burmese python). We describe an in-silico comparative genomics approach 
aimed at identifying genes within the python genome that are likely to be associated with male reproductive phenotypes. From among a set of 
orthologous genes associated with sperm biology, we leverage multiple sequence alignments to identify phylogenetic relationships among 
mammalian, avian, reptilie and invertebrate  taxa. We next systematically characterize the association of python sequences with gene ontology 
annotation and biological pathways from the KEGG database rsulting in the identification of 129 gene-phenotype relationships across 98 genes 
encoded in the python genome which are implicated in 10 specific sperm phenotypes. We also identified twenty-three python ortholgous genes 
associated with pigmentation and coat color in mammals and describe pair-wise protein sequence identity between a variety of species. Some of 
the pleiotropic effects associated with these 23 genes include reproductive phenotypes, such as phenotypic associations of OCA2 with 
spermiogenesis, KIT with sterility and KIT-LG with sterility. Together, these newly annotated Python bivittatus genome resources provide a 
enhanced understanding of the biology relating to reptile spermatogenesis, fertility and reproduction. Applications of our research include: (1) 
production of genetic diagnostics for assessing fertility in domestic and wild reptiles; (2) enhanced assisted reproduction technology for 
endangered and captive reptiles; and (3) novel molecular targets for biotechnology-based approaches aimed at reducing fertility and reproduction 
of invasive reptiles. 
 
P1274: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Differential Expression of Salt Stress Induced Genes in Paulownia elongata 
Michel Chaires1, Kerry Cooper1, Dinesh Gupta2, Nirmal Joshee3 and Chhandak Basu1, (1)California State University, Northridge, 
Los Angeles, CA, (2)Washington University, St. Louis, MO, (3)Fort Valley State University, Fort Valley, GA 
Paulownia elongata, a short rotation, fast growing tree, holds potential for large amount of biomass and lignocellulosic biofuel production. 
Understanding the tolerance of the plant to abiotic stresses such as salinity is important for future biomass development.  This experiment 
investigates the genome wide transcriptome of Paulownia elongata under salt stress through the use of RNA-seq.  Plants were salt-stressed by 
growing in the medium containing 100 mM NaCl for 10-days while controls were treated with distilled water under the same conditions.  RNA-
seq libraries from the treated and control plants were prepared from the extracted RNA using the TruSeq RNA Sample Prep Kit (v2). After 
validation and quantification the libraries were sequenced on an Ilumina MiSeq System. A de novo Paulownia elongata transcriptome was 
generated from pooling all of the 39,238,866 Illumina 75 bp reads and assembling using Trinity software (v2.0.6). Using the Tuxedo software 
suite we quantified the gene expression profiles and compared differences between the salt stressed and control plants. We identified thousands 



of genes that were up regulated, down regulated, turned off and turned on under salinity conditions compared to the controls. Currently, gene 
expressions are being validated using RT-qPCR. 
 
P1275: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
BREEDWHEAT: Breeding for Sustainable Wheat Varieties, an Integrated Approach from Genomics to Selection 
Jacques Le Gouis, INRA GDEC, clermont ferrand, France and Emmanuelle Lagendijk, INRA Transfert, Paris, France 
The challenge for wheat breeding is to deliver safe, high-quality, and health-promoting food and feed in a sustainable manner across 
environments affected by global change. The French BreedWheat project is conceived to support the competitiveness of the French breeding 
sector as well as answer the societal demand for sustainability. The project gathers 27 French public and private partners in research and breeding 
to ensure that the knowledge, resources, and methods are translated rapidly into products and varieties. BreedWheat will not only participate in 
new technological developments of markers and phenotyping methods, but will also integrate high throughput genotyping, phenotyping, 
physiological and modeling to decipher the molecular and ecophysiological basis of major traits for Northern Europe. This long-term project (9 
years) includes the sequencing of chromosome 1B, detection of new structural genetic polymorphisms, large scale SNP production, genetic and 
physical mapping of those SNP, and the generation of more than 2 billion genotyping data points. A large experimental network was developed 
to phenotype association panels for nitrogen use efficiency, grain proteins composition, drought tolerance, Septoria leaf blotch and Fusarium 
head blight resistance. Moreover, 5 000 wheat lines from the INRA genetic resources centre were characterized and used to construct a new 
association panel. Innovative statistical tools, including genomic selection, are developed within a real size selection program, in order to address 
both technical and socio-economic aspects of the implementation of novel breeding strategies in seed companies. Finally, a robust bioinformatics 
platform enabling efficient data storage and breeder friendly access is established. 
 
P1276: Genome Mapping, Tagging & Characterization: Fruit Species 
Development of the Axiom®Apple480K SNP Genotyping Array and its Application for Genome Wide Association Study in 
Apple 
Luca Bianco1, Helene Muranty2, Alessandro Cestaro1, Gareth Linsmith1, Caroline Denance2, Anthony Theron3, Jorge Urrestarazu4, 
Charles Poncet3, Diego Micheletti1, Emanuela Kerschbamer1, Erica A. Di Pierro5, Simone Larger1, Massimo Pindo1, Eric van de 
Weg6, Alessandro Davassi7, Francois Laurens2, Stefano Tartarini4, Riccardo Velasco1, Charles-Eric Durel2 and Michela Troggio1, 
(1)Research and Innovation Centre, Edmund Mach Foundation, San Michele all'Adige, Italy, (2)INRA, Beaucouzé, France, 
(3)Institution INRA, Clermont-Ferrand, France, (4)Department of Fruit Tree and Woody Plant Science, University of Bologna, 
Bologna, Italy, (5)University of Milan, Milan, Italy, (6)Plant Breeding Wageningen University & Research centre, Wageningen, 
Netherlands, (7)Affymetrix UK Ltd, High Wycombe, United Kingdom 
During the last decade, high-throughput genotyping has facilitated the dissection of complex traits in species with large/complex genomes and 
high level of genetic diversity. Array-based marker systems have been increasingly adopted for high-throughput genotyping, not only in model 
organisms, but also in many non-model plant species for which genomic resources are now available. A new high-density Affymetrix Axiom® 
SNP array has been built for the domesticated apple (Malus x domestica). It gathers more than 487K SNPs that are evenly distributed over the 17 
chromosomes. The array has been built from the high-depth resequencing (~10-20x) of 63 different varieties covering most of the genetic 
diversity in cultivated apple. SNPs have been chosen by applying a focal points approach to enrich genic regions, but also to reach a uniform 
coverage of non-genic regions as to support SNP haplotype approaches. A total of 1,324 apple accessions, including the 92 progenies of two 
mapping populations, have been genotyped with the Axiom®Apple480K to assess the effectiveness of the array. The majority of SNPs (359,994; 
74%) fell in the most interesting class of Poly High Resolution polymorphisms. A novel filtering procedure was also devised to identify a subset 
of 275K robust markers that can be safely used for germplasm surveys in apple. A first application to genome wide association (GWA) study of 
two phenology traits (flowering time and maturity date) in six European germplasm collections is also presented. The Axiom®Apple480K has 
been publicly released and will likely be a reference tool for GWA studies in apple. 
 
P1277: Genome Mapping, Tagging & Characterization: Fruit Species 
System Approach Unravels the Fruit Development and Ripening in Apple (Malus x domestica Borkh.) 
Alice Tadiello1, Sara Longhi2, Marco Moretto3, Brian Farneti4, Alberto Ferrarini5, Nicola Busatto4, Urska Vrhovsek1, Franco 
Biasioli1, Luca Cappellin1, Riccardo Velasco6, Massimo Delledonne5 and Fabrizio Costa7, (1)Fondazione E. Mach, San Michele 
all'Adige, Italy, (2)University of Trento, Trento, Italy, (3)FEM-IASMA, San Michele all'Adige, Italy, (4)University of Bologna, 
Bologna, Italy, (5)University of Verona, Verona, Italy, (6)Research and Innovation Centre, Edmund Mach Foundation, San Michele 
all'Adige, Italy, (7)Fondazione Edmund Mach, Trento, Italy 
The fruit physiology in apple, as climacteric fruit, is governed by the action of ethylene. To decipher the functional mechanism controlled by this 
hormone, two genomic tools were employed. Initially a candidate gene microarray was used to investigate the transcriptional pattern over the 
fruit development and ripening in ‘Golden Delicious’ apple cultivar. Secondly, a whole genome array was implemented to dissects the effect of 
ethylene in the postharvest ripening, investigating also the ripening distortion caused by the application of 1-MCP, an ethylene competitor 
interfering with the hormone at receptor level. The suppression of ethylene perception modifies in fact the ethylene receptor turnover, leading to 
important modification in the overall fruit physiology. The multidisciplinary correlation analysis network performed showed both positive and 
negative interaction between transcripts and phenotypic entities (such as fruit texture, volatile organic compounds and polyphenols). The 
impaired ripening following 1-MCP treatment allowed to step forward into the fruit ripening comprehension, hypothesizing a possible hormonal 
cross-talk and functional transcriptional regulation. 
 
P1278: Bioinformatics: Software 
The DOE Systems Biology Knowledgebase (KBase): Introduction to a System for Collaborative and Reproducible Inference 
and Modeling of Biological Function 



Robert W. Cottingham1, Meghan Drake1, Nomi Harris2, Sunita Kumari3, Priya Ranjan1, Samuel M. D. Seaver4, Doreen Ware5, 
Dave Weston1, Adam Arkin2, Sergei Maslov6 and Rick Stevens4, (1)Oak Ridge National Laboratory, Oak Ridge, TN, (2)Lawrence 
Berkeley National Laboratory, Berkeley, CA, (3)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (4)Argonne National 
Laboratory, Argonne, IL, (5)Cold Spring Harbor Laboratory/USDA-ARS, NY, NY, (6)University of Illinois, Urbana-Champaign, 
Urbana, IL 
The U.S. Department of Energy Systems Biology Knowledgebase (KBase, http://kbase.us) aims to provide a computational environment to meet 
the key challenges of systems biology: predicting and ultimately designing biological function. KBase supports the sharing and integration of 
reference and experimental data with analysis tools that enable researchers to design computational experiments, test hypotheses, and share 
findings that can be reproduced and extended by other researchers.  
KBase integrates a growing set of commonly used data types and analysis tools, overlaying them with new capabilities for visualization, 
exploration, and predictive analysis. Users can perform large-scale analyses and combine multiple lines of evidence to model plant and microbial 
physiology and community dynamics. As the project matures, partnerships with plant resources such as iPlant and Gramene/Ensembl will lead to 
a broader research platform for predictive plant and microbial biology.  
KBase’s Narrative Interface enables users to upload their own data or access public data to execute and share customized, ordered analyses that 
target their specific systems biology hypotheses. In KBase, computational experiments are captured in dynamic, interactive documents called 
Narratives that promote collaboration and reproducibility of scientific results. In addition to data and analysis steps, Narratives can include 
images, notes, and commentary.  They can be kept private, shared with colleagues and collaborators, or made public for the benefit of the 
research community.  
KBase tutorials (http://kbase.us/tutorials/) such as Build Plant Metabolic Model provide a good starting place to understand how KBase might be 
useful in your research and how to get started. 
 
P1279: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Searching for Molecular Markers Related to Frost Resistance in Peruvian Landraces of Potato 
Diana Martinez1, Giuliana Donaire2, Mey-Ling Espinoza1, Emi Murata1 and Carlos Gonzalo Merino Mendez1, (1)Universidad 
Peruana Cayetano Heredia, Lima, Peru, (2)Universidad para el Desarrollo Andino, Lircay, Peru 
Native cultivated potatoes are a source of interesting trairs for breeding. In the Andes, many varieties are frost resistant and farmers in the 
highlands need commercial varieties that exhibit such traits alongside high yields, pathogen resistance and good culinary quality traits. For this 
project we plan to analyzed protein, RNA and DNA from native potatoes looking for genes implicated in the tolerance/susceptibility to frost. 
Using landraces cultivated at 3 200 to 4 200 meters above sea level that can resist temperatures as low as 4C, we will determine the abundance of 
proteins upon exposure to cold temperatures, the putative mRNA sequence and the putative gene that codes for it. By comparing the relative 
abundance of proteins in both tolerant and susceptible varieties we hope to detect key genes whose expresion might contribute to frost tolerance. 
By sequence those genes in our landrace sample, we will try to develop allele-specific molecular markers that would screen for the trait by a 
simple PCR. 
 
P1280: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 
MutS HOMOLOG1 silencing mediates ORF220 substoichiometric shifting and causes male sterility in Brassica juncea 
Jinghua Yang, Institute of Vegetable Science,Zhejiang University, Hangzhou, China 
Cytoplasmic male sterility (CMS) has consistently been associated with the expression of mitochondrial open reading frames (ORFs) that arise 
from genomic rearrangements. Spontaneous fertility reversion in CMS was observed in several cases, but a clear understanding of fertility 
reversion controlled by nuclear genetic influences has been lacking. Here, we identified spontaneous fertile revertant lines for B. juncea CMS 
cytoplasm in which the mitochondrial genome has undergone substoichiometric shifting (SSS) to suppress ORF220 copy number. We placed 
ORF220, with or without a mitochondrial targeting pre-sequence, under the control of the CaMV35S and AP3 promoters in Arabidopsis to 
confirm that ORF220 causes male sterility when mitochondrially-localized. We found that copy number of the ORF220 gene was altered under 
conditions that suppress MSH1, a nuclear gene that controls illegitimate recombination in plant mitochondria. MSH1-RNAi lines with increased 
ORF220 copy number were male sterile compared to wild type. We found that a wide range of genes involved in anther development were up- 
and down-regulated in revertant and MSH1-RNAi lines, respectively. The system that we have developed offers valuable future insight into the 
interplay of MSH1 and SSS in cytoplasmic male sterility induction and fertility reversion as a mediator of nuclear-mitochondrial crosstalk.  
 
P1281: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Identifying Genetic Markers for Metabolite Levels in Potato 
Anna Levina, Cornell University, Ithaca, NY 
The potato Solanum tuberosum is an important staple crop worldwide. Because of the significant role that potatoes play in the global diet, it is 
beneficial to focus potato breeding efforts on nutritional quality in addition to yield, disease resistance and agronomic traits. Potatoes can provide 
a wide range of nutrients such as vitamin C, folate, potassium, Vitamin B6, and selenium, as well as polyphenols, flavonoids, anthocyanins and 
carotenoids, all of which confer positive effects to human health. This project aims to facilitate the selection of potatoes with improved 
composition by developing genetic markers linked to individual, or groups of, important metabolites.  Methanol extracts of cooked tubers from 
229 diverse potato cultivars and breeding clones were analyzed by Ultra Performance Liquid Chromatography coupled with Mass Spectrometry 
(UPLC-MS).  The same potatoes were genotyped with an Infinium SNP chip (8303 SNP markers). Nine-hundred and eighty one metabolic 
“features” were detected. Weighted Gene Correlation Network Analysis (WGCNA) was used to cluster individual features into groups. Eleven 
groups were formed.  Step-wise regression was done on potato chip color, and group eigenvalues; two groups were correlated with chip color at 
p <0.05. 
 
P1282: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Modelling β-glucan Content in Western Canadian Elite Oat Lines Using Environmental and Genomic Variables 



Bo (Katherine) Gui1, Yong Bao2, Gabe Gusmini2, Steve Shirtliffe1 and Aaron D. Beattie1, (1)University of Saskatchewan, 
Saskatoon, SK, Canada, (2)PepsiCo, St Paul, MN 
This study attempted to explain the variation in oat β-glucan content in a set of historical Western Canadian elite oat lines using environmental 
variables, SNP markers and their interactions. In the first part of the study, the effect of environmental variables was modelled using correlation 
analysis on 3 check lines over 45-62 site-year combinations (environments). Only relatively highly correlated environmental variables (r > 0.25) 
were included in the model. This environment model gave prediction accuracy between 0.47-0.57 among three checks. In general, hot 
temperatures in June, July and August result in higher β-glucan content. In the second part of the study, phenotypic data of β-glucan content in 
306 lines, along with 2,584 SNP markers obtained from the Oat iSelect 6K SNP chip were used to calculate marker effects in a SNP-BLUP 
analysis using the Ridge Regression-Best Linear Unbiased Prediction model. Use of all markers (2,584) gave the highest prediction accuracy 
(0.73) after cross validation in comparison to the most significant 1,000 SNPs, 500 SNPs, 100 SNPs, or 20 SNPs. Including the 3 environmental 
variables along with all markers increased the prediction accuracy to 0.84. In the final part of the study, 62 environments were clustered into 2 
mega-environments (warm vs cool) based on the 3 environmental variables in order to create a balanced dataset so that marker by environment 
interactions could be evaluated using a  Bayesian Generalized Linear Regression model. Including marker-by-environment interactions as a 
factor in the model did not improve accuracy in comparison to the among-environment model. Both models provided higher prediction accuracy 
than the single-environment model. 
 
P1283: Other Category 
FieldScan - a novel semi-field platform to phenotype traits controlling plant water budget 
Gregoire Hummel, Phenospex, Heerlen, Netherlands and Vincent Vadez, ICRISAT, Patancheru, India 
We describe the concept and realisation of a high-throughput phenotyping platform (FieldScan) combined with lysimetric capacity, to assess 
canopy traits affecting water use. The platform is based on a novel 3D scanning technique to capture canopy development, a scanner-to-plant 
concept to increase throughput (2500 plants/h), and analytical scales to combine gravimetric transpiration measurements. We present how the 
technology functions, how data are visualised via a web-based interface, and how data extraction and analysis is interfaced through ‘R’ libraries. 
Close agreement between scanned and observed leaf area data of individual plants in different crops was found (R2 between 0.86 and 0.94). 
Similar agreement was found when comparing scanned and observed area of plants cultivated at densities reflecting the field conditions. 
Example of the monitoring, the plant transpiration by the analytical scales is presented. Moreover we present some on-going applications of the 
platform to target key phenotypes: (i) the comparison of the leaf area development pattern of fine mapping recombinants of pearl millet; (ii) the 
leaf area development pattern of pearl millet breeding material targeted to different agro-ecological zones; (iii) the assessment of the transpiration 
response to high VPD in sorghum and pearl millet. 
 
P1284: Genome Mapping, Tagging & Characterization: Goat 
Hair Follicle Transcriptome Profiles during the Transition from Anagen to Catagen in Cashmere Goat (Capra hircus) 
Rui Su, Yanjun Zhang, Jinquan Li and Ruijun Wang, Inner Mongolia Agricultural University, China, Hohhot, China 
Previous molecular genetic studies of hair life cycle of goat hair have focused primarily on a limited number of genes and proteins. To identify 
additional genes that may play important roles in hair follicle cycle regulation, Illumina sequencing technology was used to catalog differential 
gene expression profiles in hair growth cycle (anagen to catagen) of goat with primary hair follicle versus secondary hair follicle. There were 
13,769 and 12,240 unigenes assembled from the reads obtained from primary hair follicle and secondary hair follicle, respectively. Genes 
encoding for the keratin proteins and keratin associated proteins were most highly expressed. A total of 5,899 genes were differentially expressed 
in anagen versus catagen primary hair follicle, with 532 genes up-regulated and 5367 genes down-regulated. A total of 5,205 genes were 
differentially expressed in anagen versus catagen secondary hair follicle, consisting of 545 genes which were up-regulated and 4663 genes that 
were down-regulated. There was also a lot of known hair growth genes expressed in goat hair follicle, from which 73 genes showed co-up-
regulated in both hair follicles at anagen stage. Many of these up-regulated genes, such as STC2, VEGFR, and ROR2, are known transfactor in 
process of cell differentiation and cell cycle. The differential gene expression profiles between primary hair follicle and secondary hair follicle 
obtained provide a valuable resource for future research to understand the network of gene expression controlling hair growth cycle in Cashmere 
goat.  
 
P1285: Genome Mapping, Tagging & Characterization: Goat 
SNP Discovery from Transcriptome of Cashmere Goat Skin 
Yanjun Zhang, Lele Wang, Jinquan Li, Rui Su and Ruijun Wang, Inner Mongolia Agricultural University, China, Hohhot, China 
The goat Capra hircus is one of several economically important livestock in China. Advances in molecular genetics have led to the identification 
of several single nucleotide variation markers associated with genes affecting economic traits. Validation of single nucleotide variations in a 
whole-transcriptome sequencing is critical for understanding the information of molecular genetics. In this paper, we aim to develop a large 
amount of convinced single nucleotide polymorphisms (SNPs) for Cashmere goat through transcriptome sequencing. In this study, the 
transcriptomes of Cashmere goat skin at four stages were measured using RNA-sequencing and 90% to 92% unique-mapped-reads were obtained 
from total-mapped-reads. A total of 56,231 putative SNPs distributed among 10,057 genes were identified. The average minor allele frequency of 
total SNPs was 18%. GO and KEGG pathway analysis were conducted to analyze the genes containing SNPs. Our follow up biological 
validation revealed that 64% of SNPs were true SNPs. Our results show that RNA-sequencing is a fast and efficient method for identification of 
a large number of SNPs. This work provides significant genetic resources for further research on Cashmere goats, especially for the high density 
linkage map construction and genome-wide association studies. 
 
P1286: Other Category 
Gaining Molecular Insight to Saussurea lappa by de novo Transcriptome Sequencing 
Savita Bains, Panjab University, Chandigarh, India 



Saussurea lappa (family Asteraceae) is an important medicinal plant possessing various pharmacological properties, for instance, it promotes qi-
circulation, relieves pain and treats cardiovascular diseases. It is also known to have  anti-inflammatory, anti-cancerous, anti-ulcer and anti-
microbial properties. Majority of the medicinal properties of  the plant can be attributed to Costunolide (a sesquiterpene lactone), an active 
compound of this plant. Despite of diverse pharmacological applications of the plant no significant attempt has been made till date to characterize 
the sesquiterpenoid biosynthetic pathway. Henceforth, the present study aims to identify and characterize various genes involved in costunolide 
biosynthesis. De novo transcriptome sequencing is a powerful and cost-effective tool for mining novel genes in non-model organisms. Therefore, 
Illumina Highseq 2000 sequencing platform was performed for 100 cycles paired end sequencing of cDNA library. As a result, 62,039,614 
paired-end reads were generated.With  average GC content  42% , 12.41GB bases were obtained.The raw reads were subjected to quality check 
by FastQC and NGSQC-Toolkit .Then, the illumina adapters were removed followed by low complexity read trimmimg .The average phred 
score of filtered reads was above 30 for 87% of reads (error-probability >= 0.01). The filtered reads were then assembled using Trinity into 
122,434 contigs with an N50 of 1053bp.Subsequently ,the trimmed reads were aligned to the assembled contigs using Bowtie2 program and  of 
all the filtered reads 90.48% reads were aligned back to the assembled contigs.Overall  114,049 contigs were found which have expression >= 1 
FPKM ,hence for downstream annotation we focused only on these contigs.The assembled transcripts were compared to NR database using 
blastx program. Around 51% of the transcripts found using BLASTX have confidence level of at least 1E-50. The total number of GO terms 
identified in molecular function were 3,132 , biological process were 4,477 and in cellular component category were 1,927. The key genes 
involved in Sesquiterpenoid biosysthesis have been identified and to obtain the full length clones, RACE PCR will be performed. Genes, 
expressed sequence tags (ESTs) and unique sequences from this study provide an important resource for the scientific community, interested in 
the molecular genetics and functional genomics of S. lappa. 


