
P0001: Borlaug Winner 
Identifying the Genetic Basis of Local Adaptation in Wild Emmer Wheat 
Elina Adhikari1, Katherine Jordan1, Fei He1, Allan K. Fritz2, Shiaoman Chao3, Brian J. Steffenson4, Hanan Sela5 and Eduard 
Akhunov1, (1)Kansas State University, Department of Plant Pathology, Manhattan, KS, Manhattan, KS, (2)Kansas State University, 
Department of Agronomy, Manhattan KS, Manhattan, KS, (3)USDA-ARS, Fargo, ND, (4)University of Minnesota, St. Paul, MN, 
(5)Tel-Aviv University, The Institute for Cereal Crops Improvement, Tel Aviv, Israel 
As a rich source of genomic variation, the wild relatives of wheat have been broadly used in breeding. To identify the accessions of wild relatives 
carrying alleles conferring adaption to extreme climatic conditions, the analysis of the eco-geographic patterns of genomic variation was 
performed in wild emmer wheat, the tetraploid ancestor (AABB genome) of the wheat genome. We have associated the patterns of genomic 
variation in wild emmer (AABB genome) with climate data from the accessions’ collection sites. We genotyped a population of 475 
georeferenced wild emmer accessions from Israel using 90K iSelect SNP array and sequence-based genotyping. The data was mapped to a 
recently assembled wild emmer genome and missing SNPs predicted by imputation. Out of 341,228 SNPs from sequence data and 26,697 
genotype calls from 90K SNP array, we retained 26,628 and 11,355 SNPs, respectively. The analysis of population stratification revealed three 
genetically distinct groups of wild emmer accessions coinciding with their geographic distribution. Correlation among bioclimatic variables 
associated with the distribution of wild emmer identified seven distinct climatic groups. Partitioning of genomic variance showed that geographic 
location and climate together explain 43% of SNPs among emmer accessions with 19% of SNPs affected by climatic factors. Environmental 
association scans have been performed to identify adaptive SNPs correlating with local climates. To further dissect the alleles favored during 
climatic adaptation and to assess the value of detected adaptive variation for wheat breeding, we are performing phenotypic evaluation of wild 
emmer-derived wheat lines in the field conditions. 
 
P0002: Borlaug Winner 
Simultaneous Introgression and Mapping of Hessian Fly Resistance from Aegilops tauschii in Wheat 
Narinder Singh1, Ming Chen1, Michael Pumphrey2 and Jesse Poland1, (1)Kansas State University, Manhattan, KS, (2)Washington 
State University, Pullman, WA 
Hessian fly (HF; Mayetiola destructor), a member of the gall midge family of plant-parasitic insects, is a serious insect pest of wheat (Triticum 
aestivum) that results in 5-10% annual yield loss in the United States alone. Thirteen biotypes of HF, designated as A-L and GP, have been 
reported based on their infestation of known sources of resistance. GP is most prevalent in the Great Plains and is one of the most virulent 
biotypes. Seven of the 35 resistance genes documented to date provide resistance to the GP biotype, and all GP-effective resistance genes are 
mapped on short arm of chromosome 1A. HF resistance genes and avirulence effectors in the fly fit the gene-for-gene model. Thus, deployment 
of a single resistance gene produces a strong selection pressure on the insect populations and resistance is often rapidly defeated. It is imperative 
to continue with the discovery of new genes that can be deployed in wheat breeding. A new HF resistance gene was identified from the diploid 
D-genome relative, Aegilops tauschii, by mapping in a direct introgression backcross population with hard red winter wheat cultivar ‘Overley’. 
Phenotypic screening of BC3F2:3 lines indicated that resistance is conferred by a single dominant gene. Genotyping-by-sequencing (GBS) and 
bulked-segregant RNAseq and RenSeq were used to genotype the population and map the HF resistance. Genotypic analysis has shown that the 
gene is present on the distal end of the long arm of chromosome 3D, and positioned around 573Mb with an introgression size of ~7.5Mb. 
Developing wheat varieties with host resistance, particularly with well-characterized genes pyramided by marker assisted selection, is an 
effective and sustainable way to control HF and other insects. This germplasm will be available for the plant breeding community through the K-
State Wheat Genetics Resource Center. 
 
P0003: Genome Sequencing & ESTs 
Explore Pant Genome Evolution and Adaptation Using Large-Scale Genomic and Transcriptomic Plantae Sequences 
Shifeng Cheng, Beijing Genomics Institute-Shenzhen, Shenzhen, China 
Symbiosis and gene (or whole genome) duplication are two major evolutionary forces that have played important roles during the origin and 
diversification of eukaryotes. The past decades have witnessed a remarkable explosion in sequencing technology and development of analytical 
tools, allowing diverse and fundamental questions to be addressed in a genome-wide scale. In photosynthetic algae and many unexplored 
eukaryotic microorganisms (protists), ancient or recent/ongoing (endo) symbioses, typically with intracellular symbiotic bacteria, have played a 
pivotal role for the evolution of the ancestor of Plantae (e.g., the evolution of plastids and mitochondria), and contributed to many extant host 
genomes by the horizontal spread of plastids (e.g., EGT/HGT events in euglenophytes and dinoflagellates that evolved distinct genetic and 
genomic characteristics). Interestingly, symbiosis events also exist in higher plants, for example, the plant-cyanobacteria and plant-
rhizobia/Frankia associations that are responsible for nitrogen-fixation. The underlying genetic program(s) and evolutionary scenarios of these 
plant-microbe interactions are still largely elusive. On the other hand, gene duplication with modification is regarded as another significant 
driving force in plant evolution, as analyzed from about 100 plant genomes and the 1KP transcriptome data. The highly expanded PPR 
(Pentatricopeptide repeat) family, typically with 400-600 members in most angiosperms and more than 2,000 members in many bryophytes and 
ferns, is an excellent example. Evolution of PPRs, strongly co-evolved with RNA editing in plant organellar transcripts, are potentially required 
for plant terrestrialization and for the adaptive transition from a gametophyte- to a sporophyte-dominant lifestyle. Furthermore, the frequent 
whole-genome duplication/triplication events observed throughout the evolutionary history of flowering plants, significantly contributed to 
genome diversification and adaptation. In summary, large-scale genome and transcriptome sampling across a wide range of eukaryote organisms, 
coupled with comparative genomics and phylogenomics analyses, provide many novel insights into the entire evolutionary and adaptation history 
of eukaryotes. 
 
P0004: Genome Sequencing & ESTs 
Sequencing, Assembly, and Annotation of B104, a Maize Transformation Resource 
Nancy Manchanda1, Carson M Andorf2, Liang Ye3, Kan Wang4, Carolyn J. Lawrence-Dill5 and Steve Rounsley3, (1)Genetics, 
Development and Cell Biology Department, 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)Iowa State University, Ames, IA, 
(5)Bioinformatics and Computational Biology Program, Iowa State University, Ames, IA 
Maize transformation is not straightforward. Many lines can not be cultured and transformed readily, which limits the germplasm available for 
genome engineering Adding to the difficulty, the maize genome reference sequence is derived from the B73 inbred line, which is not readily 
transformed. B104 is a transformable maize line derived from the same populations as B73. In recent years, the Iowa State University Plant 
Transformation Facility (http://agron-www.agron.iastate.edu/ptf/) has offered B104 transformation as a first step toward bringing genomics 
resources to bear on maize transformation. Here we report a draft B104 genome sequence and describe B104-based genomics resources now 
publically available.  
 
P0005: Genome Sequencing & ESTs 
The Complex Sequence Landscape of Maize Revealed By Single Molecule Technologies 
Yinping Jiao1, Paul Peluso2, Jinghua Shi3, Tiffany Liang3, Michelle Stitzer4, Bo Wang5, Michael S. Campbell6, Joshua Stein5, 
Sharon Wei5, Jason Chin2, Katherine Guill7, Michael Regulski5, Sunita Kumari8, Andrew Olson5, Jonathan I Gent9, Kevin 
Schneider10, Nathan M. Springer11, Eric Antoniou5, W. Richard McCombie5, Gernot Presting10, Michael D. McMullen12, Jeffrey 
Ross-Ibarra13, R. Kelly Dawe9, Alex R. Hastie3, David Rank2 and Doreen Ware5, (1)Cold Spring Harbor Laboratory/USDA-ARS, 
Cold Spring Harbor, NY, (2)Pacific Biosciences, Menlo Park, CA, (3)BioNano Genomics, San Diego, CA, (4)University of 
California, Davis, Davis, CA, (5)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (6)Cold Spring Harbor Laboritory, Cold 
Spring Harbor, NY, (7)USDA-ARS, COLUMBIA, MO, (8)Cold Spring Harbor Laboratory, NY, NY, (9)University of Georgia, 
Athens, GA, (10)University of Hawaii, Honolulu, HI, (11)Department of Plant and Microbial Biology, University of Minnesota, St. 
Paul, MN, (12)USDA-ARS, Columbia, MO, (13)University of California, Davis, CA 
Complete and accurate reference genomes and annotations provide fundamental tools for characterization of genetic and functional variation. 
These resources facilitate elucidation of biological processes and support translation of research findings into improved and sustainable 
agricultural technologies. Many reference genomes for crop plants have been generated over the past decade, but these genomes are often 
fragmented and missing complex repeat regions. Here, we report the assembly and annotation of maize, a genetic and agricultural model 
organism, using Single Molecule Real-Time (SMRT) sequencing and high-resolution genome map. Relative to the previous reference genome, 
our assembly features a 52-fold increase in contig length and significant improvements in the assembly of intergenic spaces and centromeres. 
Characterization of the repetitive portion of the genome revealed over 130,000 intact transposable elements (TEs), allowing us to identify TE 
lineage expansions unique to maize. Gene annotations were updated using 111,000 full-length transcripts obtained by SMRT sequencing. In 
addition, comparative optical mapping of two other inbreds revealed a prevalence of deletions in the region of low gene density and maize 
lineage-specific genes. 
 
P0006: Genome Sequencing & ESTs 
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 last important crop species to 
benefit from a comprehensive set of high quality genomic resources. 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 1,400 members in 59 countries, is an international, collaborative 
consortium, established in 2005 by a group of wheat growers, plant scientists, and public and private breeders. The goal of the IWGSC is to 
produce a high quality annotated reference genome sequence for bread wheat as a foundation for future research and breeding efforts in wheat 
improvement.  
Adopting a milestone-based, adaptable strategy with short- and mid-term goals to meet the challenges of sequencing the large, hexaploid 
genome, the IWGSC focused initially on the production of physical maps anchored to genetic maps for each of the 21 individual bread wheat 
chromosomes. Subsequent sequencing projects included sequencing of minimal tiling paths of mapped BACs, a chromosome-based survey 
sequence of the genome that has provided early access to genic sequences and a whole genome assembly using the NRGene DeNovoMAGICTM 
software. By integrating the whole genome and chromosome data with the BAC-based resources (sequences, physical maps, WGP tags), the 
IWGSC expects to complete the reference sequence of hexaploid bread wheat cv. Chinese Spring by 2017. An overview of the activities will be 
presented. 
 
P0007: Genome Sequencing & ESTs 
A Genome-Wide Comparison of Structural Variation in Triticum urartu Genome 
Xiaoli S. Shi, Bin Ma, Hui Liu, Hua Sun, Yinghao Cao, Qiang Gao, Chengzhi Liang and Hong-Qing Ling, Institute of Genetics and 
Developmental Biology, CAS, Beijing, China 
Triticum urartu is the wild progenitor of the A subgenome of bread wheat (Triticum aestivum). We generated a high-quality genome sequence of 
T. urartu by BAC-by-BAC sequencing, and predicted about forty thousand protein-coding genes and more than 80% of repetitive DNA. The 
evolutionary relationships between wheat and several other genome-sequenced grasses, including Brachypodium, sorghum and rice, had been 
reported. Brachypodim diverged with wheat about 32-39 MYA and sorghum about 45-60 MYA. Between them, rice split to wheat about 40-54 
MYA. Comparisons between T. urartu genome and other whole-genome sequenced grasses presented syntenic orthologues of all T. urartu 
chromosome segments in Brachypodium, rice and sorghum. These provide precise sequence framework for understanding the structural 
variations in T. urartu. Except for two chromosomes, which evolved from a single ancestor chromosome, most T. urartu chromosomes are 
chimera of multiple chromosomes of ancestor genome. The most commonly observed is an insertion of one chromosomal segment into 
centromeric region of another. This happened on chromosome 1, 2, 4 and 7 of T. urartu. One exception, chromosome 5, was shaped by fusions 
of three ancestor chromosomes. Our study allowed the localization of accurate fusion positions on wheat chromosomes. The comparisons also 



presented multiple chromosome segments in other three grass genomes whose syntenic orthologues were not detected in T. urartu. The studies 
are helpful to understand the causes of the fragment losses identified in wheat genome. In summary, our study revealed the comprehensive 
understanding of precise chromosomal structure variations of T. urartu. 
 
P0008: Genome Sequencing & ESTs 
Using Genome Wide Allele Frequency Fingerprints to Identify Allele Frequency Changes in Seeded Perennial Ryegrass 
Swards 
Aude Perdereau1, Dan Milbourne2, Susanne Barth1 and Stephen Byrne2, (1)Crops, Environment & Land Use Programme, Teagasc, 
Carlow, Ireland, (2)Teagasc, Crop Science Department, Carlow, Ireland 
Unlike varieties of many crops, in which all plants of a variety are identical, individual perennial ryegrass (PRG) cultivars are effectively 
genetically divergent populations of individuals that have been selected to have broadly similar characteristics. In addition, as opposed to annual 
crops, PRG cultivars are expected to remain in the field over a near decadal period before re-seeding. One consequence of these factors is that, 
once planted, the composition of perennial ryegrass swards can change over time in response to environmental variation and management 
practice. It was estimated that only 10% of the PRG plants sown in a sward survive after 10 years [1]. 
In order to gain a better insight into this phenomenon, we are using cutting edge genetic fingerprinting approach called “Genome Wide Allele 
Frequency Fingerprints” (GWAFFs), based on a genome-wide marker approach called genotyping by sequencing [2, 3] to monitor changes in the 
genetic composition of PRG swards over time. We are testing whether these changes are random, or whether they can be related to management 
practices causing some plants to be preferentially selected over others. The ultimate goal of the research is to identify regions of the genome that 
are responsible for determining the lifetime performance characteristics of grazed swards and to use this information in the future to develop 
better performing PRG cultivars using genomic selection-based strategies similar to those currently used in cattle breeding.  
[1] New phytologist. 98(3): p. 503-513.  
[2] PloS one. 8(3): p. e57438.  
[3] PloS one. 6(5): p. e19379.  
 
P0009: Genome Sequencing & ESTs 
The Complete Apple Genome: Evolutionary Events Revealed 
Nicolas Daccord1, Jean-Marc Celton2, Gareth Linsmith3, Claude Becker4, Nathalie Choisne5, Elio Schijlen6, Henri van de Geest6, 
Luca Bianco3, Diego Micheletti3, Riccardo Velasco3, Erica A. Di Pierro7, Jérôme Gouzy8, Jasper Rees9, Hélène Muranty2, Charles-
Eric Durel10, Francois L. Laurens11, Yves Lespinasse10, Sylvain Gaillard10, Sébastien Aubourg10, Hadi Quesneville12, Detlef 
Weigel13, Eric van de Weg14, Michela Troggio3 and Etienne Bucher15, (1)IRHS, Beaucouzé, France, (2)IRHS, France, Beaucouzé, 
France, (3)Research and Innovation Centre, Edmund Mach Foundation, San Michele all'Adige, Italy, (4)Max Planck Institute for 
Developmental Biology, Tuebingen, Germany, (5)INRA - URGI, Versailles, France, (6)Plant Research International, Wageningen 
University & Research, Wageningen, Netherlands, (7)University of Milan, Milan, Italy, (8)Laboratoire des Interactions Plantes 
Micro-organismes (LIPM) - INRA/CNRS, TOULOUSE, France, (9)Agricultural Research Council of South Africa, Pretoria, South 
Africa, (10)IRHS, Angers, Beaucouzé, France, (11)IRHS, BEAUCOUZE, France, (12)URGI, Versailles, Versailles, France, 
(13)Max Planck Institute for Developmental Biology, Tübingen, Germany, (14)Plant Breeding Wageningen University & Research 
centre, Wageningen, Netherlands, (15)Institut de Recherche en Horticulture et Semences, Beaucouzé, France 
Accurate sequence information and genome assemblies are critical for studies on genomic and epigenomic variations. Although partial genome 
information is already available for apple (Malus domestica Borkh), the assembled sequence is fragmented and lacks repeated regions. Using 
second- (Illumina) and third-generation sequencing and optical mapping technologies (PacBio and BioNano), we have generated a high-quality 
genome assembly of a 'Golden Delicious' doubled haploid tree. Our de novo assembly resulted in a genome of 649.7 Mb, with a N50 of 5.6 Mb. 
Seventeen pseudo-chromosomes were constructed, representing 96.3% of the sequence data, and validated using a high density integrated genetic 
linkage map and linkage disequilibrium analysis. Using mRNA and EST sequence data, gene prediction modelling identified 42,140 protein 
coding genes. Repeat sequences, representing 57.3% of the assembly, were annotated and provide an unprecedented opportunity to investigate 
the 'dark matter' of the genome. We have identified a new, hyper-repetitive LTR-retrotransposon sequence named HODOR which is over-
represented in heterochromatic (presumably centromeric) regions. Furthermore, we present the results of a differential analysis of DNA 
methylation patterns between apple leaves and fruits, and show differentially methylated regions located close to promoters of genes that are 
potentially involved in fruit development. Finally, we show that a major burst of transposable elements occurred around 21 My ago, which might 
have contributed to the divergence between apple and pear. The greatly improved apple genome assembly presented here provides important 
insights into the apple genome structure and thereby lays the foundation for future genomic and epigenomic studies in Rosaceae. 
 
P0010: Genome Sequencing & ESTs 
Identification of Genetic Relationships in Asian Pears (Pyrus spp.) Using SNPs Derived from Genotyping-By-Sequencing 
Sewon Oh1,2, Keumsun Kim1,2, Kidong Hwang1,2, Hyeondae Han1,2, Min-Gi Lee1,2, Yoon-Kyeong Kim3 and Daeil Kim1,2, 
(1)Chungbuk National University, Cheongju, Korea, The Republic of, (2)Brain Korea 21 Center for Bio-Resource Chungbuk 
National University, Cheongju, Korea, The Republic of, (3)National Institute of Horticultural & Herbal Science, Naju, South Korea 
This study was performed to identify genetic relationship among Asian pears (Pyrus spp.) by using genotyping-by-sequencing (GBS). GBS was 
used to discover single nucleotide polymorphism (SNP) in Asian pears. The genetic diversity was analyzed, and the population structure was 
estimated in 45 pear accessions (2 primary pears, 42 Asian pears, and 1 reference pear). Phylogenetic tree was constructed using MEGA 6 with 
neighbor-joining method. After analyzing genetic relationship between 45 accessions, they were classified into a total of 3 groups. Group I 
consisted of 21 P. pyrifolia accessions except for 9 cultivars such as ‘Xuehuali’, ‘Yali’, ‘Jingbai’, and others. Group II consisted of accessions 
belonged to P. bretschneideri and P. ussuriensis except for ‘Kumoi’, ‘Amanogawa’, and ‘Ichiharawase’. Group III contained P. fauriei, 
‘Bartlett’, and other cultivars that consisted of ‘Kiyomaro’, ‘Ooharabeni’, and ‘Taiheiyo’. These cultivars were accessions of interspecific cross 



between Asian pear and P. communis. This group was out-grouped and served as a reference to determine the relationship among Asian pear 
accessions. STRUCTURE 2.3.4 was used to infer the population structure. Population structure was assessed for K values ranging from 2 to 8. 
The optimal K value was determined using Structure Harvester and the peak of delta K was observed at K = 3, suggesting the presence of three 
main populations in 45 pear accessions. Our results may be used for the management and development of Asian pear germplasm collections. 
 
P0011: Genome Sequencing & ESTs 
The Sweet Cherry Genome: A New Sequencing Project 
Mathieu Fouché1, Loïck Le Dantec1, Bénédicte Wenden2, Jose Quero-Garcia1, Teresa Barreneche1, Ksenija Gasic3, Goran Barac4, 
Christopher A. Saski5, Amy Iezzoni6, Felicidad Fernandez7, Herman Silva8 and Elisabeth Dirlewanger2, (1)INRA, Villenave 
d'Ornon, France, (2)INRA-UMR 1332 Biologie du Fruit et Pathologie, Villenave d'Ornon, France, (3)Clemson University, 
Clemson, SC, (4)Faculty of Agriculture, Novi Sad, Serbia, (5)Clemson University Genomics & Computational Biology Laboratory, 
Clemson, SC, (6)Michigan State University, East Lansing, MI, (7)East Malling Research, East Malling, Kent, United Kingdom, 
(8)Universidad de Chile, Santiago, Chile 
The sweet cherry (Prunus avium) is a diploid species with an estimated genome size of 338 Mb Arumuganathan et al (1991). It is mostly self-
incompatible, and therefore has a heterozygous genetic background. Through a sweet cherry international consortium recently created, the first 
sweet cherry reference genome is in progress. To do this, we chose the“Regina” variety: it is a late blooming cultivar from which a unigene and 
transcriptomic data are available. This data will be useful for the future annotation. Moreover, it is the parent of two segregating populations used 
to build saturated genetic maps, which will help the scaffolding process. The long reads sequencing technology (PacBIO RSII) was used in order 
to produce a robust and high quality de novo genome. Indeed, the long reads sequencing allows a significant smaller number of contigs and goes 
through repeat or low-complexity regions. We performed a DNA extraction following the protocol published by Mayjonade et al (2016) that we 
customized for sweet cherry to produce a high purity and high molecular weight DNA needed for the PacBIO sequencing. A depth of 82X was 
obtained with a N50 of 17.5Kb. The de novo assembly of “Regina” will be done using a combination of long reads assembly tools (Falcon, 
CANU,…) . Moreover, an optical mapping is in progress to obtain a more accurate and contiguous genome. 
 
P0012: Genome Sequencing & ESTs 
A New Genome Sequence of Populus alba x Populus tremula var. glandulosa (Salicaceae) 
Jongsun Park1, Hong Xi2, Yongsung Kim2 and Mi Kwon2, (1)InfoBoss Co., Ltd., Seoul, South Korea, (2)InfoBoss Co., Ltd., 
Seoul, Korea, The Republic of 
First genome of Populus (Populus trichocarpa) was published in 2006, as a model tree. After that, three more genomes, P. tremula, P. 
tremuloides, and P. tremula x P. tremuloides, were recently released. One of Korean Populus species, called as Hyunsasi (Populus 
alba x Populus tremula var. glandulosa) was firstly breed species, which was fully adapted in Korean environment. Sterile individual of 
Hyunsasi has been utilized as a material for molecular studies so that its genome sequence is needed for further studies. we generated around 
200x coverage raw data of P. alba x P. tremula var. glandulosa genome using Illumina HiSeq2000. We got the first draft genome of P. alba x P. 
tremula var. glandulosa assembled by Platanus. Total length of this genome is 494.91 Mbp (N50 is 20,134 bp), which is largest in comparison to 
the other four sequenced Populus genomes. Number of ORFs predicted by AUGUSTUS is 58,395, which is similar to that 
of P. tremuloides genome. 21 GATA, 27 TCP, and 133 NAC transcription factors (TFs) were identified from P. alba x P. 
tremula var. glandulosa genome, presenting that number of TFs of all three TF families are middle in comparison to the rest 
four Populus genome. 330 Cytochrome P450s (CYPs) were identified from P. alba x P. tremula var. glandulosa genome, which is second largest 
family among five Populus genomes. All these data were deposited in the Populus Comparative Genome Database 
(PGCD; http://www.populusgenome.info/), also providing diverse comparative genomics web-based tools for analyzing five genomes efficiently. 
 
P0013: Genome Sequencing & ESTs 
Status of Sweetpotato Genome Sequencing Under TRAS Collaboration 
Sweetpotato genome sequencing consortium TRAS, CAAS, CAU, RDA, KRIBB, NARO, KDRI, China, Korea, Japan and Sachiko 
Isobe, Kazusa DNA Research Institute, Chiba, Japan 
Sweetpotato (Ipomoea batatas(L.) Lam) is widely cultivated and consumed as a crop around the world, especially in Eastern Asia. The 
sweetpotato genome sequencing consortium consist with six organizations, Institute of Sweetpotato Research, Chinese Academy of Agricultural 
Sciences (China), China Agricultural University (China), Rural Development Administration (Korea), Korea Research Institute of Bioscience 
and Biotechnology (Korea), National Agriculture and Food Research Organization (Japan) and Kazusa DNA Research Institute (Japan).  
Because of the complex genome structure of sweetpotato (2N = 6x = 90, genome size = 2.5Gb) we have tried de novo genome assembly of a 
wild relative diploid species, I. trifida, prior to sweetpotato. First, de novo whole-genome sequencing was performed with two lines of I. trifida, 
namely the selfed line Mx23Hm and the highly heterozygous line 0431-1, using the Illumina HiSeq platform. The total lengths of the assembled 
sequences of Mx23Hm (ITR_r1.0) was 513 Mb, while that of 0431-1 (ITRk_r1.0) was 712 Mb. Then, Pacbio and Illumina assembly scaffolds 
was constructed for Mx23Hm (ITR_r2.1). Pseudomolecules were developed based on ITR_r2.1 and a SNP linkage map.  
Meanwhile sweetpotato genome sequencing of a Chinese variety ‘Xushu 18’ was performed by Illumina and PacBio platforms. The denovo 
aseembly by FALCON with 155.5 Gb PacBio reads constructed 86,498 scaffolds of which total length was 3.0Gb. Linkage map construction 
using the S1 population of Xushu 18 and transcriptome analysis are also performed for alignment of scaffolds and precise gene annotation, 
respectively. 
 
P0014: Genome Sequencing & ESTs 
Draft Assembly of Diploid A1-genome, Gossypium herbaceum cv. Wagad 
Thiruvarangan Ramaraj1, Aaron Sharp2, Christopher J. Hanson2, Alex J Freeman2, Spencer Philip Hunt2 and Joshua A. Udall2, 
(1)National Center for Genome Resources (NCGR), Santa Fe, NM, (2)Brigham Young University, Provo, UT 



Gossypium herbaceum is a species of cotton native to Africa and Asia. As part of a larger effort to investigate structural variation in assorted 
diploid and polyploidy cotton genomes we have sequenced and assembled the genome of G herbaceum. Cultivated G herbaceum is a A1-genome 
diploid from the Old World (Africa) with a genome size of approximately 1.7 Gbps. Long range information is essential in constructing a high 
quality assembly especially when the genome is expected to be highly repetitive. Here we present a high quality draft genome of G herbaceum 
(cv. Wagad) using a multi-platform sequencing strategy (PacBio RS II, Dovetail Genomics and BioNano Whole Genome Maps). PacBio RS II 
(60X) long reads were de novo assembled using FALCON (v 1.7.3) assembler. Illumina sequence reads generated from the Chicago library 
method from Dovetail genomics and BioNano high-fidelity whole genome maps were used to further scaffolding. Finally the assembly was 
polished using QUIVER/PILON. This multi-platform long range sequencing strategy will help greatly in attaining high quality de novo 
reconstructions of genomes. This assembly will be used towards comparative analysis with G arboreum, which is also a domesticated A2-genome 
diploid. Not only this will provide a high quality reference genome for G herbaceum, it also provides an opportunity to assess recent 
technologies such as Dovetail Genomics and BioNano Genomics. The G. herbaceum genome sequence serves as an example to the plant 
genomics community for those who have an interest in using multi-platform sequencing technologies for de novo genome sequencing. 
 
P0015: Genome Sequencing & ESTs 
Transcriptome Analysis in Musa acuminata During Compatible Interaction with the Root-Knot Nematode Meloidogyne 
incognita 
Robert N. G. Miller1, Nancy E. N. Castañeda1, Gabriel S. C. Alves1, Rosane Mansan-Almeida1, Edson Perito Amorim2, Claudia 
Fortes Ferreira2, Roberto C. Togawa3, Marcos Mota Costa3, Priscila Grynberg3, Jansen R. P. Santos4 and Juvenil Enrique Cares1, 
(1)Universidade de Brasília, Brasília, Brazil, (2)Embrapa Cassava and Tropical Fruits, Cruz das Almas, Brazil, (3)Embrapa 
Recursos Genéticos e Biotecnologia, Brasília, Brazil, (4)Department of Nematology, University of California - Riverside, 
Riverside, CA 
Endoparasitic root-knot nematodes (RKN) (Meloidogyne spp) cause considerable losses in Banana (Musa sp.), with Meloidogyne incognita a 
predominant species in edible Cavendish subgroup bananas. This study describes the characterization of the root transcriptome in Musa 
acuminata genotypes 4297-06 (AA) and Cavendish Grande Naine (CAV) (AAA) during early compatible interactions with M. incognita. Root 
RNA samples were extracted 3, 7 and 10 days after inoculation with nematode J2 juveniles and paired-end sequenced using lllumina HiSeq 2500 
technology. High quality sequences were mapped to the M. acuminata ssp. malaccensis var. Pahang genome sequence using Novoalign/Useq. 
Differentially expressed genes (DEGs) in infected libraries were identified with the Benjamini-Hochberg algorithm. Representation of DEGs was 
analyzed using Blast2GO and FUNC. Microscopic analysis of acid fuchsin-stained roots revealed a life cycle of M. incognita completing within 
28 days in both genotypes. DEGs were identified in relation to non-inoculated controls, with comparable numbers of genes up- and 
downregulated in each genotype. GO enrichment analysis revealed terms related to host defense and giant cell development in both genotypes. 
Notable modulated transcripts related to stress responses included LRR receptor-like serine/threonine-protein kinases, peroxidases, thaumatin-
like PR proteins, DREB, ERF, MYB, NAC and WRKY transcription factors. Transcripts related to giant cell development included expansins, 
endoglucanases, polygalacturonases, pectinmethylesterases, pectate lyases and xyloglucan endotransglucosylase proteins. This analysis of gene 
expression in M. acuminata during the compatible interaction with RKN provides insights into nematode-induced host expression profiles during 
infection and giant cell formation that will facilitate downstream development of novel genetic improvement-based control measures for RKN. 
 
P0016: Genome Sequencing & ESTs 
Three Genome Sequences of Coffea arabica var. typica (Rubiaceae) with the Coffee Genome Database 
Jongsun Park1, Hong Xi2, Yongsung Kim2, Deokgyu Lee3 and Jongwook Woo3, (1)InfoBoss Co., Ltd., Seoul, South Korea, 
(2)InfoBoss Co., Ltd., Seoul, Korea, The Republic of, (3)Stronghold Technology Inc., Seoul, Korea, The Republic of 
Coffee is one of favorite drink in the world. The best countries for coffee production in the world are Brazil, Vietnam, and Indonesia. Recently, 
Coffea canepora which is paternal species of Coffea arabica was successfully sequenced. It presents overall features of coffee genome, however, 
it is not cultivated species for coffee bean. With the aid of next generation sequencing technologies, we sequenced cold-resistance coffee tree 
(CR) which can survive without falling leaves at -2 degree in Jeju island in Korea, another coffee tree (HP) which produces a large amount of 
coffee beans, and C. arabica var. typica (TY). 
Genome of C. arabica which is tetraploid, inherited from C. canepora and C. eugenioides. was estimated around 1.3Gbp to 1.4Gbp from those of 
two parental species. Around 246 Gbp raw data (189.2x coverage) were generated from CR for de novo assembly and 49 Gbp and 98 Gbp were 
from HP and TY, respectively. Currently assembled sequence presents that total length is 1.285Gbp (N50 is 10,734bp) and longest contig is 
278k. TY genome was de novo assembled resulting that 1.024Gbp (N50 is 2,586bp) and longest contig is 144k. Alignment of HP reads against 
CR genome presents that 823,724 SNPs and 50,369 INDELs. For efficient comparative genomics analyses of Coffee genomes we sequenced, we 
established web-based Coffee Genome Database (CGD; http://www.coffeegenome.info/) with CR genome, SNVs identified from several coffee 
trees, as well as EST and RNA-Seq publicly available. It also provides InterPro statistics to analyze functional domains detected by InterProScan, 
BLAST search, basic Genome Browser to navigate genomes, and SNV browser for single nucleotide variations. GlobalScrapTM provides 
personalized space to collect sequences fur further diverse analyses on the web. It will be an integrated analysis platform for coffee comparative 
genomics.  
 
P0017: Genome Sequencing & ESTs 
Analysis Of Cocos nucifera var. Catigan Green Dwarf (CATD) Draft Genome 
Cynthia Saloma1,2, Charles Anthon E. Cadorna1, Richelle Ann Juayong1, Ephraim D. Mendoza1, Shela Algodon1, Ma. Anita M. 
Bautista1,2 and Zenaida V. Magbanua1,2, (1)Philippine Genome Center, University of the Philippines, Quezon City, Philippines, 
(2)National Institute of Molecular Biology and Biotechnology, University of the Philippines, Quezon City, Philippines 
The Philippines is one of the largest producers of coconut and possesses one of the largest collections of coconut accessions in the world. Here, 
we report our analyses on the draft genome of Cocos nucifera var Catigan Green Dwarf. We generated paired-end and mate-pair libraries using 
Illumina HiSeq with varying insert sizes (400 bp, 2 kbp, 5 kbp, and 10 kbp). After quality filtering and contaminant removal, the high quality 



reads were assembled using Platanus with default parameters. Based on QUAST, the genome assembly spans 2.04 Gbp with scaffold N50 of 
121,027 bp and contains 65,637 scaffolds. On the basis of our estimated genome size of 2.9 Gbp using k-mer statistics and flow cytometry, the 
assembly captures ~95.6% of the genome. To evaluate gene space completeness, we used BUSCO pipeline, EST and transcript mapping. 
BUSCO analysis identified 867 (90%) complete USCOs out of 956 groups searched. Using BLAT, 97.5% of the Cocos nucifera ESTs 
downloaded from NCBI and 95% of the transcripts from our coconut transcriptome data are aligned to the genome assembly. An initial genome-
wide identification of SSRs was also performed using MISA. A total of 582,585 simple sequence repeats (SSRs) were detected in Cocos nucifera 
var CATD genome sequences. The data presented here constitutes a resource for coconut varietal improvement through marker-assisted breeding 
and for comparison with other sequenced crops. 
 
P0018: Genome Sequencing & ESTs 
De novo Whole Genome Assembly in Allo-Octoploid Strawberry 
Kenta Shirasawa1, Soichiro Nagano2, Hideki Hirakawa1, Hideki Nagasaki1, Fumi Maeda3 and Sachiko Isobe1, (1)Kazusa DNA 
Research Institute, Chiba, Japan, (2)Kazusa DNA Research Institute, Kisarazu, Japan, (3)Chiba Prefectural Agriculture and Forestry 
Research Center, Chiba, Japan 
Strawberry (Fragaria × ananassa) is an allo-octoploid (2n=8X=56) and allogomous species. The whole genome sequence of strawberry was 
published by Hirakawa et al. (2014). Although the data has contributed genetic analysis in strawberry, the assembled sequences consisted of 
large number of sequences with short N50 length, suggested the necessary of further improvement. Therefore we performed de novo whole 
genome assembly again by using DenovoMAGIC which was developed in NRGene. A Japanese variety, ‘Reikou’, was used for construction of 
paired end (PE), mate pair (MP) and 10X genomics libraries. Illumina reads with 250 nt (PE) and 160 nt (MP and 10X) were obtained by HiSeq 
platforms, and assembled by DenovoMAGIC3.0. The total length of the assembled sequences was 1,406 Mb, consisted of 32,715 sequences and 
N50 of 3.9 Mb. Meanwhile, a high-density genetic linkage map was constructed with an S1 mapping population of ‘Reikou’ by mapping SNPs 
on the IStraw 90K Axiom® Array and previously published SSR markers. The ‘Reikou’ linkage map was consisted of 11,608 loci spanning 
2,827.4 cM of 31 linkage groups. A total of 62 (31 × 2 haplotypes) pseudomolecules were developed based on the linkage map in a total length 
of 1,125 Mb. By comparison with the linkage map, 40 mis-assembly was found in the scaffolds. The mapping result of the pseudomolecules on 
the genome of F. vesca, a possible diploid ancestor of strawberry, clearly indicated the different structure of the four homoeologous genomes in 
strawberry. This is the first report on the pseudomolecules developed in strawberry, which is expected to accelerate genomics, genetics and 
molecular breeding for strawberry. 
 
P0019: Genome Sequencing & ESTs 
Improving Genomic Resources for the Detection of Macrophomina phaseolina Infection of Strawberry 
Alyssa Burkhardt1, Kevin L. Childs2, Marina L. Ramon1 and Frank Martin1, (1)USDA-ARS, Salinas, CA, (2)Michigan State 
University, East Lansing, MI 
Macrophomina phaseolina is a haploid fungus that typically causes charcoal rot on a wide range of hosts, although a group of strawberry host-
specific isolates has recently been identified. Isolates recovered from other hosts were not pathogenic on strawberry. Hundreds of M. phaseolina 
isolates were collected from strawberry and different hosts, and an SSR analysis revealed that, with few exceptions, the strawberry isolates were 
the same genotype. To understand this host specificity from a genomic level, we sequenced M. phaseolina isolates from strawberry and from 
alfalfa using PacBio data and Illumina paired end and mate pair data. The current genome assembly from the strawberry isolate using HGAP3 to 
assemble PacBio reads and PILON to error correct with the paired end and mate pair data has an N50 of 3.3 Mb with 143 contigs and ~150x 
genome coverage. Over 90% of the genome is represented on the 15 longest contigs. The assembly of the alfalfa isolate and genome annotation 
of both isolates is underway with the intention of using comparative genomics to identify genes that could be responsible for strawberry host 
specificity. Additional sequencing with Illumina and genome assembly with CLC Workbench was done on eleven isolates, and a unique locus 
within the M. phaseolina strawberry specific genotype was identified using comparative genomics. Specific primers were designed for this locus 
and are being used for a nested TaqMan qPCR assay to quantify M. phaseolina in the soil, and an isothermal recombinase polymerase 
amplification assay is being developed to detect infection in plants. 
 
P0020: Genome Sequencing & ESTs 
Genome Sequencing of the Common Ice Plant (Mesembryanthemum crystallinum L.) 
Won Cheol Yim1, Jungmin Ha1, Sung Don Lim1, Bernard W. M. Wone1, Rebecca L. Albion1, Hengfu Yin2, Xiaohan Yang2 and 
John C. Cushman1, (1)Department of Biochemistry and Molecular Biology, University of Nevada, Reno, Reno, NV, (2)Oak Ridge 
National Laboratory, Oak Ridge, TN 
The common ice plant (Mesembryanthemum crystallinum L., Azoaceae, Caryophylalles) 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 (WUE), 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 in a depth of coverage of 254X and 90X, 
respectively. We assembled the reads in three steps: 1) assemble with SMRT analysis for PacBio reads, 2) polish assembled contigs with 
Illumina reads, and 3) scaffolding with BioNano whole genome mapping. The resulting assembly generated the longest scaffolds of 24,930,053 
bp, an N50 of 7,276,308 bp, the number of contigs was 575, and the total genome size was 379,583,752 bp. The assembly was used for gene 
annotation, which resulted in a total of 21,437 gene loci expressing 25,522 transcripts. This draft genome assembly identified key genes essential 
for the operation of CAM and the adaptation to salinity and water-deficit stress. Identification of genome assembly creates a rich genetics ‘parts 
list’ resource for ongoing ice plant genome annotation, comparative CAM genomics efforts, and biodesign projects aimed at introducing the 
improved WUE of CAM and salinity and drought tolerance into crop plants. 
 
P0021: Genome Sequencing & ESTs 
Genome Sequencing and Analysis of Phomopsis longicolla Isolate MSPL 10-6 Causing Phomopsis Seed Decay in Soybean 



Shuxian Li1, Omar Darwish2, Benjamin F. Matthews3 and Nadim Alkharouf2, (1)USDA-ARS, Crop Genetics Research Unit, 
Stoneville, MS, (2)Towson University, Towson, MD, (3)USDA-ARS Soybean Genomics Lab, Beltsville, MD 
Phomopsis seed decay of soybean is caused primarily by the seed-borne fungal pathogen Phomopsis longicolla (syn. Diaporthe longicolla). This 
disease causes poor seed quality, reduces seedling vigor and stand establishment, and suppresses yield in most soybean production regions, 
especially in southern regions of the United States. To facilitate investigation of the genetic base of fungal virulence factors and to understand the 
mechanism of the disease development, we sequenced and de novo assembled the genome of a P. longicolla isolate MSPL10-6, which was 
isolated from field-grown soybean seed in Mississippi, USA. The genome of MSPL 10-6 was estimated to be approximately 62 Mb in size with 
an overall G+C content of 48.6 %. Gene prediction analysis identified a total of 15,738 predicted protein-coding regions. Predicted gene models 
were annotated using blastp against the UniRed100 database. A total of 8,868 (56%) of the gene models had significant matches (E value ≤ 1e-5) 
to genes in the database. The P. longicolla genome sequence provides resources for developing molecular markers to study the genetic variability 
of P. longicolla. It is valuable for identifying genes associated with fungal growth and pathogenicity, and aids in development of new control 
strategies for this pathogen.  
 
P0022: Genome Sequencing & ESTs 
Genome Assembly and Annotation of Boechera holboellii (fam. Brassicaceae) 
Sergei Kliver1, Aleksei Komissarov2, Dmitry Smetanin3, Ueli Grossniklaus3 and Vladimir Brukhin4, (1)Theodosius Dobzhansky 
Center for Genome Bioinformatics, St. Petersburg State University, St.Petersburg, Russian Federation, (2)Theodosius Dobzhansky 
Center for Genome Bioinformatics, St. Petersburg State University, St. Petersburg, Russia, (3)University of Zurich, Department of 
Plant and Microbal Biology, Zurich, Switzerland, (4)St. Petersburg State University, St. Petersburg, Russian Federation 
Closely related to Arabidopsis, genus Boechera is known to contain both sexual and apomictic species or forms within species. Boechera 
holboellii is a diploid sexual species belonging to this genus and is supposed to be one of the parental species for at least one apomictic species 
Boechera divaricarpa.  
We performed de novo genome assembly of this species using short Illumina and Roche reads from 1 paired-end and 3 mate pair libraries and 
achieved N50 of scaffolds slightly greater than 1Mb. Contigs and initial scaffolds have been assembled by DISCOVAR and then final scaffolds 
have been generated by SSPACE and GapCloser. We also have annotated more than 25000 protein-coding genes by hybrid approach based on 
protein homology to proteins of the 4 closely related species and de novo prediction methods.  
B.holboelli is a plant of particular interest as an ancestor of various hybrids including apomictic species. Genome assembly of hybrid species is 
still a problem and sequences of parental genomes will greatly help to solve this challenge. Ancestral genomes are also required for further 
comparative analysis and investigation of apomixis origin. 
 
P0023: Genome Sequencing & ESTs 
Identification of IsomiRs vis-à-vis Functional Classification of the Target-Genes Associated with Brucellosis and 
Paratuberculosis in Indian Water Buffaloes 
Jasdeep K Dhanoa1, Jasdeep Singh2, Jaspreet S Arora1, Ramneek Verma1, Ram S Sethi1 and Chandra Mukhopadhyay1,3, (1)Guru 
Angad Dev Veterinary and Animal Sciences University, Ludhiana, India, (2)Lovely Professional University, Jalandhar, India, 
(3)Iowa State University, Ames, IA 
IsomiRs, the variants of commonly occurring canonical miRNAs, exhibit variation at the 3` or 5` terminus. In the current study, PBMCs were 
isolated from peripheral blood of four experimental groups of animals: healthy control animals of Murrah breed, Brucellosis-Murrah, Brucellosis 
NiliRavi breed and Paratubeculosis-Murrah buffaloes (3 to 6 biological replicates, depending on availability of cases). The small RNA (sRNA) 
was extracted from the pooled-PBMCs (for each of the groups) using miRVana commercial kits and deep-sequenced using Ion-Torrent PGM™ 
platform (using two chips viz. 318 chip and 316 chip). The NGS data was processed and further analyzed to identify miRNAs and the isomiRs 
using miRanalyzer tool. Up and down-regulated isomiRs (ratio >2) of each of the three diseased groups were identified with respect to the 
healthy group, using R-environment. The uniquely expressed isomiRs that were detected either in the healthy or in one of diseased groups being 
compared were identified. The target genes of these selected isomiRs were predicted using three different online tools (TargetScan, miRDb, 
PicTar). The target genes were further used for gene ontology and pathway analysis (Panther classification system) to study their biological as 
well as functional roles. In total 153, 125 and 139 isomiRs were identified that are common in three diseased groups as compared to the healthy 
Murrah group. Functional classification of the target genes indicated that these are involved in different systems biology related functions like 
molecular binding, enzyme modulation, signal modulation etc., however, the specificity of function also varied in the three diseased groups. 
 
P0024: Genome Sequencing & ESTs 
How Should I Dressss Tonight? Improving the Pantherophis guttatus Genome for the Study of Skin and Coloration Traits in 
Snakes 
Asier Ullate Agote, Athanasia C. Tzika and Michel C. Milinkovitch, University of Geneva, Geneva, Switzerland 
Very few genomic resources are available for reptiles considering the impressive variety of phenotypes present in the more than 10,000 species 
of this clade. Hence, additional genome sequencing projects are vital to improve our understanding of their evolution, development and 
diversification. We promote the corn snake (Pantherophis guttatus), an oviparous snake with a wide range of colour and colour pattern morphs, 
as an appropriate model species for evolutionary developmental studies in squamates. Besides our developmental work and our color trait 
mapping studies, we have also published a draft genome of this species (Ullate-Agote & al, 2014). Here, we present a higher quality assembly 
that combines: (i) 250bp Illumina paired-end reads for contig assembly with DISCOVAR de novo, (ii) multiple long-fragment size mate pair 
libraries for initial scaffolding, (iii) transcriptomic data to improve gene connectivity and (iv) BioNano genome maps to generate megabase long 
superscaffolds and to correct mis-assemblies and gap length estimations. We built a final genome assembly of 1.94Gbp, matching a 1.85Gbp 
expected genome size. With an N50 of 1.38Mbp (L50 = 279 sequences), we achieved a more than 300-fold improvement compared to the first 
version, making the corn snake genome the highest quality snake genome currently available. We retrieved 245 of the 248 CEGMA core genes 
and recovered the Hox genes clusters, both indicators of high gene completeness and contiguity. Combined with our on-going genome annotation 



and comparative transcriptomic projects (made available at www.reptilomics.org), this genome should prove useful for the genomics, 
transcriptomics, proteomics and herpetology communities alike. 
 
P0025: Genome Sequencing & ESTs 
Identification of Sex-Specific Genetic Markers of Mosquitofish 
Verena A. Kottler1, Christophe Klopp2, Hugues Parrinello3, Laurent Journot3, Yann Guiguen4 and Manfred Schartl1,5, 
(1)University of Wuerzburg, Wuerzburg, Germany, (2)INRA, Castanet Tolosan, France, (3)CNRS, MGX, Montpellier, France, 
(4)INRA-LPGP, Rennes, France, (5)Texas Institute for Advanced Study and Department of Biology, Texas A&M University, 
College Station, TX 
The livebearing eastern (Gambusia holbrooki) and western (Gambusia affinis) mosquitofish are two highly invasive species that have been 
released for mosquito control in many tropical countries. The appearance of both species is quite similar, except for a small morphological 
difference of the male intromittent organ (gonopodium). In addition, in some G. holbrooki populations a few males display a black spotting 
pattern that sons inherit from the father. Surprisingly, these two sister species differ in their sex determination mechanism: while G. holbrooki 
has an XX/XY sex determination system in which males are the heterogametic sex, in G. affinis sex is determined by a WZ/ZZ system with a 
much larger female W-chromosome. So far, nothing is known about the mechanisms underlying sex determination and pigmentation in 
Gambusia. In order to identify sex-specific genetic markers in both species, we generated RAD-seq data from a minimum of 26 males and 
females of each species. In addition, we sequenced the genome of a spotted G. holbrooki male and a G. affinis female with Illumina 250 bp 
paired-end technology. After analyzing the RAD-seq data with STACKS and assembling the genomes with DISCOVAR, sex-specific RAD-tags 
were mapped to the Gambusia genomes and the platyfish (Xiphophorus maculatus) reference genome. We could identify sex-specific markers in 
both species, of which some are linked to genes. Further analysis by qRT-PCR, RNA-seq, and in situ hybridization will help to understand the 
roles that these genes play in mosquitofish sex determination and pigmentation. 
 
P0026: Genome Sequencing & ESTs 
Development of Exome Capture Sequencing for the Atlantic Salmon (Salmo salar) 
Torfinn Nome, Simen Sandve, Sigbjørn Lien and Matthew P. Kent, Centre of Integrative Genetics (CIGENE), Department of 
Animal and Aquacultural Sciences, Norwegian University of Life Sciences, Aas, Norway 
Background: Atlantic salmon (salmo salar) is an important species contributing to local and global economies through aquaculture, wild stock 
fisheries and recreational sport fisheries. As a cost-reducing alternative to whole-genome sequencing, we wanted to establish exome capture 
sequencing to identify protein-coding variants in Atlantic salmon. Development of an exome capture array for Atlantic salmon will be useful for 
large-scale characterization of exonic sequences and gene copy number variation (CNV) in both Atlantic salmon and the closely related brown 
trout. Such studies will be instrumental for obtaining a better understanding of the global patterns of inter-genomic and intra-species coding 
sequence divergence and its impact on gene function.  
Results: We designed a probe set to capture exonic regions using an in-house developed annotation, CIGENE annotation version 2, targeting 
89.7 Mb of the genome. Roche produced a NimbleGen SeqCap EZ chip, and we sequenced 475 Atlantic salmon and four rainbow trout. After 
filtering, we identify on average 240k SNPs and 23k indels for each sample. 
Conclusion: Exome capture sequencing can be a cost-effective way of identifying protein-coding variations in Atlantic salmon. 
 
P0027: Genome Sequencing & ESTs 
De novo Whole Genome and Transcriptome Sequencing of the Korean Short-Necked Clam, Ruditapes philippinarum, in 
Korea 
Hye Suck An1, Seyoung Mun2, Sumin Oh1, Jiyoung Woo1, Jeong-Hyeon Choi1, Kyudong Han2 and Jongsu Yoo1, (1)National 
Marine Biodiversity Institute Of Korea, Seocheon-gun, Chungnam, Korea, The Republic of, (2)Dankook University, Cheonan-si, 
Korea, The Republic of 
The short-necked clam, Ruditapes philippinarum, is an important bivalve species in worldwide aquaculture including Korea. In spite of its 
importance in marine resource, the reference genome of short-necked clam for comprehensive genetic studies is absence. Here, we reported the 
whole-genome sequencing with de novo assembly from the short-necked clam and whole-transcriptome analysis with total RNA sequencing 
across its three different tissues (foot, gill, and adductor muscle). Through massive parallel sequencing with short-inset paired-end (PE) and long-
insert mate-pair (MP) libraries, and TruSeq synthetic Long-Read (TSLR) libraries, high quality de novo assembly of the short-necked clam 
genome was constructed as well as the ~2.56 Gb genome sequence (with ~39.7 X coverage). We annotated 15,485 protein coding genes, which 
are supported by the whole-transcriptome data from three different tissues. In addition, identification of the repetitive elements including simple 
sequence repeats (SSRs) and non-coding RNAs (ncRNAs), and taxonomy profiling were conducted to provide more inclusive understanding of 
the short-necked clam genome. Interestingly, we found that the gene family related with the innate immune response (i.e., complement C1q 
gene) has been remarkably expanded in R. philippinarum. Based on the whole-transcriptome data, we also identified differential expressed genes 
(DEG) across three tissues and validated tissue-specific expressed genes using real-time PCR. Consequentially, our study established the basic 
construction of the short-necked clam genome and revealed genetic features of them via next-generation sequencing and comparative genomic 
analyses.  
 
P0028: Genome Sequencing & ESTs 
Towards a Reference Genome and Reference Transcriptome for the Calanoid Copepod Acartia tonsa 
Tue Sparholt Jørgensen1,2, Bent Petersen3, Lars Hestbjerg Hansen2 and Benni Winding Hansen1, (1)Roskilde University, Roskilde, 
Denmark, (2)Aarhus University ENVS, Roskilde, Denmark, (3)Technical University of Denmark, Department of Systems Biology, 
Lyngby, Denmark 
Copepods are thought to be the most abundant of any animals on earth on earth, and they are highly valuable for the aquaculture industry for use 
as live feed for fish larvae. Most historical and contemporary scientific efforts focus on ecology rather than genetic aspects of copepod biology, 



and despite several attempts, no highly contiguous genome sequence has been published for the subclass copepoda. All previous attempts to 
produce a high quality copepod genome have failed, likely as a result of highly repetitive genomes, chromatin diminution and inexplicably huge 
genome sizes within Copepoda. Here, we present our approach to obtaining a high quality genome from the numerous and cosmopolitan calanoid 
copepod species Acartia tonsa Dana, and compare several approaches to the genome sequencing of this species. Further, we present and validate 
a reference transcriptome and compare it with similar efforts on other non-model organisms.  
 
P0029: Genome Technology: Other Genome Methodology 
A Simple Way to Detect in Planta ZFN Activity and Chimerism in Gene Targeting 
Wei Chen, Dow AgroSciences, Indianapolis, IN 
In planta gene targeting (GT), via double strand breaks (DSB) using site specific nucleases has become increasingly attractive for trait product 
development due to its independence of transformation efficiency. However, DSB-induced GT through breeding crosses often results in chimeric 
F1 tissues. Reporter genes, such as GUS or GFP, combined with histochemical staining have been used frequently to visualize the mutations as a 
proof of concept. For commercial trait product development, these reporter gene systems may not be suitable. Here we report the use of a simple 
quantitative PCR based method to detect the activity of zinc finger nucleases (ZFN). Each ZFN recognizes only one DNA binding site and create 
one DSB. During the process of DSB repair, the plant cells make small deletions and/or insertions on specific ZFN recognition sequences. As a 
measurement for relative ZFN activity, qPCR based disruption assays were used to detect the imperfect repairs. Spatial/temporal differences in 
somatic and meristem tissue were also detected using this methodology. 
 
P0030: Genome Technology: Other Genome Methodology 
E!DAL - a Framework to Store, Share and Publish Research Data 
Matthias Lange, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Stadt Seeland, Germany 
e!DAL (https://edal.ipk-gatersleben.de/) is a lightweight open source software framework for publishing and sharing research data. Its main 
features are version tracking, metadata management, information retrieval, journal and founding agency proven 
registration of persistent identifiers (DOI), an embedded HTTP(S) server for public data access, access as a network file system, and a scalable 
storage backend (Arend et al. 2014 BMC Bioinformatics).  
e!DAL driven repositories, i.e. the Plant Genomics and Phenomics Research Data Repository (http://edal.ipk-gatersleben.de/repos/pgp/), publish 
already a high number of scientific citable and Data Cite registered research data.  
Packaged as standalone JAVA archive or as JAVA-Maven dependency all required data sharing, preservation and publication components are 
compiled. 
It can be executed at any platform to operate an own data publication infrastructure. A data submission tool enables to submit dataset for 
publication to an e!DAL repository. The embedded but configurable review process ensures beforehand data quality checks. The application can 
be individually configured as client to existing e!DAL repositories.  
e!DAL published data sets are widle diseminated. Beside the registered DOIs, it is e!DAL is accepted as data repository for Nature Publishing 
Group, is registered in re3data.org, support the OAI-PMH harvesting protocol, push meta data to OpenAIRE and DataCite and make data 
sets discoverable in web search engines.  
This software demo will show how to set-up an e!DAL instance step by step, show the datat submission process and give some configuration 
tips. 
 
P0031: Genome Technology: Other Genome Methodology 
Best Practices for Whole Genome Sequencing Using the Sequel System 
Primo Baybayan, Shreyasee Chakraborty, Christine Lambert, Kevin Eng and Emily Hatas, Pacific Biosciences, Menlo Park, CA 
Plant and animal whole genome sequencing has proven to be challenging particularly due to size, high density of repetitive elements and various 
levels of ploidy. The Sequel™ System delivers long read lengths which enable more complete and accurate contiguous assemblies of larger and 
more complex genomes. With the latest Sequel chemistry v1.2.1, useable bases of 5 – 10 Gb per SMRT© Cell can be achieved with reduced input 
SMRTbell™ libraries (as low as 5pM). Read lengths averaging 13 kb or greater can be routinely achieved, with the longest reads approaching 50 
kb. Furthermore, 50% of useable bases are of reads greater than 15 kb.  
Here, we present the best practices for achieving long reads for whole genome shotgun sequencing of complex plant and animal genomes. 
Guidelines for constructing large insert SMRTbell libraries (> 30 kb) to generate optimal read lengths, using the latest chemistry, will be 
presented. We also describe ways to maximize library yield (per preparation) from 5 µg sheared genomic DNA. The combination of these 
advances makes plant and animal whole genome sequencing a practical application of the Sequel System.  
 
P0032: Genome Technology: Other Genome Methodology 
The Genotyping-By-Sequencing SNP Calling Reference Optional Pipeline (GBS-SNP-CROP) and Its Applications in Plant 
Breeding 
Arthur T. O. Melo, Radhika Bartaula, Haley Gustafson and Iago Hale, University of New Hampshire, College of Life Science and 
Agriculture, Department of Biological Sciences, Durham, NH 
Designed for both paired-end and single-end reads, GBS-SNP-CROP is an open-source pipeline that maximizes data usage by eliminating read 
length uniformity requirements. Through its strategy of SNP calling based on both within-individual to across-population patterns of 
polymorphism, the pipeline identifies and distinguishes high-confidence SNPs from both sequencing and PCR errors, whether or not a reference 
genome is available. In the latter case, GBS-SNP-CROP employs a clustering approach to build a population-specific "Mock Reference" of 
consensus GBS fragments to guide alignment. As demonstrated with a population of 48 tetraploid Actinidia arguta (kiwiberry) accessions, GBS-
SNP-CROP performs favorably compared to both the TASSEL-GBS (reference-based) and TASSEL-UNEAK (de novo) pipelines, in part due to 
its ability to access 4.4 and 2.0 times more sequence data, respectively, for SNP discovery. The pipeline's modular design permits easy inspection 
of all intermediate results, and additional tools allow users to convert the final genotyping matrix into formats suitable for downstream analysis 



in R, PLINK, and TASSEL. To illustrate its practical use, results are presented from two studies of Actinidia species. In the first, de novo SNP 
data generated by the pipeline facilitated the identification of an extensive number of redundant accessions in USDA repositories, effectively 
deconvoluting a multi-species, multi-ploidy germplasm collection. In the second, GBS-SNP-CROP results enabled the efficient development of 
sex-associated markers that are now being used for high-throughput screening of breeding populations. The features of GBS-SNP-CROP make it 
worthy of consideration by plant curation and breeding programs, and the current version is available at https://github.com/halelab/GBS-SNP-
CROP.git 
 
P0033: Genome Technology: Other Genome Methodology 
High Molecular Weight DNA Isolation from Plant Tissue for Next-Generation Mapping Applications 
Yang Zhang, BioNano Genomics, San Diego, CA 
High-quality high molecular weight (HMW) DNA is key to successful next-generation genome mapping (NGM) and other technologies that rely 
on HMW-DNA to conserve long range genomic information. Isolation of HMW DNA from plant tissue is especially challenging due to the 
tough cell wall and abundant secondary metabolites that can interfere with DNA quality. Liquid nitrogen grinding methods with homebrew 
reagents, traditionally used to isolate HMW DNA from plant species for BAC/BIBAC library construction, usually require 20-30 grams of 
starting material and often results in variable quality DNA. We have developed a simple and efficient modular workflow employing two alternate 
homogenization methods and three nuclei isolation strategies, which enables the isolation of high-quality HMW DNA from a wide variety of 
plant tissues.  
The IrysPrep® Plant Tissue DNA Isolation Kit provides essential reagents to break the plant cell wall, lyse chloroplast and mitochondria, and 
remove/neutralize secondary metabolites such as polyphenols and polysaccharides, while preserving/stabilizing nuclei. Microgram scale yield of 
HMW DNA from as little as 100 mg of fresh young plant tissue has been recovered from cotton, soybean, strawberry, blueberry, Eucalyptus, 
grapevine, peanut, oak, wheat, oat, tomato, maize, sunflower, brassica, coffee and successfully used for NGM. 
 
P0034: Genome Technology: Other Genome Methodology 
Identification of Conserved Genomic Features with Limited Genomic Resources Using RNA-Seq 
Keenan Amundsen, Department of Agronomy and Horticulture, University of Nebraska-Lincoln, Lincoln, NE 
Buffalograss [Buchloe dactyloides (Nutt.) Engelm.] is an important United States Native turfgrass species with limited genomic resources. High 
throughput sequencing applications have been used to study buffalograss but are typically limited to inferring differentially expressed genes in 
response to a condition such as leaf spot disease, chinch bug feeding, and gender expression. In this study, data from a previous transcriptional 
profiling study was used to identify genomic regions of importance for leaf spot disease resistance. The previous experiment was designed to 
identify differentially expressed genes in resistant or susceptible buffalograss challenged with the leaf spot causing pathogen Curvularia 
inaequalis (Shear) Boedijn. The previous study reported 2013 differentially expressed transcripts between two leaf spot resistant (95-55 and 
NE3459-17) and two susceptible (Prestige and NE3453-50) buffalograss genotypes. To improve the utility of data beyond differential gene 
expression, the differentially expressed transcripts were mapped to foxtail millet [Setaria italica (L.) P. Beauv.]. Eleven foxtail millet genomic 
regions associated with buffalograss leaf spot resistance and nine associated with leaf spot susceptibility were identified. Molecular markers 
targeting these regions could support a marker assisted selection breeding program and improve the efficiency of breeding for leaf spot resistance 
in buffalograss. 
 
P0035: Genome Technology: Other Genome Methodology 
BLUP Alphabet for Genomic Prediction 
Zhiwu Zhang, Washington State University, Pullman, WA, Jiabo Wang, Northeast Agricultural University, Haerbin, China, 
Zhengkui Zhou, Chinese Academy of Sciences, Beijing, China, Zhe Zhang, South China Agricultural University, Guangzhou, 
China, Hui Li, Northeast Agricultural University, HARBIN, China, Di Liu, Heilongjiang Academic of Agricultural science, 
HARBIN, China, Qin Zhang, China Agricultural University, Beijing, China, Peter Bradbury, Cornell University/USDA-ARS, 
Ithaca, NY, Rory Todhunter, Cornell University, Ithaca, NY and Edward S. Buckler, USDA-ARS-Cornell University, Ithaca, NY 
Prediction of individuals’ genetic merit plays the key role in modern breeding of animals and plants. By using pedigree to define the kinship 
among individuals, Dr. Charles R. Henderson developed the Best Linear Unbiased Prediction (BLUP) method in 1940-50’s to predict 
individuals’ genetic effects. The method soon became the widely used standard for animal and plant breeding in 1960-80’s. In early 1990’s, 
molecular genetic markers were introduced for Marker Assisted Selection (MAS). Later on, a set of markers covering entire genome was 
introduced by Dr. Rex Bernardo in 1994 to calculate the kinship among individuals as substitution of the pedigree based kinship to derive 
genomic BLUP. The method is now commonly known as gBLUP. In 2001, the MAS approach was extended by Dr. T. H. E. Meuwissen et al. to 
substitute few influential markers as fixed effects with all available markers as random effects. Variability of the prior distributions on the 
random marker effects creates a variety of different Bayesian methods for genomic prediction. For examples, all the markers can be assumed to 
have distributions with different variances (Bayes A). Alternatively, some of the variances can be restricted to be zero (Bayes B). The Bayesian 
alphabet can be extended on and on. Consequently, some of the Bayesian methods are superior to gBLUP under some circumstances. For 
example, in situation that a trait is controlled by a few number of genes, Bayes B performs better than gBLUP. This talk presents the 
development of BLUP alphabet for the improvement of prediction accuracy. For examples, a newly developed compression BLUP (cBLUP) is 
superior to gBLUP for traits with low heritability controlled by many genes. In contrast, for a trait with high heritability controlled by a few 
genes, another newly developed SUPER BLUP (sBLUP) is superior to Bayesian methods. A final recommendation is given for a specific trait to 
select the optimum method according to genetic architecture defined by number of genes and heritability. 
 
P0036: Genome Technology: Other Genome Methodology 
Application of Multiplex CRISPR/Cas9-Based Genome Editing Strategy for Targeting Multiple Agronomic Genes in Wheat 
Wei Wang1, Fei He2, Qianli Pan3, Shiaoman Chao4, Harold N. Trick3, Alina Akhunova3 and Eduard Akhunov2, (1)Department of 
Plant Pathology, Kansas State University, Manhattan, KS, (2)Kansas State University, Department of Plant Pathology, Manhattan, 



KS, Manhattan, KS, (3)Kansas State University, Manhattan, KS, (4)United States Department of Agriculture (USDA), Research 
Agricultural Service (ARS), Biosciences Research Laboratory, Fargo, ND 
The CRISPR/Cas9-based genome editing tools hold a great promise to accelerate crop breeding by providing means to modify genes controlling 
important agronomic traits. To diversify wheat CRISPR/Cas9 toolbox, we have developed a wheat codon-optimized Cas9 and tested the 
performance of the tRNA-based multiplex gene editing constructs (MGEC) in hexaploid wheat. We showed that the efficiency of the 
CRISPR/Cas9 editing can be effectively assessed using the transient expression in the wheat protoplasts followed by the next-generation 
sequencing (NGS) of the targeted genomic regions. The ability of gRNAs to perform homoeolog-specific target editing as well as simultaneous 
editing of multiple homoeologs was demonstrated by modifying four genes known to affect agronomic traits in wheat. In protoplasts, a multiplex 
gene editing construct with several gRNA-tRNA units under the control of a single promoter was shown to generate indels at the targets sites 
with the efficiency comparable to that obtained for single gRNA constructs. Editing events in multiple genes were detected in wheat plants 
regenerated from the immature embryos transformed with the multiplex editing construct. The multiplexing capacity of the tandemly arrayed 
tRNA–gRNA constructs is well suited for the simultaneous editing of the redundant gene copies in the allopolyploid genomes or genomic 
regions beneficially affecting multiple agronomic traits. These gene constructs can be quickly assembled using the Golden Gate reaction and 
along with the wheat codon-optimized Cas9 further expand the set of tools available for engineering the wheat genome.  
Keywords  CRISPR/Cas9, genome editing, polyploid wheat, multiplex editing, tRNA 
 
P0037: Genome Technology: Other Genome Methodology 
Gene Editing in Cereals 
Ming Luo1, Xiaoba Wu1, Robert Morbitzer2, Thomas Lahaye2 and Michael Ayliffe1, (1)CSIRO, Canberra, Australia, (2)University 
Tuebingen, Tuebingen, Germany 
Gene editing can be an effective tool to precisely cleave a specific 20 bp DNA sequence in a genome that is then repaired by either error-prone 
nonhomologous end joining (NHEJ) or homology-directed repair (HDR). The specificity of this process offers significant advantages for 
deciphering gene function and improving crop traits. In this study, we explore in wheat two popular gene editing technologies, CRISPR and 
TALENs. In a pilot CRISPR experiment in rice we were able to effectively knock-out two closely-linked genes which modulate seed 
development with very high efficiency, with double mutants displaying expected seed phenotype. However, the same constructs targeting 
homologous genes in wheat failed to generate mutations. In contrast, two pairs of TALEN constructs were shown to efficiently modify wheat 
target loci. The first locus, a GUS transgene, was edited in 3 out of 9 transgenic lines. The second locus, an endogenous pseudogene of the Lr21 
rust resistance gene was modified in 26 out of 40 transgenic lines produced. This latter psuedogene gene contains a one-base deletion that 
introduces a frame shift mutation in the gene ORF. TALEN modified alleles in which the gene ORF is restored by NHEJ are being sought and 
progeny of these plants are being tested for the rust resistance. Our results suggest that TALENs may be a better approach for wheat genome 
editing. 
 
P0038: Genome Technology: Other Genome Methodology 
Whole Genome Amplification of Single Pollen Grains and SNP Array Data for Accurate Haplotype Determination in Citrus 
Sergio Pietro Ferrante, CNR - Institute of Biosciences and BioResources, Palermo, Italy and Mikeal L. Roose, University of 
California Riverside, Riverside, CA 
Haplotypes are an essential feature of the genome and many findings have indicated that relationships between DNA sequence and phenotype 
can be better understood with haplotype information. However, for outbred organisms there are no cost-effective approaches to obtain phased 
genotypes for a large number of individuals and loci. To overcome the existing technological impediments to obtaining chromosome-length 
haplotype information in heterozygous individuals we developed an easy method for single pollen grain isolation, lysis and whole genome 
amplification (WGA) by optimizing the REPLI-g single cell kit (QIAGEN). To reveal the haplotypes of the donor plant, WGA DNA of pollen 
grains was processed on the Axiom™ Citrus56AX Array (Affymetrix, Inc.) which includes 57,933 autosomal and 500 chloroplast SNPs. 273 
WGA of single pollen grains from 39 diploid accessions were genotyped and alleles called with the Axiom Analysis Suite. Genotype calls were 
provided if the confidence value for the calls were under a threshold of 0.15 (default); otherwise, the genotype was assigned "No Call". WGA 
Average Cluster Call Rate was equal to 99.06%. For haplotype estimation Phase 2.1, Bayesian statistical method to infer haplotype frequencies 
from diploid data, was used. In order to facilitate the use of this program on haploid data, haploid chromosome data were randomly paired to 
form pseudo homologous chromosomes. A total of 10 pseudo diploid individuals were analyzed for each accession. As an independent 
validation, the predicted phase of Fairchild mandarin was compared to the phase obtained by linkage mapping with JoinMap version 4.1. The 
phase predicted by PHASE analysis of pollen was the same as found by linkage mapping. 
 
P0039: Genome Technology: Other Genome Methodology 
Genome-Guided EcoTILLING Approach Towards Improved Fatty Acid Biosynthesis in Coconut 
Darlon V. Lantican, Anand Noel C. Manohar, Melvin P. Dancel, Don Emanuel M. Cardona, Alissa Carol M. Ibarra, Alma O. 
Canama, Roanne R. Gardoce and Hayde F. Galvez, University of the Philippines Los Baños, College, Laguna, Philippines 
Coconut is a major source of medium chain fatty acids (MCFAs) which are health-promoting plant compounds. The MCFAs of coconut oil have 
been reported to exhibit various health benefits such as antioxidant, antibacterial, antiviral, and cardiovascular brought about by the multi-
functionality of these complex MCFAs; lauric acid being present in 40-50%. Advanced tools in genomics such as next-generation sequencing 
can aid in unravelling the molecular basis of oil biosynthesis in coconut. Six (6) candidate genes involved in the production of lauric acid and 
other MCFAs were identified in the general seed oil biosynthetic pathway. The candidate gene sequences were mined using local BLAST in a 
draft coconut genome assembly constructed from the 11X PacBio and 40X Illumina MiSeq sequence data of ‘Catigan Dwarf’ (CATD) coconut. 
Resulting contigs having significant BLAST hit were extracted prior to annotation. Gene structures of all candidate genes were predicted ab 
initio. Coding DNA sequences of KasII and KasIII in coconut were identified; whereas these genes are not yet reported previously through any 
conventional gene characterization approaches. Using the determined sequence information, gene-specific polymerase chain reaction (PCR) 
primers were designed. PCR conditions were optimized to mine the natural variants across 48 established coconut varieties in the Philippines via 



Targeting Induced Local Lesions In Genomes (EcoTILLING). SNP on LPAAT was detected on ‘West African Tall’ (WAT) and ‘Aguinaldo Tall’ 
(AGDT) varieties. SNPs were further characterized for high-throughput screening and selection of favorable alleles in genomics-assisted coconut 
breeding for outstanding high quality oil-producing varieties. 
 
P0040: Genome Technology: Other Genome Methodology 
CRISPR/Cas9-Targeted Gene Modification in Solanaceae Crops 
Geung-Joo Lee, Saminathan Subburaj and Luhua Tu, Chungnam National University, Daejeon, Korea, The Republic of 
A CRISPR/Cas9 system has been established in Solanaceae crops petunia (Petunia hybrida cv. midnight) and tomato (Solanum lycopersicum cv. 
) in our laboratory using a direct delivery of RGEN ribonucleoproteins (RNPs)–purified Cas9 protein along with target specific in vitro 
transcribed sgRNA. Here, we further described Cas9/sgRNA technology in tomato protoplast system to establish a site-directed mutagenesis for 
eukaryotic translation initiation factor 4E (eIF4E) gene which leads to virus resistance in tomato cultivars. Also a gene flavanone 3-hydroxylase 
(F3H) involving in anthocyanin biosynthesis was targeted in order to modify the flower color using the same RNP system. Petunia and tomato 
protoplasts were isolated from in vitro grown plants after germination in MS medium. After evaluating the isolated protoplasts under microscope, 
the highest transformation condition was optimized by using 40% of PEG-4000 with 24 hr incubation time, in which approximately 40% of the 
transfected cells showed the GFP expression. Following direct delivery of RNP complex (Cas9 protein + sgRNA) to petunia and tomato 
protoplast at 24 hour incubation, RGEN mediated various insertions or deletions (‘‘indel’’) in exons of F3H and eIF4E gene loci were validated 
by T7E1 assay and frequency of Indel rate was further estimated by target deep sequencing. Here we demonstrate the development of an efficient 
site-directed mutagenesis in petunia F3H and tomato eIF4E genes using direct delivery of engineered RNPs. 
 
P0041: Genome Technology: Other Genome Methodology 
Toward a Better Understanding of Plant Genomes Structure: Combining NGS and Optical Mapping Technology to 
Improve the Sunflower Assembly 
Celine Chantry Darmon1, Stephane Cauet1, Celine Jeziorski1, Nathalie Rodde1, William Marande1, Arnaud Bellec1, Sonia 
Vautrin1, Nicolas Langlade2, Stéphane Munos2, Jérôme Gouzy2 and Hélène Bergès1, (1)INRA CNRGV, Toulouse, France, 
(2)Laboratoire des Interactions Plantes Micro-organismes (LIPM) - INRA/CNRS, TOULOUSE, France 
Agricultural research must deal with major issues on various scales, in the context of the climate change, the population growth, the need to face 
limited energy resources. In this context, better understanding how plants evolve and adapt is a major goal. Increasing plant genomes knowledge 
is essential to tackle the various scientific questions that arise from that. Despite the revolution of the Next Generation Sequencing technologies 
including the technologies allowing long reads, the study of plant genomes remains challenging due to their high complexity: size, polyploidy 
and the high percentage of repetitive elements. In order to have a better understanding of complex genomes the CNRGV has invested in an Irys 
Instrument form BioNano Genomics. This technology allows the rapid construction of physical whole genome maps which are very helpful for 
genome assembly of complex genomes and comparison of structural variation in different genotypes. We’ll present the improvement of the 
Sunflower genome assembly using hybrid scaffolding combining PacBio sequencing and Bionano Genomics mapping data. 
 
P0042: Genome Technology: Other Genome Methodology 
DNA Polymorphism on a Tool for Molecular Discrimination in Animal Species 
Fumika Ito, Graduate School of Biosphere Science, Hiroshima University, Higashi-hiroshima, Japan, Ryouki Onishi, The Graduate 
School of Biosphere Science, Hiroshima University, Higashi-hiroshima, Japan, Hiroki Yamashita, KURABO Industries Ltd, 
Neyagawa, Japan, Hiroshi Yasue, National institute of Agrobiological Sciences, Tukuba, Japan; Tsukuba GeneTechnology 
Laboratories Inc, Tutiura, Japan and Masahide Nishibori, Hiroshima University, Higashi-hiroshima, Japan 
Among ingredients of foods and processed foods used for human consumption, the problem of discrimination is serious because of the 
misidentification and contamination incidents. Contamination of the food is various, such as animal hair, moreover, the interest is high in food 
problems due to allergies, religion and culture. That why interest to the safety related to food has become high all over the world not only in 
Japan. Consequently, proper and reliable methods must be used for species determination. There are few methods reported for multiple species 
determination. In these methods many problems occurred, such as the minute size, poor preservation conditions and absence of DNA for 
analysis.  
In this study, Multiplex PCR was used to analyze many samples simultaneously. In addition, Printed Array Strip (PAS) was also used which 
made the analysis quick, simple and cheap. In this method, amplification of a part of mitochondrial genome was done using Multiplex PCR. New 
specific PCR primers for each animal species, as well as construction of fast, simple and high sensitive molecular species determination using 
PAS method were established. We obtained PCR products for all animal species. In the 15 species (cow, pig, chicken, horse, sheep, rabbit, dog, 
cat, goat, bear, deer, mouse, rat, raccoon dog and human) tested, we could identify each animal using this novel method. In conclusion, this 
method is useful for animal species discrimination from fresh, processed meat and food. Moreover, it could be used in quick, simple and cheap 
analysis of variety of species and discrimination. 
 
P0043: Genome Technology: Other Genome Methodology 
Sequencing and Assembly Analysis of Goat’s Rumen Bacterial Metagenomes for the Discovery of Genes Involved in 
Important Biological Processes 
Hui Li1, Santosh Thepa1, Suping Zhou1, Alexander Ropelewski2 and Sarabjit Bhatti1, (1)Tennessee State University, Nashville, 
TN, (2)Pittsburgh Supercomputing Center, Pittsbugh, PA 
In this study, bacterial metagenomic DNA was isolated from goat’s rumen fluid. Approximately 0.1 microgram of genomic DNA sample was 
converted to a sequencing library using Nextera DNA Sample prep kits (Illumina) according to the manufacturer’s protocol. The resulting 
libraries had a range of fragments from approximately 200 bp to 400 bp and were quantified using a Qubit spectrofluorometer (Invitrogen). The 
pooled libraries were sequenced on an Illumina HiSeq 2000 using TruSeq SBS kit v3 for paired-end 100 bp sequencing. The library was also 
sequenced on an Illumina Hiseq 2500 using paired-end 120 bp sequencing. The assembly of the NGS data produced 7 million contigs. The 



assembled sequences have 7492064 nodes, n50 of 410, and the maximum contig length is 140,000bp. These contigs were translated into peptides 
using Prodigal. Searches in the CAZY database have identified a number of cellulases and related genes. Several of these genes were cloned, 
sequenced and validated with the putative functions in degrading cellulose substrates. The project is supported by the Pittsburg Supercomputing 
Center Project TG-DEB140031, USDA-NIFA-2010-02417-223076, USDA-2012-38821-19989 
 
P0044: Genome Technology: Other Genome Methodology 
Predicting Breed Composition in an Angus-Brahman Crossbred Population Using Genomic Data 
Mesfin Gobena, University of Florida, Department of Animal Sciences, Gainesville, FL 
Breed composition or ancestry information derived from genomic data could be more accurate than data based on pedigree information and could 
be useful when pedigree information is missing or incomplete. The goal of this study was to examine the feasibility and accuracy of using 
genomic data to estimate breed composition and identify the minimum number of markers needed to determine breed composition accurately. 
Some 782 cattle from an Angus-Brahman crossbred population were genotyped with the GGP F250. After applying quality control measures 
(minor allele frequency, call rate, LD pruning, HWE deviation and genotyping completion), 78,795 SNP and 690 animals remained. Breed 
membership and level of admixture were estimated using maximum likelihood model based clustering implemented in Admixture v1.3. Principal 
component analysis was performed to find major axes of variation that efficiently capture population structure. The first principal component 
(PC1) had strong correlation with pedigree-based breed composition (0.96) and level of admixture inferred by model based clustering (>0.99). 
Genome wide association was performed with PC1 as a response variable, and SNP were ranked based on the strength of their association with 
PC1. Based on ranking, 20 subsets were selected with the top 5 up to 100 SNP. For each subset, a 5-fold cross validation was used to assess the 
accuracy of prediction which was measured as correlation with composition known from pedigree. The results show that few SNP can be used to 
predict breed composition and accuracies > 0.9 can be reached with as few as 25 SNP. 
 
P0045: Genome Technology: Other Genome Methodology 
Automated Detection and Subtyping of Avian Influenza Viruses 
Oliver Lung, Canadian Food Inspection Agency, Winnipeg, MB, Canada 
Many wild and domestic animals harbour influenza viruses that regularly give rise to new variants that can have a severe impact on animal and 
public health. Avian influenza viruses (AIV) are currently classified into 16 hemagglutinin (HA) and 9 neuraminidase (NA) subtypes. Rapid 
identification of subtypes is critical for outbreak response and disease management. A fully automated microfluidic device that 
integrates/automates the nucleic acid extraction, RT-PCR and probe-based subtyping process for differentiation of all 16 AIV HA and 9 NA 
subtypes was developed. Bioinformatic analysis of 10,225 AIV matrix, 16,744 HA and 9,709 NA sequences led to new RT-PCRs for 
amplification of the HA and NA coding region and subtype specific capture probes for differentiating the different HA and NA subtypes. The 
RT-PCR and capture probes successfully amplified and differentiated a panel of over 40 strains representing all 16 HA subtypes and 9 NA 
subtypes. The fully-automated subtyping tests can be completed within one working day as compared to sequencing and hemagglutinin 
inhibition and neuraminidase inhibition tests that may take up to several days. The new tests will reduce the time, labour and cost associated with 
influenza subtyping, facilitate disease diagnosis and surveillance, and shorten the time needed to acquire important information in outbreak 
situations.  
 
P0046: Genome Technology: Other Genome Methodology 
Use of Paramagnetic Particles for the Automated Purification of DNA from Cultured Cells and Mammalian Tissue 
Chris Moreland, Promega Corporation, Madison, WI 
Mammalian cell cultures and mammalian model systems provide a defined platform for investigating cell and tissue physiology and 
pathophysiology.  
Cell populations, traditionally, have been cultured on two dimensional (2D) substrates such as tissue culture polystyrene (TCPS) or the surface of 
tissue analogs. Mammalian cells growing in a monolayer, however, only establish cell-cell contacts at the periphery where conditions are 
remarkably distinct from real in vivo situations. Furthermore, it is known that many aspects of the cell microenvironment play a major role in 
cellular morphology, physiology, metabolism and the response to external stimuli. Three-dimensional (3D) cell cultivation has therefore become 
an essential and popular platform for researchers looking to more accurately mimic the native cell environment.  
Mouse and rat are the most commonly used mammalian model systems to study tissue physiology and pathophysiology. Whether using mice or 
rats, it is often necessary to confirm the specific genotypes in order to eliminate genetic contamination and to control the quality of the 
population. This is often does using mouse ear punches or mouse tail clippings.  
Here we present an automated approach using novel paramagnetic particles to purify and amplify nucleic acids from DNA 3D cell cultures 
grown in both low and high cell density growth media and mouse tail or ear punches tissues. These particles are easily automated for low to 
medium throughput isolation using a small bench-top purification system. Purified DNA was evaluated for amplification in qPCR and for 
presence of inhibitors. 
 
P0047: Genome Technology: High-throughput Methods 
High-Throughput Microsatellite Amplicon Genotyping 
Geoff Waldbieser, USDA-ARS Warmwater Aquaculture Research Unit, Stoneville, MS; USDA - Agricultural Research Service, 
Stoneville, MS 
In order to obtain affordable, high-throughput genotyping for parentage and sibship analyses in large numbers of individuals, we expanded on a 
recent high throughput SNP genotyping protocol to perform high throughput microsatellite amplicon genotyping (MAG) in catfish populations. 
We co-amplified up to 37 loci as 400-500bp dual barcoded amplicons in 96-well format reactions. Amplicons were pooled within each plate, 
then equimolar plate pools were combined and purified with magnetic beads. This super-pooled library was loaded onto the Illumina MiSeq or 
HiSeq platforms to produce single 300bp reads plus dual index reads. Sequences from individual samples were demultiplexed using bcl2fastq 
software. A bash script extracted locus-specific reads from each sample, defined the microsatellite repeat in each read and determined its length 



(allele), then collated allele counts for each locus within each sample. Genotypes from six loci were compared between MAG and fluorescent 
fragment analysis. Only 34 of 2,953 total genotypes were divergent at one allele and 16 were divergent at both alleles. These loci contained di-, 
tri-, tetra-, or pentanucleotide repeats. Relative quantities of allelic reads reflected relative fluorescent peak heights produced using traditional 
microsatellite analysis platforms. MAG permits a higher level of multiplexing than electrophoretic fragment analysis. MAG also provides 
flexibility in locus selection/substitution in the multiplex and flexibility in the type of polymorphism (microsatellite, SNP, simple indel), and 
could be used to transition from established microsatellite genotyping standards to SNP-based standards.  
 
P0048: Genome Technology: High-throughput Methods 
AFSM Sequencing Approach: A Simple and Rapid Method for Genome-Wide SNP and Methylation Site Discovery and 
Genetic Mapping 
Zhiqiang Xia, UCdavis, davis, CA 
We describe methods for the assessment of amplified-fragment single nucleotide polymorphism and methylation (AFSM) sites using a quick and 
simple molecular marker-assisted breeding strategy based on the use of two restriction enzyme pairs (EcoRI-MspI and EcoRI-HpaII) and a next-
generation sequencing platform. Two sets of 85 adapter pairs were developed to concurrently identify SNPs, indels and methylation sites for 85 
lines of cassava population in this study. In addition to SNPs and indels, the simplicity of the AFSM protocol makes it particularly suitable for 
high-throughput full methylation and hemi-methylation analyses. To further demonstrate the ease of this approach, a cassava genetic linkage map 
was constructed. This approach should be widely applicable for genetic mapping in a variety of organisms and will improve the application of 
crop genomics in assisted breeding. 
 
P0049: Genome Technology: High-throughput Methods 
LGC’s Improved Quick and Dirty DNA Extraction Method for Screening Large Populations 
Dietrich Koester1, Frank Schubert1 and Scott Goodwin2, (1)LGC, Berlin, Germany, (2)LGC Genomics Ltd, Hoddesdon, United 
Kingdom 
Screening of large populations to identify genetically optimal breeding candidates is one of the key tasks for every plant or livestock breeder. 
These screenings are often driven by the need to analyse thousands of samples in a relatively short time period, such as when conditions are 
suitable for breeding. The overall cost per extraction is heavily influenced by species, sample material type (e.g. seed or leaf tissue), starting 
weight, the requirement for high throughput, and the consumables required for automation. The importance of costs and the existing time 
pressures clearly illustrate the demand for a quick and dirty DNA preparation method like NaOH-based HOT-SHOT extractions. Such methods 
do have several clear disadvantages including poor DNA quality, degraded DNA due to the NaOH treatment, and significant limitations to the 
storage of the extracted DNA.  
LGC has developed an automation-friendly improved method for quick and dirty DNA preparations, which offers two significant benefits. 
Firstly, the extracted DNA can be stored for at least 4 weeks at room temperature, and even longer at 4°C. Secondly, the same lysate can not only 
be used for immediate screening (direct PCR) but also for a second DNA extraction using a silica-based extraction technology to provide the 
highest DNA qualities, applicable for Next Generation Sequencing or chip-based technologies. The case study presented here shows the proof-
of-concept for both corn leaves and bovine ear punch samples.  
 
P0050: Genome Technology: High-throughput Methods 
LGC's Trait-Specific SSR Marker Conversion Service 
Darshna Vyas1, Dr Katherine Steele2, Dr John Witcombe2, Dr Berthold Fartmann3, Dr Wolfgang Zimmermann3, Dr. Samuel 
Arvidsson3 and Joris Parmentier1, (1)LGC Genomics Ltd, Hoddesdon, United Kingdom, (2)Bangor University, Gwynedd, United 
Kingdom, (3)LGC, Berlin, Germany 
Genotyping simple sequence repeats/short tandem repeats (SSR/STS) in plant breeding programs has led to improvements in all studied plant 
species for over 30 years. They have proved to be reliable and relevant for fingerprinting, population structure analysis, linkage association 
studies and trait specific QTL’s. However, discovery, optimisation and validation of SSR/STS markers can be costly and time consuming. 
SSR/STS markers can no longer compete with the cost efficiency or throughput that can achieved using SNP genotyping platforms such as 
LGC’s SNPline and Douglas’ Nexar and IntelliQube. In this study we present a process flow whereby trait-specific SSR/STS markers were 
converted to high-throughput trait-specific SNP KASP markers through a commercial service package.  
The process of conversion used long range amplification (3-4 Kb) across target loci and shotgun sequencing to identify novel SNP sequences. 
These were verified on segregating populations for target traits, to ensure the LD was within the critical level of 0.2. The conversion of SSRs to 
KASP markers has previously been demonstrated for maize leaf necrosis (MLN) populations in sub-Saharan Africa; the conversion facilitated 
increased throughput, whereby 5000 samples were screened in 4 weeks (Semagh et al., 2012). This study demonstrates the conversion of 3 STS 
and 1 SSR trait-specific rice markers in an indica background. KASP markers developed from SNP sequences were subsequently verified to 
ensure correlation with existing SSR/STS markers in appropriate segregating populations. 
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Elucidation of Complex Genetic Variation Using Nabsys Electronic Whole Genome Maps 
John Oliver, Nabsys, Providence, RI 
Genome assembly and analysis has proven a complex and difficult task. While next generation sequencing technologies provide high resolution 
information, limitations imposed by short read length and sequencing bias combined with sequence features such as polymorphism, copy number 
variation and tandem repeats present challenges for assembly. Longer range techniques such as optical mapping utilize long reads and are 
therefore able to provide information over a larger scale, but lack resolution and throughput.  
To provide the necessary long-range information while maintaining sufficient resolution to complement next generation sequencing technologies, 
Nabsys has developed its HD-MappingTM platform to construct electronic whole genome maps. The major advantages of electronic sensing are 
higher sensitivity, accuracy, scalability, and speed of detection. Single-molecule events translocate through the detector at velocities above 1 



megabase pair per second. By analyzing reads that are hundreds of kilobases in length, electronic detection preserves long-range information 
while simultaneously achieving unparalleled resolution and accuracy. Single-molecule reads have high resolution and low false-negative and 
false-positive error rates resulting in high information content per read.  
We present the application of Nabsys electronic maps to detect small variants on the scale of a next-generation sequencing read, large-scale 
structural variants, and the resolution of tandem repeats. 
 
P0052: Genome Technology: High-throughput Methods 
A New DNA Extraction Kit from LGC That Facilitates Quantification and Normalisation of DNA during the Extraction 
Process 
Dietrich Koester, Heiko Hauser and Frank Schubert, LGC, Berlin, Germany 
The quantification and normalisation of purified DNA preparations are labour- and time-intensive intermediate steps between the extraction 
process and the subsequent analysis of samples. Downstream applications such as Next Generation Sequencing (NGS), and arrays for SNP 
genotyping require the highest DNA qualities as well as defined concentrations of DNA. Preparing samples of a defined DNA concentration is 
important to guarantee good results and to avoid technical issues like overloading of chips. As the quantification and normalisation of purified 
DNA are crucial to downstream analysis of the samples, additional unavoidable costs are generated in terms of time, labour and consumables.  
LGC has developed a magnetic bead-based DNA extraction kit that combines both sbeadex beads and mag beads in the same extraction process. 
This method utilises sbeadex DNA extraction technology to purify high quantity and quality DNA, and the defined binding capacities of mag 
beads to determine the DNA concentration obtained.. This allows the user to set up their extraction run with a defined final concentration (e.g. 50 
ng / µl), and, as a result, extracted DNA is ready for downstream analysis immediately after completion of the extraction protocol. This case 
study presented here illustrates the application of this new extraction kit, using corn samples. Due to concept of this kit, it should be suitable for a 
wide range of sample types like all plant samples and leaves or livestock samples.  
 
P0053: Genome Technology: High-throughput Methods 
Spatially Resolved Transcriptome Profiling in Model Plant Species 
Stefania Giacomello1, Barbara Terebieniec2, Andrey Alexeyenko3, Johan Reimegård4, Jens Sundström5, Nathaniel R. Street2 and 
Joakim Lundeberg1, (1)SciLifeLab, Solna, Sweden, (2)Umeå Plant Science Centre, Umeå, Sweden, (3)Karolinska Institutet, Solna, 
Sweden, (4)Science for Life Laboratory, Uppsala, Sweden, (5)Swedish University of Agricultural Sciences, Uppsala, Sweden 
Understanding complex biological systems requires functional characterization of specialized tissue domains. However, existing strategies for 
generating and analyzing high-throughput spatial expression profiles were developed for a limited range of organisms - primarily mammals. We 
present the first available method to generate high-resolution, spatially-resolved functional profiles in a broad range of model plant systems. Our 
process includes high-throughput spatial transcriptome profiling followed by spatial gene and pathway analyses. Here we first demonstrate 
feasibility by generating spatial transcriptome profiles from model angiosperms and gymnosperms microsections (Arabidopsis thaliana, Populus 
tremula and Picea abies). We achieved high reproducibility of our method in the three species, and identify a high specificity (92.9%), and a low 
false positive rate (6.5%).  
It is well established that most biological characteristics arise from complex interactions and coordination between the numerous and multi-
layered components of a cell, which act across the genome-to-phenotype continuum. Our approach enables to combine morphological 
information with single and global level gene expression analyses. In A. thalianawe used the spatial data to identify 141 differential expressed 
genes and 189 altered pathways among eight inflorescence tissue domains. Our combined approach of spatial transcriptomics and functional 
profiling represents a powerful new strategy that can be applied to a broad range of plant species, providing an approach that will be pivotal to 
answering fundamental questions in developmental and evolutionary biology. To facilitate this goal, the data have been made available to the 
community for visual exploration, representing the first high-resolution spatially resolved gene expression resource in plants.  
 
P0054: Genome Technology: High-throughput Methods 
Targeted Genomic Sequencing for Marker Assisted/Genomic Selection in Crops 
Travis Ruff, Washington State University, Pullman, WA 
The development of next generation sequencing (NGS) has greatly increased the amount of information generated and has the potential to 
improve the way researchers perform genomic and marker assisted selection (MAS). Using NGS genotyping-by-sequencing (GBS) has provided 
a quick and low cost method with the potential to generate thousands of markers for analysis. The application of GBS data for hexaploid wheat 
(Triticum aestivum L.) has been problematic primarily due to the complex genome structure and absence of a well annotated, sequenced genome. 
Lack of in-house bioinformatic capabilities compounds the difficulty of analysis of big data generated by GBS. An alternate approach that 
addresses these issues and allows for genomic selection and MAS is to use a targeted amplicon sequencing method. This protocol multiplexes 
1,000’s of mapped 90K SNPs and known informative genes that saturate the wheat genome at ~ 2cM intervals. NGS libraries were constructed 
with two PCR programs that use >1,000 oligo pairs and can be barcoded to run up to 864 samples on the Ion Proton system. With this grouping 
of samples and oligo pairs a read depth of ~100 sequences per sample per amplicon can be achieved. Samples were run on relevant Pacific 
Northwest (PNW) germplasm and validated through a set of custom designed bioinformatic scripts. This pipeline clusters and aligns sequences 
based on sequence homology, and generates a consensus to call the alleles at the polymorphic site. This low cost, high output targeted 
sequencing approach can be easily adapted to use in any species. 
 
P0055: Genome Technology: High-throughput Methods 
The New Sbeadex Bulk Seed Extraction Kit: High Quality and Quantity DNA from ≥250 mg Seed Material 
Dietrich Koester, Heiko Hauser and Frank Schubert, LGC, Berlin, Germany 
Many labs are required to extract DNA from large scale plant samples (>100 mg starting weight), such as seed batches, to meet quality 
management requirements. The high starting weights of such samples limit the grade of automation possible due to problems with handling high 
volumes of buffers, lack of efficient mixing and incubation of the samples in the wash buffers, as well as other technical reasons such as the high 



risk of clumping of the beads. Manual extractions are often expensive due to labour costs. Additionally, the non-standardszation of the extraction 
method is a potential source of errors such as cross contamination or mixing of samples.  
To solve this issue, LGC has developed a bulk seed DNA extraction kit suitable for seed sample starting weights of 250 mg and above. 
Following grinding of the seed samples (e.g. using an IKA tube mill), a lysis step is included to break up cell walls. The following enrichment 
step precipitates the DNA but also functions to set up the binding conditions for the subsequent sbeadex extraction. This three step process (i.e. 
Lysis, then enrichment, then sbeadex extraction) can be implemented using the Thermo KingFisher robot to facilitate a standardised and 
automated DNA extraction workflow. The case study presented here, starting with 250 mg canola seed material, illustrates that the kit and 
protocol are capable of providing high quality and quantity DNA, applicable for all downstream technologies. 
 
P0056: Genome Technology: High-throughput Methods 
Transcriptome Analysis & Beyond: Advanced Approaches for Transcriptome Analysis in Diploid and Polyploid Plant 
Species 
Won Cheol Yim, Sung Don Lim, Bernard W. M. Wone, Rebecca L. Albion, Jesse A. Mayer and John C. Cushman, Department of 
Biochemistry and Molecular Biology, University of Nevada, Reno, Reno, NV 
New sequencing technologies, such as RNA-Seq, have provided powerful, efficient, and cost effective methods to rapidly generate 
comprehensive transcriptome sequence resources. RNA-Seq analysis has several advantages over classical transcriptome analysis methods 
including high throughput, high accuracy, and high speed. RNA-Seq methods are now being used widely to explore highly complex 
transcriptomes of reference and non-reference plant genomes. To improve our understanding of transcriptome analysis, multiple approaches and 
associated challenges for large-scale data analysis will be addressed including transcriptome assembly, differential gene expression analysis, and 
transcriptome annotation in reference, non-reference, and polyploidy plant genomes. In addition, specific example transcriptomes from 
Arabidopsis, Mesembryanthemum, and Opuntia will be discussed in order to represent the essential principles of specific computational methods. 
 
P0057: Genome Technology: High-throughput Methods 
Utilization of Flow Cytometry to Identify Chimeral Sectors in Leaf Tissue of Lolium multiflorum x L. arundinaceum Hybrids 
Bryan Kindiger, USDA-ARS, Grazinglands Research Lab, El Reno, OK 
We have identified a method whereby Lolium multiflorum (Lm) or L. arundinaceum (Fa) genomes are preferentially eliminated through a 
mitotic loss behavior in interspecific Lm x Fa F1 hybrids, generating either dihaploid Lm lines or Fa lines. Flow cytometry, a method of rapidly 
characterizing optical properties of cells and cell components within individuals, has been applied to identify the prevalence and timing of 
chimera formation in these Lm x Fa F1 hybrids through measurements of genome size estimation. Preliminary results indicate flow cytometry 
can clearly identify genomic sectors within nuclei extracted from leaf tissue, predict the size and frequency of the genomic sectors and can 
suggest the particular environmental parameters that enhance or reduce chimera formation. Due to the high-throughput capabilities of flow 
cytometry, the method has also been effectively applied toward the rapid identification of both Lm or Fa dihaploid individuals, greatly reducing 
the need for standard root-tip chromosome squash methods. 
 
P0058: Genome Technology: High-throughput Methods 
Genomewide Recurrent Selection for Fusarium Ear Rot and Fumonisin Resistance in Maize 
Thiago P. Marino1, Heather C. Manching2, Randall J. Wisser2 and James B. Holland1, (1)North Carolina State University, Raleigh, 
NC, (2)University of Delaware, Newark, DE 
Fusarium ear rot (FER) is a disease of maize caused by Fusarium verticillioides, which produces fumonisin (FUM), a mycotoxin linked to 
human and animal health risks. Sources of resistance to FER have been identified, but the resistance is polygenic and difficult to incorporate into 
elite hybrids. Extensive field trials, laborious inoculation, and expensive antibody assays are required to reliably assess resistances to FER and 
FUM contamination in breeding populations. Genomic selection (GS) could improve the efficiency of breeding for these complex disease 
resistance traits by training selection models on a subset of a breeding population and applying them to a larger sample of genotyped but untested 
lines from the population. This can increase the number of lines screened beyond the limits of field screening capacity, effectively increasing 
selection intensity. To evaluate the potential utility of GS in an ongoing maize breeding program, we called 6131 SNPs on 508 S0:1 families from 
an advanced generation of a recurrent selection program using low coverage sequence. A training set of 263 S0:1 lines was evaluated for FER and 
FUM at three locations during two years. The remaining 245 S0:1 lines were evaluated as an independent validation set in a subsequent year. 
Preliminary results have shown that we can obtain high correlations between predicted and true genetic values for FER (>0.5) and FUM (>0.6). 
This provides evidence that GS is a very promising breeding strategy for Fusarium resistance and can be applied in a recurrent selection breeding 
program to increase the genetic gain. 
 
P0059: Genome Technology: High-throughput Methods 
Dynamic Transcriptional Regulation of Water Deficiency-Responsive Genes by DNA Methylation in Barley (Hordeum 
vulgare L.) 
Karolina Chwialkowska, Urszula Nowakowska, Iwona Szarejko and Miroslaw Kwasniewski, Department of Genetics, University 
of Silesia in Katowice, Katowice, Poland 
One of the strategies determining rapid adaptation of plants to changing environmental conditions is the modification of DNA methylation level 
and methylation profile, what can result in modulation of gene expression. This study attempts to characterize the dynamics of drought stress-
induced changes in DNA methylation in barley, as well as to identify early and late drought-responsive genes, which transcription may be 
affected by DNA methylation changes.  
By using Methylation Sensitive Amplification Polymorphism Sequencing (MSAP-Seq), we identified numerous differentially methylated sites 
(DMS) affected by drought stress in barley leaves. Detailed profiling of the barley methylome at several time points during progressive water 
deficiency conditions, as well as rewatering phase, revealed its dynamic modulation under stress and recovery in terms of the quantity and 
localization of drought-induced changes. More than two thousands of drought-related DMSs were identified. Interestingly, changes occurring in 



the early drought phases were more persistent than those occurring in the late drought, which were highly reversible. Global-wide transcriptome 
profiling, using mRNA-Seq in each of the time points, allowed for a detailed characterization of expressional profiles of genes modulated under 
drought. Consequently, we identified early and late drought-responsive gene, which transcription could be potentially regulated by DNA 
methylation changes. Altogether our analyses suggest that the dynamic nature of methylome changes affecting the expression of water stress 
responsive genes, might be an important layer in regulatory machinery of stress response in large-genome crops.  
The authors acknowledge financial support from the Polish National Science Centre (grant no. 2014/13/N/NZ2/01153). 
 
P0060: Genome Technology: High-throughput Methods 
Development of Rapid, Sensitive and Non-Radioactive Tissue-Blot Diagnostic Method for the Detection of Citrus Greening 
Madhugiri Nageswara-Rao, New Mexico State University, Las Cruces, NM, Shin-ichi Miyata, NARO Institute of Fruit Tree 
Science,, Ibaraki, Japan, Dilip Ghosh, ICAR-Central Citrus Research Institute, Nagpur, India, Michael Irey, U.S. Sugar 
Corporation, USDA, Clewiston, FL and Siddarame T. Gowda, University of Florida, CREC, Lake Alfred, FL 
Citrus Huanglongbing (HLB) also known as citrus greening, is one of the most devastating disease of citrus worldwide. The disease is caused by 
Gram-negative, phloem limited α-proteobacterium, ‘Candidatus Liberibacter asiaticus’, vectored by the psyllid, Diaphorina citri Kuwayama. 
Citrus plants infected by the HLB bacterium may not show visible symptoms sometimes for years following infection and non-uniform 
distribution within the tree makes the detection of the pathogen very difficult. Efficient management of HLB disease requires rapid and sensitive 
detection early in the infection followed by eradication of the source of pathogen and the vector. The polymerase chain reaction (PCR) based 
method is most commonly employed for screening the infected/suspected HLB plants and psyllids. This is time consuming, cumbersome and not 
practical for screening large number of samples in the field. To overcome this, we have developed a simple, sensitive, non-radioactive, tissue-
blot diagnostic method for early detection and screening of HLB disease. Digoxigenin labeled molecular probes specific to ‘Candidatus 
Liberibacter’ nucleotide sequences have been developed and used for the detection of the pathogen of the HLB disease. The copy number of the 
target genes were also assessed using real-time PCR experiments and the optimized real-time PCR protocol allowed positive HLB detection in 
citrus samples infected with HLB bacterium. 
 
P0061: Genome Technology: High-throughput Methods 
A Hybrid Approach for Improved Genome Assembly of Coconut (Cocos nucifera L.) to Aid Development of Breeding Tools 
Darlon V. Lantican1, Susan R. Strickler2, Noe Fernandez-Pozo2, Alma O. Canama1, Roanne R. Gardoce1, Lukas Mueller2 and 
Hayde F. Galvez1, (1)University of the Philippines Los Baños, College, Laguna, Philippines, (2)Boyce Thompson Institute for 
Plant Research, Ithaca, NY 
Coconut is the only reported species under the genus Cocos which is a member of the family Arecaceae and sub-family Arecoideae. It is a major 
agricultural crop in humid areas in the tropics with an estimated world annual production of 50–60 million tons. However, coconut production 
has been threatened by major challenges such as low productivity of cultivated varieties and presence of biotic and abiotic stresses. To achieve 
the optimum potential of this important crop, recent advancement in the field of genomics is exploited to develop outstanding and value-added 
coconut variety.  
Catigan Green Dwarf (CATD) was selected for genome sequencing due to its simple genome and low heterozygosity. This is also the variety of 
coconut recommended by coconut breeders among their dwarf coconut collections. PacBio sequence was generated at 11X coverage and 
corrected with 40X Illumina paired-end MiSeq reads and assembled. The current assembly covers 70% (1.9 Gb) of the estimated genome size of 
2.7 Gb and has an N50 of 114 Kb. An estimate of 73% of the genome is comprised of repeat sequences. Expression data has been used to define 
gene structures using ab initio predictors. The genome assembly is currently stored in a database prototype based on the Sol Genomics Network 
website’s backbone in order to facilitate maximum utility of the genome sequence data i.e. gene discovery, molecular marker development and 
routine marker-assisted breeding applications in coconut. This genome database will be integrated with phenotype data for phenotype-genome 
association studies aiding coconut breeders and scientists. 
 
P0062: Genome Technology: High-throughput Methods 
Transcriptomic Analyses of Taproot Growth and Sucrose Accumulation at Different Developmental Stages in Sugar Beet 
(Beta vulgaris L.) 
ShaoYing Zhang and GuoLong Li, Inner Mongolia Agricultural University, hohhot, China 
In sugar beet (Beta vulgaris L.), taproot size and sucrose content are important determinants of yield and quality. However, high yield and low 
sucrose content are two tightly bound agronomical traits. The advances in next-generation sequencing technology and publication of sugar beet 
genome have provided a method for the study of molecular mechanism underlying the regulation of taproot growth and sucrose accumulation. In 
this work, we performed comparative transcriptome analyses of the high yield cultivar SD13829 (SD) and the high sucrose content cultivar 
04BS02 (BS) at five developmental stages. More than 50,000,000 pair-end clean reads for each library were generated. When taproot turned into 
the rapid growth stage of 82 day after emergence (DAE), three enriched GO terms, “cell wall”, “cytoskeleton” and “enzyme linked receptor 
protein signaling pathway”, occurred in both SD and BS. Differentially expressed genes (DEGs) of paired comparison for BS and SD were 
enriched in “cell wall”. For pathway enrichment analyses of DEGs that were respectively generated at 82 DAE compared to 59 DAE (before 
taproot turning into the rapid growth stage) in both SD and BS, “plant hormone signal transduction pathway” was enriched. Several transcription 
factor family members were up-regulated in rapidly increased taproot. An antagonistic expression of brassinosteroid- and auxin-related genes in 
taproots was necessary for the rapid enlargement of taproots at stage 82 DAE. In SD, the growth strategy was relatively focused on cell 
enlargement promoted by brassinosteroid signaling, whereas in BS was relatively focused on secondarily cambial cell division regulated by 
cytokinin, auxin and brassinosteroid signaling. Taken together, our data demonstrate that the size and sucrose content of taproots rely on the 
taproot growth strategy, which is controlled by cytokinin, auxin, GA and brassinosteroid signaling. 
 
P0063: Genome Technology: High-throughput Methods 
Efforts Towards Building a Reference Genome from Draft Assemblies of Amaranthus hypochondriacus 



Samathmika Ravi1, Meeta Sunil2, Savita Karthikeyan2, Bibha Choudhary3 and Subhashini Srinivasan2, (1)Institute of 
Bioinformatics and Applied Biotechnology, Bengaluru, India, (2)Institute of Bioinformatics and Applied Biotechnology, Bangalore, 
Karnataka, India, (3)Institute of Bioinformatics and Applied Biotechnology, Bangalore,, India 
Advances in sequencing technologies and genome assembly tools have enabled individual investigators to interrogate the phenotypes or traits of 
species of interest at genome level. Generating draft genomes of novel eukaryotic species is becoming rather routine. Draft genomes of a large 
number of plants has allowed us to comprehend diversity of species at the proteome level. However, for translation to aid breeding efforts, a 
reference genome at chromosome level resolution is necessary, which remains a challenge without high resolution physical maps. This limitation 
is often augmented by obtaining long reads from PacBio and/or bionano genomics. Here, we present our efforts to improve the draft genome of 
A. hypochondriacus (Karnataka variety) using both 30X coverage of PacBio reads and the genome of Plainsman variety of A. hypochondriacus 
from public repository. Utilizing just the error-corrected PacBio reads using the high quality reads from Illumina, we increased the horizontal 
coverage of the genome to 100% from 58% and reduction in the number of scaffolds to 49,532 from 136,549. A better resolution of repeats 
(33%) was also obtained over Illumina-only assembly that yielded 13.76 % repeats. Scaffolding the PacBio assembly further based on the 
genome of Plainsman variety of A. hypochondriacus, we could reduce the number of scaffolds further down to 15,586 increasing N50 to 107,365 
from 16,147. We also present the comparison between the two A. hypochondriacus genomes at the level of nucleotides, proteome and repeat 
regions.  
 
P0064: Genome Technology: High-throughput Methods 
Ion AmpliSeq Targeted Sequencing Panel for Determination of Canine and Feline Parentage 
Michael S Karberg1, Prasad Siddavatam1, Adam F. Allred1, Daniel Kephart1, Maarten de Groot2 and Dr. Wim van Haeringen2, 
(1)Thermo Fisher Scientific, Austin, TX, (2)VHL Genetics, Wageningen, Netherlands 
DNA based tests are commonly used to determine animal pedigrees. Ensuring an accurate pedigree is particularly important for purebreds, 
having both economic and animal health implications. Historically, microsatellites (short tandem repeats or STRs) have been successfully used 
for animal genetic identification, traceability and paternity, although in recent years, single nucleotide polymorphisms (SNPs) have been 
increasingly used for this purpose. Genotyping-by-Sequencing (GBS) using the Applied Biosystems AgriSeq™ target enrichment technology in 
combination with the Ion S5™ sequencing system allows one to simultaneously and accurately interrogate a large number of genetic loci 
(SNPs/Idels) to identify the heritage of an animal, as well as screen for known genetic defects. In addition to the ability to screen for both animal 
heritage and disease-related genetic defects, advantages of this GBS approach include increased accuracy and improved assay flexibility (i.e. the 
ability to easily add or remove genetic loci being interrogated) which is desirable to both animal owners and breeders.  
Here we describe the development of AmpliSeq™ panels targeting canine and feline SNP markers for the purpose of determining parentage and 
genetic health. We tested these panels on samples derived from buccal swabs by sequencing them as a multiplexed (barcoded) pool on an Ion S5 
540 chip. Variant calling was performed using the Torrent Variant Caller (TVC) plugin as part of the Ion Torrent Suite™ software package. The 
mean call rate for this dataset indicated that the majority of SNPs were of sufficient quality to make a genotype call. 
 
P0065: Genome Technology: High-throughput Methods 
A Comprehensive Set of lncRNAs on Porcine Chromosome X 
Alicja Pacholewska1, Christian Anthon1, Sarah Djebali2, Jennifer Harrow3, Ole Madsen4, Mark Thomas3, Jose M. Gonzales3, 
Stefan E. Seemann1, Jakob H. Havgaard1, Thomas Derrien5, Ferhat Alkan1, Lel Eory6, Evan Floden7, Andreia J. Amaral8, Alexander 
Junge1, Oana Palasca1, Pablo Prieto Barja7, Anne Nietsche9, Peter F. Stadler10, Cedric Notredame7, Martien A.M. Groenen4 and Jan 
Gorodkin1, (1)Center for non-coding RNA in Technology and Health, Department of Veterinary Clinical and Animal Sciences, 
University of Copenhagen, Frederiksberg C, Denmark, (2)INRA, Castanet-Tolosan, France, (3)Wellcome Trust Sanger Institute, 
Cambridge, United Kingdom, (4)Wageningen University, Wageningen, Netherlands, (5)IGDR- CNRS/University of Rennes I, 
Rennes, France, (6)Roslin Institute University of Edinburgh, Edinburgh, United Kingdom, (7)Center for Genomic Regulation, 
Barcelona, Spain, (8)Biosystems and Integrative Sciences Institute, University of Lisbon, Lisboa, Portugal, (9)Leipzig Research 
Center for Civilization Diseases, University of Leipzig, Leipzig, Germany, (10)Bioinformatics Group, Department of Computer 
Science University of Leipzig, Leipzig, Germany 
Long non-coding RNAs (lncRNAs) are important players in the regulation of gene expression and therefore are involved in many cellular 
processes (e.g. embryonic stem cell (ESC) pluripotency, neurogenesis, cardiogenesis, and cell-cycle regulation) and pathologies (e.g. 
neurodegenerative disorders). Moreover, it has been shown that some lncRNA genes, which in cattle are expressed in muscles, are located within 
quantitative trait loci for meat quality traits. Thanks to GENCODE project, to date best annotation of lncRNAs is for the human genome. In 
contrast, the knowledge of lncRNAs in other mammals still requires substantial improvements. The analysis of lncRNAs conservation among 
species can be done at four different levels: sequence, secondary structure, and function homologies, as well as syntenic transcription. Our aim is 
to identify tissue-specific pig lncRNAs in newly assembled porcine X chromosome (Wellcome Trust Sanger Institute) using 18 RNA-seq data 
sets derived from eight different tissues. All assembled novel transcripts were assessed for their protein-coding potential using both bioinformatic 
and manual curation strategies in order to define a set of lncRNAs candidates. A further set of potential lncRNAs was retrieved using secondary 
structure homology to known lncRNAs in other species. Moreover, we are looking for lncRNAs transcribed from genomic blocks syntenic across 
pig, human, and mouse, as well as for conserved splice sites. At the PAG XXV I will present the most recent results of our lncRNA prediction 
analysis. 
 
P0066: Genome Technology: High-throughput Methods 
Transcriptome Analysis of Liver for Meat Odour and Flavour in Javanese Fat-Tailed By Using RNA Deep Sequencing 
Asep Gunawan, Departmen Animal Production and Technology, Bogor Agricultural University, Bogor, Indonesia 
Unpleasant flavour or odour of the sheepmeat occurs due to high level accumulation of Branched Chain Fatty acid (BCFA: including 4-
methylnonanoic (MNA)), 4-metylphenol acid (MP), and Skatole (3-methylindole (MI) in adipose tissue. It is crucial to understand the genomics 



of sheepmeat odour and flavour to select sheep for lower MNA, MP, and MI thus reduce sheepmeat odour. The aim of this study is to investigate 
trancriptome profilling in liver tissue with divergent MNA, MP and MI levels using RNA deep sequencing. The total number of reads produced 
for each liver sample ranged from 21.37 to 25.37 million. Approximately 136 genes were differentially regulated (P<0.01, FC>1.5). Among 
them, 75 genes were up regulated in higher off-flvaoured group, whereas 61 were down-regulated. Several genes relevant to fat metabolism in 
adipose tissues were identified including two top genes with the highest fold change (JAML1 and GSTM1). Differentially regulated genes in the 
liver samples collected from sheep with high unpleasant odour and flavour were enriched in metabolic processes such as heme binding, sodium 
channel activity and iron ion binding. Pathway analysis identified the adrenergic signaling in cardiomyocytes, chemical carciogenesis, protein 
digestion and absorption, and metabolism of xenobiotics by chytochrome P450 pathways which may play important roles in higher sheepmeat 
odour and flavour metabolism. This work highlighted potential genes and gene networks that affect sheepmeat odour and flavour and fat 
deposition in sheep.  
Keyword: RNA deep sequencing, odour, flavour, sheep 
 
P0067: Genome Technology: High-throughput Methods 
High Throughput DNA Purification from Ear Punches, Blood, and Hair for Dairy Cattle Genetic Evaluation 
Eric B. Vincent1, Doug Wieczorek1, Trista Schagat1, C. Michael Cowan2 and Sam Firgens2, (1)Promega Corporation, Madison, 
WI, (2)Genetic Visions Inc., Middleton, WI 
DNA isolated from livestock can be used to identify genes influencing production traits, hair color, animal health, and viability. Breeders may 
provide hair, tissue, blood, or semen samples to genetic testing laboratories for DNA purification and analysis. Genetic markers and single-
nucleotide polymorphism (SNP) genotypes can then be used in the genetic evaluation of these economic traits used in livestock selection.  
We have developed an automated high throughput method on the KingFisher™ Flex instrument to purify DNA from dairy cattle ear punch 
tissue, blood, and hair samples using the ReliaPrep™ 96 gDNA Miniprep HT chemistry in a 96-well format. Ear punch tissue samples from test 
animals were collected using a Tissue Sampling Unit (TSU), blood samples were drawn in Vacutainer® Blood Collection Tubes (EDTA), and 
hair samples containing roots were collected from the cattle tail switch. Following Proteinase K digestion, sample lysates were added to 96-well 
plates and processed on the KingFisher™ Flex. The DNA purified was of high concentration, purity, and integrity necessary for downstream 
genetic analyses. Genotyping was conducted using Illumina Infinium Assay technologies with custom arrays. Call rates for DNA samples 
purified from tissue (26K Bovine SNP Array, n=287) and blood (140K Bovine SNP Array, n=67) were 99.75%, well above the minimum 
required to meet QC standards. 96 samples could be processed in about 2.5 hours, greatly reducing the possibility of identification error that can 
be associated with lengthy manual purification techniques. 
 
P0068: Genome Technology: Sequencing 
Comprehensive Total RNA Seq to Capture Both the mRNA and Small RNA Information in a Single Assay 
Beena PS1, Bipin Balan1, Raja Durai1, Tintu Joy1, Saju Michael1, Dhinoth Kumar Bangarusamy1 and V B Reddy Lachagari2, 
(1)AgriGenome Labs Pvt Ltd, Kochi, India, (2)AgriGenome Labs Pvt Ltd, Hyderabad, India 
mRNA sequencing is highly sensitive and an accurate tool for measuring expression across the transcriptome and it provides visibility to 
undetected changes under different conditions. mRNA-Seq allows researchers to detect both known and novel and it also enables the detection of 
transcript isoforms, gene fusions, single nucleotide variants, allele-specific gene expression and other features without the limitation of prior 
knowledge. Small noncoding RNAs also is a part of the whole transcriptome and acts in gene silencing and post-transcriptional regulation of 
gene expression. Small RNA sequencing can discover novel miRNAs and other small noncoding RNAs without prior sequence or secondary 
structure information. But as of now an integrated procedure to analyze the mRNA, lncRNA and small RNA's together doesn't exist . 
Experiments to analyze mRNA and small RNAs separately leads to bias and inconsistency due to sampling , batch and handling variations. We 
have devised a methodology that can help the researcher to study the entire transcriptome together in a single assay thereby avoiding all the 
variations and bias. It is more cost effective, more accurate and reliable for concluding results. The target of mRNA degradation or translation 
repression could be traced from the same sample, which in turn deduces the regulatory role of miRNA. 
 
P0069: Genome Technology: Sequencing 
A Novel Method for Complete Environmental Microbial Profiling 
Alvaro G. Hernandez, Chris L. Wright, Mark A. Mikel and Mark Band, Roy J. Carver Biotechnology Center, University of 
Illinois at Urbana-Champaign, Urbana, IL 
Targeted amplicon sequencing enables comparison of microbial communities across different time points, locations, or treatments. We present a 
novel approach that leverages NGS with microfluidics PCR allowing simultaneous amplification of bacterial and archaeal 16S, eukaryotic 18S, 
fungal ITS and functional-gene specific targets. The procedure results in barcoded, multi-amplicon libraries that are ready for sequencing on a 
MiSeq or HiSeq.  
Selected primer pairs from rRNA and other targets plus sample DNAs are loaded on a Fluidigm Access Array Integrated Fluidic Circuit. 
Samples and primers are distributed through microfluidic channels in 2,304 parallel amplification chambers. A second primer set, included with 
each sample, adds tails to the PCR products with barcodes and Illumina-specific sequences. Following amplification, harvested products are 
quantified, run on a Fragment Analyzer to confirm sizes, pooled and gel-size selected. Up to 1,536 individually-barcoded samples, amplified 
with up to 48 different primer sets, can be combined into one pool for sequencing.  
The pool is quantitated by qPCR, and sequenced on a MiSeq or HiSeq with paired-reads 250nt based on the number of sample/primer 
combinations to target at least 20k sequencing reads per unique sample plus primer set.  
A custom pipeline is implemented to sort data by primer set and barcode. Final data is ready to be analyzed in QIIME, Mothur, IM-tornado, or 
other software packages.  
This novel microbial profiling system is a fast, cost-effective, multi-targeted metagenomic approach for whole microbial community analysis. 
Surveying the entire microbial spectrum allows a more complete understanding of the complex nature of these communities. 
 



P0070: Genome Technology: Sequencing 
Innovations in de novo Whole Genome, Transcriptome and Metagenomic Sequencing 
Chris L. Wright, Mark Band, Mark A. Mikel and Alvaro G. Hernandez, Roy J. Carver Biotechnology Center, University of Illinois 
at Urbana-Champaign, Urbana, IL 
The last decade has delivered non-stop advancement in next-generation sequencing technologies, which in turn has spurred continuous 
improvement in next-generation library construction techniques and strategies to utilize these advances. These strategies can be applied 
ubiquitously across all areas of research, from de novo whole genome sequencing, to transcriptome sequencing, to metagenomic sequencing.  
Here, we present novel approaches for utilization of the most recent technologies, combining the array of Illumina sequencing platforms and 10X 
Genomics to generate robust sequencing data that supports research in both plant and animal health, breeding, and development. These systems 
can also be used to support microbial studies ranging from waste water treatment to soil and gut compositions and beyond. We discuss the latest 
advancement in library construction with strategies for genomic DNA, stranded RNASeq for both eukaryotic and bacterial samples, mate-pair 
libraries, ChIP-Seq and small RNAs.  
In addition, we showcase a novel approach to the study of microbial communities that allows simultaneous amplification and sequencing of not 
just the 16S microbial gene target, but also archaea, 18S, ITS, eukaryotic specific, and functional gene targets, all at a much reduced workload 
and cost. While used mostly for microbial community profiling, this unique approach can also be used to screen multiple loci on any animal or 
plant of interest. This unique Fluidigm plus Illumina streamlined approach has been demonstrated on hundreds of different sample types to date. 
It allows for a much more comprehensive view of the microbial community profiles and functional gene activity at a significantly reduced cost 
compared to full metagenomic DNA sequencing. 
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16S V5 V6 Metagenomics Kit Offers Enhanced Bacterial Identification in Plant Associated Samples 
Bradley Hehli, Jessica Cogdill, Carrie Firmani, Kevin Allen and Masoud Toloue, Bioo Scientific, Austin, TX 
In the evolving field of bacterial metagenomics, many researchers choose to use variable regions of the 16S rRNA gene to understand which 
bacteria are present and how many bacteria are present in a sample. This approach can be compromised by contaminants in the sample which can 
amplify with the primers chosen. Bacterial profiling in plant samples can be difficult because of the homology between bacterial 16S rRNA and 
chloroplast 16S rRNA. The use of primers binding to 16S hypervariable regions V 1 – V4, which are traditionally used for bacterial profiling, 
amplify both the bacterial and plant 16S rRNA genes, skewing results. Here a methodology is presented for bacterial profiling of plant samples 
using degenerate primers that target the fifth and sixth variable regions of the 16S rRNA gene. In the presence of up to 90% Arabidopsis DNA, 
this method was still effective at identifying the 19 individual species of bacteria in the mock community. There were minimal reads and libraries 
formed by amplification of the Arabidopsis DNA. In comparison, when the same sample was enriched using 16S V4 specific primers, the vast 
majority of the reads mapped to the Arabidopsis chloroplast genome, and much information and representation of the bacterial community was 
lost. For generating sequencing libraries from samples which have the potential to be contaminated by plant or chloroplast DNA, a V5 V6 
metagenomics kit is recommended. 
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De novo Sequencing of the Vitis vinifera cv. Flame Seedless Genome using Single Pass Library Preparation from Swift 
Biosciences 
Sara Goodwin1, Lance Cadle-Davidson2, Michael S. Campbell3, Xia Xu4, Robert Wappel1, Craig A. Ledbetter5, Rachael Naegele6, 
W. Richard McCombie1 and Doreen Ware1, (1)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (2)USDA-ARS Grape 
Genetics Research Unit, Geneva, NY, (3)Cold Spring Harbor Laboritory, Cold Spring Harbor, NY, (4)ARS-Grape Genetic 
Research Unit, Geneva, NY, (5)Crop Diseases, Pests and Genetics Research Unit, USDA-ARS, Parlier, CA, (6)USDA-ARS Crop 
Diseases, Pests and Genetics Research,, Parlier, CA 
Single Molecule Real-Time (SMRT) sequencing provides advantages to the sequencing of complex genomes. The long reads generated are 
superior for resolving complex genomic regions and provide highly contiguous de novo assemblies. Current SMRTbell libraries generate average 
read lengths of 10-15kb. However, genomes with higher repeat content or DNA that is difficult to extract can result in yield and read lengths 
below the expected values. Recently, Swift Biosciences has developed a kit for SMRT sequencing that does not require the use of SMRTbells. 
This approach reduces library preparation the time to 24 hours while also simplifying the approach. The simplified protocol results in longer read 
lengths from less starting material. These improvements are particularly striking in hard to sequence genomes.  
We employed this approach in sequencing the heterozygous and repetitive genome of Vitis vinifera cv. ‘Flame seedless’ genome; one of the most 
widely planted table grape varieties. A contiguous assembly of this cultivar will provide insight into traits that differentiate seedless table grapes 
from wine grapes and reveal important structural elements. Compared to the SMRTbell construction, the single pass kit resulted in twice the 
yield per SMRTcell. Additionally, the N50 increased from 9,711bp to 12,289bp while the proportion of reads >10kb to 39.4% compared to 15% 
in the original preparation. Furthermore, the longest read generated by the Swift prep was 73,088bp compared to 59,854bp from the SMRTbell 
preparation. This increased yield and N50 is essential to creating a high-quality reference genome using long-read sequencing with less DNA at 
lower cost. 
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Efficient High-Throughput SNP Discovery and Genotyping Using LGC’s Normalised Genotyping-By-Sequencing (nGBS) 
Method 
Joris Parmentier, LGC Genomics Ltd, Hoddesdon, United Kingdom and Knut Mohr, LGC Genomics, Hoddesdon, United 
Kingdom 
Authors: Samuel Arvidsson, Berthold Fartmann, Silke Winkler and Wolfgang Zimmermann  
Large-scale genotyping programs require efficient tools for high-density SNP discovery. Whole genome shotgun (WGS) sequencing of parental 
genotypes is a commonly utilised technique yet this is often prohibitively expensive and resource intensive. Instead, traditional Genotyping-by-



Sequencing (GBS) is used whereby genome sequence complexity is reduced to certain regions or features that can then be efficiently sequenced 
for a large number of samples.  
LGC present an optimised, self-tuning GBS method called normalised GBS (nGBS) that is applicable to any kind of genome, regardless of size, 
methylation pattern, and type and abundance of repetitive elements. This method efficiently reduces the genome complexity of any species to a 
few hundred thousand loci across the complete genome, with no prior knowledge of the genome. The selected loci are reliably sequenced across 
large sample batches using next generation sequencing. As a result, simultaneous SNP discovery and genotyping is carried out for between 48 
and several thousand samples at low cost per sample and without prior assay design effort and bias. Typically, a set of 5000 – 50000 
polymorphic loci with high-quality genotype calls in ≥75% of samples is generated. The entire data analysis process can be performed using 
publically available analysis packages or an LGC-developed pipeline optimised for nGBS data. 
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Haplotype Reconstruction Using Linked-Reads 
Claudia Catalanotti1, Stephane Boutet1, Sarah Garcia1, Haynes Heaton2, David Jaffe1, Sofia Kyriazopoulou-Panagiotopoulou1, 
Vijay Kumar1, Patrick Marks1, Michael Schnall-Levin1, Preyas Shah1, Matt Sooknah1, Grace Zheng1, Deanna Church1, Andrew Wei 
Xu1 and Neil Weisenfeld1, (1)10x Genomics Inc., Pleasanton, CA, (2)10X Genomics Inc., Pleasanton, CA 
Haplotype resolution of genomes provides more information for understanding a genome. However, traditional short read methods while 
scalable, cannot achieve this resolution and provide only a partial view resulting in an underestimation of the biological complexity present. We 
developed a technology that retains long-range information while maintaining the power and accuracy of short read sequencing. The 10X 
Genomics Chromium Genome solution starts with only 1ng of DNA and uses haplotype-level dilution of high molecular weight DNA to create a 
novel data type referred to as “Linked-Reads”.  
Coupling Linked-Reads with novel algorithms that take advantage of these linkages allows for improved reference based individual genotype 
reconstruction without sacrificing variant calling accuracy. Using the NA12878 genome, we construct large phase blocks with an N50 of 4.1 Mb 
for genomes and 222 Kb for exome. Additionally, Linked-Reads enable the detection of large scale structural variants that are typically 
challenging for short read methods. We estimate that we can rescue ~50 Mb of previously inaccessible sequence by this method. We identified 
2.07X more novel SNPs on average in degenerate regions when compared with standard short read sequencing.  
We successfully assembled various non-human genomes including hummingbirds, dogs and chili pepper (respectively 1, 2.5 and 3.5 estimated 
Gb). Preliminary analysis revealed that the N50 phase blocks were ranging from 0.2 Mb to 11.9 Mb, with N50 contig between 65 and 140 kb. In 
summary haplotype reconstruction enables genome-wide phasing, rescue of reads previously unable to be aligned, structural variant detection 
and de novo assembly. 
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Micro-RNA Expression Profiles and Gene Target Prediction in Atlantic Salmon Infected with Caligus rogercresseyi 
Valentina Valenzuela-Muñoz1, Gustavo Núñez-Acuña2, Diego Valenzuela-Miranda1, Ana T. Gonçalves2, Camille Détrée2, 
Sebastian Boltaña3 and Cristian Gallardo1, (1)Laboratory of Biotechnology and Aquatic Genomics, Interdisciplinary Center for 
Aquaculture Research. University of Concepción, Chile., Concepcion, Chile, (2)Laboratory of Biotechnology and Aquatic 
Genomics, Interdisciplinary Center for Aquaculture Research. University of Concepción, Chile., Concepción, Chile, (3)University 
of Concepción, Chile., Concepcion, Chile 
Caligus rogercresseyi represents one of the major issues for the Chilean salmon aquaculture. This ectoparasite causes tissue damages and 
immunosuppression in infected fish. Among the immune responses previously reported, inflammatory responses, protease activity and changes 
in iron modulation genes have mainly been observed. However, how these responses are modulated at molecular level and which molecules are 
involved, represent pivotal questions still unresolved. Post-transcriptional regulators of gene expression such as microRNAs (miRNAs) have 
been associated with important biological processes in model species. Herein, miRNAs reveal transcriptional modulations in infected fish, 
showing putative roles in the host/pathogen interaction. The aim of this study was to evaluate the miRNA expression profiles in Atlantic salmon 
infested with the sea louse C. rogercresseyi. Illumina small RNA sequencing was conducted in samples of skin and head kidney obtained from 
Atlantic salmon at 0, 7 and 14 days post-infestation. A total of 2,787 miRNAs were annotated using miRBase database, and differences of 
miRNA expression patterns in infected salmons were observed. MiRNAs linked to immune related-genes such as miR-126, miR-146 and let7 
were upregulated after infestation. Furthermore, miR-21, a negative regulator of Th1 response, was downregulated after infestation. Moreover, a 
correlation analysis among miRNAs and coding genes evidenced strong relationships with immune-related genes and iron regulation genes. 
From this analysis, the most up and down-regulated miRNA were used to discover novel putative target genes. This study is the first to identify 
small RNAs in Atlantic salmon in response to C. rogercresseyi infestation, providing novel molecular knowledge in the complexity of the 
host/parasite interactions.  
Funding: FONDAP 15110027 and FONDECYT 1150077 awarded by CONICYT-Chile 
 
P0076: Genome Technology: Sequencing 
Targeted Resequencing in Peanuts Using the Fluidigm Access Array 
Roshan Kulkarni, Texas Tech University, Lubbock, TX, Ratan Chopra, USDA- ARS, Lubbock, TX, Jennifer Chagoya, Texas 
A&M AgriLife Research, Lubbock, TX, Steven Hoffman, Fluidigm, South San Francisco, CA, Phlip Bocock, Fluidigm, Houston, 
TX, Petar Grozdanov, TTU HSC - core facility, Lubbock, TX, Charles E. Simpson, Texas A & M Agrilife research, Stephenville, 
TX, Mike Baring, Texas A & M Agrilife research, College Station, TX, Naveen Puppala, New Mexico State University, Clovis, 
NM, Andrew Hillhouse, Department of Veterinary Pathobiology, Texas A&M University College of Veterinary Medicine, College 
Station, TX and Mark D. Burow, Texas A&M AgriLife Research, Lubbock, and Department of Plant and Soil Science, Texas Tech 
University, Lubbock, TX 
Presence of homoeologous gene copies in allopolyploid peanut makes it challenging to select for homologous SNPs differentiating two or more 
cultivars. An integrated approach of improved bioinformatics and targeted resequencing to select homologous SNPs in tetraploid peanut is 



utmost important. In this study, we tested several methods to separate homeologous SNPs and then performed the SNP analysis. 1) Raw 
transcriptome reads were mapped to the synthetic tetraploid genome reference generated by combining A- and B -genome scaffolds to separate 
homologous SNPs among 13 cultivars and using the GATK pipeline and python scripts. 2) SNPs were identified between A -genome diploids 
and tetraploids using SWEEP which is a sliding window protocol and filters SNPs based on the haplotype. 3) The OLin de_novo transciptome 
assembly was used as a reference to identify SNPs. Approximately 10,500 polymorphic SNPs were obtained, of which 48 targets of around 400 
bp length were selected for validation on Fluidigm Access Array as an proof of concept, followed by mass sequencing on an Illumina MiSeq. 
Some of these targets consisted of adjacent SNPs that differentiated both A- and B- genome copies together. We believe this approach will 
benefit tetraploid breeding programs by reducing the cost of genotyping of QTL mapping populations and selection of favorable alleles in both 
sub- genomes. 
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Sequencing-Based Mapping of Resistance to Leaf Spots and the Prominent Main Stem of Tifrunner by using TILLING 
Lines and BSA-Seq Approach in Groundnut (Arachis hypogaea L.) 
Annapurna Chitikineni1, Hui Wang2, Aamir W Khan3, Gaurav Agarwal4, Manish K Pandey3, Peggy Ozias-Akins4, Corley 
Holbrook4, Rajeev K Varshney1 and Baozhu Guo5, (1)ICRISAT, Hyderabad, India, (2)University of Georgia, Department of Plant 
Pathology, Tifton, GA, (3)ICRISAT, Greater Hyderabad, India, (4)University of Georgia, Tifton, GA, (5)USDA-ARS, Crop 
Protection and Management Research Unit, Tifton, GA 
Targeting Induced Local Lesions in Genomes (TILLING) is considered a powerful reverse genetics approach for functional genomics studies. 
However, because of availability of low-cost and high-throughput sequencing technology, it has become possible to sequence TILLING lines 
and identify SNPs associated with genes responsible for traits. One TILLING population has been developed in the “Tifrunner” genotype of 
groundnut, an economically important oilseed crop grown in tropical and warm temperate regions of the world. The TILLING population has 
shown phenotypic variation for several traits including resistance to leaf spots and the features of prominent main stem. A total of 25 lines 
comprising of 16 susceptible and 9 resistant lines for leaf spots, and 11 lines with presence and 14 lines with absence of the prominent main stem 
from the TILLING population were sequenced on Illumina HiSeq 2500 and a total of 745.8 Gb sequencing data has been generated. These 
sequence data are being analyzed to identify structural variations including SNPs and INDELs across the lines with Tifrunner. In parallel, two 
mapping populations from these TILLING lines namely T47-7 (resistant to leaf spots) x T33-3 (susceptible to leaf spots) and T90-1 (presence of 
stem) x T71-2 (absence of stem) are being developed. It is planned to phenotype the segregating progenies and also sequence the extreme bulksA 
of segregating progenies for these traits. We anticipate identification of candidate genes and SNPs for these important traits by deploying the 
BSA-Seq approach in groundnut in due course.  
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A Rapid Method for End-to-End Assembly of Complex Genomes, Pathogen Discovery, and Metagenomic Deconvolution 
Ivan Liachko1, Shawn Sullivan2, Jay Shendure1 and Maitreya Dunham3, (1)University of Washington - Department of Genome 
Sciences, Seattle, WA, (2)Phase Genomics, Inc, Seattle, WA, (3)University of Washington, Seattle, WA 
Assembly of plant and animal genomes is inhibited by the lack of long-range 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 shotgun-sequenced 
population. We have overcome these bottlenecks by adapting a chromosome conformation capture technique (Hi-C) for the scaffolding of de 
novo assemblies of large complex genomes and the deconvolution of metagenomes.  
Typically used for modelling the 3D structure of a genome, chromosome conformation capture techniques such as Hi-C 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 modelling of genomic architecture 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.  
Our method (Proximity-Guided Assembly, PGA) allows rapid assembly of reference-quality, chromosome-scale genomes for plants and animals, 
regardless of genome size, repeat content, and without the need for isolating high-MW DNA. PGA also allows simultaneous decontamination of 
mixed draft assemblies (such as in the case of symbionts and pathogens) and metagenomic samples with low input requirements. 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. 
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Variant Identification Workflow for Chromosome Scale Assembly 
Marta Matvienko1, Alex Kozik2, Jens Nielsen1 and Arne Materna1, (1)Qiagen, Aarhus, Denmark, (2)UC Davis, Davis, CA 
NGS assemblies of plant genomes often consist of thousands of contigs. Sequencing the segregating progenies is regularly used to anchor the de 
novo assembled contigs into chromosome-scale assemblies. The analysis of sequencing data from segregating progenies usually involves custom 
scripting, and requires advanced bioinformatics skills. Here we present a user-friendly workflow that can be performed in CLC Genomics 
Workbench, enabling biologists to proceed with this type of data analysis.  
We used the publicly available ddRAD-Seq data for sacred lotus, Nelumbo nucifera (Liu et al, 2016), and the corresponding genomic assembly 
consisting of 3,602 contigs. The alignments, as well as all variant calling and variant filtering were performed in CLC Workbench. The variants 
were called using the Fixed Ploidy Variant caller, filtered against control reads of the other parent, and selected for homozygosity and variant 
quality. This part of the workflow produced a known variants track, which was used to call variants in the progenies. We further filtered the 
variant tracks using the CLC Workbench comparative tools, and ended up with 4K variants detected in at least 70% of F2 samples.  



To assess the quality of variant calls, we exported the data from CLC Workbench and submitted them to the MadMapper program, which 
clustered contigs into chromosomes. Most of the genomic assembly (72.5%) was clustered into 9 lotus chromosomes; a similar number, 70.6% 
was anchored by Liu et al. This confirmed the quality of the marker data for chromosome-scale assemblies outputted by CLC Workbench using 
the user-friendly workflow. 
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Optimized Sample Prep Methods for Long-Range Genomics and de novo Assembly 
Susana Wang Jett1, Nikka Keivanfar1, Rabeea Abbas1 and Jill Herschleb2, (1)10x Genomics, Inc., Pleasanton, CA, (2)10x 
Genomics Inc., Pleasanton, CA 
Traditional methods for isolating high molecular weight genomic DNA are time consuming, require a significant amount of delicate handling, 
and utilize non-standard and/or low-throughput laboratory techniques. We have developed a scalable platform for long-range genome sequencing 
and assembly, leveraging DNA molecules up to and above 100 kb in size. In order to match the overall throughput of our technology (>24 
samples per day), we have optimized methods for routine isolation of DNA >200 kb from small amounts of biological samples including whole 
blood (200 ul), cell suspensions (1e6 cells), and fresh-frozen tissue (25 mg). We have methodically identified and removed steps that cause both 
physical (double strand breaks) and chemical (single strand nicks, abasic sites) damage to DNA molecules during the isolation procedure, and 
ensured that our protocols are centered around widely available reagents (e.g. QIAGEN magnetic beads). Protocols range from 70 minutes 
(blood) to 3 hours (tissue), and the resulting DNA samples generate diploid de novo assemblies with a typical N50 scaffold size of >10 Mb (can 
be lower due to genome structure) using standard short-read sequencing. Further, since this is a diploid assembly method, the homologous 
chromosomes are separated and haplotypes are accurately reconstructed at multi-megabase scale. We specifically demonstrate equivalence of our 
optimized methods against the “gold standard” method for high molecular weight DNA isolation - agarose gel plugs - by comparing multiple 
assemblies including bird, reptile, and mammalian genomes. 
 
P0081: Genome Technology: Sequencing 
Whole Genome Sequencing of Two Unrelated Arabian Foals with Occipitoatlantoaxial Malformation 
Matthew Bordbari1, Monica Aleman1, Stephanie J. Valberg2 and Carrie J. Finno1, (1)University of California - Davis, Davis, CA, 
(2)Michigan State University, East Lansing, MI 
A group of rare developmental craniocervical junction abnormalities in horses are termed occipitoatlantoaxial malformations (OAAM). These 
vertebral deformities involve the occiput, first and second cervical vertebrae. Hoxd3-null mice display a similar phenotype as the familial 
OAAM-affected Arabian horses and recently, our laboratory identified an intergenic deletion in the HOXD region in an Arabian foal with 
OAAM. The aim of this study is to identify additional putative functional variants associated with OAAM in Arabian horses. Two Arabian colts 
(20-30 days of age) were identified with OAAM at necropsy. Tissue samples were collected and DNA isolated. Genomic libraries were prepared 
and sequenced on an Illumina HiSeq 2500, generating 125 bp PE reads at ~12x coverage. Sequence data was trimmed using Trimmomatic. 
Subsequently, remaining high-quality reads were mapped to the EquCab2.0 reference genome using the Burrows-Wheeler Aligner (BWA), 
sorted and indexed using SAMtools. Aligned reads were examined for any possible structural variants within the HOXD region as compared to 
seven unaffected Arabian horses using the Integrated Genomic Viewer (IGV). Additionally, variants (SNPs and insertions/deletions) were called 
genome-wide using the Genome Analysis Toolkit (GATK). Results suggest that genetic heterogeneity within the HOXD region may contribute to 
the OAAM phenotype in Arabian horses. 
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Full-Length cDNA Sequencing on the PacBio Sequel Platform 
Ting Hon, Elizabeth Tseng, Aparna Vedula and Tyson A. Clark, Pacific Biosciences, Menlo Park, CA 
The protein coding potential of most plant and animal genomes is dramatically increased via alternative splicing. Identification and annotation of 
expressed mRNA isoforms is critical to the understanding of these complex organisms. 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. The PacBio Sequel platform has improved throughput 
thereby increasing the number of full-length transcripts per SMRT Cell. Furthermore, loading enhancements on the Sequel instrument have 
decreased the need for size fractionation steps. We have optimized the Iso-Seq library preparation process for use on the Sequel platform.  
Here, we demonstrate the capabilities of the Iso-Seq method on the Sequel system using cDNAs from the maize (Zea mays) inbred line B73. 
Full-length cDNA from six diverse tissues were barcoded, pooled, and sequenced on the PacBio Sequel system using a combination of size-
selected and non-size-selected SMRTbell libraries. The results highlight the value of full-length transcripts for genome annotations and analysis 
of alternative splicing. 
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De Novo Genome Sequencing and Mapping of the Crown-of-Thorns Sea Star, Acanthaster planci 
Ryo Koyanagi, Kenneth Baughman and Nori Satoh, Okinawa Institute of Science and Technology, Okinawa, Japan 
BioNano Irys technology is a high-throughput single molecule analysis that enables 20x coverage physical mapping of a human-sized genome 
just in days. This next-generation mapping technology is used to improve NGS genome assembly as well as structural analysis to detect large 
scale variation and some more applications. To take full advantage of the Irys technology, the quality of the starting material, genomic DNA, is 
the key factor. The DNA molecules needs to be longer than at least 100 kb, preferably 1Mb, with small number of nicks to avoid false signals. 
To meet this criteria, known standard DNA extraction procedure sometimes needs optimization, especially for non-model organisms.  



Using the Irys technology in combination with a set of the latest NGS technologies, we have sequenced whole genome and made a genome 
physical map for one of such organisms: the crown-of-thorns starfish. or COTS, Acanthaster planci. The COTS genome analysis provides not 
only better understanding of a natural enemy of reef corals, but also an interesting insight into developmental genetics and its evolution in 
deuterostomes.  
In this presentation, whole procedure from live sperm to sequencing/mapping will be presented, mainly from technical point of view. 
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Implementation of a High Throughput AgriSeqTM Workflow for GBS 
Angela Burrell, Michelle Swimley, Chris Willis, Adam F. Allred, Prasad Siddavatam and Daniel Kephart, Thermo Fisher 
Scientific, Austin, TX 
Genotyping by Sequencing (GBS) has become an invaluable tool in animal and plant genomics to identify disease susceptibility, favorable traits, 
or even determine parentage. GBS is typically performed on Next Generation Sequencing (NGS) platforms using either restriction enzyme-
mediated techniques or through amplicon re-sequencing. AgriSeqTM library prep is a powerful, flexible and customizable amplicon re-sequencing 
workflow which utilizes ultra-high multiplex PCR for targeted sequencing of known SNPs, MNPs, and INDELs.  
Library preparation is one of the most costly and time consuming steps in the sequencing process. We have developed a 384-well library prep 
workflow for amplicon libraries that utilizes half the reaction volume of traditional 96-well workflows. Decreasing the reaction volume and 
increasing library throughput significantly decrease workflow costs. We have incorporated a pooling step into the workflow that allows the bead-
based clean-up from up to four 384-well plates to be completed on a single 96-well plate resulting in significant time savings. Library processing 
time was reduced by >1 hour with >50% reagent usage.  
Performance of the high throughput AgriSeq library prep workflow was validated with multiple Ion AmpliSeqTM panels. 384 barcoded samples 
were processed with the high-throughput AgriSeq library prep workflow and a standard volume 96-well workflow and sequenced on the Ion 
S5TM XL System. Equivalent performance was achieved between the two workflows including genotyping call rate, mean coverage depth, and 
coverage uniformity. The high throughput AgriSeq library prep workflow provides a fast and economical alternative to larger volume, lower 
throughput library prep methods without sacrificing performance. 
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Ion Ampliseq Targeted Sequencing Panel for Determination of Bovine Parentage 
Prasad Siddavatam, Angela Burrell and Adam F. Allred, Thermo Fisher Scientific, Austin, TX 
Historically, microsatellites have been the most popular genetic feature for distinguishing cattle breeds for the purpose of determining parentage. 
More recently, SNP genotyping has emerged as a desirable alternative to microsatellite typing. SNPs offer several advantages over 
microsatellites. Perhaps the most important advantage is that there is less ambiguity in distinguishing SNP alleles in order to confidently provide 
a genotype call.  
Ion AmpliSeq™ is a sequencing technology that can be used for targeted amplification and re-sequencing of thousands of SNP targets in a single 
reaction. The Ion 540™ chip allows hundreds of samples to be genotyped at thousands of loci simultaneously. Ligating a unique barcode to each 
sample allows samples to be sequenced together in a single run on the Ion S5™ sequencing system.  
We have developed a targeted sequencing panel based on 200 bovine SNP markers selected by the International Society of Animal Genetics 
(ISAG) for the purpose of determining parentage. We tested this panel on 96 bovine samples obtained from the USDA representing 19 different 
breeds. Each sample was tested in duplicate such that 192 libraries were pooled onto a single Ion 540 chip for sequencing. Variant calling was 
performed using the Torrent Variant Caller (TVC) plugin as part of the Torrent Suite™ software package. Mean call rate for this dataset was 
98.5%, indicating that the vast majority of SNPs yielded data of sufficient quality to make a genotype call. 
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Synthetic Long Read Sequencing with Optical Mapping Produces High Quality de novo Genomes 
Alan F. Scott and David W. Mohr, Johns Hopkins University Sch of Med, Baltimore, MD 
We have been studying methods for assembling high quality genomes from non-human mammals. Current short-read methods have come to 
dominate genome sequencing because they are cost-effective, rapid and accurate. However, short reads are most applicable when data can be 
aligned to a known reference, generally assembled with more traditional methods. Because such methods are time-consuming, costly and 
inefficient, we have explored approaches to de novo genome assembly using several novel approaches for sequencing and assembly. In 
particular, we evaluated 10X Genomics Chromium Linked-Read sequencing, with ~1M molecular indices, combined with BioNanoGenomics 
(BNG) optical mapping and hybrid assembly. We show that the Chromium data, assembled with Supernova v1.1 alignment software, provided 
long sequence blocks and, when used for de novo assembly, produced scaffolds with an N50 of 22.23 Mb with the longest individual scaffold at 
84.06 Mb. When combined with BNG optical maps the scaffold N50 increased to 29.65 Mb and the longest individual scaffold increased to 
84.78 Mb. Because both BNG and 10X technologies interrogate single DNA molecules they can also be used to construct haplotypes and to 
detect larger scale structural variants between parental chromatids. Combining the two orthogonal methods of Chromium Linked-reads with 
BNG optical maps is likely to make the assembly of high quality genomes routine and significantly improve our understanding of comparative 
genome biology.  
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Genome-Wide Identification of Histone Acetylation (H4K12ac) and Methylation (H3K9me2) Marks in Switchgrass (Panicum 
virgatum L.) 
Vasudevan Ayyappan1, Sripathi Venkatswara Rao2, Malay C. Saha3, Jyothi Thimmapuram4, Ketaki Bhide5 and Venu (Kal) 
Kalavacharla1, (1)Delaware State University, Dover, DE, (2)Alabama A&M University, Huntsville, AL, (3)The Samuel Roberts 
Noble Foundation, Ardmore, OK, (4)Purdue University, West Lafayette, IN, (5)Bioinformatics Core, Purdue University, West 
Lafayette, IN 



In eukaryotes gene expression involves the complex interplay among transcription factors and chromatin proteins that compact chromosomal 
DNA into confined space of the nucleus that either trigger the activation or repression of genes. At the whole-genome level, the molecular 
mechanism of regulation of gene expression is an important process where the accessibility of DNA sequences is determined by the structure of 
chromatin. Transcription is an important process that is regulated by both genetic and epigenetic factors. Epigenetic marks, such as histone 
modification and DNA methylation play an important role in the regulation of transcription and in various biological processes such as 
development, regeneration, and oncogenesis. In plants, there is an increasing evidence of regulation of gene expression by chromatin 
modification. Chromatin modification is an epigenetic process that has evolved among diverse eukaryotes enhancing the capabilities of the DNA 
code.  
Switchgrass (Panicum virgatum), is a perennial, warm-season grass. It is commonly used for livestock feed, erosion control, wildlife, and 
recently as a biofuel source. It is native to the continental United States, and it is classified as a C4 plant. Its ability to have a high yield potential 
in various geographical areas and on marginal land, plus its low nutrient requirements and few pest and erosion problems, made it a very 
marketable crop worth researching. The genomic resources including bacterial artificial chromosomes (BAC) library, expressed sequence tags 
(EST), and exome sequences have been available for switchgrass. The molecular markers for the identification of the genetic diversity and 
germplasm classification have been reported in switchgrass. The complete switchgrass genetic maps have been available. There are few 
transcriptomic reports are also available for switchgrass. Though several genomic resources available, the genome-wide distribution of histone-
specific modification haven’t reported yet in switchgrass. In this study, we report the genome-wide profiling of histone methylation H3K9me2 and 
histone acetylation H4K12ac by using ChIP-Seq in switchgrass. 
 
P0088: Genome Technology: Sequencing 
Detection of Active Transposable Elements in Arabidopsis thaliana using Oxford Nanopore Sequencing Technology 
Emilie Debladis1, Marie-Christine Carpentier1, Christel Llauro-Berger1, Marie Mirouze2 and Olivier Panaud1, (1)University of 
Perpignan, Perpignan, France, (2)Institut of Research for Development (IRD), Montpellier, France 
Transposables elements (TEs) contribute to both structural and functional dynamics of most eukaryotic genomes. The precise estimation of the 
impact of transposition on genomic diversity has been considered as a challenge of today’s genomics. The recent development of NGS (next 
generation sequencing) technologies has open new perspectives in population genomics by providing new methods for high throughput detection 
of Transposable Elements-associated Structural Variants (TEASV). The short reads generated by Illumina platform has been used as a 
technology of choice for the detection of structural variants in plants and animals, but the short reads that it generates can cause high false 
discovery rate (FDR) and therefore limit the power of detection of TEASVs, especially in the case of complex genomes. The newest sequencing 
technologies, such as Oxford Nanopore Technologies (ONT) can generate long reads thus representing a promising tool for TEASV detection in 
plant and animals.  
We present the results of a pilot experiment for TEASV detection on the model plant species Arabidopsis thaliana using ONT sequencing and 
show that it can be used efficiently to detect TE movements. We generated a ~0.8x genome coverage of a met1-derived epigenetic recombinant 
inbred line (epiRIL) using a MinIONTM device. We were able to detect 9 new copies of the LTR-retrotransposon Evadé (EVD) among the 13 
estimated that this line harbors. We also evidenced the activity of three additional TE families, a MULE transposon, an HELITRON and a DNA 
transposon.  
Even at a low sequence coverage, ONT sequencing allowed us to reliably detect several TE insertions. Therefore, it is a promising alternative to 
other NGS platforms for the detection of structural variants in complex genomes. 
 
P0089: Marker Systems Diversity: SNP 
Collectively Improving Robustness and Reproducibility in Genotyping-By-Sequencing (GBS) Experiments 
Marcus Davy1, Cecilia H. Deng2, Helge Dzierzon3, Robert J Elshire4, Stephanie Galla5, Robyn Johnston4, Tammy Steeves5 and 
Roy Storey1, (1)The New Zealand Institute for Plant & Food Research Limited, Te Puke, New Zealand, (2)The New Zealand 
Institute for Plant & Food Research Limited, Auckland, New Zealand, (3)The New Zealand Institute for Plant & Food Research 
LImited, Palmerston North, New Zealand, (4)The Elshire Group LImited, Palmerston North, New Zealand, (5)University of 
Canterbury, Christchurch, New Zealand 
Many researchers have used genotyping-by-sequencing to generate marker data since the method was published in PLoS ONE in 2011. Others 
have made modifications to the method resulting in different, but related, types of GBS data generated. Additional analysis pipelines have been 
developed, many of which are licensed under Free / Libre and Open Source licenses -- allowing them to be inspected, tested and improved upon. 
Taken together these modifications and analysis pipelines demonstrate the power of the scientific method when combined with modern genomics 
laboratory techniques, open access publishing and open source software to rapidly and democratically advance our ability to conduct research. It 
has also left researchers wanting to use the technology with several questions which need to be answered before they adopt the approach. First, 
what laboratory method should one use to make GBS libraries? Second, what sequencing platform should be used and how? Third, what pipeline 
is best suited for the data generated and the genetics of the system being studied?  
A group of like-minded scientists has come together to build software tools and an information repository to help others answer these questions 
for their own experiments in a project called Biospectra-by-Sequencing. The aim of the project is developing an informational Wiki for 
geneticists and genomicists as well as a containerized software test rig to evaluate and run many GBS pipelines. We describe the status of the 
project, how to access the work we have done so far and how researchers can participate in the BBS project. 
 
P0090: Marker Systems Diversity: SNP 
Genome Coverage vs Sequencing Depth: How Sequencing Parameters Affect Detection of Population Structure 
Carly F Graham1, Douglas Boreham2, Joanna Wilson3, Richard Manzon1 and Christopher Somers1, (1)University of Regina, 
Regina, SK, Canada, (2)North Ontario School of Medicine, Sudbury, ON, Canada, (3)McMaster University, Hamilton, ON, Canada 
Next generation DNA sequencing of thousands of single nucleotide polymorphisms is rapidly replacing traditional genetic markers in the field of 
molecular ecology. The resulting tremendous increase in data has enhanced many aspects of molecular ecology, including analysis of population 



structure, local adaptation and phylogenomics. Ideally, researchers would sequence entire genomes, but the cost of sequencing most eukaryotes is 
prohibitive. Reduced representation sequencing approaches such as RADSeq, ddRADSeq and GBS allow researchers to sequence a small, 
specific subset of homologous regions of the genome across individuals, drastically reducing the cost of sequencing. However, most labs are still 
limited in the amount of sequencing output they are able to generate. Consequently, most molecular ecologists face a tradeoff between 
sequencing depth and genomic coverage, most of the time without a priori knowledge regarding which aspect of sequencing is more important. 
To address this knowledge gap, we used nextRAD to sequence a reduced representation library from n = 143 lake whitefish in Lake Huron that 
showed weak population structure using microsatellites. We sequenced the same individuals at both high and low sequence coverage: >15X and 
>3X, respectively. As a result of fixed output, individuals sequenced at low depth have higher genome coverage (>50,000 loci), compared to 
those sequenced at high depth (>20,000 loci). In this poster we compare analyses of population structure using these two sequencing datasets. 
Our results will help researchers decide how to handle the depth vs coverage tradeoff in future studies. 
 
P0091: Marker Systems Diversity: SNP 
Evaluation of SNP Genotyping Errors Using Quality-Assurance Sample Checks with Implications on Genomic Prediction 
Jiaqi Xu1, Jiansheng Qiu1, Xiao-Lin Wu1, Ryan Ferretti1, Qianjun Xiao1, Stephen D. Kachman2 and Stewart Bauck1, 
(1)Neogen/GeneSeek, Lincoln, NE, (2)University of Nebraska - Lincoln, Lincoln, NE 
Genotyping errors are of serious concern in applications such as map construction, genome-wide association studies, and genomic selection. A 
genotype error occurs when an observed genotype does not correspond to the true underlying genotype. Population-wise, genotype errors which 
are inconsistent with Mendelian inheritance can be detected and eliminated, yet there may still exist many Mendelian-consistent genotype errors 
which are hard to be detected. From the perspective of quality assurance (QA), genotype errors can be identified by repeatedly genotyping a pre-
selected set of animals (i.e., QA sample checks) on the same or different chips.  
In the present study, genotype error rates were estimated for some commonly-used commercial SNP chips (GGPLDV3, GGPLDV4, 
GGPHD80K, GGPHD150K, and GGPHD777K) based on replicated genotypes for QA sample checks in GeneSeek (a Neogen company). True 
genotypes for these QA sample checks were called by majority voting with the corresponding probabilities inferred. On average, genotype error 
rates were low (0.02% - 0.08%) for these SNP chips. Chromosome-wide, genotype error rates were mostly less than 0.05%, but significantly 
elevated genotype errors were observed with SNPs on Y chromosome (0.028 – 4.786%) and those on the Mitochondrial DNA (0.179 – 0.375%). 
Observed genotype error rates varied with samples, chromosomes and chips. The differences might be due to varied DNA quality, categories of 
SNPs, and genotyping platforms (including chemicals). The impact of genotype errors on genomic prediction was investigated in a Holstein 
population by randomly simulating average numbers of genotype errors for SNPs on the GGPHD (80K) chip. The results showed only slightly 
decreased genomic prediction accuracy. Hence, the present SNP genotype error rates are not of great concern in applications such as genomic 
prediction, provided that the genotype error rate are kept at low levels. The robustness of genomic prediction accuracy depends on the whole 
system rather than heavily on individual SNPs. Finally, a list of SNPs with a genotype error rate great 1% was provided. These SNPs should be 
interpreted with caution in applications (such as genome-wide association studies) in which high accuracies of single SNPs are expected.  
* Correspondence: nwu@neogen.com 
 
P0092: Marker Systems Diversity: SNP 
Heterotic Grouping of ARC Maize (Zea mays L.) Inbred Lines Based on Yield-Specific Combining Ability Data and SNP 
Markers 
Siphiwokuhle F. Shandu, Agricultural Research Council-GCI, Potchefstroom, South Africa, Kingstone Mashingaidze, 
Agricultural Research Council-Grain Crops Institute, Potchefstroom, South Africa and Lebogang Angelo Madubanya, Agricultural 
Research Council, Potchefstroom, South Africa 
Maize is an important staple food in South Africa. Successful development of improved maize hybrids requires a well-arranged germplasm 
which provides maximum heterosis. Heterotic groups and patterns facilitate hybrid breeding, and a small number of heterotic groups results in 
higher breeding progress. The objective of the study was to classify 42 maize inbred lines into heterotic groups based on yield-specific 
combining ability (SCA) and Single Nucleotide Polymorphism (SNP) markers.  
Forty-two maize inbred lines from seven known heterotic groups were evaluated in testcrosses with four testers representing heterotic group A 
(B73 and CML312) and B (MO17 and CML444). Testcrosses were evaluated in South Africa, in two environments for two growing seasons 
(2014/15 and 2015/16). The Inbreds were further genotyped with SNP markers to estimate genetic distances.  
Based on yield SCA data, the inbred lines were classified into heterotic group A and B; only two inbred lines were not clearly distinguished for 
classification. A UPGMA dendogram based on SNP marker data formed three groups of inbred lines. Classification of most inbred lines by SNP 
markers corresponded with their known pedigrees. However, the correlation between yield SCA and marker-based estimated genetic distances 
was low suggesting that predicting heterosis from molecular data alone might not be sufficient. These classifications would be potentially useful 
in the ARC maize breeding program to obtain higher-yielding maize hybrids under common abiotic stresses in South Africa, mainly drought and 
low nitrogen soil stress. The results obtained will also provide the opportunity for better management and utilization of maize germplasm.  
 
P0093: Marker Systems Diversity: SNP 
Molecular Characterization of IITA Maize Inbred Lines Resistant to Striga hermonthica using SNP Markers 
Wende Abera Mengesha1, Abebe Menkir2, Melaku Gedil3, Silvestro Meseka3, Nnanna Unachukwu3, Adetutu Farinola3 and 
Gezahegn Girma3, (1)International Institute of Tropical Agricultural (IITA), Ibadan, Nigeria, (2)International Institute of Tropical 
Agriculture (IITA), Ibadan, Nigeria, (3)International Institute of Tropical Agriculture, Ibadan, Nigeria 
Among the major biotic stresses in Sub-Saharan Africa, Striga hermonthica is one of the top biotic stress limiting maize yields. Molecular 
characterization information on population structure and genetic diversity is important for efficient utilization of germplasm and development of 
Striga resistant maize varieties. Understanding of the genetic diversity among breeding lines is fundamental in developing cultivars resistant to 
Striga and other biotic and abiotic stresses. The objectives of this study were to investigate the diversity of 128 Striga resistant maize inbred lines 
using single nucleotide polymorphism (SNP) DNA markers and to identify their cluster group for effective development of Striga resistant 



hybrids. The inbred lines were genotyped with 3,297 SNP markers, after filtering the SNP markers based on missing values and their allele 
frequency. The unweighted pair group method with arithmetic mean (UPGMA) grouped the inbred lines into four distinct clusters consistent 
with their known pedigrees records. The Strigaresistant inbred lines that were adapted to mid-altitude and low-land tropical agro-ecologies were 
classified in different clusters. The greatest genetic distance was identified between the clusters of lines L088 and L115/ L073 and L039, 
suggesting that the genetically distant lines originated from different source population. Our result further identified the genetic grouping present 
in the source population, which will assist in effective utilization of the lines for exploitation of heterosis in tropical hybrid maize breeding 
programs.  
Keywords: Striga hermonthica; genetic diversity; inbred lines; SNP markers 
 
P0094: Marker Systems Diversity: SNP 
Analysis of Single Nucleotide Polymorphisms Based on RNA Sequencing Data of Diverse Bio-Geographical Accessions in 
Barley 
K. Takahagi1,2, Y. Uehara-Yamaguchi1, T. Yoshida1, T. Sakurai3, K. Shinozaki1, K. Mochida1,2 and D. Saisho4, (1)RIKEN CSRS, 
Yokohama, Japan, (2)Kihara Institute for Biological Research, Yokohama City University, Yokohama, Japan, (3)Faculty of 
Agriculture and Marine Science, Kochi University, Nankoku, Japan, (4)Okayama University, kurashiki, Japan 
Information on genome-scale DNA polymorphisms allows elucidating the evolutionary history behind domestication, as well as discovering and 
isolating useful genes for molecular breeding. Deep transcriptome sequencing enables the exploration of sequence variations in transcribed 
sequences, which is particularly useful for species with large and complex genomes, Hordeum vulgare (barley). In this study, we performed 
RNA sequencing of 20 barley accessions, comprising representatives of several biogeographic regions and a wild ancestor. We identified 38,729 
to 79,949 SNPs in the 19 domesticated accessions and 55,403 SNPs in the wild barley and revealed their genome-wide distribution using a 
reference genome. Genome-scale comparisons among accessions showed a clear differentiation between oriental and occidental barley 
populations. The results based on population structure analyses provide genome-scale properties of sub-populations grouped to oriental, 
occidental and marginal groups in barley. Our findings suggest that the oriental population of domesticated barley has genomic variations distinct 
from those in occidental groups, which might have contributed to barley’s domestication. 
 
P0095: Marker Systems Diversity: SNP 
SNP Calling and Validation from Transcriptome Sequences in Tall Fescue Aiming to Map QTL for Summer Dormancy 
Shyamal K Talukder, Nick Krom, Liang Sun, Jennifer Black, Konstantin Chekhovskiy, Yuhong Tang, Junil Chang and Malay C. 
Saha, The Samuel Roberts Noble Foundation, Ardmore, OK 
Tall fescue is an important perennial forage grass in the USA. In the Southern Great Plains, the persistence of tall fescue is significantly affected 
by hot and dry summer. However, tall fescue in the Mediterranean region exhibit summer dormancy for drought adaptation and persists longer 
period of time. 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 using one continental (R43-64) and two summer dormant (Agrafa 103-2 and GK45115-11) tall 
fescue genotypes under growth chamber condition. Sample of leaves, crowns and roots were collected for RNA-Seq at six different time points 
of induction, optimum 1, transition, dormancy1, dormancy 2 and optimum 2 condition. De novo assembly yielded 1,031,513 contigs averaging 
the size of 688.43 bp. SNP calling was performed using the contigs as reference and identified total of 386,000 SNPs. Considering the 
discriminatory SNPs between summer dormant and continental genotypes, 53,324 SNPs were identified. The flanking region of the SNPs were 
aligned into Brachypodium genome and identified 17,855 SNPs regions matching with Brachypodium genome. A subset of 50 SNPs which have 
gene annotation in Brachypodium genome were selected and sent to KASP for validation using a bi-parental mapping population developed by 
crossing between R43-64 and Agrafa 103-2 along with other relevant parental genotypes. Based on validity of the SNPs, additional SNPs will be 
used for genotyping the population. This study will lead to identify QTL associated with summer dormancy in tall fescue thus assist the breeding 
efforts for integrating dormancy in tall fescue as a desired trait. 
 
P0096: Marker Systems Diversity: SNP 
Genomic-Specific Single Nucleotide Polymorphism (SNP) Markers for Monitoring Introgression from Tall-Wheatgrass, 
Lophorpyrum elongatum, into Wheat 
Jiale Xu, University of California in Davis, Davis, CA and Jan Dvorak, Department of Plant Sciences, University of California, 
Davis, CA 
Background: Tall wheatgrasses (genus Lophorpyrum) are close relatives of wheat and exceptional sources of germplasm for breeding of wheat 
for diseases resistance and tolerance of abiotic stresses. The utility of these wheat relatives for wheat improvement is currently limited by the 
absence of basic genetic sources, such as genetic markers and maps. Here we report the development of SNP markers for the detection of tall 
wheatgrass germplasm in the wheat genetic background.  
Results: The genome (designated as E) of diploid L. elongatum was sequenced with the Illumina Hiseq 2000 platform to ~10X coverage. To 
discover SNPs between L. elongatum and wheat, the reads were aligned against reference genome sequence of Aegilops. tauschii, the diploid 
progenitor for the D genome of wheat. About 160k SNPs were called. L. elongatum SNPs along with 100bp of flanking sequence were used as 
queries in blast against IWGSC chromosome survey assemblies. Of the 160K SNPs, 92,647 were E-genome specific and 27K were in exon 
regions. All 92,647 SNPs were classified into four different types based on the genome location of mismatches of flanking sequences. For 
majority (92.3%), the 100bp flanking sequence showed 100% identity to one wheat subgenome and less than 100% sequence identity the other 
two wheat subgenomes (henceforth type III SNPs). For most type III SNPs, the genome with 100% sequence identity was the D subgenome. 
Primers for the detection of these E-/D-genome specific SNPs with the Sequenom genotyping platform are being designed and validated.  
Conclusion: The use of an annotated Ae. tauschii genome sequence in the selection of L. elongatum reads for SNP discovery resulted in the of 
thousands of SNP markers that specifically detect L. elongatum germplasm in the wheat genetic background with predicted genomic locations. 
We are exploiting these attributes in SNP marker development and deployment in monitoring introgression from L. elongatum into the wheat. 
 



P0097: Marker Systems Diversity: SNP 
Genomic Variation the Threatened Palm Euterpe edulis (Martius) Along Altitudinal Gradients of the Atlantic Forest 
Mariana Novello, University of Campinas, Campinas, Brazil 
Altitudinal climatic gradients may influence adaptive characteristics of plants leading to genetic divergence of populations. Under different 
selective pressures the allele frequencies at loci among populations may become significantly different and result in local adaptation. In this 
study we used SNPs to investigate the genomic variation of Euterpe edulis populations across an altitudinal gradient in Serra do Mar mountains, 
located in Southeast Brazil. A ddRAD genomic library was prepared for 24 adults individuals from four natural populations, with altitudes 
ranging from the sea level up to 1,100 m. The ddRAD library generated 1,040 high-quality SNPs that allowed the estimation of genomic 
diversity and differentiation. Genomic diversity was not affected by altitude, measures were similar for E. edulis populations (HE ranging from 
0.17 to 0.19 and AR ranging from 1.38 to 1.42). The inbreeding coefficient was negative for all populations, again with no correlation with 
different altitudes. The population located at the sea level was the most differentiated from the other populations studied, as indicated by the 
pairwise Fst estimates and the multivariate analysis. Further analyses with a larger number of individuals are being carried out to identify outlier 
loci putatively under selection that may evidence the existence of local adaptation to low altitude in Serra do Mar altitudinal gradient. 
Characterizing the adaptive variation is fundamental to predict the vulnerability of plants to respond to environmental changes. 
 
P0098: Marker Systems Diversity: SNP 
Gene Flow with Wild Relatives Reshape Diversity and Suggest Adaptative Introgression in Cultivated Pearl Millet 
Concetta Burgarella1, Philippe Cubry2, Olivier Francois3, Ndjido A Kane4, Yves P. Vigouroux2 and Cécile Berthouly-Salazar5, 
(1)Univ-montpellier 2, Montpelleir, France, (2)IRD, Montpellier, France, (3)Grenoble INP TIMC-IMAG, Faculty of Medicine, 
Grenoble, France, (4)ISRA Senegal, Dakar, Senegal, (5)IRD, Dakar, Senegal 
Gene flow can greatly impact the evolutionary trajectories of population and species. For instance, it can be a source of novel adaptations that 
allows organisms to face environmental changes or to colonise novel environments. In crop-wild study systems, spontaneous and intentional 
hybridization and introgression between wild populations and locally adapted landraces is an important source of variation for crop improvement 
in formal breeding and in traditionally managed agroecosystems. A striking example has been recent uncovered in maize, whose cultivated forms 
are able to face lower temperatures and precipitation regime in Mexican highlands thanks to the introgression of alleles from the locally adapted 
wild maize ecotypes. Pearl millet (Pennisetum glaucum) is one of the main cultivated cereals in arid and low fertility soil areas of Africa and 
India. Cultivated and wild pearl millet distributions overlap in the Sahelian region, where intermediate morphologies and genotypes have been 
documented. Given that wild populations occupy drier environments than cultivated forms, wild alleles' introgression into the cultivated gene 
pool may lead to an increase in adaptability to harsher conditions.To assess the frequency of wild-cultivated gene flow and to identify potentially 
adaptive introgressions in cultivated pearl millet, we used full-genome data for 31 wild and 190 cultivated accessions. A genome wide 
assignation analysis allowed us to estimate up to 9% and 16% of wild-crop gene flow in the Eastern and Western part of Sahel respectively. 
Three hundred genomic regions showed a site frequency spectrum departing from neutral expectations suggesting the action of selection in 
cultivated populations of pearl millet. The most frequent signal is found in Western Sahel. Functional annotation of these regions revealed that 
they include several genes involved in the response to stress (i.e. disease and drought), in plant development and reproduction (e.g. auxine 
responsive proteins and seed development) and in photosynthesis (e.g. phytocrome related proteins), supporting their implications in adaptation. 
According to different tests, a large fraction of the potentially selected regions seem to be of introgressed origin, which provides a list of 
candidate adaptive introgressions for further validation. 
 
P0099: Marker Systems Diversity: SNP 
Evaluation of Genetic Effects on Competition to Improve Genomic Prediction in Cassava Field Experiments 
Ani A. Elias, Cornell University, Ithaca, NY and Jean-Luc Jannink, USDA-ARS, Ithaca, NY 
The rate of genetic advancement in plant breeding experiments can be increased by accounting for interference or competition caused by 
neighboring individuals. Genomic selection (GS) models can be designed that simultaneously predict performance of an individual and the 
competition of its neighbors. Such models were applied to cassava (Manihot esculenta) breeding experiments conducted in collaboration with 
International Institute of Tropical Agriculture (IITA). GS models can be used to predict genetic value for selecting parents by taking advantage of 
the relationship among genotypes through genomic relationship matrix. Three types of incidence matrices were used to relate neighboring 
genotype to the performance of a focal plot in GS models to account for competitive effects on cassava root yields while simultaneously 
estimating the direct genetic effects on those yields. The competition incidence matrices considered either only the nearest neighbors or 
neighbors further away where competition effects were assumed to decay in a slow or fast rate. Predictive ability of candidate models were tested 
through a 10-fold cross-validation method which was repeated five times. The best model was chosen as the one with the lowest prediction root 
mean squared error (pRMSE) compared to a base model having only the direct genetic effect component. We found that in most instances, 
competition stopped at the nearest neighbor. In instances where it went beyond the nearest neighbor, the competition effect decayed slowly 
mostly. A decrease in pRMSE up to 2.8% was found when competition was accounted for in GS models. 
 
P0100: Marker Systems Diversity: SNP 
Cassava SNPY-Array a Power Tool to Evaluate Diversity, Variety Identification, Redundancy and Population Structure 
Tatiana Ovalle, CIAT, Cali, Colombia 
The study of genomic variation is an essential part to understand the crop’s species diversity, conservation and breeding. DNA polymorphisms 
can be used directly to indicate relationships between individuals within populations and between populations, providing a pivotal information 
for the crop’s genetic resources management and crop breeding strategies. Next generation sequencing among Latin American cassava landraces 
unraveled more than 12000 SNPs with different levels of genetic information. Of these SNPs a core set of 180 SNPs were selected and converted 
in a nanofluidic array (SNPY-array) for regular use in genotype characterization.  
Here, we reported the results of four study cases where the SNPY–array was used for accurate identification of 5,740 cassava accession collected 
in Latin America from the Cauca region going through the Amazon communities of Colombia across the lowland forest of Peru and in Vietnam. 



The data obtained helped to understand the cassava variety composition of traditionally conserved landraces both in Cauca and the Amazon and 
assist the Peruvian and Vietnamese agricultural national program in the germplasm management and conservation decisions processes. These 
data also allowed us to understand the patterns of traditional versus improved varieties dissemination and adoption, as well as inferring their 
population genetics relationships at local and continental level. The SNPY-Array proved to be an effective tool to accurately identify thousands 
of informative genetic variations quickly and cost effectively in cassava.  
Keyword:RAD-Sequencing, Gene banks, Variety identification  
 
P0101: Marker Systems Diversity: SNP 
African Yam Domestication: Analyses of Selection Pinpoint to Starch, Root and Photosynthesis Related Genes 
Roland Akakpo1, Nora Scarcelli1, Hana Chaïr2, Alexandre Dansi3, Gustave Djedatin3, Karine Alix4, Anne Celine Thuillet1 and 
Yves P. Vigouroux1, (1)IRD, Montpellier, France, (2)CIRAD, Montpellier, France, (3)University of Abomey - Faculty of Science 
of Dassa, Dassa-zoumè, Benin, (4)AgroParisTech, Gif-sur-Yvette, France 
Domestication is associated with major phenotypic changes. To understand the molecular basis of domestication one could assess selection 
signature at the whole genome scale. Here, we studied a tuber crop, the African yam (Dioscorea rotundata). This species has two closed wilds 
relatives with very specific ecological distribution: one is Dioscorea abyssinica found in the savanna, the other is Dioscorea praehensilis native 
from forest areas. We sequenced a sample of 30 yam accessions from Benin in West Africa, including 10 cultivated individuals and 10 
individuals from each of its two putative wild parents. We identified 308840 high quality SNPs in 23,136 contigs. Detection of selection 
approaches allow to identify 998 candidate contigs showing some evidence of selection in the cultivated yam. Interestingly, we found selection 
signature in the starch biosynthesis pathway as well as in a well-known root development gene. We also found selection in phototropism gene, 
suggesting how at the molecular level, growth pattern between wild and cultivated yam might have been reshaped during domestication.  
Key word: Adaptation, diversity, domestication, genomic of selection 
 
P0102: Marker Systems Diversity: SNP 
Genotyping Bromus tectorum using SNP Markers from a Partially Sequenced Transcriptome to Detect Cryptic Invasion in 
Western North America 
Craig E. Coleman1, Susan E. Meyer2, Keith R. Merrill1, Elizabeth A. Leger3 and Desiree R. Eldon1, (1)Brigham Young University, 
Provo, UT, (2)USDA Shrub Sciences Laboratory, Provo, UT, (3)University of Nevada - Reno, Reno, NV 
We have partially sequenced the Bromus tectorum (cheatgrass or downy brome) transcriptome and mined it for SNPs to genetically assess 
population diversity. Bromus tectorum is a cleistogamous species of Eurasian origin that is dominant on millions of hectares of western North 
American rangelands. Our objective has been to investigate the role of independent introductions in recent range expansions. Secondary range 
expansion into new habitats often follows establishment and spread of invasive species within an ecosystem. The introduction of pre-adapted 
genotypes into new habitats is one mechanism accounting for secondary range expansion. After its introduction in the late 1800s, rapid 
establishment of B. tectorum within sagebrush-steppe habitats of western North America has been followed by expansion into more xeric as well 
as mesic environments. Using our SNP markers we have compared the genetic composition of North American sagebrush-steppe populations of 
B. tectorum with those found in more xeric desert environments of the southwest. We also compared the genetic composition of western North 
American populations with populations from the native Eurasian range. We found some desert haplotypes are genetically distinct from those 
found in the sagebrush-steppe habitat. We also discovered that common haplotypes in North American habitats are most similar to haplotypes 
from Northern European populations, whereas the distinct North American desert haplotypes are most similar to populations in south-central 
Asian deserts. Our data suggest the recent invasion of arid habitats of North America may be a consequence of the independent introduction of 
pre-adapted biotypes from climatically similar parts of Eurasia. 
 
P0103: Marker Systems Diversity: SNP 
Comparative Transcriptomics Uncovers Alternative Splicing Events and Marker Discovery in Radish (Raphanus sativus L.) 
Xiaobo Luo, Liang Xu, Yan Wang, Wei Zhang, Ronghua Wang and Liwang Liu, National Key Laboratory of Crop Genetics and 
Germplasm Enhancement, College of Horticulture, Nanjing Agricultural University, Nanjing, China 
Single nucleotide polymorphisms (SNPs), insertion/deletion (InDel) are abundant polymorphisms and co-dominant inheritance markers, they 
have been widely used in plant genetics and breeding. So far, however, little information is available on development and utilization of SNP and 
InDel markers from transcriptome in radish. In this study, a total of 177,540 alternative splicing (AS) events were identified from three radish 
transcriptome datasets. They were distributed in 64 % of the total expressed genes, and the most predominant and least type of AS events was 
alternative 5’ first exon and exon skipping, respectively. In all, 22,412 SNPs and 9,366 InDels were identified with an average frequency of one 
SNP per 18.8 kb and one InDel per 4.5 kb, respectively. The major types of SNPs were transition with nucleotide transitions A/G and C/T in the 
radish. The ratio of SNPs with nonsynonymous/synonymous mutations was 1.05:1. The length of InDels ranged from 1 to 12 bp, and the 1–2 bp 
in length were the most abundant types. Moreover, the reliability of thirty SNPs and eighty InDels were validated using Sanger sequencing and 
PCR-base marker. In total, 27 (92.5 %) SNPs and 60 (75.0 %) InDels exhibited polymorphism. Furthermore, 40 informative InDels markers 
were tested on 32 radish genotypes for genetic diversity analysis, in which the polymorphism information content values ranged from 0.09 to 
0.69. These results would not only provided new insights into transcriptome complexity and AS regulation, but also furnish large molecular 
markers resource for germplasm identification, genetic mapping and marker assisted selection in radish. 
 
P0104: Marker Systems Diversity: SNP 
Identification and Evaluation of Transcriptome-Derived A and B-Genome Single Nucleotide Polymorphism (SNP) Markers 
in Peanut (Arachis hypogaea L.) 
Theophilus Kwabla Tengey, Department of Plant and Soil Science, Texas Tech University, Lubbock, TX, Ratan Chopra, USDA-
ARS, Lubbock, TX, Charles E. Simpson, Texas A&M AgriLife Research, Stephenville, TX, Andrew Hillhouse, Department of 
Veterinary Pathobiology, Texas A&M University College of Veterinary Medicine, College Station, TX, Venugopal Mendu, Fiber 



and Biopolymer Research Institute (FBRI), Department of Plant and Soil Science, Texas Tech University, Lubbock, TX and Mark 
D. Burow, Texas A&M AgriLife Research, Lubbock, and Department of Plant and Soil Science, Texas Tech University, Lubbock, 
TX 
Distinguishing homologous from homoeologous single-nucleotide polymorphisms (SNPs) poses a challenge in genotyping polyploids such as 
peanut. This study sought to identify and validate homologous SNPs for the purpose of constructing a genetic linkage map for a BC1 interspecific 
introgression population and genotyping a BC3 population. A-genome and B-genome SNPs were selected from a transcriptome sequence 
database made of A-genome parents, A. diogoi, A. cardenasii and A. duranensis, and B/K-genome parents, A. ipaënsis and A. batizocoi, and 
parents of the backcross population (Florunner and TxAG-6). Polymorphic SNPs were first filtered between TxAG-6 and Florunner at each 
contig followed by screening for sub-genome specific SNPs. Primers synthesized were validated based on KASP chemistry using the Roche 
LightCycler system. Validation results showed that 63% representing 49 out of 78 selected A-genome SNPs and 71% representing 91 out of the 
128 selected B-genome SNPs perfectly matched the selection criteria used in targeting the SNPs. These results further emphasize the reliability 
of our transcriptome sequence database for selection and utilization of candidate SNPs for genotyping and construction of genetic linkage maps. 
 
P0105: Marker Systems Diversity: SNP 
Identification By the DArTseq Method of the Genetic Origin of the Coffea canephora Cultivated in Vietnam and Mexico 
Andrea Garavito, Center for Bioinformatics and Computational Biology, Manizales, Colombia, Christophe Montagnon, RD2 
Vision, Valflaunes, France, Romain Guyot, IRD UMR IPME, Montpellier cedex 5, France and Benoit Bertrand, CIRAD UMR 
IPME, Montpellier, France 
The coffee species Coffea canephora represents approximately 40% of coffee production worldwide. While the genetic diversity of wild C. 
canephora has been well studied in the past, only few studies have addressed the genetic diversity of currently cultivated varieties around the 
globe. Vietnam is the largest Robusta producer in the world, while Mexico is the only Latin American country, besides Brazil, that has a 
significant Robusta production. Knowledge of the genetic origin of Robusta cultivated varieties in countries as important as Vietnam and Mexico 
is therefore of high interest.  
Through the use of the DArTseq method on a collection of C. canephora composed of known accessions and accessions cultivated in Vietnam 
and Mexico, 4,021 polymorphic SNPs were identified. We used a multivariate analysis using SNP data from reference accessions in order to 
confirm and further fine-tune the genetic diversity of C. canephora. Also, by interpolating the data obtained for the varieties from Vietnam and 
Mexico, we determined that they are closely related to each other, and identified their genetic origin. The genetic characterization based on SNP 
markers of the varieties grown throughout the world, increased our knowledge on the genetic diversity of C. canephora, and contributed to the 
understanding of the genetic background of varieties from very important coffee producers. 
 
P0106: Marker Systems Diversity: SNP 
Development and Evaluation of a 8K SNP Genotyping Array for Coffea canephora and Coffea arabica 
Virginie Merot-l'Anthoene1, Darracq Olivier1, Vimel Rattina1, Michel Rigoreau2, Maud Lepelley2, Rémi Tournebize3, Christine 
Tranchant-Dubreuil4, Sylviane Metairon5, Coralie Fournier5, Pascal Musoli6, Ucu Sumirat7, Hyacinthe Legnate3, Alexandre de 
Kochko8, Patrick Descombes9, Dominique Crouzillat2 and Valerie Poncet10, (1)Nestle R&D Center, Tours, France, (2)Centre R&D 
Nestlé Tours, Tours, France, (3)IRD, Montpellier, France, (4)IRD - UMR DIADE, Montpellier, France, (5)NIHS, Lausanne, 
France, (6)NaCoRi, Kituuza, Uganda, (7)ICCRI, Jember, Indonesia, (8)IRD UMR DIADE, Montpellier, France, (9)NIHS, 
Lausanne, Switzerland, (10)IRD UMR DIADE, Montpellier cedex 5, France 
Genotyping arrays are now becoming an usual tool for plant genetics and breeding. Over the last few years, the sequencing of various species by 
next-generation sequencing technologies (NGS) has led to the discovery of numerous genome-wide SNPs. This approach has allowed the design 
of a Coffee 8K genotyping array for the two main cultivated species: Coffea canephora and Coffea arabica. 
For genome-wide SNP discovery, 12 Coffea canephora and 4 Coffea arabica genotypes representing the genetic diversity of the species (Gomez 
et al. 2009, Musoli et al. 2009) were re-sequenced using the Illumina technology. Following the mapping of these sequences to the Coffea 
canephora reference genome (Denoeud et al. 2014), a subset of 8,000 high-quality SPs were selected for the design of an Illumina Infinium SNP 
array, including 65 % and 35 % of SNPs from Coffea canephora and Coffea Arabica, respectively. The array contained evenly distributed 
markers among the 11 linkage groups, 58 % of which are located within genic regions as annotated in the Coffea canephora reference genome.  
The usefulness of this genotyping tool to address specific questions related to genetic diversity and to linkage mapping has been demonstrated. In 
terms of genetic diversity, the Coffee 8K array allowed the characterization of seven genetic groups for Coffea canephora in accordance with 
previous results obtained with a set of 19 SSR markers. The array was also used to generate high-density genetic maps for the two species Coffea 
canephora and Coffea arabica, consisting of 3048 and 1842 markers, respectively. These two high-resolution genetic maps have already been 
used to improve the Robusta and Arabica reference genome assemblies and QTL detection. 
The Coffee 8K array will definitely provide a valuable additional resource for coffee research, which will significantly accelerate various 
genomic studies as well as breeding programs. 
[1] Gomez C. et al. (2009) Current genetic differentiation of Coffea canephora Pierre ex A. Froehn in the Guineo-Congolian African zone: 
cumulative impact of ancient climatic changes and recent human activities. BMC Evol Biol 9:167  
[2] Musoli, P et al. (2009) Genetic differentiation of wild and cultivated populations: diversity of Coffea canephora Pierre in Uganda. Genome, 
52, 634-46  
[3] Denoeud F. et al. (2014) The Coffee Genome Provides Insight into Convergent Evolution of Caffeine Biosynthesis. Science 345(6201):1181 
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Identification of Haplotypes in Octoploid Strawberry (Fragaria × ananassa) Cultivars using 90K IStraw 
Amparo Monfort, Miriam Paya, Kostas Alexiou and Jose M Hidalgo, IRTA, Centre for Research in Agricultural Genomics CSIC-
IRTA-UAB-UB, Bellaterra (Barcelona), Spain 



Cultivated strawberry (Fragaria x ananassa) is a hybrid octoploid species whose fruit is highly appreciated due to its organoleptic properties and 
health benefits. Despite its economic importance, the octoploid genome represents a great challenge to study the genome structure and molecular 
mechanisms related to fruit quality and agronomic traits. The present study centered on utilizing SNP data from genotyping array (IStraw 90K) 
of 37 cultivars, bred by the company PLANASA, to determine trait-relevant haplotypes in the cultivars. We developed a strategy to extend our 
F2 genetic linkage map by association of high quality SNPs to the previously mapped ones based on genotype similarity with consistent results. 
The resultant 33 maps, composed of 2,106 markers, were derived from joining 71 fragments in function of their annotated homeolog group; the 
highlight is on the 633 markers that were newly incorporated. As genetic distance among cultivars responded to both phenotype and genotype 
properties, a thorough analysis on those linked by a common feature may shed light on the markers involved with it. Functional annotations of 
SNPs consisted of prediction of effects on genes, with focus on those variants that disrupted gene transcription; a list of 280 markers with 
predicted high impact on genes is provided. This work may be continued by performing association analysis when cultivars are fully phenotyped 
in order to define candidate genes related with traits of economic significance and will generate a small chip for Marker Assisted Selection. 
 
P0108: Marker Systems Diversity: SNP 
Loss of Heterozygosity Analysis in Citrus Using a High Density SNP Array 
Tulsi Dey and Mikeal L. Roose, University of California Riverside, Riverside, CA 
Loss of Heterozygosity (LOH) is a powerful molecular genetic approach for high resolution screening to detect heterozygous deletions or gene 
conversions.Hybridization to single nucleotide polymorphism (SNP) arrays is an efficient method to identify LOH regions within the genome. In 
this study, the Affymetrix® Axiom® Citrus15 array containing 1.5M SNPs was used to identify LOH of chromosomal regions among cultivars 
that have diverged by mutation. In several cultivar groups, such as sweet oranges, LOH events were found on certain chromosomes extending 
from one to several megabases in some varieties compared with others. For example, Valencia Late and Olinda Valencia showed several LOH 
regions on chromosomes 1 (17-19Mb) & 9 (7-8Mb) compared with Pineapple Sweet Orange. The LOH affected parts of the chromosomes which 
are large enough to encompass multiple genes. CNV (Copy number variation) analysis confirms that these events are deletions rather than gene 
conversions. Other examples of cultivars showing LOH include Delta Valencia, acidless orange, Star Ruby grapefruit, and Oroval Clementine. 
Many Citrus varieties have originated through careful selection of spontaneous somatic mutations, so these LOH events may have played an 
important role in the origin of new varieties by altering fruit traits and other horticultural characters. A high-density SNP array thus can be used 
effectively to detect small and large deletion events and provide more information regarding the boundaries of deleted regions. 
 
P0109: Marker Systems Diversity: SNP 
Characteristic Analysis of SNPs in Epimedium pseudowushanense B.L.Guo Under Light-Induced By High-Throughput 
Sequencing 
Junqian Pan and Baolin Guo, Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences & Peking Union 
Medical College, Beijing, China 
Objective: To analyze the SNP site of Epimedium pseudowushanense B.L.Guo under light-induced, and understand the characteristics of the 
SNP locus and genetype in this important medicinal plant. Methods: E. pseudowushanense seedlings were treated with different light intensity 
(low, middle and high) for 30 days, then collected and sequenced with high-throughput sequencing technology. Results: A total of 197309 SNPs 
were found after analyzing 19149 gene sequences. Among these SNP types, the conversion types (63.54%) were significantly higher than that of 
the transversion types (33.40%). We also found a small amount of SNP type (3.06%) where the base was increased or deleted. In conversion 
type, A-G and T-C occurrence frequency were 49.87% and 50.13%, respectively. Whereas, A-T, A-C, G-T and G-C transversion occurrence 
frequency was 28.42%, 23.53%, 23.49% and 24.57% in transversion type respectively. Genotypic analysis revealed that the genotype of the 
sample was mainly REF homozygous (68.08% of all genotypes), ALT homozygous (26.43%). In contrast, the heterozygous genotype was less 
(5.49%). Conclusion: The proposed SNPs in E. pseudowushanense were mainly conversion type, accounting for 2/3 of the total SNPs. Single 
nucleotide polymorphism trends were similar both in conversion types and transversion type. The main genotype is homozygous. 
 
P0110: Marker Systems Diversity: SNP 
MAS: A Pretentious Technology for Selection of Superior Dairy Animals 
Maryam Javed, UVAS, Lahore, Pakistan and Dr. Asif Nadeem, University of veterinary and animal sciences, Lahore, Pakistan 
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=250 in each group). Then PCR amplification, by specific primer sets, and DNA 
sequencing was performed on pools of high (> 8% butter fat) and low (<8% butter fat) fat containing groups of river 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. Restriction 
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 gene and K158I in SCD gene was related to 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 dairy animals. 
 
P0111: Marker Systems Diversity: SNP 
Triallelic SNPs for Estimating Cattle Introgression, Inbreeding, and Determining Parentage in North American Yak 
Theodore S. Kalbfleisch1, Jessica L. Petersen2, Peter Hackett3, Veronica Basnayake4, Jiansheng Qiu5, E. Barry Simpson4 and 
Michael P. Heaton6, (1)University of Louisville, Louisville, KY, (2)University of Nebraska, Lincoln, NE, (3)Institute for Altitude 
Medicine, Telluride, CO, (4)GeneSeek, Inc., Lincoln, NE, (5)Neogen/GeneSeek, Lincoln, NE, (6)USDA, ARS, U.S. Meat Animal 
Research Center (USMARC), Clay Center, NE 



The current population of yaks in the U.S. is estimated to exceed 5000 and was derived from about 150 animals imported in the 20th Century. 
During the expansion of the U.S. herd, some yaks were allowed to hybridize with cattle, although it is not clear to what extent. Our aim was to 
use next generation whole genome sequencing (WGS) data to identify a multi-purpose set of single nucleotide polymorphism (SNP) markers for 
estimating a yak’s heterozygosity, percent hybridization with cattle, and proportion of ancestral germplasm, while also being able to determine 
parentage and provide a DNA-based record of identity. WGS produced from a female yak founder of the U.S. population (Queen Allante), and 
that reported from a Chinese domestic yak, were aligned to the bovine reference assembly (UMD3.1). Rare, triallelic SNP markers (n = 538) 
were identified that were heterozygous in both yak while being “fixed” for a third allele in WGS from 96 U.S. cattle from 19 breeds (average 
minor allele frequency less than 0.05). Of the two yak alleles, the ancestral allele was identified by comparison to WGS of the gaur, banteng, and 
a bison. These triallelic SNPs were grouped in 135 bins, evenly distributed across the genome, and used to design multiplex assays for a matrix-
assisted laser desorption/ionization-time-of-flight mass spectrometry genotyping platform. If successful, this all-purpose marker panel would 
enable producers to identify animals with minimal cattle introgression, manage inbreeding, determine parentage, and provide a unique genetic 
fingerprint for each animal.  
 
P0112: Marker Systems Diversity: SNP 
Phenome of Acaricide Resistance in the Southern Cattle Fever Tick, Rhipicephalus microplus: Molecular Marker 
Development 
Guilherme M. Klafke, USDA - ARS - CFTRL, Edinburg, TX, Jason P. Tidwell, USDA-ARS Cattle Fever Tick Research 
Laboratory, Edinburg, TX, Daniela Sanchez, University of Texas Rio Grande Valley, Edinburg, TX, Robert J. Miller, USDA-ARS-
Cattle Fever Tick Research Laboratory, Edinburg, TX and Adalberto A. Pérez de León, USDA-ARS Knipling-Bushland U.S. 
Livestock Insects Research Laboratory and Veterinary Pest Genomics Center, Kerrville, TX 
The southern cattle fever tick (CFT), Rhipicephalus microplus, is regarded as the most economically important ectoparasite of livestock, 
principally cattle, worldwide. The U.S. officially declared the eradication of this invasive tick species in 1943. However, outbreaks still occur in 
the Permanent Quarantine Zone spanning a region in south Texas that borders northeast Mexico. A limitation for sustainable eradication in the 
U.S. is the emergence of acaricide resistance among CFT outbreak populations. Molecular diagnostic tools offer the opportunity to detect 
resistance rapidly, which can be complemented with confirmatory bioassay data that are more resource and time consuming to generate. Here, 
we report research on the innovation of molecular methods to detect mutations associated with CFT acaricide resistance. Genomic DNA 
fragments linked to acaricide target site genes (voltage-sensitive sodium channel for pyrethroids, gaba-gated chloride channel for fipronil, and 
octopamine receptors for amitraz) were amplified by PCR from resistant reference CFT from Brazil and Mexico. Sequencing analysis revealed 
multiple SNPs in the target site genes from geographically distinct lineages with different resistance phenotypes. This information will be used 
for high-resolution melting analysis of DNA fragments to develop a high-throughput method to genotype and detect allele-specific mutations in 
CFT outbreak populations to inform acaricide resistance management strategies in the U.S. This knowledge could also be adapted to integrated 
control programs in other parts of the world where CFT are endemic. 
 
P0113: Marker Systems Diversity: SNP 
Functional and Structural Impact of Non- Synonymous SNPs in theMYH1 Gene in Korean Jeju Native Pigs 
Sung-Jin Lee, Kangwon National University, Chuncheon, South Korea and Kyeong-Rok Kwak, Kangwon national university, 
chuncheon, Korea, The Republic of 
This study was performed to identify the non- synonymous polymorphisms in the myosin heavy chain 1 gene (MYH1) association with skeletal 
muscle development in economically important Jeju Native Pig (JNP) and Berkshire breeds. The NextGENe tool was used to identify the 
variants in MYH1 from JNP and Berkshire using RNA seq. Gene ontology analysis of MYH1 revealed significant association with muscle 
contraction and muscle organ development. The 95 % confidence intervals clearly indicate that the mRNA expression ofMYH1 is significantly 
higher in the Berkshire longissimus dorsi muscle samples than JNP breed. Concordant in silico analysis of MYH1, the open-source software 
tools identified 4 potential nsSNP (L884T, K972C, N981G, and Q1285C) in JNP and 1 nsSNP (H973G) in Berkshire pigs. Moreover, protein-
protein interactions were studied to investigate the effect of MYH1 mutations on association with hub proteins, and MYH1 was found to be 
closely associated with the protein myosin light chain, phosphorylatable, fast skeletal muscle MYLPF. The results of molecular docking studies 
on MYH1 (native and 4 mutants) and MYLFP demonstrated that the native complex showed higher electrostatic energy, van der Walls energy , 
and interaction energy than the mutant complexes. Furthermore, the molecular dynamic simulation revealed that the native complex yielded a 
higher root-mean-square deviation and lower root-mean-square fluctuation as compared to the mutant complexes. The results suggest that the 
variants at L884T, K972C, N981G, and Q1285C in MYH1 in JNP might represent a cause for the poor growth performance for this breed. 
 
P0114: Marker Systems Diversity: SNP 
Association Between the SNPs within TCR-Beta Gene Related Coccidiosis Resistance and Growth Performance in Chickens 
So-Young Choi1, Sung-Jin Lee2, Min-Wook Hong1, Song-Yi Yang3 and Yeong Ho Hong4, (1)Kangwon National University, 
Chuncheon, Korea, The Republic of, (2)Kangwon national university, chuncheon, Korea, The Republic of, (3)Kangwon national 
university, South Korea, Korea, The Republic of, (4)Chung-Ang University, Anseong, South Korea 
It was reported that the T cell receptor-beta (TCR-beta) gene has effects on the resistance to coccidiosis in chickens. The aim of this study was to 
analysis the association between the SNPs of TCR-beta and growth performance in Korean domestic chickens. Three SNPs (A88G, A434T, 
C561T) genotyped by high resolution melting method and the association analysis between these genotypes and body weight in 798 chickens 
was conducted by SPSS. The SNPs were significantly related with the chicken growth, respectively (p<0.05). It was revealed that A alleles of 
A88G and A434G, and T allele of C561T SNP reported as the resistance markers for coccidiosis were showed the positive effect for chicken 
body weight gain in the birds. These results suggest that the SNPs within the TCR-beta gene could be the genetic marker for coccidiosis 
resistance and body weight traits in chickens.  
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Applying SNP Array Technology to Assess Genetic Diversity in Russian Gene Pool of Chickens 
Michael N. Romanov1, Natalia V. Dementyeva2, Kirill V. Plemyashov2, Valeriy P. Terletsky2, Olga I. Stanishevskaya2, Andrei A. 
Kudinov2, Elena S. Fedorova2, Oksana Yu. Perinek2, Tatyana A. Larkina2 and Nikolai V. Pleshanov2, (1)University of Kent, 
Canterbury, United Kingdom, (2)Russian Research Institute of Farm Animal Genetics and Breeding, St. Petersburg – Pushkin, 
Russian Federation 
Development of high throughput next generation technologies for genome-wide genotyping opens new prospects for characterizing various gene 
pool populations of chickens. Use of SNP array technology allows determining the extent of their genetic diversity, differentiation, and potential 
for further genomic selection. Solutions derived from the identification of SNP markers and genes relevant to economically important traits, their 
combinations and variations can be applied to selection and improvement of lines and crosses of commercial poultry. In addition, analysis of 
intra- and inter-population genetic diversity of gene pool breeds of chickens using modern genomic technologies seems important because these 
breeds may be carriers of unique phenotypic characteristics, such as adaptability to local conditions, resistance to certain diseases, and unique 
productive, decorative and other features. A specific aim in the context of the problems to be solved within the current project is genotyping of 
40 chicken gene pool breeds and interbreed hybrids kept at the Russian Research Institute of Farm Animal Genetics and Breeding using Illumina 
Chicken 60K SNP iSelect BeadChip, followed by computation of a number of population genetic parameters (Wright’s FST-statistics, 
heterozygosity, inbreeding, between-breed differences, etc.). Subsequently, correlations will be identified between the calculated molecular 
genetic parameters, genotypes, and phenotypic characteristics of the breeds. Acknowledgements: the project is sponsored by the Russian Science 
Foundation grant, No. 16-16-04060. 
 
P0116: Marker Systems Diversity: SNP 
Using GWAS and Next Gen Genotype-by-Sequencing to Map Determinants of Pulmonary Hypertension (ascites) in Broilers 
Shatovisha Dey1, Katy Tarrant2, Alia Parveen1, Nicholas B. Anthony3 and Douglas D. Rhoads1, (1)University of Arkansas, Cell 
and Molecular Biology Program, Fayetteville, AR, (2)California State University, Fresno, Fresno, CA, (3)University of Arkansas, 
Department of Poultry Sciences, Fayetteville, AR 
We have been using single nucleotide polymorphism (SNP) based mapping to identify gene and chromosomal regions affecting the ascites 
phenotype in broilers. Ascites or pulmonary hypertension in chickens is a complex, heritable trait affecting fast-growing, meat-type birds. We 
performed two GWAS (genome wide association study) that consistently showed association with disease phenotype for a region around 70 Mbp 
on chicken chromosome 2. Further analysis with two SNPs in this region showed association with respect to right ventricular to total ventricular 
(RVTV) ratios in males among chickens phenotyped as ascites resistant and ascites susceptible. This region contains the CDH6 (Cadherin 6) 
gene which is involved with thrombosis and renal development, and thus might play a role in the hypertensive response to high altitude 
conditions we use for phenotyping. Our recent next gen sequencing data identified a region around 127 Mbp where more than 30 SNPs showed 
markedly different frequencies for ascites resistant and susceptible male chickens. These SNPs are within the CPQ (Carboxypeptidase Q; a.k.a. 
PGCP, Plasma Glutamate Carboxypeptidase) gene, which has been associated with regulation of hypertension and heart rate in humans and 
mouse. Thus, our research has identified two regions on chromosome 2 which appear to contribute to this disease in a gender-specific manner. 
We are now genotyping another 1000 DNA samples using TaqMan assays to further verify association of the CPQ gene region with ascites. 
Thereafter, our plan is to analyze the transcriptional expression patterns of the CPQ gene from heart and pulmonary arteries for hypoxic and 
normal birds based on these SNP variants. 
 
P0117: Marker Systems Diversity: SSR 
Genetic Diversity Analysis and Core Collection Formation in Rapeseed Genetic Resources in Japan 
Ruikun Chen, University of Tsukuba, Tsukuba, Japan 
After being introduced into Japan, the rapeseed (Brassica napus) has been widely cultivated all over the country, some breeding programs have 
been carrying out to meet the different consumer demands. To provide valuable information for these programs, diversity analysis of NARO 
Genebank accessions and development of a core collection were performed by this study.  
The whole rapeseed collection in the NARO Genebank (596 accessions) was analyzed by genotyping with 30 polymorphic SSR markers, which 
amplified a total of 311 alleles. The whole collection revealed medium levels in He and polymorphic information content values (PIC), averaging 
0.567 and 0.518 respectively, the Ho values of the all accessions ranged between 0.005 to 0.343, and averaged 0.048. Population structure 
analysis divided the whole collection into two main groups: one mainly composed of exotic accessions, the other mainly composed of Japan 
accessions with lower genetic diversity level. The proportion of genetic differentiation among individuals within the two groups was found to be 
significant with a FST value of 0.297. Analysis of molecular variance showed the main molecular variation in the whole collection was attributed 
to genetic differentiation among individuals (54.64%). These results indicated that the NARO rapeseed Genebank has a medium level of genetic 
diversity, and Japanese cultivars may be bred by a limited number of parental germplasms.  
Core collection constructed by software PowerCore in this study showed the best representation among four methods, it will be useful for genetic 
researches and breeding programs in rapeseed. 
 
P0118: Marker Systems Diversity: SSR 
Establishment of the U.S. Castor (Ricinus communis L.) Core Collection Using Seed Chemical Composition Analysis and 
Genotyping with EST-SSR Markers 
Mingli Wang1, J. Bradly Morris1, Matthew J. Dzievit2, Brandon Tonnis1, David Pinnow1, Zhenbang Chen3, Jianming Yu2 and Gary 
A. Pederson1, (1)USDA-ARS, PGRCU, Griffin, GA, (2)Iowa State University, Ames, IA, (3)University of Georgia, Griffin 
Campus, Griffin, GA 
Natural genetic variation exists in the plant germplasm collections. Normally the germplasm collection for a specific species encompasses many 
accessions. Due to its large number of accessions, the entire collection is hard to handle and can’t be easily utilized. To facilitate the end-users 
(such as breeders), traditionally a core or mini-core (representing 10% or 1% of the entire collection, respectively) will be established using 
morphological characters from the field records and observation. Since field planting, observation, recording, and harvesting are involved, this 



method is labor intensive and time consuming. Here we took integrated approaches for establishment of the U.S. castor core collection: (1) 
analysis of the seed chemical composition (oil content and fatty acid composition) of the entire collection (1033 accessions); (2) according to the 
sample distribution of oil content and fatty acid composition plus referencing geographic origins, selection of over 50% of the entire collection 
(574 accessions) for genotyping with EST-SSR markers; (3) based on the results of genetic analysis (subpopulation structure, cluster analysis, 
and principal component analysis), over 20% of the entire collection (230 accessions) were selected for field observation; and (4) from the 
variation of the field morphological and agronomic traits, 103 accessions (10% of the entire collection) will be selected as the core collection. 
The results will be presented and discussed. Our approaches may be an economic and efficient method to establish core collections. 
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Genetic Diversity of a Saccharum Core Collection Using Microsatellite Markers Derived Candidate Cold Tolerance Genes 
Niranjan Baisakh1, Leila Ebrahimi1, Nathanael D Fickett1, Arnold Parco1 and Anna Hale2, (1)School of Plant, Environmental, and 
Soil Sciences, Louisiana State University Agricultural Center, Baton Rouge, LA, (2)USDA-ARS, SRU, Houma, LA 
Sugarcane, for its high biomass, is recognized as a viable feedstock for bioenergy industry. Cold tolerant high-biomass sugarcane (energy cane) 
varieties will expand their acreage beyond traditional sugarcane belts. Variations for cold tolerance exist in sugarcane primary and/or secondary 
gene pool. Cold tolerance genes/alleles and the linked molecular markers would be valuable for marker-assisted breeding of cold tolerant energy 
cane. Candidate genes-based markers may have higher linkage disequilibrium with the desired phenotype. To this end, publicly available cold 
tolerance genes were mined for SSR motifs and 100 SSR markers were used to genotype a core collection of 190 clones that comprised of 96 
Louisiana commercial hybrids, S. spontaneum, Saccharum sp., S. officinarum, S. erianthus, S. bengalense, S. robustum, Miscanthus, S. 
arundinaceum, S. kanashiroi, two S. ravennae, S. rufipilum, S. coix, S. imperata, S. edule and S. barberi. A total of 1,377 alleles were detected by 
67 polymorphic SSRs with 37.8 and 27.8 as the average and effective number of alleles, respectively. Polymorphic information content ranged 
from 0.005 to 0.484 with a mean of 0.211. The clones were grouped into 5 clusters with Louisiana hybrids in a separate cluster and S. sp. clones 
distributed among other species.  Louisiana clones had the highest number of unique alleles (51 of 99). Analysis of molecular variance showed 
19% and 81% variation among and within populations, respectively. Genetic identity between populations was 0.900–0.984. Ongoing studies are 
focused to elucidate the role of variation in microsatellite loci in discriminating clones with varied cold tolerance. 
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Development and Use of Chloroplast Simple Sequence Repeat Markers for the Identification of Big-Bracted Cornus Species 
Megan Muehlbauer, Janine Tobia, Joshua Honig and Thomas J. Molnar, Rutgers University, New Brunswick, NJ 
Big-bracted dogwoods (Cornus spp.) including C. florida and C. kousa are commonly grown ornamental flowering trees utilized in landscapes 
across temperate regions of the U.S., Europe, and Asia. Interspecific hybrids can be created among this group of species. While F1 hybrids tend 
to be intermediate in phenotype between the parents, later generation crosses and backcrosses are highly variable, making it is impossible to 
accurately determine species lineage based purely on physical characteristics. Fortunately, molecular tools such as chloroplast simple sequence 
repeat (cpSSR) markers can be used to help discern maternal lineages. In this study, 14 cpSSRs were mined from the Cornus florida plastid 
genome. Each marker was amplified in four C. florida and six C. kousa cultivars to identify amplicon sizes that correlate to each species. These 
markers were then tested in 13 C. kousa x C. florida hybrids with known pedigree records. Three of the 14 markers consistently discerned C. 
kousa from C. florida and accurately identified the maternal C. kousa lineage in all 13 interspecific hybrids. We then used those three markers to 
examine 14 seedling selections with uncertain maternal backgrounds, where the phenotype of the trees was in stark contrast to pedigree records. 
Results showed that the three markers amplified maternal C. florida alleles in all 14 seedlings, agreeing with their phenotypes. In summary, three 
chloroplast SSR markers were identified that consistently distinguished C. kousa from C. florida maternal lineages. These markers provide a 
means to help confirm pedigrees and breeding lines and can guide future breeding decisions. 
 
P0121: Marker Systems Diversity: SSR 
Mixed Mating System of an Annatto (Bixa orellana) Population Determined with Microsatellite Markers 
Gabriel Dequigiovanni1, Alessandro Alves-Pereira2, Santiago L.F. Ramos1, Charles Roland Clement3, Doriane Picanço Rodrigues4, 
Eduardo de Andrade Bressan5, Eliane Gomes Fabri6 and Elizabeth A. Veasey1, (1)ESALQ - University of São Paulo, Piracicaba, 
Brazil, (2)Departamento de Genética/ESALQ/USP, Piracicaba - SP, Brazil, (3)National Research Institute for Amazonia (INPA), 
Manaus, Brazil, (4)Federal University of Amazonas, Manaus, Brazil, (5)Genetics Dept., ESALQ - University of São Paulo, 
Piracicaba, Brazil, (6)Horticulture Center of the Agronomic Institute of Campinas, Campinas, Brazil 
Knowledge of the mating system of crop plants is important for plant breeding and conservation. Using 12 microsatellite loci, progenies from a 
Bixa orellana population from the Tocantins River basin, in the State of Pará, Brazil, were evaluated to determine the mating system. This 
population, collected in a field of a local variety of annatto, was represented by 20 progenies with 15 individuals each. Microsatellite fingerprints 
were obtained with an ABI Prism 3130xl capillary sequencer using GeneScan 500 Rox-labelled size standard. Mating system analysis was based 
on the mixed mating and correlated mating models using the multilocus mating system program MLTR. Multilocus outcrossing rate was 0.532 
(±0.047), indicating a mixed mating system for this B. orellana population. Biparental inbreeding (0.081) contributed to the selfing rate in this 
population. The paternity correlation was high (0.253), indicating that more than 25 % of the outcrossing occurred between related individuals. 
The parental fixation index (F) was estimated at 0.033, indicating the presence of inbreeding. As a result of selfing and high paternity correlation, 
the coancestry coefficient within families (0.313) was higher than expected in half sib progenies (0.125). The estimated effective number of 
pollen donors in this population was 3.8, meaning that approximately 4 males crossed to each of the 20 females. In conclusion, due to this mixed 
mating system, the collection of open-pollinated seeds for plant breeding or conservation purposes should include at least 100 trees in order to 
ensure a representative sample.  
Financial support: Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP – nº 2012/08307-5; nº 2013/08884-5; nº 2015/26837-0) 
 
P0122: Marker Systems Diversity: SSR 
Polymorphic Rate of SSR Markers in Cowpea Genotyping 



Liasu Adebayo Ogunkanmi1, Christian Fatokun2, Oluwatoyin Ogundipe3, Khalid O. Adekoya4, Bola O. Oboh5, Mutiu O Sifau3 
and Samson T Fakorede3, (1)University of Lagos, LAGOS, Nigeria, (2)International Institute of Tropical Agriculture, Ibadan, 
Nigeria, (3)University of Lagos, Lagos, Nigeria, (4)University of Lagos, Akoka, Yaba, Lagos, Nigeria., Lagos, Nigeria, 
(5)UNIVERSITY OF LAGOS, LAGOS, Nigeria 
Microsatellites or Simple Sequence Repeats (SSRs) are co-dominant markers that are routinely used for a wide range of applications in genetic 
mapping and genome analysis, genetic diversity, paternity determination, and marker-assisted breeding. It consist of tandemly repeated 2-7 base 
pair units arranged in repeats of mono-, di-, tri-, tetra and penta-nucleotides with different lengths of repeat motifs.  
A total of seventy seven SSR primers were screened using two wild (TVNU 1473 and 270) and two cultivated (TVu 8510 and 14901) cowpea 
accessions obtained from International Institute of Tropical Agriculture (IITA). The PCR was carried out with touchdown annealing temperature 
ranging from 640C to 540C. Twenty one primers were found to be polymorphic with the four cowpea accessions while others were monomorphic. 
The polymorphic ones were later used to assess forty eight accessions each from wild, cultivated and vegetable cowpea populations. The 
polymorphic primers were run on Polyacrylamide gel electrophoresis, stained with silver staining kits and gel analyzed. The results revealed that 
14 (Vm 9, 22, 24, 27, 28, 34, 35, 36, 37, 39, 71, 74, 78 and 98) primers were polymorphic across all the three populations while seven primers 
(Vm 2, 3, 11, 15, 23, 26, and 29) showed multiple bands with the populations. The number of alleles per locus ranged from 3 to 13 in wild, 2 to 3 
in vegetables and 2 to 5 in cultivated cowpeas with different primers detecting varying number of alleles in each case (Vm 36 in wild, Vm 39 in 
vegetables and Vm 35 in cultivated cowpeas. It was established that SSR markers were highly information and an efficient means of detecting 
genetic variations in cowpea. 
 
P0123: Marker Systems Diversity: SSR 
Characterization of Polymorphic SSRs among Prunus Chloroplast Genomes 
Chunxian Chen, USDA, ARS, SEFTNRL, Byron, GA 
There is little information on peach chloroplast microsatellites. An in silico mining process yielded 80, 75, and 78 microsatellites in the 
chloroplast genome of Prunus persica, P. kansuensis, and P. mume. A and T repeats were predominant in the three genomes, accounting for 
67.8% on average and most of them were successful in primer design. For the 80 P. persica microsatellites, 49 are in non-coding sequences, 15 
in exons, and 16 in introns. In another categorization, 69 of them are in the long single copy (LSC) region, 1 in the inverted repeat A (IRA) 
region, 7 in the small single copy (SSC) region, and 3 in the IRB region. Considering one set of three adjacent microsatellites and four sets of 
two adjacent microsatellites sharing the same forward and reverse primers as one locus, respectively, there are 68 P. persica microsatellite loci 
that are given primer names and can be used for genotyping in peach and other Prunus species. 57 of them were found polymorphic among two 
or three of the three chloroplast genomes, in terms of their motif and/or amplicon lengths. Based on the genotyping data of selected in silico 
polymorphic primers, all genotyped peach materials are categorized into nine unique maternal lineages. These amplicons from the representative 
material for each lineage were confirmed by Sanger sequencing, revealing addition single nucleotide polymorphisms within the amplicons. 
 
P0124: Marker Systems Diversity: SSR 
Molecular and Chemical Characteristics of Allium tuncelianum: An Endemic Edible Allium Species in Turkey 
Meryem Ipek, Ahmet Ipek, Asuman Cansev and Yasemin Sahan, Uludag University, Bursa, Turkey 
Allium tuncelianum which is a phylogenetically close relative of cultivated garlic (A. sativum L.) naturally grows in eastern part of Turkey. The 
species has mild garlic odor and is consumed locally as garlic by collecting from its natural flora. This over collection threatens the species with 
extinction. Although it morphologically resemblance cultivated garlic, the genetic diversity and biochemical characteristics of the species is not 
well known. The purposes of this study were to reveal genetic diversity among A. tuncelianum genotypes by using EST-SSR markers which were 
developed from garlic genome, to determine some biochemical contents of A. tuncelianum and compare with cultivated garlic. Among 26 garlic 
EST-SSR markers, 15 EST-SSR markers were amplified in A. tuncelianum genome successfully. Fifteen EST-SSR markers generated 85 
polymorphic markers among 44 A. tuncelainum genotypes analyzed. Genetic similarity based on dice similarity matrix ranged from 0.32 to 0.86. 
UPGMA dendrogram revealed that all analyzed genotypes were genetically distinct from each other. Generally, mineral contents of A. 
tuncelianum were similar to cultivated garlic except phosphor, sulphur and selenium contents which were higher in cultivated garlic. While total 
sugar content of A. tuncelianum was higher than cultivated garlic’s content, total protein content was two times lower than cultivated garlic’s 
content. These results indicate that A. tuncelianum is a voluble species as a germplasm and food source. 
 
P0125: Marker Systems Diversity: SSR 
Phylogeny of Venturia Species and Population Genetic Structure of V. inaequalis in Iran 
Niranjan Baisakh1, Leila Ebrahimi1,2 and Khalil-Berdi Fotouhifar2, (1)School of Plant, Environmental, and Soil Sciences, 
Louisiana State University Agricultural Center, Baton Rouge, LA, (2)University of Tehran, Karaj, Tehran, Iran (Islamic Republic 
of) 
Venturia genus includes important species such as Venturia inaequalis and V. pyrina causing scab and black spot on apple and pear, respectively. 
Eight hundred specimens from infected plants in 18 provinces of Iran were morphologically surveyed. Phylogenetic analysis of 18 isolates from 
nine host species based on sequence information of five genes (Actin-1, β-tubulin, EF-1α, gapdh, and ITS) showed host-specificity of Venturia 
with nine species (V. carpophila, V. circinans, V. eriobotryae, V. fraxini, V. geranii, V. inaequalis, V. oleaginea, V. pyracanthae and V. pyrina). 
V. eriobotryae and V. pyracanthae were two new combinations and V. circinans (Coleroa circinans) grouped with Venturia species. Population 
genetic structure analysis of 278 isolates of V. inaequalis (dominant species in Iran), from different apple cultivars, with 22 polymorphic 
microsatellites indicated substantial levels of gene flow among their collection sites. Ninety three percent of the variation was observed among 
individuals within two structured populations and only 7% variation was observed among the populations. Forty-four genotypes were observed 
in the North of Iran with significant pathogen population differentiation between wild apple and commercial cultivars. Varying ranges of scab 
infection were observed on apple cultivars in forests, monoculture and mixed orchards. Wild type apple along the Caspian Sea Coast had the 
most infection compared to the Iranian endemic and commercial cultivars. Genetic analysis and host tracking of the pathogen hinted Iran as the 



possible center of origin of V. inaequalis, which requires detailed studies with isolates from different parts of central Asia and world for 
confirmation. 
 
P0126: Marker Systems Diversity: SSR 
Genetic Diversity and Structure of Bixa orellana var. urucurana, the Wild Ancestor of Annatto, in Brazilian Amazonia 
Gabriel Dequigiovanni1, Santiago L.F. Ramos1, Alessandro Alves-Pereira1, Charles Roland Clement2, Doriane Picanço 
Rodrigues3, Eduardo de Andrade Bressan1, Eliane Gomes Fabri4 and Elizabeth A. Veasey1, (1)ESALQ - University of São Paulo, 
Piracicaba, Brazil, (2)National Research Institute for Amazonia (INPA), Manaus, Brazil, (3)Federal University of Amazonas, 
Manaus, Brazil, (4)Horticulture Center of the Agronomic Institute of Campinas, Campinas, Brazil 
The genus Bixa belongs to the Bixaceae family and includes five species (B. orellana, B. arborea, B. excelsa, B. platycarpa and B. urucurana). 
A recent analysis suggests that B. urucurana is the wild ancestor of cultivated annatto (B. orellana), and should be considered a variety of this 
species. This variety occurs in open forests or anthropogenic landscapes, although never cultivated, and is always associated with riparian 
environments. The aim of this study was to evaluate the genetic diversity and structure of Bixa orellana var. urucurana in Brazilian Amazonia. 
We evaluated 170 accessions from 10 municipalities in the states of Rondônia, Pará and Roraima in Brazil, using 16 microsatellite loci 
developed for annatto. A total of 194 alleles was observed, with an average of 12.12 alleles per locus. Higher levels of expected (HE) than 
observed (HO) heterozygosities for all populations were found. Bayesian analysis, Neighbor-Joining dendrograms and PCAs suggest the 
existence of three structured groups among the accessions. F-statistics (FIS = 0.360; FST = 0.201; FIT = 0.489) also confirmed high levels of 
genetic structure. Low levels of gene flow among populations (Nm = 0.545) were observed. A strong and positive correlation between genetic and 
geographic distance (r = 0.860, P = 0.003) was found, suggesting that genetic differentiation might be caused by geographic isolation due to 
distance. These results will provide information to understand domestication and dispersal of annatto in Amazonia. 
Financial support: FAPESP and CNPq 
 
P0127: Marker Systems Diversity: SSR 
Development of EST-SSR Markers in Flowering Chinese Cabbage (Brassica campestris L.) by de novo Transcriptome 
Assembly 
Jingfan Chen1, Ronghua Li1, Yanshi Xia1, Guihua Bai2, Kadambot Siddique3, Hua Zhang4 and Peiguo Guo1, (1)Guangzhou 
University, Guangzhou, China, (2)Hard Winter Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS, (3)University of 
Western Australia, Perth, Australia, (4)Guangzhou Academy of Agricultural Sciences, Guangzhou, China 
RNA-seq of flowering Chinese cabbage was performed by using Illumina HiSeq2500 platform and generated 295 million clean reads with 36.9 
Gb clean bases from 8 different samples. A total of 48,975 unigenes were assembled with an average length of 779 bp, and 83% of them were 
annotated against public databases with average accuracy of 97%. A collection of 8,165 genic-SSR loci, containing 1-6 nucleotide repeats, were 
discovered from 48,975 unigenes with 38.17 Mb. The major types of SSR loci were 1-3 nucleotide repeats which accounted for 98.57% of all 
SSR loci discovered. The proportion of mono-, di- and tri- nucleotide repeats were 14.32%, 41.08% and 43.17%, respectively. Fifty eight repeat 
motifs with iteration numbers ranging from 5 to 23 were identified. A/T, AG/CT, AT/AT, AC/GT, AAG/CTT and AGG/CCT were the most 
abundant motifs. The lengths of repeat nucleotide sequences for all SSR loci ranged from 10 to 60 bp. Most of the repeat motifs were below 20 
bp, and only 11.49% (938 SSR loci) were 20 bp or above. A total of 676 SSR primers pairs with a potential to produce polymorphism were 
designed, and 170 primer combinations were randomly selected for amplification test, of which 96 primer pairs amplified unambiguous bands 
and were highly reproducible, 53 of them were able to be detect polymorphisms in four flowering Chinese cabbage accessions. These results 
could provide the foundation for development and application of SSR markers in the genetic improvement of flowering Chinese cabbage. 
 
P0128: Marker Systems Diversity: Other Marker Related Topic 
Genotyping-By-Sequencing Applications in Biology 
Jeanne Jacobs1, Shannon Clarke2, Marty Faville3, Andrew Griffiths3, Mingshu Cao3, Rachel Tan3, Tracey Van Stijn2, Rayna 
Anderson2, Rachael Ashby4, Suzanne Rowe2, Timothy Bilton2, Rudiger Brauning2, Alan McCulloch2, Ken Dodds2 and John 
McEwan2, (1)AgResearch, Lincoln Science Centre, Christchurch, New Zealand, (2)AgResearch, Invermay Agricultural Centre, 
Mosgiel, New Zealand, (3)AgResearch, Grasslands Research Centre, Palmerston North, New Zealand, (4)AgResearch Ltd, 
Invermay Agricultural Centre, Mosgiel, New Zealand 
Genotyping-by-Sequencing (GBS) is a method used to develop rapid and cost-effective high-density genetic marker data for diverse applications 
in biology. We have developed the infrastructure and skill base required to apply (high throughput) GBS for different purposes across a wide 
range of species. Thus far, we have optimised GBS in 25 different species encompassing plants, mammals, shellfish, fish, birds, and insects. The 
methodology has been scaled from small sample sizes (< 100) for diversity studies, up to many thousands in animal and plant breeding 
programmes where GBS underpins genomic selection. GBS is also being extended into environmental metagenomics, population genetics and 
conservation genetics studies. Continuous improvements in wet-lab methods have enabled increased quality and quantity of data generated. 
Furthermore, data analysis has been enhanced through improved bioinformatic pipelines tailored to each species, including a novel statistical 
method (KGD) designed specifically for utilising GBS data to develop genomic relationship matrices (Dodds et al., BMC Genomics 16:1047, 
2015). Components of the data analysis pipeline are available in a public Github repository (https://github.com/Agresearch). Many studies are in 
collaboration with universities & research organisations, as well as commercial entities, both nationally and internationally. 
 
P0129: Marker Systems Diversity: Other Marker Related Topic 
A Multi-Modal Approach: Building Capacity for Sweetpotato Genomics-Assisted Breeding in Africa 
Mercy N. Kitavi, International Potato Center (CIP), Nairobi, Kenya 
Capacity building -a framework for enhancing research efficiencies including collaborations and on-going engagement- is one main objective of 
the genomics tools for sweetpotato improvement (GT4SPI) project. Given the slow integration of molecular technologies into sweetpotato 



improvement and the paucity of knowledge in this area for this crop, GT4SPI addresses the urgent need to comprehensively build and identifies 
the steps towards building sufficient capacity to effectively harness and integrate genomics in sweetpotato breeding in Africa. Building capacity 
for sweetpotato genomics assisted breeding is undeniably a challenging endeavor, requiring a combination of short- and long-term strategies 
directed at the individual and institutional levels.  
Using a Multi-modal capacity building approach, GT4SP is building a critical mass of sweetpotato molecular breeders. The World Wide Web 
provides free instructional self-paced materials to the sweetpotato breeding community and workshops use interactive style. Institutionalizing 
capacity building programmes is incorporated to increase the effectiveness of the other capacity building activities. To train the next generation 
of sweetpotato breeders, long-term training opportunities are targeting professionals stably engaged into sweetpotato improvement. Short-term 
training opportunities are frequently promoted for multiplication of the training-of-trainers.  
Tools to help the breeder learn and apply genomics in their programs are been developed; GBS hexaploid and QTL mapping pipelines, data 
interaction platform (HIDAP), and a sweetpotato genome browser to facilitate interaction of users with genomic data. GT4SPI strategic 
framework for capacity building emphasizes on building awareness, analytical and decision-making capacity that is embedded within 
institutional effort to produce more functional approaches to the traditional sweetpotato breeding. 
 
P0130: Marker Systems Diversity: Other Marker Related Topic 
Estimating the Relative Contribution of Putatively Deleterious and Neutral SNPs to Agronomic Phenotypes 
Thomas J. Y. Kono1, Chaochih Liu2, Justin Fay3, Kevin P. Smith2 and Peter L. Morrell1, (1)Department of Agronomy and Plant 
Genetics, University of Minnesota, St. Paul, MN, (2)Department of Agronomy and Plant Genetics, University of Minnesota, Saint 
Paul, MN, (3)Washington University School of Medicine, St. Louis, MO 
Targeted identification and purging of segregating deleterious alleles has been proposed as a novel approach to plant breeding. Recent advances 
in DNA resequencing technology and sequence constraint based approaches to predict the functional impact of a mutation now allow for 
identification of putatively deleterious SNPs on a genome-wide scale. Previous surveys of bioinformatically-identified deleterious SNPs show 
that individual crop genomes may carry hundreds of putatively deleterious SNPs. However, the contributions of these SNPs to phenotypic 
variation have not been empirically evaluated. We use exome resequencing and SNP genotyping of three cycles of a spring six-row barley 
breeding population to compare the phenotypic contributions of putatively deleterious SNPs to those of neutral SNPs. In this population, grain 
yield remained stable while a proxy for disease severity decreased. We find that putatively deleterious SNPs explain more phenotypic variance 
for yield, but less for disease severity on average than other functional classes of variants. 
 
P0131: Marker Systems Diversity: Other Marker Related Topic 
Quantification of Selective Constraint in the Polyploid Genomes of Arabidopsis thaliana and Brassica rapa 
Yue Hao1, Jacob D Washburn2, Jacob Rosenthal3, Brandon Nielsen4, Patrick Edger5, J. Chris Pires1,2 and Gavin Conant1,6, 
(1)Informatics Institute, University of Missouri, Columbia, MO, (2)Division of Biological Sciences, University of Missouri, 
Columbia, MO, (3)Department of Biology, Oberlin College, Oberlin, OH, (4)Department of Biology and Geosciences, Clarion 
University of Pennsylvania, Clarion, PA, (5)Department of Horticulture, Michigan State University, East Lansing, MI, (6)Division 
of Animal Sciences, University of Missouri, Columbia, MO 
Polyploidy is an important mechanism in plant evolution. We are interested in studying how selective pressures change after a lineage 
experiences whole genome duplication (WGD) or triplication (WGT). The alpha duplication is the most recent WGD event in Arabidopsis 
thaliana. A subsequent WGT event occurred in the genus Brassica when it diverged from Arabidopsis. We examined selection at both the 
population and the species level, by calculating the ratio of nonsynonymous to synonymous polymorphisms (pN/pS) within species and 
computing Ka/Ks, ratio of nonsynonymous to synonymous substitutions, between species. In both the Arabidopsis and Brassica lineages, pN/pS 
values are larger than Ka/Ks, in accord with the expectation that most populations include individuals possessing mildly deleterious mutations that 
will eventually be removed by purifying selection. Naïve models of evolution after gene duplication would suggest that duplicates should 
experience some period of relaxed purifying selection after WGD as a result of the genetic redundancy. However, we found that alpha duplicates 
are actually under stronger constraint compared to other genes. Similarly, triplicated Brassica rapa genes have smaller pN/pS and Ka/Ks values 
than do single copy genes. This observation indicates that the special classes of genes surviving after polyploidy are still under relatively strong 
selective pressure. Next, we mapped pN/pS and Ka/Ks onto the Arabidopsis metabolic network and looked for correlations between selection and 
various network statistics. We found that pN/pS and Ka/Ks are more variable for nodes with lower degree, while high degree nodes are associated 
with smaller selection statistics. These results suggest that more “important” nodes in network are generally more constrained selectively. 
 
P0132: Marker Systems Diversity: Other Marker Related Topic 
Association Genetics of Kernel Size, a Competent of Sink Strength, in a Historical US Wheat Population 
Sintayehu D. Daba1, Priyanka Tyagi2, Gina Brown-Guedira3 and Mohsen Mohammadi1, (1)Purdue University, West Lafayette, IN, 
(2)North Carolina State University, Raleigh, NC, (3)CropScience NCSU, Raleigh, NC 
Kernel weight in wheat is a component of sink strength. We studied genetics of kernel weight in a historical US wheat population that represents 
200 years of selection and breeding history. Kernel weight, from 290 field-grown historical accessions, was estimated on the basis of 5 randomly 
chosen spikes from one-meter rows. Kernel weight averaged 37.2 mg, with standard deviation of 5.6 mg. The largest kernel (56 mg) was 2.8 fold 
heavier than the lightest kernel (20 mg) accession in this study. Genomic sequences were used to make reduced representation libraries for next 
generation sequencing. SNP calling following reference genome-based alignment yielded a total of 33992 polymorphic markers with minimum 
allele frequency of greater than 5% and maximum missing data of not more than 20%. Genome-wide association genetics analysis, in TASSEL 
environment, was conducted using Kinship and the first two principal components to partially account for population structure. One locus, 
encompassing multiple markers, was identified on chromosome 7A and four other loci were identified on chromosomes 4A, 4B, 5D, and 7D. 
Favorable allele effects of these loci ranged from 3–6 mg. The diversity of QTL controlling kernel weight in the past will be compared with the 
diversity of QTL in the most recent germplasm, which will be useful to identify prospects of germplasm and QTL utilization in breeding 



programs. Sequence search using The Wheat Genome Ensembl and wheat gene models returned candidate genes such as sugar phosphate 
translocator, hexokinase, ureide permease, and ripening related protein for further functional validations. 
 
P0133: Marker Systems Diversity: Other Marker Related Topic 
Evidence of Intralocus Recombination at the Glu-3 Loci in Bread Wheat (Triticum aestivum L.) 
Maria Itria Ibba1, Alecia Kiszonas1 and Craig F. Morris2, (1)Washington State University, Pullman, WA, (2)USDA-ARS Western 
Wheat Quality Lab, Pullman, WA 
The low-molecular weight glutenin subunits (LMW-GSs) are a class of wheat seed storage proteins that play a critical role in the determination 
of wheat flour bread-making quality. These proteins are encoded by multigene families located at the orthologous Glu-3 loci (Glu-A3, Glu-B3 
and Glu-D3), on the short arm of the homoeologous group 1 chromosomes. Due to the complexity of these chromosomal regions and the high 
sequence similarity between different LMW-GS genes, their genetic organization and recombination characteristics are still incompletely 
understood. In this study, the presence of intralocus recombination at the Glu-3 loci was investigated in two bread wheat recombinant inbred line 
(RIL) populations and one doubled haploid (DH) population, all segregating for the Glu-A3, Glu-B3 and Glu-D3 loci. The analysis was 
conducted using a LMW-GS gene marker system that consists of the amplification of the complete set of the LMW-GS genes and their 
successive visualization by capillary electrophoresis. Recombinant marker haplotypes were detected in the two RIL and the DH populations with 
different recombination rates depending on the locus and the population. Tight linkage was observed between amplicons representing i-type and 
s-type LMW-GS genes located, respectively, at the Glu-A3 and Glu-B3 loci. Results of this study will help to elucidate the genetic linkage 
present between different LMW-GS genes, the structure of this portion of the genome, and to develop more specific molecular markers that 
better represent the genetic diversity of these loci.  
 
P0134: Marker Systems Diversity: Other Marker Related Topic 
An Assessment of Amplified Fragment Length Polymorphism at the 5S Nuclear Ribosomal RNA and the Chloroplast NON-
Coding Regions Among Saccharum and Erianthus Species Using Fluorescence-Labeled Universal PCR Primers and 
Capillary Electrophores 
Yong-Bao Pan1, James Todd1, Brian Scheffler2, Anna Hale1, Lionel Lomax1, Sheron Simpson2 and Michael P. Grisham1, 
(1)USDA-ARS, SRU, Houma, LA, (2)USDA-ARS, Genomics and Bioinformatics Research Unit, Stoneville, MS 
As complex polyploids, sugarcane genome sequencing and characterization lag far behind other crops. Fluorescence-labeled universal PCR 
primers were used to amplify DNA fragments from 173 accessions, including sugarcane cultivars (9), S. officinarum (29), S. robustum (19), S. 
spontaneum (70), S. barberi (25), S. sinense (16), S. edule (2), and Erianthus spp. (3). Ten nanograms of extracted leaf DNA were amplified 
from each accession with universal PCR primers PI/PII for the 5S nuclear ribosomal RNA-ITS or c/f for the chloroplast TrnL/TrnF non-coding 
region. Amplicons were separated by capillary electrophoresis (CE) on an ABI3730XL DNA analyzer using GeneScanTM Size Standards GS500 
(ROX) or GS1200 (LIZ). The <.fsa> files were processed by GeneMarker® software to visualize amplicons of different sizes. Thirty-two 
different PI/PII-amplicons ranging from 217 to 506 bp and four c/f -amplicons (934, 950, 955, and 996 bp) were observed. PI/PII-amplicons of 
234, 235, or 236-bp appeared in 166 accessions (96%). The 950-bp c/f-amplicon was amplified in 162 accessions (93.6%). The 934 bp c/f-
amplicon was noted in nine accessions (5.2%), eight of which belonged to S. spontaneum and one to Erianthus procerus. The 955-bp amplicon 
was observed only in S. spontaneum accession IN84-010, while the 996-bp amplicon was found only in E. bengalense accession IMP9751. The 
resolving power of CE was one base pair; however, the AFLP data failed to produce a discriminatory clustering pattern among different species. 
Nucleotide sequencing of all amplicons may be required prior to phylogenetic analysis among sugarcane and related Saccharum or Erianthus 
species. 
 
P0135: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
dbSNP and dbVar: NCBI Databases of Simple and Structural Variations 
Lon Phan1, Ming Ward1, Hua Zhang1, David Shao1, Qiang Wang1, Eugene Shekhtman1, Juliana Sampson1, Rama Maiti1, John 
Garner1, Tim Hefferon2 and John Lopez1, (1)NIH/NLM/NCBI, Bethesda, MD, (2)NIH, Bethesda, MD 
The National Center for Biotechnology Information (NCBI) creates and maintain the dbSNP and dbVar databases that archive, process, display 
and report information related to germline and somatic variants from multiple species. dbSNP house short (<=50bp) genetic variations that 
include SNV, small indels, and microsatellites. dbVar house large (>50bp) genomic structural variations that include CNV, large indels, and 
complex variations. The combined databases have almost 2 billion variants from over 360 species, including many agriculturally important plants 
and animals. The primary roles the 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), map and annotated on the latest genome assembly and NCBI Reference Sequences (RefSeqs). The data are also integrate 
with other NCBI resources including Gene, PubMed, Nucleotide, Protein, 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. 
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Mobile Small RNAs Regulate Genome-Wide DNA Methylation 
Mathew G. Lewsey1, Thomas J. Hardcastle2, Charles W. Melnyk3, Attila Molnar4, Adrian Valli2, Mark Urich5, Joseph R. Nery5, 
David C Baulcombe2 and Joseph Ecker6, (1)La Trobe University, Bundoora, Australia, (2)University of Cambridge, Cambridge, 
United Kingdom, (3)Sainsbury Laboratory Cambridge University, Cambridge, United Kingdom, (4)University of Edinburgh, 
Edinburgh, United Kingdom, (5)Salk Institute for Biological Studies, La Jolla, CA, (6)Salk Institute for Biological Studies & 
Howard Hughes Medical Institute, La Jolla, CA 



Small (s)RNAs of 21 to 24 nucleotides are associated with RNA silencing and methylation of DNA cytosine residues. All sizes can move from 
cell-to-cell and long distance in plants, directing RNA silencing in destination cells. Twenty-four nucleotide sRNAs are the predominant long-
distance mobile species. Thousands move from shoot to root, where they target DNA methylation of transposable elements both directly and 
indirectly. We have identified several classes of interaction between sRNAs and DNA methylation and used these to examine the mechanisms of 
DNA methylation involved in long distance mobile sRNA signalling. We demonstrate that the pathways by which these mobile signals regulate 
DNA methylation are fundamentally distinct to those independent of a mobile signal. Direct and indirectly targeted mobile DNA methylation 
associate with the same superfamilies of transposable elements. They also depend upon the same RNA silencing mechanistic components. 
However, we show here that loci targeted directly can be distinguished from those targeted indirectly by the histone modifications with which 
they associate. Loci targeted directly associate with repressive histone modifications, whilst loci targeted indirectly associate with histone 
modifications found typically in active regions of the genome. This indicates functional differences exist between the classes of long distance 
mobile sRNA signals. 
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Galactinol Synthase Gene Family in Angiosperms: Insights on Expression and Evolution 
Diane F. Sgariboldi, UFSCar Araras, Araras, Brazil; UNESP - Rio Claro, Rio Claro, Brazil, Rafael Maniero, UNESP, Botucatu, 
Brazil, Tiago B. dos Santos, Plant Biotechnology Laboratory, IAPAR, Londrina, Brazil, Danilo C. Centeno, UFABC, São Bernardo 
do Campo, Brazil and Douglas S. Domingues, Universidade Estadual Paulista - UNESP, campus Rio Claro, Rio Claro, Brazil 
Galactinol synthase (GolS) is a family 8 glycosyl transferase that uses myo-inositol and galactose to produce galactinol, a raffinose precursor 
sugar. Biotechnological approaches manipulating GolS expression are well known, since raffinose family oligosaccharides are compatible solutes 
involved in mechanisms of adaptation to stress tolerance; evolutionary aspects of this gene family still are poorly understood. In this work, we 
depicted genomic and evolutionary aspects of GolS gene family in angiosperm genomes. We selected 20 plant genomes for analysis: six 
monocots and 14 eudicots. We found a range from 1 to 3 GolS genes in monocots and 5 to 10 genes in dicots. All GolS proteins showed the 
conserved domain GT8 and most sequences presented a conserved C-terminal portion. GolS genes encode proteins ranging from 303 to 364 
amino acids, and all members are under positive selection, with a predominance of synonymous substitutions in eudicots. The phylogenetic tree 
divided GolS into two main groups, which separated mono and eudicots. According to RNA sequencing results in coffee and sorghum, we could 
identify that each member of GolS gene family has a tissue-specific expression profile and in sugarcane, GolS genes are induced by drought. Our 
results indicate a distinct pattern of GolS evolution among angiosperms, suggesting an expansion of GolS gene family in eudicots mediated by 
tandem and segmental duplications. We can infer, preliminarily, based on transcriptional profiles and phylogenetic analyses, that each GolS 
member has a specific role in plant metabolism and development. 
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Comparative Network Analysis of C4 Photosynthesis in Grass Species 
Sarit Weissmann1, Henry Priest2, Cesar Lizarraga3, Pinghua Lee4, Yang Zhang5, James C Schnable5, Todd C. Mockler3 and 
Thomas P. Brutnell6, (1)Donald Danforth Plant Science Center, St. Louis, MO, (2)Benson Hill Biosystems, Saint Louis, MO, 
(3)Donald Danforth Plant Science Center, Saint Louis, MO, (4)Shandong Agricultural University, Tai'an, China, (5)University of 
Nebraska-Lincoln, Lincoln, NE, (6)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, however, we still don’t fully understand its complex function. In the current work, RNA-
seq data from three developmental stages of each BS and M cells, were used to analyzeand compare transcriptional regulatory networks in three 
C4 species, Zea mays, Sorghum bicolor, and Setaria viridis. These three species represent two independent events of C4 photosynthesis. We used 
dGCNA to directly compare each of the three gene co-expression networks (GCNs) against the other two GCNs in a pairwise fashion. Combined 
with our cell type specific and high resolution data, our results allow us to detect gene-gene relationships for each species comparison, and better 
understand how C4 photosynthesis functions, and how it evolved. 
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Oryza sativa (AA) and Oryza Officinalis (CC) Exhibit Both Conserved and Diverged Regulatory Networks for Low 
Temperature Stress Response Mechanisms Despite Their Similar Levels of Sensitivity to Cold 
Ai Kitazumi1, Hajime Ohyanagi2, Isaiah Pabuayon3, Masahiro Fujita4, Bipush Osti3, Yusuke Kakei5, Atsushi Toyoda6, Asao 
Fujiyama7, Matthew R. Shenton8, Nori Kurata9 and Benildo G. de los Reyes3, (1)Texas Tech University, Lubbock, TX, (2)King 
Abdullah University of Science and Technology (KAUST), Thuwal, Saudi Arabia, (3)Department of Plant and Soil Science, Texas 
Tech University, Lubbock, TX, (4)Plant Genetics Laboratory, National Institute of Genetics, Mishima, Japan, (5)Yokohama City 
University, Yokohama, Kanagawa, Japan, (6)Comparative Genomics laboratory, NIG, ROIS, Mishima, Japan, (7)Comparative 
Genomics Laboratory, National Institute of Genetics, ROIS, Shizuoka, Japan, (8)National Institute of Genetics, Mishima, Shizuoka, 
Japan, (9)NIG, ROIS, Shizuoka, Japan 
The diploid genomes of Oryza sativa (AA) and Oryza officinalis (CC) differ in size, sequence complexity, and gene content. The biological 
significance of their genomic differences in terms of relative potentials for abiotic stress tolerance is unknown. In our earlier studies, we observed 
that despite a comparable cold sensitivity in these species, certain backcross lines derived from O. sativa x O. officinalis hybrids segregated 
transgressively for cold tolerance. Inspired by such observation and by the knowledge that complementation and epistasis configure transgressive 
phenotypes, we compared the cold stress response transcriptomes of the reference O. sativa ssp. Japonica and O. officinalis Acc. 100896, as a 



first step towards understanding the basis of transgressive segregation. Our specific aim was to uncover complementary transcriptional networks 
that may illuminate the combined potentials of each species for transgressive cold tolerance phenotypes.  
We found a high degree of network conservation across AA and CC by virtue of similar patterns for ABA-dependent and DREB/CBF response 
pathways. However, despite such strong similarities, AA and CC transcriptomes were highlighted by distinct subsets of regulatory transcription 
factors that define their unique network signatures. Major networks regulated by BES1 transcriptional regulator associated with brassinosteroid 
signaling define a critical aspect of divergence, being non-functional in AA. Here we describe the composition of BES1-mediated network as a 
unique signature of O. officinalis cold stress response pathway. We also discuss the predicted physiological outcomes of such network and our 
insights on its potential for enhancing cold tolerance of O. sativa x O. officinalis recombinants. 
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Patterns of Salinity-Induced ncRNA Expression Across the Genomes of Sibling Recombinant Inbred Lines of Rice: What 
Do They Tell Us about Transcriptome Reconfiguration and Network Rewiring in Hybrids? 
Ai Kitazumi1, Isaiah Pabuayon1, Bipush Osti1, Jake Gendron1, Rakesh Kumar Singh2, Glenn B. Gregorio2 and Benildo G. de los 
Reyes1, (1)Department of Plant and Soil Science, Texas Tech University, Lubbock, TX, (2)International Rice Research Institute, 
Los Baños, Laguna, Philippines 
The mechanisms of genetic network rewiring and how they configure novel phenotypes in transgressive segregants are largely unknown. We 
hypothesize that in biparental recombinant inbreds, genome shuffling after several rounds of meiosis may modify the epigenomic landscapes and 
transcriptome configuration of recombinants. A major question under this hypothesis is the extent by which non-coding RNAs (ncRNA) 
contribute to changes in epigenomic landscapes and transcriptome reconfiguration in recombinants. We have begun to map the genome-wide 
tracts of salinity stress-induced ncRNAs across F8 recombinant inbred lines (RIL) derived from IR29 (salt-sensitive) x Pokkali (salt-tolerant), and 
compared such patterns with their mRNA transcriptomes. Our comparative panel includes representative RILs covering the spectrum of salinity 
tolerance in the population, including positive and negative transgressive segregants.  
Our preliminary results revealed ncRNA signatures among RILs that are distinct from IR29 and Pokkali and between siblings, particularly with 
respect to tracts occurring outside the retrotransposon-rich regions of the genome. These results suggest that recombination between genetically 
diverse genomes alters the global patterns of ncRNA expression. We are investigating the potential biological significance of these findings in 
context of two possible cause-and-effect scenarios. First, distinct ncRNA signatures have possible implications to altered genome methylation 
patterns, reconfiguring the transcriptomes of certain RILs. Second, ncRNA patterns in RILs may reflect different magnitudes of erroneous 
transcription due to stress, and are consequences of genomic shock brought about by recombination between diverse parents. Erroneous 
transcription may impose a penalty to the fidelity of the stress response transcriptome in certain RILs. 
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Novel Transcriptional and Physiological Profiles in Recombinant Inbred Lines of Rice Exhibiting Transgressive Traits for 
Salinity Tolerance: Preliminary Evidence of miRNA-Mediated Network Rewiring 
Isaiah Pabuayon1, Ai Kitazumi1, Jake Gendron1, Kevin R. Cushman1, Rakesh Kumar Singh2, Glenn B. Gregorio2 and Benildo G. 
de los Reyes1, (1)Department of Plant and Soil Science, Texas Tech University, Lubbock, TX, (2)International Rice Research 
Institute, Los Baños, Laguna, Philippines 
Apart from the contributions of genomics-assisted breeding and biotechnology to the incremental increases in stress tolerance and yield potential 
of rice, we believe that modern paradigms for examining the functional consequences of genetic recombination should reveal rewired genetic 
networks that define the novel attributes of transgressive segregants. Outcomes of recombination-mediated network rewiring will be hard to 
recreate with the one-gene-centric paradigm of genetic engineering. Our aim is to elucidate the molecular underpinnings of novel stress tolerance 
phenotypes created by transgressive segregation, by understanding how the coupling or uncoupling of miRNAs and their targets facilitate 
physiological and biochemical reconfiguration.  
We performed an in-depth phenotyping of the recombinant inbred line (F8-RIL) population of IR29 (salt-sensitive) x Pokkali (salt-tolerant) 
across a battery of physiological and biochemical parameters to identify unique signatures of transgressive segregants relevant to salinity 
tolerance. Parallel analysis of miRNA and mRNA transcriptomes across the phenotypic range identified several reverse coexpression clusters, 
i.e., upregulated miRNA and downregulated target gene(s) or vice versa. Many of the reverse coexpressing pairs were RIL-specific or their 
patterns were distinct from the parental patterns, suggesting that miRNA expression could be gained or lost after multiple rounds of meiosis. The 
functional implications of these trends to network rewiring in recombinants could be very significant given how post-transcriptional silencing of 
regulatory genes by miRNAs could potentially reconfigure the transcriptome, which could lead to either enhanced tolerance or enhanced 
sensitivity relative to the parents. The physiological and biochemical implications of miRNA-mediated transcriptional reconfiguration in certain 
transgressive RILs are discussed. 
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An Abiotic-Stress Conditioned Gene Regulatory Network in Rice Predicted Using an Ensemble of Reverse-Engineering 
Solutions 
Chirag Gupta, Julie Thomas, Ramegowda Venkategowda, Ritu Mihani and Andy Pereira, University of Arkansas, Fayetteville, 
AR 
Drought and other environmental stressors trigger several metabolic changes in plants, and a part of this change is reflected in the transcriptome. 
It is known that a synergistic coordination of the regulatory machinery achieves, maintains and reciprocates the desired metabolic state of the 
cell. However, the fraction of stress response regulators that have phenotypic or genetic evidence in rice is very small. Hence, there is a critical 
need for complementary approaches to identify the regulatory networks that manifest themselves during abiotic stress. We essayed gene 
responses in a multitude of conditions and captured information about the behavior of gene communities, and their regulatory dynamics in the 
context of abiotic stress. We aggregated results from 4 reverse-engineering tasks into a final consensus network arranged as a ranked list of 
inferred TF-gene links. Known DNA binding domains and other validated TF-gene links are aggregated towards the top of our rankings, which 



partially but independently validates our predictions. Overcoming the current limitations of rank aggregation methods, we show that 
combining results from complementary softwares for RNA-seq analysis is more robust than the use of a single method. We explored the network 
structure of genes that are most responsive to drought treatments in the RNA-seq of Inflorescence and flag leaf. Finally, we present an interactive 
database that, under a drought-specific module-regulatory network setting, will allow discovery of potential regulators, as well as the functional 
context of user-defined query genes. 
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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. We determined allele-specific gene expression (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 and we found 14065 genes with identified SNPs. Of special interest 
are single-parent expressed genes (SPE), whose expression could only be detected in one parent. About 6% of all expressed genes show this 
pattern. Only a small proportion could be explained by putative presence-absence-variation between the parental genomes. The majority of SPE 
genes show expression from both alleles in the hybrid, signifying trans-regulation by a transcriptional activator present in only one parental 
genome. On the other hand, we identified about 7% of the SPE genes as cis-regulated. 
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Developmental and Gene Expression Programs in Wheat Grain 
Raju Datla1, Daoquan Xiang1, Prakash Venglat1, Jinfeng Zou2, Vivijian Babic2, Richard Cuthbert3, Curtis J Pozniak4 and Edwin 
Wang5, (1)National Research Council Canada, Saskatoon, SK, Canada, (2)National Research Council Canada, saskatoon, SK, 
Canada, (3)AAFC, Swift Current, SK, Canada, (4)University of Saskatchewan, Saskatoon, SK, Canada, (5)National Research 
Council Canada, Montreal, QC, Canada 
Wheat is globally one of the most important crops. Recent advances in genomics based approaches are contributing to the development of new 
tools for applications in several crops. We have used genomics based approaches to advance the understanding of grain development in wheat. 
Towards this goal, we focused our studies on grain developmental and gene expression programs, 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 tissues using Nomarski and electron microscopy, followed by RNA-seq based approaches to profile associated transcriptomes. 
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. Key findings from these studies and their implications for grain development in wheat will 
be presented. 
 
P0145: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Landscape of Micronutrient Uptake and Transport in Wheat and Implications for Grain Biofortification 
Prabin Bajgain and Mohsen Mohammadi, Purdue University, West Lafayette, IN 
It is estimated that more than two billion people worldwide are affected by micronutrient malnutrition, mainly of iron (Fe) and zinc (Zn). While 
breeding efforts have centered on increasing Fe and Zn concentrations in grains, little is known as to what makes a plant efficient in Fe and Zn 
uptake, transport, and storage. Furthermore, the impact of environments with low micronutrient levels on the plant health is not clear. To 
elucidate these mechanisms, three replicates of two spring wheat lines – Glenlea and Red Fife – were grown in two environments with Hoagland 
solution containing: 1) Fe and Zn at 45 μM and 0.5 μM concentrations, respectively; and 2) Fe and Zn both at 0 μM. Twenty-one-day old 
seedlings were harvested for ionome profiling and transcriptome sequencing. Ionome analysis revealed that root concentrations of both Fe and 
Zn in both lines were several folds higher than that in the shoot. In particular, Glenlea had the lowest Fe and Zn concentrations in both root and 
shoot tissues whereas Red Fife had the highest. Upon aligning the sequence reads to currently available wheat transcripts on Ensembl, we 
identified 606-2,136 responsive transcripts in roots and shoots. In addition to tissue-specific gene expression, we also noticed that majority of 
down-regulated genes in Glenlea were up-regulated in Red Fife, and vice-versa. Further, we expect to identify polymorphisms in highly active 
transcripts which could be used as markers breed for lines that are efficient in micronutrient uptake and deposition in grains. 
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Characterization of Peroxisome Proliferation Machinery During Development in Wheat 
Marwa N.M.E. Sanad1,2 and Andrei Smertenko1, (1)Institute of Biological Chemistry-WSU, Pullman, WA, (2)National Research 
Center- Egypt, Cairo, Egypt 
Plant peroxisomes maintain a plethora of key life processes including fatty acid β-oxidation, photorespiration, synthesis of hormones, and 
reactive oxygen species (ROS) homeostasis. Abundance of peroxisomes in cells is known to increase in response to the environmental cues; 
however, changes in peroxisome abundance and functional significance of such changes during development remain poorly understood. Here we 
measured peroxisome abundance during successive developmental stages of Triticum aestivum, and compared this data with the transcription of 
peroxisome proliferation genes PEX11, FISSION1A (FIS1A or BIGYIN), DRP3A, DRP3B, and DRP5B (ARC5). The highest peroxisome 
abundance was found during the grain filling stage, then lower abundance was found in the tillering and heading, and the lowest - during booting 
and flowering. Genome analysis revealed three PEX11 homologues in wheat: PEX11A, B and C located on the chromosomes 4, 2 and 7 
respectively. FIS1A was identified on the long arms of the homologues chromosomes 1A, 1B and 1D. No homologues of FIS1B were identified 
in the annotated genomes of monocots. Wheat homologues of dynamin-related proteins DRP3A and DRP3B were identified on chromosomes 2 



and 3, respectively. Out of two DRP5 homologues (A and B) of dicots, only DRP5B was identified in wheat and other monocots. Furthermore, 
plant-specific protein, Peroxisomal and Mitochondrial Division Factor1 (PMD1), was not found in the monocots. Transcription analysis 
demonstrated that expression of PEX11.A, PEX11.C, DRP3A, and DRP5B was ca. 2 fold higher than PEX11.B, DRP3B, and FIS1A at all 
developmental stages. Also, DRP3A was significantly upregulated during the grain filling stage, while DRP5B and FIS1A transcription was 
higher during tillering. Our data suggest that distinct mechanisms drive peroxisome proliferation during specific life stages. This data will be 
used to determine the functional importance of the peroxisome abundance for the yield parameters. 
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The Rht-B1b Allele Negatively Impacts Photosynthesis and Modifies Carbon and Nitrogen Partitioning 
Emma Jobson, John M. Martin, Alanna J Oiestad, Rachel E. Johnston and Mike Giroux, Montana State University, Bozeman, MT 
The genes which formed the basis for the green revolution in wheat were the Reduced Height (Rht) genes. There are currently two widely used 
mutant alleles, Rht-B1b and Rht-D1b, which reduce plant height by 20%. These alleles are associated with increased plant productivity, though 
the mechanism of increased productivity is not yet understood. In our experiments, we are testing the degree to which Rht-B1b impacts plant 
photosynthetic capacity and overall carbon metabolism using tall and semi-dwarf spring wheat NILs varying only for the presence or absence of 
Rht-B1b. The results demonstrate that Rht-B1b reduces flag leaf photosynthetic rate and chlorophyll content. RuBisCo content is also decreased 
in the semi-dwarf lines throughout the photoperiod in flag leaves. Global expression analysis during leaf and stem development indicated carbon 
metabolism is not upregulated in Rht-B1b genotypes. However, measurements of carbon and nitrogen metabolites present in flag leaves at 
anthesis indicates that Rht-B1b confers an increased ratio of carbohydrates to amino acids, while the opposite is true in developing seeds. These 
results suggest that the increased productivity of the mutant dwarfing alleles is not due to an increased photosynthetic capacity, but rather more 
efficient carbon transport. 
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Abiotic Stress Response Leads Directly to Trans-Generational Adaptation in Barley 
Victor Raboy, USDA-ARS Small Grains and Potato Research Unit, Aberdeen, ID 
In “trans-generational adaptation”, adaptive epigenetic reprogramming induced in a parent in response to stress or environmental change is 
transmitted to progeny. However, in comparison with the large volume of research addressing “intra-generational” response to biotic or abiotic 
stress in plants or animals, there have been relatively few studies of “inter-“ or trans-generational adaptation. Consider the numerous studies 
addressing plant response to phosphorus limitation: there are no published studies of trans-generational adaptation to P limitation in Arabidopsis 
or any crop species. In studies reported here, progeny of barley (Hordeum vulgare L.) parents grown under macronutrient (N, P, K) limitation 
performed dramatically better when grown under a similar but more moderate stress, as compared with progeny of non-stressed parents: a 
doubling of tiller number, grain yield and grain P per plant. Further, RNAseq indicates that more than 50% of genes previously well documented 
to be intra-generationally induced in response to macronutrient stress also display either trans-generational induction, defined as increased 
expression in progeny of stressed parents as compared with progeny of non-stressed parents when both progenies are grown under an identical 
stress, or trans-generational “training”, defined as increased expression in stressed progeny as compared with that observed in their own stressed 
parents. Thus it appears that a common attribute of genes important to intra-generational abiotic stress response is that they are also a vehicle for 
trans-generational adaptation. These results also illustrate numerous cases of a causal relationship between epigenetic change in a gene’s 
expression and trans-generational adaptation at the whole plant level. 
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Divergent and Convergent Modes of Host-Pathogen Interaction Revealed By the Comparative Gene Co-Expression 
Network and Genome Analyses of Puccinia graminis f. sp. tritici Isolates on a Susceptible Wheat Host 
William Rutter1, Andres Salcedo1, Alina Akhunova2, Shichen Wang1, Robert L. Bowden3 and Eduard Akhunov4, (1)Department 
of Plant Pathology, Kansas State University, Manhattan, KS, (2)Kansas State University, Manhattan, KS, (3)USDA- ARS Hard 
Winter Wheat Genetics Research Unit, Manhattan, KS, (4)Kansas State University, Department of Plant Pathology, Manhattan, KS, 
Manhattan, KS 
The arms race between plants and pathogens exerts evolutionary pressure on pathogens to diversify in order to evade host-plant defenses. To 
better understand how the diversified arsenal of fungal genes helps to establish interaction with a compatible wheat line, we performed a 
comparative genomic analysis of two American isolates of Puccinia graminis f. sp. tritici (Pgt). Inter-isolate divergence in the secreted effector 
encoding genes was compared with the level of divergence of host-pathogen gene co-expression networks (GCN). This comparison revealed 
substantial differences in the secreted protein encoding genes of each Pgt isolate, which are reflected by altered host-plant gene expression 
patterns during infection. The Gene Ontology analyses of GCNs developed for different isolates identified a number of conserved host pathways 
targeted by both isolates. Interestingly, the degree of inter-isolate sub-network conservation varied widely for the different host pathways and 
correlated positively with the proportion of conserved effectors in a given sub-network. While the diverged Pgt isolates tended to exploit similar 
host biological pathways for infection, the mode of interaction varied for different pathways. Some pathways were associated with the conserved 
set of secreted protein encoding gene and others were linked with the diverged or isolate-specific effector encoding genes. The latter indicates 
that different fungal isolates likely can utilize different sets of secreted proteins to target the same biological pathways. These results suggest that 
the diversification of effector encoding genes provides diverse and flexible mechanisms for establishing compatible host-pathogen interaction. 
 
P0150: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Breeding Low Cyanide Sorghum Varieties through Metabolomic and Transcriptomic Analysis 
Changsoo Kim, Sang Chul Choi, Yong Suk Chung and Yun Ji Park, Chungnam National University, Daejeon, Korea, The 
Republic of 
Introduction. Sorghum (Sorghum bicolor(L.) Moench) is an important cereal crop for human and animal feed. However, sorghum contains 
cyanogenic glucoside which is degraded into toxic cyanide causing intoxication when it takes over a certain amount. Consequently, selecting 



individual lines having low cyanide content is crucial in sorghum breeding. Our long-term goal is to develop low cyanide sorghum varieties to 
prevent intoxication, which would be very useful for the nutrition of humans and animals.  
Materials and Methods. Sorghum seeds of various lines were obtained from National Agrobiodiversity Center in Rural Development 
Administration (reference line BTx623, three local varieties), the University of Georgia (14 wild relatives), and Wild plant resources seed bank 
in Korea University (one wild species). Sorghum plants were grown in plastic greenhouse under natural condition. Samples were individually 
harvested at seedling stage, vegetative phase (right before heading), and reproductive phase (ripening). Using collected samples, we plan to 
analyze metabolites by HPLC and to perform RNA-sequencing using RNAs isolated from the samples.  
Results and Discussions. Sorghum seeds of 19 different lines were obtained. After growing, leaf samples were harvested at different 
developmental stages. Prior to metabolome analysis using HPLC system, experimental condition was set to verify three metabolites, dhurrin, p-
hydroxybenzaldehyde (HB), and p-hydroxyphenylacetic acid (HPA), simultaneously. Standard compounds were separated well by specific 
experimental condition. Under this condition, three metabolites were quantified in each line by HPLC system. We observed that the metabolite 
contents were changed differently by developmental stages and lines. We clustered these results into five groups as patterns of their contents by 
developmental stages. Almost lines showed that HB content was very high at seedling stage and decreased rapidly at vegetative phase. 
Interestingly, the patterns of dhurrin content were very different among clusters. However, HPA content was maintained low levels by 
developmental stages in almost lines. The results would demonstrate how dhurrin and alternative degradation pathways are different in each line. 
Furthermore, we plan to perform high-throughput transcriptome analysis by RNA-sequencing using the same samples used for metabolome 
analysis. We expect that expression patterns of dhurrin biosynthesis- and degradation-related genes may be different in each line. Through 
metabolome and transcriptome analysis for all different lines, we would reveal relationship between metabolite contents and expression patterns 
of dhurrin biosynthesis- and degradation-related genes. These results may provide important information on the promotion of low cyanide 
sorghum varieties.  
Acknowledgements. This work was carried out with the support of "Cooperative Research Program for Agriculture Science & Technology 
Development (Project No. PJ011797)" Rural Development Administration, Republic of Korea. 
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Understanding Molecular Mechanisms Underlying Sugarcane Roots Response to Aluminum Stress 
Sonia M. Zingaretti1, Luana Jandhy Mantovanini2, Thiago Mateus Rosa-Santos2, Pratibha Kottapalli3 and Kameswara Rao 
Kottapalli4, (1)UNAERP, Ribeirão Preto, Brazil, (2)UNESP-FCAV, Jaboticabal, Brazil, (3)Texas Tech University, Lubbock,, TX, 
(4)Texas Tech University, Lubbock, TX 
With the increasing demand for renewable energy, it is predicted that the sugarcane (Saccharum spp.) crop in Brazil will increase significantly 
and the acreage under sugarcane will enhance from 9.0 to 64 million ha by the years 2018/2019. As a result, more unconventional soils rich in 
minerals will be brought under cultivation. Aluminum ions (Al+3) together with silicon and iron are the three most abundant mineral elements in 
soil. Although silicon and iron are required for plant growth, Al is toxic and its bioavailability is highest on acidic soils, resulting in inhibition of 
root growth and architecture leading to disruption of root elongation. Our goal is to understand the molecular mechanisms of abiotic stress 
tolerance in sugarcane and the role of miRNA’s in transcriptional regulation. Towards this goal, a relatively tolerant sugarcane cultivar CTC-2 
and the susceptible RB855453 cultivar was subjected to Aluminum stress at 221 µMol. RNA-Seq was performed on 12 root samples using 108 
bp paired end sequencing on an Illumina HiSeq2500 sequencer. Pairwise comparisons between different treatments in tolerant cultivar identified 
16,340 non redundant differentially expressed transcripts (DETs). Functional annotation of DETs revealed that AL+3 tolerance was controlled by 
several interacting pathways like calcium and G-protein coupled receptor mediated signaling, and regulation by WRKY and R2R3-MYB 
transcription factors. Some of these genes could be utilized by sugarcane breeders to improve Al+3 stress tolerance in field conditions. 
Additionally, we have sequenced the miRNAs isolated from root tissues and their interaction with transcripts will be discussed in our 
presentation. 
 
P0152: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Assessing the Metabolic Clutter in a Sugarcane-Sporisorium scitamineum Compatible Interaction from Early Infection to 
Whip Development 
Patricia D.C. Schaker1, Leila P. Peters1, Camila Caldana2 and Claudia B. Monteiro-Vitorello1, (1)University of São Paulo, 
Piracicaba, Brazil, (2)CTBE-CNPEM, Campinas, Brazil 
Higher plants can be described as integrated photosynthetic (source) and non-photosynthetic (sink) tissues systems. The relationship between 
them is a key point to carbon partitioning. Sugarcane represents a unique interaction between source-sink tissues, since it stores exceptionally 
high concentrations of sucrose. Sugarcane smut is one of the diseases that has most affected the culture, and is associated to a reduction in sugar 
content and juice quality. In this study, we determined changes in sugarcane metabolome in response to S. scitamineum colonization throughout 
disease progression - early infection to whip development - using GC-TOF-MS technique. We identified 73 sugarcane meristematic compounds, 
and each time point analyzed had a set of metabolites quantitatively altered by the smut infection (p-value < 0.05), indicating a disturbed normal 
source-sink dynamic. Most important changes were related to amino acids, energetic metabolism and cell wall synthesis. Metabolomics data 
altogether offered a whole picture of the process leading to whip formation and regarding carbon partitioning dynamics in sugarcane. 
 
P0153: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Analysis of the Fusarium virguliforme Transcriptomes Induced During Infection of Soybean Roots Suggests That Enzymes 
With Hydrolytic Activities Could Play a Key Role in Root Necrosis 
Binod Bihari Sahu1, Jordan Lillian Baumbach2, Prashant Singh3, Subodh K Srivastava4, Xiaoping Yi5 and Madan K. 
Bhattacharyya3, (1)National Institute of Technology Rourkela, Rourkela, India, (2)Iowa State Univeristy, Ames, IA, (3)Iowa State 
University, Ames, IA, (4)Clemson University, Clemson, SC, (5)Southern University and A & M College, Louisiana, LA 
Sudden death syndrome (SDS) caused by the fungal pathogen, Fusarium virguliforme, is a major threat to soybean production in North America. 
There are two major components of this disease: (i) root necrosis and (ii) foliar SDS. Root symptoms consist of root necrosis with vascular 



discoloration that outspreads upto numerous nodes and internodes into the stem. Foliar SDS symptom is characterized by interveinal chlorosis 
and necrosis in leaves which lastly curl and fall off, and in severe cases by flower, pod abscission and immature seed formation. Nothing is 
known about how root necrosis develops. In order to unravel the root necrosis mechanisms by F. virguliforme, the transcriptome of the pathogen 
in infected soybean root tissues of a susceptible cultivar (Essex) was investigated. Of the 14,845 predicted F. virguliforme genes, we observed 
that 12,017 (81%) were expressed in germinating conidial spores and 12,208 (82%) in mycelia and 10,626 (72%) in infected soybean roots. Of 
the 10,626 genes induced in infected roots, 224 were transcribed only following infection. Expression of numerous infection-induced genes 
encoding enzymes with oxidation-reduction properties suggests that degradation of antimicrobial compounds such as the phytoalexin, glyceollin 
could be important in establishing the biotrophic phase. Enzymes with hydrolytic and catalytic activities could play a vital role in the 
transitioning of the pathogen from biotrophic to necrotrophic phase. We assume that genes encoding enzymes with catalytic and hydrolytic 
activities through late infection stage for cell wall degradation could be involved in root necrosis and establishing the necrotrophic phase in this 
pathogen. 
 
P0154: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
GmMYB176 Interactome: Identification of Key Factors Involved in Isoflavonoid Biosynthesis in Soybean 
Sangeeta Dhaubhadel, London Research and Development Centre, Agriculture and Agri-Food Canada, London, ON, Canada 
MYB transcription factors are one of the largest transcription factor families characterized in plants. An R1MYB transcription factor, 
GmMYB176 regulates chalcone synthase8 (CHS8) gene expression and isoflavonoid biosynthesis in soybean. We have demonstrated that 
GmMYB176 alone is not sufficient for CHS8 gene regulation and hypothesized that GmMYB176 acts cooperatively with another factor (s). The 
current research is designed to elucidate the GmMYB176 interactome for CHS8 gene regulation and isoflavonoid biosynthesis in soybean. 
GmMYB176 interacting proteins were identified using two translational fusion baits (GmMYB176-YFP and YFP-GmMYB176) by co-
immunoprecipitation, followed by liquid chromatography-tandem mass spectrometry. The interaction of selected candidates with GmMYB176 
was validated in planta and their DNA binding activities determined. Two key bZIP genes were identified. Their role in isoflavonoid synthesis 
will be discussed. 
 
P0155: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
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, Christine G. 
Elsik1 and Felix B. Fritschi1, (1)Division of Plant Sciences, University of Missouri, Columbia, MO, (2)University of Arkansas, 
Fayetteville, AR, (3)USDA-ARS, Stoneville, MS 
Legume crops, such as Glycine max, have extensive water requirements. Drought is a major agricultural constraint in soybean production. 
Climate projections predict drier global environments, thus leading to increased concerns of successful soybean harvests in the future. To combat 
future losses, sustainable solutions are necessary. A better understanding and greater diversity of drought-tolerance genes are sought to 
complement already implemented and ongoing genetic and molecular-physiological efforts.  
In this experiment, we assessed differences in gene expression profiles in high and low N2 fixing genotypes in different tissues. We used two 
soybean genotypes with opposing N2 fixation phenotypes (high and low). The two genotypes were exposed to three different water availability 
treatments: well-watered (WW), moderate water stress (S1), and severe water stress (S2). RNA was collected and sequenced using Illumina Hi-
Seq (100 bp single-end reads). RNAseq reads were aligned back to the reference genome for differential expression (DE) analysis. By comparing 
and contrasting N2 fixation at the three different water availability regimes, we seek to improve knowledge of tissue specific N2 fixation 
capabilities during drought. 
 
P0156: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Identifying the Downstream Effectors of miRNA 160 During Soybean Root Nodule Development 
Spencer J Schreier, Tao Lin, Suvo Chakravarty and Senthil Subramanian, South Dakota State University, Brookings, SD 
Soybean is an excellent candidate for sustainable agriculture due to its production of nutritious, versatile beans and the ability to form symbiotic 
organs called root nodules that perform nitrogen fixation. As demand for both yield and sustainable agriculture continue to increase, root nodules 
offer an attractive alternative to expensive and environmentally harmful nitrogen fertilizers. Understanding root nodule formation may open 
genetic engineering avenues for optimizing nitrogen fixation performance and transferring the nodule-formation ability to other plants. A major 
candidate in soybean root nodule formation is microRNA 160 (miR160), which mediates auxin sensitivity by targeting repressor auxin response 
factor (ARF) transcription factors during nodule development. However, the specific downstream effectors of this interaction remain unknown. 
This project seeks to resolve these effectors by evaluating the cellular, spatiotemporal, and DNA-binding activity of ARF 16-2 (a key target of 
miR160), by confocal microscopy, DamID-Seq, and protein-DNA interaction studies. So far, 16-2promoter:GUS or tdT fusions reveal ARF 16-2 
is transcriptionally active in dividing and differentiating tissues such as primary root tips, lateral root primordium, and emerging nodules. In 
addition, 16-2 promoter:GUS or tdT fusions show that this gene is transcriptionally active in the parenchyma and root stele of mature nodules. 
Interestingly, 16-2 promoter:16-2 CDS:tdT translational fusions show a reduction of tdT signal in mature nodule tissues, underscoring post-
transcriptional regulation of 16-2, likely by miR160 during nodule maturation. When the genomic binding profile of 16-2 is identified and 
evaluated, we expect to identify key downstream genes affected by its activity during nodule development. 
 
P0157: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Spatio-Temporal Gene Expression during Soybean Nodule Development 
Sunita Pathak and Senthil Subramanian, South Dakota State University, Brookings, SD 
Soybean, a leguminous plant establishes a symbiotic relationship with nitrogen-fixing rhizobia bacteria resulting in a specialized organ called 
root nodule. Nodule development initiates from the division of root cortical cells which eventually leads to the formation of the nodule 
primordium. Further division and differentiation of root cortex cells close to the primordium leads to the formation of nodule parenchyma. In a 



mature nodule, the parenchyma surrounds the infection zone and houses the nodule vasculature. The infection zone harbors rhizobia bacteria 
where nitrogen is fixed. The mechanism by which root cortical cells give rise to two structurally and functionally different nodule zones is not 
known. We seek to fill this knowledge gap by determining the transcriptome profiles of these two nodule zones over a temporal scale, and use 
the knowledge to identify key signaling determinants in the developmental identity of these zones. We adopted a cell-type specific nuclear 
tagging method to isolate nuclei from nodule parenchyma (using the ENOD2 promoter) and nodule primordium /infection zone (using the 
ENOD40 promoter). Using this method, we are able to isolate nuclei with more than 90% purity and more than 50% efficiency. Further isolation 
of nuclear transcripts, subsequent validation by qPCR, and evaluation of transcriptome profiles by RNAseq will help achieve our goal of 
identifying key determinants of nodule zone identity. Ultimately, this knowledge is expected to help in optimizing nodulation and nitrogen 
fixation in leguminous plants. Transfer of this trait to non-leguminous plants for a sustainable solution to our agricultural nitrogen requirements 
will reducing pollution caused by excessive use of chemical nitrogenous fertilizer and offer cost savings to the farmer. 
 
P0158: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Using Genomics Approaches to Study Formation of Nodule-like Structures in Land Plants 
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 (>90%) 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 fifteen genes using RT-PCR. We show that NLS can be colonized by a nitrogen-
fixing endophyte, Azorhizobium caulinodans. We have also initiated a comparative study in the model grass, Brachypodium distachyon and in 
the model legume, Medicago truncatula. Future efforts will focus on characterizing the genetic pathway controlling the formation of these 
structures, their colonization by different nitrogen-fixing bacteria, and more detailed studies on the developmental pattern of these structures. 
These studies will make important advances towards improving nitrogen fixation in cereals and will benefit agriculture. 
 
P0159: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Transcriptomic Responses of Soybean to Phytophthora sojae Infection as an Approach to Understand the Prophylactic Role 
of Silicon 
Aliyeh Rasooli zadeh1, Rupesh Deshmukh2, Humira Sonah2, Caroline Labbe2, Francois Belzile2 and Richard R. Bélanger2, 
(1)University Laval, Quebec city, QC, Canada, (2)University Laval, Quebec City, QC, Canada 
Silicon (Si) is known to have a beneficial role against many forms of biotic and abiotic stress, and more particularly against biotrophic fungi. 
Soybean production is greatly affected by Phytophthora sojae, a hemibiotrophic pathogen. In this regard, the objectives of this study were 1) to 
augment soybean resistance to P. sojae by exploiting its natural ability to absorb Si; and 2) to investigate the mechanisms by which Si could 
confer protection. The phenotypic response of soybean to P. sojae with (Si+) and without (Si-) Si was evaluated. Plants under Si+ treatment had a 
significantly higher survival rate and higher dry weight than control plants at 21 dpi. To understand the mechanisms inherent to Si prophylactic 
properties, RNA-seq analyses of soybean roots infected with P. sojae were performed over four time points of two treatments (Si+ vs Si-). Initial 
results show a differential activation of defense responses in plants under Si treatment at an early stage of infection (4dpi). Higher activation of 
Rps proteins in Si- plants, proteins known to activate effector-triggered immune (ETI) responses, suggests that Si has a role in preventing P. 
sojae effectors from reaching their target. 
 
P0160: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Transcriptomic Analysis Reveals Importance of Transcription Factors and Transporters in Wild Soybean (Glycine soja) 
Response to Alkalinity 
Jinlong Zhang, Jiaxue Wang, Wei Jiang, Juge Liu, Songnan Yang, Junyi Gai and Yan Li, National Center for Soybean 
Improvement, Nanjing Agricultural University, Nanjing, China 
Soil alkalinity is a major abiotic constraint to crop yield and quality. Wild soybean (Glycine soja) is considered to be more stress-tolerant than 
cultivated soybean (G. max), and has considerable genetic variation for increasing alkalinity tolerance of soybean. In this study, we analyzed the 
transcriptome profile in the roots of an alkalinity tolerant wild soybean variety N24852 at 12 and 24 h after 90 mM NaHCO3 stress by RNA-seq. 
Compared with the controls, a total of 449 differentially expressed genes (DEGs) were identified. Quantitative RT-PCR analysis of 14 DEGs 
showed a high consistency with their expression profiles by RNA-seq. Gene Ontology (GO) terms related to transcription factors and 
transporters were significantly enriched in the up-regulated genes at 12 and 24 h after NaHCO3 stress, respectively. Nuclear Factor Y subunit A 
(NF-YA) transcription factors were enriched at 12 h after NaHCO3 stress, and high percentages of basic helix-loop-helix (bHLH), ethylene-
responsive factor (ERF), Trihelix and zinc finger (C2H2, C3H) transcription factors were found at both 12 and 24 h after NaHCO3 stress. Genes 
related to ion transporters such as ABC transporter, aluminum activated malate transporter (ALMT), glutamate receptor (GLR), nitrate 
transporter (NRT) / proton dependent oligopeptide (POT) family, and S-type anion channel (SLAH) were enriched in up-regulated DEGs at 24 h 
after NaHCO3 treatment, implying their roles in maintaining ion homeostasis in soybean roots under alkalinity. This study provides a foundation 
to further investigate the functions of NaHCO3 stress-responsive genes and the molecular basis of soybean tolerance to alkalinity. 
 
P0161: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 



Metabolic Profiling of Diverse Gene Resources of Glycine max 
Yuji Sawada, Muneo Sato, Akane Sakata, Yamada Yutaka and Masami Yokota Hirai, RIKEN Center for Sustainable Resource 
Science, Yokohama, Japan 
Diverse plant metabolites are essential for plant growth and physiology. We have established a practical metabolomics strategy based on the use 
of standard metabolites, which we named “widely targeted metabolomics”. In this study, we conducted metabolome analysis of 80 lines of the 
worldwide Glycine max core collection. The results provided a matrix as follows: 175 metabolite accumulation data versus 240 samples (80 lines 
with 3 biological replicates). Analysis of valiance (ANOVA) and principal component analysis (PCA) suggested that the metabolome data had 
no significant trend. Based on the Pearson correlation coefficient (PCC > 0.9), we successfully elucidated the specific network groups: amino 
acid, flavonoid, nucleotide and sugar. These metabolite accumulation patterns in G. max lines will be used for mQTL analysis by genome wide 
association study. 
 
P0162: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Does Small RNA Expression Affect Citrus Fruit Quality in Grafted Citrus? 
Rachel J. Rattner, University of California, Riverside, Riverside, CA and Mikeal L. Roose, University of California Riverside, 
Riverside, CA 
Citrus is most often propagated through grafting and scion-rootstock combinations cause large effects on many fruit quality traits. Presently, the 
explanation for these differences has not been extensively studied at the genetic level. One potential reason for rootstock effects on fruit quality is 
the presence of small RNAs (sRNAs), molecules known to affect gene expression and plant development. Species-specific sRNAs have been 
discovered in a wide variety of plants. Many are differentially expressed and are able to cross a graft union to influence scion traits.  
We hypothesize that species-specific sRNAs exist in citrus and that the abundance of sRNAs can greatly impact the quality of fruit produced. In 
this study, fruit and root samples were collected from sweet orange scions grafted onto 4 genetically differing rootstocks, trifoliate orange, 
Carrizo citrange, rough lemon, and sweet orange. Three replicate samples of each genotype were collected from a Washington navel orange 
rootstock trial planted in Riverside at 4 time points throughout the 2014-2015 growing season. sRNAs were sequenced to quantify their 
abundance in each sample. ~15% of reads sequenced matched previously known, conserved sRNAs. This leaves many reads that will be assessed 
as potentially novel, species-specific sRNAs. Many of the conserved sRNAs are differentially expressed between the different rootstocks. The 
sequencing results will be correlated to phenotypic data to identify sRNAs influencing changes in fruit quality. 
 
P0163: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Transcriptomic Analysis of Cold Induced, Ripening-Related, Gene Expression in 'Bartlett' and 'D'Anjou' Pear Fruit 
Seanna Hewitt1, Christopher Hendrickson2, Stefan Götz3 and Amit Dhingra1, (1)Washington State University, Pullman, WA, 
(2)National University, San Diego, CA, (3)BioBam Bioinformatics, Valencia, Spain 
European pears (Pyrus communis L.) require a range of cold-temperature exposure to induce autocatalytic ethylene biosynthesis and fruit 
ripening. While physiological and hormonal responses of pear to cold-temperature storage have been well characterized, the molecular 
mechanisms underlying this phenomenon are not yet well understood. We investigated the response of ‘D’Anjou’ and ‘Bartlett’ pear at four 
different physiological stages during the cold conditioning process. Following total RNAseq and transcriptome assembly, we conducted a 
functional annotation of all expressed contigs using Blast2GO. We then conducted time course differential expression analysis using the 
maSigPro R package, by which we identified four distinct clusters of differentially expressed genes and associated ripening-related signaling 
pathways of hormonal and environmental nature. In addition to validating expression patterns of known ripening-related genes, we also identified 
a number of genes associated with vernalization, a well-studied processes whose initiation is also dependent on accumulation of chilling hours. 
These genes, previously implicated in transition from vegetative to reproductive state in flowers, include VIN3, COLs, histone lysine 
methyltransferases, and other genes associated with chromatin modification. By analyzing expression patterns of putative cold-responsive genes, 
we lend support to the hypothesis that achievement of ripening competency in pear is a process whose underlying mechanisms parallel those of 
vernalization. Taken as a whole, the data provide insight into the mechanisms of cold-induced transcriptional regulation of ripening and further 
elucidate points of regulatory control of ripening in European pear. 
 
P0164: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Redundancy, Subfunctionalization and Neofunctionalization in the Gene Regulatory Network Underlying Flowering 
in Brassica napus 
David M Jones, John Innes Centre, Norwich, United Kingdom 
Studies of the genes underlying flowering time control in model species have led to the development of computational gene network models to 
understand how environmental signals are integrated by plants. Such network models, if they existed for the crop Brassica napus, would 
facilitate directed breeding efforts to optimise crop scheduling. However, despite the close homology between Brassica napus and the model 
plant Arabidopsis thaliana, existing gene regulatory network models cannot be directly transferred between species. This is due to the ancestral 
genome triplication and allopolyploidy in the Brassica napus genome which has resulted in multiple copies of flowering time related genes. 
Whether these additional gene copies share similar positions and functions in the gene regulatory network as their Arabidopsis 
thaliana counterparts remains to be determined. 
To address these questions gene expression was measured in leaf and apex tissue of spring and winter varieties of Brassica napus across 
development, including the floral transition. Through the use of self-organizing maps and correlation networks, the expression dynamics of genes 
were investigated to identify potential gene redundancy, subfunctionalization and neofunctionalization. These findings are discussed in relation 
to sequence polymorphisms to build a more complete picture of the regulatory machinery underlying flowering in Brassica napus, with a focus 
on selected key flowering time related genes. 
The data collected in this study and the analysis pipeline will be made available to the community as the Oilseed Rape Developmental 
Expression Resource, a web interface which allows the data to be explored in an intuitive and interactive manner. 
 



P0165: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Genome-Wide Identification of Differentially Expressed Genes Reveals Complex Heat Stress-Responsive Regulatory 
Network in Radish (Raphanus sativus L.) Root 
Ronghua Wang, Liang Xu, Yan Wang, Wei Zhang, Xiaobo Luo and Liwang Liu, National Key Laboratory of Crop Genetics and 
Germplasm Enhancement, College of Horticulture, Nanjing Agricultural University, Nanjing, China 
Heat stress (HS) causes detrimental effects on plant morphology, physiology and biochemistry that lead to drastic reduction in plant biomass 
production and economic yield worldwide. To date, little is known about HS-responsive genes involved in thermotolerance mechanism in radish. 
In this study, a total of 6,600 differentially expressed genes (DEGs) from the CK and Heat24 cDNA libraries of radish were isolated by high-
throughput sequencing. With Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, some genes 
including MAPK, DREB, ERF, AP2, GST, Hsf and Hsp were predominantly enriched in signal transductions, metabolic pathways, biosynthesis 
and abiotic stress-responsive pathways. These pathways play significant roles in reducing stress-induced damages and acquisition of 
thermotolerance in radish. Expression patterns of 24 candidate genes were validated by reverse-transcription quantitative PCR (RT-qPCR). 
Based mainly on the analysis of DEGs combining with the previous miRNAs analysis, the schematic model of HS-responsive regulatory network 
was proposed. To counter the effects of HS, a rapid response of the plasma membrane leads to the opening of specific calcium channels and 
cytoskeletal reorganization, after which HS-responsive genes are activated to repair damaged proteins and ultimately facilitate further 
acquisition of thermotolerance in radish. These results could provide fundamental insight into the regulatory network underlying heat tolerance in 
radish and facilitate further genetic manipulation of thermotolerance in root vegetable crops. 
 
P0166: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
ABA-Mediated Flexibility of Female Stigmatic Papillae Development in Arabidopsis thaliana 
Wataru Egusa1, Seiji Takeda2, Kohki Ochiai2, Hiroaki Morimoto1, Satomi Sakazono3, Masaaki Osaka3, Moe Nabemoto3, Yasuaki 
Kagaya1, Go Suzuki4, Masao Watanabe3 and Keita Suwabe1, (1)Mie University, Tsu, Japan, (2)Kyoto Prefectural University, 
Kyoto, Japan, (3)Tohoku University, Sendai, Japan, (4)Osaka Kyoiku University, Kashiwara, Japan 
In order to survive and inherit against biotic and abiotic stresses, plants need to adapt to environment. There are many genes in the A. thaliana 
genome, and more than 15,000 genes are expressed in Arabidopsis stigmatic papillae for sustaining a reproduction and developmental functions, 
which includes a diversity of molecular players particularly those involved in metabolic, transcription and signaling processes. In this study, we 
report a developmental flexibility of papillae in response to abiotic stress. By in vitro culture analysis of papillae, we found that the stigmatic 
papillae of A. thaliana changed their length rapidly in response to ambient conditions such as high humidity and salinity: NaCl treatment reduced 
the papillae length and ABA treatment induced papillae elongation. Through reverse genetic and transcriptome analyses, we suggest that the key 
mechanism for the rapid response of papillae elongation is mediated by ABA pathway, and ABA-mediated response in papillae can be launched 
only when synthesized ABA precursor from the primary biosynthesis pathway is converted to an active form of ABA by activation of the 
downstream biosynthesis pathway. This is one of plant adaptations to the environment to raise the chance of successful pollination. 
 
P0167: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
miRNA and Transcriptome Analysis Provides Insight into Heterosis Mechanism of Hybrid Radish (Raphanus sativus L.) 
Wei Zhang, Yan Wang, Liang Xu, Xiaobo Luo, Ronghua Wang and Liwang Liu, National Key Laboratory of Crop Genetics and 
Germplasm Enhancement, College of Horticulture, Nanjing Agricultural University, Nanjing, China 
Heterosis has been widely used in the crop breeding, and plays a significant role in enhancing stress resistances, improving quality and yield. 
However, the molecular mechanism underlying heterosis remains largely unknown in root vegetable crops including radish (Raphanus sativus 
L.). In this study, the miRNA-seq and mRNA-seq analyses of roots at expanding stage in F1 hybrid and its corresponding parental lines were 
performed to uncover the gene regulatory pathways involved in heterosis. A total of 75 conserved and 13 non-conserved miRNAs were detected, 
from which 10 and 15 miRNAs were differentially expressed from comparison of F1 vs. maternal line and F1 vs. paternal line, respectively. 
KEGG pathway enrichment analysis showed that these miRNAs were mainly involved in the processes of 'Starch and sucrose metabolism', 
'Circadian rhythm-plant' and 'Biosynthesis of secondary metabolites'. In addition, a large number of non-additively expressed genes exhibiting 
parental expression level dominance and transgressive regulation were identified. The association analysis of heterosis-related miRNAs and 
genes were explored, and RsSUT1, RsSTP4, RsSWEET11, RsG4, RsCAB1 and RsLHCA3 were found to play crucial roles in promoting sugar 
transport, photosynthesis and carbon fixation in plants. Taken together, these results provided novel insights into the molecular mechanism of 
heterosis, and would facilitate further genetic improvement of radish and other root vegetable crops. 
 
P0168: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Conserved but Attenuated Parental Gene Expression in Allopolyploids: Constitutive Zinc Hyperaccumulation in the 
Allotetraploid Arabidopsis kamchatica 
Timothy Paape1, Masaomi Hatakeyama2, Rie Shimizu-Inatsugi1, Jun Sese3 and Kentaro K. Shimizu2, (1)University of Zurich, 
Zurich, Switzerland, (2)IEU, University Zurich, Zurich, Switzerland, (3)Tokyo Institute of Technology, Tokyo, Japan 
Allopolyploidization combines parental genomes and often confers broader species distribution. However, little is known about parentally 
transmitted gene expression underlying quantitative traits following allopolyploidization because of the complexity of polyploid genomes. The 
allopolyploid species Arabidopsis kamchatica is a natural hybrid of the zinc hyperaccumulator A. halleri and of the nonaccumulator A. lyrata. 
We found that A. kamchatica retained the ability to hyperaccumulate zinc from A. halleri and grows in soils with both low and high metal 
content. Hyperaccumulation of zinc by A. kamchatica was reduced to about half of A. halleri, but is 10-fold greater than A. lyrata. Homeologs 
derived from A. halleri had significantly higher levels of expression of genes such as HEAVY METAL ATPASE4 (HMA4), METAL 
TRANSPORTER PROTEIN1 and other metal ion transporters than those derived from A. lyrata, which suggests cis-regulatory differences. A. 
kamchatica has on average half the expression of these genes compared with A. halleri due to fixed heterozygosity inherent in allopolyploids. 
Zinc treatment significantly changed the ratios of expression of 1% of homeologous pairs, including genes putatively involved in metal 
homeostasis. Resequencing data showed a significant reduction in genetic diversity over a large genomic region (290 kb) surrounding the HMA4 



locus derived from the A. halleri parent compared with the syntenic A. lyrata-derived region, which suggests different evolutionary histories. We 
also estimated that three A. halleri-derived HMA4 copies are present in A. kamchatica. Our findings support a transcriptomic model in which 
environment-related transcriptional patterns of both parents are conserved but attenuated in the allopolyploids. 
 
P0169: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
In Vitro Analysis of Direct Targets of ER Stress Transducer AtbZIP28 
Taiji Kawakatsu, National Agriculture and Food Research Organization, Tsukuba, Japan 
The accumulation of unfolded proteins in the lumen of the endoplasmic reticulum (ER) triggers ER stress and activates ER-to-nucleus signaling 
pathways to alleviate the stress. In Arabidopsis, three bZIP transcription factors (TFs), AtbZIP17, AtbZIP28 and AtbZIP60 are involved in this 
process, but little is known about gene regulatory network in ER stress response in Arabidopsis. Here, I analyzed the direct targets of ER 
membrane associated AtbZIP28 identified by DNA affinity purification followed by sequencing (DAP-seq: O’Malley et al., Cell 2016). 
Unexpectedly, ~5% of direct targets identified by DAP-seq are induced by tunicamycin, suggesting the requirement of other TFs as cofactors for 
full activation of these target genes and/or the epigenetic regulation. 
 
P0170: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Proteomic Analyses of Apoplastic Proteins from Germinating Arabidopsis thaliana Pollen 
Weina Ge, North China University of Science and Technology, Tangshan, China 
Pollen grains play important roles in the reproductive processes of flowering plants. The roles of apoplastic proteins in pollen germination and in 
pollen tube growth are comparatively lesswell understood. To investigate the functions of apoplastic proteins in pollen germination, the global 
apoplastic proteins of mature and germinated Arabidopsis thaliana pollen grains were prepared for differential analyses by using 2-dimensional 
fluorescence difference gel electrophoresis (2-D DIGE) saturation labeling techniques. One hundred and three proteins differentially expressed (p 
value≤0.01) in pollen germinated for 6 h compared with un-germination mature pollen, and 98 spots, which represented 71 proteins, were 
identified by LC–MS/MS. By bioinformatics analysis, 50 proteins were identified as secreted proteins. These proteins were mainly involved in 
cell wall modification and remodeling, protein metabolism and signal transduction. Three of the differentially expressed proteins were randomly 
selected to determine their subcellular localizations by transiently expressing YFP fusion proteins. The results of subcellular localization were 
identicalwith the bioinformatics prediction. Based on these data, we proposed a model for apoplastic proteins functioning in pollen germination 
and pollen tube growth. These results will lead to a better understanding of the mechanisms of pollen germination and pollen tube growth. 
 
P0171: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
REPRESSOR OF SILENCING 1 Regulates the Expression of NICOTINAMIDASE 3 in Response to Abscisic Acid in 
Arabidopsis 
Joo Young Lim, Seoul National University, Seoul, Korea, The Republic of 
DNA methylation is a key epigenetic mark that regulates various biological processes such as gene imprinting, transposon silencing, and X 
chromosome inactivation. REPRESSOR OF SILENCING 1 (ROS1), a bifunctional DNA glycosylase/lyase that directly removes 5-
methylcytosine from DNA in Arabidopsis, can contribute to active DNA demethylation. Here, we showed that the ros1 mutants displayed 
hypersensitive phenotypes in response to abscisic acid (ABA) during seed germination and root elongation. To better understand the function of 
ROS1 in regulating the expressions of ABA-responsive genes associated with changes in global DNA methylation patterning, we performed the 
transcriptome and DNA methylome analyses. We identified a total of 30 commonly downregulated genes in ros1-3 and ros1-4 mutants upon 
ABA treatment, and nearly 70 percent of these genes were proximal to hypermethylated regions compared with wild type (wt). This result 
indicates that expressions of some ABA-responsive genes are epigenetically regulated via ROS1-mediated DNA demethylation. Most notable 
among them is NICOTINAMIDASE 3 (NIC3) which encodes a catalytic enzyme that converts nicotinamide into nicotinic acid. In ros1 mutants, 
the promoter region of NIC3 was hypermethylated, which resulted in decreased ABA-inducible expression. The nic3 mutants exhibited ABA 
hypersensitivity, and furthermore, the ABA hypersensitive phenotypes of ros1 mutants were rescued by ectopic expression of NIC3. This finding 
suggests that NIC3 expression via ROS1-initiated active DNA demethylation is critical for ABA responses, and thereby the availability of 
nicotinamide can be dynamically regulated under rapid environmental changes. 
 
P0172: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
The Evolution of Gene Regulatory Networks that Confer Stress Tolerance to Arabidopsis and Arabidopsis-Related Species 
Ying Sun1, Muh-ching Yee2 and Jose Dinneny2, (1)Stanford, Stanford, CA, (2)Carnegie Institution for Science, Stanford, CA 
All living organisms are exposed to constantly fluctuating environmental conditions and must rapidly respond to maintain homeostasis. While 
animals can escape adverse conditions, plants spend their entire lives in the same place and must respond appropriately to external environmental 
cues to survive. While most crop plants are sensitive to environmental stress, some wild relatives of domesticated crop plants harbor significant 
tolerance mechanisms. The sessile and diverse lifestyles of plants make them a valuable resource to better understand how organisms have 
evolved to cope with stress in their natural environments. I hypothesize that changes in gene regulation enable plants to adapt to environmental 
stress. My approach will be to explore how variation in the transcriptional network regulated by the plant hormone abscisic acid (ABA) 
modulates salt sensitivity in Arabidopsis accessions as well as other species within the Brassicaceae family. To test this, I aim to: (1) Examine 
the difference in physiological and transcriptional responsiveness in the root to NaCl between Arabidopsis and other, more salt tolerant, species 
within Brassicaceae. (2) Identify differences in transcription factor binding downstream of ABA signaling that confer differences in salt tolerance 
between species. (3) Determine if genomic polymorphisms contribute to variation in salt sensitivity within Arabidopsis. Understanding the 
molecular mechanisms that contribute to stress tolerance in plants will increase crop yields and reduce the cost of agricultural production.  
 
P0173: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Molecular and Physiological Parameters Associated to Drought Tolerance in Tomato Plants 
Leonardo Ignacio Pavez, Universidad Bernardo O`Higgins, SANTIAGO, Chile; Universidad de las Américas, Santiago, Chile 



Drought stress is one of the main causes that limit plant metabolism and growth, causing a reduction in crop yields. Numerous biochemical 
reactions have been described to be sensitive to drought. While it is difficult to estimate the magnitude of the loss in production due to drought 
stress, it is considered that water deficiency is the main abiotic stress in agriculture, which can affect up to 50% of the world production. This 
study analyses the physiological and molecular response of six old tomato varieties to moderate and strong drought stress.  
Our results indicated that there exists a positive correlation a physiological level between drought tolerance and leaf water relative content, 
relative growth rate and stomatal conductance; on the other hand, at a molecular level the plant drought tolerance is correlated with an increase in 
metabolites of phenyl propanoid pathway, up-regulation in genes that encode to proteins involved in proline and ABA biosynthesis, and an 
increase in activity of antioxidant enzymes, indicating the importance of ROS metabolism in drought tolerance in tomato genotypes. 
 
P0174: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Disease-Specific Gene Expression in Tomato Leaves 
Johannes Fahrentrapp1, Brion Duffy1, Oliver Rupp2 and Fabio Rezzonico1, (1)Zurich University of Applied Sciences, Wädenswil, 
Switzerland, (2)Justus-Liebig-University, Gießen, Germany 
Gene transcriptional changes can provide information on the plant response to biotic and abiotic stresses. Measuring gene expression could help 
making early and invisible stress symptoms detectable. Plants are non-hosts or resistant to most pathogenic organisms. In many cases they react 
to an incompatible pathogen either with a general or specific reaction leading to resistance. But what happens when a compatible pathogen 
attacks, leading to disease? Major questions are (1) can the plant recognize and react specifically to each of the pathogens? (2) How are the 
regulated genes expressed within time and space? Pathogen- and mock-inoculated tomato leaf samples were subjected to Illumina transcriptome 
sequencing with 3-fold experimental replicates. Whole transcriptomes of the early (24 hours post inoculation) interaction of susceptible tomato 
(Solanum lycopersicon) leaves with its major pathogens Phytophthora infestans, Oidium neolycopersici and Botrytis cinerea led to the 
identification of disease-specific gene regulation patterns. Running a standard pairwise differential expression analysis and EBSeq – an empirical 
Bayes hierarchical model comparing all disease- and mock-inoculated samples – we identified 28 up-regulated and 22 down-regulated genes in 
tomato leaves inoculated with B. cinerea as well as 18 up-regulated genes in leaves inoculated with P. infestans. Leaves inoculated with O. 
neolycopersici appeared healthy both in terms of visible symptoms as well as at the gene expression level. The level of differential regulation, 
their function and putative use for disease detection will be discussed. 
 
P0175: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Novel Hormonal Cross-Talks in Potato Discovered By Network Analysis 
Spela Baebler1, Ziva Ramsak1, Tjasa Stare1, Anna Coll1, Oren Tzfadia2 and Kristina Gruden1, (1)National Institute of Biology, 
Department of Biotechnology and Systems Biology, Ljubljana, Slovenia, (2)VIB / Ghent University, Bioinformatics & Systems 
Biology, Ghent, Belgium 
Worldwide, potato is the most widely grown tuber crop and the most important non-grain food crop. Interaction between the plant and its most 
important pathogen, Potato virus Y (PVY), results in extensive reprogramming of the complex underlying signalling network. To comprehend 
the complex biological processes following PVY infection we have implemented a systems biology approach was implemented.  
The knowledge from a previously manually built plant defence signalling model was complemented with dispersed information present in 
various databases and publications. This was combined into a large knowledge network, covering protein-protein interactions, regulation via 
transcription factors and non-coding RNAs; and interactions between viral and plant components.  
Subsequently, the generated large knowledge network was transferred from model plant Arabidopsis to potato using orthologue information to be 
able to integrate it with our experimental data on potato-PVY interaction. For this, two time-series microarray datasets were used for the creation 
of both gene regulatory and co-expression networks.  
Analyses and queries of the resulting networks allowed us to find and characterise novel nodes, novel connections and novel cross-talks between 
hormonal signalling pathways crucial for plant defence. The most interesting finding was previously unknown cross-talk between the salicylic 
and ethylene signalling pathways, indicating that the NPR1 gene expression is modulated by ethylene; which was experimentally validated in 
potato.  
This shows that integrating the plant defence signalling model with our own experimental data offers new insights into the plant-virus interaction 
by expanding the knowledge on critical components of plant defence signalling. 
 
P0176: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
The Evolution of Inflorescence Diversity in the Nightshades and Heterochrony during Meristem Maturation 
Zachary H. Lemmon1, Soon Ju Park1,2, Ke Jiang1,3, Joyce Van Eck4, Michael Schatz1,5 and Zach Lippman1, (1)Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, (2)Wonkwang University, Jeonbuk, Korea, The Republic of, (3)Dow AgroSciences LLC, 
Indianapolis, IN, (4)Boyce Thompson Institute for Plant Research, Ithaca, NY, (5)Johns Hopkins University, Baltimore, MD 
One of the most remarkable manifestations of plant evolution is the diversity of floral branching systems. These inflorescences arise from stem 
cell populations in shoot meristems that gradually mature to a reproductive state. Genetic analyses in model and crop species have revealed 
several pathways controlling meristem maturation and their significance for inflorescence development. However, the basis for the continuum of 
inflorescence complexity observed in nature is poorly understood. In the nightshade (Solanaceae) family, which includes pepper and tomato, 
inflorescences range from solitary flowers to highly elaborate branched structures that can bear dozens or hundreds of flowers. Here we compare 
transcriptome profiles of meristem maturation stages from five domesticated and wild Solanaceae species reflecting the evolutionary range of 
inflorescence complexity. We find these species share hundreds of dynamically expressed genes enriched for transcription factors. Principal 
component analysis shows meristem stages have distinct molecular identities, and points to modified maturation schedules underlying 
architectural variation. These modified schedules are reflected in a peak of transcriptome divergence during reproductive transition, driven by 
heterochronic shifts of a small subset of dynamic genes including transcriptional regulators with known roles in flowering. Thus, quantitative 
variation in Solanaceae inflorescence complexity is determined within a critical transitional window of meristem maturation, which we propose 
is the foundation for similar examples of inflorescence diversity in the plant kingdom. More broadly, our findings resemble a recently proposed 



transcriptome “inverse hourglass” model for animal embryogenesis, suggesting both plant and animal development morphological variation is 
driven by a transitional period of transcriptome divergence. 
 
P0177: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Cassava (Manihot esculenta Crantz) Transcriptional Responses As a Result of Mealybug (Phenacoccus manihoti) Feeding 
Molemi Rauwane, Agricultural Research Council, University of the Witwatersrand, PRETORIA, South Africa 
With regard to the organisms in the plants’ system, their response to herbivore feeding appears to be specific. Understanding plant responses to 
insect herbivory, by determining and identifying differentially expressed genes (DEGs), is a vital step towards the understanding of molecular 
mechanisms of defence and the development of resistant cultivars. Here we report the interaction between cassava (Manihot esculenta Crantz) 
and sap-sucking pest cassava mealybugs (Phenacoccus manihoti). Plants were exposed to mealybugs for a period of 24 and 72 h respectively, 
and gene expression levels were analyzed using illumina HiSeq 2500. Using a log2 fold change and P-value ≤ 0.05, 301 and 203 genes were 
differentially expressed compared to uninfested controls between the time-points for AR23.1 and P40/1 genotypes respectively. Most of these 
genes expressed have been reported in other studies in response to herbivore infestation. Biological pathway analysis using KEGG revealed 
significant enrichment of plant-pathogen interactions and plant hormonal signal transduction for both upregulated and downregulated DEGs. 
Putative defence-related genes such as 2-oxogluterate (2OG) and terpene synthase 21 were induced in the AR23.1 genotype, and were further 
validated by real-time RT-qPCR. The study revealed a significantly different response to mealybug infestation in the two genotypes studied, with 
the resistant genotype (AR23.1) showing a higher proportion of differentially expressed transcripts post infestation. Putative candidate defence-
related genes that were overexpressed in the AR23.1 genotype post infestation will be useful in future functional studies towards the control of 
mealybugs.  
Keywords: Differential gene expression, RNA-seq, signal transduction, cassava, resistance, plant-insect interaction 
 
P0178: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Genome-Wide Profiling of MiRNAs and Their Target Genes Reveal Complex miRNA Regulation during Somatic 
Embryogenesis in Cotton 
Lichen Wang, Huazhong Agriculture University, Wuhan, China and Shuangxia Jin, Huazhong Agricultural University, Wuhan, 
China 
MicroRNAs (miRNAs) are endogenous non-coding ~21 nucleotide (nt) small versatile regulatory RNAs in plants and animals, which play 
diverse roles in development and stress responses. miRNAs and their targets have been widely studied in model plants, but limited knowledge is 
available on the miRNA population of cotton (Gossypium hirsutum) and global identification of related targets through degradome sequencing 
has not been developed previously. In this study, we identified small RNAs and their targets by high throughput small RNA and degradome 
sequencing, comparing hypocotyls (CK) and embryogenic callus (EC) of G. hirsutum YZ1, both are typical developmental stages during cotton 
somatic embryogenesis (SE). Totally 36 differentially expressed known miRNA families were identified, as well as 25 novel miRNAs. 234 
transcripts in EC and 322 transcripts in CK were found to be the targets of 23 and 30 known miRNA families respectively, as well as 16 
transcripts targeted by 8 novel miRNAs. Interestingly, four trans-acting small interfering RNAs (tas3-siRNAs) were also found in small RNA 
libraries, which perfectly matched their precursors. series of targets were further validated via RNA ligase-mediated 5′ rapid amplification of 
cDNA ends (RLM 5′-RACE). Expression patterns of several miRNAs and their targets were also validated by qRT-PCR during SE process. The 
profiling of miRNAs and their targets provides new information on the miRNAs network during cotton SE. 
 
P0179: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Deep Sequencing Reveals Small RNA-Mediated Responses to Low- and High-Temperature Stresses in Cotton 
Qiongshan Wang and Shuangxia Jin, Huazhong Agricultural University, Wuhan, China 
MicroRNAs (miRNAs) are one class of endogenous non-coding RNAs modulating the expression of target genes involved in plant development 
and stress tolerance, by degrading mRNA or repressing translation. In this study, temperature stress-responsive miRNAs and their targets in 
cotton (Gossypium hirsutum) were identified via small RNA and mRNA degradome sequencing. Cotton seedlings were treated under different 
low- and high-temperature conditions (4, 12, 25, 35, and 42 ℃) and then the effects were investigated. A total of 319 known miRNAs and 800 
novel miRNAs were identified, and 168 miRNAs were significantly differentially expressed between different treatments. The targets of these 
miRNAs were further analysed by degradome sequencing. The majority of the miRNAs were identified as being involved in Gene Ontology- and 
KEGG-defined response to hormone stimulus, oxidation-reduction reaction, photosynthesis, plant–pathogen interaction and plant hormone signal 
transduction pathways. This study provides new insight into the molecular basis of response to extreme temperature stress and its regulation by 
miRNAs. 
 
P0180: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Elucidating the Role of microRNAs during Cotton Response to Drought and Salinity Stress 
Fuliang Xie1, Runrun Sun2, Qinglian Wang2 and Baohong Zhang3, (1)East Carolina University, Greenville, NC, (2)Henan Institute 
of Science and Technology, Xinxiang, China, (3)East Carolina University, GReenville, NC 
Drought and salinity are two major environmental factors adversely affecting plant growth and productivity. However, the regulatory mechanism 
is unknown. In this study, the potential roles of small regulatory microRNAs (miRNAs) in cotton response to those stresses were investigated. 
Using next-generation deep sequencing, a total of 337 miRNAs with precursors were identified, comprising 289 known miRNAs and 48 novel 
miRNAs. Of these miRNAs, 155 miRNAs were expressed differentially. Target prediction, Gene Ontology (GO)-based functional classification, 
and Kyoto Encyclopedia of Genes and Genomes (KEGG)-based functional enrichment show that these miRNAs might play roles in response to 
salinity and drought stresses through targeting a series of stress-related genes. Degradome sequencing analysis showed that at least 55 predicted 
target genes were further validated to be regulated by 60 miRNAs. CitationRank-based literature mining was employed to determinhe the 
importance of genes related to drought and salinity stress. The NAC, MYB, and MAPK families were ranked top under the context of drought 
and salinity, indicating their important roles for the plant to combat drought and salinity stress. According to target prediction, a series of cotton 



miRNAs are associated with these top-ranked genes, including miR164, miR172, miR396, miR1520, miR6158, ghr-n24, ghr-n56, and ghr-n59. 
Interestingly, 163 cotton miRNAs were also identified to target 210 genes that are important in fibre development. These results will contribute 
to cotton stress-resistant breeding as well as understanding fibre development. 
 
P0181: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Relationship Between Color Development and Anthocyanin Metabolism in Table Grape (Vitis vinifera L.) cv. Crimson 
Seedless Applied with Abscisic Acid and Sucrose during Berry Development 
Daniela E. Olivares, María Victoria Muñoz, Alejandra Morgan, Sebastián A. Rivera, Mauricio González and Bruno G. Defilippi, 
Instituto de Investigaciones Agropecuarias, Centro Regional La Platina, Santiago, Chile 
Crimson Seedless is one of the most important table grape varieties in Chile, but under certain environmental conditions, there is not an adequate 
red color development causing economic losses due to a lower quality. The use of plant growth regulators during development, such as abscisic 
acid (ABA) and ethylene, increases the anthocyanin content of the skin improving the color of the berry. Recently, sucrose has been identified as 
a signaling molecule capable of regulating the expression of genes of the anthocyanin synthesis pathway. The aim of this study was to analyze 
the effect of the application of ABA and/or sucrose on color development and their relationship with the anthocyanin metabolism. Applications 
of ABA (400 ppm or 200 ppm) and sucrose (90mM) were performed close to verasion stage. During development and at harvest quality 
attributes such as berry firmness, total soluble solids and titratable acidity were not affected by the treatments. The red color development in the 
bunches was promoted in the fruit applied with either ABA or sucrose due to an accumulation of anthocyanins. Sucrose treatment showed higher 
levels of anthocyanins than the control treatment, but lowers than the treatment with ABA. In regards to the genes involved in the anthocyanin 
synthesis pathway, an increased expression in the ABA and sucrose treatments was observed compared to the control treatment. Therefore, based 
on these findings we demonstrated that sucrose would improve the color development by increasing the synthesis and accumulation of 
anthocyanins; thus, inducing earlier harvests and improving table grape quality. 
 
P0182: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Characterization of the Transcriptional Regulation of Crassulacean Acid Metabolism (CAM) in Kalanchoe fedtschenkoi 
Mesophyll Tissue 
Travis Michael Garcia1, Bernard W. M. Wone1, Won Cheol Yim1, Jungmin Ha1, Sung Don Lim1, Karen A. Schlauch2 and John C. 
Cushman1, (1)Department of Biochemistry and Molecular Biology, University of Nevada, Reno, Reno, NV, (2)Nevada Center for 
Bioinformatics, University of Nevada, Reno, Reno, NV 
Increasing bioenergy crop production is vital to meet future renewable energy demands. Much of the world, however, is too arid for sustainable 
biomass production. Engineering biofuel crops for growth in these environments could greatly increase potential biomass production areas. 
Introducing crassulacean acid metabolism (CAM) into these crops might confer the improved water-use efficiency required for growth in arid 
lands. CAM relies upon rhythmic circadian clock-dependent mRNA regulation. Using Kalanchoe, in which CAM develops along a leaf 
developmental gradient, and Mesembryanthemum crystallinum, a facultative CAM model, candidate transcription factors with CAM-related 
functions were identified and confirmed as nuclear localized in Kalanchoe. These transcription factors’ mRNA expression profiles fluctuate in a 
circadian rhythm distinct from that observed in C3 photosynthesis and increase in abundance during the transition from C3 photosynthesis 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, INTACT (Isolation of Nuclei Tagged in Specific Cell Types) is being employed to 
purify mesophyll nuclei from transformed lines of Kalanchoe fedtschenkoi that express epitope-tagged transcription factors of interest. INTACT 
utilizes mesophyll-specific nuclear envelope biotin labeling followed by affinity isolation of biotinylated nuclei. Chromatin harboring tagged 
transcription factors will be immunoprecipitated from purified mesophyll nuclei and chromatin immunoprecipitation-sequencing (ChIP-seq) 
conducted to identify transcription factor cis-regulatory genomic targets. Through these experiments, insight into the transcriptional regulation of 
CAM will be obtained to better inform its engineering into bioenergy crops. 
 
P0183: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Maternal Genome-Specific Proliferation of TEs in Dioecious Plant Silene latifolia 
Zdeněk Kubát and Markéta Palovská, Institute of Biophysics of the Czech Academy of Sciences, Brno, Czech Republic 
Transposable elements (TEs) show extraordinary variance in their presence along plant sex chromosomes but responsible mechanisms are still 
unknown. To reveal these mechanisms, we studied closely related LTR retrotransposons Ogre that differ in their abundance on the evolutionarily 
young Y chromosome of the dioecious plant Silene latifolia. One of Ogre families is nearly absent on the Y chromosome, the other two families 
are ubiquitous on all chromosomes. We found that all Ogre families were mobilized after formation of the Y chromosome which indicates the 
existence of a mechanism preventing one of Ogres from spreading within the Y chromosome. Comparative study of TEs structure, expression, 
methylation and siRNA abundance revealed that distinct Ogre families are regulated by variable level of epigenetic silencing in germline and 
during embryogenesis. Maternal lineage-specific proliferation of TEs is now studied using mutant plants carrying modified Ogre elements. Our 
findings highlight the epigenetic silencing as a potential crucial factor in parent-of-origin specific proliferation of TEs. These effects are hidden 
in traditional model species, but they might play an important role in TE-host co-evolution.  
Funding: This work was supported by the grant 15-21523Y from Czech Science Foundation. 
 
P0184: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Comparison of Pathways from Mammalian Organisms 
Nadezhda T. Doncheva, Center for non-coding RNA in Technology and Health & Novo Nordisk Foundation Center for Protein 
Research, University of Copenhagen, Frederiksberg, Denmark, Lars J. Jensen, Novo Nordisk Foundation Center for Protein 
Research, University of Copenhagen, Copenhagen, Denmark and Jan Gorodkin, Center for non-coding RNA in Technology and 
Health, Department of Veterinary Clinical and Animal Sciences, University of Copenhagen, Frederiksberg C, Denmark 



Animal models are very important for the study of human diseases and for the development of new treatment therapies. However, it is very 
challenging to identify the regulatory genes and pathways in an animal model that would be useful to generate reliable hypotheses about a 
phenotype of interest in human. In order to transfer knowledge from one species to another, it is crucial to take into account the intrinsic 
differences in cellular organization and regulation between human and animal models as well as the mechanisms underlying the specific 
phenotype.  
Therefore, we perform a comprehensive analysis of the similarities and differences of pathways in mammalian organisms using publicly 
available knowledge on tissue expression, orthology relationships, regulatory interactions of coding and non-coding genes as well as 
experimentally determined protein-protein interactions. We design a comparison framework that provides different levels of detail based on the 
integration of different types of data and network analysis techniques. We use the orthology relationships between participating genes to 
determine and visualize the overlap of already existing pathways and interaction networks. To highlight the differences between these pathways 
in different organisms and tissue types, we further integrate them with tissue expression data from the updated and extended version of the 
TISSUES database, which now covers several mammalian organisms. 
 
P0185: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
MicroRNA Regulation of Cellular Senescence in Human Adult Stem Cells 
Nayoung Suh1, Euiyoung Bae2, Eunbi Lee3, Yideun Jung4, Seul-Ki Park4 and Supyong Hwang4, (1)Soon Chun Hyang University, 
Asan-si, Korea, The Republic of, (2)Seoul National University, Seoul, Korea, The Republic of, (3)Soon Chun Hyang University, 
Asan, Korea, The Republic of, (4)Asan Medical Center, Seoul, Korea, The Republic of 
In most clinical applications, human mesenchymal stem cells (hMSCs) are expanded on a large scale before administration. However, prolonged 
in vitro culture of hMSCs results in cellular senescence with loss of capabilities and therapeutic potential. MicroRNAs (miRNAs) are small non-
coding RNAs that regulate diverse biological processes by repressing gene expression at post-transcriptional levels. To determine the functions 
of miRNAs regulating cellular senescence in hMSCs, we deleted DGCR8 encoding a RNA binding protein essential for miRNA processing. 
Interestingly, DGCR8 knockdown in early-passage hMSCs resulted in severe proliferation defects with senescence-associated changes, namely 
increased levels of p21 expression and senescence-associated b-galactosidase activity. Furthermore, reactive oxygen species levels greatly 
increased in DGCR8-depleted hMSCs. In addition, a subset of miRNAs predicted to target p21 was significantly downregulated in both DGCR8-
knockdown hMSCs. Taken together, our results indicate that miRNA depletion in hMSCs leads to an early onset of cellular senescence. 
Therefore, miRNAs are essential for preventing cellular senescence in hMSCs. 
 
P0186: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Cellular Processes and Regulatory Networks 
Transcriptome Analysis Reveals a Differential Gene Regulation Pattern By Antibiotic Growth Promoter in the GIT of 
Calves As Compared to Lactobacillus acidophilus and Saccharomyces cerevisiae 
Eveline M. Ibeagha-Awemu, Bridget Fomenky, Pier-Luc Dudemaine, Nathalie Bissonnette and Johanne Chiquette, Agriculture 
and Agri-Food Canada, Sherbrooke Research and Development Centre, Sherbrooke, QC, Canada 
Antibiotic growth promoters (AGP) have been routinely used to enhance farm animal performance but problems associated with the development 
of antibiotics resistance has necessitated the search for alternatives. This study aimed to determine the mechanism of action of AGP as compared 
to Lactobacillus acidophilus (LA) and Saccharomyces cerevisiae (SC) in calf growth. Thirty-two calves (~5 days old) were separated equally into 
four groups: Control (CTL)- milk replacer+starter diet (from third week); CTL+LA BT1386 (2.5x108 cfu/L milk replacer+1x109cfu/kg feed); 
CTL+SC boulardii CNCM I-1079  (7.5x108 cfu/L milk replacer+3x109cfu/kg feed); and CTL+tetracycline (528mg/L)/neomycin (357mg/L) and 
chlortetracyclin (55mg/kg) . Sixteen calves were euthanized on day33 (pre-weaning) and another 16 on day96 (post-weaning) for the collection 
of rumen and ileum tissues. Total RNA was subjected to mRNA sequencing.  
Bioinformatics processing of data showed that 17296 genes were expressed. 1196 and 3605 genes were differentially expressed (DE) between 
day33 and 96 for ileum and rumen tissues, respectively. Most DE genes in rumen included ATP12A (fold change [FC]=-28.86), LY6D (FC=-
27.67), SLC26A9 (FC=-25.83) and TRIM55 (FC=17.61) and in Ileum MT1A(FC=-13.38), ISG15(FC=-7.64) and CYP1A1(FC=7.43). Ten, 131 
and 7 genes were DE between LA vs. CTL, ATB vs. CTL, and SCB vs. CTL, respectively. RDH16, involved in retinol metabolism, signal 
transduction and metabolic pathways was DE between all treatments and CTL. Pathway analyses of DE genes between day33 and 96 shows 
enrichment in functions such as: cellular development/movement, growth/proliferation, cell death/survival/lipid metabolism. Genes DE between 
ATB vs. CTL were enriched in immune related functions (response to stimulus, immune system/cellular/metabolic process and biological 
regulation) and pathways of differential regulation of cytokine production, inflammation mediated response, interleukin and Wnt signalling. DE 
genes between day33 and 96 are involved in growth and developmental processes. Data show that ATB enhances health and growth of calves 
differently than SCB and LA. More studies are needed to further understand how ATB enhances health and growth of calves to facilitate the 
search for a suitable alternative. 
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Systems Genomics Approaches to Identify Regulatory Genes and Potential Biomarkers in Donor Cows for In Vitro Embryo 
Production 
Gianluca Mazzoni1, Suraya Mohamad Salleh1, Kristine Freude1, Hanne S Pedersen2, Lotte Strøbech3, Henrik Callesen2, Poul Hyttel1 
and Haja N. Kadarmideen1, (1)University of Copenhagen, Frederiksberg C, Denmark, (2)Aarhus University, Tjele, Denmark, 
(3)EmbryoTrans Biotech A/S, Haslev, Denmark 
The combination of Genomic Selection (GS) with Ovum Pick Up–In vitro Production (OPU-IVP) of embryos is foreseen to have a huge impact 
in cattle production. IVP procedures still need refinements. Our objectives were to identify candidate genes in donor cows for favorable IVP-
related traits as well as to provide a better understanding of the gene regulatory mechanisms involved in the IVP process.  
We sequenced the RNA content of granulosa cells collected from 24 Holstein cows at oocyte aspiration. Oocytes were in vitro matured, 
inseminated and cultured until the blastocyst (BL) stage. Throughout the process, cumulus-oocyte complexes (COCs) and their descendants were 



kept as separate pools from each individual donor cow. COCs from each cow were inseminated with semen from one bull, either having 
extremely high or low Nordic Total Merit (NTM) index.  
We identified 56 genes associated with IVP scores (BL rate, kinetic and morphology). Among these, seven (two positively and five negatively 
associated) were common for all the traits. Weighted co-expression network analysis identified four modules of co-expressed genes associated 
with IVP scores. Nodes with high module membership were selected as additional candidate genes. Functional analysis highlighted mechanisms 
controlling apoptosis and cell development. Our study suggests that pools of subordinate follicles in early atresia are associated with improved 
IVP outcomes. Furthermore, we showed that high NTM index bulls can be used in GS-IVP without reducing the IVP performances. These 
findings can contribute to biomarker development and improve GS methods that utilize functional information in cattle breeding. 
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Proteomic Investigation on Longissimus Muscle during Pre- and Postnatal Development Stages Between Landrace and 
Lantang Pigs Using 2D-DIGE 
Delin Mo, Sun Yat-Sen University, Guangzhou, China 
Mammalian myogenesis is a prenatal process of mono-nucleated myoblasts, fusing into multi-nucleated myotubes and then myofibers. To 
understand the regulatory mechanisms leading to distinct muscle characteristics, 2D-DIGE proteomic analysis were undertaken to compare 
longissimus dorsi muscle across 6 ontogenetic stages from 35 days post coitus (dpc) to 2 days post natal (dpn) between two pig breeds differing 
in muscle characteristics, Landrace (LR) and Lantang (LT). From more than 1500 protein spots detected on each 2D-DIGE gel, we identified 124 
proteins. These proteins were involved in the biological processes including muscle structure, cell proliferation and differentiation, etc. 
Moreover, most of these proteins presented similar expression profile in both breeds during stages with the number of up-regulated proteins 
greater in early embryos and newborn piglets. Of note, more significantly up-regulated proteins were found in prenatal LR than that in LT, 
except for 91 dpc. Conversely, more significantly down-regulated proteins were found in LT, except for 77 dpc. These findings suggested that 
myogenesis started earlier but progressed more slowly in LT than in LR, in line with morphological observation that fewer primary myofibers 
were first found in LT at 35 dpc, while more primary myofibers were first found in LR at 49 dpc. Totally 51 muscle differentiation associated 
DEPs between breeds at same stages were found. Through STRING analysis, we deduced that these breed-related DEPs (ATP5A, ENO3, TPM3, 
etc.) might be involved in regulating the differential timing of myogenesis. These findings provide comprehensive characterization of porcine 
myogenesis. 
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Intrinsic Protein Disorder Propensities in Mitochondrial Genome: Non-Membrane Proteins in Chicken 
Haitham Yacoub, Biological Sciences Department, Faculty of Science, University of Jeddah, Jeddah, Saudi Arabia, Mohammed 
Alkhaled, University of Jeddah, Jeddah, Saudi Arabia and Moataz Badwy, Dept. of Biotechnology, Animal Production Research 
Institute, Agricultural Research Center, cairo, Egypt 
We analyzed peculiarities of intrinsic disorder distribution in mitochondrial genome proteins in chicken as an animal model. This analysis 
revealed that mitochondrial genome proteins are expected to have remarkable levels of intrinsic disorder and might contain up to seven 
intrinsically disordered regions. Many of the identified disordered regions can be involved in protein-protein interactions. In fact, mitochondrial 
genome proteins are shown to contain two to nine molecular recognition features; i.e., short structure-prone segments, which are located within 
the long disordered regions and have a potential to undergo a disorder-to-order transition upon binding to a partner. Furthermore, these 
disordered regions are expected to have several sites of various posttranslational modifications. Therefore, this study shows that mitochondrial 
genome proteins with a set of outstanding roles in ATP generation, oxygen metabolism, and stress-induced/developmental cell death pathways 
are expected to abundantly possess intrinsically disordered regions that might be related to multifunctionality of these types of proteins in the 
signal transduction pathways controlling the cell metabolism pathways and its activities. 
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Egg Production Performance and Thyroid Transcriptome Characteristics of Two Chicken Breeds Under Cold and Warm 
Environment 
Shanshan Xie, Feng Zhu, Dehe Wang, Yahui Gao, Ning Yang, Zhuocheng Hou and Zhonghua Ning, China Agricultural 
University, Beijing, China 
Cold environment negatively affects chicken performance, health and welfare. The thyroid gland produces the hormones thyroxine (T4) and 
triiodothyronine (T3), which control the metabolic rate of the body. The Bashang long-tail chicken (BS), a cold tolerance Chinese indigenous 
chicken breed, and the Rhode island red (RIR) were used in the present study. The egg production performance and thyroid transcriptome profile 
were investigated under both cold and warm environment. Four 40-week old birds from each breed in cold and warm environment were 
randomly selected for thyroid sampling and RNA-seq. BS showed good adaptability and higher egg production performance in cold 
environment, while RIR did not. RNA-seq data analysis showed that extensive immune system related biological process was ongoing within the 
thyroid gland in both BS and RIR. BS showed higher activity in immune system under both cold and warm environment, which may influence 
thyroid function and ultimately thyroid hormone levels. In cold environment, BS showed increased activity in sterol biosynthesis and metabolic, 
while RIR did not. This indicates the sterol biosynthesis and metabolic process play an important role in response to cold. This is the first 
reported transcriptomic study on the thyroid gland, thus providing a platform for future investigation into the regulation networks relevant to cold 
tolerance. 
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Differentital Gene Expression in Abdominal and Cardiac Adipose Tissue in the Broiler Chicken 
Blair Kathleen Schneider1, Susan J. Lamont2 and Carl J. Schmidt1, (1)University of Delaware, Newark, DE, (2)Iowa State 
University, Department of Animal Science, Ames, IA 



Adipose tissue is the major storage depot for lipids until they are utilized as a source of energy. Many organs rely on lipids as their primary 
energy source, such as the heart. Lipids and fatty acids are also used as the primary energy source for the body when glucose supplies are 
inadequate. There are two main fat pads in the chicken, the cardiac and abdominal fat pad. Hypotheses generated are that the cardiac adipose acts 
as a buffer for the heart to save it from lipid toxicity, the cardiac adipose functions as a mechanical cushion for the heart, and the abdominal 
adipose is the primary source of lipid storage. Transcriptome libraries were prepared from market age broiler chicken abdominal and cardiac 
adipose 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 an in house pipeline, and 5. Performance of a 
Relative Tissue Expression (RTE) analysis, to identify genes unique to each type of adipose tissue compared to the rest of the body, data analysis 
using JMP Pro11 and various bioinformatics tools. The current effort is to see how the enriched genes in each type of adipose tissue relate to 
their unique functioning and to identify which pathways they are involved in.  
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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Proteogenomics Provides Evidence of Enhanced Ribosome Assembly, and Protein Translation in Muscle of High vs Low 
Feed Efficiency Pedigree Broiler Males 
Walter Bottje1, Byung-Whi Kong1 and Nicholas James Hudson2, (1)University of Arkansas, Fayetteville, AR, (2)University of 
Queensland, Gatton, Australia 
Global gene (cDNA microarray, RNAseq) and protein expression (shotgun proteomics) analyses have been conducted on breast muscle samples 
obtained from pedigree broiler males exhibiting high and low feed efficiency (FE) phenotypes. In this analysis, using the original entire datasets 
(not using cutoffs for P value or fold difference in expression) we first counted the number of genes or proteins that were expressed numerically 
higher or lower in the high FE phenotype for key terms; e.g. ribosomal, mitochondrial ribosomal, tRNA, RNA binding motif, RNA polymerase, 
small nuclear ribonucleoprotein, and protein tyrosine phosphatase. We then conducted Chi square analysis on the numbers of higher or lower 
expressed genes and proteins in these various categories from the global expression datasets. Chi square analysis on individual or combined data 
revealed a significant number of molecules that were higher in all of these categories in the high FE compared to the low FE phenotype with P 
values ranging from P < 0.05 to P< 1 x 10-6.. In contrast the numbers of proteins or genes associated with protein tyrosine phosphatase activity 
were lower in the high FE phenotype (Chi Sq P value < 1 x 10-6). These results suggest that processes of ribosomal construction, activity, and 
protein translation would be enhanced in high FE breast muscle and that phosphorylation of tyrosine moeities of proteins could be prolonged in 
the high compared to low FE phenotype. We feel these results are important in generating hypotheses to be tested regarding fundamental 
mechanisms contribution to the cellular efficiency in muscle tissue. Funding provided by USDA-NIFA (#2013-01953), Arkansas Biosciences 
Institute (Little Rock, AR) and the Agricultural Experiment Station (Univ. of Arkansas). 
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MicroRNA Expression Shows Differential Regulation of Monocyte-Derived Macrophages from Johne's Disease (JD)-
Positive and JD-Negative Cows Following ex vitro Challenge with Mycobacterium avium ssp. paratuberculosis 
Eveline M. Ibeagha-Awemu1, Pier-Luc Dudemaine1, Olivier Ariel1, Duy N. Do1,2 and Nathalie Bissonnette1, (1)Agriculture and 
Agri-Food Canada, Sherbrooke Research and Development Centre, Sherbrooke, QC, Canada, (2)McGill University, Department of 
Animal Science, Ste-Anne-de-Bellevue, QC, Canada 
Mycobacterium avium ssp. paratuberculosis (MAP) infects ruminants, resides and slowly proliferates in macrophages/dendritic cells causing 
Johne’s disease (JD). The exact mechanisms are not fully understood. Previously, we characterized the peripheral blood monocyte-derived 
macrophages (MDM) from 12 JD-positive (JDPc) and 12 JD-negative (JDNc) cows and observed a different transcriptomic pattern using an ex 
vivo MAP infection. This study aimed to determine how microRNAs (miRNAs) respond to MAP infection in these MDM.  
MDM from JDPc and JDNc were challenged ex vivo with the Canadian clinical MAP field strain 39382. MiRNA libraries(144) representing 
uninfected JDNc and JDPc controls and infection time points 1h, 4h, 8h and 24h were sequenced (HiSeq 2500 system).  
255 known and 114 novel miRNAs were identified. Bioinformatics analysis identified 3, 0, 20 and 123, and 0, 0, 24, and 179 miRNAs 
differentially expressed(DE) between JDPc or JDNc at 1h, 4hr, 8hr, and 24h as compared to their respective controls, respectively. Among 12 
highly dysregulated(P<1.0E-05) miRNAs in JDPc, miR-2284aa has associations with bacterial infections while miR-7, miR-326, miR-582 and 
miR-193b have roles in cell growth/apoptosis. Most highly dysregulated(P<0.1E-05) miRNAs in JDNc are associated with cellular functions 
(growth/apoptosis). Target genes of dysregulated miRNAs at 8hr and 24hr(JDPc and JDNc) were enriched in similar (but different intensities) 
top biological/molecular/physiological functions with higher intensity demonstrated by JDNc at 24h. Most enriched pathways at 24h were 
RhoGDI signaling (JDNc) and ERK/MAPK signaling (JDPc). Confirmation of the specific functional roles of DE miRNAs may help to elucidate 
the persistence of MAP infection in JD cows 
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Immune Gene Expression Profliing in Atlantic Salmon during Amoebic Gill Disease 
Barbara F. Nowak and Andrew R. Bridle, University of Tasmania, Launceston, Australia 
Immune gene expression profiling can provide valuable information about pathogenesis of a disease and mechanisms of protection. Amoebic gill 
disease (AGD) is a condition affecting some species of farm-reared marine fish caused by Neoparamoeba perurans. This disease has been 
reported from Australia, USA, Norway, Ireland, Spain, Scotland, Chile, Canada and New Zealand and in all these countries it has been associated 
with the presence of N. perurans.  Amoebic gill disease (AGD) is the most serious health problem of farmed Atlantic salmon in Tasmania. We 
have used functional genomics and proteomics to improve our understanding of this disease. A significant increase in expression of the mRNA 
of IL-1b, TNF-a, TCR-a chain, CD8, CD4, MHC-IIa, MHC-I, IgM and IgT was observed in the gills of AGD-affected fish on day 10 post-



infection. A long term AGD challenge trial showed very minor changes in immune gene expression with the exception of MHC-II, CD4 and 
CD8 downregulated in the AGD lesions and MHC-I close to AGD lesions. In another study C-reactive protein, apolipoprotein 1, granulin, 
cathepsin, angiogenin-1 were upregulated in gill mucus of fish affected by AGD for 18 weeks. As our understanding of the fish immune response 
increases and new tools become available our interpretation of the immune response in AGD and other amoebic infections of fish will improve 
leading to practical solutions for this disease. 
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Transcription Analysis of Overwintering Dormancy in the Blue Orchard Bee 
Dacotah Melicher1, William P Kemp1, George Yocum2 and Joseph Rinehart2, (1)United States Deparmtent of Agricultural 
Research Service, Fargo, ND, (2)USDA ARS, Fargo, ND 
The solitary bee Osmia lignaria is an emerging pollinator of growing economic importance. They are unique in that they become dormant two 
times at different developmental stages in response to very different environmental conditions. Larva develop during the spring and early 
summer inside of individual cocoons in natural cavities or provided nest boxes.  
During pupation they become dormant until late summer when they resume development and become adults. As adults they enter a second 
dormancy and overwinter in this stage. Both dormancies are characterized by decreased metabolic activity. We used mRNA sequencing to create 
a developmental timescale of gene expression at 11 time points as larva pupate and then initiate, maintain, and terminate both pupal and 
overwintering dormancy.  
We used differential gene expression analysis to identify gene expression profiles associated with the metabolic shift at the initiation and 
termination of dormancy, and a profile that is consistent during the maintenance phase. We compare gene expression and identify similarities 
between the pupal and adult overwintering dormancies. 
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Diapause in the Alfalfa Leafcutting Bee, Megachile rotundata: Environmental History Impact on Gene Expression 
George Yocum1, Anna Childers2, Arun Rajamohan3, Joseph Rinehart1, Theresa Pitts-Singer4, Kendra Greenlee5 and Julia 
Bowsher5, (1)USDA ARS, Fargo, ND, (2)USDA-ARS, BELTSVILLE, MD, (3)USDA-ARS, Fargo, ND, (4)USDA-ARS, Logan, 
UT, (5)North Dakota State University, Fargo, ND 
While similarities among diapausing insects are many, the molecular foundation for these similarities has been investigated under a limited 
number of environmental conditions. Diapausing insects are able to respond to changes in environmental conditions, which are regulated by 
changes in the underlying gene expression. The aim of this investigation was to clarify the degree to which environmental history effects gene 
expression during diapause development. Diapausing prepupae of the alfalfa leafcutting bee, Megachile rotundata were collected early in the 
nesting season (June 30 to July 19, 2010) and late in the season (September 1, 2010). All diapausing prepupae were maintained under field 
conditions until October 22, 2010 when the prepupae from each group were further subdivided into management types: laboratory (constant 4°C) 
or field (stored in open shelter). Thus we had four treatment groups for the prepupae: early laboratory, late laboratory, early field, and late 
field. Illumina libraries were constructed from samples taken from each group in November, January, March and May and 100bp paired-end 
sequencing was carried out using a HiSeq Illumina sequencer. Analysis of the results revealed that there were treatment specific gene expression 
patterns in each of the treatment groups. There were very few differentially regulated genes shared between all four treatment groups. The results 
demonstrated that environmental history has a major impact on gene expression during diapause development and thereby is a confounding 
factor in our understanding of the molecular regulation of diapause development. 
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Identification of Conserved and Novel miRNAs in Chlorophytum borivilianum Using Deep Sequencing of Small RNA 
Monika Kajal and Kashmir Singh, Panjab University, Chandigarh, India 
Chlorophytum borivilianum (Liliaceae family) had played a critical role in ayurvedic medicine for the treatment of various disease ailments. Root 
concentrate of C. borivilianum is utilized in the formulation of phyto-pharmaceuticals and nutraceutical drugs even in modern medicine. A 
number of studies have been performed through transcriptomic investigations and plant tissue culture focused to increase the amount of saponin, 
but any miRNA survey has not been conducted till now. Characteristic of plant miRNAs (20-24 nt) to serve as negative regulators of many 
metabolic processes, trigger to explore the miRNAs involved in secondary metabolism. In present study, our aim was to identify miRNAs 
involved in saponin biosynthesis and to scrutinize their targets. To execute this, in-silico identification of the conserved and novel miRNAs from 
C. borivilianum was carried out. An aggregate of 79,419,700 (of length =50bp) raw reads were created from small RNA library using Illumina 
MiSeq from C. borivilanum young leaves. About 95% of total data passed >= 30 phred score with an average base quality =37.41 and having 
50.54% GC content. Total 251 conserved miRNAs belonging to 38 miRNA families and 6 novel miRNAs were determined. Five out of 6 novel 
miRNAs were found to potentially target the enzymes involved in saponin biosynthesis. Stem-loop RT-PCR and RT-PCR was performed to 
validate these miRNAs and their targets. Outcome of our study will provide a revolutionary approach to target the biosynthesis of secondary 
metabolites at miRNA level for their enhanced yield. 
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Gene Expression Changes of Phytoplankton Communities During a Dinoflagellate Bloom in East China Sea 
Senjie Lin and Yaqun Zhang, Xiamen University, Xiamen, China 
Prorocentrum donghaiense is a typical dinoflagellate species which has caused massive red tides in East China Sea from April to May nearly 
annually. It is very challenging to identify the change of community composition and ecological function of phytoplankton community in situ. In 
this study, we used comparative metatranscriptomics on a time-serial samples in the course of P. donghaiense bloom development in East China 
Sea, and also conducted RNA-seq for spliced leader-based dinoflagellate-specific bloom samples, and laboratory-cultured P. donghaiense. 
Microscopic counting, 18S sequencing and transcripts data together revealed the major dominant group changed from diatoms to dinoflagellates 
both in abundance and transcriptional activity. The most active metabolic pathway of community was shifted from diatom carbohydrate 



metabolism, protein processing and other processes to dinoflagellate photosynthesis and ATP synthesis. Next, we focused on the remarkably up-
regulated genes in P. donghaiense during the bloom, and found that they were mainly involved in energy metabolism, photosynthesis, nutrient 
acquisition, plant-microbe interaction and sexual reproduction. Among these, meiosis and proton pump rhodopsin genes were up-regulated by up 
to 100 and 6-97 folds, respectively during the bloom. All these results indicate the dynamic of both community structure and shift of major 
metabolic functional pathway due to ambient environmental changes, and reveal a comprehensive strategy in P. donghaiense to outcompete 
coexisting phytoplanktons in the environment, with rhodopsin-based energy acquisition and meiosis-based reproduction apparently as key 
drivers of rapid proliferation and bloom formation by this species. 
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Coordinated Transcriptional and miRNA Regulation of Phosphate Stress in Dinoflagellate 
Xinguo Shi1, Xin Lin1, Ling Li1, Meizhen Li1, Brian Palenik2 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)Scripps Institution of 
Oceanography, University of California, San Diego, San Diego, CA, (3)Department of Marine Sciences, University of Connecticut, 
Groton, CT 
While gene regulation can occur at both transcriptional and epigenetic (microRNA) levels, combined transcriptomic and microRNAomic 
responses to environmental stress is unexplored for marine plankton. Here, we conducted transcriptome and microRNAome sequencing for the 
dinoflagellate Prorocentrum donghaiense understand molecular mechanisms by which this dinoflagellate copes with P-deficiency. 
Transcriptomic analysis revealed 1230 unigenes that were differentially expressed with ≥ 2-fold change. Genes related to DOP hydrolysis, cell 
cycle regulation, carbon fixation, nitrate assimilation, glycolysis and cellular motor were up-regulated under P-depleted condition. Both high- 
and low-affinity phosphate transporters as well as phosphatases such as 5′-Nucleotidase and alkaline phosphatase were actively expressed to 
facilitate tunable P uptake and scavenging. The up-regulated expression of ATP-generation and catabolism genes indicated accelerated ATP 
recycling under P-deficiency. Furthermore, miRNAome sequencing revealed 18 microRNAs, which presumably regulate 8228 protein-coding 
genes identified in our transcriptome. Among these microRNAs 4 were down- and 11 up-regulated under P-deficiency; functional enrichment 
analysis of their target genes predicted decreases in sulfolipid sulfatide catabolism under P-deficiency, which was corroborated by sulfolipid 
sulfatide increase detected by liquid chromatography-mass spectrometry (LC-MS) analysis. Proton-pump rhodopsin was predicted to be target of 
down-regulated microRNA, suggesting that this proton-pump were up-tuned to complement the transcriptional up-regulation of ATP synthesis 
and hence enhance cell survival under P-deficiency. Taken together, our data show that enhanced DOP utilization, accelerated recycle of ATP 
and repressed sulfolipids degradation through transcriptional and microRNA-mediated post-transcriptional regulations constitute a 
comprehensive strategy to cope with P deficiency in a dinoflagellate such as P. donghaiense. 
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Integrated Transcriptome and Proteome Analyses Reveal a Close Association Between Secondary Metabolite Production 
Capabilities and Aspergillus flavus Isolate Oxidative Stress Tolerance 
Jake Fountain1, Prasad Bajaj2, Liming Yang1, Manish K Pandey3, Spurthi N. Nayak4, Jin Koh5, Vinay Kumar4, Ashwin S. Jayale4, 
Annapurna Chitikineni4, Dewey Lee6, Bob Kemerait1, Sixue Chen5, Rajeev K Varshney4 and Baozhu Guo7, (1)University of 
Georgia, TIFTON, GA, (2)International Crop Research Institute for the Semi-Arid Tropics, Hyderabad, India, (3)ICRISAT, Greater 
Hyderabad, India, (4)ICRISAT, Hyderabad, India, (5)University of Florida, Gainesville, FL, (6)University of Georgia, Crop 
Science Department, TIFTON, GA, (7)USDA-ARS, Crop Protection and Management Research Unit, Tifton, GA 
The contamination of crops with aflatoxins during Aspergillus flavus infection is exacerbated by drought stress. Reactive oxygen species have 
been shown to be produced in plant tissues in response to drought and to stimulate the production of aflatoxin by A. flavus in vitro. To better 
understand the role of aflatoxin production in oxidative stress responses and contributing factors of isolate-to-isolate variation in stress tolerance, 
transcriptomes and proteomes of select toxigenic and atoxigenic isolates of A. flavus were examined in medium supplemented with varying 
levels of H2O2. Isolates with greater oxidative stress tolerance and aflatoxin production capability exhibited fewer differentially expressed genes 
(DEGs) and proteins (DEPs). Comparative analyses between the proteome and transcriptome data showed a weak correlation between significant 
DEGs and protein fold changes (r = 0.2477) and between DEPs and transcript fold changes (r = 0.1114). Several metabolic pathways were 
commonly regulated in both datasets including carbon metabolism, aminobenzoate degradation, glutathione metabolism, and secondary 
metabolite biosynthesis. Aflatoxin and aflatrem biosynthetic components were found to be significantly regulated in both studies in response to 
increasing stress. Kojic acid biosynthetic genes were also regulated by stress in both toxigenic and atoxigenic isolates. Aflatoxin biosynthetic 
gene expression was also found to be highly correlated with isolate stress tolerance which implies that this process along with antioxidant 
benefits afforded by kojic acid and other secondary metabolites may provide partial alleviation of oxidative stress. These additional secondary 
metabolites may, therefore, be useful in the selection of biological control isolates prior to deployment. 
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Metabolome and Transcriptome Integration for a Systems Perspective of Carbon Flux Under Heat Stress 
Allen Hubbard, Sara F. Jastrebski and Carl J. Schmidt, University of Delaware, Newark, DE 
We apply computational approaches to relate the metabolome and transcriptome of the chicken liver under heat stress and control conditions. 
Correlation based analyses can be useful in determining network topologies. We extend the approach to determine the directionality of a network 
when many of the connections between nodes are previously established. This elucidates regulation of the heat stress response from a many -
omics perspective. Specifically, we show increased gluconeogenesis related to transport of lactate Glucogenic amino acids show correlation 
patterns consistent with catabolism and entrance into gluconeogenesis. As glycolytic processes reverse, carbon is also directed to glycerol species 
to become the backbone of fatty acids. This model provides a systems context for dietary studies that note amino acid supplementation improves 
bird performance under heat stress. Multi –omics studies allow better understanding of the economy of resources in a living organism. Such 
avenues of research could prove invaluable for studies optimizing feed under stress conditions. In addition to clarifying the coupling of the 



transcriptome and metabolome in the broiler liver under heat stress, this analysis provides a general framework for integrating multi-omics 
datasets to yield biological insight. 
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Monitoring Guide RNA Synthesis for CRISPR/Cas9 Genome Editing Workflow Using the Agilent 2100 Bioanalyzer System 
Melissa Huang Liu, Agilent Technologies, La Jolla, CA, Solange Borg, Agilent Technologies, San Diego, CA and Arunkumar 
Padmanaban, Agilent Technologies, Bangalore, India 
Bacterial clustered regularly interspaced short palindromic repeats (CRISPR) - associated protein 9 (Cas9) system has increased in popularity as 
a genome editing tool for targeted mutations, insertions, deletions and gene knock-out studies. CRISPR genome editing has also proved superior 
to Zinc-finger nucleases (ZFN) and transcription activator- like effector nucleases (TALENs) due to its simplicity and easy programmability. In 
CRISPR, a guide RNA (gRNA) is used to recognize and introduce a double standard break in a target DNA. The DNA repair mechanism 
triggered after the break is then exploited to introduce an insertion/deletion in the case of non-homologous end joining, or precise genetic 
modification if a homology-directed repair pathway is triggered.  
A critical part of the CRISPR/Cas9 tool is the design and synthesis of the gRNA that comprises T7 promoter sequence, target sequence, and 
protospacer adjacent motifs. Monitoring the transcription of the gRNA is critical to the workflow to ensure successful gene editing. Here we 
present an automated electrophoresis approach for monitoring the synthesis, integrity, and functional activity of gRNAs created for a 
CRISPR/Cas9 workflow. 
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A Global Co-Expression Network Approach for Connecting Genes to Specialized Metabolic Pathways in Plants 
Jennifer H. Wisecaver1, Alexander Borowsky1, Vered Tzin2, Georg Jander3, Daniel Kliebenstien4 and Antonis Rokas1, 
(1)Vanderbilt University, Nashville, TN, (2)Ben-Gurion University of the Negev, Sede Boqer Campus, Israel, (3)Boyce Thompson 
Institute, Ithica, NY, (4)University of California at Davis, Davis, CA 
Plants produce a tremendous diversity of specialized metabolites (SMs) to interact with and manage their environment. A major challenge 
hindering efforts to tap this seemingly boundless source of pharmacopeia is the identification of SM pathways and their constituent genes. Given 
the well-established observation that the genes comprising a SM pathway are co-regulated in response to specific environmental conditions, we 
hypothesized that genes from a given SM pathway would form tight associations (modules) with each other in gene co-expression networks, 
facilitating their identification even without knowledge of the genome sequence. To evaluate this hypothesis, we used 10 global co-expression 
datasets—each a meta-analysis of hundreds to thousands of expression experiments—across eight plant model organisms to identify dozens to 
hundreds of modules of co-expressed genes for each species. In support of our hypothesis, 15.3-52.6% of modules contain two or more known 
SM biosynthetic genes (e.g., cytochrome P450s, terpene synthases, and chalcone synthases), and module genes are enriched in SM functions 
(e.g., glucosinolate biosynthesis). Moreover, modules recover many experimentally validated SM pathways in these plants, including all six 
known to form biosynthetic gene clusters (BGCs). In contrast, genes predicted, based on physical clustering, to form plant BGCs were no more 
co-expressed than their non-clustered neighbors. These results not only suggest that most predicted plant BGCs do not represent genuine SM 
pathways but also argue that BGCs are unlikely to be a hallmark of plant specialized metabolism. We submit that global gene co-expression is a 
rich and powerful, but largely untapped, data source for discovering the genetic basis and architecture of plant natural products. 
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(w)Hol(e)Istic Gene Ontology and Pathway Analysis Using Open Source Web Tools 
Damarius S. Fleming, ORAU and USDA National Animal Disease Center, Ames, IA and Laura C. Miller, NADC-ARS-USDA, 
Ames, IA 
Background:  
Downstream analysis of high throughput and next generation sequencing experiments (NGS) can often provide researchers with a means of 
deciphering their results. These downstream analyses often elucidate clusters of genes or networks of biological processes that have an 
interaction under the condition being studied. One convention for examining gene interactions is to conduct downstream investigations based 
upon gene ontology (GO), pathway, and network analyses of statistically significant genes of interest. Unfortunately, the software available for 
these types of analyses is too often expensive, not species specific, and subject to gaps in annotation. These difficulties can cause studies to omit 
this downstream step, limiting the utility of the data. In order to facilitate pathway and network analyses of candidate gene lists from high-
throughput studies, a workflow was constructed based on the use of open sourced freely available software and genomic databases.  
Results:  
Downstream analysis using the “(w)HOL(e)ISTIC gene ontology enrichment” approach, which is centered around the overlap of multiple open 
source software to annotate, analyze, and visualize biological networks. It is a 3 stage process in which stage 1 (Annotation) is the generation of 
alias identifiers. Stage 2 (Analysis) is a two-part process generating ontologies and networks with statistical inferences. Stage 2 relies on info 
from databases such as Reactome, KEGG, and InterPro. Stage 3 (Visualization) allows for figure creation.  
Conclusion:  
The use of open source web-based tools can facilitate the conversion of gene list data from various studies into explorable networks of biological 
interest, allowing researchers a usable protocol for downstream analysis. 
 
P0205: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Utility and Limitations of Using Gene Expression Data to Identify Functional Associations 
Sahra Uygun, Robert L. Last and Shin-Han Shiu, Michigan State University, East Lansing, MI 
Gene co-expression has been widely used to hypothesize gene function through guilt-by association. However, it is not clear to what degree co-
expression is informative, whether it can be applied to genes involved in different biological processes, and how the type of dataset impacts 
inferences about gene functions. Here our goal is to assess the utility and limitations of using co-expression as a criterion to recover functional 



associations between genes. By determining the percentage of gene pairs in a metabolic pathway with significant expression correlation, we 
found that many genes in the same pathway do not have similar transcript profiles and the choice of dataset, annotation quality, gene function, 
expression similarity measure, and clustering approach significantly impacts the ability to recover functional associations between genes using 
Arabidopsis thaliana as an example. Some datasets are more informative in capturing coordinated expression profiles and larger data sets are not 
always better. In addition, to recover the maximum number of known pathways and identify candidate genes with similar functions, it is 
important to explore rather exhaustively multiple dataset combinations, similarity measures, clustering algorithms and parameters. Finally, we 
validated the biological relevance of co-expression cluster memberships with an independent phenomics dataset and found that genes that 
consistently cluster with leucine degradation genes tend to have similar leucine levels in mutants. This study provides a framework for obtaining 
gene functional associations by maximizing the information that can be obtained from gene expression datasets. 
 
P0206: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Defining Intergenic Transcribed Regions As Junk DNA or Novel Genes Using a Machine Learning Approach 
John Lloyd1, Zing Tsung-Yeh Tsai1, Rosalie Sowers2, Nicholas Panchy1 and Shin-Han Shiu1, (1)Michigan State University, East 
Lansing, MI, (2)Pennsylvania State University, University Park, PA 
With advances in transcript profiling, the presence of transcriptional activities in intergenic regions has been well established. Intergenic 
transcripts have been readily identified in many model systems, but little is known about the prevalence of intergenic transcription across species 
with a wide range of genome sizes. More importantly, whether intergenic expression represents transcriptional noise or the activity of novel 
genes remains unclear. We identified intergenic transcribed fragments in 15 diverse plant species with 17-fold differences in genome sizes and 
found that hundreds to thousands of intergenic transcribed fragments can be identified in any plant species. However only 0.4-3.4% of all 
transcription originates from intergenic regions and the proportion of intergenic expression does not scale with the amount of intergenic space, 
indicating that intergenic expression does not increase proportionately with genome size. To assess the functionality of intergenic transcribed 
regions, we first built machine learning models in A. thaliana that can accurately classify functional (phenotype genes) and non-functional 
(pseudogene and random unexpressed intergenic) sequences using a wide range of biochemical, evolutionary, and sequence structural features. 
Next, by applying the models to intergenic regions, we found that 10-15% of intergenic transcribed regions exhibit similarity to phenotype genes 
and thus are likely functional. However, the rest were more similar to nonfunctional sequences and are likely transcriptional noise unless falsified 
with further experimental testing. 
 
P0207: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Computational Frameworks for Studying Biological Pathways in Sequenced Plants Species 
Oren Tzfadia, VIB, Gent University, GENT, Belgium 
Closing gaps in our current knowledge about biological pathways is a fundamental challenge. The development of novel computational methods 
along with high throughput experimental data carries the promise to help in the challenge. Comparative transcriptomics is a common approach in 
functional gene discovery efforts. It allows for finding conserved co-expression patterns between orthologous genes in closely related plant 
species, suggesting that these genes potentially share similar function and regulation. Existing co-expression tools are limited to data from model 
systems, which greatly limit their utility. Moreover, in addition, none of the existing pipelines allow plant researchers to make use of their own 
unpublished gene expression data for performing a comparative co-expression analysis and generate multi-species co-expression networks. We 
introduce here two tools for gene discovery:  
1) CoExpNetViz (Tzfadia et al., 2016) is a computational tool that uses a set of query or ‘bait’ genes as an input and a minimum of one pre-
processed gene expression dataset.  
2) MORPH (MOdule guided Ranking of candidate PatHway genes) (Tzfadia et al., 2012, Amar et al., 2015) is an algorithm, for revealing 
unknown genes in biological pathways. The method receives as input a set of known genes from the target pathway, a collection of expression 
profiles, and interaction and metabolic networks. Using machine-learning techniques, MORPH selects the best combination of data and analysis 
method and outputs a ranking of candidate genes predicted to belong to the target pathway.  
Both MORPH and CoExpNetViz could be adapted and applied for any sequenced species. 
 
P0208: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Decreased Intercellular Transport Due to Increased Flavonoid Biosynthesis: A Candidate Dicamba Resistance Mechanism 
Dean J. Pettinga, Eric Lloyd Patterson, Phil Westra and Todd Gaines, Colorado State University, Fort Collins, CO 
Resistance to dicamba (a synthetic auxin herbicide) has been documented in Kochia scoparia populations since 1994, but the molecular 
mechanisms of observed resistance cases remain elusive. An RNA-Seq approach was used to identify 386 transcripts with significantly 
differential transcription responses between inbred lines of dicamba-resistant (9425R) and -susceptible (7710S) K. scoparia in response to 
dicamba application. Among the significantly differentially expressed transcripts was Flavonol 3’-Hydroxylase (F3’H), a key enzyme in the 
flavonoid biosynthesis pathway found to be upregulated in 9425R. This enzyme determines the relative abundance of quercetin to kaempferol, 
known inhibitors of auxin transport. Chalcone Synthase (CHS), the first enzyme and rate-limiting step in the flavonoid biosynthesis pathway, 
displayed significant upregulation in 9425R. In silico expression patterns of both transcripts was confirmed with qRT-PCR. An F2 population 
derived from a cross of 9425R x 7710S segregating for the resistance phenotype was assayed for CHS and F3’H expression using qRT-PCR. 
Dicamba-resistant F2 individuals displayed significantly higher CHS transcription and lower F3’H transcription compared to dicamba-
susceptible F2 individuals, associating the resistant phenotype of 9425R with a greater overall flux and higher relative ratio of kaempferols to 
quercetins. Co-segregation of this expression profile with the resistance phenotype in the F2 suggests that kaempferol and quercetin may play a 
role in the resistance phenotype by inhibiting auxin transporters. Reducing intercellular transport and vascular loading could substantially reduce 
dicamba efficacy by reducing movement to sensitive meristematic tissue, thereby conferring the observed resistance phenotype. 
 
P0209: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Plant Root Lignification Status Effects Root Microbiome Profiles 



Sadaf Kashif Riaz1, Kashif Riaz1 and Niko Geldner2, (1)University of Agriculture Faisalabad, Faisalabad, Pakistan, (2)University 
of Lausanne, Lausanne, Switzerland 
Plant engineer their root associated microbial communities through root exudates. The overall plant vigor depends upon the efficiency of root 
microbiome that provides the plant with necessary nutrients, growth supplements and defense componuds. However, during maturation plant 
root components especially the endodermis and associated Casparian Strips (CS) undergo several differentiation processes implying sequential 
lignification and suberization thereby offering differential absorbing and protective functions. Early CS polymer is made from monolignol (lignin 
monomers) and is composed of lignin, functionally sufficient to block extracellular diffusion. However, by contrast, suberin is formed much later 
as a secondary wall and interestingly stress hormones abscisic acid and ethylene mediate its ability to responds to a variety of abiotic stresses for 
maintaining nutrient homeostasis. In addition to that, here we propose that differential levels of lignin and suberin during early root 
differentiation might be responsible for the early establishment of microbes inside and around the roots and hence shape the overall root 
microbiome in plants. 
 
P0210: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Elucidation of Molecular Mechanisms Involved in Silicon Uptake and Derived Stress Tolerance in Plants 
Rupesh Deshmukh, University Laval, Quebec City, QC, Canada 
Abiotic and biotic stresses are among the most important constraints in agriculture production aiming to provide for an ever-increasing world 
population. The search for a sustainable solution to reduce stress-induced losses is now a prime priority in many crop improvement programs. 
Among different approaches, the use of silicon (Si) is gaining increased attention since over 1000 studies have reported its benefits against stress 
on many plant species. However, these benefits are apparent in plant species that can accumulate high Si levels, and negligible in species known 
as low or non-accumulators. Silicon uptake in plants is known to be regulated by two types of transporters, an influx protein Lsi1, and an efflux 
protein Lsi2. To better understand the molecular mechanisms involved in Si uptake, and to provide a genetic basis for categorizing plants as 
accumulators or non-accumulators, we performed an extensive genome-wide analysis in 25 plant species. Our results showed that the prime 
requirement for a plant to accumulate Si was the presence of a functional Lsi1, i.e. a NIP2 aquaporin with a G-S-G-R selectivity filter and a 
precise 108 amino acid (AA) spacing between the two NPA domains. This finding provided the first molecular explanation for the inability of 
Solanaceae in general, and tomato in particular to accumulate Si on the basis of a 109 AA spacing between the NPA domains. As a proof of 
concept, tomato plants transformed with a functional Lsi1 from wheat were tested for their ability to accumulate Si. Results confirmed an 
increased accumulation of Si in plants but also confirmed the importance to restrict the expression of the Lsi1 gene in roots. The problem was 
solved by using a grafting approach with the transformed material to confine the expression in roots. The aerial portion of the grafted material 
accumulated more Si and showed an elevated tolerance against water stress and powdery mildew. These results confirm the benefits of Si against 
stress in plants and provide a unique approach to exploit Si even in non-accumulator plants. 
 
P0211: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Nanoparticle Impacts microRNA Expression in Plant 
Caitlin Burklew, East Carolina University, Winterville, NC, Taylor Frazier, East Carolina University, Greenville, NC and Baohong 
Zhang, East Carolina University, GReenville, NC 
Titanium Dioxide (TiO2) is one of the most widely used pigments in the world. Due to its heavy use in industry and daily life, such as food 
additives, cosmetics, pharmaceuticals, and paints, many residues are released into the environment and currently TiO2 nanoparticles are 
considered an emerging environmental contaminant. Although several studies have shown the effect of TiO2 nanoparticles on a wide range of 
organisms including bacteria, algae, plankton, fish, mice, and rats, little research has been performed on land plants. In this study, we 
investigated the effect of TiO2 nanoparticles on the growth, development, and gene expression of tobacco, an important economic and 
agricultural crop. We found that TiO2 nanoparticles significantly inhibited the germination rates, root lengths, and biomasses of tobacco seedlings 
after 3 weeks of exposure to 0.1%, 1%, 2.5%, and 5% TiO2 nanoparticles and that overall growth and development of the tobacco seedlings 
significantly decreased as TiO2 nanoparticle concentrations increased. Roots were more sensitive to nanoparticle exposure. Nano-TiO2 also 
significantly influenced the expression profiles of microRNAs (miRNAs). Low concentrations (0.1% and 1%) of TiO2 nanoparticles dramatically 
induced miRNA expression in tobacco seedlings with miR395 and miR399 exhibiting the greatest fold changes of 285 fold and 143 fold, 
respectively. The results of this study show that TiO2 nanoparticles have a negative impact on tobacco growth and development and that miRNAs 
may play an important role in tobacco resistance to heavy metals/nanoparticles by regulating gene expression.  
 
P0212: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptomics Analysis of Rice Overexpressing the Calcium Sensor OsCaM1-1 Revealed Its Effects on Carbohydrate 
Metabolism Under Salt Stress 
Worawat Yuenyong, Department of Biochemistry, Faculty of Science, Chulalongkorn University, Bangkok, Thailand, Luca Comai, 
Plant Biology and Genome Center, UC Davis, Davis, CA, Supachitra Chadchawan, CEEPP, Department of Botany, Faculty of 
Science, Chulalongkorn University, Bangkok, Thailand and Teerapong Buaboocha, CEEPP, Department of Biochemistry, Faculty 
of Science, Chulalongkorn University, Bangkok, Thailand 
Overexpression of the Ca2+-modulated calmodulin gene, OsCam1-1 was previously shown to confer a better salt-tolerant ability to the transgenic 
rice (Oryza sativa L). Transcriptome profiles of the three-week old transgenic rice seedlings grown under salt stress (150 mM NaCl) for four 
hours compared with those of the wild type by RNA Seq revealed 1,725 differentially expressed salt-responsive genes. GO Enrichment analysis 
has shown that genes involved in carbohydrate metabolic process, response to abiotic stress, and regulation of transcription were enriched in the 
OsCam1-1-overexpressing transgenic rice. Expression of differentially expressed genes involved with carbohydrate metabolism including b-
amylase, aconitase, isocitrate lyase, and malate synthase was verified by real-time RT-PCR. Genes encoding isocitrate lyase and malate synthase, 
two key enzymes in the glyoxylate cycle, were found highly expressed under salt stress in all three independent transgenic rice lines. Higher 
expression levels of isocitrate lyase were observed in either senesced or young leaf of the transgenic seedlings grown under salt stress. Compared 
with wild type, the transgenic seedlings exhibited higher levels of starch after 3 and 5 days and higher levels of sucrose after 3 days under salt 



stress. Taken together, these results suggest that OsCaM1-1 may enhance salt-tolerant ability by altering carbohydrate metabolism in rice grown 
under salt stress. 
 
P0213: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Overexpression of Rice Premnaspirodiene Oxygenase Reduces Infection Rate of Xanthomonas oryzae pv. oryzae 
Marjohn C. Niño1, Jae-Young Song1, Franz Marielle Nogoy1, Me-Sun Kim1, Yu Jin Jung2, Kwon-Kyoo Kang2, Illsup Nou3 and 
Yong-Gu Cho1, (1)Chungbuk National University, Cheongju, Korea, The Republic of, (2)Hankyong National University, Ansung, 
South Korea, (3)Department of Horticulture, Sunchon National University, Suncheon, Korea, The Republic of 
Plants utilize cytochrome P450, a large superfamily of heme-containing mono-oxygenases, in the synthesis of lignins, UV protectants, pigments, 
defense compounds, fatty acids, hormones, and signaling molecules. Despite the overwhelming rice P450s accessions assorted in the database, 
functional studies are lacking. So far, there is no evidence involving rice P450s in disease immunity. Most of our understanding has been based 
on other plant systems that are mostly dicot. In this study, we isolated the cytochrome P450 (OsCYP71) in rice and screened the gene using gain-
of-function technique. The full-length cDNA of OsCYP71 was constitutively overexpressed using 35S promoter. Here, we explored the 
functions of OsCYP71 in rice - Xanthomonas oryzae pv. oryzae pathosystem, and initially demonstrated using gene expression assays the 
interesting correlation of PR genes activations and magnitude of resistance in P450-mediated immunity. 
 
P0214: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Overexpression of Twin-Arginine Translocation (TAT) Pathway Conferred Immunity to Xanthomonas oryzae pv oryzae in 
Rice 
Marjohn C. Niño, Jae-Young Song, Franz Marielle Nogoy and Yong-Gu Cho, Chungbuk National University, Cheongju, Korea, 
The Republic of 
Twin-arginine translocation (TAT) pathway is the latest protein translocation machinery discovered which provides alternative pathway for 
translocation of folded proteins across a lipid membrane bilayer. It is comprised of stoichiometric amounts of TatB and TatC, which binds 
proteins harboring twin-arginine signal peptide, and TatA which forms the translocation channel. TAT pathway is found in in the bacterial 
cytoplasmic membrane, as well as in the cyanobacterial and plant thylakoid membranes. To date, most of our understanding of TAT function has 
been based on comprehensive studies using Gram-negative bacteria, from which we learned its crucial role in virulence, flagellation, and 
chemotaxis of the pathogens, while investigation highlighting its role in the plants is limited. So far there is no evidence for the involvement of 
plants TAT pathway in the host resistance to invading pathogen hence this study was conducted. Specifically, this study was carried out to 
explore additional biological function of rice’ TAT pathway in rice – Xanthomonas oryzae pv. oryzae pathosystem. 
 
P0215: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative Transcriptome Analysis of Leaf Sheath Blight Response in Rice  
Noor Al-Bader1, Austin Meier1, Matthew Geniza1, Yamid Sanabria2, James Oard3 and Pankaj Jaiswal4, (1)Oregon State University, 
Corvallis, OR, (2)Louisiana State University, Baton Rouge, LA, (3)Louisiana State University Agricultural Center, Baton Rouge, 
LA, (4)Department of Botany & Plant Pathology, Oregon State University, Corvallis, OR 
In rice, Rhizoctonia solanii causes leaf sheath blight (SB) disease, which leads to widespread decline in yield in almost all US rice 
varieties. Therefore, we carried out a RNA-seq based transcriptome study on two rice varieties, Cocodrie (CCDR; rice sheath blight susceptible) 
and MCR10277 (MCR; rice sheath blight resistant), to profile the time-series wide genome-scale transcriptional differences in response to R. 
solanii infection. The analysis was carried out on samples collected on the day of inoculation, day 0 (control), and on 1, 3, and 5 days post 
inoculation with 3 biological replicates per time point per variety. We will present the results of the study in our presentation on candidate genes 
within the major SB resistance QTL region in chromosome 9 that show significant expression and carry novel SNPs that were not part of the 
earlier study with 21 loci within the major QTL.  
Bioinformatics workflows, were used to identify variety specific SNPs including indels, and pairwise comparison between time points and 
varieties for differential gene expression (DGE). In the process we also carried out a benchmarking analysis using different sequence aligners, 
STAR, Kalisto and BOWTIE2, and DGE caller software, Cuffdiff and DESEQ2, to investigate optimal computational times and results that are 
statistically relevant to the experimental design. Our time-course analysis, by cross-referencing DGE with significant variants, of two 
phenotypically different varieties is a useful approach to validate previously annotated genetic variations and discover new ones that may play a 
role throughout the resistant rice’s physiological response to SB.  
 
P0216: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Rice OsRab11 Plays Important Role in Response to Pathogen Resistance 
Jae Bok Heo, Dong-A Uniersity, Busan, Korea, Busan, South Korea 
Rab GTPases are small G proteins and important component in a variety of regulatory functions in membrane traffic and development. 
Previously, we characterized OsRab11, which in concert with OsGAP1 and OsGDI3 regulates vesicular trafficking from the trans-Golgi network 
(TGN) to the plasma membrane or vacuole. To further elucidate the physiological function of OsRab11 in plants, we performed yeast two-hybrid 
screens using OsRab11 as bait. OsOPR8 was isolated and shown to interact with OsRab11. A co-immunoprecipitation assay confirmed this 
interaction. The green fluorescent protein-OsOPR8 fusion product was targeted to the cytoplasm and peroxisomes of protoplasts from 
Arabidopsis thaliana. OsOPR8 exhibited NADPH-dependent reduction activity when 2-cyclohexen-1-one (CyHE) and 12-oxo-phytodienoic acid 
(OPDA) were supplied as possible substrates. Interestingly, NADPH oxidation by OsOPR8 was increased when wild-type OsRab11 or the 
constitutively active form of OsRab11 (Q78L) were included in the reaction mix, but not when the dominant negative form of OsRab11 (S28N) 
was included. OsRab11 was expressed broadly in plants and both OsRab11 and OsOPR8 were induced by jasmonic acid (JA) and elicitor 
treatments. Overexpressed OsRab11 transgenic plants showed resistance to pathogens through induced expression of JA-responsive genes. In 
conclusion, OsRab11 may be required for JA-mediated defense signaling by activating the reducing activity of OsOPR8. 
 



P0217: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Study of Glutamine synthetase in Durum Wheat: Genotypic Variation and Relationship with Grain Protein Content 
Domenica Nigro1, Stefania Fortunato2, Stefania Lucia Giove2, Annalisa Paradiso2, Yong Q. Gu3, Antonio Blanco2, Maria Concetta 
De Pinto2 and Agata Gadaleta4, (1)University of Bari Aldo Moro, Bari, Italy, (2)University of Bari, Bari, Italy, (3)USDA ARS, 
Western Regional Research Center, Albany, CA, (4)Department of Agricultural and Environmental Science - University of Bari 
“Aldo Moro”, Bari, Italy 
Grain protein content (GPC), is one of the most important trait in wheat and its characterized by a very complex genetic control. The 
identification of wheat varieties with high GPC (HGPC), as well as the characterization of central enzymes involved in these processes, are 
important for more sustainable agricultural practices. In this study, we focused on Glutamine synthetase (GS) as a candidate to study GPC in 
wheat. We analyzed GS expression and its enzymatic activity in different tissues and phenological stages in 10 durum wheat genotypes with 
different GPC. Although each genotype performed quite differently from the others, both because their genetic variability and their adaptability 
to specific environmental conditions, the highest GS activity and expression were found in genotypes with HGPC and vice versa the lowest ones 
in genotypes with low GPC (LGPC). Moreover, in genotypes contrasting in GPC bred at different nitrogen regimes (0, 60, 140 N Unit/ha) GS 
behaved differently in diverse organs. Nitrogen supplement increased GS expression and activity in roots of all genotypes, highlighting the key 
role of this enzyme in nitrogen assimilation and ammonium detoxification in roots. Otherwise, nitrogen treatments decreased GS expression and 
activity in the leaves of HGPC genotypes and did not affect GS in the leaves of LGPC genotypes. Finally, no changes in GS and soluble protein 
content occurred at the filling stage in the caryopses of all analyzed genotypes. 
 
P0218: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Photosynthesis Responses and Salt Tolerant Gene Identification in Chromosome Substitution Line of Khao Dawk Mali 105 
Rice 
Panita Chutimanukul1, Boonthida Kositsup1, Kitiporn Plaimas2, Teerapong Buaboocha3, Meechai Siangliw4, Theerayut Toojinda4 
and Supachitra Chadchawan5, (1)CEEPP, Dept. of Botany, Faculty of Science, Chulalongkorn University, Bangkok, Thailand, 
(2)AVIC research center, Department of Mathematics and Computer Science, Faculty of Science, Chulalongkorn University, 
Bangkok, Thailand, (3)CEEPP, Dept. of Biochemistry, Faculty of Science, Chulalongkorn UniversityChulalongkorn University, 
Bangkok, Thailand, (4)National Center for Genetic Engineering and Biotechnology, Nakorn Pathom, Thailand, (5)CEEPP, 
Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok, Thailand 
The chromosome segment substitution lines (CSSLs) of rice with ‘Khao Dawk Mali105’ (KDML105) rice genetic background containing the 
putative salt tolerant region on chromosome1 (chr1) of DH212 rice located between RM1003 to RM3362 markers were examined in order to 
evaluate salt tolerant ability. CSSL11, CSSL12 and CSSL16 containing the full segment of the putative salt tolerant region based on marker 
assisted detection were compared with parental lines, KDML105 and DH212. CSSL16 revealed the significantly more tolerant to salt stress than 
KDML105 rice. Therefore, the whole genome sequence analysis was performed to compare CSSL16 and KDML105 genomes. The major 
regions that are different between two lines are on chromosome 1, 4 and 7. The different loci between CSSL16 and KDML105 were subjected to 
co-expression network analysis and ten major node genes were found. Six of them were genes functioned in chloroplast. The pattern of gene 
expression of PsbS1 of CSSL16 was similar to DH212, but different from KDML105. Rice PsbS1 is homologous to CP22 in Arabidopsis, which 
encodes chlorophyll a, b-binding proteins, localized in PSII and responsible for non-photochemical quenching process. Therefore, salt stress 
effects were determined in cp22 knocked-out mutant line. The mutation in cp22 led to the more susceptibility to salt stress. The dramatic 
reduction in quantum yield efficiency of PSII (Fv/Fm), and growth was found in cp22 mutant line, when compared to wild type grown under salt 
stress condition. These results suggested rice PsbS1 may play an important role for maintenance and adaptation ability in photosynthesis under 
SS. 
 
P0219: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Identification of the Wheat Signaling Proteins Interacting with the Fusarium Resistance Orphan Protein TaFROG and 
Characterization of Their Contribution to Plant Resistance to Fusarium graminearum and the Mycotoxin Deoxynivalenol 
Alexandre Perochon, University College Dublin, Dublin, Ireland 
All genomes encode taxonomically restricted 'orphan' genes, the vast majority are of unknown function and not encoding previously identified 
protein domains. We previously reported the functional characterization of a Pooideae orphan gene (designated TaFROG) as a component of 
resistance to the globally important wheat disease, Fusarium head blight (FHB). In this study we want to determine the biochemical means by 
which TaFROG enhances plant disease resistance. TaFROG is an intrinsically disordered protein suggesting that it’s a component of the cellular 
signaling machinery. Therefore we conduct a yeast two-hybrid screen and identified putative wheat interacting proteins. This includes a Triticum 
specific NAC-like transcription factors and an evolutionarily conserved kinase SnRK1 (SNF1-Related Kinase 1), central integrators of stress and 
energy signaling. In planta bi-molecular fluorescence complementation assays confirmed these interactions. Gene expression studies showed that 
TaFROG is a component of the early wheat response to F. graminearum the causal fungal agent of FHB and its associated mycotoxic virulence 
factor deoxynivalenol (DON). In contrast, SnRK1 isn’t responsive to these stimuli at the gene expression level, but kinase activity analysis 
suggest that F. graminearum reduces SnRK1 activity whereas DON increases it. Using virus-induced gene silencing we present evidence that 
SnRK1a contributes to resistance to DON in a toxin/FHB resistant wheat genotype. Thus we conclude that TaFROG orphan protein interacts with 
a taxonomically restricted and an evolutionary conserved signaling proteins. Moreover the common role of TaFROG and SnRK1 in DON 
tolerance and their physical interaction suggest that they act together in the same signaling pathway. 
 
P0220: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Discovery of the C4 Photosynthetic Pathway in Developing Wheat Grains 
Parimalan Rangan1, Agnelo Furtado2 and Robert J. Henry2, (1)ICAR-National Bureau of Plant Genetic Resources, New Delhi, 
India, (2)University of Queensland/QAAFI, Brisbane, Australia 



Sugarcane, maize, wheat, rice and potatoes are the five major crops on the basis of global production. The first two of these are well-known C4 
plants. Despite early reports of the presence of malic acid and C4 enzymes in wheat grains but not in leaves; the lack of Kranz anatomy in wheat 
grains ruled out the possibility of C4 photosynthesis in wheat. Much later, the occurrence of C4 photosynthesis without Kranz anatomy has been 
reported in other plants. Our study explored the possibility of C4 photosynthesis in developing wheat grains in a transcriptome based RNA-
sequencing and differential gene expression study conducted across 35 hexaploid wheat genotypes between the early- and late-grain filling 
stages. The NGS based deep sequencing approach led us to uncover the occurrence of a C4 photosynthetic pathway and a complete set of C4 
specific genes being differentially regulated in the pericarp between the early- and late- grain filling stages. Based upon this result and the reports 
of C4 photosynthesis without Kranz anatomy; we have gathered taxonomical and evolutionary evidence to propose a novel NAD-ME type C4 
photosynthetic pathway occurring in the cross- and tube-cell layers of developing wheat grains. These cross- and tube-cell layers parallel 
mesophyll and bundle sheath layers to accomplish NAD-ME type C4 photosynthesis in wheat grains. Although wheat and rice are known to be C3 
plants with much research progressing to develop a strategy to incorporate a C4 photosynthetic pathway to enhance crop productivity; here, we 
report the discovery of a complete C4 photosynthetic pathway in the developing wheat grains which is absent in leaves. 
 
P0221: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptiome Analysis for Identifying Possible Gene Regulations at the Initial Growth Stage of Maize 
Sun-Goo Hwang1, Kyung-Hee Kim2, Byung-Moo Lee2 and Jun-Cheol Moon1, (1)Kangwon Nat'l Univ., Chuncheon, Korea, The 
Republic of, (2)Dongguk Univ.-Seoul, Goyang, Korea, The Republic of 
The root plays an important role during plant development and growth, i.e., water absorption, plant body maintenance, and nutrient storage. In 
this study, we attempted to determine root-specific genes at the initial developmental stages of maize by using network-based transcriptome 
analysis. RNA-seq was performed using maize shoots and roots at different developmental stages of root emergence (6 – 10 days after planting, 
VE) and one week after plant emergence (V2). A total of 1,286 differentially expressed genes (DEGs) were detected in both tissues. Many DEGs 
involved in metabolic pathways exhibited altered mRNA levels between VE and V2. In addition, we observed gene expression changes for 113 
transcription factors and found five enriched cis-regulatory elements in the 1-kb upstream regions of both DEGs. The network-based 
transcriptome analysis showed two modules as co-expressed gene clusters differentially expressed between the shoots and roots during plant 
development. The DEGs of one module exhibited gene expressional coherence in the maize root tips, suggesting that their functional 
relationships are associated with the initial developmental stage of the maize root. Finally, we confirmed reliable mRNA levels of the hub genes 
in the potential sub-network related to initial root development at the different developmental stages of VE, V2, and two weeks after plant 
emergence (V3).  
Acknowledgments:This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) 
funded by the Ministry of Education (grant no. NRF-2015R1D1A4A01015702) as well as a grant from the Golden Seed Project, Ministry of 
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P0222: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Epigenetics of Cold Acclimation and Vernalization in Brachypodium distachyon 
Lifeng Liu1,2, Junyan Lin1, Denis Tolkunov1, Vasanth Singan1, Matthew Blow1, Avinash Sreedasyam3, Yuko Yoshinaga1, Shweta 
Deshpande1, Ronan O’Malley1, Jeremy Schmutz3 and John P. Vogel1, (1)DOE Joint Genome Institute, Walnut Creek, CA, 
(2)USDA-ARS West Regional Research Center, Albany, CA, (3)HudsonAlpha Institute for Biotechnology, Huntsville, AL 
Many plants respond to prolonged cold exposure by increasing their freezing tolerance and transitioning to from a vegetative to a flowering state, 
i.e. vernalization. It is well known that increasing methylation of certain genes allows plants to measure cold exposure. However, the role of 
global epigenetic changes in mediating various cold responses are not well understood. Our aim is to identify the epigenetic control mechanisms 
involved in cold acclimation and vernalization in Brachypodium distachyon. To accomplish this, we applied several sequencing tools (RNA-Seq, 
ChIP-seq, small RNA-seq and Bisulfite-Seq) to seedlings subjected to cold for various amounts of time. Using data from these experiments we 
are characterizing the genome-wide changes in methylation, histone modification and binding, and small RNA expression in order to develop 
testable hypotheses about the role of epigenetic regulation in cold responses. 
 
P0223: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Commercial Maize Hybrids and Mutant Genotypes Reveal Complex Protective Roles for Inducible Terpenoid Defenses 
Shawn A. Christensen, USDA-ARS, Gainesville, FL 
Despite long-term efforts to characterize inducible biochemical defenses in maize, the presence of predominant acidic phytoalexins has only 
recently been established with the discovery of kauralexins and zealexins. To elucidate further defenses, we profiled terpenoids in maize tissues 
infected with fungi and identified a novel zealexin, termed zealexin A4 (ZA4). Evaluation of zealexins, diterpenoids, and other defense 
metabolites in commercial hybrid maize revealed distinct defense accumulation patterns in pathogen-infected tissues. ZA4 was strongly elicited 
by Cochliobolus heterostrophus but only weekly induced by Fusarium graminearum and Colletotrichum graminicola. ZA4 had potent 
antimicrobial activity against F. graminearum, and contrastingly, promoted C. heterostrophus and C. graminicola growth in liquid culture. 
Overall, a negative correlation was observed between total phytoalexin production and fungal growth. Statistical analysis supported a role for 
kauralexin A3 (KA3) and the drought inducible hormone abscisic acid (ABA) to have the strongest impacts on fungal growth suppression. 
Anther Ear 2 mutants deficient in kauralexins demonstrated significantly improved C. heterostrophus and F. verticillioides growth compared to 
wild-types. Drought-induced ABA moderately reduced fungal proliferation in stems. Current results highlight the widely occurring defense 
functions for maize terpenoids in diverse commercial lines and highly selective activities on different fungal pathogens. 
 
P0224: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Overexpression of SbMyb60 in Sorghum Bicolor Alters Secondary Cell Wall Composition and Impacts Transcriptional 
Expression of Both Primary and Secondary Metabolic Pathways 



Erin D. Scully1, Nathan A. Palmer2, Gautam Sarath2, Deanna Funnell-Harris3, Thomas E Clemente4 and Scott Sattler5, (1)USDA-
ARS Center for Grain and Animal Health Research, Manhattan, KS, (2)USDA-ARS, Lincoln, NE, (3)USDA-ARS Wheat, 
Sorghum, and Forage Research Unit, Lincoln, NE, (4)University of Nebraska-Lincoln, Lincoln, NE, (5)USDA-ARS Wheat, 
Sorghum and Forage Research Unit, Lincoln, NE 
C4 grasses are rapidly emerging as dedicated resources for the production of energy, biofuels and bioproducts, including Sorghum bicolor 
(sorghum), a climate resilient feedstock that can be grown on low quality or marginal lands with minimal agricultural inputs. The 
phenylpropanoid pathway that generates lignin subunits represents a significant target for altering the abundance and composition of lignin in 
sorghum and other C4 grasses. Previously, brown midrib (bmr) mutants have been used for lowering lignin to improve biomass for cellulosic 
ethanol and more recently, a myb transcription factor (SbMyb60) was identified as a positive regulator of monolignol biosynthesis in sorghum. 
Ectopic expression of SbMyb60 was associated with higher expression of genes involved in monolignol biosynthesis, and led to higher 
abundances of syringyl lignin, significant compositional changes to the lignin polymer and increased lignin concentration in biomass. Moreover, 
SbMyb60 plants also displayed ectopic lignification in leaf midribs and stems, differential distribution of cellulose in stems, and elevated 
concentrations of soluble and wall-bound phenolic compounds in biomass. Further, RNA-Seq profiling of SbMyb60 leaves and stalks revealed 
that several metabolic pathways responsible for synthesizing several cofactors required for monolignol biosynthesis were also stimulated (ie, 
SAM, folate, CoA, NADPH and NADH, and methionine). Metabolite profiling using LC/MS confirmed accumulation of several primary 
metabolites. This study elucidates the role of SbMyb60 in secondary wall biosynthesis, and its impacts on primary metabolism in sorghum. 
SbMyb60 represents a target for modification of plant cell wall composition, which has the potential to improve biomass for renewable uses. 
 
P0225: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Sugarcane Transcription Factor ScbZIP21 has Negative Impact on Biomass Accumulation in Rice Transgenic Plants Under 
Drought Conditions 
Rafael Favero Peixoto Junior1, Larissa Mara de Andrade2, Michael dos Santos Brito3, Maria Helena de Souza Goldman4, Silvana 
Creste5 and Alexandre Palma Boer Martins1, (1)Centro de Cana, Ribeirão Preto, Brazil, (2)Centro de Cana/ Instituto Agronômico 
de Campinas, Ribeirão Preto, Brazil, (3)Plant Biology Dept. - IB-UNICAMP, Ribeirao Preto, Brazil, (4)Faculdade de Medicina de 
Ribeirão Preto, FMRP/USP, Ribeirão Preto, Brazil, (5)Centro de Cana - Instituto Agronômico, Ribeirao Preto, Brazil 
Transcription factors are major players in water stress signaling. In recent years, different bZIP transcription factors have been characterized for 
their involvement in drought response. From a previous experiment conduced with two sugarcane cultivars contrasting to drought tolerance, the 
transcription factor ScbZIP21 was identified as differentially expressed under drought stress. Functional analysis of ScbZIP21 was conduced in 
rice as a monocot model plant. The full-length sequence of ScbZIP21 was successfully isolated from sugarcane cultivar ‘IACSP94-2094’, and 
overexpression vector was obtained by gateway multi-recombination carrying the ubiquitin promoter and hygromycin phosphotransferase (hptII) 
gene as selectable marker. The relative expression of transgene was evaluated by the 2-ΔCt method, and T-DNA copy number was obtained by 
Taqman® assay using hptII gene. Two different transgenic lines nominated of 8 and 9 with a single copy T-DNA insertion, were cultivated at 
greenhouse and subjected to water restriction. Total dry weight (TDW), relative water content (RWC) and water potential (Y) were measured at 
the beginning of water deficit (one day after withholding) and at the maximum water deficit (10 days of water withholding), when plants 
presented significant leaf wilting. The 8 and 9 transgenic lines showed no difference for RWC and Y. However, transgenic lines 7 and 8 showed 
a reduction of 55,1% and 54,5% in biomass content TDW relative to wild type in drought treatment and well-watered treatment respectively. 
Therefore, based on these results, the overexpression of ScbZIP21 in transgenic lines showed not be involved with drought tolerance in rice, but 
involved with negative impacts on biomass accumulation. 
 
P0226: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Overexpression of Sugarcane Transcription Factor ScbZIP21 Has Negative Impact on Biomass Accumulation in Rice 
Transgenic Plants Under Drought Conditions 
Silvana Creste Souza1, Rafael Favero Peixoto Junior2, Larissa Mara de Andrade3, Michael Santos Brito2, Paula M. Nobile4, 
Alexandre Palma Boer Martins2 and Maria Helena de Souza Goldman5, (1)Centro de Cana - Instituto Agronômico, Ribeirao Preto, 
Brazil, (2)Centro de Cana, Ribeirão Preto, Brazil, (3)Centro de Cana/ Instituto Agronômico de Campinas, Ribeirão Preto, Brazil, 
(4)Centro de Cana, Instituto Agronômico, Ribeirão Preto, Brazil, (5)Faculdade de Medicina de Ribeirão Preto, FMRP/USP, 
Ribeirão Preto, Brazil 
Transcription factors are major players in water stress signaling. In recent years, different bZIP transcription factors have been characterized for 
their involvement in drought response. From a previous experiment conduced with two sugarcane cultivars contrasting to drought tolerance, the 
transcription factor ScbZIP21 was identified as differentially expressed under drought stress. Functional analysis of ScbZIP21 was conduced in 
rice as a monocot model plant. The full-length sequence of ScbZIP21 was successfully isolated from sugarcane cultivar ‘IACSP94-2094’, and 
overexpression vector was obtained by gateway multi-recombination carrying the ubiquitin promoter and hygromycin phosphotransferase (hptII) 
gene as selectable marker. The relative expression of transgene was evaluated by the 2-ΔCt method, and T-DNA copy number was obtained by 
Taqman® assay using hptII gene. Two different transgenic lines nominated of 8 and 9 with a single copy T-DNA insertion, were cultivated at 
greenhouse and subjected to water restriction. Total dry weight (TDW), relative water content (RWC) and water potential (Y) were measured at 
the beginning of water deficit (one day after withholding) and at the maximum water deficit (10 days of water withholding), when plants 
presented significant leaf wilting. The 8 and 9 transgenic lines showed no difference for RWC and Y. However, transgenic lines 7 and 8 showed 
a reduction of 55,1% and 54,5% in biomass content TDW relative to wild type in drought treatment and well-watered treatment respectively. 
Therefore, based on these results, the overexpression of ScbZIP21 in transgenic lines showed not be involved with drought tolerance in rice, but 
involved with negative impacts on biomass accumulation. 
 
P0227: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 



Herbivory By Greenbug (Schizaphis graminum) or Yellow Sugarcane Aphid (Sipha flava) Elicit Differential Transcriptional 
and Metabolic Responses in Switchgrass (Panicum virgatum) 
Nathan A. Palmer1, Kyle Koch2, Jeff Bradshaw3, Tiffany Heng-Moss2 and Gautam Sarath1, (1)USDA-ARS, Lincoln, NE, 
(2)University of Nebraska, Lincoln, NE, (3)University of Nebraska, Scottsbluff, NE 
Switchgrass (Panicum virgatum) is being grown as a biomass feedstock. While it is still in breeding development to improve its feedstock 
characteristics, land area devoted to switchgrass is continually increasing. As switchgrass production becomes wide spread, pressure from insect 
pests are likely to arise and could compromise biomass yields. Aphids are one such pest, and as recently observed with sorghum, the emergence 
of sugarcane aphid as a new pest can have a strong negative impacts on yields. Understanding how switchgrass responds to, resists, and/or 
tolerates aphid infestation will provide useful traits to include in breeding programs to limit the potential impact of aphid pests on biomass yields.  
In this study, a stabilized population of switchgrass originally derived from random Summer ♀ x Kanlow ♂ crosses was used to query plant 
responses to infestation by two different aphid species, namely greenbug (GB; Schizaphis graminum) and yellow sugarcane aphid (YSA; Sipha 
flava). Plants were infested with one or the other aphid, and non-infested plants served as controls. Four pooled replicates of five individual 
plants each were collected at three time points (5, 10, and 15 days after infestation). Transcriptomes (RNA-Seq) and metabolomes (LC-MS) were 
analyzed from control, GB-infested, and YSA-infested plants in order to identify common and species-specific responses to aphid infestation in 
switchgrass. Data indicates both common and unique plant responses to these individual pests. 
 
P0228: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Characterization of Dehydrin Sugarcane Gene and its Role in Drought Tolerance through Heterologous Expression in Rice 
Larissa Mara de Andrade1, Paula M. Nobile2, Michael dos Santos Brito3, Rafael Favero Peixoto Junior4,5, Alexandre Palma Boer 
Martins4, Maria Helena de Souza Goldman6 and Silvana Creste7, (1)Centro de Cana/ Instituto Agronômico de Campinas, Ribeirão 
Preto, Brazil, (2)Centro de Cana, Instituto Agronômico, Ribeirão Preto, Brazil, (3)Centro de Cana - Instituto Agronômico, Ribeirão 
Preto, Brazil, (4)Centro de Cana, Ribeirão Preto, Brazil, (5)Faculdade de Medicina de Ribeirão Preto, FMRP/USP, Ribeirão Preto,, 
Brazil, (6)Faculdade de Medicina de Ribeirão Preto, FMRP/USP, Ribeirão Preto, Brazil, (7)Centro de Cana - Instituto Agronômico, 
Ribeirao Preto, Brazil 
Currently, drought tolerance is one of the main focus in the development of transgenic sugarcane cultivars. However, the lack of well-
characterized genes to be used as target corresponds to the main bottleneck on the generation of transgenic cultivars from a commercial 
standpoint. In order to understand the mechanisms of drought response in sugarcane, dehydrin (DHN) gene was selected as candidate for 
functional analysis in rice, a model plant for monocots. The DHN sequence gene was successfully isolated using RACE methodology, and 
overexpression vector was obtained by gateway multi-recombination carrying the ubiquitin promoter and hygromycin phosphotransferase gene 
as selectable marker. The relative expression of transgene was evaluated by the 2-ΔCt method, and T-DNA copy number were obtained by 
Taqman® assay using hptII gene. A total of four transgenic lines, with a single copy T-DNA insertion, showing different expression levels of the 
target gene, were cultivated at greenhouse and subjected to water restriction for morphological evaluations. DHN#81 and DHN#19 lines showed 
a decrease of growth under well watering and water deficit conditions when compared to wild-type plants. DHN#12 line exhibited a decrease of 
growth under well watering conditions, but showed increase in dry weight of roots under water deficit. DHN#4 line did not show morphological 
statistical differences when compared to wild-type plants. In general, the morphological parameters were elucitative to reveal the contribution of 
the gene here evaluated to drought tolerance. Therefore, based on these results, the overexpression of DHN gene did not contributed to increase 
the performance of rice transgenic plants under water restricted conditions. 
 
P0229: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Exploiting Genetic Resources to Identify Genetic Resistance to Septoria Tritici Blotch 
Harriet Rose Benbow1, Binbin Zhou1, Thalia Christodoulou1, Ciarán Brennan1, Gerard Hehir2, Simon Berry3, Cristobal Uauy4, 
David Garvin5, Ewen Mullins2 and Fiona Doohan1, (1)University College Dublin, Dublin, Ireland, (2)Teagasc, Carlow, Ireland, 
(3)Limagrain UK Ltd, Market Rasen, United Kingdom, (4)John Innes Centre, Norwich, United Kingdom, (5)USDA-ARS, St. Paul, 
MN 
Septoria tritici blotch (STB) is the most devastating fungal disease of wheat in Ireland. Here, we will employ a multifaceted approach to explore 
host-response to STB.  
The first approach is bulked-segregant analysis (BSA) by RNA-seq of a Triticum aestivum doubled-haploid, and a recombinant inbred 
Brachypodium distachyon population. Phenotype screens of these populations reveal that they are both under transgressive segregation for STB 
resistance, suggesting quantitative inheritance of STB resistance and susceptibility genes.  
We are sequencing the transcriptome of the phenotypic extremes of both populations, in a time-course, to target genes with differential 
expression (DEGs) between the resistant and susceptible hosts during early infection.  
The second approach is a modification on the recently developed associative transcriptomics method. Forty elite wheat varieties have been 
screened for resistance to STB, and final panels of resistant and susceptible varieties have been chosen for RNA-seq as bulks. This approach will 
target DEGs between these resistant and susceptible bulks, and will also allow us to identify resistance and susceptibility genes that are common 
between the varieties.  
Finally, we have screened ~1500 lines of the Cadenza TILLING population for STB resistance. Several lines are showing resistance and altered 
susceptibility to STB, compared to T. aestivum cv. Cadenza. Backcrossing of these candidate lines to Cadenza is underway, and exome-capture 
of BC5 lines will be used to identify allelic differences between the resistant lines and cv. Cadenza.  
Interesting genes will be chosen for characterisation, and SNP markers will be developed for use in breeding programmes. 
 
P0230: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Drought Response Time Course in Two Genotypes of Switchgrass (Panicum virgatum) 



Kevin L. Childs1, Yiming Liu2,3, Jeongwoon Kim4, Xunzhong Zhang3 and Bingyu Zhao3, (1)Michigan State University, East 
Lansing, MI, (2)Chinese Academy of Tropical Agricultural Sciences, Hainan Danzhou, China, (3)Virginia Tech, Blacksburg, VA, 
(4)Department of Plant Biology and DOE Great Lakes Bioenergy Research Center, Michigan State University, East Lansing, MI 
Switchgrass (Panicum virgatum) is a target lignocellulosic biofuel species in part due to its drought tolerance. Nonetheless, drought tolerance 
still varies greatly between switchgrass genotypes. Relatively little is known about changes in gene expression in response to drought in tolerant 
and susceptible switchgrass genotypes. With this motivation, we grew switchgrass lines Alamo (tolerant) and Dacotah (susceptible) in pots in a 
greenhouse and subjected plants to increasingly stringent water deprivation over 30 days. Leaf samples were collected at 6, 12, 18, 24 and 30 
days, and RNA was extracted and sequenced. While ~12,000 genes were found to be statistically significantly differentially expressed between 
Alamo and Dacotah, the expression of ~2,500 genes demonstrated a genotype x treatment (GxE) interaction. The genes with significant GxE 
interactions were subjected to coexpression analysis that identified 11 modules of genes with similar expression patterns. GO analysis indentified 
modules enriched for genes involved in photosynthesis, signal transduction, phosphorylation and RNA processing/modification. Alamo and 
Dacotah switchgrass are tetraploids, and the recent annotation of the switchgrass genome has identified the constituent subgenomes (K and N) of 
the Alamo reference genome. We performed synteny analysis on the two subgenomes and found ~10,000 syntenic gene pairs from the two 
subgenomes. We found no evidence of subgenome dominance using our drought stress time course expression data. However, we do see 
evidence for divergent gene function as the expression of some syntelogs is responsive to drought stress while their syntenic pairs were not 
differentially expressed in this experiment. 
 
P0231: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Formation Mechanism of Spartina alterniflora Fiber Biomass 
Zuodong Qin and Zhizhang Li, Hunan University of Science And Engineering, Yongzhou, China 
Spartina alterniflora (S. alterniflora) is a perennial herbaceous grass that has been introduced into China since 1979, primarily in an effort to 
protect coastal sand beach areas from erosion. It has accordingly played a positive role in this aspect, but also has had a certain detrimental 
impact on coastal ecosystems, such that in 2003 it was among the first plants included in the official list of invasive alien species in China. S. 
alterniflora is a typical halophyte, having developed a strong salt stress tolerance that allows long-term adaptation of the plant to high salt content 
coastal habitats. In addition, the characteristic prolific reproduction and efficient photosynthetic mechanism of S. alterniflora, with a fast and 
efficient biomass synthesis, have resulted in the production of a considerable amount of biomass material from this species, its synthesis of 
biomass per unit area is 3~5 times of reed. Over approximately the past 30 years, such invasive plants in China have reached a total area of 
occupation nearly 50000 hm2, with total mass production of approximately one million tons, the total biomass of Jiangsu province reached more 
than half of the total quality in China. Thus, the comprehensive development and utilization of such an amount of biomass for energy and other 
applications has considerable potential. 
 
P0232: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
TCP Genes Involved in Orchid Ovule Development 
Wen-Chieh Tsai, Institute of Tropical Plant Sciences, National Cheng Kung University, Tainan, Taiwan 
TEOSINTE-BRANCHED/CYCLOIDEA/PCF (TCP) proteins are plant-specific transcription factors known to act in multiple aspects of plant 
growth and development at the cellular, organ and tissue levels. However, no related study has been performed of TCPs in orchids. In this study, 
we identified 23 TCP genes from the genome sequence of Phalaenopsis equestris. Phylogenetic analysis distinguished two homology classes of 
PeTCP transcription factor families: classes I and II. Class II was further divided into two subclasses, CIN and CYC/TB1. Spatial and temporal 
expression analysis showed that PePCF10 predominantly expressed in ovules at early developmental stages and PeCIN8 had high expression at 
late developmental stages in ovules, with overlapped expression at 16 day after pollination. Subcellular localization and protein–protein 
interaction analyses revealed that PePCF10 and PeCIN8 could form homodimers and localize in the nucleus. However, PePCF10 and PeCIN8 
could not form heterodimers. In transgenic Arabidopsis thaliana plants (overexpression and SRDX, a super repression motif derived from the 
EAR-motif of the repression domain of tobacco ETHYLENE-RESPONSIVE ELEMENT-BINDING FACTOR 3 and SUPERMAN, dominantly 
repressed), the two genes helped regulate cell proliferation. Together, these results suggest that PePCF10 and PeCIN8 play important roles in 
orchid ovule development by modulating cell division. 
 
P0233: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Further Evidence That Mutations in UGT74S1  Alter SDG Lignan Glucoside Profiles in EMS Flax Mutant Lines 
Kaushik Ghose1, Ashok Somalraju1, Jason McCallum1, Sylvie Cloutier2 and Bourlaye Fofana1, (1)Agriculture and Agri-Food 
Canada, Charlottetown, PE, Canada, (2)Agriculture and Agri-Food Canada, Ottawa, ON, Canada 
Flax glycosyltransferase UGT74S1 was recently found to sequentially catalyze secoisolariciresinol (SECO) monoglucoside (SMG) and 
diglucoside (SDG) formation in vitro using the aglycone precursor SECO. However, whether this gene is unique in achieving this glucosylation 
process in planta is not clear. We developed and characterized a flax EMS mutant population using reverse and forward genetics to assess loss-
of-function in UGT74S1. EMS lines carrying missense or nonsense mutations and showing altered lignan profiles were identified. Ampliseq 
sequencing using a panel of 10 genes encountered in the lignan biosynthetic pathways was performed in EMS lines displaying altered lignan 
profiles. The data will be reported and discussed in connection with the putative roles for UGT74S3 and UGT74S4, two closely related genes to 
UGT74S1. 
 
P0234: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Alleles of tangerine Differentially Alter Carotenoid Profiles in Tomato Fruit 
Michael P. Dzakovich1, Elisabet Gas-Pascual2, Susana De Jesus2, Jessica L. Cooperstone3, Ken M. Riedl3, Steven J. Schwartz3 and 
David M. Francis2, (1)The Ohio State University, Horticulture and Crop Science, Columbus, OH, (2)The Ohio State University, 
Horticulture and Crop Science, Wooster, OH, (3)The Ohio State University, Food Science and Technology, Columbus, OH 



Carotenoids are naturally occurring pigments that give tomato (Solanum lycopersicum) fruits their color. Many carotenoids have nutritional 
benefits as vitamin A precursors, and their consumption is associated with decreased risk for many diseases. Structural and regulatory genes 
affecting biosynthesis, development and ripening alter the accumulation of specific carotenoids. Alleles of tangerine interrupt the carotenoid 
pathway by disabling carotenoid isomerase (CRTISO) resulting in the accumulation of bioavailable tetra-cis-lycopene. The tangerine allele t is a 
deletion spanning the first exon of CRTISO while tangerine virescent (tv) is a single nucleotide insertion generating a premature stop codon after 
the second exon. Alleles of the transcription factor RIN regulate the onset of ripening and therefore flux through the carotenoid pathway. To test 
hypotheses about the effect of allelic variation for tangerine with and without the rin mutation, a segregating population was created, selfed to 
F5, and analyzed using high performance liquid chromatography. Fruits with tv accumulated ~1.5x more carotenoids than those with t, with the 
differential effect detected in both wild-type and rin backgrounds. The rin mutation reduced fruit carotenoid concentrations by ~10x. We 
hypothesize that alleles of tangerine differentially affect carotenoid pathway flux as a result of a transcript regulated mechanism. 
Characterization of other metabolic pathways affected by tangerine alleles due to metabolic crosstalk is underway. Studies investigating the 
transcriptome differences that occur due to allelic variation in tangerine will also help elucidate mechanisms underlying changes in carotenoid 
biosynthesis and related pathways. 
 
P0235: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Integration of Environmental and Internal Cues for Triggering Vegetative Reproduction in Potato 
Christian Bachem1, José Abelenda1, Marian Oortwijn2, Sophia Sonnewald3 and Uwe Sonnewald3, (1)Laboratory of Plant 
Breeding, Wageningen University & Research, Wageningen, Netherlands, (2)Plant Breeding, Wageningen University & Research, 
Wageningen, Netherlands, (3)Dept. of Biochemistry, Friedrich-Alexander-University, Erlangen, Germany 
Plants regulate their sexual and vegetative reproductive development by integrating external cues such as day length with internal cues such as 
the availability of assimilates. In potato, the formation of underground vegetative storage organs is regulated using a similar signal transduction 
pathway to the induction of flowering. At the same time, carbohydrate in the form sucrose has long been known to play a central role in tuber 
induction. We have now identified a novel mechanism by which the sucrose and photoperiod signaling pathways intersect. Using in silico co-
regulation expression analysis, we have identified a set of genes that are tightly correlated. We have shown that one of these genes codes for a 
potato specific sucrose efflux carrier, belonging to the clade III, SWEET11 homologues. We have been able to show a physical interaction 
between a sucrose efflux carrier and the FT homologue and tuberigen peptide hormone StSP6A. Both in vivo and in vitro interaction experiments 
show that these two proteins interact in the plasma membrane. Coordinated and diametric expression in transgenic plants, produce tuberisation 
specific phenotypes that corroborate the interdependence and process specificity of these two proteins. For the first time, our data integrates the 
sugar dependent and light dependent pathways for tuber formation and helps in the understanding of the mechanisms of the switch from 
apoplastic to symplastic assimilate transport during the transition to tuberisation. The broader implication of our findings for the regulation of 
both sexual and vegetative reproduction will be discussed. 
 
P0236: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative Transcriptome of Contrasting Wild Arachis Genotypes Unravels NBS-LRR Genes Involved in Nematode 
Defense Responses 
Patricia Messenberg Guimarães1, Ana C. M. Brasileiro2, Ana Claudia Guerra Araujo3, Soraya C M Leal-Bertioli4, David 
Bertioli5, Ana Zotta Mota6, Bruna S. Vidigal7, Larissa A. Guimaraes4 and Andressa CQ Martins8, (1)Cenargen-EMBRAPA, 
Brasilia, Brazil, (2)EMBRAPA Recursos Genéticos e Biotecnologia, Brasília, Brazil, (3)EMBRAPA, Brasilia, Brazil, (4)Embrapa 
Genetic Resources and Biotechnology, Brasilia, Brazil, (5)University of Georgia, Athens, GA, (6)EMBRAPA, BRASILIA, Brazil, 
(7)Universidade de Brasília, Brasilia, Brazil, (8)EMBRAPA Recursos Genéticos e Biotecnologia, Brasilia, Brazil 
Peanut (Arachis hypogaea) is the fourth most important oil crop in the world. Among others, the Root Knot Nematode (RKN) Meloidogyne 
arenaria is a great constraint to peanut yield and grain quality. Transcriptome comparison of two wild Arachis species contrasting for nematode 
resistance, the highly resistant A. stenosperma and the moderately resistant A. duranensis, revealed differentially expressed genes (DEGs) 
belonging to important defense related families, including NBS-LRR genes. From the 345 NBS-LRR-encoding genes identified in the reference 
genome of A. duranensis, 25 were identified as significant (FDR<0.05) DEGs between nematode infected and control roots in A. stenosperma 
and 33 in A. duranensis. Most of these DEGs showed contrasting expression behavior between the two species, with the majority of the 
representatives in A. stenosperma being upregulated at 6 days after inoculation (DAI), including 12 exclusives. Phylogenetic analysis of the 
NBS-LRR family in A. duranensis exhibited a highly supported separation between the TIR-type and non-TIR-type clades, and a high level of 
sequence divergence within the clades. All A. duranensis NBS-LRR-encoding genes were duplicated, with the majority of those differentially 
expressed between the two species duplicated by tandem (37.4%) and scattered in most chromosomal pseudomolecules. The identification and 
characterization of the NBS-LRR genes responsible for RKN resistance in wild Arachis will facilitate the understanding of the molecular 
mechanisms of RKN resistance and genetic improvement of peanut through marker-assisted selection or gene transformation.  
Financial support: Embrapa, CNPq and FAP-DF 
 
P0237: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Metabolic Profiling Analysis of Cucurbitacins in Diverse Citrullus spp. 
Sanghyeob Lee, Sejong University, Seoul, South Korea 
Divergent cucubitacins has been identified in Cucurbits. Citrullus genus is a member of Cucurbit and identified as well known source of 
cucurbitacins. So we selected divergent germplasms from C lanatus and C. colocynths and compared Cucurbitacin profiles among germplasm. In 
this study, we analyzed metabolic profiles of leaf, seedling, and fruit of both C. lanatus and C. colocynths germplasm. 
 
P0238: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
1, 2-RhaT A Gene that Contributes Largely to the Accumulation of Bitterness Naringin in Citrus 
Juan Xu, Huazhong Agricultural University, Wuhan, China 



Nomilin, limonin and bitter flavonoids, such as naringin and neohesperidin, are the major bitterness compounds in citrus fruits. Naringin is the 
main bitter compound in fresh fruits of pummelo (Citrus grandis), sour orange (C. aurantium), grapefruit (C. paradise) and freshly-made citrus 
juice before de-bittering. Our study revealed that 1, 2-Rhamnoside transferase (1, 2-RhaT) largely contributes to the accumulation of 
neohesperidoside, particularly naringin, and thus plays an important role in causing the bitterness of citrus fruits.  
From the genomic DNA of the selected germplasms of 3 citrus genus (Citrus and Poncirus, Fortunella), 1, 2-RhaT-1 and 1, 2-RhaT-2 were 
cloned, which share 92% homology in nucleotide sequence and are distributed on different chromosomes. In the germplasms of Citrus and 
Poncirus, naringin accumulation was observed in the presence of 1,2-RhaT-1; whereas it was not detectable in the absence of the gene, and 
various frameshifts in the nucleotide sequences of 1,2-RhaT-2 or even both genes could not be successfully cloned. Besides, the sequence of 1, 2-
RhaT-1 is consistent among different germplasms, while that of 1, 2-RhaT-2 is more polymorphic.  
Fruits of Poncirus trifoliata accumulated a large amount of naringin, while those of Red tangerine (C. reticulata) did not. Both 1,2-RhaT genes 
could not be successfully cloned in Red tangerine, while 1, 2-RhaT-1 was found in Poncirus trifoliata. Thus, the flavonoids in the fruits of F1 
progenies from Red tangerine × Poncirus trifoliata were analyzed. A segregated ratio close to 1:1 was detected in the progenies regarding the 
naringin accumulation. A newly designed molecular marker could successfully distinguish those progenies with or without naringin 
accumulation.  
Furthermore, fruits of HB pummelo showed accumulation of naringin, whereas those of Fairchild tangelo (a hybrid of tangerine and grapefruit) 
did not. Both 1,2-RhaT genes could not be successfully cloned in Fairchild tangelo, while 1, 2-RhaT-1 was found in HB pummelo with normal 
alleles, while one of them showed 7 single nucleotide polymorphisms (SNP). However, fruits of all F1 progenies of Fairchild tangelo × HB 
pummelo were found to accumulate naringin.  
Notably, although no frameshift was found in nucleotide sequences of the selected germplasms of Fortunella genus, 8 SNPs were detected and 
naringin was undetectable in the fruits. To verify whether these SNPs accounted for the undetectable naringin, a functional 1, 2-RhaT-1 from 
Fenghuang pummelo was overexpressed in Hong Kong Kumquat (Fortunella hindisi). The results showed that naringin was still undetectable. 
Physiological data revealed that Kumquat and Hong Kong Kumquat accumulated a large amount of phloretin instead of flavonoid glycosides, 
suggesting that it is the absence of precursors that leads to the deficiency of naringin biosynthesis.  
Finally, CsGlcT in various citrus germplasms shares up to 80% homology with 1, 2-RhaT-1 and is annotated with 1,2-RhaT-like function in 
sweet orange (C. sinensis) genome. CsGlcT was then subjected to in vitro function analysis in BY-2 tobacco cell suspension system. The results 
showed that the gene has no 1,2-RhaT function. Actually, it can effectively catalyze flavonoid mono-glucoside to form flavonoid di-glucoside, 
and flavanones are its preferred substrates rather than flavones and flavonols. 
 
P0239: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
RNA-Seq Analysis to Detect Genes Involved in Nucellar Embryony Mechanism in Citrus 
Ozhan Simsek1, Dicle Donmez2, Turgut Yesiloglu1 and Yildiz Kacar1, (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 
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. 
 
P0240: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Effect of Thinning on Metabolomic Fruit Profile of an Early Harvest Peach Variety 
Victoria Lillo1, Claudia Fuentealba2, Romina Pedreschi2 and Andréa M. Almeida1, (1)Universidad Andrés Bello, Centro de 
Biotecnología Vegetal, Santiago, Chile, (2)Pontificia Universidad Católica de Valparaíso, Escuela de Agronomía, Quillota, Chile 
Thinning is an agronomical practice that consists in the removal of fruits from the tree to improve the growth of the remaining ones. The 
reduction in the number of fruit leads to an increase of sugar assimilates that are translocated towards the remaining fruit improving its size and 
soluble solid content. Although it was observed an increase in soluble solids in fruits from thinned trees, which metabolites are altered and any 
impact on the organoleptic properties remain to be elucidated. The purpose of this work was to compare the polar metabolic profile of fruit from 
thinned and unthinned trees during different developmental stages including a postharvest period of an early harvest peach variety. The 
aforementioned analysis was carried out through the identification and quantification of sugars, sugars alcohols, aminoacids, and organic acids 
by gas chromatography coupled to a mass spectrometry detector (GC-MS). Multivariate analysis (partial least square regression - discriminant 
analysis) revealed differences between fruits from unthinned and thinned trees related to relative abundance of sugars such as fructose, glucose 
and sorbitol and also the aminoacids such as asparagine, leucine, phenylalanine, and threonine. Furthermore, early developmental stages 
displayed a clear separation from the postharvest evaluated stage due to differences in the relative amount of quinic and oxalic acids and 
aminoacids such as valine, serine, alanine and aspartic acid. Our results suggest that tree thinning affects different physiological aspects 
impacting not only fruit size but also fruit flavor. Some of the identified metabolites could be used as markers for early fruit quality segregation. 
Acknowledgements: FONDECYT 1130197, FONDEQUIP EQM140074, Viveros El Tambo. 
 



P0241: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
In vitro and in silico Characterisation of Mdpgip 1 and MdPGIP2 Isolated from Malus domestica cv Granny Smith 
Lerato Bame Tsalaemang Matsaunyane, Agricultural Research Council, Pretoria, South Africa, Ian Dubery, University of 
Johannesburg, Auckland Park, South Africa and Dean Oelofse, Agricultural Research Council, Pretoria, Gauteng, South Africa 
Malus domestica polygalacturonase inhibiting protein 1 (Mdpgip1) and Mdpgip2 genes were isolated, inserted for expression in a tobacco 
genome. Crude MdPGIP extracts prepared from the Mdpgip1 and Mdpgip2 transgenics were used to determine the MdPGIPs’ inhibition spectra 
against polygalacturonases (PGs) prepared from Botryosphaeria obtusa (BoPGs), Botrytis cinerea (BcPGs), Diaporthe ambigua (DaPGs), 
Fusarium verticillioides (FvPGs) and Verticillium dahliae (VdPGs). At maximum concentrations of 200ng of protein, both MdPGIPs inhibited 
BoPGs and VdPGs by 100%, and DaPGs and BcPGs by 83% and 67%, respectively. Furthermore, 29% and 14% inhibition was observed against 
FvPGs by MdPGIP2 and MdPGIP1, respectively. Analysis of the Mdpgip1 and Mdpgip2 genes revealed that both genes comprise single open 
reading frames (ORFs) of 993 nucleotides that encode 330 amino acid polypeptides. In silico characterisation of the polypeptides revealed 
structures typical of PGIP proteins which include a 24 amino acid putative signal peptide, a potential cleavage site (Ala-Leu-Ser) for the signal 
peptide, potential glycosylation sites (Asn-X-Ser/Thr), leucine-rich repeat (LRR) domain, as well as N- and C-terminal domains. The secondary 
and tertiary structures of the MdPGIPs were modelled and revealed that a curved and elongated molecule that contains sheet B1, sheet B2 and 
helices on its LRR domain. The hydropathic evaluation indicated a repetitive hydrophobic motif in the LRR domain and a hydrophilic surface 
area consistent with a globular protein. The overall properties of the MdPGIPs are similar to those of the prototypical bean PGIP2, but detected 
differences in inhibition of PGs from various fungal species support its use in biotechnological applications as an inhibitor of targeted fungal PGs 
using a transgenic approach.  
 
P0242: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genome-Wide Identification, Comparative and Duplication Analysis of the F-box Gene Family in Chinese White Pear 
Guoming Wang, Xin Qiao and Shaoling Zhang, Nanjing Agricultural University, Nanjing, China 
Pear is a member of the Rosaceae family and is also the third-most important temperate fruit species. The genome of the domesticated Chinese 
white pear (Pyrus bretschneideri Rehd. cv. ‘Dangshansuli’) has been fully sequenced. F-box gene family plays crucial roles in regulating plant 
development, reproduction, cellular protein degradation and responses to biotic and abiotic stresses. However, comprehensive analysis of the F-
box gene family in pear (Pyrus bretschneideri Rehd.) and other Rosaceae species has not been reported yet. Herein, we identified all the F-box 
genes in pear for the first time. And these genes were further divided into various subgroups based on specific domains and phylogenetic 
analysis. Intriguingly, we observed that the expansions of F-box gene family were resulted from different modes of gene duplication in pear 
update previous studies. Whole-genome duplication and dispersed duplication have a major contribution to F-box family expansion. 
Furthermore, the dynamic evolution for different modes of gene duplication was dissected, and the results showed that DNA-transposed or 
dispersed duplicates might have derived from more ancient duplication events. Interestingly, we observed that the expansions of F-box gene 
family were resulted from different modes of gene duplication in pear update previous studies. To further reveal the expression patterns of F-box 
family genes in pear, transcriptome sequencing data and digital expression profiles were investigated in several pear tissues including bud, 
pollen, fruit and calyx. Overall, these results will set rigid stage for elaborating the biological role of F-box genes in pear and other plants. 
 
P0243: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptome Sequencing to Investigate Genes Involved in Fruits Color in the Three MAGIC Populations of Cultivated 
Strawberry 
Soichiro Nagano1, Hideki Hirakawa2, Takuya Wada3, Kimihisa Tasaki4, Fumi Maeda5, Miyuki Mori3, Risa Tsurumi4, Kazunari 
Iimura4, Kenta Shirasawa1, Koichiro Oku3, Takashi Ohashi4, Manabu Watanabe5, Kiyoshi Namai4 and Sachiko Isobe1, (1)Kazusa 
DNA Research Institute, Kisarazu, Japan, (2)Kazusa DNA Research Institute, Chiba, Japan, (3)Fukuoka Agriculture and Forestry 
Research Center, Chikushino, Japan, (4)Tochigi Prefectural Agricultural Experiment Station, Utsunomiya, Japan, (5)Chiba 
Prefectural Agriculture and Forestry Research Center, Chiba, Japan 
Fruits color is an important trait for consumer preference and marketability in crops. Ripened fruits of cultivated strawberry, Fragaria × 
ananassa (2n = 8x = 56) show white to dark red color variation which are mainly affected by concentrations and compositions of anthocyanins. 
Their gene regulation networks under multiple combinations of genes are unclear and it makes difficult to control fruit color in strawberry 
breeding. In order to find gene regulation networks involved in fruits color, we investigated relationships between anthocyanin concentrations 
and gene-expression patterns in three MAGIC (multi-parent advanced generation inter-cross) populations developed in the three breeding 
stations (Tochigi, Fukuoka and Chiba prefectures) in Japan. Surface tissues of receptacles in a total of 545 individuals (181 from Tochigi-, 184 
from Fukuoka- and 180 from Chiba-populations) in the 2nd inter crossed generation of the MAGIC populations were used for anthocyanin 
quantification and transcriptome profiling. Anthocyanins were extracted into 1% formic acid/methanol solution and analyzed with HPLC. cDNA 
libraries constructed with QuantSeq (Lexogen) were sequenced by HiSeq 2000 (Illumina). Trimmed reads were mapped on the reference genome 
of strawberry (FANhybrid_r1.2) with Bowtie 2 and counted transcripts with HT-seq software. So far, 669 genes showed significant correlation 
(p<0.001) between expression patterns and anthocyanin concentration in the three populations. Eleven of 669 genes commonly showed 
significant correlation in two of three populations. A few mutual eQTL were identified in the three populations. More high throughput 
transcriptomics would be necessary to verify significant eQTL from labile genetic regulations of the cultivated strawberry. 
 
P0244: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Identification of Candidate Genes for Mummy Berry Disease Resistance in Blueberry 
Ashley G. Yow, Kathleen Burchhardt, Marc A. Cubeta and Hamid Ashrafi, North Carolina State University, Raleigh, NC 
With an increasing consumer focus on healthy eating habits and antioxidant intake, blueberries are steadily rising in production and sales, and by 
consequence, are also increasing in the amount of agricultural land they occupy.  
One of the most devastating diseases of blueberry in the U.S. is mummy berry. The causal fungus of the disease is Monilinia vaccinii-corymbosi. 
Crop loss due to mummy berry has been reported repeatedly from 1960s until now. In 2002 in no-spray rabbiteye blueberry fields in North 



Carolina, 70-80% of crop loss was reported. Current methods for controlling the disease include cultural practices and chemical controls. 
Developing resistant cultivars reduces the cost of fungicide application(s) and is an environmentally friendly measure to control the disease.  
To identify genes that are differentially expressed in response to the disease, we used an infected and an uninfected susceptible blueberry 
cultivar, Arlen, for gene expression analysis in response to the mummy berry pathogen. A total of 16 RNA-Seq libraries of various tissues were 
constructed and 24 million raw Illumina reads (150 bases long, single-end) equivalent to 3.6 Gb of nucleotides were generated. The reads were 
mapped to the blueberry reference genome to identify differentially expressed genes and a genome-guided transcriptome assembly of blueberry 
was made. The implication of leveraging RNA-Seq technology in the identification of differentially expressed genes will be discussed. This will 
lead to the development of molecular markers that can be used in marker assisted selections for genomic selection and new cultivar development. 
 
P0245: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Toward Deciphering of Mechanisms Underlying White Drupelet and Reversion Disorders of Blackberry 
Gina Fernandez, Johanna R. Carter, Ashley G. Yow and Hamid Ashrafi, North Carolina State University, Raleigh, NC 
White drupelet disorder and reversion are both aesthetic and economic problems in ripening blackberries (Rubus spp). The commercial industry 
has low tolerance for either disorder and growers can suffer significant loss of revenue due to rejected fruit. In order to identify genes that are 
differentially expressed in fruit with these disorders, drupelets displaying different colors were harvested from the fruit of the cultivar, Apache. 
White, brown, and black drupelets were dissected from fully ripe berries, representing severe, moderate and no symptoms of the white drupelet 
disorder respectively. One hour after fruit was harvested and reversion of drupelets from black to red was occurring, red and black drupelets were 
also harvested. Total RNA was extracted from multiple drupelets of the same color of the same berry and subjected to RNA-Seq analysis. A total 
of 245.7 Million 125bp Illumina HiSeq reads were generated. After trimming and removing low quality reads, 241.3M reads were retained. The 
CLC Genomic Workbench was used to assemble 57.9 M nucleotides in 74,870 contigs (N50 = 935). Pairwise differential expression analysis 
was carried out between each group. We found there were 12,437 and 11,351 genes differentially expressed between black-white and red-white 
drupelets. A smaller set of genes (537) were differentially expressed between black and red drupelets, from which 329 were common with black-
white group. These genes were subjected to functional annotation and KEGG pathways were generated. 
 
P0246: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
A Draft Genome Sequence of Pseudomonas veronii R4: A Grapevine (Vitis vinifera L.) Root-Associated Strain with High 
Biocontrol Potential 
Maria de los Angeles Miccono, Instituto de Investigaciones Agropecuarias, La Platina Research Station, Santiago, Chile 
A new plant commensal Pseudomonas veronii isolate (strain R4) was identified from a Xiphinema index biocontrol screen. Isolated from 
grapevine roots from vineyards in central Chile, the strain R4 exhibited a slower yet equivalently effective nematicide activity as the well-
characterized P. protegens CHA0. Whole genome sequencing of strain R4 and comparative analysis among the available Pseudomonas spp. 
genomes allowed for the identification of gene clusters that encode putative extracellular proteases and lipase synthesis and secretion systems, 
which are proposed to mediate—at least in part—the observed nematicidal activity. In addition, R4 strain presented relevant gene clusters related 
to metal tolerance, which is typical in P. veronii. Bioinformatics analyses also showed gene clusters associated with plant growth promoting 
activity, such as indole-3-acetic acid synthesis. In addition, the strain R4 genome presented a metabolic gene clusters associated with phosphate 
and ammonia biotransformation from soil, which could improve their availability for plants 
 
P0247: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
The First Glimpse at the Timing of Flower Initiation in Carya illinoinensis Using Gene Expression Studies 
Hormat Shadgou, Marisa Y. Thompson, Jordan Martin, Richard Heerema and Jennifer J. Randall, New Mexico State University, 
Las Cruces, NM 
Pecan (Carya illinoinensis) is the most economically important nut producing tree species native to North America and is being planted in several 
areas throughout the world. The most important constraint in pecan production is alternate bearing which is defined as high yields of lower 
quality pecan nuts in one year and low production of high quality pecan nuts the next year. Flower initiation is directly related to alternate 
bearing in pecan. Flowering initiation is based on genetic signals within the plant but the timing in pecan is unknown. In other species, including 
apple, grape, and persimmon, flower initiation occurs during the previous growing season before flowering. We hypothesize that flowering 
signals in pecan may occur the growing season before flowering occurs and carbohydrate status and phytohormones play a pivotal role. 
Experiments including RNASeq studies of the complete gene expression profile and qRT-PCR to validate specific pecan flowering genes will 
characterize the signals responsible for flower induction in pecan and elucidate the timing of these signals. In this study bud and leaf tissue of the 
fruiting and non-fruiting shoots of four ‘Wichita’ and four ‘Western’ cultivar pecan trees were collected during the growing season and bulked 
appropriately to construct transcriptome libraries. The RNASeq analyses of these primary transcriptome libraries should elucidate differences in 
gene expression patterns of these two genotypes and gene expression data will be presented. 
 
P0248: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Functional Module Detection in the Palm Tree Phoenix dactylifera by Co-expression and Co-conservation Analysis 
Klaus F.X. Mayer1, Thomas Lux2, Georg Haberer3, Peter Ache4, Rainer Hedrich4 and Naiyf S. Alharbi5, (1)PGSB - Plant Genome 
and Systems Biology, Helmholtz Center Munich, German Research Center for Environmental Health (GmbH), Neuherberg, 
Germany, (2)Plant Genome Systems Biology; Helmholtz Center Munich, Neuherberg, Germany, (3)PGSB - Plant Genome and 
Systems Biology, Helmholtz Center Munich, German Research Center for Environmental Health (GmbH), Munich, Germany, 
(4)Molekulare Pflanzenphysiologie und Biophysik; Universität Würzburg, Würzburg, Germany, (5)nalharbi1@KSU.EDU.SA, 
Riyadh, Saudi Arabia 
Palm trees, the common name for the monocotyledonous family Arecaceae, comprise more than 2,600 species mainly found in tropical, 
subtropical and warm temperate climate zones. The family contains many economically important species for nutrition, construction and 
industrial processes. Due to their adaption to heat, soil salinity and extreme drought conditions, Date palms (Phoenix dactylifera) are cultivated 



for their edible fruits throughout northern Africa and the Middle East and provide major essential nutrients to the population of these countries. 
To gain a molecular understanding of this adaption, we generated a large set of date palm RNA-Seq data comprising drought, heat and osmotic 
stress conditions as well as treatments with abscisic acid, a major stress signal and plant hormone. In combination with additional public 
transcriptome data from a variety of tissues including fruits, flowers, leaves and roots, a probabilistic co-expression network identified temporal, 
spatial and conditional functional modules of palm genes co-acting in biological processes related to drought, heat and osmotic stress conditions. 
The obtained modules were contrasted with pathways and genes in Arabidopsis that are known to be functional in these stress conditions. To 
further explore the mechanistic model of our co-expressed clusters, we used phylogenetic footprinting to identify and visualize candidate cis-
modules underlying the co-expressed modules. Orthologous one-to-one gene pairs were obtained from a high-resolution, genome-level syntenic 
map between two related palm trees, date and oil palm. Cis-regulatory candidate regions were subsequently identified by their evolutionary 
conservation, network-level conservation and co-expression and corroborated our previously identified functional modules.  
We acknowledge funding by the DSFP programme of the King Saud University, Riyad 
 
P0249: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Analysis the Expression Patterns of Genes Encoding Antioxidative Enzymes under Salt Stress in Date Palm (Phoenix 
dactylifera) 
Mohamed Habora, Department of Biological and Environmental Sciences, Qatar University, Doha, Qatar, Amin Elsadig Eltayeb, 
Biotechnology Laboratory, Arid Land Research Center, Tottori University, Tottori, Japan, Kiyoshi Tanaka, Arid Land Research 
Center, Tottori University, Tottori, Japan, Hisashi Tsujimoto, Molecular Breeding Laboratory, Arid Land Research Center, Tottori 
University, Tottori, Japan and Talaat A. Ahmed, Department of Biological and Environmental Sciences, College of Arts and 
Sciences, Qatar University, Doha, Qatar 
Salt stress is one of the major environmental factor limiting crop production. Plants under salt stress face several physiological problems 
including ionic toxicities, osmotic stress and oxidative damage.  
Under salt stress, Reactive Oxygen Species (ROS) are by-products of physiological metabolisms, that are significantly accumulated, cause 
oxidative damage and kill the cell. To avoid the deleterious effects of salt stress, plants develop a mechanism to detoxify reactive oxygen species 
and avoid oxidative damage of different cellular components including DNA and various proteins. Therefore, plants activate many stress-
responsive genes and synthesis diverse of functional proteins like ascorbate (AsA), glutathione (GSH), as well as anti-oxidative enzymes such as 
superoxide dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT).  
The aim of the current study was to analyze the expression patterns of date palm genes encoding antioxidative enzymes under different levels of 
salt stress. Results showed notable induction of PdCAT, PdGR, PdMDAR, PdSOD and PdAPX. At 100 mM NaCle, both PdCAT and PdGR 
showed the highest induction while PdMDAR was able to keep its highest expression at up to 400 mM NaCl. Using different salt exposure time 
course, all genes sustained up-regulated expression levels up to 6 days compared to control conditions. In addition, high and steady induction of 
glutathione S-transferase (PdGST) was observed. This enzyme plays key roles in the detoxification of xenobiotics compounds and oxidative 
stress mechanism. Our results conclude that antioxidative enzymes involved in either ROS detoxification or antioxidants regeneration could have 
crucial roles in salt stress tolerance of date palm.  
 
P0250: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptome Analysis of Resistance of Shrub Willow to Empoasca fabae 
Wanyan Wang1, John E. Carlson2, Lawrence B. Smart3 and Craig H. Carlson3, (1)Pennsylvania State University, University park, 
PA, (2)Dept. of Ecosystem Science & Management, Pennsylvania State University, University Park, PA, (3)Cornell University, 
Geneva, NY 
Shrub Willow (Salix spp.), a short rotation woody biomass crop, has superior properties as a perennial energy crop for the Northeast and 
Midwest US. The potato leafhopper Empoasca fabae (Harris) is an insect pest that poses a serious threat to shrub willow. Currently used 
cultivars display varying susceptibility towards potato leafhopper infestation. At present, use of resistant cultivars is the optimal strategy for pest 
control. However, knowledge of the resistance genes is not available for selection and breeding. In our study, transcriptome analysis using RNA-
Seq was conducted on two shrub willow parents (‘94006’ and ‘Jorr’) in a time series (leaf tissue was collected at 0, 6, 24 and 96h after pest 
challenge). On average, 3.1 million paired-end reads per library were generated on the Illumina Hiseq2500 platform and mapped to the Salix 
purprea reference genome transcript sequences (Salix purpurea v1.0, DOE-JGI). Analysis revealed that potato leafhopper induced cultivar-
specific defense genes, especially in secondary cell wall modification, play an important role in the defense mechanism in a resistant cultivar. In 
a highly susceptible genotype, genes involved in programed cell death were highly expressed, which explained the pest-derived symptoms like 
necrosis, leaf curling and early leaf drop on susceptible genotype. This is a first step in identifying resistance genes for resistant to potato 
leafhopper from genomic resources for shrub willow breeding. This is part of the project The Northeast Woody/Warm-season Biomass 
Consortium (NEWBio), which is funded by the USDA Agriculture and Food Research Initiative program of the National Institute of Food and 
Agriculture grant # 2012-68005-19703. 
 
P0251: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptomic Analysis of ‘Garnem’ Rootstock By RNA-SEQ Reveals Genes and GENE Ontologies Involved in Drought 
Response 
B. Bielsa1, S. Hewitt2, J. Maldonado3, S. Reyes Chin-Wo4, A. Fernandez i Marti1,4, H. Silva3, A. Dhingra2,5 and M.J. Rubio-
Cabetas1, (1)Hortofruticulture Department, Agrifood Research and Technology Centre of Aragón (CITA), Zaragoza, Spain, 
(2)Molecular Plant Sciences, Washington State University, Pullman, WA, (3)Facultad de Ciencias Agronómicas, Universidad de 
Chile, Santiago, Chile, (4)Genome Center, University of California, Davis, CA, (5)Department of Horticulture, Washington State 
University, Pullman, WA 
In light of new environmental conditions, accentuated by climate change, the impact of drought on agriculture has become critical. There is now 
a pressing need to select drought tolerant rootstocks that can adapt to limited water availability. Currently, molecular information about the 



response of Prunus rootstocks to drought stress is limited. We performed a time course RNAseq-based transcriptome analysis of roots in an 
almond x peach hybrid [P. amygdalus Batsch, syn P. dulcis (Mill.) x P. persica (L.) Batsch] using an Illumina platform. To induce drought 
stress, plants of ‘Garnem’ genotype were subjected to a PEG 6000 solution. Root samples were collected from control and stressed plants at 0, 2 
and 24h for transcriptome analysis. Transcriptome data were assembled into contigs, which were mapped against the P. persica reference 
genome (v 2.0) for 0h control, 2h control, 2h stress, 24h control and 24h stress time points. We conducted pairwise comparisons between control 
and stressed samples and the different time points. RPKM values were calculated, and genes with at least a five-fold difference in expression in 
each of the pairwise comparisons were functionally annotated using Blast2GO. The analysis revealed gene ontology and signalling pathway 
information about the significantly up- and down-regulated genes during drought response. qRT-PCR validation of RNAseq results was 
conducted for 16 genes. Finally, an orthologous study was conducted with different plant species in order to understand the evolutionary process 
of these validated genes. Phylogenetic trees generated using a maximum-likelihood approach revealed different evolutionary patterns for genes 
of interest. 
 
P0252: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Pentatricopeptide 336 and Mitochondrial Sorting in Cucumber 
Michael J. Havey, USDA-ARS and University of Wisconsin, Madison, WI and Angel Del Valle Echevarria, University of Hawaii, 
Honolulu, HI 
Cucumber is a unique model plant for organellar genetics because its three genomes show differential transmission: maternal for chloroplast, 
paternal for mitochondrial and bi-parental for nuclear. A cucumber line has been selected showing a paternally transmitted, strongly mosaic 
(MSC) phenotype associated with an under-representation of ribosomal protein S7 (rps7), a key component of the small ribosomal subunit in the 
mitochondrion. We identified a nuclear locus (Psm for Paternal sorting of mitochondria) that preferentially sorts for rare wild-type sublimons in 
crosses with MSC16 as the male parent. Fine mapping of Psm revealed pentatricopeptide repeat (PPR) 336 as the likely candidate gene. PPR336 
stabilizes mitochondrial polysomes in Arabidopsis (J Mol Biol 375:626) and because MSC16 shows reduced transcription of rps7, the cucumber 
homolog of PPR336 as the candidate for Psm is consistent with a nuclear effect on assembly or stability of mitochondrial ribosomes. 
 
P0253: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genome Wide Study of Micro RNAs and NBS-LRR Genes in Cucumis sativus and Exploring Their Role in Innate Immunity 
Hafiza Masooma Naseer Cheema1, Sarwat Zahoor1 and Asif Ali Khan2, (1)University of Agriculture Faisalabad, FAISALABAD, 
Pakistan, (2)Muhammad Nawaz Sharif University of Agriculture Multan, Multan, Pakistan 
Plants defense system comprises of various R-protein, which usually contain nucleotide binding site-Leucin rich repeat (NBS-LRR) domain. In 
addition, microRNAs (miRNAs) represents 2nd layer of defense and play pivotal role behind the scene. In this study, genome wide analysis 
of miRNAs and NBS-LRR genes was conducted to explore their potential role, in provoking immune response of cucumber plants after 
challenging with cucumber mosaic virus (CMV). Nucleotide database was explored and the aminoacid sequence of NBS genes was retrieved by 
homology based search. Phylogenetic analysis and sequence alignment of 57 NBS genes, showed various classes of NBS- gene family. 
Screening of 21 genotypes of cucumber against CMV showed Ames-26917 the most susceptible and identified P1-618950 as the most resistant 
one. Transcript profiling of 17 CC domain containing genes along with non-NBS-LRR genes in the virus inoculated plants of selected resistant 
and susceptible genotypes at 8 DPI and 15DPI was carried out by real time RT-PCR. In resistant genotype, relatively higher transcript level of 
NBS-1, NBS-5 and NBS-7 was observed at 15 DPI in infected plants as compared to non-infected control. At 8DPI, the transcript accumulation 
was down-regulated upon infection. In susceptible genotype, same trend was observed but the transcripts were relatively lower in concentration 
as compared to resistant genotypes. To explore the potential role of miRNAs in attenuating these genes, bioinformatics prediction of miRNAs, 
targeting NBS-LRR genes, was conducted. Ten miRNAs showed their complementation with 7 NBS-LRR genes. To validate the role of these 
miRNAs in attenuating the target genes, co-expression analysis was carried out, which detected these miRNAs only in non-infected cucumber 
genotypes. This study concluded that cucumber plant’s immune system didn’t awake until virus obtained its threshold level at 15DPI. The 
detection of selected miRNAs (396c, 156a, 157b, 159a, 162a, 169a, 169c, 169e, 172d, 390b) only in the infected samples suggested their role in 
attenuating the expression of NBS-LRR genes but non NBS-LRRs are neutral to the abundance or absence of miRNA before or after infection. 
 
P0254: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
The Application of T-DNA Insertion (Gene Trap) and CRISPR/Cas 9 System in Cotton for Functional Genomic Research 
Lin Sun, Jun Zhang, Xianlong Zhang and Shuangxia Jin, Huazhong Agricultural University, Wuhan, China 
Agrobacterium mediated T-DNA insertion is one of the important strategies to create mutants. In this research, we generated cotton T-DNA 
insertion mutants with promoter trap system. We use these mutants to isolate T-DNA flanking sequences, analyze GUS expression patterns and 
the copy number of T-DNAs. Up to now, 2000 + independent T-DNA lines carrying the promoter trap system were created by using 
Agrobacterium-mediated transformation. Approximately, 50.56% lines had a single copy and each transformants contained 1.83 T-DNA copies 
in average revealed by southern bolting. More than 1000 flanking sequences from T-DNA left border and right border were identified by using 
FPNI-PCR. Besides the T-DNA mutation, we also utilized a CRISPR/Cas9 system in cotton for genome editing . An exogenously transformed 
gene dsRFP and an endogenous gene GhCLA1 were chose as CRISPR/Cas9 knock out targets. For each gene, at least a pair of sgRNAs, driven 
by a cotton native type Ⅲ RNA polymerase promoter-pGhU6.9, were designed in the coding (or exons) regions. Through Agrobacterium-
mediated transformation, the regenerated T0 plants exhibited obvious phenotype for both target genes. For RFP, the regenerated plants had 
vanished red fluorescence. GhCLA1 targeting plants gained obvious albefaction from embryo to young seedlings stages. Gene mutations were 
verified with Sanger sequencing and T7E1 enzyme. Large deletions were observed between the paired target sites. Moreover, these albefaction 
plants only arose in bioallelic mutation of all copies of the target gene. All these results demonstrated that the sgRNA guided Cas9 had a great 
potential in cotton for genome editing. 
 
P0255: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Evolutionary Analysis of (+)-δ-Cadinene Synthases and 8-hydroxy-(+)-δ Cadinene Synthases in Gossypium spp 



Jin quan Huang, Institute of Plant Physiology and Ecology, SIBS, Shanghai, China 
Cotton plants accumulate gossypol and related sesquiterpenoids which function as the major phytoalexin but limit the use of cottonseeds. We 
have isolated two enzymes of gossypol biosynthesis pathway, including (+)-δ-cadinene synthase (CDN, the sesquiterpene synthase) and 8-
hydroxy-(+)-δ cadinene synthase (CYP706B1, P450 monooxygenase). To better understand the evolutionary history of gossypol formation in 
gossypium species, a genome-wide analysis of terpene synthases and P450s from 15 representative species was carried out. A total of 591 
terpene synthases and 159 CYP706 family members were identified in these plants. We found both CDNs and CYP706B1 are newly evolved 
enzymes and existed specifically in gossypium species. Species-specific gene duplications, caused mainly by tandem duplication and segmental 
duplication, led to the expansion of CDN genes in gossypium species. Based on nucleic acid and amino acid sequence identities, CDNs can be 
divided into five (A-E) subfamilies. Of these, the CDN-E subfamily seems to be the prototype since it is closest to CDNs in T. cacao. Of the 
hundreds of P450s found in diploid and allotetraploid cotton genomes, CYP71 family was greatly specifically. Interestingly, members of the 
CYP706B subfamily are found only in Malvales, including cotton (Gossypium spp.) and cacao (Theobroma cacao), suggesting a role of P450s in 
the evolution of plant specialized metabolites. 
 
P0256: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Investigating the Role of Laccases and Phenolic Compounds in Cotton Fiber Development 
Vimal Kumar Balasubramanian, Krishan Mohan Rai, Sandi Win Thu and Venugopal Mendu, Fiber and Biopolymer Research 
Institute (FBRI), Department of Plant and Soil Science, Texas Tech University, Lubbock, TX 
The single-celled cotton fibers, produced from seed coat epidermal cells are the largest natural source of textile fibers. The economic value of 
cotton fiber lies in its length and quality. The multifunctional laccase enzymes are involved in cell elongation, lignification and pigmentation in 
plants. The genome-wide analysis of cultivated allotetraploid (G. hirsutum) and its progenitor diploid (G. arboreum and G. raimondii) cotton 
species identified 84, 44 and 46 laccase genes, respectively. Analysis of chromosomal location, phylogeny, conserved domain and physical 
properties in three cotton species showed highly conserved nature of laccases across three cotton species. Gene expression, enzymatic activity 
and biochemical analysis of developing cotton fibers was performed using spinnable fiber producing G. arboretum species. Of the total 44, 40 
laccases showed expression during different stages of fiber development. The higher enzymatic activity of laccases showed a perfect correlation 
with higher lignin content at 25 DPA (Days Post Anthesis). Further, analysis of cotton fiber phenolic compounds showed an overall decrease at 
25 DPA indicating incorporation of these substrates into lignin polymer during secondary cell wall biosynthesis. Overall data indicate significant 
roles of laccases in cotton fiber development. As a follow up research, the Arabidopsis model system will be used for functional characterization 
of highly expressed laccase genes (GaLAC04_2, GaLAC04_3, GaLAC04_5, GaLAC11_2, GaLAC14_4 and GaLAC14_5). Further, the role of 
phenolic acids in cell elongation will be studied using arabidopsis root as a model system. 
 
P0257: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Functional and Genome Analysis of Cotton Growth Habit: Branching Architecture Is Regulated By the Gossypium hirsutum 
Single Flower Truss and Self-Pruning Orthologs 
Roisin C. McGarry1, Sarah F. Prewitt1, Yuval Eshed2, Eliezer Lifschitz3 and Brian G. Ayre1, (1)University of North Texas, Denton, 
TX, (2)The Weizmann Institute Of Science, Rehovot, Israel, (3)Technion Israel Institute of Technolgoy, Haifa, Israel 
Domestication of upland cotton (Gossypium hirsutum) converted it from a lanky photoperiodic perennial to a day-neutral annual row-crop. 
Residual perennial traits, however, complicate crop management and more determinate architectures are desired. Cotton simultaneously 
maintains robust monopodial indeterminate shoots and sympodial determinate fruiting branches. We questioned if and how the FLOWERING 
LOCUS T (FT) / SINGLE FLOWER TRUSS (SFT)-like and TERMINAL FLOWER 1 (TFL1) / SELF-PRUNING (SP)-like genes control the 
balance of monopodial and sympodial growth in a woody perennial with complex growth habit. Virus-based manipulation of GhSP and GhSFT 
expression enabled unprecedented functional analysis of cotton development. GhSP maintains indeterminate growth in all apices; in its absence, 
both monopodial and sympodial branch systems precociously terminate as flowers, resulting in a remarkably determinate plant. GhSP is also 
essential to establish and maintain cambial activity; in its absence woody stems convert to a more herbaceous structure.  GhSFT encodes a 
florigenic signal stimulating rapid onset of sympodial branching and flowering in side shoots of wild photoperiodic and modern day-neutral 
accessions. High florigen levels did not alter monopodial apices, implying that once a cotton apex is SP-determined, it cannot be reset by 
florigen. Silencing GhSFT in day-neutral accessions delayed the onset of flowering, implying that deregulated florigen was a selection target 
during domestication. We show that members of the GhSFT and GhSP gene family, and associated gene networks, are ideal targets for further 
agricultural optimization. Supporting data from genome and transcriptome studies will be presented. 
 
P0258: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
The Role of RNA-directed DNA Methylation in Genome Dominance and Imprinting in Brassicaceae 
Kelly Dew-Budd, Rebecca A. Mosher and Mark A Beilstein, University of Arizona, Tucson, AZ 
During seed development, DNA methylation is partially controlled by the small RNA-directed DNA methylation (RdDM) pathway. In RdDM, 
small interfering (si)RNAs are produced by RNA Polymerase IV, which are abundant in gametophytes and developing seeds. The siRNA binds 
Argonaut 4 to target methylation machinery to regions of the genome via interaction with Pol V transcripts. Methylation is critical for proper 
expression of imprinted genes, and thus the role of Pol IV- dependent siRNAs and RdDM are of interest. Arabidopsis thaliana RdDM mutants 
show no obvious reproductive defects. However, Brassica rapa RdDM mutants show a reduction in seed set and seed weight. While A. thaliana 
is a primarily selfing species, B. rapa is a traditional outcrosser whose genome reflects a mesohexaploid expansion. To determine why these two 
species differ in seed development in RdDM mutants, we will use a comparative evolutionary genomics approach. We hypothesize that RdDM 
may be more critical in B. rapa because methylation is mediating 1) contributions from parental genomes during outcrossing (imprinting), and/or 
2) contributions from the three subgenomes present in this species (genome dominance). To distinguish between these alternatives, we are 
characterizing RdDM mutants in three additional Brassicaceae species that vary in breeding system and genome copy number. Once mutant lines 
are established via CRISPR-Cas9, we will compare seed set and weight between species 1) differing in breeding system to test the extent to 
which methylation affects imprinting, or 2) differing in genome copy number to test the role of methylation in genome dominance. 



 
P0259: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genome-Wide Identification and Expression Dynamics of Aquaporin Under Biotic and Abiotic Stress Conditions in 
Brassicaceae Species 
Humira Sonah, Rupesh Deshmukh and Richard R. Bélanger, University Laval, Quebec City, QC, Canada 
Aquaporins (AQPs) are integral membrane proteins of vital importance in the cellular transport system of all living organisms. Plant AQPs are 
mainly involved in the movement of water and many other small solutes, and, as such, regulate important physiological processes. In this study, 
genome-wide identification, distribution and characterization of AQPs was performed in seven Brassicaceae species namely Arabidopsis lyrata, 
Capsella grandiflora, Capsella rubella, Eutrema salsugineum, Brassica rapa, B. oleracea, and B. napus (canola). The AQPs were further 
classified into subfamilies based on the phylogenetic distribution and characterized using computational approaches for the presence of 
transmembrane domains, signal peptides, NPA motifs, selectivity filters and other conserved domains. Furthermore, expression analysis of root, 
leaf and seed tissues-specific AQPs was conducted in canola. Evaluation of available RNA-seq data obtained under biotic and abiotic stresses 
identified putative AQPs involved in stress tolerance mechanisms in canola. In addition, the effect of ploidy level, and resulting gene dose effect 
on AQP expression was analyzed with the different combinations of Brassica A and C genomes. Dose-normalization for the pairs of duplicated 
genes was dominantly observed across all the four AQP subfamilies. This first in-depth characterization of Brassicaceae AQPs will be valuable 
for the understanding of transport mechanisms and related physiological processes leading to an improved breeding of stress tolerant cultivars. 
 
P0260: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genome-Wide Analysis and Expression Patterns of ZF-HD Transcription Factors Under Different Developmental Tissues 
and Abiotic Stresses in Chinese Cabbage 
Wenli Wang, Nanjing Agricultural University, Nanjing, China 
The ZF-HD gene family plays an important role in plant developmental processes and stress responses. However, the function of the ZF-HD 
genes in Chinese cabbage remains largely unknown. Chinese cabbage (Brassica rapa ssp. pekinensis) is a member of one of the most important 
leaf vegetables grown worldwide. The entire Chinese cabbage genome sequence has been determined, and more than forty thousand proteins 
have been identified to date. In this study, 31 ZF-HD genes were identified in Chinese cabbage. We show here that the BraZF-HD genes could 
be categorized into ZHD and MIF subfamilies. Among them, ZHD genes are plant-specific, nearly all intronless, and related to MINI ZINC 
FINGER genes that possess only the zinc finger. Phylogenetic analysis suggested that ZHDs have expanded considerably during angiosperm 
evolution. In addition, the ZHD group has 24 members, which is twice as much as the Arabidopsis ZHD group, indicating that the Chinese 
cabbage ZHD genes have been retained more frequently than other group genes. Real-time PCR analysis showed that most of BraZF-HD genes 
are preferentially expressed in flower. Furthermore, most of these genes are significantly induced under photoperiod or vernalization conditions, 
as well as abiotic stresses. Thereby implying that they may play important roles in these processes. This study provides insight into the evolution 
of ZF-HD genes in Chinese cabbage genome and may aid efforts to further characterize the function of these predicted ZF-HD genes in 
flowering and resistance. 
 
P0261: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Pollen-Cysteine Rich Peptide CR3 Regulates Pollen Germination in Arabidopsis thaliana 
Hiroaki Morimoto1, Wataru Egusa1, Chiho Arakawa1, Hiromi Masuko-Suzuki2, Go Suzuki3, Masao Watanabe2 and Keita Suwabe1, 
(1)Mie University, Tsu, Japan, (2)Tohoku University, Sendai, Japan, (3)Osaka Kyoiku University, Kashiwara, Japan 
Pollination is the first event in the plant reproduction, in which mature pollen grains adhere onto the stigma surface, hydrate for germination and 
then pollen tubes penetrate into the stigma. While many factors are thought to be involved in this process, cysteine-rich peptides (CRPs) are 
reported to play key roles such as S locus cysteine-rich protein (SCR) which is a male factor of self-incompatibility in Brassicaceae and LAT52 
which is essential for pollen hydration and pollen tube growth in tomato. In this study, we focused on the pollen-expressed CRP, named CR3, 
and elucidated its function in the plant reproduction process, through various analyses. RT-PCR analyses showed that CR3 was expressed 
predominantly in the stamen. By the microscopic observation of GFP-fused CR3 transformants, GFP signals were detected within pollen grains 
and pollen tubes, not at the pollen surface, and this was further supported by in situ hybridization. The cr3 mutant had equivalent pollen fertility 
compared to that of WT. However, in vitro pollen tube observation indicated that cr3 exhibited lower percentage of pollen germination and 
higher percentage of pollen tube tip burst. These results suggest that CR3 acts as the key CRP for pollen germination at the inside of pollen 
grains. 
 
P0262: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Response of Citrus CuCRTISO-Like Promoter to Hormones and Abiotic Stresses in Transgenic Arabidopsis 
In-Jung Kim, Faculty of Biotechnology, Jeju National University, Jeju-si, Jeju Special Self-Governing Province, South Korea and 
Chang-Ho Eun, Subtropical/tropical organism gene bank, Jeju National University, Jeju-si, Jeju Special Self-Governing Province, 
South Korea 
Previously we isolated a carotenoid isomerase gene, CuCRTISO, from Citrus unshiu and also determined the promoter region of CuCRTISO. The 
CuCRTISO promoter was regulated in a organ- and developmental-specific manner, and responded to hormones and abiotic stresses. Here, we 
identified an additional gene, CuCRTISO-like, showed homology with CRTISO gene identified from other plants, and also determined the 
promoter sequence. The CuCRTISO-like promoter and four truncated versions were analyzed by histochemical GUS staining and GUS 
expression using transgenic Arabidopsis plant harboring CuCRTISO-like promoter-glucuronidase synthase (GUS) reporter gene constructs. The 
CuCRTISO-like promoter contained several cis-acting elements involved in hormonal and environmental stress. Salicylic acid only induced GUS 
activity in the pCRTL-prom1 line. Ethylene and drought stress only induced the GUS activity in the pCRTL-Prom4 line, even though from 
pCRTL-Prom1 to pCRTL-Prom3 lines also contained the same cis-element involved in ethylene and drought stress. Heat stress induced the GUS 
activity more strongly as the promoter length shortened, except for no GUS activity of pCRTL-Prom5 line. In addition wounding treatment 
induced GUS activity in the pCRTL-Prom3 line, although pCRTL-Prom1 and pCRTL-Prom2 lines also have a wounding responsive element. The 



unexpected results of GUS activity suggest that unknown repressive element(s) might exist on the CuCRTISO-like promoter. Taken together, our 
results suggest that CuCRTISO-like promoter activity is regulated in a developmental and organ-specific manner, and responds to hormones and 
abiotic stresses. 
 
P0263: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Characterization of Arabidopsis Insertion Mutants for the Mitochondrial Uncoupling Protein (UCP) Genes AtUCP2 and 
AtUCP3 
Ivan G. Maia1, Alessandra Vasconcellos Nunes Laitz1, Pedro Barreto2, Chris Rock3 and Paulo Arruda2, (1)Biosciences Institute of 
Botucatu - Department of Genetics - UNESP, Botucatu, Brazil, (2)CBMEG - UNICAMP, Campinas, Brazil, (3)Texas Tech 
University - Department of Biological Sciences, Lubbock, TX 
Mitochondrial uncoupling proteins (UCP) dissipate the proton electrochemical gradient established by the respiratory chain, thus affecting the 
yield of ATP synthesis. These proteins play a role in maintaining mitochondrial homeostasis and are reported to modulate mitochondria-
generated reactive oxygen species (ROS). In Arabidopsis thaliana, the UCP gene family is composed of three members called AtUCP1-3. For 
instance, functional information is mainly available for AtUCP1. To get insights into the physiological role of the other AtUCP isoforms, 
Arabidopsis mutant lines in which the corresponding genes were disrupted by T-DNA insertion were investigated. In the atucp3 mutant, the 
knockdown of the corresponding transcript was clearly compensated by an increase in the transcript levels of both AtUCP1 and AtUCP2. This 
was not the case for the atucp2 mutant in which compensatory expression was only observed under abiotic stress. Nevertheless, when compared 
with wild-type (WT) Col-0 plants, the atucp2 plants exhibited phenotypic perturbations such as reduced number of leaves, delayed flowering 
time and elevated number of sterile siliques. Intriguingly, cellular ATP content was significantly increased in the atucp2 mutant compared with 
the WT, a feature that was not observed in the atucp3 mutant. On the other hand, both mutants were found to significantly accumulate more ROS 
within mitochondria as compared to WT, indicating that both UCPs contribute to ROS homeostasis. Overall, these results provide novel in planta 
insights into the role of individual AtUCPs. 
 
P0264: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Extra-Large G Protein 2 Promotes Floral induction by Activation of the DNA Binding-Protein RTV1 
Jee Hye Kim, Dong-A University, Busan, Korea, The Republic of and Jae Bok Heo, Dong-A Uniersity, Busan, Korea, Busan, 
South Korea 
Heterotrimeric G proteins play important roles in plant development and cell signaling. In Arabidopsis, in addition to one prototypical G protein 
a subunit, GPA1, there are three extra-large G proteins, XLG1, XLG2, and XLG3 of largely unknown function. Each XLG has a C-terminal Ga-
like region and a ~400 amino acid N-terminal extension. Yeast two-hybrid library screening and in vitro protein pull-down assays revealed that 
XLG2 interacts with the nuclear protein RELATED TO VERNALIZATION1 (RTV1). Electrophoretic mobility shift assays show that RTV1 
binds to DNA in vitro in a non-sequence specific manner and that XLG2 promotes the DNA binding activity of RTV1. Overexpression of RTV1 
results in early flowering. Combined overexpression of XLG2 and RTV1 enhances this early flowering phenotype, and elevates expression of the 
floral pathway integrator genes, FT and SOC1, but does not repress expression of the floral repressor, FLC. Chromatin immunoprecipitation 
assays show that XLG2 increases RTV1 binding to FT and SOC1 promoters. Thus, XLG2 promotes RTV1 DNA binding activity for a subset of 
floral integrator genes, and contributes to floral transition.  
 
P0265: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
RNA-Seq Analysis Reveals Up- and Down-Regulated Genes Responding to Drought Stress 
Geung-Joo Lee, Seo-Hee Choi and Yongsam Jeon, Chungnam National University, Daejeon, Korea, The Republic of 
Drought stress can adversely affect growth and reduces seed yield and quality of Camelina (Camelina sativa L.), an emerging seed oil crop 
belonging to belonging to Brassicaceae family However, gene regulatory networks that governing Camelina's response to drought stress is not 
fully understand or only limited. In the present study, camelina was subjected to different soil drought regimes of 2.2 kilopascal (kPa), 10 kPa, 
100 kPa, or rehydration (2 kPa). cDNA libraries of Camelina materials were constructed for Illumina paired-end sequencing analyses and 
differentially expressed gene (DEG) examination. In comparison to control, about 107, 2989 and 982 were up-regulated, while 146, 3659 and 
1189 genes were down-regulated in 2.2, 10, 100 kPa drought stress treatment, respectively. Expression patterns of 6 randomly selected genes 
including 3 up-regulated genes (PYRIMIDINE 4, cytochrome P450, FASCICLIN-like arabinogalactan protein 8) and 3 down-regulated genes 
(eukaryotic aspartyl protease family protein, photosystem II light harvesting complex gene, adenosylmethionine decaboxylase) were validated by 
both reverse transcriptase polymerase chain reaction (RT-PCR) and quantitative real-time-PCR analysis (qRT-PCR). The obtained transcriptome 
resources, DEGs, and potential stress-responsive candidate genes provide a more comprehensive understanding of the gene regulatory networks 
that conferring drought tolerance in Camelina. 
 
P0266: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Molecular Mechanisms Underlying Ginsenosides Biosynthesis: Genome-Wide Cloning and Analysis of Genes Involved in 
Ginsenoside Biosynthesis from Jilin Ginseng, Panax ginseng C.A. Meyer 
Meiping Zhang1, Yi Wang1, Yanfang Wang1, Kangyu Wang1, Yanping Lin1, Rui Yin1, Mingzhu Zhao1, Jingjing Qin1, Hong-Bin 
Zhang2 and Chunyu Sun1, (1)Jilin Agricultural University, Changchun, China, (2)Department of Soil and Crop Sciences, Texas 
A&M University, College Station, TX 
Ginsenosides are the major components of ginseng that function in human medicine. Although this has been known for years, few genes 
involved in ginsenosides biosynthesis have been cloned. Here we have cloned 312 genes involved in the ginsenosides biosynthesis from Jilin 
ginseng using a genome-wide high-throughput gene cloning system and investigated its underlying molecular mechanism by analysis of the 
cloned genes. These genes were defined as “PgiTS” for Panax ginseng Total Saponins. Of the 312 PgiTS genes, 295 (94.6%) were shared with 
those involved in the biosynthesis of nine of the monomer saponins. These genes have an effect on total saponins contents in roots varying from 
15.2% – 57.3%, of which 166 increased while 146 decreased the contents of total saponins when turned on or up-regulated. Annotation allowed 



that 126 (40.4%) of the genes were assigned to known proteins or enzymes involved in a variety of biochemical reactions. These annotated genes 
were categorized into 17 functional categories (Level 2), with seven in Cellular Components, eight in Biological Process and two in Molecular 
Function. Of the 126 annotated PgiTS genes, 122 were mapped to 55 metabolic pathways, including the pathways of terpenoid biosynthesis. 
Network analysis showed that the 312 PgiTS genes functioned collaboratively and formed a co-expression network consisting of 312 nodes and 
20,533 edges (P ≤ 0.01). These cloned PgiTS genes and novel knowledge of ginsenosides biosynthesis shed great light on ginseng improvement 
and applications of the process of ginsenoside biosynthesis in agriculture and fermentation industry. 
 
P0267: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Investigating the 2,4-D Resistance Mechanism in Indian Hedge Mustard (Sisymbrium orientale) from Australia Using RNA-
Seq 
Anita Kuepper1, Christopher Preston2, Marcelo Figueiredo1, Philip Westra1 and Todd Gaines1, (1)Colorado State University, Fort 
Collins, CO, (2)University of Adelaide, Glen Osmond SA, Australia 
Indian Hedge Mustard (Sisymbrium orientale) is considered a major weed in Australia because it competes with crops, its wiry stems block 
cereal harvesters and it produces large numbers of seed which cause grain contamination. In 2013 a population from Port Broughton, South 
Australia was reported to be resistant to 2,4-D and MCPA, requiring 22 times more herbicide for equivalent control when compared to a 
susceptible population from Roseworthy, South Australia. The Port Broughton population was also resistant to the sulfonylurea and sulfonamide 
herbicide groups for which the mechanism of resistance was shown to be a Pro to Ser substitution at position 197 in the protein. However, the 
mechanism of resistance to the auxinic herbicides remains unknown. Metabolism, absorption, and translocation studies were conducted by 
applying 14C-labelled 2,4-D on two expanded leaves of plants at the 4-5 true leaf stage. Radioactivity was quantified for translocation and 2,4-D 
metabolites were measured in the treated leaf and other tissues at 3, 6, 12, 24, 48, 96 and 192h after treatment. No differences between 
susceptible and resistant individuals were identified for absorption, translocation, or metabolism. An RNA-Seq transcriptome analysis was 
performed on homozygous resistant and susceptible individuals from a F3 and F4 family to identify candidate genes for 2,4-D resistance. 
 
P0268: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptome Comparisons Identify Candidate Verticillium Wilt Resistance Genes in Mint (Mentha spp.) 
Kelly Vining and Iovanna Pandelova, Oregon State University, Corvallis, OR 
Mentha species are cultivated for their essential oils, which provide important chemical components in a variety of consumer products. The most 
prevalent peppermint cultivar, Black Mitcham, is highly susceptible to Verticilium wilt, a disease caused by the oomycete fungus Verticillium 
dahliae Kleb. Development of Verticillium-resistant cultivars is complicated by polyploidy and sterility of commercial cultivars. Traditional 
breeding of mint can be achieved with diploid, fertile ancestral mint species. However, to achieve this goal, it is imperative to uncover the 
underlying genetic determinants of resistance and susceptibility. This project aims to develop genome resources and identify genes involved in 
the mint-Verticillium interaction as well as ones that are expressed differently in resistant mints relative to susceptible ones. In this study, we 
analyzed gene expression of two susceptible and two resistant cultivars: wilt-susceptible Black Mitcham peppermint and wilt-resistant Native 
spearmint, and two wild, diploid Mentha longifolia accessions from South Africa: wilt-resistant CMEN 585 and wilt-susceptible CMEN 584. 
Differential gene expression was examined between Verticillium-inoculated and mock-inoculated plants 10 and 20 days post inoculation (dpi) in 
roots and stems. In both resistant and susceptible mints, greater numbers of genes were differentially regulated in stems than in roots. Greater 
numbers of genes were differentially regulated in inoculated roots relative to controls at 20 dpi (225-705) than at 10 dpi (72-145). Few of the 
differentially-regulated genes were in common between resistant and susceptible mints. This work has identified a set of candidate genes for wilt 
resistance in mint. 
 
P0269: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Gene Expression Across Tribolium castaneum Life Stages: A Search for Pest Management Genes 
Lindsey Perkin and Brenda Oppert, USDA ARS Center for Grain & Animal Health Research, Manhattan, KS 
The red flour beetle, Tribolium castaneum, is an agricultural pest damaging post-harvest products, such as grains and cereals. Infestations are 
commonly treated with phosphine fumigation, and consequently many populations have developed resistance. Therefore, new pest control 
strategies are needed for stored product beetles like T. castaneum. On the forefront are molecular-based strategies, such as RNA interference 
(RNAi) and CRISPR. Both technologies require well-designed templates, specific to target genes. It is important that target genes are specific to 
a small range of pest insects. We seek to identify genes critical to survival, or contributing to the development of phosphine resistance. To this 
end, we used RNA-sequencing and analysis (RNA-seq) to identify differentially expressed genes in the four major developmental stages (adult, 
egg, larvae, pupae), and filtered by level of expression. We used WGCNA network analysis to find genes with expression values significantly 
correlated with life stage, to isolate interesting functional groups or gene families that have potential or important implications in pest control 
strategies. We found nine genes with moderate expression shared among all life stages, 138 shared between adult and larval stages (feeding 
stages), and 273, 167, 139, and 14 unique to each stage, adult, egg, larvae, pupae respectively. We then filtered the highest expressed genes and 
found 12 genes common to all life stages, namely genes involved in metabolism and transcription. Network analysis isolated three significant 
modules of genes. A compilation of these data provided a list of potential candidate genes to screen for pest management of T. castaneum.  
 
P0270: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genome Annotation and Differential Expression Analysis of Green Algae Chlorella spp.  
Lena Altrogge1, Christian Pfaff2, Janka Widzgowski2, Alexander Vogel3, Bjoern Usadel4, Ulrich Schurr5 and Heiko Schoof1, 
(1)INRES Crop Bioinformatics, University of Bonn, Bonn, Germany, (2)Forschungszentrum Jülich, IBG Plant Sci 2, Jülich, 
Germany, (3)Institute for Biology I, RWTH Aachen University, Aachen, Germany, (4)Forschungzentrum Juelich & RWTH 
Aachen, Aachen, Germany, (5)Forschungszentrum Jülich GmbH, Jülich, Germany 
The unicellular photosynthetic green algae (Trebouxiophyceae) Chlorella finds application in several fields including renewable energy and as 
source of animal feed. High growth rates and the ability to cope with high light conditions are traits that are considered of great interest. An 



annotated genome can help to detect genes that are linked to favourable traits. We annotated the genomes of the green algae Chlorella spp. C. 
vulgaris 264, C. vulgaris C-1, C. vulgaris 211-11b and C. sorokiniana 211-8k using the genome annotation pipelines BRAKER1 and MAKER2 
and evaluated the performance with BUSCO and BLAST. RNA-Seq reads of algae cultivated under low light (LL) and high light (HL) 
conditions were mapped to the genome and analysed for differential expression. The number of significant differentially expressed genes varied 
between 1226 and 3457. We assigned Human Readable Descriptions (HRD) and Gene Ontology (GO) terms to the predicted protein-encoding 
genes and differentially expressed genes using AHRD. About 99% of the predicted genes, and 92% of the differentially expressed genes were 
assigned putative functions. 
 
P0271: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Differential Gene Expression in Anthonomus grandis Midgut: Studying Digestion Physiology 
Maria Fatima Grossi de Sa1, Clídia Eduarda Pinto2, Fabricio B.M. Arraes3, Jose Dijair Antonino-Souza Jr4, Leonardo Lima 
Pepino Macedo5, Hudson Moura2, Roberto C. Togawa6, Priscila Grynberg2 and Roberta R Coelho7, (1)Embrapa Genetic Resources 
and Biotechnology, Brasília, Brazil, (2)Embrapa Genetic Resources and Biotechnology, Brasilia, Brazil, (3)UFRGS, Porto Alegre, 
Brazil, (4)Universidade Brasilia, Brasilia, Brazil, (5)Universidade Católica, Brasilia, Brazil, (6)EMBRAPA Genetic Resources and 
Biotechnology, Brasília, Brazil, (7)Universidade de Brasília, Brasilia, Brazil 
Cotton crop is one of the largest segments of the Brazilian agribusiness and is severely attacked by the cotton boll weevil (CBW), Anthonomus 
grandis. Among potential targets for insect pests control, the midgut is strategically important due to its involvement in functions such as 
digestion, mechanical protection, and immune defense. Functional genomics data were obtained from RNA-Seq experiments using different 
insect midgut tissue samples at third instar larvae. After cDNA libraries construction and Illumina sequencing, a reference transcriptome with 
62,284 contigs was obtained by the assembly of 3,7 x 109 nucleotides, showing the best top-hit species distribution with Dendroctonus 
ponderosae (30.6%) and Tribolium castaneum (14.5%). In silico differential expression analysis comparison of the anterior and posterior midgut 
transcripts profile resulted in more than 1,000 differentially expressed genes. Several contigs corresponding to genes related to plant cell wall 
degrading enzymes (PCWDE) were found, and the expression profile of 14 identified candidate genes was validated by RT-qPCR. The 
understanding of the digestion physiology of the CBW could contribute to identifying key RNAi pathways elements to control this insect pest. 
 
P0272: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Genomic and Expression Analysis of Spermatid Nuclear Transition Proteins in 12 Sequenced Drosophila species 
Zain A. Alvi1, Tin-Chun Chu1, Valerie Schawaroch2 and Angela V. Klaus1, (1)Seton Hall University, South Orange, NJ, (2)Baruch 
College, New York, NY 
The current study was aimed at analyzing conserved domains found in spermatid nuclear transition proteins (SNTPs) in the original 12 
sequenced species of Drosophila. SNTPs facilitate the process of transforming chromatin from a histone-based nucleosome structure to a 
protamine-based structure during spermatogenesis. The sperm nuclei specific transition-like protein (Tpl94D) in D. melanogaster was used as a 
reference sequence in this work. NCBI open reading frame (ORF) finder (PSI-BLAST) was used to obtain sequences from the NCBI Ref-Seq 
database. A rigorous bioinformatics analysis of the amino acid content indicated that Tpl94D orthologs are only present within melanogaster 
subgenus (D. simulans, D. sechellia, D. erecta, and D. yakuba), D. ananassae, and D. pseudoobscura, but absent in D. persmilis, D. willistoni, 
and Drosophila subgenus (D. mojavensis, D. virilis, and D. grimshawi). Differential gene expression (DGE) analysis was conducted on testes 
and ovaries next generation transcriptome data (RNA-Seq) found in D. melanogaster, D. simulans, D. yakuba, D. ananassae, and D. 
pseudoobscura. DGE showed high expression of the Tpl94D orthologs in the testes. NIH Isoform Two-Step Analysis (IUTA) was used to identify 
D. melanogaster Tpl94D isoform A had a higher expression than D. melanogaster Tpl94D isoform B in D. melanogaster’s testes. Functional 
analyses of the orthologs revealed a conserved high mobility group (HMG) box/DNA-binding domain present in both the Tpl94D orthologs and 
Drosophila protamine-like protein orthologs (MST35Ba/MST35Bb). Our work suggests that Drosophila Tpl94D orthologs should be classified as 
their own SNTPs group. 
 
P0273: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Simultaneous Differential Expression Analysis in Host and Parasite Using RNA-Seq: The Interaction Between Sea-Lice and 
Coho Salmon 
Tiago Hori1, Laura M. Braden2, Jordan Poley3, Philip Byrne4 and Mark Fast3, (1)The Center for Aquaculture Technologies, Souris, 
PE, Canada, (2)University of Victoria, Victoria, BC, Canada, (3)University of Prince Edward Island, Charlottetown, PE, Canada, 
(4)DFO, Charlottetown, PE, Canada 
Sea-lice is a major problem in salmonid aquaculture in the Atlantic Ocean and leads to substantial losses in profit. The louse (Lepeophtheirus 
salmonis) challenge is aggravated by the emergence of the strains resistant to therapeutics such as emamectin benzoate. Coho salmon 
(Oncorhynchus kisutch), unlike Atlantic salmon (Salmo salar) presents a natural resistance to sea-lice and has the ability to reject the parasite. 
Therefore, understanding the interaction between a resistant host (coho salmon) and the sea-louse may provide insight on targets for selection in 
Atlantic salmon and targets for novel therapeutics. Herein, we present the use of deep sequencing to evaluate changes in mRNA expression on 
both the parasite and host simultaneously. We leveraged the available draft of the lice genome to extract reads mapping to it exclusively and 
separated content originating from lice or salmonid RNA. Our results indicate that coho salmon can mount an early and aggressive inflammatory 
response coupled with the up-regulation of genes relevant to the complement cascade, infiltration of cellular effectors, tissue remodelling, acute-
phase responses, and wound healing. This response is likely to contribute to the process of rejecting the parasite. On the other hand, the lice 
express transcripts relevant to a stress response while attempting to maintain its molting development. The interface between these and other 
biological processes from host and parasite most likely determine the outcome of the infection and will give valuable insight on mechanisms of 
resistance and virulence simultaneously. 
 
P0274: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative DNA Methylome of the Chicken and Pig: An Evolutionary Bridge Between Avian and Mammalian 



Nares Trakooljul1, Huaijun Zhou2, Pablo J. Ross3, Ian Korf4, Mary E. Delany5, Hans Cheng6, Christopher K. Tuggle7, Catherine 
W. Ernst8, Siriluck Ponsuksili1 and Klaus Wimmers1, (1)Leibniz-Institute for Farm Animal Biology (FBN), Dummerstorf, 
Germany, (2)University of California, Davis, Davis, CA, (3)Animal Science, University of California Davis, Davis, CA, (4)The 
Genome Center, University of California, Davis, Davis, CA, (5)Animal Science, University of California, Davis, CA, (6)USDA, 
ARS, ADOL, East Lansing, MI, (7)Iowa State University, Department of Animal Science, Ames, IA, (8)Department of Animal 
Science, Michigan State University, East Lansing, MI 
DNA methylation is a well-studied epigenetic mechanism that plays a crucial role in cellular processes including gene regulation and genome 
organization/stability. As part of the FAANG initiative, this pilot study aims at cataloging DNA-methylation at a single-base resolution of 8 
reference tissues (liver, spleen, lung, muscle, adipose, hypothalamus, cerebral cortex and cerebellum) of the pig and chicken (two adults) from 
the FAANG-ASA collections. Reduced Representation Bisulfite Sequencing (RRBS) with double-enzyme (MspI&TaqI) digestion and increased 
selected-fragment size were used to enhance the genome-wide CpG coverage. About 50M high-quality reads per library was obtained from the 
first effort across 30 RRBS-libraries from a single-end sequencing of 114cycles on a HiSeq2500. Average mapping efficiency was 64.34±0.87 
and 62.44±0.62% using BS-Seeker2 for chickens and pigs, respectively. Overall methylated cytosines in the CG/CHG/CHH context were 
24.01±1.47/1.21±0.28/1.04±0.35 for the chicken and 43.42±1.51/1.14±0.16/1.01±0.23 for the pig (bisulfite-conversion rate>99.0%). The data 
will be deposited in public data repositories and the study will further be extended to enhance genome coverage. Further analysis includes a 
comparison of the DNA methylome between tissues to obtain deeper insights into how the DNA methylation regulates the functioning genomes. 
Moreover, chickens and pigs are important livestock and model organisms that bridge the evolutionary gaps between avian and mammals; hence 
a comparative study of DNA-methylomes should reveal an evolutionary footprint of the functional DNA-methylation. Furthermore, the FAANG-
reference samples are valuable resources with wealthy epigenetic information that will enable the multi-level data integration and advance our 
understanding of the functional genomes and regulating epigenomes in livestock. 
 
P0275: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Comparative Analysis of Cardiac microRNAs: Insights into the Molecular Evolution of the Vertebrate Heart 
Danillo Pinhal1, Pedro G. Nachtigall1, Luiz A. Bovolenta1, Arthur C. Oliveira1 and Igor Jurisica2, (1)São Paulo State University - 
UNESP, Botucatu, Brazil, (2)University of Toronto, Toronto, ON, Canada 
MicroRNAs (miRNAs) are known to play important roles in cardiac development. Heart is the first organ to form in the embryo and all 
subsequent events in the life of an organism depend on its function. Notably, heart has acquired distinct morphological complexity during 
vertebrate evolution. Here we characterized and compared the global expression of heart miRNAs in representative species of vertebrate groups 
aiming to bring insights on the molecular basis of heart evolution. Using next-generation sequencing we profiled miRNOmes of fish 
Oreochromis niloticus, lizard Tropidurus torquatus and frog Xenopus laevis. Further raw miRNA expression data from zebrafish, salmon, X. 
tropicalis, chicken, zebra finch, platypus, opossum, mouse, rhesus and human was also compiled and analyzed using bioinformatics. We 
discovered 32 miRNAs, including previously described cardiac miRNAs (miR-1, -21, -125, -133, -143, -145, -199, -499) with conserved 
expression to all 13 species analyzed, indicating highly constrained regulatory pathways within vertebrates. Preliminary Gene Ontology 
enrichment analysis in the human genome revealed that such evolutionary conserved miRNAs have functions in heart development and 
contraction rate, key traits for the variable morphological complexity observed from fish to mammals. Also, miR-129 and miR-216, without 
previous association to heart development, were expressed and found to contain many conserved target sites in the 3’UTR of tbx, bmp4, and 
nkx2.5 genes, related to cardiac cell fate and patterning during heart morphogenesis. Ongoing functional experiments can provide further 
evidence of bona-fide interactions between these selected miRNAs and putative targets, helping to elucidate the molecular basis of vertebrate 
heart development. 
 
P0276: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Improving Selection for Feed Efficiency and Methane Emissions in Cattle Using Integrative ‘-Omics’ Technologies and 
Systems Biology Approach 
Stephanie Lam1, Filippo Miglior1,2, Leluo Guan3, Sinead Waters4, Stephen P. Miller5, Victoria Asselstine1, Luiz F. Brito1, Dave 
Seymour1, Paul Stothard3, Graham S Plastow3 and Angela Cánovas1, (1)Centre for the Genetic Improvement of Livestock, 
Department of Animal Biosciences, University of Guelph, Guelph, ON, Canada, (2)Canadian Dairy Network, Guelph, ON, Canada, 
(3)Livestock Gentec, Department of Agricultural, Food & Nutritional Sciences, University of Alberta, Edmonton, AB, Canada, 
(4)Animal and Grassland Research and Innovation Centre, Carlow, Ireland, (5)Angus Genetics Inc., Saint Joseph, MO 
Improving selection efficiency for economically and environmentally important traits, including feed efficiency (FE) and methane emissions 
(ME) can improve beef and dairy production. This study aims to evaluate host metabolic efficiency using high-throughput ‘–OMICS’ technology 
(i.e. metagenomics, metatranscriptomics, transcriptomics, metabolomics) to characterize the microbiome, and its association with key regulator 
genes and biomarkers, metabolic pathways, and casual mutations related to FE traits, such as residual feed intake (RFI; kg/d), and ME (g/d). 
Rumen fluid, target-tissue (i.e. liver, muscle, fat), and blood samples will be collected from the 40 most divergent animals with HIGH- and 
LOW-RFI in dairy and beef cattle populations. Metagenomics will be performed using 16S and 18S rRNA gene amplification to identify and 
quantify microbial functional capacity. For in depth microbiome evaluation, metatranscriptomics will be used to identify and quantify the 
microbial phylotypes. Transcriptomics on rumen fluid and target-tissues will be performed using RNA-Sequencing to study whole transcriptome 
gene expression and structural variation identification (i.e. SNP, deletions, splice variants). Additionally, metabolomics (gas-chromatography, 
mass-spectrometry and NMR analysis) will be used to identify circulating plasma metabolites and biomarkers associated with FE and ME. 
Structural and functional genomic data will be integrated into a systems biology approach to identify specific microbiome profiles, key regulator 
genes, metabolic pathways, and casual mutations associated with FE and ME. The final goal is to incorporate the functional variants into 
genomic predictions to develop more robust approaches for genetic selection in industry breeding plans to improve FE and reduce ME in dairy 
and beef cattle. 
 
P0277: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 



Proteomic Analysis of Milk Whey from Buffaloes Diagnosed with Subclinical Mastitis 
Fernanda Tanamati, São Paulo State University - UNESP, Jaboticabal, Brazil, Jeremy F. Taylor, Division of Animal Sciences, 
University of Missouri, Columbia, MO, Susanta K. Behura, University of Missouri-Columbia, Columbia, MO, Nedenia Bonvino 
Stafuzza, UNESP Sao Paulo State University, Sao , Brazil, Lúcio Flávio Macedo Mota, UNESP, Jaboticabal, Brazil, Tiago 
Balbuena, Sao Paulo State University “Julio de Mesquita Filho”, Jaboticabal, Brazil, Daniel J. A. Santos, Unesp, Brazil, Jaboticabal, 
Brazil and Humberto Tonhati, Unesp, Brazil, São Paulo,, Brazil 
To understand the mechanisms and effects of mastitis on the mammary gland, proteomic approaches have been applied to examine the 
composition of milk from affected animals. The aim of this study was to investigate the changes in the whey protein (or milk serum protein) 
profile from buffaloes with subclinical mastitis relative to unaffected animals. A total of 16 milk samples were collected from Murrah buffaloes, 
which comprised eight animals with and eight animals without subclinical mastitis. To determine which animals were or were not with 
subclinical mastitis we used an indirect method (California Mastitis Test: (+) weakly positive, (++) positive, (+++) strongly positive, and (-) 
negative) and a direct method (Somatic Cell Count: ≤ 101 × 103 cells/mL (without mastitis) and ≥ 2310 × 103 cells/mL (mastitis). Two technical 
replicates of milk whey samples were analyzed for each animal using an LTQ Orbitrap ELITE mass spectrometer coupled to a nano-flow 
chromatography system (LC-MS/MS). Data obtained were processed using the Computational Proteomics Analysis System (CPAS). The 
annotated protein database for Bubalus bubalis available on NCBI was used in the analysis. Spectral counts were used to quantify the relative 
abundance of individual proteins. Our preliminary results suggest that 1044 proteins were identified in the 32 analyzed samples, of which, 493 
were found only in the samples from cows with mastitis. The identification of differentially expressed proteins will help in the development of 
biomarkers for the early detection of this economically important disease in dairy buffaloes.  
Acknowledgments: São Paulo Research Foundation (FAPESP) #2016/10526-8, #2014/19321-4 and #2014/25309-7. 
 
P0278: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Modulation of Bovine Galectinome By Microbes 
Sarah Adjei-Fremah and Mulumebet Worku, North Carolina Agricultural and Technical State University, Greensboro, NC 
Galectins (Gal) are conserved animal lectins with pleiotropic functions in intracellular signaling of cellular and biological processes. Galectins 
can also serve as both pattern recognition receptor (PRR) and pathogen-associated molecular pattern (PAMP). The expression of galectin has 
been associated with inflammation and immunity. The objective of this study was to evaluate the effect of lipopolysaccharides (LPS, PAMP) and 
probiotics supplements on galectin expression in bovine blood. Following 60 days administration of oral probiotics to Holstein-cows, blood was 
collected and pretreated with 100 ng/ml LPS. Microarray experiment was performed in probiotics-treated blood and LPS samples. Probiotic 
supplementation increased the expression of LGALS8 (FC= 22.8), LGALS4 (24.3), but decreased LGALS3 (FC= -5.13) gene expression. Global 
gene expression analysis following LPS treatment identified the expression of 4 galectins; LGALS3 (Fold change, FC= 10.5), LGALS4 (FC= -
3.01), LGALS1 (FC= -4.38), and LGALS2 (FC=- 2.52). Real-time PCR was used to validate the expression of LGALS1, LGALS3, and 
LGALS4. The downregulation of LGALS3 by probiotics suggests its potential to regulate systemic immune and inflammation responses. Our 
study results show that probiotic supplements to dairy cows may be useful as immunomodulators for the treatment of LPS associated 
inflammation and morbidities. 
 
P0279: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Small Non Coding RNA from Frozen Bull Sperm Cells: Biomarkers of Male Fertility? 
Eli Sellem1, Sylvain Marthey2, Hélène Kiefer3, Christelle Le Danvic1, Aurelie Bonnet1, Jean Philippe Perrier3, Luc Jouneau3, 
Andrea Rau2, Helene Jammes3 and Laurent Schibler1, (1)Allice R&D Department, Paris, France, (2)UMR GABI, INRA, Université 
Paris Saclay, Jouy en Josas, France, (3)UMR BDR, INRA, ENVA, Université Paris Saclay, Jouy en Josas, France 
The sperm cell has been generally considered as a cab driver, carrying and protecting his genetic heritage, but a new vision of its functions has 
emerged recently. Indeed, sperm cells also carry small noncoding RNAs (sncRNAs) into oocytes during fertilization. Although their roles remain 
largely unclear, involvement of sperm-borne miRNAs in mouse epigenetic inheritance has been evidenced and paternal miRNAs and/or endo-
siRNAs have been shown to be dispensable for fertilization but crucial for the transcriptomic homeostasis and the developmental of zygotes and 
2 cells-embryos.  
This study aimed at unraveling the sncRNA content from bull frozen sperm cells and identifying miRNA or piRNAs associated with fertility. 
Total RNA has been produced from 40 ejaculates originating from Holstein and Montbeliard bulls with contrasting fertility. To achieve this task, 
a novel protocol has been developed to ensure good quality and reproducibility. Quality control was ensured by total RNA quantification using 
the RNA HS Qubit Assay kit, as well as miR125 quantitation by RTqPCR (miRCURY LNA Universal RT microRNA PCR kit; Exiqon). Starting 
from 77 million of frozen sperm cells on average, RNA yield was 51 ± 15ng, leading to miR125 Cycle Threshold values in a 19 - 20 range. Only 
small RNA (<200 nucleotides) were retained to construct NGS libraries, which were sequenced at modest depth (40 million 50 bp single reads, 
Illumina HiSeq; Exiqon). BWA mapping and annotation was performed, identifying about two thirds of the sequenced reads. Among identified 
sequences, 16% are annotated as miRNA, 13% as rRNA, 7.5% as tRNA, 7.2% as long non coding RNA, 6.5% as mitochondrial RNA and 17% 
as mRNA. By the use of miRDeep2 software, 3196 miRNA expressed within all samples have been identified, including 583 known and 2613 
putative miRNAs. Interestingly, the remaining unknown sequences are consistent in terms of size with piRNA, which are known to be expressed 
spermatocytes, spermatids and sperm cells. Expression normalization and statistical analysis were carried out using the DESeq2 package, 
highlighting 47 differentially expressed miRNA between fertility groups. 
 
P0280: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Innate Immune Transcriptomic Evaluation of PBMC Isolated from Sheep after Infection with E. ruminantium 
Welgevonden Strain 
Tshifhiwa Nefefe1, Junita Liebenberg2, Mirinda Van Kleef2, Helena Steyn2 and Alri Pretorius2, (1)Agricultural Research Council, 
Pretoria, South Africa, (2)Agricultural Research Council, pretoria, South Africa 



Heartwater is a tick-borne non-infectious fatal disease of wild and domestic ruminants caused by the bacterium Ehrlichia ruminantium, 
transmitted by Amblyomma ticks. Although there is evidence that a cell mediated immune response plays a role in protection against heartwater 
infection, an effective vaccine for this disease is lacking. Therefore, a systems biology oriented approach focusing on the innate immune 
response activated upon heartwater infection was investigated to aid vaccine development. In this study heartwater naïve sheep were infected and 
challenged by allowing heartwater infected ticks to feed on them. Transcriptome sequencing was performed on peripheral blood mononuclear 
cells (PBMC) collected before infection, after infection and challenge, and during the febrile stage of the disease. Blood was also collected daily 
for E. ruminantium pCS20 detection (pCS20 qPCR). The pCS20 assay could only detect the pathogen in the blood one day before and during the 
febrile stage of infection and confirmed that the sheep were infected. Transcripts that are associated with innate activating pathways were 
identified to be up-regulated after initial infection and the subsequent challenge. These included toll-like receptor (TLR), nod-like receptor 
(NLR), chemokine, cytosolic and cytokine-cytokine interaction receptor pathways. In particular, both TRL4 and TLR9 were activated together 
with DNA detection pathways, suggesting that vaccine formulations may be improved if CpG motifs and lipopolysaccharides (LPS) are 
included. This suggests that innate immune activation, perhaps using adjuvants, could be an important component for consideration during future 
subunit vaccine development. 
 
P0281: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Immunosuppression of Myostatin with Hepatitis B Surface Antigen S Gene As DNA Vaccine Carrier for Myosatin C-
Terminal Domain cDNA Increases Muscle Mass in Female Mice and Sheep 
Jun Xia1, Wei Du2, Yang Zhang2, Hongbo Li2, Na Li2, Jinshan Zhang2 and Jinzeng Yang1, (1)University of Hawaii at Manoa, 
Honolulu, HI, (2)Xinjiang Academy of Animal Science, Wulumuqi, China 
Myostatin, a member of the TGF-β superfamily, negatively regulates skeletal muscle growth in most livestock animals. Depression or knockout 
of myostatin activity leads to significant muscle mass gain. In an attempt to down-regulate myostatin activity in the early stage of skeletal muscle 
development, we constructed a DNA vaccine plasmid by using hepatitis B surface antigen (HBsAg) S gene as a carrier for expressing myostatin 
C-terminal mature domain (amino acid 267–375) cDNA, namely the pV-SM vector. Intramuscular administration of pV-SM vectors in female 
mice and sheep were conducted in the early stage of skeletal muscle growth. The recombinant myostatin was detected by ELISA in the serum of 
mice and sheep since there were significant increases in myostain concentration in the treatment group compared with the control group. 
Improvements of growth performances were observed in both animal species with 5% heavies in body weight in the treated mice trans controls 
two months after administration. Muscle mass were significantly higher by 30% in the treated mice than the controls while the sheep carcass 
increased by 13%. The data from muscle histology suggests myofiber hypertrophy occurred in the vaccinated animals since myofiber cross-
sectional area were much larger in both species in comparison with their control groups. Gene expression analysis on muscle tissue by qPCR 
indicates myogenine, MyoD and Myf5 levels are significantly higher (P<0.01) in treated mice than control mice, and there are decreased levels 
of myostatin mRNA in the vaccinated sheep. These results demonstrated effective DNA vaccine immune-suppression of myostatin activity by 
using HBsAg S gene as a carrier for expressing recombinant mature myostatin in mice and sheep, which improve animal growth and muscle 
mass. 
 
P0282: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Transcriptomic Analysis Reveals Potential of HP-PRRSV to Modulate Immune System Activation Related to Host Pathogen 
and Damage Associated Signaling in Infected Porcine Monocytes 
Damarius S. Fleming, ORAU and USDA National Animal Disease Center, Ames, IA and Laura C. Miller, NADC-ARS-USDA, 
Ames, IA 
Background: The production of swine has long been an agricultural and economic staple of the farming and food industry of many countries. 
One of the largest risks to the continued stability of the swine industry is by pathogens like porcine reproductive and respiratory syndrome virus 
(PRRSV) that can decimate production as it spreads among individuals. These infections can be low or highly pathogenic, and because it infects 
monocytic cells, PRRSV can undermine the innate immune response. This is especially true of the interferon stimulated inflammatory response. 
To shed light on the effect of PRRSV pathogenicity on activation status of the immune response, we polarized infected and control monocyte-
derived dendritic cells (mDCs), applied transcriptomic analysis, and predicted protein-protein interactions as networks to elucidate the 
interconnected biological processes related to low and highly pathogenic PRRSV infection.  
Results: Differentially expressed genes (DEGs) from each polarized/unpolarized and PRRSV infected/ uninfected comparison was used to 
predict networks and subsequent molecular functions affected by the viruses and mediators. The analysis uncovered previously uncharacterized 
evidence of the ability of PRRSV to effect M1 activation by altering expression of genes related to viral defense, the extra-cellular matrix 
(ECM), toll-like receptor (TLR) signaling, and damage induced inflammatory signaling.  
Conclusion: Genes showing variability in expression, as well as the most common predicted biological network from the comparisons, were 
related to cellular structure and inflammatory immune responses. These results supply additional insight into the interplay of PRRSV 
pathogenicity and immune system evasion by affecting multiple routes of host inflammatory signaling, as well as mDC polarization. 
 
P0283: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Proteinomics Analysis Indicated That Mitochondrial Energy Metabolism in Skeletal Muscle Tissue Was Negatively 
Correlated with Feed Efficiency in Pigs 
Xinyun Li, Key Laboratory of Agricultural Animal Genetics, Breeding, and Reproduction of the Ministry of Education & Key 
Laboratory of Swine Genetics and Breeding of Ministry of Agriculture, Huazhong Agricultural University, Wuhan, China 
Feed efficiency (FE) trait is a highly important economic trait in pig production. Investigating the molecular mechanism of FE is essential for 
trait improvement. In this study, the proteinomics of skeletal muscle tissues of three pigs with extremely high FE and three pigs with extremely 
low FE were investigated using iTRAQ approaches. A total of 1780 proteins were identified, in which 124 differentially expressed proteins were 
found between high- and low-FE pigs. Among these proteins, 74 were up-regulated and 50 were down-regulated in the high-FE pigs. Functional 
analysis indicated that mitochondrial energy metabolism was highly important for FE pigs. All 25 differentially expressed proteins located in the 



mitochondria were down-regulated in the high-FE pigs; these proteins included 11 oxidativephosphorylation enzymes and 2 key enzymes of the 
tricarboxylic acid (TCA) pathway. Furthermore, the enzymes involved in the conversion of glucose to pyruvate were up-regulated in the high-FE 
pigs. The glucose–pyruvate–TCA–oxidativephosphorylation energy metabolism signaling pathway was finally identified to differ between high- 
and low-FE pigs. Therefore, we concluded thatmitochondrial energy metabolism in the muscle tissue was negatively correlated with FE in pigs, 
and glucose utilization was more efficient in the muscle tissue of high- FE pigs. 
 
P0284: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Faster Accumulation of Nonsynonymous Mutations in Domestic Pigs from Europe than from Asia 
Xinyun Li, Key Laboratory of Agricultural Animal Genetics, Breeding, and Reproduction of the Ministry of Education & Key 
Laboratory of Swine Genetics and Breeding of Ministry of Agriculture, Huazhong Agricultural University, Wuhan, China 
Although the period since thedomestication of pigs is relatively short (~ 9,000 years) on the evolutionary time-scale, it has drastically influenced 
pig genomes. Previous studies have suggested that domestication has led to a faster accumulation of slightly deleterious (nonsynonymous) 
mitochondrial mutations in domestic pigs. However, uncertainty remains as to whether European and Asian domestic pigs accumulate mutations 
at different paces, since they were domesticated independently.Here we analyzed the nonsynonymous/synonymous rate ratios (ω) of 
mitochondrial and nuclear genomes of Eurasian wild and domestic pigs by model selection and likelihood-ratio test. The best model revealed 
significant evidence of slower accumulation of functional mutations in Asian domestic pigs than in European domestic pigs, but both of these 
exhibit a faster accumulation of functional mutations than Eurasian wild boars. Surprisingly, no difference was detected between ω ratios ofwild 
boars from Europe and Asia, despite strikingly different effective population sizes (Ne) suggested by previous studies. Additionally, Asian 
domestic pigs showed higher radical to conservative substitutions ratio than European domestic pigs. Thegenome-wide differences between 
European and Asian domestic pigsmight aid our understanding of the joint effects of different selection pressures and objectives, as well as 
genetic drift on genome evolution. 
 
P0285: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Gene Expression Differences of Adipose and Gluteal Muscle Tissues in Four Breeds of Horses with a Range of Insulin 
Sensitivities 
Jane M Manfredi1, Ray Geor2, Patty Sue D Weber1, L. Jill McCutcheon2, Ann Kemper3, RJ Schaefer4 and Molly E McCue5, 
(1)Michigan State University, East Lansing, MI, (2)Massey University, Palmerston North, New Zealand, (3)University of Illinois, 
Urbana, IL, (4)University of Minnesota, Minneapolis, MN, (5)University of Minnesota, St. Paul, MN 
Equine metabolic syndrome (EMS) and associated insulin dysregulation (ID) has been identified as the most common cause of laminitis. Certain 
breeds seem susceptible to EMS, and we have identified breed differences in metabolic phenotypes. Muscle and adipose tissue have large roles in 
glucose and insulin regulation. Here we compare gene expression within the tailhead adipose tissue (TAT) and gluteal muscle in different breeds. 
Frequently sampled intravenous glucose tolerance tests (FSIGTT), TAT, and muscle biopsies were performed in 28 geldings from four breeds. 
Gene expression in gluteal muscle and TAT was measured using RNASeq. Differential gene expression was determined using HTSeq and 
Limma Voom. Functional analysis of genes was performed using Ingenuity Pathway Analysis (IPA). Each breed had a range of insulin 
sensitivities based on minimal model analysis of the FSIGTT and uniquely differentially expressed genes in each tissue (7-1347 in adipose, 94-
691 in muscle). In TAT, top networks in Arabians and Welsh Ponies (WP) were Carbohydrate Metabolism and Developmental Disorders/Lipid 
Metabolism respectively. WP had upstream analysis activation of cytochrome p450 reductase. There was upstream activation of hypoxia-
inducible factor 1-alpha and transforming growth factor beta 1 in Morgans and Arabians, with deactivation in Arabians and activation in 
Morgans of forkhead box protein 01, C-X-C Motif Chemokine Ligand 12, and growth hormone. In muscle, the top QH network was Lipid 
Metabolism, with upstream analysis showing deactivation of fenofibrate, pirinixic acid, and rosiglitazone. The top WP network was Energy 
Production/Lipid Metabolism. Breed specific patterns of differentially expressed genes may contribute to ID.  
 
P0286: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Differentially Expressed Genes Related with Hyperactivity and Associated Behavioral Disorders 
Tassia Mangetti Goncalves, Petra Majdak, Hyeonsoo Jeong, Justin S. Rhodes and Sandra L. Rodriguez Zas, University of Illinois 
at Urbana-Champaign, Urbana, IL 
Extremely high levels of physical activity (hyperactivity) share physiological characteristics with behavioral disorders such as Bipolar Disorder 
and Attention Deficit Hyperactivity Disorder. The striatum coordinates multiple aspects of behavior and striatum gene expression patterns have 
been associated with neuropsychiatric disorders. A mouse line selected for increased home cage activity (High-Active line) is an effective model 
to understand genetic factors involved in neurobiological processes influencing behavioral disorders. The objective of this study was to 
understand the differences in the striatum transcriptome between a High-Active and a Control mouse line. The bioinformatics analysis of RNA-
Seq measurements included FastQC to evaluate the quality of reads, and Tuxedo pipeline for alignment and differential expression analysis. 
Approximately 680 genes were differentially expressed (FDR-adjusted P-value < 0.05) between the lines. Among these genes, Early Growth 
Response 2 (EGR2), Solute Carrier Family 6 Member 19 (SLC6A19), and Calcium Channel, Voltage-Dependent, Alpha 2/Delta Subunit 2 
(CACNA2D2) were over-expressed in High-Active line relative to Control mice. EGR2 is associated with Bipolar Disorder, behavior, learning, 
and memory, while SLC6A19 pertains to the same family as SLC6A3, which is related with susceptibility of Attention Deficit Hyperactivity 
Disorder. Also, genes in the calcium channel family such as CACNA2D2 have been associated with neuropsychiatric disorders. Hypergeometric 
analyses of the differentially expressed genes using DAVID identified enriched (FDR-adjusted P-value < 0.05) Gene Ontology terms related with 
neuron differentiation and neuron development. These results offer insights into the genes and pathways associated with hyperactivity that could 
also be dysregulated in associated behavioral disorders. 
 
P0287: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
NLR with Janus Faced Integrated Sensory Domains 



Shyam Solanki1, Roshan Sharma Poudel1, Gazala Ameen1, Jonathan Richards1, Mehraj Abbasov2 and Robert S. Brueggeman1, 
(1)Department of Plant Pathology, North Dakota State University, Fargo, ND, (2)Genetic Resources Institute of Azerbaijan 
National Academy of Sciences(ANAS), Baku, Azerbaijan 
The barley NBS-LRR (NLR) genes, Rpg5 and HvRga1, are required together for resistance to Puccinia graminis f. sp. Tritici(Pgt) the wheat 
stem rust pathogen. The “integrated decoy hypothesis” outlines the role of dual NLR genes and why one typically contains a fused mimic of a 
protein that was originally a host protein targeted by a pathogen virulence effector to facilitate disease. Yet, once fused to a NLR immunity 
receptor acts as an integrated sensory domains (ISD) to trap the pathogen and initiate defense. Alleles of Rpg5 contain two diverse C-terminal 
ISDs, the Rpg5 resistance allele has a serine threonine protein kinase (PK) ISD whereas the major class of rpg5 susceptible alleles contain a 
protein phosphatase 2C (PP2C) ISD. Genetic and functional analysis shows that in the heterozygous state the Rpg5-PK and Rpg5-PP2C alleles 
functions antagonistically resulting in recessive segregation. Thus, the rpg5-PP2C allele acts as a dominant susceptibility factor suppressing 
Rpg5-PK mediated Pgt resistance. Interestingly, the Rpg5-PK ISD progenitor, HvAPK1b, is the Arabidopsis AtAPK1b orthologue, which is 
involved in stomatal aperture opening in response to light. We hypothesize that the pathogen effector, Avr-45, manipulates HvApk1b during the 
infection process, which evolved to occur in the dark, allowing pathogen entry through otherwise closed stomata. Counter evolution during the 
molecular arms race, directed by duplication and translocation of the HvAPK1b target protein, resulted in the Rpg5 NLR-HvApk1b integrated 
decoy immunity receptor. Thus, the pathogen’s attempt at incognito entry betrays itself resulting in activation of defense. 
 
P0288: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Bioinformatics Analysis of Protein Coding Genes Associated with Cold Tolerance Phenotypes in Animals: Implications for 
Assessing Adaptation of Invasive Reptile Species 
Kristopher Irizarry1, Carlie Day2, Rae Porter-Blackwell2, Caleb Cato3, Lawrence Chang3, Joseph Geiger3, Denise Henry3, Jennifer 
Hernandez3, Hung Fion3, Preet Kaur3, Jeffrey Koury3, Mariana Lucero3, Garrett Teskey3, Curtis Eng4, David Kersey5, Qingshun 
Quinn Li6, Wael Khamas5 and Josep Rutllant7, (1)The Applied Genomic Center, Western University of Health Sciences, Pomona, 
CA, (2)College of Veterinary Medicine, Western University of Health Sciences, Pomona, CA, (3)Graduate College of Biomedical 
Sciences, Western University of Health Sciences, Pomona, CA, (4)College of Veterinary Medicine, Western University of Health 
Science, Po, CA, (5)College of Veterinary Medicine, Western University of Health Science, Pomona, CA, (6)Xiamen University, 
Xiamen, China, (7)Western University of Health Sciences, Pomona, CA 
Reptiles represent an understudied clade of animals for which unique physiological properties confer adaptive phenotypes that are sometimes 
distinct from those observed in mammals. Cold tolerance phenotypes have been reported in numerous animals including mammals, birds, 
amphibians, reptiles and fish. A variety of molecular and cellular adaptations confer cold tolerance survival phenotypes (e.g. freeze tolerance, 
freeze avoidance and cryoprotective dehydration; cryoprotectant transport of water; anoxia/ischemia tolerance; metabolic rate modulation) under 
freezing temperatures. We performed a comparative genomics based bioinformatics analysis of proteins associated with these phenotypes among 
a variety of species. Our results provide a genomic framework for understanding how combinations of genes contribute to adaptive traits 
associated with species survival in extreme environments. Furthermore, our work sheds light on possible genetic mechanisms underlying aspects 
of species-specific climate induced geographical range boundaries. In light of climate change concerns, some invasive reptiles, such as the 
Burmese python, are expected to exhibit expanded host ranges. However, mutations within regions of the genome encoding proteins associated 
with cold tolerant phenotypes may provide an alternative mechanism for expanded range. Through a systematic investigation of invasive species’ 
genomic diversity, it may be possible to develop genetic tools that can be used to identify and characterize early shifts in fitness associated with 
the potential for enhanced cold tolerance phenotypes. Such genetic resources offer objective and quantitative measures for assessing risk of 
invasive reptile expanded geographic range. 
 
P0289: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Functional Analysis 
Determination of Genes Involved in Lignification of Pomegranate Seeds by Transcriptome Sequencing 
Mehmet Akgol1, Ozhan Simsek2, Dicle Donmez3 and Yildiz Kacar2, (1)Ckurova University, ADANA, Turkey, (2)Department of 
Horticulture, Faculty of Agriculture, University of Cukurova, ADANA, Turkey, (3)Institute of Natural and Applied Sciences, 
Department of Biotechnology, University of Çukurova, ADANA, Turkey 
Pomegranate (Punica granatum L.) is one of the oldest known edible fruit tree species, originating in Central Asia, but with a wide geographical 
global distribution. Besides using pomegranate as raw fruit, it has been used as herbal remedy. In consumption of pomegranate soft-hard 
seededness is very important. Soft seededness arises in a reduction of lignin. Lignin topo chemistry has ultra-structural aspects and lignification 
results from the enzyme mediated polymerization. Also lignin has three different monomers (coniferyl alcohol, sinapyl alcohol, p-coumaryl 
alcohol) are synthesized in the cytoplasm. Aim of the present study is to determine initiation time of lignification after pollination and genes 
involved in lignification mechanism in soft and hard seeded pomegranates. Known as a hard-seeded Hicaznar and soft-seeded 33N26 varieties 
were used as plant materials. Fruits from the two defined varieties were taken at intervals after pollination and fertilization at different sizes. Seed 
samples were used 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. De novo analysis was 
performed to detect genes expressed in seeds of pomegranate varieties. We performed downstream analysis including gene expression, deep 
analysis based on gene expression, deep analysis based on DEGs, including Gene Ontology (GO) enrichment analysis. This dataset provides 
valuable information regarding pomegranate transcriptome changes for mechanism of soft-hard seeded pomegranate and may help guide future 
identification and functional analysis of genes that are important for lignification. 
 
P0290: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Growth of Rice Overexpressing ADP-Glucose Pyrophosphorylase in Leaf and Seed Tissue Under Varying Levels of 
Nitrogen 



Alanna J Oiestad1, John M. Martin1 and Mike Giroux2, (1)Montana State Univ, Bozeman, MT, (2)Montana State University, 
Bozeman, MT 
Starch is an important plant metabolite, playing a role in both sink and source strength. Leaf and seed starch biosynthesis are both important to 
cereal yield since carbohydrates are stored transiently as starch in leaves and long term as starch in seeds. The rate limiting step in starch 
biosynthesis is controlled by the enzyme ADP-glucose pyrophosphorylase (AGPase). The lack of AGP, and starch production, in leaves or seeds 
diminishes plant productivity while AGP up-regulation increases yield. Overexpression of AGPase in both leaves and seeds leads to greater yield 
increases than observed with expression of the leaf or seed AGP transgene alone. Examination of global changes in metabolites and gene 
transcripts revealed that carbon metabolism was additively upregulated in plants with expression of both the leaf and seed AGPase transgenes. In 
this study, we examined growth and metabolism of rice plants with expression of the AGPase transgene in leaves and seeds compared to the WT 
when grown under varying levels of nitrogen. Preliminary data indicates the largest increase in plant yield and upregulation of carbon 
metabolism in response to AGPase overexpression occurs at optimal levels of nitrogen (100-150 ppm). At low nitrogen, yield increases and 
carbon upregulation were not observed. Together, these results indicate that yield advances in cereals are possible by targeting starch 
biosynthesis in both leaves and seeds. Our results further indicate that yield increases conditioned by increased leaf and seed starch are highly 
interdependent with nitrogen level.  
 
P0291: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Transcriptome Profiling of Antiviral Immune Responses of Macrophage-like Cells in Atlantic Salmon Fed Different Levels 
of Dietary Fish and Vegetable Oils 
Khalil Eslamloo1, Xi Xue1, Jennifer R. Hall1, Nicole C. Smith1, Christopher C. Parrish1, Richard G. Taylor2 and Matthew L. Rise1, 
(1)Department of Ocean Sciences, Memorial University of Newfoundland, St. John's, NF, Canada, (2)Cargill Innovation Center, 
Dirdal, Norway 
Atlantic salmon were fed diets containing 7.38% (FO7, EPA+DHA 1.41) or 5.09% (FO5, EPA+DHA 1.00) fish oil. These diets were designed to 
be relatively low in EPA+DHA, but near the requirement level, resulting in no significant change in salmon growth. After a 14-week feeding 
trial, macrophages isolated from fish in these dietary groups were stimulated by a viral mimic (dsRNA: pIC) for 24 h. The fatty acid composition 
of cells slightly varied between the two dietary groups (e.g. higher 20:5n3 in FO7 group). Following microarray assays using a 44K salmonid 
platform, Rank Products (RP) analysis showed 15 and 54 differentially expressed probe (DEP) (PFP<0.05) between the two diets in control and 
pIC groups (FO5/FO7), respectively. Nonetheless, Significance Analysis of Microarrays (SAM, FDR<0.05) identified only one (i.e. 
transmembrane protein 115-like) DEP between pIC groups of the two diets. Moreover, we identified a large number (i.e. 890 DEP in FO7 and 
1128 DEP in FO5 overlapped between SAM and RP) of pIC-responsive transcripts involved in pattern-recognition receptor and cytokine-
mediated pathways. Subsets of 9 diet- and 38 pIC-responsive transcripts were subjected to qPCR validation, and these assays confirmed the 
microarray results for 2 diet-responsive transcripts and all of the pIC-responsive transcripts. Fatty acid-binding protein adipocyte (fabp4) and 
proteasome subunit beta type-8 (psmb8) were significantly up- and down-regulated, respectively, in the diet with higher level of vegetable oil, 
suggesting them as important diet-responsive, immune-related biomarkers for future studies. The present study revealed that different levels of 
dietary fish and vegetable oils did not lead to a massive change in transcriptome profile of antiviral responses of salmon macrophages. 
 
P0292: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Comparative Transcriptome Analysis for the Discovery of Different Expression Genes in Female and Male of Chinese Soft-
Shelled Turtle, Pelodiscus sinensis 
Xiao Ma1, Luming Wang1, Xiaoqing Wang2, Gang Xiong1, Dan Zeng1 and Pei Wang1, (1)Animal Science and Technology 
College, Hunan Agriculture University, Changsha, China, (2)Animal Science and Technology College, Hunan Agriculture 
University, changsha, China 
The Chinese soft shelled turtle (Pelodiscus sinensis) are high economic, evolutionary and conservation value. In present study, paired-end (PE) 
Illumina sequencing technology was used to comprehensive transcriptome analysis for the female and male turtles. A total of 24,765,075 and 
26,707,540 PE reads were obtained after quality filtering in female and male turtles, respectively. These sequences were assembled into 25, 380 
unigenes and a mean length of 899 bp. Patterns of enrichment based on gene annotations from the GO and KEGG databases indicated that 
various structural and functional protein families were uniquely employed between female and male turtles during primordial growth, cellular 
metabolism is highly up-regulated. 2, 445 genes showed significantly different expressed which distributed in 193 KEGG signaling pathway. In 
addition, a total number of 7, 378 SSRs were identified as potential molecular markers in our unigenes, and 17 polymorphic loci have been 
characterized. This study provides new sequence information about P. sinensis, which will provide a basis for the further study of growth. 
Furthermore, the large sequence resources are expected to be valuable for the development of molecular markers which could greatly benefit its 
breeding program and whole genome association studies. 
 
P0293: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Comparative Transcriptome Analysis of Development in Salamandra infraimmaculata  
Antonina Polevikov1, Michael Garvin1, Till Czypionka2, Sebastian Steinfartz3, Leon Blaustein1, Arne Nolte4, Tamar Krugman1 
and Alan Templeton1, (1)Institute of Evolution and Department of Evolutionary and Environmental Biology, Haifa, Israel, (2)KU 
Leuven - Laboratory of Aquatic Ecology and Evolution, Leuven, Belgium, (3)Department of Evolutionary Biology, Unit Molecular 
Ecology, Braunschweig, Germany, (4)Carl von Ossietzky University Oldenburg, Institute for Biology, Oldenburg, Germany 
For amphibians that have biphasic life cycles (aquatic larval stage and terrestrial juvenile and adult stages), habitat conditions during the 
larval/aquatic stage can have a great impact on their fitness. Ecological transcriptomics approaches are useful and increasingly affordable 
methods for research at the interface of ecology and evolution. We used microarray analysis to identify genes involved in developmental changes 
and/or local adaptation in Salamandra infraimmaculata larvae from a permanent (Tel Dan) and an ephemeral (Manof) habitat type in Israel. 
Gene expression patterns over time can shed light on the developmental process occurring in the larvae, since visual morphological changes 
occur just before the end of the metamorphic process. We designed custom microarray based on a de-novo RNA sequencing of S. 



infraimmaculata larvae, which were used for testing RNA from non-lethal samples of Salamandra tail clips. Principle component analysis (PCA) 
results showed that PC1, which distributed the different samples by time of development (e.g. time to metamorphosis), explained 61% of the 
variance of the gene expression, and PC2, which divided the samples by populations, explained additional 16% of the variance. From the most 
influential genes in PC1, 89% significantly were correlated between Manof and Tel-Dan and from the most influential genes on PC2, 12.6% 
were significantly different between populations Manof and Tel-Dan. Our microarray results identified candidate genes involved in different 
stages of development (e.g. beginning of metamorphosis) and candidate genes that can differentiate between populations or habitat type, which 
may be involved in local adaptation. Our results demonstrate the high potential of comparative transcriptomics in evolutionary and ecological 
studies. 
 
P0294: Genes & Pathways (Gene Expression, Proteomics, Metabolomics): Microarrays 
Battle of the Sexes: Examining Gender Differences on the Trachea, Lung, and Harderian Gland Transcriptomes in Young 
Chickens 
Melissa S. Herrmann1, Rodrigo A. Gallardo2, David A. Bunn3, Terra R. Kelly2, Jack C.M. Dekkers1, Huaijun Zhou4 and Susan J. 
Lamont1, (1)Iowa State University, Department of Animal Science, Ames, IA, (2)University of California, Davis, School of 
Veterinary Medicine, Population Health and Reproduction, Davis, CA, (3)University of California, Davis, Department of Animal 
Science, Davis, CA, (4)University of California, Davis, Davis, CA 
The transcriptome of three tissues (trachea, lung, and Harderian gland) were examined for local immune response after oculo-nasal challenge 
with a lentogenic Newcastle Disease Virus (NDV) in two inbred chicken lines. The transcriptomes of 48 males and females were compared for 
each tissue using RNA-seq. Multi-dimensional scaling plots showed a clear effect of sex on the lung and Harderian gland transcriptome, but not 
on the trachea transcriptome, suggesting a tissue dependent effect of sex on gene expression. The trachea and lung had the highest numbers of 
differentially expressed genes (DEG) (FDR<0.05) between males and females at 463 and 453 respectively, while the Harderian gland had 296. 
The average male to female log fold change (LFC) of the DEG on the Z chromosome was approximately 0.67 in all tissues, suggesting partial 
dosage compensation. Across the three tissues, 247 DEG were shared, of which 190 were located on the Z chromosome, 2 on the W 
chromosome, 1 on chromosome 28, and 54 genes were unidentified by Ensembl. The LFC of shared DEG was compared in three pair-wise t-
tests, which showed that the LFC of shared DEG was significantly different between the Harderian gland and lung and the Harderian gland and 
trachea (p<0.0001, both tests), but there was no statistical difference between trachea and lung. Further analysis is needed to determine the effect 
of sex on the tissue-specific immune response to NDV. Support: USAID Feed the Future Innovation Lab for Genomics to Improve Poultry and 
Hatch project #5357. 
 
P0295: Cytology, in situ and microcloning 
MDV Oncogene Meq was Involved in Chicken Marek’s Disease Lymphoma Transformation 
Chunfang Zhao, Ling Lian, Congjiao Sun, Bo Han, Xin Li and Ning Yang, China Agricultural University, Beijing, China 
As an excellent study model of herpesvirus-induced tumor, Marek’s disease (MD) is highly cell-associated and contagious disease caused by an 
alpha herpesvirus. It could result in neural lesions, immunosuppression and neoplasias. Meq is an important oncogene which is highly expressed 
in MD tumor tissues and T-lymphoblastoid cell lines including MSB1 cell line. To elucidate mechanism of Meq on MD transformation, we used 
siRNA to interfere with its expression whose interference efficiency was about 60% in MSB1 cells. When Meq was interrupted, cell cycle was 
unaffected. However, Meq knockdown could promote cell apoptosis by regulating gene expression related to apoptosis in apoptotic pathway and 
TGF- ß pathway. After Meq intervention, pro-apoptotic TNFSF10 was upregulated but anti-apoptotic BCL2L1 and BCL2 were downregulated in 
apoptotic pathway; moreover, SPP1 and CREBBP were downregulated in TGF- ß pathway. In addition, cell migration had a downward trend 
after Meq knockdown. MMP2 and MMP9 expression closely related to invasion were decreased while Meq was interrupted. Meq was previously 
reported to bind to the promoter of IL-2 to promote its expression. In our study, IL-2 expression was greatly downregulated when Meq was 
interfered. Above all, Meq as an oncogene played an important role in MD tumor transformation. 
 
P0296: Cytology, in situ and microcloning 
Genome-Wide Characterization of Cucumis hystrix Repetitive Sequences Derived from Next-Generation Sequence Reads  
Shuqiong Yang, Xiaodong Qin, Chunyan Cheng, Ziang Li, Qunfeng Lou and Jinfeng Chen, College of Horticulture, Nanjing 
Agricultural University, Nanjing, China 
Cucumis hystrix Chakr. (2n=2x=24), bearing multiple disease-resistance, is the only wild species cross-compatible with cucumber in Cucumis 
genus. Repetitive DNAs, including transposable elements and tandem repeats, are the major components in eukaryotic genomes as well as the 
important factors contributing to chromosome evolution. Although a draft assembly of C. hystrix genome was available in 2014 and some 
repetitive DNAs studies have been reported, the characterization of repetitive elements has not been a subject of detailed analysis. In this study, 
genome-wide characterization using graph-based clustering analysis showed that about 19% of the genome was composed of repetitive 
sequences. Four kinds of differentially amplified tandem repeats, including Cucumis hystrix satellite 1-3 (CuhySat1-CuhySat3) and Cuhy5S, 
were identified and characterized in detail using bioinformatics and fluorescence in situ hybridization (FISH). The CuhySat satellites localized at 
the subtelomeric regions of all chromosomes, it is consistent with genomic in situ hybridization (GISH) result, and Cuhy5S produced one pair of 
interstitial signals. These results provide a more comprehensive acknowledgement of C. hystrix genome repetitive composition and would be 
helpful for illustrating chromosome evolution in Cucumis. 
 
P0297: Cytology, in situ and microcloning 
The Karyotype of Agropyron cristatum and its Comparison with that of Bread Wheat using FISH with Single Gene Probes 
Mahmoud Said1, Tatiana V. Danilova2, Eva Hřibová1, Bernd Friebe2, Bikram S. Gill2, Jan Vrána1 and Jaroslav Doležel1, 
(1)Institute of Experimental Botany, Olomouc, Czech Republic, (2)Kansas State University, Manhattan, KS 
Agropyron cristatum L. (2n=2x=14, PP) commonly known as crested wheatgrass is a wild relative of wheat and an attractive source of novel 
genes for its improvement. As alien gene transfer by interspecific hybridization is affected by chromosome colinearity, it is important to establish 



the syntenic relationships between the chromosomes of the donor alien species and wheat. To date, identification of all chromosomes of A. 
cristatum is not possible and its molecular karyotype has not been developed. With the aim to identify chromosomes of A. cristatum by FISH, its 
genomic DNA was sequenced and several tandem repeats were discovered. Their location on mitotic chromosomes by FISH revealed specific 
distribution pattern for six of them. The use of one tandem repeat together with 45S rDNA as probes for FISH enabled identification of all seven 
chromosomes of A. cristatum. In order to analyze the structure and homoeology of A. cristatumchromosomes, 42 FLcDNA from the seven 
chromosome groups of wheat were localized by FISH on chromosomes of crested wheatgrass cv. Parkway. Important structural rearrangements 
were observed for chromosomes 2P, 4P, 6P and 7P, while, no major rearrangements were detected for the remaining three chromosomes. The 
results of this work provide new insights into the genome evolution within the tribe Triticeae and will facilitate the use of crested wheatgrass in 
alien introgression breeding of bread wheat.  
Keywords: Agropyron cristatum, single gene fluorescence in situ hybridization, FISH, homoeologous relationships 
 
P0298: Cytology, in situ and microcloning 
Introgression and Expression of the Aegilops speltoides Ph1 Suppressor (Su1-Ph1) in Tetraploid Wheat 
Hao Li1, Pat McGuire1, Karin R. Deal1, Wanquan Ji2, Ming-Cheng Luo1 and Jan Dvorak3, (1)Department of Plant Sciences, 
University of California, Davis, Davis, CA, (2)College of Agronomy, Northwest A & F University, Yangling, China, 
(3)Department of Plant Sciences, University of California, Davis, CA 
Recombination between homoeologous chromosomes in allotetraploid wheat (Triticum turgidum, genomes AABB) and allohexaploid wheat (T. 
aestivum, genomes AABBDD) is inhibited by the Ph1 (pairing homoeologous) locus in the B genome. Aegilops speltoides (genomes SS), the 
closest extant relative of the wheat B-genome progenitor, is polymorphic for the suppression of Ph1 in hybrids between wheat and Ae. speltoides. 
This polymorphism was exploited in mapping the Ph1 suppressors in Ae. speltoides. Major loci were mapped on Ae. speltoides chromosome 
arms 3SL (Su1-Ph1) and 7SL (Su2-Ph1). Using molecular markers, Su1-Ph1 was introgressed from Ae. speltoides into hexaploid wheat cv 
‘Chinese Spring’ and from it to tetraploid wheat cv ‘Langdon’. Sequential fluorescence in situ hybridization (FISH) and genomic in situ 
hybridization (GISH) karyotyping of Langdon heterozygous for Su1-Ph1 revealed the presence of a single recombined chromosome 3A with an 
Ae. speltoides segment replacing the distal portion of the long arm. In plants homozygous for Su1-Ph1, two such chromosomes were present. To 
test the effects of Su1-Ph1 on homoeologous pairing in tetraploid wheat, a chromosome from Ae. searsii (genomes SseSse), a sibling species of 
Ae. speltoides, was employed as a tester of homoeologous pairing. A double-monosomic substitution line 5Sse(5B)/5B was developed in the 
Langdon genetic background and was crossed with the Langdon Su1-Ph1 line. The 5Sse chromosome paired in 65 to 90% of pollen mother cells 
(PMCs) in the presence of Su1-Ph1. In the plants without Su1-Ph1, 5Sse paired in only 7% of PMCs. These findings indicate that Su1-Ph1 had 
been transferred from Ae. speltoides chromosome arm 3SL into Langdon chromosome arm 3AL and that Su1-Ph1 is active and suppresses the 
expression of Ph1 in the genetic background of tetraploid wheat. 
 
P0299: Cytology, in situ and microcloning 
Fine Tuning of Recombination in Barley 
Isabelle Colas1, Malcolm Macaulay2, Luke Ramsay2 and Robbie Waugh3, (1)James Hutton Institute, Dundee, United Kingdom, 
(2)The James Hutton Institute, Dundee, United Kingdom, (3)The University of Dundee at JHI, Invergowrie, Dundee, United 
Kingdom 
In crops such as wheat or barley, the distribution of chiasmata is markedly skewed towards the telomere, meaning that a considerable proportion 
of the genome rarely recombines. An ability to modify the pattern of recombination in these species could therefore have profound impact on the 
breeding of the crops. Here we report some results from a number of meiotic mutants and their effects on gene recombination. 
 
P0300: Transformation 
The Wisconsin Crop Innovation Center 
Michael W. Petersen, Brian J. Martinell and Amy J. Miyamoto, University of Wisconsin-Madison, Middleton, WI 
Genome sequencing of many species and cultivars within species has provided a substrate for unprecedented exploration of biological principles 
and development of applied solutions in crops. The potential of this resource will be met in part by a dramatic increase in production of 
transgenic and gene-edited plants. As suggested in the recent Plant Cell review (Stewart Jr. et.al; The Plant Cell, Vol. 28: 1510–1520, July 2016), 
many new innovations and processes will be needed in order to address the current and future bottlenecks that are evident in the present-day 
systems. A new facility at the University of Wisconsin-Madison, the Wisconsin Crop Innovation Center, has been brought online to work with 
researchers by providing services and through collaboration to address these challenges. WCIC will undertake research focused on improving 
various aspects of transformation including, tissue culture techniques, genotype independence, throughput, automation, nucleic acid and protein 
delivery, selection, etc. WCIC will participate in the goal of providing resources that will allow public crop researchers envision research at a 
new scale – utilizing hundreds to thousands of constructs for genome scale research and synthetic biology projects. While initial focus will be on 
crops such as maize, small grains, sorghum, soybean, and Medicago species, we are seeking initial large-scale collaborative projects in any crop 
species for which researchers envision need for large-scale transformation and editing projects. The poster will summarize some initial activities 
at WCIC and describe capabilities. 
 
P0301: Transformation 
Enhancing the Utility of Plant Associated Bacterium; Ensifer adhaerens Strain OV14, as a Vector for Plant Transformation 
Dheeraj Singh Rathore1,2, Fiona Doohan1 and Ewen Mullins2, (1)University College Dublin, Dublin, Ireland, (2)Teagasc, Carlow, 
Ireland 
Historically, Agrobacterium species were considered to be unique for their ability to transfer and integrate foreign DNA into plant genomes. 
However, the increasing number of non-Agrobacterium species with attained capability to genetically engineer host cells, suggests that this is not 
the case. Recently, Ensifer adhaerens OV14 was reported to underpin the successful crop transformation protocol termed as Ensifer-mediated 
transformation (EMT) technology. The adaptability and efficiency of EMT technology to successfully transform dicots viz., Arabidopsis 



thaliana, Solanum tuberosum, Nicotiana tabacum, Manihot esculenta and the monocot Oryza sativa, has been previously reported. The goal of 
this study was to expand on this programme and investigate the potential of E. adhaerens strain OV14 to genetically transform Brassica napus, 
the host species from which it was originally isolated. By modifying current A. tumefaciens-based protocols to suit the growth parameters of E. 
adhaerens strain OV14, the successful transformation of the commercial B. napus cultivar Delight was achieved via EMT. The EMT protocol 
involves the co-cultivation of 5 days old cotyledonary petiole explants with E. adhaerens strain OV14 (OD600nm = 0.8) for 5 days in the presence 
of 200 µM acetosyringone, that delivered transgenic plants of morphological equivalence to the original treated cv. Delight. A transformation 
frequency of 4.0 ± 0.2 % was attained based on stable integration patterns recorded for T1 individuals, which indicated transgene integrations of 
1–3 copies/line. Segregation analysis based on the inheritance of the nptII transgene in the T2 generation showed Mendelian and non-Mendelian 
segregation patterns for the designated kanamycin resistance phenotype. To conclude, this practical study highlights the continued expansion of 
EMT’s host range and provides possibilities to further the EMT research as a promising technology for genetic engineering and genome editing 
of plants. 
 
P0302: Transformation 
Overexpression of the Citrus Derived R2R3-MYB Gene (Ruby) Strongly Upregulates the MYB-bHLH-WD40 (MBW) 
Complex Associated Genes and Results in Enhanced Anthocyanin Production in Transgenic Citrus 
Manjul Dutt, Aditi D Satpute, Qibin Yu, Fred G. Gmitter and Jude W. Grosser, University of Florida, IFAS-CREC, Lake Alfred, 
FL 
Commercially cultivated sweet oranges and grapefruits do not produce anthocyanins under warm tropical and subtropical conditions. The blood 
oranges that do produce anthocyanins require an extended exposure to cold during fruit maturity for activation of an R2R3-MYB transcriptional 
factor (Ruby) which regulates the subsequent anthocyanin biosynthesis in the fruit. In efforts to develop novel blood orange like citrus cultivars, 
the Ruby transgene was constitutively overexpressed in ‘Mexican’ lime (Citrus aurantifolia Swingle), a citrus cultivar that does not naturally 
produce anthocyanin and thrives in the warm subtropical citrus production belt. Ruby overexpression resulted in anthocyanin production as 
indicated by characteristic pigmentation in the leaves, stems, flowers, and fruit. Transcriptome analysis of the juice vesicles indicated that the 
MYB-bHLH-WD40 (MBW) complex associated genes were highly upregulated only in the transgenic ‘Mexican’ lime. This resulted in 
overexpression of the flavonoid biosynthesis associated genes such as chalcone and stilbene synthase family protein (CHI), dihydroflavonol 4-
reductase (DFR), leucoanthocyanidin dioxygenase (LDOX), L-phenylalanine ammonia lyase (PAL), UDP-glucosyl transferase (UGT), and 
Transparent Testa (TT). In the control ‘Mexican’ lime fruit, negative regulator of anthocyanin biosynthesis such as the squmosa promoter 
binding protein-9 (SPL-9) and S-like Ribonuclease (RNS1) transcripts were highly upregulated. Hierarchical clustering (HCA) and principal 
component analysis (PCA) demonstrated that the transgenic ‘Mexican’ lime has distant gene expression profiling with the non transgenic 
‘Mexican’ lime. Our results suggest that overexpression of Ruby promotes anthocyanin production by triggering the expression of the MBW 
complex genes. 
 
P0303: Transformation 
Overexpression of NtROS2a Gene Encoding Cytosine DNA Demethylation Enhanced Drought Tolerance in Transgenic 
Plants 
Kwon-Kyoo Kang1, Yu Jin Jung1 and Yong-Gu Cho2, (1)Hankyong National University, Ansung, South Korea, (2)Chungbuk 
National University, Cheongju, South Korea 
DNA methylation is a common and rapid evolving epigenetic mechanism among higher eukaryotic organisms including cytosine residues in CG 
and CNG sequences. NtROS2a gene isolated from tobacco plants (Nicotiana tabacum cv Xanthi nc) contains DNA glycosylase domain with 
significant similarities to Arabidopsis ROS1 and DME at the C-terminus. Purified NtROS2a protein gene is 5,879 bp long and is designated as 
Nicotiana tabacum Repressor Of Silencing (NtROS: accession numbers; AB281588). qRT-PCR analysis initially revealed the adaptive response 
of the lines overexpressing the gene in tobacco to various abiotic stresses. To study the transcript levels of epigenetically regulated genes in 
tobacco, we conducted microarray analysis with Agilent Tobacco 4 x 44K oligo chip by using overexpression line OX1, RNAi plant line RNAi 
13, and wild type plant WT. It has been reported that salt- and H2O2- stress tolerance of these transgenic lines are enhanced with various 
phenotypic characters. Differentially expressed genes (DEGs) related to metabolism, nutrient supply, and various stressed were up-regulated by 
approximately 1.5- to 80- fold. In this study, the morphology and stress tolerance of transgenic rice overexpressing NtROS2a were determined. 
Transgenic plants exhibited less and shorter lateral shoots. Under various treatments, rice overexpressing NtROS2a showed alleviation of 
damage symptoms with higher survival rate. After drought and re-watering treatment, transgenic rice seedlings restored their normal growth. 
However, wild type plants could not be rescued. These findings indicate that overexpression of NtROS2a gene in rice seedlings can increase their 
tolerance to drought stresses.  
 
P0304: Transformation 
Optimization of Octoploid Strawberry Regeneration for the Application of Targeted Genome Editing 
Cheol-Min Yoo, Vance M. Whitaker and Seonghee Lee, University of Florida, Wimauma, FL 
The octoploid strawberry, Fragaria x ananassa, is cultivated worldwide for its popularity and economic value. Continuous introduction of 
strawberry varieties with favorable levels of economically important traits is critical to the industry. Many elite varieties have been developed by 
conventional breeding methods through many generations of phenotypic recurrent selection. This approach is effective for selection of elite 
genotype from the ancestral germplasm but is very time and resource-intensive. With a targeted genome editing technology (CRISPR/Cas9 
system) traits can be modified in a targeted way without disturbing the genetic background of elite strawberry genotypes. However, a bottleneck 
in application of the technology is a stable procedure of transformation and regeneration for octoploid strawberry. In this report, we describe our 
initial screening to identify the optimal shoot regeneration conditions from callus for three elite strawberry genotypes bred at the University of 
Florida. Segments of stolon and petiole from greenhouse-grown plants were used as explants. ‘Florida127’ responded to a basal Murashige and 
Skoog media containing 1 mg/L of thidiazuron, 0.05 mg/L of 6-benzyladenine and 0.05 mg/L of 2,4-D by inducing somatic embryogenesis on 
stolons and shoot organogenesis on petioles. The same media also induced somatic embryogenesis of FL12.55-220, but only on petioles. FL 



12.121-5 responded at a lower concentration of 2,4-D (0.02 mg/L) in the same media by producing adventitious shoots on stolons. Our finding 
will make it feasible to apply various biotechnological methods, including targeted genome editing, to the elite strawberry genotypes. 
 
P0305: Transformation 
Comparison of Mutation Rates in Soybean Following Transformation, Mutagenesis, Tissue Culture, and Conventional 
Breeding 
Nicole T. Mihelich1, M. Fernanda Rodriguez1, Justin E. Anderson1, Scott A. Jackson2, Wayne A. Parrott2, Robert M. Stupar1 and 
Peter L. Morrell1, (1)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN, (2)University of 
Georgia, Athens, GA 
This study will provide a comparative examination of the types and frequency of heritable genomic changes induced by tissue culture, transgene 
insertion, chemical mutagenesis, and irradiation mutagenesis, compared to the genetic variation already present in soybean breeding lines. 
Genetic engineering approaches such as tissue culture or transgene insertion are expected to induce heritable changes in a plant genome, but it is 
unclear if these changes differ in their nature or frequency from changes induced by mutagenesis, a widely used approach to generate variants 
useful for crop improvement. The goals of this study are to: 1) assess the type and frequency of mutation in genetically transformed plants 
relative to plants modified by other means, and 2) to assess the degree of change in gene expression caused by transformation relative to those 
induced by mutagenesis. A whole genome sequencing approach applied to 20 lines each for six treatments will provide the most complete 
assessment to date of the nature of genetic changes associated with genetic engineering and mutagenic approaches commonly applied to crop 
improvement. 
 
P0306: Transformation 
Silene latifolia Model Dioecious Plant Transformed 
Markéta Palovská, Vojtěch Hudzieczek and Zdeněk Kubát, Institute of Biophysics of the Czech Academy of Sciences, Brno, 
Czech Republic 
Silene latifolia is a model plant for study of plant sex chromosomes evolution. It has XY chromosomes of middle age (~5–10 million years old) 
which allow us to study processes sex chromosomes undergone in this time period. It has large genome with many repetitive sequences which 
prevents it from being succesfuly sequenced and assembeled. Until very recently it wasn't possible to transform S. latifolia or any of dioecious 
species which severly limited our means to study many aspects of dioecy such as evolution of sex chromososomes and sex determination. Our 
team has devised protocol for transformation of S. latifolia. The main obstacles (low susceptibility of S. latifolia to Agrobacterium and low to 
none regeneration rate) were overcome by using very agresive strains of A. rhisogenes and by adding hormone metatopolin to the regeneration 
media. We are now using this transformation protocol to study sex determinig genes and epigenetic regulation of transposable elements by 
targeted mutagenesis via CRISPR/Cas9 system. We also study transgenerational proliferation of transposable elements which are unevenly 
distributed on sex chromosomes. We transformed Silene with artificial nonautonomous element carrying reporter GUS gene surounded by LTRs. 
We follow this element through crosses and assess if its copy number increases only after passing through female reproductive lineage. 
Funding: This work was supported by the grant 15-21523Y from Czech Science Foundation. 
 
P0307: Transformation 
Modification of Flowering in Cassava Using a Transgenic Approach 
Oluwabusayo S Adeyemo, Cornell University, Ithaca, NY 
Flowering is the critical reproductive process in all angiosperms. Arabidopsis, a temperate species whose flowering behavior has been studied, 
provides a knowledge basis to harness developed tools for the control of flowering in Cassava. Flowering and its control in cassava, which is one 
of the most important breeding challenges, is not optimal because of "shy" and non-synchronized flowering. This results in an inability to use 
valuable genotypes in breeding from a trivial block in making F1 crosses. The Flowering Locus T (FT) gene, one of the many flowering genes 
identified in Arabidopsis thaliana known for its graft transmissible and mobile signal, was predicted as a good candidate for Cassava 
improvement. We placed this FT gene under the control of an ethanol-inducible promoter and this construction was introduced into the cassava 
variety 60444, which flower moderately through Agrobacterium-mediated transformation. Several independent transformation events were 
generated and molecular analyses confirmed the presence of the insert, promoter and the selectable marker. Our findings demonstrate that the FT 
gene not only accelerate the timing of flowering, but also increase the profuseness and longevity of the flowers in cassava. 
 
P0308: Transformation 
Development of Herbicide Resistant Potato Lines; A Step Towards Transgenics in Turkey 
Allah Bakhsh, Omer Halisdemir University, Nigde, Turkey, Nigde, Turkey 
Modern technologies of genetic transformation have enabled researchers to introduce any trait of economic importance in crops. The herbicide 
resistant crops were cultivated on an area of approximately 100 million hectares in 2015; mainly expressing EPSPS gene that encode resistance 
to non selective glyphosate. In order to introduce herbicide resistant trait in four potato cultivars (Lady Olympia, Agria, Desiree and Marabel), 
we first optimized an efficient, cost effective, reproducible, genotype independent and stable Agrobacterium mediated genetic transformation 
protocol in potato using leaf and internodal explants. Agrobacterium strain LBA4404 harboring recombinant binary vector pBin19 containing 
beta-glucuronidase uidA gene under the control of 35S promoter was used for this purpose. Besides that, the optimal concentration of Glyphosate 
was determined using leaf and internodal explants of cultivars in in vitro experiments. After developing an efficient transformation protocol, we 
infected explants cultivars with Agrobacterium strains LBA4404 harboring pCAMHE-EPSPS plasmid under the control of 35S promoter. 
Glyphosate was used at a concentration of 1.5mM for the selection of primary transformants. The primary transformants were further analyzed 
for the gene integration and expression analysis.The results revealed the proper integration and expression of introduced gene in putative 
transgenic plants obtained as a result of different transformation events. The transgenic potato lines are being screened against glyphosate 
applications in green house conditions. These transgenic lines are expected to serve as an excellent source of germplasm for an efficient potato 
breeding programme. 



 
P0309: Transformation 
TFA Genomic Regions Confer Amenability to Agrobacterium-Mediated Transformation in Barley   
Hiroshi Hisano, Institute of Plant Science and Resources, Okayama University, Kurashiki, Japan and Kazuhiro Sato, IPSR, 
Okayama University, Okayama, Japan 
Different plant cultivars of the same genus and species can exhibit vastly different genetic transformation efficiencies. However, the genetic 
factors underlying these differences in transformation rate remain largely unknown. In barley (Hordeum vulgare), ‘Golden Promise’ is the most 
useful and well-studied cultivar for genetic transformation. By contrast, cultivar ‘Haruna Nijo’ is recalcitrant to genetic manipulation, although 
numerous genomic resources have been developed for this haplotype. Recently, we identified genomic regions of barley important for successful 
transformation with Agrobacterium, utilizing the ‘Haruna Nijo’ × ‘Golden Promise’ F2 generation. A total of 3,013 ‘Haruna Nijo’ × ‘Golden 
Promise’ F2 immature embryos were inoculated with Agrobacterium, and 60 transformants were obtained. These plants were genotyped using 
124 genome-wide SNP markers. We observed significant segregation distortions from the expected 1:2:1 ratio toward the ‘Golden Promise’ 
cultivar in regions of chromosomes 2H and 3H, indicating that the alleles of ‘Golden Promise’ in these regions might contribute to 
transformation efficiency. We termed this region as Transformation Amenability (TFA) loci responsible for Agrobacterium-mediated 
transformation. The genomic regions identified herein likely include necessary factors (i.e. regeneration from callus) for Agrobacterium-
mediated transformation in barley. The potential to introduce these loci into any haplotype of barley opens the door to increasing the efficiency 
of transformation for target alleles into any haplotype of barley by the TFA-based methods proposed in this presentation. 
 
P0310: Bioenergy 
KBase: RNA-Seq Expression Analysis Made Easy Using the Narrative Interface 
Sunita Kumari1, Vivek Kumar1, Doreen Ware2, Jim Thomason1, Srividya Ramakrishnan1, Michael Schatz2, Shinjae Yoo3, Priya 
Ranjan4, Samuel M. D. Seaver5, Meghan Drake6, Nomi Harris7, Christopher Henry5, Robert W. Cottingham6 and Adam Arkin7, 
(1)Cold Spring Harbor Laboratory, NY, NY, (2)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (3)Brookhaven National 
Laboratory, Upton, NY, (4)University of Tennessee, Knoxville, Knoxville, TN, (5)Argonne National Laboratory, Argonne, IL, 
(6)Oak Ridge National Laboratory, Oak Ridge, TN, (7)Lawrence Berkeley National Laboratory, Berkeley, CA 
The U.S Department of Energy Systems Biology Knowledgebase (KBase, http://kbase.us) provides an open, web-accessible system for systems 
biology research focused on microbes, plants and their communities. It offers access to a range of integrated biological data types and a variety of 
analysis tools that include modeling, simulation methods and visualizations.  
KBase allows users to integrate new analysis tools and data, and supports a rich set of computational methods and curated datasets for gene 
expression analysis based on RNA-seq. This includes a selection of preprocessed high-quality reference genomes and a wide variety of 
algorithms for short-read mapping, identification of splice junctions, differential expression analysis, and visualization. More specifically, KBase 
supports the original and new Tuxedo suite of tools, including Bowtie2, TopHat2, HISAT2, Cufflinks, StringTie, Cuffdiff, and CummeRbund.  
KBase also provides services that are compatible with gene expression profiles to do downstream analysis including clustering of expression 
profiles using different clustering algorithms. The RNA-seq analysis services are available from within a highly interactive user interface called 
the Narrative Interface that supports the creation of dynamic workflow documents called Narratives. Within a Narrative, short reads from an 
RNA-seq experiment can be uploaded into KBase to perform gene expression analysis and the results can be shared such that the research can be 
reproduced and extended by others in the KBase community. We demonstrate the utility of Narratives by performing a point-and-click, yet 
detailed analysis of public RNA-seq data from several species and tissue types, including experiments in A. thaliana, P. trichocarpa, and E. coli. 
 
P0311: Bioenergy 
Targeted Gene Editing in Tetraploid Switchgrass (Panicum virgatum L.) By CRISPR/Cas9 
Yang Liu1, Paul Merrick1,2, Bing Yang1 and Shui-zhang Fei1, (1)Iowa State University, Ames, IA, (2)Kemin Industries, Des 
Moines, IA 
The CRISPR/Cas9 system is a simple yet powerful tool to edit plant genomes in a targeted manner. Switchgrass (Panicum virgatum L.) is a self-
incompatible, perennial grass species that has been designated a model bioenergy crop by the U.S. Department of Energy due to its high yielding 
potential. To enhance breeding efforts of switchgrass we explored the feasibility of using CRISPR/Cas9 in the tetraploid cultivar ‘Alamo’ in 
switchgrass through both transient assay and stable transformation. For transient assay, a non-functional Green Fluorescent protein (GFP) gene 
was successfully mutated by a Cas9/sgRNA complex and its function restored. Stable transformation with CRISPR/Cas9 construct targeting 
Flowering Locus T (FT), APETALA 1 (AP1), Brassinosteroid Receptor Insensitive 1 (BRI1) and Phosphoglycerate Mutase (PGM) genes were 
carried out. With the pENTR4:gRNA-PGM/Cas9 construct, targeting the PGM gene, a mutation frequency of 13.7% was obtained. Among the 
first generation of mutated plants (T0), six are heterozygous, and one is homozygous for a 1bp deletion caused by CRISPR/Cas9. Our results 
demonstrate for the first time that CRISPR/Cas9 system can be successfully used in switchgrass genome editing. 
 
P0312: Bioenergy 
Transcriptional Analysis of Switchgrass Flowering Time 
Carl-Erik I. Tornqvist1, Brieanne Vaillancourt2, Joseph Evans2, Jeongwoon Kim2, C. Robin Buell2, Shawn Kaeppler1 and Michael 
Casler1,3, (1)Department of Agronomy and DOE Great Lakes Bioenergy Research Center, University of Wisconsin - Madison, 
Madison, WI, (2)Department of Plant Biology and DOE Great Lakes Bioenergy Research Center, Michigan State University, East 
Lansing, MI, (3)USDA Dairy Forage Research Center, Madison, WI 
Over the past two decades, switchgrass (Panicum virgatum) has emerged as a viable biofuel feedstock. The bulk of switchgrass biomass is in the 
vegetative portion of the plant; a longer vegetative stage leads to increase in overall biomass yield. The goal of this study was to gain insight into 
the components of the flowering time pathway in switchgrass, to assist in developing varieties that have extended vegetative phases through 
delayed flowering. The approach examined differential gene expression between switchgrass genotypes of early- and late-flowering ecotypes. 
Shoot apical meristem (SAM) and leaf tissue were collected in a developmental series from emergence to anthesis to capture stages of both 



vegetative and reproductive growth. The morphology of the SAM was also tracked to determine the stage of meristem transition and to choose 
samples that flanked the SAM transition for sequencing and expression analyses. The analyses revealed differential expression patterns between 
early- and late-flowering genotypes for known flowering time orthologs, as well as several novel genes, some of which are related to known 
flowering time genes. In addition, based on expression patterns, many of the identified genes could be classified as putative promoters or 
repressors of flowering. The candidate genes presented here will be further supported by functional confirmation in switchgrass or the model 
grass, Brachypodium, and may be used to guide switchgrass improvement through marker assisted breeding and/or gene transformation methods. 
 
P0313: Bioenergy 
High Density Linkage Map and QTL Analysis of Forage Quality Traits of Switchgrass AP13xVS16 Cross 
Shahjahan Ali1, Soonil Kwon1, Desalegn D. Serba2, Jerry Jenkins3, Jeremy Schmutz3 and Malay C. Saha1, (1)The Samuel Roberts 
Noble Foundation, Ardmore, OK, (2)Kansas State University, Hays, KS, (3)HudsonAlpha Institute for Biotechnology, Huntsville, 
AL 
Switchgrass has huge potential as a warm season forage crop because of its high biomass production per unit area and high protein content, 
although it has been identified primarily as feedstock for cellulosic ethanol production by the U.S. Department of Energy. Development of 
genetic linkage map and association studies of the markers with phenotypes dissects the quantitative trait loci (QTL), and provide tools for MAS 
(Marker Assisted Selection) in molecular plant breeding program. We generated pseudo-F1 population from a cross of AP13xVS16 and 
sequenced 233 genotypes from this population using GBS approach. We identified 455,999 haplotype SNP markers and developed high density 
genetic linkage map for 18 linkage group using 378 to 2,270 high quality SNP markers for each of the linkage group. Forage quality traits data 
such as protein, lignin, dry matter, ADF, NDF, TDN, dNDF48 and IVTDMD were collected for these genotypes using NIRS (Near Infra-Red 
Spectroscopy) methodology. We observed significant variations among these traits within and across locations. Associations of these traits with 
SNP markers are being carried out. Detail of the linkage mapping and QTL analysis will be presented in the poster. 
 
P0314: Bioenergy 
Significant Marker-Trait Associations for Heading Date, Anthesis, Greenup, and Cell Wall Properties in Upland, Lowland, 
and Hybrid Populations of Switchgrass 
Jason Fiedler1, Nathan A. Palmer2, Rob Mitchell2, Gautam Sarath2, Serge Edme2 and Christian Tobias3, (1)North Dakota State 
University, Fargo, ND, (2)USDA-ARS, Lincoln, NE, (3)USDA-ARS, Western Regional Research Center, Albany, CA 
Switchgrass (Panicum virgatum L.) is a high-yielding, perennial C4 grass that is currently being improved for use as a bioenergy 
feedstock. Populations being developed for the Upper Midwest growing region include hybrids derived from cultivars 'Summer and 'Kanlow' that 
are of upland and lowland ecotypes respectively . We have conducted a genome wide association study on breeding material that represents 
subselections of these cultivars and their hybrids with the aim of identifying markers associated with increased cell wall digestibility, early spring 
growth and late maturity. Five subselections comprising 125 different genotypes each were clonally propagated in a randomized complete block 
design with three replicates. The plants were established in 2011 and phenotyped in 2012 and 2013 growing seasons for dates of heading, 
anthesis, and initial growth, as well as dry matter yield and cell wall properties estimated by near infrared spectroscopy. The populations were 
genotyped by sequencing of reduced representation libraries created from gDNA digested with PstI. After imputation of missing data a mixed 
model controlling for population structure and kinship (PxK) was used to identify significant marker trait associations and control the type I error 
rate. Several genomic regions were significantly associated with heading date, and greenup, as well as some cell wall properties. However, no 
significant interactions were detected for yield. 
 
P0315: Bioenergy 
Population Structure of Miscanthus sacchariflorus and Patterns of Hybridization with M. sinensis 
Lindsay V. Clark1, Kossonou Anzoua2, Larisa Bagmet3, Pavel Chebukin3, Bruce Coulman4, Elena Dzyubenko3, Nikolay 
Dzyubenko3, Xiaoli Jin5, Douglas Johnson6, Uffe Jørgensen7, Jens Bonderup Kjeldsen7, Stephen Long1, Hironori Nagano2, Karen 
Koefoed Petersen8, Andrey Sabitov3, Ji Hye Yoo9, Chang Yeon Yu9, Toshihiko Yamada2 and Erik J. Sacks1, (1)University of 
Illinois, Urbana, IL, (2)Hokkaido University, Sapporo, Hokkaido, Japan, (3)Vavilov All-Russian Institute of Plant Genetic 
Resources, St. Petersburg, Russian Federation, (4)University of Saskatchewan, Saskatoon, SK, Canada, (5)Zheijiang University, 
Hangzhou, China, (6)USDA-ARS Forage and Range Research Lab, Logan, UT, (7)Aarhus University, Tjele, Denmark, (8)Aarhus 
University, Årslev, Denmark, (9)Kangwon National University, Chuncheon, South Korea 
Miscanthus, a C4 perennial grass native to East Asia, is a promising crop for biomass and bioenergy. Here we report the findings of the largest 
population genetic study to date of M. sacchariflorus, including 764 individuals collected from 28.6 to 49.3° N and 104.5 to 145.2° E. Samples 
were genotyped with 34,605 RAD-seq SNPs and ten plastid microsatellites, and were subjected to ploidy analysis by flow cytometry. Six major 
genetic groups were identified using SNP data: three diploid groups including Yangtze (ssp. lutarioriparius), N China, and NE 
China/Korea/Russia; and three tetraploid groups including N China/Korea, S Japan, and N Japan. SNP and plastid data suggest that the land mass 
that now includes the Yellow Sea was a center of diversity for M. sacchariflorus during the last glacial maximum. M. sacchariflorus ssp. 
lutarioriparius was derived from the N China group with a substantial bottleneck. Similarities among groups using both SNP and plastid data 
suggest that Japanese and mainland tetraploids originated from independent polyploidization events. Moreover, tetraploid M. sacchariflorus in S 
Japan and Korea exhibit substantial hybridization with and introgression from diploid M. sinensis, which contribute to their high genetic 
diversity. We also found hybrids between diploid M. sacchariflorus and M. sinensis in Korea, but without introgression into either parent species. 
Although genetic diversity is virtually non-existent in ornamental M. sacchariflorus, wild M. sacchariflorus has greater genetic diversity than M. 
sinensis, suggesting that breeding and selection of M. sacchariflorus will be important for the development of improved M. ×giganteus. 
 
P0316: Bioenergy 
CO/Hd1 Homologs in Miscanthus sacchariflorus from the East Asia Mainland, Eastern Russia and Japanese Archipelago 



Hironori Nagano1, Lindsay V. Clark2, Kossonou Anzoua1, Karen Koefoed Petersen3, Larisa Bagmet4, Pavel Chebukin4, Bruce 
Coulman5, Elena Dzyubenko4, Nikolay Dzyubenko4, Andrey Sabitov4, Douglas Johnson6, Xiaoli Jin7, Martin Deuter8, Uffe 
Jørgensen9, Jens Bonderup Kjeldsen9, Ji Hye Yoo10, Chang Yeon Yu10, Stephen Long2, Erik J. Sacks11 and Toshihiko Yamada1, 
(1)Hokkaido University, Sapporo, Hokkaido, Japan, (2)University of Illinois, Urbana, IL, (3)Aarhus University, Årslev, Denmark, 
(4)Vavilov All-Russian Institute of Plant Genetic Resources, St. Petersburg, Russian Federation, (5)University of Saskatchewan, 
Saskatoon, SK, Canada, (6)USDA-ARS Forage and Range Research Lab, Logan, UT, (7)Zheijiang University, Hangzhou, China, 
(8)OT Wanzleben, Stadt Wanzleben, Germany, (9)Aarhus University, Tjele, Denmark, (10)Kangwon National University, 
Chuncheon, South Korea, (11)Dept of Crop Sciences, University of Illinois, Urbana, IL 
Miscanthus spp. are the most candidate bioenergy crop in cool temperate regions. Flowering time is a key target trait for extending the vegetative 
phase to improve biomass potential. CONSTANS (CO) and Heading Date 1 (Hd1) are central regulators for flowering pathway. CO/Hd1 
homologs from Miscanthus sacchariflorus (MsaHd1) were compared among M. sacchariflorus accessions including four diploid, seven 
tetraploid and two triploid strains as well as one M. lutarioriparius, which were collected from China, Korea, Russia and Japan. Four to eight 
MsaHd1 alleles in each accession were identified, and based on the open reading frame in MsaHd1, each allele was classified as putative 
functional alleles or non-functional alleles. The neighbor-joining tree formed two major clades; MsaHd1a multi-locus families with functional 
alleles and MsaHd1b with non-functional alleles being similar with M. sinensis; MsiHd1a and MsiHd1b. For MsaHd1b, newly generated stop 
codon (TAG) by insertion of 3bp (GTA) in exon 1 was a major mutation. Diploid M. sacchariflorus "robustus" lost STOP codon by point 
mutation, and it recovered the open reading frame. Parents of triploid hybrids were derived from both M. sinensis and M. sacchariflorus 
distributed in Japan. Our previous analysis revealed that many M. sinensis populations in Japan have MsiHd1a with loss-of-function type 
alleles. The triploid hybrids inherited the allele of M. sacchariflorus MsaHd1a with function preferentially. This suggests the possibility that 
segregation distortion has occurred in the vicinity regions containing CO/Hd1 loci. We will discuss the differentiation of populations of M. 
sacchariflorus in term of allelic distribution of CO/Hd1.  
 
P0317: Bioenergy 
Accelerated Domestication of Miscanthus: Towards Integration of Growth Modelling and Genomic Selection 
Chris Davey1, Gancho T. Slavov1,2, Paul R. H. Robson3, Sarah Hawkins3, Kerrie Farrar4, John C. Clifton-Brown3 and Iain 
Donnison5, (1)Institute of Environmental Biological and Rural Sciences (IBERS), Aberystwyth University, Aberystwyth, United 
Kingdom, (2)Rothamsted Research, Harpenden, United Kingdom, (3)Institute of Biological, Environmental and Rural Sciences 
(IBERS), Aberystwyth University, Aberystwyth, United Kingdom, (4)Aberystwyth University, Aberystwyth, United Kingdom, 
(5)Institute of Biological, Environmental and Rural Sciences (IBERS), Aberystwyth University, Aberystwyth University, United 
Kingdom 
We present ongoing activities aimed at developing an integrated approach combining growth modelling with linkage/association mapping and 
genomic selection in the bioenergy grass Miscanthus. As a first step, we developed multiple regression models relating dry biomass yield to a 
large set of phenological and morphological traits. The timing of emergence was a moderately strong predictor of early-season elongation growth 
(genetic correlation > 0.5), but less so for growth later in the season and for the final dry biomass yield (genetic correlation < 0.1). In contrast, 
early-season growth rate (i.e., canopy height by June) was consistently more informative than emergence for predicting biomass yield across data 
sets for two species of Miscanthus and two growing seasons. We then used the associations detected through these models to build selection 
indices that can lead to moderate increases (i.e., 1-3%) in the response to selection for biomass yield. More importantly, combining these indices 
with genomic selection can lead to substantial improvements in predictive ability (i.e., from three- to six-fold), making this approach directly 
applicable in operational breeding programmes. Finally, we outline ongoing efforts to scale up these studies using large field trials (>1000 
genotypes) at the Institute of Biological, Environmental and Rural Sciences in Aberystwyth (UK). 
 
P0318: Bioenergy 
Modifying Lignin Composition and Content of Sorghum Biomass for Improved Bioenergy Conversion 
Hannah M Tetreault1, Erin D. Scully2, Thomas E Clemente3 and Scott Sattler1, (1)USDA-ARS Wheat, Sorghum and Forage 
Research Unit, Lincoln, NE, (2)USDA-ARS Center for Grain and Animal Health Research, Manhattan, KS, (3)University of 
Nebraska-Lincoln, Lincoln, NE 
Sorghum (Sorghum bicolor) is a drought tolerant, C4 grass traditionally used for grain and forage production. Adoption of sorghum as a 
bioenergy crop has increased because of its high yield potential, and lower nitrogen and water requirements compared to other biomass 
crops. The cell wall is an interweaving matrix of cellulose, hemicellulose and the phenolic polymer lignin, which provides a rigid, protective 
barrier that confers both stability and resistance to both biotic and abiotic factors. Consequently, lignin is a key target to improve biomass for 
both cellulosic and thermal bioenergy conversion. The precursors of lignin are usually derived from the amino acid phenylalanine through the 
monolignol biosynthetic pathway, making this pathway a central focus for modifications to improve the composition and content of lignin. A 
series of transgenic events expressing ten genes encoding enzymes involved in the monolignol pathway have been developed in sorghum to 
examine the consequence of these modifications to biomass and energy content. Over-expression of caffeoyl CoA O-methyltransferase 
(SbCCoAOMT), an enzyme in the monolignol pathway, resulted in an increase in total energy content (p= 0.02), while agronomical traits and 
lignin concentration were not significantly different between wild-type and transgenic. Over-expression of SbCCoAOMT stimulates monolignol 
biosynthesis in sorghum, which leads to changes in cell wall composition that are detectable through histochemical staining and GS-MS analysis. 
The changes induced by over-expression of SbCCoAOMT could improve sorghum biomass for a range of conversion technologies. 
 
P0319: Bioenergy 
Genome-Wide Association Study and Genomic Selection of Sorghum bicolor Biomass Traits using High-Precision Drone-
Based Phenotyping 



Jennifer Spindel1, Jeffery Dahlberg2, Matthew Colgan3, Joy Hollingsworth2, Julie Sievert2, Scott Staggenborg4, Robert 
Hutmacher5, Christer Jansson6 and John P. Vogel1, (1)DOE Joint Genome Institute, Walnut Creek, CA, (2)UC Kearney Agricultural 
Research and Extension Center, Parlier, CA, (3)Blue River Technology, Sunnyvale, CA, (4)Chromatin Inc., Lubbock, TX, (5)West 
Side Research & Extension Center, Five Points, CA, (6)Pacific Northwest National Laboratory: Environmental Molecular Sciences 
Laboratory, Richland, WA 
The Consortium for Advanced Sorghum Phenomics (CASP) is a large, inter-disciplinary DOE-funded project with the goal of accelerating the 
breeding of biomass sorghum adapted to drought stress conditions. Over the summer of 2016, 622 diverse, public, Sorghum bicolor conversion 
lines and 26 proprietary sorghum cultivars provided by Chromatin Inc. were grown in two locations in central California under well-watered, 
pre-flowering drought stress, and post-flowering drought stress conditions. All plots were phenotyped weekly for biomass, leaf area, and growth 
rate by Blue River Technologies using a drone-based phenotyping platform. Hand phenotyping of randomly selected sub-plots was performed as 
a benchmark for the drone-collected data. Conventional phenotyping for additional traits including flowering time and grain yield was also 
performed. Genotyping-by-sequencing of the 648 sorghum lines was performed by the DOE Joint Genome Institute. We present here an update 
on the current status of the project and modeling relating the GBS data to the drone-generated high resolution phenotype data. 
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Functional Characterization of Kalanchoë Genes Involved in Crassulacean Acid Metabolism 
Rongbin Hu, Degao Liu, Gerald A. Tuskan and Xiaohan Yang, Oak Ridge National Laboratory, Oak Ridge, TN 
Plants that perform photosynthesis via crassulacean acid metabolism (CAM) pathway have much higher water use efficiency (WUE) than that of 
C3 and C4 plants. Engineering of CAM into C3 plants has great potential for improvement of WUE and drought tolerance in bioenergy and food 
crops. Understanding of the molecular basis of CAM is a prerequisite for CAM-into-C3 engineering. There are two important biological 
processes in CAM: nocturnal carboxylation and subsequent daytime decarboxylation. Recently, the genomics resources (i.e., genome and 
transcriptome) became available for Kalanchoë fedtschenkoi, an emerging model for CAM systems biology and synthetic biology research. 
Based on these genomics resources, we identified candidate genes that are potentially involved in carboxylation and decarboxylation in K. 
fedtschenkoi. To characterize the function of these candidate genes, genetic circuits containing different combinations of carboxylation and 
decarboxylation genes were assembled using synthetic biology tools and introduced into the C3 model plant Arabidopsis. The transgenic 
Arabidopsis plants are being characterized. 
 
P0321: Bioenergy 
Modified Expression of a HD-ZIP III Transcription Factor Impacts Cell Wall and Biomass Properties in Populus 
Udaya C Kalluri1, Raja Payyavula1, Raghu Ram Badmi1, Sara Jawdy1, Wellington Muchero2, Daniel Jacobson1, Robert Sykes3, 
Mark Davis3 and Jerry Tuskan2, (1)Bioenergy Science Center and Biosciences Division, Oak Ridge National Laboratory, Oak 
Ridge, TN, (2)Oak Ridge National Laboratory, Oak Ridge, TN, (3)Bioenergy Science Center and National Renewable Energy 
Laboratory, Golden, CO 
We applied a multipronged, genetics- and genomics-based, research strategy to examine the regulation of cell wall and biomass properties in 
Populus. Here, we present results from studies of genes belonging to the Homeodomain-leucine zipper class III (HD-ZIP III) and NAC domain 
transcription factor families. HD-ZIP III and NAC domain transcription factor family members have been previously known to regulate a diverse 
array of plant pathways ranging from embryo, shoot, leaf and flower development to biotic and abiotic stress response and hormone signaling. 
We examined the roles of selected gene family members, with enhanced expression in secondary wall-enriched xylem tissue, in determining 
biomass properties including sugar release efficiency of Populus. Transgenic Populus deltoides plants were generated via over expression or 
down regulation under the control of either a vascular-specific 4-coumarate-CoA ligase (4CL) promoter or that of a ubiquitous promoter. 
Morpho-anatomical, metabolic, physiological, cell wall chemistry studies revealed a range of phenotypic impacts; from changes in cell wall 
chemistry with no apparent compromise on plant growth and performance to pleiotropic effects to favorable phenotypic combination of enhanced 
growth and reduced recalcitrance. We further performed SNP network analyses to extract genotypic and phenotypic correlations significant to 
the targeted genes. Using PdWND1B (NAC) and PdHB3 (HD-ZIP III) as examples, we discuss alternate modes of action of these transcription 
factor genes in impacting biomass formation and sugar release efficiency in Populus. 
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The Agronomic Linked Data (AgroLD) Project 
Pierre Larmande, IRD, UMR DIADE, Institut de Biologie Computationnelle, Montpellier, France, Manuel Ruiz, CIRAD, UMR 
AGAP / CIAT, Montpellier Cedex 5, France, Nordine El Hassouni, INRA, Montpellier, France and Aravind Venkatesan, Institut de 
Biologie Computationnelle, Montpellier, France 
The drastic growth in data in the recent years, within the Agronomic sciences has brought the concept of knowledge management to the 
forefront. Some of the factors that contribute to this change include a) conducting high-throughput experiments have become affordable, the time 
spent in generating data through these experiments are minuscule when compared to its integration and analysis; b) publishing data over the web 
is fairly trivial and c) multiple databases exist for each type of data (i.e. ‘omics’ data) with a possible overlap or slight variation in its coverage. 
In most cases these sources remain autonomous and disconnected. Hence, efficiently managed data and the underlying knowledge in principle 
will make data analysis straightforward aiding in more efficient decision making. At the Institute of Computational Biology (IBC), we are 
involved in developing methods to aid data integration and knowledge management within the domain of Agronomic sciences to improve 
information accessibility and interoperability. To this end, we address the challenge by pursuing several complementary research directions 
towards: distributed, heterogeneous data integration.  
This talk will focus mainly on,Agronomic Linked Data (AgroLD) wich is a Semantic Web knowledge base designed to integrate data from 
various publically available plant centric data sources. These include Gramene, Oryzabase, TAIR and resources from the South Green platform 
among many others. The aim of AgroLD project is to provide a portal for bioinformaticians and domain experts to exploit the homogenized data 
towards enabling to bridge the knowledge. 
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Planteome: Reference Ontologies and a Platform for Integrative Plant Genomics 
Austin Meier1, Laurel Cooper2, Pankaj Jaiswal2, Barry Smith3, Christopher Mungall4, Marie-Angélique Laporte5, Elizabeth 
Arnaud5, Justin L. Elser2, Justin Preece2, Sinisa Todorovic1 and Eugene Zhang1, (1)Oregon State University, Corvallis, OR, 
(2)Department of Botany & Plant Pathology, Oregon State University, Corvallis, OR, (3)University at Buffalo, Buffalo, NY, 
(4)Lawrence Berkeley National Laboratory, Berkeley, CA, (5)Bioversity International, Montpellier Cedex 5, France 
The Planteome project is a centralized online plant informatics portal which provides semantic integration of widely diverse datasets with the 
goal of plant improvement. Traditional plant breeding methods for crop improvement may be combined with next-generation analysis methods 
and automated scoring of traits and phenotypes to develop improved varieties. The Planteome project (www.planteome.org) develops and hosts a 
suite of reference ontologies for plants associated with a growing corpus of genomics data. Data annotations linking phenotypes and germplasm 
to genomics resources are achieved by data transformation and mapping species-specific controlled vocabularies to the reference ontologies. 
Analysis and annotation tools are being developed to facilitate studies of plant traits, phenotypes, diseases, gene function and expression and 
genetic diversity data across a wide range of plant species. The project database and the online resources provide researchers tools to search and 
browse and access remotely via APIs for semantic integration in annotation tools and data repositories providing resources for plant biology, 
breeding, genomics and genetics.  
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Knowledge.Bio: A Web Application for Collaboratively Building and Exploring Networks of Biological Relationships 
Richard Michael Bruskiewich1, Kenneth Casimir Huellas-Bruskiewicz1,2, Chandan Kumar Mishra1,2, Farzin Ahmed1,2, Yinglun 
Colin Qiao1,2, Jarielle D Lim1,2, Lance Hannestad1,2, Rudy Kong Tin Lun1,2 and Benjamin M Good3, (1)STAR Informatics / 
Delphinai Corporation, Port Moody, BC, Canada, (2)Simon Fraser University, Burnaby, BC, Canada, (3)The Scripps Research 
Institute, La Jolla, CA 
Knowledge.Bio (Bruskiewich et al., 2016) is an open source web resource to enhance access and interpretation of networks of concepts and 
relationships derived from text mining or curated public resources. Each edge in these networks is linked to underlying evidence (e.g. an abstract 
in PubMed), which may be accessed within the context of the application. Along the way, users construct their own graphical map of related 
concepts which can be exported and shared either locally as a file on a user's computer, or remotely within an indexed map library.  
The initial research literature knowledge base of Knowledge.Bio is drawn from the Semantic Medline Database 
(https://skr3.nlm.nih.gov/SemMed/; Kilicoglu et al., 2012) and the Implicitome (Hettne et al., 2016), two complementary resources derived from 
text mining of NCBI Pubmed abstracts. Additional cross-linkages are provided to external biological databases via integration with WikiData 
(https://www.wikidata.org; Burgstaller-Muehlbacher 2016). In addition, Knowledge.Bio data loading protocols allow additional concept and 
relationship data to be loaded from other data sources.  
Availability and Implementation: hosted at http://knowledge.bio/; open source code available at http://bitbucket.org/sulab/kb2/.  
Contact: richard@plantinformatics.com  
References: 
Bruskiewich, RM, et al. (2016) Knowledge.Bio: A Web application for exploring, building and sharing webs of biomedical relationships mined 
from PubMed.doi: http://dx.doi.org/10.1101/055525 
Burgstaller-Muehlbacher, Sebastian, et al. (2016) "Wikidata as a semantic framework for the Gene Wiki initiative." Database 2016 : baw015.  
Hettne, KM, et al. (2016) The Implicitome: A Resource for Rationalizing Gene-Disease Associations.PLoS ONE 11(2): e0149621. 
doi:10.1371/journal.pone.0149621  
Kilicoglu, H, et al. (2012) SemMedDB: a PubMed-scale repository of biomedical semantic predications.Bioinformatics, 28(23), 3158-60. 
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What's New at Araport 
Agnes P. Chan, J. Craig Venter Institute, Rockville, MD 
Araport (https://www.araport.org) aims to to provide Arabidopsis and plant scientists with a new generation web-based data platform. In 
Araport, users can easily search, analyze, and download a wide array of data through the core components ThaleMine and JBrowse. Araport has 
also recently released an extensive annotation update, Araport11, for the Col-0 reference genome.  
We will demonstrate the powerful ThaleMine data warehouse for browsing the latest genome annotation, integrated with RNA-seq expression, 
coexpression, physical and genetic interactions, pathways, seed stocks, publications, and more. ThaleMine also provides a user-friendly interface 
for running gene list enrichment analysis, building data queries, exporting data tables, and saving/sharing work. Araport11 represents a 
comprehensive update for both structural and functional assignments of gene models using over 100 public RNA-seq datasets. The update 
included validating/adding splice isoforms, and genomic features such as novel transcribed regions, non-coding gene classes, upstream open 
reading frames (uORFs), and pseudogenes.  
To further enhance data sharing by community members using Araport, the next phase of our project will include developing simple ways for 
users to automatically integrate their data sets including metadata with Araport for easy discovery and reuse by other researchers. For example, 
users would be able to create data tracks in the Araport JBrowse for public sharing (e.g. RNA-seq alignments or expression profiles, community 
genome annotation, other genomic features), simply by providing the appropriate GFF or BAM file along with its associated metadata.  
Araport is supported by the NSF and the BBSRC.  
 
P0326: Bioinformatics: Databases 
The de.NBI-GCBN Service Centre – A Crop BioGreenformatics Network 
Thomas Schmutzer1, Marie E Bolger2, Jinbo Chen1, Heidrun Gundlach3, Markus Oppermann1, Stephan Weise1, Matthias Lange1, 
Manuel Spannagl3, Bjoern Usadel4, Klaus F.X. Mayer3 and Uwe Scholz1, (1)Leibniz Institute of Plant Genetics and Crop Plant 



Research (IPK) Gatersleben, Stadt Seeland, Germany, (2)IBG-2, Forschungszentrum Jülich, Jülich, Germany, (3)PGSB - Plant 
Genome and Systems Biology, Helmholtz Center Munich, German Research Center for Environmental Health (GmbH), 
Neuherberg, Germany, (4)Forschungzentrum Juelich & RWTH Aachen, Aachen, Germany 
GCBN is part of the German Network for Bioinformatics Infrastructure (de.NBI). The three GCBN partners (IPK, HMGU and FZJ) focus on 
crops and provide tailored specific data and infrastructure to the plant research community. Main objectives are: transparent access to 
germplasms, improved workflows for plant gene annotation, and bridging of multiple genotypes to phenotypes.  
The Genebank at the IPK is one of the largest centers for plant genetic resources worldwide. GCBN aims to systematically collect germplasm 
data, integrate those with information from other service provider and make it available for analysis. The IPK develops information systems for 
the integration of germplasm passport data, phenotypic data and genetic data.  
The HMGU as GCBN partner is responsible to provide high quality genome and gene annotations for crops. A key service is the provision of a 
high quality annotation pipeline for a fundamental ad-hoc plant genome annotation.  
The aim of the FZJ is to make phenotypes comparable between different labs, or indeed different species. Towards this a common vocabulary 
must be standardized by the development of phenomics and environmental ontologies. Data will be automatically linked from a genotype to a 
phenotype based on e.g. genome-wide association and genomic selection methods. Later on, more involved QTL based models will be 
introduced and delivered to the users.  
Furthermore, GCBN is provides multiple other services to access germplasm collections (GBIS, EURISCO), information retrieval over 
integrated genome annotations (LAILAPS), data sharing and publication services (PGP, e!DAL) and platforms to explore plant genomes 
(PlantsDB, PlabiPD). 
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Plant Genome Database Japan (PGDBj) in 2017: A Research Infrastructure for Genomics and Genetics of Plants 
Akihiro Nakaya1, Hideki Hirakawa2, Hisako Ichihara3, Taeko Shibaya3, Erika Asamizu4, Sachiko Shirasawa3, Yasukazu 
Nakamura3 and Satoshi Tabata3, (1)Graduate School of Medicine, Osaka University, Suita, Osaka, Japan, (2)Kazusa DNA Research 
Institute, Chiba, Japan, (3)Kazusa DNA Research Institute, Kisarazu, Chiba, Japan, (4)Ryukoku University, Otsu, Shiga, Japan 
The Plant Genome DataBase Japan (PGDBj, http://pgdbj.jp/en) provides an aggregate of the genomic and genetic databases that were 
automatically generated or manually curated from the various information sources in relation to plant biology and plant breeding. As the 
component databases, PGDBj currently consists of the Ortholog DB, the Plant Resource DB, and the DNA Marker DB, respectively having 
database entries related to clusters of similar amino acid sequences, ESTs and full-length cDNA clones, and DNA markers and QTLs, for 
example. The Ortholog DB (http://pgdbj.jp/od3), which is a fundamental layer of PGDBj, stores the relationships among the entries across the 
organisms based on sequence similarity, and thereby provides hub structures that can connect the relevant entries distributed in the component 
databases. To generate the orthologous information in the Ortholog DB, we obtained the amino acid sequences of green plants and cyanobacteria 
from the NCBI RefSeq Database and carried out all-against-all BLAST search among them. By categorizing the similar sequences, we generated 
their clusters, each of which is referred to as an “ortholog” in this database. Besides integrated search functionality for the database entries, the 
orthologous information in the Ortholog DB can provide prediction mechanisms by transferring and comparing the data among the organisms 
and taxonomic clades. We are developing client application software utilizing the phylogenetic and syntenic profiles generated from the Ortholog 
DB. 
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NBRP-Plant Databases: Plant Biological Resource Databases in Japan 
Haruka Kouyama1, Masatomo Kobayashi2, Yutaka Sato1, Shuhei Nasuda3, Kazuhiro Sato4, Masanobu Kawachi5, Makoto Kusaba6, 
Eiji Nitasaka7, Ryo Akashi8, Hiroshi Ezura9, Rie Tsuchiya1, Gaku Kimura1 and Yukiko Yamazaki1, (1)National Institute of 
Genetics, Mishima, Japan, (2)RIKEN BioResource Center, Tsukuba, Japan, (3)Graduate School of Agriculture, Kyoto University, 
Kyoto, Japan, (4)IPSR, Okayama University, Okayama, Japan, (5)National Institute for Environmental Studies, Tsukuba, Japan, 
(6)Hiroshima University, Higashi-Hiroshima, Japan, (7)Kyushu University, Fukuoka, Japan, (8)University of Miyazaki, Miyazaki, 
Japan, (9)University of Tsukuba, Tsukuba, Japan 
The National BioResource Project (NBRP: www.nbrp.jp) is a Japanese project to construct the framework for systematic collection, preservation 
and distribution of biological resources to be utilized as experimental materials in life science researches. NBRP-Plant is a plant subset of NBRP 
members and it consists of 9 groups such as Arabidopsis, Rice, Wheat, Barley, Algae, Lotus/Glycine, Morning Glory, Chrysanthemum and 
Tomato. Each group disseminates information on resources with organism-specific features and a total of 2.5 million resources are currently 
available from the websites.  
NBRP–Arabidopsis has been supporting researches by distributing Arabidopsis seeds of wild-type and mutants, DNA materials and cultured cell 
lines. Oryzabase is a comprehensive rice database housing wild rice accessions, mutants and annotated gene list with literatures. KOMUGI, a 
wheat database, contains information on Triticum/Aegilops lines, experimental lines, genomic/cDNA clones and a gene catalogue. BarleyDB 
provides germplasms, core collection, and genomic/cDNA clones. NBRP-Algae houses a diverse collection of algae covering 354 genera and 
718 species. A challenge faced by NBRP-Chrysanthemum is to replace cultivated autohexaploidy chrysanthemum with diploid C. seticupse as 
the model species. Mutant strains with diverse array of variations and DNA clones are a featured collection of NBRP-Morning Glory. As a 
model plant for legume, NBRP-Lotus japonicas/Glycine soja has been distributing wild accessions, RILs and genomic/cDNA clones. NBRP-
Tomato has been distributing Micro-Tom mutants and EST/cDNA clones. SABRE2 (sabre.epd.brc.riken.jp/SABRE2.html) is a database of plant 
DNA clones available from the core facilities of NBRP-Plant members. NBRP resources are directly accessible from PubMed LinkOut. 
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DBCLS SRA: Integrated Search of Public NGS Database, the Sequence Read Archive (SRA), and Its Relevant Databases 
Takeru Nakazato, Tazro Ohta and Hidemasa Bono, Database Center for Life Science, Mishima, Japan 



High-throughput sequencing, also called next-generation sequencing (NGS), is widely used for omics analysis with non-classical model 
organisms, and its numerous sequence read data have been archived in public database, the sequence read archive (SRA) with their experimental 
information as metadata by DDBJ, EBI and NCBI. As of October 2016, 8.6 peta bp of reads are archived in about 86,000 projects. 
We categorized SRA data by study types (e. g. whole genome study, transcriptomics, and metagenomics), sequencing platforms, and species or 
cell lines of samples. To visualize these information, we developed a web-service called DBCLS SRA (http://sra.dbcls.jp/). 
Recently, project information archived in SRA has moved to BioProject database, and sample information has also moved to BioSample 
databases. In addition, transcriptome data with NGS have archived in not only SRA but also GEO as gene expression databases. We therefore 
connected corresponding submissions in various databases. 
For plant and animal researchers, DBCLS SRA provides the NGS data list of sample species or strains under same taxonomy level such as 
species, genus, families in one search. For example, they can retrieve Oryza sativa indica or japonica strain data by searching Oryza sativa. Users 
also list up other Oryza species data as a parent taxonomy. 
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DNAPOD: Implementation of Virtual Machine for DNAPOD Workflow and Genotype Imputation 
Takako Mochizuki1, Hiromi Kajiya-Kanegae2, Yasuhiro Tanizawa1, Takatomo Fujisawa1, Tazro Ohta3, Naruo Nikoh4, Tokurou 
Shimizu5, Atsushi Toyoda6,7, Asao Fujiyama7, Nori Kurata8, Hideki Nagasaki9, Hiroyoshi Iwata2, Eli Kaminuma1 and Yasukazu 
Nakamura1, (1)Genome Informatics Laboratory, NIG, ROIS, Shizuoka, Japan, (2)The University of Tokyo, Tokyo, Japan, 
(3)Database Center for Life Science, ROIS, Shizuoka, Japan, (4)Liberal Arts, OUJ, Chiba, Japan, (5)Division of Citrus Research, 
Institute of Fruit Tree and Tea Science, NARO, Shizuoka, Japan, (6)Comparative Genomics laboratory, NIG, ROIS, Shizuoka, 
Japan, (7)Advanced Genomics Center, NIG, ROIS, Shizuoka, Japan, (8)NIG, ROIS, Shizuoka, Japan, (9)Genome Informatics 
Group, Department of Technology Development, Kazusa DNA Research Institute, Chiba, Japan 
With advances in next-generation sequencing, datasets for DNA polymorphism among various species and strains have been produced, stored 
and distributed from the websites of individual genotyping projects. However, reliability among genotype datasets varies because the 
experimental and analytical conditions are different among assays. It is desirable to integrate DNA polymorphism data into a database with 
uniform quality control distributed from a single platform in a single dataset. 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 the raw data, reference genome version and evaluation algorithms. DNApod genotypic data is re-analyzed 
whole-genome shotgun datasets extracted from the Sequence Read Archive 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 analytical methods are available as a DNApod workflow in the DDBJ Read Annotation Pipeline (DDBJ 
pipeline) (https://p.ddbj.nig.ac.jp/) and a virtual machine image configured in the Galaxy platform by Pitagora-Galaxy (http://www.pitagora-
galaxy.org/). The DNApod genotypic database currently contains 679 rice lines, 404 maize lines, and 66 sorghum lines. Eighty-seven percent of 
DNApod genotypic data have a coverage depth <5 on a reference genome. Shallow-coverage data tend to generate false-negative results. For 
these data, we are constructing a workflow of genotype imputation.  
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AgBioData: A Consortium of Agricultural Biological Databases 
Jacqueline D. Campbell1, Ethalinda Cannon1, Sook Jung2, Dorrie Main2, Monica Poelchau3, Ramona Walls4 and Lisa C Harper5, 
(1)Iowa State University, Ames, IA, (2)Washington State University, Pullman, WA, (3)USDA/Agricultural Resarch 
Service/National Agricultural Library, Beltsville, MD, (4)University of Arizona, Tucson, AZ, (5)USDA-ARS, Albany, CA 
The future of agricultural research depends on data. Furthermore, it depends on how agricultural biological data is stored and shared. 
Governmental agencies, publishers and science funders now require data management plans for publicly funded experiments. This, along with 
the sheer volume of agricultural biological data being produced today makes good data management essential. AgBioData is a consortium of 
agricultural biological databases which strive to identify common goals relating to data set acquisition, display, user retrieval and manipulation; 
data, software and hardware standards, and database best practices. The objectives of AgBioData include: 1) coordinate with external groups 
such as CyVerse and scientific journals to develop standards for efficient data flow among data generators and databases, 2) encourage 
communication and sharing between databases. By encouraging communication between databases, together we can identify common problems 
and collaborate on solving them, 3) encourage sharing between databases to avoid duplication of work and support small research groups. 
Ultimately, we aim to work together to solve common issues to both leverage our work and to create database products that are more findable, 
accessible, interoperable and reusable.  
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Plant Gene Expression in EMBL-EBI Expression Atlas 
Maria Keays, European Bioinformatics Institute (EMBL-EBI), Hinxton, United Kingdom 
Expression Atlas at EMBL-EBI (http://www.ebi.ac.uk/gxa) is a free online resource enabling users to discover which genes are expressed in 
which tissues, developmental stages, growth conditions, and hundreds of other experimental conditions across 19 different plant species (as well 
as others). This could either be in a baseline context, e.g. to find genes expressed in rice roots under normal conditions, or in a differential 
context, e.g. to find genes that are upregulated in response to drought stress in barley. The data in Atlas comes from the ArrayExpress archive of 
functional genomics experiments (http://www.ebi.ac.uk/arrayexpress). All datasets are manually curated to a high standard by our curators, with 
terms annotated using the Plant Ontology and the Experimental Factor Ontology. They are analysed with our in-house pipeline, using the latest 
microarray and RNA-seq analysis methods and following standard protocols. Differential expression comparisons are decided by curators, after 
assessment of the data, reading associated publications, and correspondence with the original researchers. The Expression Atlas website employs 
ontology-based query expansion to enable powerful searching across all the data. Newly available features include the ability to find genes with 
similar expression patterns, a new format for heatmaps displaying expression levels, and a Bioconductor package for searching and downloading 



data in R. The Gene Expression team have also recently released the RNA-seq Analysis API (http://www.ebi.ac.uk/fg/rnaseq/api/), providing 
processed RNA-seq data from millions of publicly available sequencing runs. 
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TransAtlasDB - an Informatics System for Transcriptome Analysis Data 
Modupeore Adetunji and Carl J. Schmidt, University of Delaware, Newark, DE 
High-throughput transcriptome sequencing (RNAseq) is the universally applied method for target-free transcript identification and gene 
expression quantification, generating huge amounts of data. The constraint of accessing such data and interpreting results can be a major 
impediment in postulating suitable hypothesis, thus the need for an organizational structure for easy storage of and access to results is important. 
By offering a uniform data storage and retrieval mechanism, various data can be compared and investigated easily. We present a sophisticated 
system, TransAtlasDB, which incorporates a hybrid architecture of both relational and NoSQL databases for fast and efficient data storage, 
processing and querying of large datasets from transcript expression analysis with corresponding metadata, as well as gene-associated variants 
(such as SNPs) and their predicted gene effects. TransAtlasDB also provides user-friendly data management workflows, written in Perl, with 
useful functionalities that simplifies the complexity of data storage and possibly manipulation of the massive amounts of data generated from 
RNAseq analysis. The main objective of TransAtlasDB is to serve as an accessible repository for large complex data derived from RNAseq gene 
expression profiling and variant analysis. 
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Efficient Integration of Phytozome Population Diversity and Expression Data with JBrowse 
Richard D Hayes, Joseph W. Carlson, David M. Goodstein and Daniel S. Rokhsar, DOE Joint Genome Institute, Walnut Creek, 
CA 
Phytozome (http://phytozome.jgi.doe.gov) is a plant comparative genomics web portal offering access to genome annotations and gene families 
for over 70 species from a diverse set of land plant and Chlorophyte/algal taxa. Our annotations are increasingly augmented by studies of gene 
expression across tissue types, developmental stages, and environmental conditions, and exploration of genetic diversity across natural and 
designed populations. Sample sizes continue to grow rapidly, posing unique challenges for visualization systems like JBrowse that perform 
graphical rendering within end-user web browser client software. Recent solutions to this problem are discussed, building on existing work to 
offer Phytozome users efficient display of this data in JBrowse while minimizing client-side data access and rendering resource consumption. 
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Towards Comprehensive Coverage and Annotation of Proteome Space 
Ramona Britto, EMBL-EBI, Hinxton, United Kingdom 
The UniProt Knowledgebase (UniProtKB) endeavours to provide the scientific community with the most comprehensive catalogue possible of 
protein sequence and functional information. To achieve this, we have put in place procedures that gather data accurately and consistently from 
source databases followed by extensive annotation and cross-referencing to other resources. The increasing efficiency of whole genome 
sequencing has led to an unprecedented rise in the release rate of fully sequenced genomes. At UniProt, we provide comprehensive protein-
centric views of such genomes through the Proteomes portal (http://www.uniprot.org/proteomes/). Complete proteomes are based on translations 
of completely sequenced genomes; in addition, we offer a selected subset of reference proteomes including those of rice, wheat, maize, cow, pig, 
sheep and other commercially important species. These reference proteomes are the focus of expert curation thus providing a basis for the 
automatic annotation less well-studied genomes. Experimental data from the literature, genome scale data such as gene expression and 
proteomics studies, protein-protein interactions and pathway data are all used in the annotation of these protein sets. In addition to the import of 
new proteomes, maintenance and updating of existing proteomes to reflect improvements in genome assemblies and genebuild procedures is a 
vital part the proteomes project. We receive regular updates and feedback from annotation efforts thus benefiting the larger research community. 
This poster discusses the production process for complete and reference proteomes, ways of accessing this data and recent developments in the 
annotation of proteome data. 
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CATchUP: A Web Database for Spatiotemporally Expressed Genes 
Yukino Nakamura1, Toru Kudo1, Shin Terashima1, Misa Saito1, Eiji Nambara2 and Kentaro Yano1, (1)School of Agriculture, Meiji 
University, Kawasaki, Japan, (2)Dept. of Cell & Systems Biology., University of Toronto, Toronto, ON, Canada 
For proper control of biological activity, some key genes are highly expressed in a particular spatiotemporal domain. Mining of such 
spatiotemporally expressed genes using large-scale gene expression data derived from a broad range of experimental sources facilitates our 
understanding of genome-scale functional gene networks. However, comprehensive information on spatiotemporally expressed genes is lacking 
in plants. To collect such information, we devised a new index, Δdmax, which is the maximum difference in relative gene expression levels 
between sample runs which are neighboring when sorted by the levels. Employing this index, we comprehensively evaluated transcripts using 
large-scale RNA sequencing (RNA-Seq) data stored in the Sequence Read Archive for eight plant species: Arabidopsis thaliana (Arabidopsis), 
Solanum lycopersicum (tomato), Solanum tuberosum (potato), Oryza sativa (rice), Sorghum bicolor (sorghum), Vitis vinifera (grape), Medicago 
truncatula (Medicago), and Glycine max (soybean). Based on the frequency distribution of the Δdmax values, approximately 70,000 transcripts 
showing 0.3 or larger Δdmax values were extracted for the eight species. Information on these genes including the Δdmax values, functional 
annotations, conservation among species, and experimental conditions where the genes show high expression levels are provided in a new 
database, CATchUP (http://plantomics.mind.meiji.ac.jp/CATchUP). The CATchUP database assists in identifying genes specifically expressed 
under particular conditions with powerful search functions and an intuitive graphical user interface.  
This work was supported by Research Funding for the Computational Software Supporting Program from Meiji University. Computations were 
partially performed on the NIG supercomputer at ROIS National Institute of Genetics. 
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Bio-TDS : BioQuery Tool Discovery System 
Carol Lushbough1, Michael Gonzales2, Ann Stapleton3, Etienne Gnimpieba1 and Susan Cato4, (1)University of South Dakota, 
Vermillion, SD, (2)University of Georgia, Athens, GA, (3)University of North Carolina - Wilmington, Wilmington, NC, 
(4)American Society of Plant Biologists, Rockville, MD 
Bioinformatics and computational biology play a critical role in bioscience and biomedical research. As researchers design their experimental 
projects, one major challenge is to find the most relevant bioinformatics toolkits that will lead them to new knowledge discovery from their data. 
The Bio-TDS (BioQuery Tools Discovery Systems, http://brin.usd.edu/BioQueryTool/) has been developed to assist researchers in retrieving the 
most applicable computational toolkits by posing questions as free text. The Bio-TDS is a flexible, three-layer architecture retrieval system that 
provides users from multiple bioscience domains (e.g. genomic, proteomic, bio-imaging) the ability to query over 12,000 analytic tool 
descriptions integrated from well-established, community repositories. The query expressions posed by potential researchers can vary from 
precise questions such as “RNASeq reads mapper for mammalian” or “reads mapping”, to very domain specific free text expressions like “best 
tool for microbiology genome mapping using RNASeq”.One of the primary components of the Bio-TDS system is the ontology and natural 
language processing workflow for annotation, curation, query processing, and evaluation. The Bio-TDS’s scientific impact was evaluated using 
sample researcher questions retrieved from Biostars, a site focusing on biological data analysis. The Bio-TDS was compared to five similar 
bioscience analytic tool retrieval systems with the Bio-TDS outperforming the others in terms of relevance and completeness. The Bio-TDS 
provides researcher with the ability to associate their bioscience question with the most relevant computational tool-set required for the data 
analysis in their knowledge discovery process. 
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RefEx, a Reference Gene Expression Dataset As a Web Tool for the Functional Analysis of Genes 
Hiromasa Ono and Hidemasa Bono, Database Center for Life Science, Mishima, Japan 
RefEx (Reference Expression dataset; http://refex.dbcls.jp ) provides suitable datasets as a reference for gene expression data of normal human, 
mouse, and rat tissues and cells. Four different measurement strategies are used in our collected gene expression data. These are: expressed 
sequence tag (EST), Affymetrix GeneChip, cap analysis of gene expression (CAGE), and transcriptome sequencing (RNA-seq). 
By showing in parallel with gene expression dataset in normal 40 organs (10 major groups) was obtained by four different experimental methods, 
you can make an intuitive comparison among gene expression values but also the methods. Users can examine the expression profiles of 
unfamiliar genes in normal tissues of the body, cells, and cell lines, from actual measurement data, rather than only from a description in a 
journal article. Recently, we incorporated CAGE data from the FANTOM5 project into RefEx.  
RefEx contains unique lists of genes whose expression pattern is prominent in a specific tissue compared with other tissues. Clicking the tissue 
icons on the RefEx top page easily retrieves genes with tissue specific expression patterns. In addition, up to three genes that have been added to 
a user's list can be compared at the same time. Users can compare all the detailed information about genes in that list, including expression data, 
in parallel. This enables users to easily find differences among the genes. In this way, RefEx is also useful as a tool for investigating the 
relationships of unknown genes found in gene expression analyses. 
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ORCAE: Online Resource for Community Annotation of Eukaryotes 
Lieven Sterck1, Thomas Van Parys2, Stephane Rombauts3 and Yves Van de Peer3, (1)VIB Ghent University, Department of Plant 
Biotechnology and Bioinformatics, Ghent, Belgium, (2)VIB-UGent, Ghent, Belgium, (3)VIB Ghent University, Department of 
Plant Biotechnology and Bioinformatics, Ghent, 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).  
ORCAE is available at http://bioinformatics.psb.ugent.be/orcae/ and can now also be downloaded for local installation. 
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PIECE 2.0: An Update for the Plant Gene Structure Comparison and Evolution Database 
Yong Q. Gu1, Yi Wang1, Ling Xu2, Roger Thilmony3, Frank M. You4 and Devin Coleman-Derr2, (1)USDA ARS, Western 
Regional Research Center, Albany, CA, (2)Plant Gene Expression Center, USDA-ARS, Albany, CA, (3)USDA-ARS, Albany, CA, 
(4)Agriculture and Agri-Food Canada, Morden, MB, Canada 
PIECE (Plant Intron Exon Comparision and Evolution) is a web-accessible database that houses intron and exon information of plant genes. 
PIECE serves as a resource for biologists interested in comparing intron-exon organization and provides valuable insights into the evolution of 
gene structure in plant genomes. Recently, we updated PIECE to a new version, PIECE 2.0 (http://probes.pw.usda.gov/piece or 



http://aegilops.wheat.ucdavis.edu/piece). PIECE 2.0 contains annotated genes from 49 sequenced plant species as compared to 25 species in the 
previous version. In the current version, we also added several new features: (i) a new viewer was developed to show phylogenetic trees 
displayed along with the structure of individual genes; (ii) genes in the phylogenetic tree can now be also grouped according to KOG (The 
annotation of Eukaryotic Orthologous Groups) and KO (KEGG Orthology) in addition to Pfam domains (iii) information on intronless genes are 
now included in the database; (iv) a statistical summary of global gene structure information for each species and its comparison with other 
species was added; and (v) an improved GSDraw tool was implemented in the web server to enhance the analysis and display of gene structure. 
The updated PIECE 2.0 database will be a valuable resource for the plant research community for the study of gene structure and evolution.  
Database URL: http://probes.pw.usda.gov/AIM 
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Degree of Variations in Plant Genomes 
Micheal O Adeboye, POSTGRADUATE SCHOOL,UNIVERSITY OF IBADAN,NIGERIA, IBADAN, Nigeria 
Degree of differences between plant genomes varies from single nucleotide polymorphisms to large-scale duplications, deletions and 
rearrangements. The large polymorphisms are termed structural variants (SVs). SVs have received significant attention in human genetics and 
were found to be responsible for various chronic diseases. However, minute effort has been directed towards understanding the role of SVs in 
plants. Many recent advances in plant genetics have resulted from improvements in high-resolution technologies for measuring SVs, including 
microarray-based techniques, and more recently, high-throughput DNA sequencing. In this review we describe recent reports of SV in plants and 
describe the genomic technologies currently used to measure these SVs. 
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Gene Family Construction and Analysis in Phytozome 
Jeremy L. Phillips, Joseph W. Carlson, David M. Goodstein and Daniel S. Rokhsar, DOE Joint Genome Institute, Walnut Creek, 
CA 
Phytozome (http://www.phytozome.net) is the JGI's genomics portal for plant genome data and analyses. As a key feature of Phytozome 12, 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. We identify “core” sets of families from high-quality genome annotations, 
and construct profiles for these families that can be used to incorporate additional members as new annotations become available. In addition, we 
inventory sets of pan-angiosperm and pan-grass families with signatures broadly represented among Phytozome organisms, which can be used to 
expand and correct poorly-curated genome annotations. 
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The Bio-Analytic Resource for Plant Biology 
Asher Pasha1, Jamie Waese1, Jim Fan2, Zhenming Yu1, Matthew Ierullo1, Rohan V. Patel1, Priyank K. Purohit1, Sylva Donaldson1, 
Adrian Platts3, Mathieu Blanchette3, Stephen I. Wright4 and Nicholas Provart1, (1)University of Toronto / CAGEF, Toronto, ON, 
Canada, (2)University of Waterloo, Waterloo, ON, Canada, (3)McGill University, Montreal, QC, Canada, (4)University of Toronto, 
Toronto, ON, Canada 
The Bio-Analytic Resource (BAR), one of the top plant bioinformatics resources in the world, has partnered with Araport to contribute science 
apps to this growing online community resource. In 2013, the BAR proposed to provide seven data and visualization apps to Araport by building 
on highly used BAR tools. Currently, both the eFP Browser and the Arabidopsis Interaction Viewer are available on Araport. GeneSlider, a new 
sequence logo-based data visualization tool allows the user to easily observe nucleotide conservation for 10 Brassicaceae species across 10,000 
nucleotides. We are working towards making new tools available shortly. A new version of our ePlant zoomable user interface (ZUI) will allow 
the seamless viewing of large datasets across several levels of biological organization. Users can view data that are available at Araport and the 
BAR. User testing at plant conferences has contributed significantly to the development of this ZUI. 
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Overview of Gramene 
Marcela Karey Tello-Ruiz, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
The Gramene database (http://www.gramene.org) is an integrated resource for comparative genomics and pathways in plants. The database 
provides researchers with valuable information on numerous crops and model species, enabling powerful functional comparisons across species.  
In partnership with Ensembl Plants, we host genome browsers for 44 complete reference genomes, including updated assemblies for maize and 
hexaploid wheat, as well as and 2 diploid wheat progenitors, 12 Oryza and rice-related species, Brachypodium, 2 Arabidopsis species, 3 Brassica 
species, sorghum, barley, soybean, foxtail millet, Medicago, 2 Solanum species (tomato and potato), beet, banana, grape, cocoa, peach, red 
clover, poplar, Amborella trichopoda, and 7 lower plants. Each genome encompasses value-added annotations, gene-trees, and whole genome 
alignments. Evolutionary histories provided in phylogenetic gene trees 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 12 species, are displayed in the context of gene annotation, showing functional consequences that can be assigned to 
individual accessions within the diversity panel. Functional data include phenotypic, transcriptome profiling, and methylome data. Visual 
displays can be downloaded as high-resolution, publication-ready, image files. A fully integrated BLAST tool enables visualization of 
alignments within the browser. For data mining, our BioMart tool enables complex queries of sequence, annotation, homology and variation 
data, and provides an additional gateway into the genome browsers.  
Gramene also provides plant pathway databases and tools. The Plant Reactome (http://plantreactome.gramene.org/) hosts ~240 rice pathways 
(80% manually curated) and orthology-based projections of the rice reference pathways to 62 plant species. Both our pathway and genome 



browsers display EBI-ATLAS baseline gene expression. Gramene is supported by an NSF grant IOS-1127112, and partially from USDA-ARS 
(1907-21000-030-00D). 
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The First Phase of a Comprehensive Genetic Analyzing Platform for Rice: Establishment of an Integrated Genotype 
Database of Diverse Rice Genetic Resources 
Sheng-Kai Hsu and Chih-Wei Tung, National Taiwan University, Taipei, Taiwan 
Rice is an important crop species of diverse and structured genetic characteristics. The rapid development of high throughput genotyping 
techniques allowed researchers to obtain exhaustive genetic information of the species. The global/local gerplasm collections and the 
development of multi-parent advanced generation inter-cross (MAGIC) populations have expedited the progress of genetic research and breeding 
in rice. However, limited by the diverse genotyping platforms applied in each panel, researchers were not able to bring out more comprehensive 
comparisons between each panel.  
This study aims to undertake an aggressive approach to integrate the massive public and private genotype data of diverse populations and 
construct a comprehensive rice haplotype map (Hapmap) database. We include the genotyping by sequencing (GBS) data of ~350 reciprocal 
RILs of Nipponbare and IR64, a local collection of ~500 South East Asia accessions, MAGIC japonica population and the 60M array-based SNP 
data of ~400 global accessions. Reanalysis of GBS data generates a set of common SNP markers among diverse panels. This common SNP 
dataset is then merged with the 60M array-based marker set to form a high density genotype data. Two-step imputation is undertaken: 1) among 
natural accessions and the founder lines of intercross population; 2) within each intercross population. Similarly, independent haplotype 
reconstructions among natural germplasm and within each intercross population are conducted.  
This high density SNP derived hapmap will be implemented in a web-based analyzing platform. This platform would potentially serve as a 
powerful tool for genetic researchers and breeders. 
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SNP-Seek Resource for Rice Research 
Locedie Mansueto, Roven Rommel Fuentes, Nikki Borja, Jeffrey Detras, Juan Miguel Abriol-Santos, Dmytro Chebotarov, 
Millicent D. Sanciangco, N. Ruaraidh Sackville Hamilton, Ramil P. Mauleon, Kenneth L. McNally and Nickolai Alexandrov, 
International Rice Research Institute, Los Baños, Philippines 
The 3,000 rice genome project generated a large dataset of genomic variation to the world’s most important crop. We identified ~40M SNPs 
using BWA aligner and GATK variant calling on five reference genomes of rice, representing the major variety groups: Nipponbare (jap), IR 64 
(ind), 93-11(ind), DJ 123 (aus) and Kasalath (aus). The results are accessible through the Rice SNP-Seek website (http://snp-seek.irri.org) or by 
web-services with defined APIs. SNP-Seek provides legacy phenotypic and passport data for all the sequenced varieties from the International 
Rice Genebank Information System at IRRI and incorporates gene models from several rice annotation projects.  
Inside SNP-Seek, the massive genotypic data are stored as HDF5 files for fast retrieval, while the germplasm, phenotypic and genomics data are 
in RDBMS using the Chado schema, allowing the use of controlled terms from biological ontologies as query constraints. Several visualization 
tools are embedded including: JBrowse for SNPs, indels and genes; VISTA for the genome alignments; phylogenetic tree and MDS plots to 
explore the evolutionary relationships between the varieties; allele frequency chart and the genotype matrix viewer. A list manager for SNPs, 
varieties and genes allows the user to pass results as constraints in their queries. The SNP Annotator can add traits, ontology terms, functional 
effects and interactions to the markers in a list. We present the data and features of the Rice SNP-Seek Database, and show typical use cases 
focusing on allele-mining and breeding applications. 
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MaizeGDB: New Resources for Maize Researchers 
John Portwood1, Ethalinda Cannon2, Jesse R. Walsh2, Lisa C Harper3, Maggie Woodhouse4, Jack Gardiner5, Mary Schaeffer6, 
Bremen M Braun7, Kyoung Tak Cho2, David Schott2, Taner Z. Sen8 and Carson M Andorf1, (1)USDA-ARS Corn Insects and Crop 
Genetics Research Unit, Iowa State University, Ames, IA, (2)Iowa State University, Ames, IA, (3)USDA-ARS, Albany, CA, 
(4)University of California - Davis, Davis, CA, (5)Department of Genetics, Cellular, and Developmental Biology, Ames, IA, 
(6)USDA ARS and University of Missouri, Columbia, MO, (7)MaizeGDB, Ames, IA, (8)USDA -ARS / GrainGenes, Albany, CA 
MaizeGDB, the USDA-ARS maize 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 maize genome reference assembly 
became available. At this time MaizeGDB became more sequence-centric while still maintaining traditional maize genetics datasets. The 
research focus of the maize community has continued to evolve, making it necessary to continually redefine data access and data analysis tools. 
This poster details an overview of services provided by MaizeGDB. New genome sequences are incorporated into MaizeGDB through the 
creation of annotation/assembly pages, BLAST databases, and a genome browser. Recent work involves genome stewardship of the B73 
RefGen_v4 (Zm-B73-REFERENCE-GRAMENE-4.0) assembly, including the improvement of associations between the v3 and v4 annotations. 
The degree of large and complex datasets being released today has made it necessary to coordinate with different databases to facilitate greater 
interoperability and ease of use for our users. To productively address these issues, MaizeGDB has lead the formation of a working group, 
AgBioData, comprised of over 110 people from over 30 agricultural databases. New tools currently under development include MaizeMine (an 
InterMine instance), SNPversity (a tool for querying and visualizing SNP data), and tools for visualizing metabolic networks. Lastly, user 
feedback has been a valuable contribution to our success as a public service. 
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The Gene Pages at MaizeGDB 



Ethalinda Cannon1, Susan Belcher2, Jack Gardiner3, Lisa Harper4, John Portwood5, Mary Schaeffer6,7, Maggie Woodhouse8 and 
Carson M Andorf5, (1)Iowa State University, Ames, IA, (2)University of Oregon, Eugene, OR, (3)University of Missouri, 
Columbia, MO, (4)USDA-ARS Corn Insects and Crop Genetics Research, Ames, IA, (5)USDA-ARS Corn Insects and Crop 
Genetics Research Unit, Iowa State University, Ames, IA, (6)USDA ARS and University of Missouri, Columbia, MO, 
(7)University of Missouri - Columbia, Columbia, MO, (8)University of California - Davis, Davis, CA 
Developing useful Web-based gene information pages for an organism with extensive integrated data is no small feat. At MaizeGDB we took 
special care with the development of gene information pages, relying extensively on input from the research community, and integrating a wide 
range of related data, including functional annotation, expression, proteomics, and genetic information. MaizeGDB’s policy of being responsive 
to requests from the research community along with the existence of specific, high-value datasets that do not fit easily into generic data tables or 
display code, complicate the implementation of clear and comprehensive gene pages. As well, in maize we have the additional complication that 
not all genetically defined loci correspond to a sequence-based gene model, and where they do correspond, that connection has to be clear. A 
further challenge is that we maintain all old versions of structural annotation and are now taking in annotations for multiple maize genomes, 
where the same gene can have multiple variations. Here we describe the process of designing the gene pages, their contents, and our approaches 
to handling data integration. 
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Curation and Outreach at GrainGenes 
Sarah Odell, USDA-ARS, Albany, CA, Gerard R. Lazo, USDA Agricultural Research Service, WRRC, Albany, CA, David Hane, 
University of California / USDA-ARS-WRRC, Albany, CA, Yong Q. Gu, USDA ARS, Western Regional Research Center, 
Albany, CA and Taner Z. Sen, USDA -ARS / GrainGenes, Albany, CA 
GrainGenes (http://wheat.pwd.usda.gov) is the long-term repository for small grains data including that of wheat, barley, rye, and oat. 
GrainGenes also supports the small grains community by hosting the Annual Wheat Newsletter, Barley Genetics Newsletter, Oat Global/Oat 
Newsletter, and the Triticeae Toolbox (T3), and by posting job openings. Curation at GrainGenes is applied to a wide variety of data types, 
including genome sequences, genetic maps, genes, alleles, genetic markers, phenotypic data, QTL studies, experimental protocols and 
publications. GrainGenes strives to host the most accurate data for its users. To this end, we enlist the help of the small grains research 
community who can use the feedback button on each page to offer insights and suggestions, submit new data, and correct existing data. This 
presentation will include an overview of recently curated data at GrainGenes and our outreach efforts via media and training videos, and will 
highlight the role of curators in maintaining and updating the GrainGenes database with up-to-date, accurate and accessible information. 
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A Gene Nomenclature for the Triticeae Tribe 
Bruno A Santos1, Paul J. Kersey2, Manuel Spannagl3, John Rogers4, Craig F. Morris5, Tatsuya M. Ikeda6, Thomas Letellier7, 
Heidrun Gundlach3, Sven O. Twardziok3, Carlos Guzmán8 and Mario J Caccamo1, (1)NIAB, Cambridge, United Kingdom, 
(2)EMBL - The European Bioinformatics Institute, Cambridge, United Kingdom, (3)PGSB - Plant Genome and Systems Biology, 
Helmholtz Center Munich, German Research Center for Environmental Health (GmbH), Neuherberg, Germany, (4)UNICEN, Azul, 
Argentina, (5)USDA-ARS Western Wheat Quality Lab, Pullman, WA, (6)NARO, Western Region Agricultural Research Center, 
Fukuyama, Japan, (7)URGI, Versailles, France, (8)CIMMYT, Texcoco, Mexico 
Since 1968 the Catalogue of Gene Symbols for Wheat (McIntosh et al., 2013) has curated and compiled names and symbols for the wheat 
community becoming a recognised authority by researchers and breeders. There is, however, limited use of these gene symbols and names in the 
annotation of the current genomics sequences restricting the adoption of these valuable resources. A number of high-quality genome sequences 
have been completed in recent years for Triticeae species including a whole-genome reference for the Chinese Spring cultivar of the large 
hexaploid genome. This follows the generation of genomic sequences for other related Triticeae species including the wheat progenitors, barley 
and the first durum wheat genome. Most of these genomes have been annotated using high-throughput automatic methods offering a wealth of 
information to the research and breeding communities. The correct identification of gene structures in annotated genome references using a 
coherent and standard nomenclature across the Triticeae species will support the wider adoption of these resources. We will present a scheme 
that emerged from the “Triticeae Gene Nomenclature Workshop”. This meeting was organised with the sponsorship of the Wheat Initiative on 
11-13 October 2016 at the Helmholtz Centrum in Munich (Germany). The scheme is focused on the orthologous and syntenic relationship that is 
highly conserved in genes across the Triticeae tribe. The priority is to designate symbols to gene structures that are already annotated and 
currently characterised in the literature and that have an established name in the Catalogue but we have also set the principles for the assignment 
of new symbols and descriptions. 
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LegumeInfo.org: Legume Research and Trait Data That Is Findable, Accessible, Interoperable and Re-Usable 
Jacqueline D. Campbell1, Joel Berendzen2, Ethalinda Cannon1, Alan M. Cleary2, Sudhansu Dash2, Sam Hokin2, Wei Huang1, Alex 
G. Rice2, Pooja E. Umale2, Nathan T. Weeks3, Andrew Wilkey3, Andrew Farmer2, Steven B. Cannon3 and Maria Hadres2, (1)Iowa 
State University, Ames, IA, (2)National Center for Genome Resources (NCGR), Santa Fe, NM, (3)USDA-ARS-CICGRU, Ames, 
IA 
The Legume Information System (LIS; http://legumeinfo.org) is a resource for comparative legume research. Currently, LIS hosts annotated 
genomes of 13 species representing both crop and model legumes. LIS partners with other plant data resources (eg. jcvi.org/medicago, SoyBase, 
PeanutBase and Phytozome) to integrate genomic, genetic, trait and other data and to provide links to other legume data sets not housed at 
LIS. Through synteny and phylogenetic-based methods, LIS uses data from well-studied legume species (e.g. soybean and Medicago) to 
facilitate comparative research across species. Gene families allow the researcher to traverse paralogous and orthologous sequences across 
legume species. The latest set of tools added to LIS is a series of legume InterMine instances: BeanMine, SoyMine, PeanutMine and 



LegumeMine. LegumeMine integrates data from multiple legume resources including those above and MedicMine (at JCVI). All Mines are 
based on the InterMine biological data warehouse (http://intermine.org) which has powerful methods for combining and searching diverse 
genetic and genomic data sets. A major goal of LIS is to assist researchers in discovering important trait, genomic, and genetic information in the 
vast amount of data available today. LIS is a collaborative project of the USDA-ARS, NCGR, and the many dedicated researchers working on 
legume biology.  
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Integrating Genetic with Genomic Data in Legume InterMines 
Sam Hokin1, Andrew Farmer1 and Vivek Krishnakumar2, (1)National Center for Genome Resources (NCGR), Santa Fe, NM, (2)J. 
Craig Venter Institute, Rockville, MD 
The Java data warehouse InterMine, originally developed by the FlyBase group and now co-developed with groups around the world, has 
focused strictly on genomic data. However, the Legume Information System (USDA) and Legume Federation (NSF) curate genetic data as well. 
We have built mines for common bean (BeanMine), soybean (SoyMine), peanut (PeanutMine) and multiple species (LegumeMine). We have 
extended the core InterMine data model to include genetic maps, genetic markers and QTLs, along with a processor that associates QTLs with 
genes via the genomic positions of flanking markers. We have added diagrams displaying the genetic position of markers and QTLs on linkage 
groups, with links out to their individual report pages. One can now perform tasks such as selecting genes spanned by the markers of a given 
QTL and then analyzing them for GO enrichment or co-expression. We will have a computer available at the poster for visitors to explore the 
Legume Federation mines, which are all linked at mines.legumeinfo.org. 
 
P0353: Bioinformatics: Databases 
The Federated Plant Database Initiative for the Legumes 
Steven B. Cannon1, Jacqueline D. Campbell2, Sudhansu Dash3, Wei Huang2, Akshay Yadav2, Nathan T. Weeks1, Andrew Wilkey1, 
Prateek Gupta2, Shivan Gunda2, Maria Hadres3, Joel Berendzen3, Sam Hokin3, Vivek Krishnakumar4, Agnes P. Chan4, Ethalinda 
Cannon2, Eric Lyons5, Andrew Farmer3, Christopher D. Town4 and David Fernandez-Baca2, (1)USDA-ARS-CICGRU, Ames, IA, 
(2)Iowa State University, Ames, IA, (3)National Center for Genome Resources (NCGR), Santa Fe, NM, (4)J. Craig Venter Institute, 
Rockville, MD, (5)University of Arizona, Tucson, AZ 
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), CyVerse (www.cyverse.org), Phytozome (www.phytozome.net), 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. 
 
P0354: Bioinformatics: Databases 
Cool Season Food Legume Genome Database: A Web-Based Resource for Pea, Lentil, Faba Bean and Chickpea Genetics, 
Genomics and Breeding 
Jodi L. Humann1, Sook Jung1, Chun-Huai Cheng1, Taein Lee1, Ping Zheng1, Morgan Frank1, Deah McGaughey1, Kristin Scott1, 
Katheryn Buble2, Jing Yu1, Heidi Hough1, Clarice J Coyne3, Rebecca McGee4 and Dorrie Main1, (1)Washington State University, 
Pullman, WA, (2)Washington State University, Pulmman, WA, (3)USDA-ARS Western Regional Plant Introduction Station, 
Pullman, WA, (4)USDA-ARS, Pullman, WA 
The Cool Season Food Legume Genome database (CSFL, www.coolseasonfoodlegume.org) is a resource for genomics, genetics, and breeding 
data for chickpea, lentil, pea, and faba bean. QTL, marker and genetic map data from the current literature is regularly added, easily searchable 
and can be retrieved as downloadable tables and files. The database also has several tools for data exploration including BLAST for searching 
genome sequences and reference transcripts (RefTrans), JBrowse for viewing genomes and the corresponding annotations or alignments, and 
PlantCyc for viewing predicted metabolic pathways in genomes. In addition to the comparative map viewer CMap, CSFL features a new genetic 
map viewer called TripalMap. TripalMap is a new Tripal module that pulls data from the CSFL Chado database and integrates the maps into the 
CSFL genetic map details pages. This project is supported by USDA NRSP10, the USA Dry Pea and Lentil Council, Northern Pulse Growers 
Association, USDA-ARS and Washington State University. 
 
P0355: Bioinformatics: Databases 
Alfalfa Breeder’s Toolbox (ABT): An Integrated Database for Alfalfa Genomics, Genetics and Breeding 
Maria J. Monteros, Chunlin He, Jaeyoung Choi, Patrick Xuechun Zhao, Perdeep Mehta, Xinbin Dai, Junil Chang, Nick Krom, 
Nadim Tayeh, Michael Trammell, Christy Motes and Alyssa Nedley, The Samuel Roberts Noble Foundation, Ardmore, OK 
The Alfalfa Breeder’s Toolbox (ABT) is a user-friendly web-based portal that provides access to and visualization of multiple datasets to assist 
breeding activities in alfalfa. The site was developed using the Chado-Drupal-Tripal data modules to integrate basic, translational and phenotypic 



data in alfalfa. The ABT site currently includes the Medicago truncatula (v4.0) and diploid alfalfa (CADL v0.95) genomes as the backbone that 
anchors the alfalfa transcript sequences, gene models, molecular markers, genetic linkage maps, quantitative trait loci (QTLs), and allele 
frequencies visualized through JBrowse and phenotypic data collected from field trials. The current alfalfa gene models include 96% of the 
conservative gene orthologs in the plant kingdom based on the MAKER and SPADA pipelines and BUSCO evaluation. The alfalfa gene 
expression atlas enables users to evaluate differential gene expression and co-expression of target genes between alfalfa genotypes grown under 
various abiotic stress conditions. In silico PCR, BLAST and other advanced search tools can be used to develop primers targeting specific genes 
of interest and identify genes and molecular markers in specific genomic regions. The phenotypic data can be used to generate selection indices 
that combine multiple traits to identify the best germplasm based on agronomic performance in the field. Alfalfa breeders can utilize the 
integrated tools to improve traits of agronomic importance such as biomass yield, abiotic and biotic stress tolerance, forage quality and other key 
traits through the implementation of molecular breeding strategies facilitated by the availability of the ABT.  
 
P0356: Bioinformatics: Databases 
PeanutBase.org: A Genomic and Genetic Data Resource to Support Crop Improvement in Peanut 
Wei Huang1, Sudhansu Dash2, Alan M. Cleary2, Alex G. Rice2, Sam Hokin2, Jacqueline D. Campbell1, Joel Berendzen2, Maria 
Hadres2, Pooja E. Umale2, Nathan T. Weeks3, Andrew Wilkey3, Andrew Farmer2, Steven B. Cannon3 and Ethalinda Cannon1, 
(1)Iowa State University, Ames, IA, (2)National Center for Genome Resources (NCGR), Santa Fe, NM, (3)USDA-ARS-CICGRU, 
Ames, IA 
PeanutBase (http://peanutbase.org) is the primary web portal for information collected by projects within the Peanut Genomics Initiative to serve 
the peanut research community. The genomes of the closest diploid progenitors of peanut, Arachis duranensis and Arachis ipaensis, can be 
explored with both GBrowse and JBrowse. These genome browsers can be used to search and view gene models, markers, transcripts, RNAseq 
expression data, and to explore synteny with common bean and soybean. PeanutBase has multiple gene expression atlases from peanut (Arachis 
hypogaea), including RNAseq differential expression analysis from 22 peanut tissues, which are linked to GBrowse, gene sequences and gene 
annotations. PeanutBase has multiple search tools available, including a marker search tool which allows the researcher to search and view over 
25,000 markers, from a variety of maps. A number of new search tools have been added at PeanutBase over the past year. The biggest addition is 
PeanutMine, an instance of the InterMine biological data warehouse (http://intermine.org). PeanutMine, housed at LegumeInfo.org 
(http://mines.legumeinfo.org), has powerful methods for combining and searching diverse genetic and genomic data sets. A major goal of 
PeanutBase is to provide data and tools for Arachis research to help improve peanut varieties by integrating genetic, genomic and trait 
information. PeanutBase is a collaborative project of The Peanut Foundation, USDA-ARS, NCGR, and the many dedicated researchers and 
breeders working on peanut. 
 
P0357: Bioinformatics: Databases 
CottonGen: An Up-to-Date Resource Enabling Genetics, Genomics and Breeding Research for Crop Improvement 
Jing Yu1, Sook Jung1, Chun-Huai Cheng1, Taein Lee1, Ping Zheng1, Jodi L. Humann1, Deah McGaughey1, Morgan Frank1, Heidi 
Hough1, 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 (www.cottongen.org) is a curated and integrated web-based relational database providing access to publicly available genomic, 
genetic and breeding resources for cotton research discovery and crop improvement. CottonGen contains annotated whole genome sequences, 
reference transcriptomes, gene sequences from NCBI, genetic maps, trait loci, germplasm, marker diversity, breeding and publication data. The 
predicted genes of the whole genome sequence, reference transcriptomes and NCBI genes have been further annotated by homology to genes in 
other species, InterPro protein domains, GO terms and KEGG pathway terms. The database has been updated with all currently published genetic 
maps, molecular markers, and QTL data. Effort on data standardization on gene names, QTL metadata, and trait ontology have been conducted 
and all standardized names are publicly online available. CottonGen is directly supported by Cotton Incorporated, USDA-ARS, the cotton 
industry and USDA NRSP10. 
 
P0358: Bioinformatics: Databases 
TreeGenes and CartograTree: Genetic and Genomic Resources for Forest Trees 
Emily Grau1, Nic Herndon1, Steven A Demurjian Jr1, Qiaoshan Lin1, Michael Wynne1, Damian Gessler2, Alex Feltus3, Margaret 
Staton4, Stephen P. Ficklin5, Dorrie Main5 and Jill L. Wegrzyn6, (1)University of Connecticut, Storrs, CT, (2)University of Arizona, 
Tucson, AZ, (3)Genetics & Biochemistry, Clemson University, Clemson, SC, (4)University of Tennessee, Knoxville, Clemson, SC, 
(5)Washington State University, Pullman, WA, (6)Department of Ecology and Evolutionary Biology - University of Connecticut, 
Storrs, CT 
TreeGenes is a hub of data and analytic resources for the forest tree research community. Forest tree data is curated from external resources such 
as NCBI as well as direct user submissions. This demo will include an overview of resources available to users, including: genomes and 
transcriptomes, genetic datasets, association and population study datasets, literature database, colleague database, job and meeting postings. 
GMOD tools such as JBrowse and Cmap are used for data visualization, and custom developed tools such as CartograTree provide users with 
analytical tools. CartograTree is a map-based web application that links genotype, phenotype, and environmental data to georeferenced trees. 
Users can search, filter, download, and send data for analysis such as TASSEL and MUSCLE through the CartograTree interface.  
Current development and features in development will also be discussed, including expanded capabilities in CartograTree and the ongoing 
transition to Tripal, an open source content management system for biological community database websites. Tripal offers new functionality for 
TreeGenes, including the ability to connect and share data across Tripal sites such as The Hardwood Genomics Project and the Genome Database 
for Rosaceae. Ongoing development in CartograTree includes an expanded selection of environmental layers and data as well as new analytical 
capabilities via the Tripal Galaxy module. The Galaxy module will allow users to collect and submit datasets to custom developed analytical 
workflows directly from a Tripal site.  



 
P0359: Bioinformatics: Databases 
Gymno-PLAZA: An Access Point for Comparative Genomics in Conifer Species 
Lieven Sterck, VIB Ghent University, Department of Plant Biotechnology and Bioinformatics, Ghent, Belgium, Klaas Vandepoele, 
Department of Plant Systems Biology, VIB, Ghent, Belgium, Zhen Li, VIB-UGent, ghent, Belgium and Yves Van de Peer, VIB 
Ghent University, Department of Plant Biotechnology and Bioinformatics, Ghent, Belgium 
Comparative sequence analysis has significantly altered our view on the complexity of genome organization and gene functions in different 
kingdoms. Gymno-PLAZA is designed to make comparative genomics data for conifers available through a user-friendly web interface. 
Structural and functional annotation, gene families, protein domains, phylogenetic trees, and detailed information about genome organization can 
easily be queried and visualized. The functional annotation has been updated and now comprises data from Gene Ontology, MapMan, 
UniProtKB/Swiss-Prot, PlnTFDB and PlantTFDB. Furthermore, we included improved algorithms to transfer functional annotation from well-
characterized plant genomes to other species. These data and features make gymno-PLAZA 
(http://bioinformatics.psb.ugent.be/plaza/versions/gymno-plaza/) a versatile and comprehensible resource for users wanting to explore genome 
information to study different aspects of conifer biology, both in model and non-model organisms. 
 
P0360: Bioinformatics: Databases 
TreeGenes: Genetic and Genomic Resources for Forest Trees 
Emily Grau1, Nic Herndon1, Steven A Demurjian Jr1, Qiaoshan Lin1, Michael Wynne1, Damian Gessler2, Alex Feltus3, Margaret 
Staton4, Stephen P. Ficklin5, Dorrie Main5 and Jill L. Wegrzyn6, (1)University of Connecticut, Storrs, CT, (2)University of Arizona, 
Tucson, AZ, (3)Genetics & Biochemistry, Clemson University, Clemson, SC, (4)University of Tennessee, Knoxville, Clemson, SC, 
(5)Washington State University, Pullman, WA, (6)Department of Ecology and Evolutionary Biology - University of Connecticut, 
Storrs, CT 
TreeGenes is a hub of data and analytic resources for the forest tree research community. Forest tree data is curated from external resources such 
as NCBI as well as direct user submissions. This demo will include an overview of resources available to users, including: genomes and 
transcriptomes, genetic datasets, association and population study datasets, literature database, colleague database, job and meeting postings. 
GMOD tools such as JBrowse and Cmap are used for data visualization, and custom developed tools such as CartograTree provide users with 
analytical tools. CartograTree is a map-based web application that links genotype, phenotype, and environmental data to georeferenced trees. 
Users can search, filter, download, and send data for analysis such as TASSEL and MUSCLE through the CartograTree interface.  
Current development and features in development will also be discussed, including expanded capabilities in CartograTree and the ongoing 
transition to Tripal, an open source content management system for biological community database websites. Tripal offers new functionality for 
TreeGenes, including the ability to connect and share data across Tripal sites such as The Hardwood Genomics Project and the Genome Database 
for Rosaceae. Ongoing development in CartograTree includes an expanded selection of environmental layers and data as well as new analytical 
capabilities via the Tripal Galaxy module. The Galaxy module will allow users to collect and submit datasets to custom developed analytical 
workflows directly from a Tripal site.  
 
P0361: Bioinformatics: Databases 
Introducing the Brassica Information Portal: Towards Integrating Genotypic and Phenotypic Brassica Crop Data 
Annemarie Eckes1, Tomasz Gubala1,2, Piotr Nowakowski1,2, Tomasz Szymczyszyn1, Rachel Wells3, Thomas Alcock4, Judith 
Irwin3, Graham J. King5, Ian Bancroft6 and Wiktor Jurkowski1, (1)Earlham Institute, Norwich, United Kingdom, (2)Cyfronet AGH, 
Krakow, Poland, (3)John Innes Centre, Norwich, United Kingdom, (4)University of Nottingham, Leicestershire, United Kingdom, 
(5)Southern Cross Plant Science, Southern Cross University, Lismore NSW, Australia, (6)Department of Biology, University of 
York, York, United Kingdom 
A new community resource, the Brassica Information Portal (BIP), provides an open access web repository for Brassicaphenotyping data 
(https://bip.earlham.ac.uk). It aims to fill the gap between physical genome information and quantitative phenotypic information. By liking 
standardised trait data with genotypic and phenotypic information, it will in the near future offer tools to perform on-the-fly phenotype-genotype 
association analysis.  
In collaboration with the UK Brassica Research Community, we have built a tool that aims to assist global research on Brassica crops: Users can 
store and publish their own study results in the Portal thanks to advanced data submission capabilities. Similarly, user-friendly interfaces and 
programmatic download mechanisms further facilitate work with the data. This makes the database content readily comparable and cross-
linkable to that of other tools and resources for further downstream analysis.  
We also aim to implement community-wide phenotypic trait definition standards to encourage trait data re-use. To ensure comparability, we are 
working on creating Brassica trait ontology terms based on the Crop Ontology model suitable for association analysis.There are huge benefits 
from making organised trait data available and accessible to the Brassicacommunity and we hope that it becomes common practice to store 
brassica trait data systematically and share it with the wider research community in a similar way as has become routine for sequence, transcript, 
metabolite and protein structure data. We will present the resource and a use-case to demonstrate BIP’s value and utility, both for single research 
groups and global Brassicaresearch and breeding community. 
 
P0362: Bioinformatics: Databases 
Novel Database for TF Clone and TAC Clone of Arabidopsis thaliana in RIKEN BRC 
Satoshi Iuchi and Masatosmo Kobayashi, RIKEN Bioresource Center, Tsukuba, Japan 
RIKEN BRC (BioResource Center) has joined the National Bioresource Project (NBRP) of Japan, and the Experimental Plant Division of 
RIKEN BRC distributes the resources of Arabidopsis thaliana and some other plants to the researchers around the world. Here we present a new 
database for two kinds of Arabidopsis DNA materials, TF clone and TAC clone. The TF clone provides you the ORF (without STOP codon) of 



Arabidopsis transcription factor gene in the gateway entry vector system. The TAC clone provides you the Arabidopsis genomic fragment 
(average length is 80 kb) in the TAC binary vector. 
During the construction of the database, we tried to improve the utility of the clones. At first, we mapped each DNA sequence of TF clone and 
TAC clone (border sequence only) to Arabidopsis genome sequence using CLC workbench. After mapping, we construct the database that 
includes the mapped position data as well as gene annotations by Araport11 and TAIR10. In order to improve the visualization of the data, we 
employed a schematic view of the insert region. The design of the pages is still under the revision to make it easier for getting information about 
the clones. 
(TF clone, https://plant.rtc.riken.jp/resource/tfclone/tfclone_information.html; TAC clone, 
https://plant.rtc.riken.jp/resource/tacclone/tacclone_information.html) 
 
P0363: Bioinformatics: Databases 
Prediction of Gene Structures Using Public Sequencing Data of RNA-Seq and cDNA in Solanum lycopersicum 
Toru Kudo1, Masaaki Kobayashi1, Shin Terashima1, Minami Katayama1, Misa Saito1, Maasa Kanno1, Koji Yokoyama1, Hajime 
Ohyanagi1,2 and Kentaro Yano1, (1)School of Agri., Meiji University, Kawasaki, Japan, (2)King Abdullah University of Science 
and Technology, Thuwal, Saudi Arabia 
To facilitate basic and applied research on Solanum lycopersicum (tomato), comprehensive experimental resources and omics information have 
been developed and made available. For instance, mutant lines and cDNA clones from a dwarf cultivar, Micro-Tom, are two of the experimental 
resources. Sequencing data for ESTs and full-length cDNAs (FL-cDNA) from Micro-Tom continue to be accumulated. In conjunction with the 
reference genome sequence of another cultivar, Heinz 1706, the experimental resources have facilitated comprehensive analyses. To assist in 
exploiting the experimental resources and omics information, we have maintained a web database, TOMATOMICS 
(http://bioinf.mind.meiji.ac.jp/tomatomics/). In the TOMATOMICS, information on the experimental resources and omics data of tomato are 
provided in an integrative manner. Public RNA sequencing (RNA-Seq) data were also integrated as evidence for transcription.  
To enhance usability of the transcriptional evidence, we inferred gene structure by using the sequencing data of Heinz 1706 RNA-Seq and 
Micro-Tom FL-cDNAs. The FL-cDNA sequences were mapped onto the reference genome, then the result was merged with the major gene 
structural model ITAG2.4. The merged information was used as a supervisor in assembly of RNA-Seq reads into transcripts. The transcripts were 
applied for prediction of open reading frame, resulted in 28,796 protein-coding genes predicted. The resulting gene structures contained more 
than 400 of novel gene loci. Furthermore, statistical characterization showed that prediction of untranslated regions and transcript variants were 
likely improved compared with the ITAG2.4. The information on the now structural annotation, named TMCS version 1.2.1, is also provided in 
the TOMATOMICS. 
 
P0364: Bioinformatics: Databases 
Resources for Comparative Genomics and Pathway Analysis for Grapevine 
Sushma Naithani1, Justin Preece1, Parul Gupta1, Peter D'Eustachio2, Justin L. Elser1, Sharon Wei3, Robert Petryszak4, Paul J. 
Kersey5, Lincoln Stein6, Doreen Ware3 and Pankaj Jaiswal1, (1)Department of Botany & Plant Pathology, Oregon State University, 
Corvallis, OR, (2)NYU School of Medicine, New York, NY, (3)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
(4)EMBL-EBI, Hinxton, United Kingdom, (5)EMBL - The European Bioinformatics Institute, Cambridge, United Kingdom, 
(6)Ontario Institute of Cancer Research, Toronto, ON, Canada 
The cellular-level pathway networks for grapevine, such as VitisCyc, or the Plant Reactome can provide a framework for analysis and 
visualization of the large-scale expression data sets and aid grape researchers in understanding the metabolic composition of the grape berry and 
how it is influenced by genetic diversity or in response to various environmental factors. VitisCyc (http://pathways.cgrb.oregonstate.edu) is a 
curated cellular metabolic network based on the BioCyc platform. The Plant Reactome database (http://plantreactome.gramene.org), a pathway 
portal of Gramene database, is based on the Reactome Data model that hosts signaling, transport, developmental pathways in addition to the 
metabolic pathways for 66 plants including grapevine based on orthology to Oryza sativa. The utility of these resources in Omics data analysis 
will be illustrated using publicly available gene expression data sets available for grapevine in the EMBL-EBI plant gene Expression Atlas 
(https://www.ebi.ac.uk/gxa/plant/experiments). Furthermore, users can analyse the gene expression in relation to genetic diversity by uploading 
this data on the Gramene Ensembl Genome Browser. The VitisCyc is partially supported by Oregon State University funds to SN and the 
Gramene database is supported by NSF (award #: NSF IOS-1127112). The Plant Reactome portal of Gramene is being developed in 
collaboration with the Human Reactome (award #: NIH: P41 HG003751 and U54 GM114833, ENFIN LSHG-CT-2005-518254, Ontario 
Research Fund, and EBI Industry Programme). 
 
P0365: Bioinformatics: Databases 
Exploring Grapevine Gene Expression Patterns with VESPUCCI 
Marco Moretto, Paolo Sonego, Stefania Pilati, Giulia Malacarne, Laura Costantini, Lukasz Grzeskowiak, Giorgia Bagagli, Claudio 
Moser, M. Stella Grando and Kristof Engelen, Fondazione Edmund Mach, San Michele all'Adige, Italy 
In the era of high-throughput omics biology, the most used technologies for large-scale transcriptional studies are microarrays and RNA-Seq. 
These data are required to be deposited in public repositories upon publication. Such repositories have the enormous potential to provide a broad 
view of how different experimental conditions lead to expression changes, by comparing gene expression changes across all possible measured 
conditions. Unfortunately, this is not a task easily achievable due to differences among experimental platforms that make direct comparisons 
difficult. Using an adapted version of COLOMBOS technology (http://colombos.fmach.it/), geared towards eukaryotes and crop species in 
particular, we developed the Vitis Expression Studies Platform Using COLOMBOS Compendia Instances (VESPUCCI), a gene expression 
compendium for grapevine that integrates thousands of gene expression samples from several technological platforms, both microarray and 
RNA-Seq. Each sample has been manually annotated using a controlled vocabulary developed ad hoc to ensure both human readability and 
computational tractability. Expression data in the compendium can be visually explored using several tools provided by the web interface or can 
be programmatically accessed using the REST interface. VESPUCCI is freely accessible at http://vespucci.colombos.fmach.it. 



References: 
http://journal.frontiersin.org/article/10.3389/fpls.2016.00633/full 
 
P0366: Bioinformatics: Databases 
Web Database for Molecular Breeding and Resource Management in Vitis Crop 
Sung-Hwan Jo1, Bong-Woo Lee1, Jeong-Hee Lee1, Sangmi Kim1, Whan Cho2 and Kang Hee Cho3, (1)SEEDERS Inc., Daejeon, 
South Korea, (2)SEEDERS Inc., Daejeon, Korea, The Republic of, (3)National Institute of Horticultural and Herbal Science, 
Jeollabuk-do, Korea, The Republic of 
The importance of genomic information in the development of effective Vitis species (grapevine) breeding programs has increased. Enormous 
amounts of sequencing and genotyping data have been produced via the intensive application of next-generation sequencing technologies, and 
these genomic resources can facilitate molecular breeding in Vitis. Consequently, over 900 genetic resources, 200 Genotyping-by Sequencing 
data, and 40 re-sequencing data from various Vitis species have been collected at the National Institute of Horticultural and Herbal Science in 
Korea. It is now necessary to construct a database as a bridge between genomic data and molecular breeding to support effective communication 
and utilization. Here, we constructed a web database providing an integrated view from genomics to breeding for Vitis crops. This database 
manages numerous genetic resources and mines valuable molecular marker information from the collected resources. For example, gene and 
DNA markers, genetic maps, and gene expression profiles will be provided. In addition, molecular breeding support tools such as a genome 
browser, CAPS marker design tool, and graphic viewer for marker-assisted backcrossing individual selection will also be provided. Thus, our 
database could help breeders to understand the functions of the grape genome and speed up the development of new cultivars. 
 
P0367: Bioinformatics: Databases 
MoccaDB 2.0, an Interactive Coffee SNP Database 
Manon Coulee1, Michel Rigoreau2, Rémi Tournebize1, Dominique Crouzillat3, Alexandre de Kochko4, Valerie Poncet5 and 
Christine Tranchant-Dubreuil6, (1)IRD, Montpellier, France, (2)Nestle, Tours, France, (3)Nestle, Tour, France, (4)IRD UMR 
DIADE, Montpellier, France, (5)IRD UMR DIADE, Montpellier cedex 5, France, (6)IRD - UMR DIADE, Montpellier, France 
RATIONALE. Studies of the genome using next-generation sequencing enable the identification of molecular markers such as single nucleotide 
polymorphisms (SNPs) that may be used by breeders to identify and trace genes when breeding new varieties. Next-generation sequencing 
technology has accelerated the whole genome sequencing of Coffea canephora1 and C. arabica as well as the re-sequencing of diverse coffee 
accessions and the discovery of genome-wide SNPs. To enhance the potential utility of genome-wide SNPs for geneticists and breeders, we 
updated MoccaDB2with a new web-based query interface to search and browse SNPs in addition to other genetic markers (SSR, 
RFLP,CAPS,etc..).  
METHODS. The information on a large number of SNPs was collectively acquired from the research projects of the Coffea canephora 
Sequencing Consortium1, and the Arabica Coffee Genome Consortium (ACGC). We implemented new modules in MoccaDB2to include 
information and search tools related to SNPs, which allows access and visualization of the SNP information and locations both on linkage maps 
and reference genomes.  
RESULTS. Molecular markers and genetic maps are stored in the MoccaDB database. Six Coffea genetic maps are currently recorded, including 
the high-density C. canephora consensus map used for the anchoring of scaffolds1. For the latter, among the 3230 loci distributed on 11 linkage 
groups, 2564 markers have been anchored. The new C. arabicagenetic map was added to the database increasing the number of anchored SNP 
markers to 2600 validated ones. The query results can be visualized as text format in tables displayed on interfaces, the maps can be viewed and 
compared as graphics using the CMap and in a genome browser.  
CONCLUSIONS & PERSPECTIVES. Genome-wide SNP analysis is a promising tool to examine the genetic diversity of Coffee populations 
and genetic traits of scientific and economic importance. By combining information including SNPs and other genetic markers MoccaDB is an 
integrative web-portal providing a database of large-scale genome variation across coffee useful for both breeders and researchers.  
REFERENCES  
1Denoeud, F., et al. (2014) The Coffee Genome Provides Insight into the Convergent Evolution of Caffeine Biosynthesis. Science, 345, 1181-
1184. 
2Plechakova, O., Tranchant-Dubreuil, C., Benedet, F., Couderc, M., Tinaut, A., Viader, V., De Block, P., Hamon, P., Campa, C., de Kochko, A., 
Hamon, S. & Poncet, V. (2009) MoccaDB - an integrative database for functional, comparative and diversity studies in the Rubiaceae family. 
BMC Plant Biology, 9, 123. 
3Dereeper, A., Bocs, S., Rouard, M., Guignon, V., Ravel, S., Tranchant-Dubreuil, C., Poncet, V., Garsmeur, O., Lashermes, P. & Droc, G. (2015) 
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P0368: Bioinformatics: Databases 
Systems Biology Resources for the Citrusgreening Disease Complex 
Mirella Flores-Gonzalez1, Surya Saha1, Prashant S Hosmani1, Susan Brown2 and Lukas Mueller1, (1)Boyce Thompson Institute, 
Ithaca, NY, (2)Kansas State University, KSU Bioinformatics Center, Manhattan, KS 
Huanglongbing (HLB) is a tritrophic disease complex involving citrus host trees, the Asian citrus psyllid (ACP) insect and a phloem restricted, 
bacterial pathogen Candidatus Liberibacter asiaticus (CLas). HLB is considered to be the most devastating of all citrus diseases, and there is 
currently no adequate control strategy. In Florida, an estimated 40-70% of all citrus trees are infected, and HLB effects include production 
declines (10-20% per year), diminished fruit quality and increased production costs. We have designed a web portal with information for 
consumers and growers as well as genomics and bioinformatics resources for citrus, ACP and CLas. The JBrowse browser provides the context 
for expression data and annotated features on the genome. Biocyc Pathway Tools databases model biochemical pathways within each organism 
and will be used to explore the entire disease complex. Micro-CT analysis of the ACP will be combined with transcriptomics data from different 
tissues, life stages and sexes to create a 3D atlas that will reveal the internal anatomy of ACP overlaid with the expression profile of different 



tissues across major life stages. All tools like JBrowse, Blast and the Atlas will connect to a central database containing gene models for citrus, 
ACP and multiple Candidatus Liberibacter pathogens. The database will allow manual curation so that the community can continuously improve 
the knowledgebase as more experimental research is published. The database architecture combines custom schemas and the community-
developed Chado schema (http://gmod.org/wiki/Chado) for compatibility with other genome databases. The portal can be accessed at 
https://citrusgreening.org/. 
 
P0369: Bioinformatics: Databases 
Citrus Genome Database (CGD): A Resource for Genomics, Genetics, and Breeding Research 
Julia Piaskowski1, Jodi L. Humann1, Dorrie Main1, Sook Jung1, Chun-Huai Cheng1, Taein Lee1, Morgan Frank1, Kristin Scott1, 
Mirella Flores-Gonzalez2, Surya Saha2, Lukas Mueller2, Albert G. Abbott3 and Fred G. Gmitter4, (1)Washington State University, 
Pullman, WA, (2)Boyce Thompson Institute, Ithaca, NY, (3)Forest Health Research and Education Center, University of Kentucky, 
Lexington, KY, (4)University of Florida, IFAS-CREC, Lake Alfred, FL 
The Citrus Genome Database (CGD, www.citrusgenomedb.org) is a resource for researchers and breeders in the citrus industry. It contains 
curated genetic marker, map, and QTL data as well as genome data for clementine and sweet orange. The database also has the most up-to-date 
version of CitrusCyc v3.0 which includes metabolic maps for the C. clementina and C. sinensis genomes. The database also has several tools to 
aid in research, including BLAST for searches against the genome sequences, GBrowse for viewing genomes, and CMap for viewing or 
comparing genetic map data. The ultimate goal of the Citrus Genome Database is to provide a single website where researchers can 
view/query/download all current genetics, genomics and breeding data for citrus as well as have access to analysis tools that are useful for 
research and crop improvement. 
 
P0370: Bioinformatics: Databases 
Ginseng Genome Database: An Open-Access Platform for Mining Genomic Resources of Panax ginseng 
Tae-Jin Yang1, Murukarthick Jayakodi1, Beom-Soon Choi2, Sang-Choon Lee1, Woojong Jang3 and Nam-Hoon Kim1, (1)Seoul 
National University, Seoul, South Korea, (2)Phyzen Genomics Institute, Seoul, Korea, The Republic of, (3)Seoul National 
University, Seoul, Korea, The Republic of 
Korean ginseng (Panax ginseng C.A. Meyer) is a perennial herbaceous plant that has been used in traditional oriental medicine for thousands of 
years. Ginseng grows up to hundreds of years in wild mountain areas and has not been well domesticated, although it is commercially cultivated 
for six years for root harvesting. Ginsenosides, which have significant pharmacological effects on human health, are the major bioactive 
constituents in this plant. Given the importance of this plant to humans, an integrated omics resource is essential to facilitate genomic research, 
molecular breeding and pharmacological study of this plant. The first draft genome sequences of P. ginseng reference cultivar Chunpoong were 
de novo assembled and annotated recently. Here, using the draft genome, transcriptome, and functional annotation datasets of P. ginseng, we 
developed the Ginseng Genome Database http://ginsengdb.snu.ac.kr/, the first open-access platform to provide comprehensive P. ginseng 
genomic resources. The current version of this database provides the latest draft genome sequence (approximately 3,000 Mbp of scaffold 
sequences) along with the structural and functional annotations for 59,352 genes and digital expression of genes based on transcriptome data 
from different tissues, growth stages and treatments. In addition, tools for visualization and analysis of genomic data are provided. All data in the 
database were manually curated and integrated within a user-friendly query page. This database provides valuable resources for various research 
fields related to P. ginseng and other species belonging to the Apiales order as well as for plant research communities in general. 
 
P0371: Bioinformatics: Databases 
The Functional Annotation of Animal Genomes (FAANG) Project: Metadata, Data Sharing and the FAANG Data Portal 
Peter W Harrison1, Susan Fairley1, David Richardson1, Ian Streeter1, Guy Cochrane1, Alan L. Archibald2, Paul Flicek1 and Laura 
Clarke1, (1)EMBL-EBI, Cambridge, United Kingdom, (2)The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, 
United Kingdom 
The Functional Annotation of Animal Genomes (FAANG) Project aims, through a coordinated international effort, to provide high quality 
functional annotation of animal genomes with a focus on the livestock community. The project standardises core assays, experimental protocols 
and analysis methods to maximise effectiveness and inter-comparability of assay data, supporting the community to create this rich genome to 
phenome resource. A key advantage of the project is its focus on ensuring high quality and rich supporting metadata to describe the project's 
animals, specimens, cell cultures and experimental assays. It achieves this through metadata validation tools 
(http://www.ebi.ac.uk/vg/faang/validate/) that ensure submissions meet the FAANG minimal standards 
(http://www.ebi.ac.uk/vg/faang/rule_sets/FAANG). It also encourages early registration of samples and pre-publication of data in the appropriate 
archives in line with FAANG’s data release policy (http://www.faang.org/data-share-principle). Here we present the first version of the FAANG 
data portal, created and hosted by the Data Coordination Centre (DCC) at EMBL-EBI. The data portal collates and displays the project’s rich 
sample and experimental data. It provides direct links to all released assay data and as analysis results are collected, will provide added value 
resources such as a visual display of data through TrackHubs. The portal provides powerful filtering and searching, drawing in existing livestock 
datasets from a range of external resources and leverages recent and ongoing advances by Ensembl and the Molecular Archive cluster at EMBL-
EBI for the display and identification of livestock data. 
 
P0372: Bioinformatics: Databases 
Introducing the Vertebrate Gene Nomenclature Committee (VGNC) 
Bethan Yates, Susan Tweedie, Bryony Braschi, Kristian Gray, Ruth Seal and Elspeth Bruford, European Bioinformatics Institute 
(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 only six 
vertebrate model organisms with an established gene nomenclature committee (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 consistent gene names and symbols across vertebrates. 
Our naming strategy for each vertebrate species starts by identifying a high confidence set of genes with 1:1 human orthologs using our HCOP 
tool (http://www.genenames.org/cgi-bin/hcop), which aggregates orthology predictions from multiple sources. These 1:1 orthologs are named in 
a semi-automated manner, with the human gene nomenclature being transferred to the orthologous gene. Genes with non-consensus orthologs, 
members of complex gene families, pseudogenes and RNA genes require additional manual curation. Our prototype species for VGNC naming 
has been chimpanzee and we have already named over 10K protein-coding chimp genes with a 1:1 human ortholog. During this process we have 
taken the opportunity to improve the consistency of our names and taken care to minimise transfer of species-specific information. This naming 
process will soon be expanded to other species, including dog and cow. An online vertebrate gene nomenclature portal has been created that 
stores, displays and makes this new nomenclature data accessible both to individual researchers and available for dissemination to other 
resources including Ensembl and NCBI Gene. Further information and requests for individual vertebrate gene names and symbols can be made 
via: http://www.genenames.org. 
 
P0373: Bioinformatics: Databases 
Facilitating Comparative Functional Genomics through Data Reuse with Livestock EpiDB 
Elyn Fritz-Waters1, James M. Reecy1 and James E. Koltes2, (1)Department of Animal Science, Iowa State University, Ames, IA, 
(2)Department of Animal Science, University of Arkansas, Fayetteville, AR 
Livestock EpiDB was designed to facilitate data sharing, integration and mining of public next-generation sequencing (NGS) data. It is 
comprised of a web portal, database and data processing pipelines that identify, filter and process data from both NCBI’s SRA and EBI’s ENA 
databases. Filtering occurs in two steps where the first step identifies only well-annotated data for query through a MySQL database and the 
second captures only high-quality sequence for processing to use for the gene-expression atlas and meta-analyses. Data types captured within 
EpiDB includes: RNA-seq, miRNA-seq, methyl-seq, and ChIP-seq data. Over 12Tb of livestock data has been queried to date, yielding a subset 
containing more than 4000 well-annotated NGS samples across five livestock species (cattle, chicken, horse, pig, sheep). This data represented 
106, 30, 16, 24 and 16 tissues per respective species (cattle, chicken, horse, pig, sheep). Metadata encompassing experimental details can be 
downloaded using the search tool to identify specific data by species, data type and tissue from the database. A gene expression atlas also 
provides standardized expression levels for both mRNA and miRNA across tissues. Alternatively, users can download normalized, pre-processed 
data or access this data through the CoGe genome browser for comparison to their own existing datasets. Users will soon be able to download 
allele counts from public data for use to identify allele specific expression. EpiDB data and resources are available for use online at 
http://www.animalgenome.org/epidb/index.php 
 
P0374: Bioinformatics: Databases 
Bgee: Database and R Package for Retrieving the Preferred Anatomical Expression Localization of a List of Genes, or of a 
Single Gene, in Animals 
Frederic B. Bastian, SIB Swiss Institute of Bioinformatics - University of Lausanne, Lausanne, Switzerland 
A wealth of gene expression data is deposited in public repositories, but the problem is how to extract, from this wealth of data, the biologically 
relevant information about expression patterns of genes. We present here Bgee, a database and R package allowing to identify the preferred 
anatomical localizations with expression from a list of genes, or for a single gene. The R package also allows to download curated and re-
analyzed expression data from Bgee directly into R.  
Bgee is a database to retrieve and compare gene expression patterns in multiple animal species. It is based exclusively on curated "normal" 
healthy expression data, and produces calls of presence/absence of gene expression, in anatomy, life cycles and developmental stages, to allow 
comparisons between species. Bgee release 14 includes 29 species.  
I will present here the use of an innovative tool, allowing to discover in which anatomical structures genes from a given set are preferentially 
expressed: TopAnat. TopAnat analyses are similar to Gene Ontology enrichment tests, but applied to terms from an anatomical ontology, with 
genes mapped to anatomical terms using the expression calls from Bgee. We hope that TopAnat will prove to be as useful as standard GO 
enrichment analyses. I will also present how to retrieve from Bgee gene expression ranks, allowing to identify the most relevant anatomical 
information for each gene. Finally, the Bgee R package also allows to retrieve into R data from thousands of wild-type healthy samples of 
multiple animal species, curated and re-analyzed in Bgee. 
 
P0375: Bioinformatics: Databases 
Bovinemine: Integrating Genomic Data of Ruminant Livestock Species 
Darren E. Hagen, Deepak R. Unni, Colin M. Diesh, Aditi Tayal and Christine G. Elsik, Division of Animal Sciences, University 
of Missouri, Columbia, MO 
BovineMine (http://BovineGenome.org/bovinemine) is an InterMine-based data mining and warehousing system initially developed for the 
bovine genome. We have recently expanded BovineMine to include information for other ruminant species (sheep and goat). Researchers can use 
orthology to integrate information across the ruminants and leverage model organisms (human, mouse and rat) for pathways and 
interactions. Data includes gene annotations (NCBI RefSeq, Ensembl, official gene set), protein annotations (UniProt), protein domain and 
families (InterPro), orthologs (OrthoDB, TreeFam, EnsemblCompara, HomoloGene), pathway information (Reactome, KEGG), interactions 
(BioGRID), GO annotations (GO Consortium, UniProt), QTL (AnimalQTLdb), tissue-specific gene expression (SRA), SNP (dbSNP), and 
computed SNP annotations. BovineMine provides a simple report-like interface for genomic entities such as genes, transcripts, proteins and 
variants. Users can explore the data using predefined query templates, or can construct complex queries using the QueryBuilder tool. Query 
results are provided as tables that can be filtered, reorganized, expanded to include more information, and downloaded in various formats. The 
List and Genomic Regions tools allow users to upload lists of identifiers or chromosome coordinates, respectively, to create custom integrated 
datasets. Functions such as List Intersection are useful for meta-analyses. 
 



P0376: Bioinformatics: Databases 
Integration of Data Mining and Meta-analysis of Transcriptomic Data to Identify the Key Genes in Mastitis Resistance in 
Dairy Cows 
James M. Reecy, Department of Animal Science, Iowa State University, Ames, IA 
Meta-analysis of expression studies is being increasingly employed to identify robust molecular signatures and to gain insights into underlying 
biological processes. Herein this statistical approach was performed to identify genes significantly involved in response to mastitis in the 
mammary gland tissue of dairy cows; then the most important genes were identified by data mining approaches. As sampling techniques (in vivo 
and in vitro) and sampling time after infection were different between experiments, each time was considered as separate study and combined by 
one tailed p-value meta-analysis method to identify up and down regulated meta-genes. Ten different attribute weighting algorithms were applied 
to the gene dataset to identify the most important ones. From 892 genes that were significantly differentially expressed in response to mastitis 
(one tail q< 0/005), three genes (ZC3H12A, PDE4B, CASP4)- functional with the immune system – were selected as the most important genes 
by attribute weighting algorithms. It should be noted that these genes have not been previously associated with the mastitis diseases in dairy 
cattle’s. 
 
P0377: Bioinformatics: Databases 
Effect of Unbalanced Pedigree on Genetic Evaluation in Tunisian Holstein Cows 
Yosra Ressaissi, ISA Chott Mariem, Ariana, Tunisia; ISA-Chott Mariem, Ariana, Tunisia 
The pedigree quality was tested on the genetic evaluation process using 3 files. The first file was the original one which included the whole cows 
from which two extra pedigrees were generated: a file with only cows whose mothers are known and a file with only cows who’s both parents 
are known. A uni-trait animal model was fitted to 305-day dairy records (MY305) and counting on the restricted maximum likelihood procedure, 
the construction of the entire relationship matrix between cows and their ancestors was considered. The correlations of Pearson (r) and the 
distribution of the genetic deviation by flocks were made to appreciate relationship between the breeding values and to estimate genetic diversity 
according to the available genealogical information. Heritabilities were around 0.15 and 0.39 and genetic correlations have varied from 0.82 to 
0.94. Using the balanced pedigrees, the genetic parameters were ameliorated and the coefficients of correlation were all positive while they were 
found to be higher between the predicted values using the balanced pedigrees. The distribution of the genetic variability was different according 
to the used pedigree. The heterogeneity in animal identification generates an unbalanced pedigree of poor quality which penalizes the appropriate 
combination of the performances with the genealogical information. Consequently the relevance of genetic evaluation and the estimation of 
genetic variability will be affected. 
 
P0378: Bioinformatics: Databases 
HPIDB: A Database for Annotation, Computational Prediction and Analysis of Host-Pathogen Interactions 
Fiona McCarthy, University of Arizona, Tucson, AZ, Bindu Nanduri, Mississippi State University, Mississippi State, MS, Cathy 
R. Gresham, Institute for Genomics, Biocomputing & Biotechnology, Mississippi State, MS, Mais G. Ammari, School of Animal 
and Comparative Biomedical Sciences, Tucson, AZ and Prashanti Manda, University of North Carolina at Greensboro, Greensboro, 
NC 
Infectious disease researchers use host-pathogen interactions (HPI) to understand the complex interplay between host and pathogen, and to 
identify novel therapeutic and intervention strategies. The Host-Pathogen Interaction Database (HPIDB) is a public resource that facilitates 
modeling and analysis of HPIs. This resource integrates existing HPI information and biocurators provide manually curated annotations for 
animal. We will present our current progress and future annotation goals, focusing on host-pathogen pairs that we will curate; we are also 
requesting feedback from the community about these curation targets. At present, HPIDB contains 52,953 curated entries which include a broad 
range of species (58 hosts and 524 pathogens). The downloadable HPIDB data can be combined with other HPIDB services such as network 
visualization and ontology functional information to better inform our understanding of infectious diseases. In addition to manually annotated 
HPIs, HPIDB serves as a platform to infer additional HPI and support investigator-driven data analysis where annotated data is scarce. For an 
improved computational HPI prediction, we are developing a prediction model by comparing multiple protein-related features, algorithms, and 
datasets for prediction of HPIs. We expect to develop this workflow as an online tool so that researchers can rapidly predict and model 
interactions for their own pathogens of interest; we expect that this modeling will complement wetlab work to identify potential targets. As we 
develop the HPI prediction tool we will work closely with researchers who have their own animal health data sets to ensure that this resource 
meets the community needs. 
 
P0379: Bioinformatics: Databases 
Pseudostellaria Database: An Integrated Web-Based Platform of Pseudostellaria genus Covering from Genomic and 
Transcriptomic Resources to Ecological Information 
Jongsun Park1, Yongsung Kim2, Hong Xi2 and Hakgu Kang2, (1)InfoBoss Co., Ltd., Seoul, South Korea, (2)InfoBoss Co., Ltd., 
Seoul, Korea, The Republic of 
Pseudostellaria longipedicellata S. Lee, K. Heo & S.C Kim is newly identified species in Korea. Because P. longipedicellata shares almost all 
morphological characters with Pseudostellaria palibiniana (Takeda) Owhi except a pedicel length that expands significantly during flowering 
and fruiting seasons. To understand P. longipedicellata, we have investigated its genome, transcriptomes, phylogeny, geographical distribution, 
and physiology. Pseudostellaria Database (http://www.pseudostellaria.net/) has been established for storing all results from our studies, as well 
as integrated and interdisciplinary web-based platform for diverse analyses. It contains five major sections: i) Phylogeny section covers 
814 Pseudostellaria samples we have collected in Korea with GPS coordination and their marker sequences. ii) Herbarium section provides 224 
Pseudostellaria specimen from the samples with high quality scanned images. iii) Phenology section contains continuous pictures for monitoring 
growth process of P. longipedicellata and more than than 10 years’ temperature data of its natural habitats. iv) Omics section have two 
Pseudostellaria genomes (P. longipedicellata and P. palibiniana), transcriptomes (three different stages of pedicel growth datasets of P. 
longipedicellata and P. palibiniana), and gene family (cytochrome P450s and GATA, TCP, and NAC transcription factors) analysis results. v) 



Tools section provides BLAST searches against Pseudostellaria genomes and transcriptomes and GlobalScrapTM which supports virtual space for 
collecting data and interdisciplinary analysis tools for all types of data in the database. We believed that Pseudostelloria Database will be an 
information hub as well as fundamental platform for understanding Pseudostellaria genus in all possible research areas. 
 
P0380: Bioinformatics: Databases 
Curated Content in RefSeq Genome Annotations 
Shashikant Pujar, NCBI, National Institutes of Health, Bethesda, MD, Kim Pruitt, National Center for Biotechnology Information, 
NLM, National Institutes of Health, Bethesda, MD, Terence D. Murphy, National Center for Biotechnology Information 
(NCBI/NLM/NIH), Bethesda, MD and The RefSeq Group, NCBI, Bethesda, MD 
The RefSeq project aims to provide a comprehensive, high-quality, non-redundant set of annotations, including transcripts, proteins and genomic 
DNA. A subset of RefSeqs are manually curated by biological content experts at the gene and transcript/protein level to provide descriptors for 
transcripts, proteins and genes and generate known RefSeqs (NM_, NP_, NR_ accessions). At present, curation efforts are focused on human and 
mouse annotations, while rat, chicken, cow and zebrafish annotations also benefit from frequent manual curation. Curated content is based on 
user-provided data archived in NCBI's databases, data from external databases and data in peer-reviewed publications. Curators in the RefSeq 
group are also involved in targeted annotation of specific genes and gene-families in collaboration with subject experts. Curation leads to 
correction of errors flagged by QA tests, incorporation of suggestions from users and better inputs for future annotation updates and new 
annotation of new genomes. 
 
P0381: Other Category 
The Genomics Education Partnership: An Introduction to Bioinformatics in a Course-based Undergraduate Research 
Experience (CURE) 
Sarah Elgin, Washington University in St Louis, St. Louis, MO, Sara Anderson, University of Minnesota - Moorhead, Moorhead, 
MN, Shan M. Hays, Western State Colorado University, Gunnison, CO, Nighat P Kokan, Cardinal Stritch University, Milwaukee, 
WI, Nathan T Mortimer, Illinois State University, Normal, IL, Christopher D Shaffer, Washington University in St. Louis, St Louis, 
MO, Wilson Leung, Washington University in St. Louis, St. Louis, MO and David Lopatto, Grinnell College, Grinnell, IA 
The Genomics Education Partnership (GEP; http://gep.wustl.edu) is a consortium of faculty members from over 100 colleges and universities 
who are involving students in Course-based Undergraduate Research Experiences (CUREs) in bioinformatics. Our project uses comparative 
genomics to study the unusual properties of the Drosophila Muller F element (dot chromosome) across recently sequenced Drosophila species. 
Students participate in both sequence improvement and gene annotation, and their results are reconciled and pooled for final analysis; our recent 
paper in G3 had 940 undergraduate co-authors (Leung et al. 2015 G3 5(5): 719-40). Students who participate show attitude and knowledge gains 
on assessment, irrespective of the type of institution or the implementation strategy used by the faculty member (ranging from short lab modules 
to stand-alone research courses and independent research projects). However, student gains are correlated with the amount of time spent on the 
project. GEP faculty members report that implementation of this research-based curriculum is strongly facilitated by core computational and 
pedagogical support from the Washington University team, and that a shared curriculum and organizational structure can mitigate issues caused 
by varying campus-level support. We are developing new curriculum designed to make the GEP project more accessible to beginning students, 
including those at community colleges; and working with Galaxy to develop G-OnRamp, software that will make it easier to get a new genome 
assembly up on a genome browser, enabling faculty to use this bioinformatics CURE strategy with other species. Supported by HHMI grant 
#52007051, NSF grant #1431407, and Washington University in St. Louis. 
 
P0382: Other Category 
The Freshman Research Initiative: Results from a Model Cure 
Stacia E. Rodenbusch, University of Texas at Austin, Austin, TX 
National efforts to transform undergraduate biology education call for research experiences to be an integral component of learning for all 
students. Course-based Undergraduate Research Experiences, or CUREs, have been championed for engaging students in research at a scale that 
is not possible through apprenticeships in faculty research laboratories. Yet, there are few if any studies that examine the long-term effects of 
participating in CUREs on desired student outcomes, such as graduating from college and graduating with a STEM major. One CURE program, 
the Freshman Research Initiative (FRI), has engaged >6,000 undergraduates over the past decade. Using propensity score matching to control for 
student-level differences, we tested the effect of participating in FRI on students’ probability of graduating with a STEM degree, probability of 
graduating within six years, and GPA at graduation. Students who completed FRI were significantly more likely than their non-FRI peers to earn 
a STEM degree and graduate within six years. FRI had no significant effect on students’ cumulative GPA at graduation. The effects were similar 
for diverse students. These results provide the most robust and best controlled evidence to date to support calls for widespread involvement of 
undergraduates in research early in their academic careers.  
  
P0383: Other Category 
The Borlaug Training Foundation 
Perry Gustafson, , University of Missouri, and Borlaug Training Foundation, Columbia, MO 
The Borlaug Training Foundation (www.borlaugtrainingfoundation.org) is a non-profit foundation established to provide agricultural-based 
education and mentoring to scientists from developing nations. It will continue the applied training legacy of Norman Borlaug, 1970 Nobel Peace 
Prize Laureate, by engaging in collaborative activities with educational, industrial, and agricultural partners to generate, disseminate, integrate, 
and apply knowledge to increase agricultural production. At the heart of the Borlaug Training Foundation is a team of world–renowned scientists 
who have committed their time to travel the world to teach and mentor people. The Borlaug Training Foundation will foster Borlaug’s 
philosophy to further enable important professional connections based on teamwork, sound science, applied field research, the development of 
gender equality, and to help farmers worldwide. 
 



P0384: Other Category 
The Structure, Difficulties, and Successes of an Interdisciplinary Course to Introduce Biology, Computer Science, and Math 
Undergraduates to the Questions, Data, and Processes that Underlie Genome Analysis 
Shan M. Hays, Western State Colorado University, Gunnison, CO 
Biology has entered the big data era, in which it is increasingly easier and cheaper to generate gigabytes of genomic data to answer a variety of 
biological questions. Thus, it is increasingly important for our undergraduate students to be able understand the various types of analyses that can 
be carried out using these genomic data. Furthermore, since these large datasets are made available online for other researchers to use, 
undergraduate students who have been introduced to the proper analysis tools can address novel biological questions using these datasets. 
Consequently, faculty members in the biology and computer science departments collaborated to put together the Genome Analysis course, 
which brings together students from math, computer science, and biology into a working arrangement that mirrors the work environments that 
exist today in both academia and industry. The students use their respective skills to collaborate to ask novel biological questions and to develop 
algorithms using R software to answer these questions. This novel interdisciplinary approach to the subject matter gives students a better working 
knowledge of the interrelated activities of the various professionals who must collaborate to answer genomic-level questions. The course serves 
as a model that faculty members at other universities could emulate as they attempt to include more genomics-level content in their curricula.  
 
P0385: Other Category 
Progressive Regional Graduate Plant Breeding Training at Makerere University, Uganda 
Richard Edema1, Paul Gibson1, Patrick O Ongom1, Rufaro Madakadze2 and Walter P. Suza3, (1)Makerere University, Kampala, 
Uganda, (2)Alliance for a Green Revolution in Africa, Nairobi, Kenya, (3)Iowa State University, Ames, IA 
Makerere University (Uganda) innovatively trains plant-breeding graduate students. Coursework and practical skill development enables 
graduates to independently manage breeding programs meeting smallholder needs in Africa. AGRA (Alliance for a Green Revolution in Africa) 
and other partners have supported Makerere’s program since 2008, involving 58 PhD and 117 MSc students from 20 countries. These now hold 
relevant positions in the region. Within-region training improves contextualization and inter-regional cooperation, lowers cost, promotes 
retention of graduates, and maintains family and institutional relationships. Cooperation with national/international research organizations, and 
regional and US universities (Iowa State, Cornell, North Carolina State, UC-Riverside) strengthen the program.  
Coursework was initiated for PhD’s and embraces molecular breeding. Intense, coordinated coursework includes social sciences and other skills. 
E-curriculum materials to enhance coursework have been developed by Iowa State University (“Plant Breeding E-Learning in Africa”), 
cooperating with Makerere, Kwame-Nkrumah University of Science & Technology (Ghana), University of KwaZulu-Natal (S Africa) and 
AGRA. AGRA sponsors MSc students, their internships, and an in-house cowpea breeding program. Students’ theses target critical regional 
needs, with most contributing to active cultivar development programs.  
Challenges include students’ inadequate backgrounds, limited skills of independent study, reasoning and synthesis, compromised English, 
inadequate staffing, institutional politics, sub-optimal facilities, and insufficient supervision. Selecting students jointly with national educational 
and research institutions, and locating students, classes and research on the university farm have helped address the challenges.  
Funding through World Bank’s African Centers of Excellence acknowledges and supports the success of Makerere’s Regional Center for Crop 
Improvement (MaRCCI). 
 
P0386: Other Category 
GET ORGANIZED, GET CONNECTED, GET NOTICED and GET FUNDED: Introducing (GETBIO) The Gateway for 
Education, Training, Broader Impacts and Outreach in Plant Genome Research 
Michael D. Gonzales1, Ann Stapleton2, Etienne Gnimpieba1, Brent Anderson1, Bill J. Conn1, Susan Cato3 and Carol Lushbough1, 
(1)University of South Dakota, Vermillion, SD, (2)University of North Carolina - Wilmington, Wilmington, NC, (3)American 
Society of Plant Biologists, Rockville, MD 
Education, training, collaboration, broadening participation as well as raising awareness of the role that plant science plays in the quality of 
everyday life are key goals for NSF; all NSF-funded grants have the potential to not only advance scientific knowledge through research but also 
contribute to the achievement of societally relevant outcomes. Broader impacts (BI) are of great importance but also pose many challenges to 
those seeking opportunities as well as for researchers planning and implementing programs, such as: 1) finding and sharing resources (funding, 
infrastructure and personnel); 2) locating and collating information that is diverse, widespread and presented in a variety of ways; 3) lack of 
technical expertise and infrastructure for creating websites, videos, integrating applications such as social media, survey tools and analytic tools; 
4) disseminating information and interacting with large, distributed groups; 5) meeting recruitment initiative goals to broaden participation and 
building collaborations in unfamiliar communities; 6) measuring success and promoting and highlighting successful projects; and 7) learning 
how to locate, organize and use bioinformatics instructional materials and analytic tools in the sea of existing distributed, abundant, and diverse 
bioinformatics resources. The primary objective of this project is to create a Gateway for Education, Training, Broader Impacts and Outreach in 
Plant Genome Research (GETBIO-PGR) that will provide an infrastructure for researchers, educators, students and the general public to access, 
create, share and exchange information about plant genome research projects’ broader impact activities and also provide a resource to enable 
users to discover requisite bioinformatics analytic tools. 
 
P0387: Other Category 
Development and Integration of Next Generation Sequencing (NGS) Active Learning Modules into Undergraduate 
Curriculum 
Ray A. Enke, James Madison University, Harrisonburg, VA 
Undergraduate students learn about Next Generation Sequencing (NGS) platforms in courses, but often have difficulty understanding the impact 
of these techniques without hands-on experience analyzing actual NGS data. Here I describe a classroom-tested set of course-embedded 
activities focusing on RNA-sequencing (RNA-seq) data analysis using a combination of bioinformatics and wet lab workflows tailored for 



implementation into diverse undergraduate classroom settings. These modular workflows can be applied to a variety of novel or publicly 
available RNA-seq datasets.  
To create an undergraduate active learning research experience focusing on NGS that complements my research program, I developed an RNA-
seq dataset to identify differentially expressed genes between embryonic day 8 (E8) and E18 chicken retinas. Computational and wet lab modules 
analyzing this RNA-seq dataset were implemented into an upper level undergraduate Advanced Molecular Biology course. Computational 
modules investigated raw sequencing quality, sequence mapping to a reference genome, and pathway analysis of candidate genes. These modules 
were used in conjunction with wet lab activities constructing cDNA libraries from total RNA followed by quantitative reverse transcriptase PCR 
(qRT-PCR) using student-designed and validated qPCR primers. Downloadable lab modules and lesson plans for this and other courses are 
publicly available to educators via the “RNA-seq for the Next Generation” website developed by the Cold Spring Harbor Laboratory DNA 
Learning Center as well as my personal James Madison University SelectedWorks faculty website (https://works.bepress.com/raymond_enke/). 
 
P0388: Other Category 
Breeding Scheme Language: an R Package to Script and Simulate Breeding Schemes 
Shiori Yabe, Institute of Crop Science, NARO, Ibaraki, Japan; JST, PRESTO, Saitama, Japan, Hiroyoshi Iwata, The University of 
Tokyo, Tokyo, Japan and Jean-Luc Jannink, USDA-ARS / Cornell University, Ithaca, NY 
Plant breeding involves a number of factors, such as target trait genetic architecture and breeding resource availability. Plant breeders face 
difficult problems to determine an optimal breeding strategy in each breeding program. Simulation study is one of the useful strategies to choose 
a better (or the best) breeding scheme from a number of possible alternatives. However, it is difficult for a person who has little experience of 
computer programing to take the first step in conducting breeding simulation, which might be complex even using existing simulation tools. We 
develop a simple and flexible simulation platform, the Breeding Scheme Language (BSL), as an R package. Users can install and use the BSL 
package in the R environment. Users define their target species, genetic architectures and breeding strategies by combining simple functions and 
parameters in the BSL. The BSL will be useful for breeders to evaluate and compare breeding schemes to choose an optimal strategy. We believe 
that the BSL can also be used to train students to construct breeding strategies. The BSL source code is open to the public, and can be further 
improved. We welcome any comments and improvement by users. 
 
P0389: Other Category 
Bioinformatic Analysis of Parasitoid Wasp Venom: Integrating Bioinformatics into a Traditional Laboratory Course 
Nathan T. Mortimer, Gloria Alvarado, Sarah Bellout, Jordan DePerez, Brice Jarvis, Tyler Telander, Nicole Wagner, Anissa Anast, 
Bria Davis, Adam Frank, Katelyn Genenbacher, Josh Larson, Corey Mathis, Beth Oates, Nick Rhoades, Liz Scott, Ashley L. 
Waring and Jamie Young, Illinois State University, Normal, IL 
Bioinformatic analysis is an important component of modern biology, yet many students graduate with no experience in this field. In an attempt 
to widen the exposure to bioinformatics education, I have integrated a Course-based Undergraduate Research Experience (CURE) in 
Bioinformatics into a traditional laboratory course. This Bioinformatics CURE provided an introduction to the principles of bioinformatics, and 
the integration of the module into the laboratory based course allowed them to appreciate the role of bioinformatic analysis in the overall 
experimental design. In the course students learn a variety of cell biology techniques while studying host-parasite interactions between 
Drosophila melanogaster and Drosophila-infecting parasitoid wasps. This CURE was based upon the analysis of parasitoid wasp venoms using 
bioinformatic approaches, and this learning experience enabled the students to produce a high quality bioinformatic analysis of parasitoid wasp 
venom proteins. Parasitoid venom is a complex mixture of proteins that serve to manipulate host physiology and metabolism and includes 
immunomodulatory virulence factors. To date, most studies of parasitoid venoms have focused on the analysis of individual proteins, so for this 
CURE the students decided to study the entire venom proteome of a single parasitoid species. Their findings represent an important first step in 
understanding the evolution and aggregate activity of parasitoid venoms, and illustrate the benefits of integrating bioinformatics education into a 
traditional laboratory course. This project has been supported by the School of Biological Sciences at Illinois State University. 
 
P0390: Other Category 
AgronGalaxy: A Web-Based Server for Mining SNP Markers Using Reduced Representation Library 
Li-yu Daisy Liu, Department of Agronomy, National Taiwan University, Taipei, Taiwan 
After modern technology of sequencing makes it efficient and affordable to obtain a tremendous amount of molecular markers in the crop 
genome, the bioinformatics analysis becomes the challenge of molecular breeding. A handful of bioinformatics tools/software are available to 
interpret the sequencing results into usable molecular markers for breeding. However, without proper training in computing skills and/or 
adequate computing hardware capacity are the major obstacles for the breeders to access the sequencing results. Supported by Ministry of 
Science and Technology in Taiwan, we have maintained an analytic platform, named AgronGalaxy, powered by open web-based Galaxy server 
specifically for mining single nucleotide polymorphic (SNP) markers using reduced representation library. We believe AgronGalaxy can help to 
lower the threshold of applying genotyping by sequencing into a breeding program, which can be accelerated to accommodate the rapidly 
changing industry. 
 
P0391: Other Category 
Network Biology Discovers Pathogens’ Contact Points in Host Protein-Protein Interaction Networks 
Shahid Mukhtar, University of Alabama at Birmingham, Birmingham, AL 
Networks consist of systems’ components, referred to as ‘nodes’, and interactions between them, termed ‘edges’. The understanding of how 
networks function in the schema of an entire system is fueling the development of network based approaches. Such a framework is pertinent to 
evaluation of diverse networks including social media-fueled networks, telecommunication networks, banks transaction networks of businesses, 
information flow on the internet and biological networks. It is becoming increasingly evident that distinctive networks in nature and technology, 
regardless of their diversity and scale, display similar topological features. Understanding these topological properties and deciphering the 



network architecture can provide insights into the identification of new community structures, unknown signaling pathways, and novel 
relationships between host proteins.  
Here, we applied a network science framework to identify host proteins targeted by pathogen effectors in two unrelated experimental protein-
protein interaction networks. Towards this, we curated a comprehensive dataset of ~4,350 unique phenotypes in Arabidopsis. Unexpectedly, we 
demonstrated that hubs and bottlenecks are enriched in conditional phenotypes unlike centrality-lethality rule shown for yeast and other systems. 
We discovered that nodes located in close proximity of the network core are targeted by pathogen effectors and display enrichment in 
conditional, as well as immune-related phenotypes. Moreover, the average degree, betweenness and information centrality of these proteins is 
higher than the nodes in the periphery of the network. We also demonstrated plant immune system functions for these nodes. Finally, we expect 
that this dataset and network science framework will be useful for future studies including transcriptional regulatory networks. 
 
P0392: Other Category 
AdamPlant: A Tool to Simulate Selective-Breeding Schemes for Farmed Crops 
Huiming Liu1, Biructawit B. Tessema1, Just Jensen1, Anders Christian Sørensen2 and Fabio Cericola3, (1)Molecular Biology and 
Genetics, Aarhus University, Tjele, Denmark, (2)Center of quantitative genetics and genomic, MBG, Aarhus University, Tjele, 
Denmark, (3)QGG, MBG, Aarhus University, Tjele, Denmark 
AdamPlant is a computer program that models selective-breeding schemes for plants using stochastic simulation. AdamPlant is a powerful and 
flexible software, which can simulate a variety of population structures, genetic models, ploidy levels, reproductive systems, selection strategies 
and crossing designs. AdamPlant simulates breeding schemes in the following steps: (1) generate base plants by sampling chromosome 
haplotypes from a founder population or by importing stored haplotypes; (2) select genetic model from infinitesimal model or genomic model 
(finite-locus model); (3) determine the number of traits and recording strategy, assign QTL effects and/or polygenic effects for the trait and 
generate phenotypes; (4) perform truncation or optimum contribution selection based on phenotype, best linear unbiased prediction (BLUP) or 
genomic BLUP for specified selection unit e.g. single plant or family; and (5) generate offspring by crossing design for parental lines, selfing or 
double haploid technology. Results that are obtained include the true and estimated breeding values for all individuals or families at each time 
step, overall and trait-wise genetic gain, generation interval, accuracy of the prediction of breeding values, within-/between-family variance and 
realized plot- and variety- heritabilities. Inbreeding is also calculated based on either pedigree information or the identity-by-descent markers that 
are used to trace each base plant’s contribution. AdamPlant can be used to evaluate realistic complex breeding schemes where two or more 
competing interchange breeding material. Adam is written in FORTRAN 95, and is under continuous development at Center for Quantitative 
Genetics and Genomics (QGG), Department of Molecular Biology and Genetics, Aarhus University. 
 
P0393: Other Category 
Label-free Pollen Viability Determination by Impedance Flow Cytometry 
Marcel Ottiger1, Iris Heidmann2, Grit Schade1 and Marco Di Berardino1, (1)Amphasys, Root, Switzerland, (2)Enza Zaden, 
Enkhuizen, Netherlands 
Analysis of pollen viability plays an important role in various aspects of plant breeding and production processes. Here, we show that the label-
free analysis of pollen based on their dielectric properties by impedance flow cytometry (IFC) is a very efficient method for the determination of 
pollen viability and microspore maturation in a high-throughput manner. In addition, we demonstrate the unique potential of IFC in pollen 
analysis with respect to germinability and ploidy. 
 
P0394: Other Category 
Fast Large-Scale Genomic Prediction Utilizing up to Full Sequence Genomic Data through SVD-Based Models 
Jørgen Ødegård1, Ulf G. Indahl2 and Theodorus M. Meuwissen2, (1)AquaGen AS, Aas, Norway, (2)Norwegian University of Life 
Sciences, Aas, Norway 
With genomic data increasing both in terms of individuals and loci, computational costs of genomic prediction are likely to increase 
substantially, e.g., through direct inversion of enormous genomic relationship matrices (GRM) for use in single-step evaluations, or analysis of 
sequence data using Bayesian variable selection models. To alleviate these problems, we propose singular value decomposition (SVD) based 
methods, performing reduced rank approximation of genomic data. SVD is computationally demanding, but can be performed on a reduced core 
sample of individuals and/or in parallel on different genome segments, making fast computation possible.  
After SVD, genomic analysis can be performed either by principal component ridge regression (PCRR) or by a genomic animal model 
(GBLUP), with GRM defined by the chosen principal components. In the latter case, computation of the exact inverse GRM is fast, e.g., 
considerably faster than computing the original (non-inverted) GRM. Inverse GRM can now be computed for any number of genotyped 
individuals and loci, and the elements may be computed in parallel, individually or row-wise. In simulated sequence data, an SVD-based GBLUP 
model gave virtually identical GEBVs as the original GBLUP model (r = 1.000).  
Furthermore, an SVD-based non-iterative BayesC model utilizing PCRR was developed. In simulated sequence data, the original and SVD-based 
BayesC models performed similarly in terms of accuracy and persistency of GEBVs over generations. The major difference was computing time, 
with the SVD-based model (after SVD) being equally fast as a simple SNP-BLUP model. The accuracy of both BayesC models declined less 
than SNP-BLUP/GBLUP over generations. 
 
P0395: Other Category 
Imaging Mass Spectrometry of Specialized Metabolites in Plants 
Ryo Nakabayashi1, Tetsuya Mori1, Hiroshi Sudo2, Kiminori Toyooka1 and Kazuki Saito1,3, (1)RIKEN CSRS, Yokohama, Japan, 
(2)Hoshi University, Shinagawa, Japan, (3)Chiba University, Chiba, Japan 
It is important to understand accumulation site of target secondary/specialized metabolites to identify genes regarding their biosynthesis in the 
integrated metabolomics because there are often correlations between accumulation of the metabolites and expression of the biosynthetic genes 
in plants. Imaging mass spectrometry (IMS) provides spatial information of phytochemicals on a section. Here, we developed a procedure of 



IMS analysis. Tissue slices (16 μm thickness) were prepared using cryostat CM3050S (Leica). The slices were immediately freeze-dried on slide 
glasses and were stored until use in room temperature. Matrices were sprayed to the slide glasses using the matrix sprayer ImagePrep (Bruker 
Daltonics). Ultrahigh resolution data (resolution power, 66,000 @ m/z 400) were acquired using the Fourier transform ion cyclotron resonance-
mass spectrometry (FTICR-MS) instrument solariX 7.0 T (Bruker Daltonics) with a source of matrix assisted laser desorption ionization. 
Visualization of signal intensity on certain ions was performed using flexImaging (Bruker Daltonics). We successfully visualized the 
accumulation patterns of several specialized metabolites. 
 
P0396: Other Category 
GameteMaker: A Web-Accessible Genetic Mapping Simulation Program that Enables Students to Connect Mutant 
Phenotypes to Underlying, DNA Sequence-Based Genotypes 
Scott Woody, UW-Madison, Madison, WI 
Genetic linkage guides all manner of approaches to gene discovery, from map-based cloning to QTL and GWAS analyses. I will describe a web-
based genetic mapping simulation program, GameteMaker, that enables students in advanced high school and undergraduate settings to conduct 
virtual gene mapping experiments (http://sim.fpscgenetics.org). The sim presents students with images of mutant and corresponding wt 
phenotypes in the form of segregating F2 populations from which they will select some number for inclusion in a mapping population. Students 
select markers from a genome-wide collection of actual or potential PCR-based molecular marker assays to infer the linkage relationship 
between mutant and marker loci by inspection of virtual agarose gel images. Upon discovery of linkage, students follow an iterative process of 
additional marker assays and three point cross analyses to narrow the genomic interval that the logic of genetics demands must contain the 
causitive mutant locus. Having winnowed the interval to a size small enough to include a manageable number of candidate loci, students can 
transition from the sim server view functional annotations by using a genome browser and, ultimately, to compare DNA sequences of wt and 
mutant alleles to infer the location, nature, and likely consequences of observed sequence differences. The GameteMaker mapping sim makes use 
of mutants and molecular markers applicable to the FPsc variety of rapid-cycling Brassica rapa but can accommodate mapping in virtually any 
model organism for which mutant loci and map data are available. 
 
P0397: Other Category 
Hybrid Breeding through Simplified Meiosis 
Vanesa Calvo, WUR Wageningen University, Wageningen, Netherlands 
Hybrids are the highest producing crop varieties, but the development of new hybrids is extremely lengthy. We are in need of more efficient 
techniques to rapidly generate new hybrid varieties. This research focusses on the development of new breeding approaches based on several 
modifications of the process of meiosis: Reduced recombination, increased recombination or induction of unreduced gametes. To transiently 
silence meiotic genes we use Virus Induced Gene Silencing (VIGS). The silencing of a specific target direclty on the treated plant allows to 
obtain the desired phenotype in only one generation, avoiding the use of stable transgenes. To date, we have successfully induced several meiotic 
phenotypes in Arabidopsis thaliana using VIGS. Furthermore, we have developed a new Reverse-Breeding like approach based on the partial 
reduction of recombination frequencies using VIGS. This method allows the fixation of the hybrid genotype as the result of complementing 
parental lines. In addition, this technique also provides new homozygous parental lines to produce new putative hybrids. Moreover, we will apply 
VIGS in tomato to induce meiotic phenotypes. The modification of recombination frequencies and the induction of unreduced gametes will again 
serve as the basis for the development of novel approaches in tomato breeding. 
 
P0398: Other Category 
Bioinformatic Evaluation of Transcriptomic Frame Selection Methods in Non-Model Species 
Sumaira Zaman, University of Connecticut, Storrs, CT, Jill L. Wegrzyn, Department of Ecology and Evolutionary Biology - 
University of Connecticut, Storrs, CT, Jeanne Whalen, Department of Ecology and Evolutionary Biology, University of 
Connecticut, Storrs, CT, Richard Cronn, USDA Forest Service Pacific Northwest Research Station, Corvallis, OR, Sanjuro Jogdeo, 
Oregon State University, Corvallis, OR and Cera Lawrence, Univeristy of Connecticut, Storrs, CT 
Transcriptomic studies offer unique insights into differential gene expression, novel genes, and alternative splicing. In the absence of a reference 
genome, de novo assembly of the gene space proves challenging as organizing short reads is complicated by varying coverage and alternative 
splicing events. In non-model species where genetic resources for close relatives do not exist, the de novo assembly step is often followed by 
frame selection to identify the true start site and full open reading frame. This step is critical as it determines the translated protein and impacts 
the functional assignment of the assembled sequence. Similar to assembly, the existing bioinformatic tools for frame selection vary considerably 
when compared on the same read sets. Two current informatic methods for frame detection were compared in different non-model organisms 
with recent draft genome sequences including several members of Juglandaceae, Pseudotsuga menziesii, and Homalodisca vitripennis. The first 
method, Transdecoder, detects the longest open reading frame and optionally allows input of additional training data. The second, GeneMark S-
T, employs iterative self training using an unsupervised machine learning approach. When compared across the Trinity assembled 
transcriptomes, GeneMark S-T provides consistent and accurate frame selection models within a reasonable run time. The study examined a 
variety of metrics, including: trimmed frame lengths, full-length annotations, accuracy of the translated frame, and alignments to the draft 
genomes. While comparisons of frame selection have been made on genes originating from model organisms, the results presented here provide 
the first comprehensive view of their impact on non-model transcriptomes.  
 
P0399: Other Category 
CAM Biodesign: Engineering Crassulacean Acid Metabolism into C3 Plant to Improve Water-Use Efficiency 
Sung Don Lim, Won Cheol Yim and John C. Cushman, Department of Biochemistry and Molecular Biology, University of 
Nevada, Reno, Reno, NV 
Crassulacean acid metabolism (CAM) is a specialized mode of photosynthesis that exploits a temporal CO2 pump with nocturnal CO2 uptake to 
improve the water-use efficiency (WUE) and the adaptability of plants to hotter and drier climates. Introducing the CAM photosynthetic 



machinery into C3 photosynthesis plants (CAM Biodesign), such as Arabidopsis and Populus, is expected to confer enhanced WUE in order to 
allow plants to withstand long episodes of drought or perhaps even expand C3 crop production into semi-arid regions. Tissue succulence 
engineering in C3 plants may be a key anatomical attribute for enhancing the efficient operation of engineered CAM in C3 photosynthesis species. 
Specifically, increased tissue succulence is expected to afford increased mesophyll cell and vacuole size in order to increase malate storage 
capacity and to reduce intercellular air space to limit the diffusion of CO2 from the leaf. Furthermore, the proper circadian clock-controlled and 
mesophyll-specific promoters are required to reconstitute CAM (or C4) enzymes in target C3 plants. Lastly, developing an effective multi-gene 
assembly strategy for large number of the CAM gene cassettes is necessary to ensure stable expression of each CAM gene cassette within 
complex gene circuits. This study summarizes current step achieved to date for CAM Biodesign including tissue succulence engineering, CAM 
gene and promoter mining, and vector set construction for multi-gene assembly of gene circuits in C3 photosynthesis plants. 
 
P0400: Other Category 
Study of Alternative Splicing Events in Maize Transcriptome Under Abiotic Stress 
Wei Yun Lai, National Taiwan University, Taipei, Taiwan and Li-yu Daisy Liu, Department of Agronomy, National Taiwan 
University, Taipei, Taiwan 
Alternative splicing (AS) plays an important role during plants’ development particularly when they are under stresses. To assess how different 
kinds of stresses intact impact AS in maize, we assembled and analyzed the transcript isoforms from 53 stress-relative RNA-Seq libraries of 
osmotic, salt, heat, cold, water flooding and UV treated samples. The resulting isoforms from different samples were mostly intron retention and 
alt-acceptor ones. Besides, the transcriptome under stresses would consist of more isoforms per gene. The numbers of isoforms per gene would 
more diverse among samples under the stressed treatment than under the control, indicating that plants would respectively adjust for stressed 
conditions through AS. There were also more splicing junction sites being detected in the stressed samples than in the controlled samples. We 
further classified isoforms into 4 types including known transcripts, novel transcripts of known genes, intergenic transcripts and others. They 
contributed 41%, 43%, 11% and 3.65% to all isoforms, respectively. GO analysis of significantly differentially expressed (DE) isoforms showed 
that the function of DE known isoforms are more related to response to stimulus or stress, whereas the function of DE novel isoforms of known 
genes are more related to metabolic process. In conclusion, different behaviors of AS observed in different stress conditions indicates that self-
defensive mechanisms may be independently triggered in plants to accommodate stressed conditions. 
 
P0401: Other Category 
Growth and Yield Characteristics of 250 Corn Hybrids in Arkansas Through Genomes to Fields 
Elizabeth E. Hood1,2, Cassie Phillips3, Mary M. Rath4, Corey Green4, Taylor I. Spencer4, Argelia Lorence3, Zachary Campbell1 and 
Kendall Hood5, (1)Arkansas State University Biosciences Institute, Jonesboro, AR, (2)Arkansas Agricultural Experiment Station, 
State University, AR, (3)Arkansas State University, Jonesboro, AR, (4)Arkansas State University, State University, AR, (5)Infinite 
Enzymes, LLC, State University, AR 
With the looming population worldwide and the pressure on arable land, fresh water, and soil fertility, increasing crop productivity on current 
land is crucial. Exploiting genetics as well as management are key technologies to improve yields. The Genomes to Fields (G2F) project is 
focused on improving corn yields through broad-based testing of multiple germplasm pools across multiple locations. The project involved 36 
locations in 17 states and Canada in 2016. Arkansas joined for the first time in 2016 and planted in two locations, the Lon Mann Cotton Research 
Station of the Arkansas Agricultural Experiment Station network, and at the Arkansas State University research and teaching farm. The two 
locations are at approximately the same longitudinal location and approximately 75 miles apart north to south. Each of the 250 hybrids was 
planted in 2-row plots in two replicates at each site. Multiple data points were collected for each plot including stand counts, flowering time, 
plant height, ear height, plot weight, moisture, and test weight calculated. In addition to the data required by the project coordinators, the 
harvested grain from the Arkansas plots are being phenotyped using a LemnaTec Scanalyzer to determine consistency of the kernels among reps 
and locations. 
 
P0402: Other Category 
Maize Embryo Morphogenesis: A Mutational and Confocal Analysis 
Dale C. Brunelle, Janice K. Clark and William F. Sheridan, University of North Dakota, Grand Forks, ND 
The maize zygote normally develops over approximately 45-days passing through the proembryo, transition, coleoptilar, and stage1 (first leaf 
primordium) morphogenetic stages followed by the iterative formation of additional leaf primordia during stages 2-6 according to Abbe and 
Stein (1954). Using EMS treatment of maize pollen, we have produced more than 50 lethal embryo mutants that have no obvious effects on 
endosperm development except for some reduction in kernel size in some cases. Our dissections to date of mutant embryos in mature kernels 
show that about one-third of the mutations are blocked from the late proembryo through the late transition stage. Most of the other mutants are 
blocked at abnormal coleoptilar stages. During this period the embryo shifts its axis of symmetry, and the internal precursor region of the shoot 
apical meristem becomes evident in sectioned material. Germination tests of 25 mutant embryos revealed that almost all had zero germination or 
only a few which were likely misidentified kernels. Our earlier work with putative Mutator-induced embryo mutations identified a larger 
proportion of mutations that were blocked in the coleoptilar and later stages of development (Clark and Sheridan 1991, Sheridan and Clark 
1993). We are using confocal microscopy with fusion gene constructs to examine selected gene expression in normal and mutant 
embryos. Preliminary results with Pin1 in normal developing embryos suggest that expression of Pin1 doesn’t begin until the coleoptilar stage.  
 
P0403: Other Category 
Common Wheat Grain Yield and Bread-Making Quality Are Affected By Mutations in SBEII Genes 
André Schönhofen, Xiaoqin Zhang and Jorge Dubcovsky, University of California, Davis, Davis, CA 
Starch with high proportion of amylose in common wheat (Triticum aestivum) is correlated with increased content of resistant starch, a 
fermentable dietary fiber that can provide health benefits. To develop wheat kernels with high resistant starch content, induced mutations in 
STARCH BRANCHING ENZYME II (SBEII) genes were incorporated in the hexaploid wheat cultivars Lassik and Patwin-515. This study aimed 



at quantifying the effect of the SBEII mutations on common wheat grain yield, as well as on grain, flour, starch and bread quality parameters. In 
two replicated field trials, we observed that mutations in the genes SBEIIa (A, B and D genomes) and SBEIIb (A and B genomes) conferred large 
increases in amylose (~60%) and resistant starch content (~1000%). SBEII mutations were also associated with decreased kernel weight (~3%), 
flour extraction rate (~21%), grain yield (~6%) and loaf volume (~26%). Incremented flour protein content, water absorption and altered flour 
viscosity parameters can be favorable depending on the end-product desired. Significant interactions for several quality properties were detected 
between cultivar and/or environments, indicating that some of the negative effects of the SBEII mutations could be ameliorated through careful 
selection of the genetic background and location for deployment of the trait. Economic incentives will likely be necessary to motivate growers to 
use varieties with high resistant starch content in view of the observed reductions in grain yield. 
 
P0404: Other Category 
Quick Genotyping for an ACCase Herbicide Resistance Gene in Wheat Using KASP Assay 
Curtis M Hildebrandt, Eric Lloyd Patterson and Todd Gaines, Colorado State University, Fort Collins, CO 
Through a forward genetics screen using an induced mutagenesis method, mutant lines of wheat resistant to the ACCase inhibitor quizalofop p-
ethyl were previously characterized, and further crosses were performed to integrate the trait into advanced breeding lines for a commercial 
release. Quick and effective genotyping of these lines to tell whether they carry the resistance gene on one, two, or all three copies of the genome 
will be essential for diagnostic issues that may arise with the technology in a field setting. A method for genotyping these lines was previously 
accomplished via the KASP assay using a pre-amplification step for purification of the ACCase gene from each of the three genome copies. We 
have developed a different method for genotyping the ACCase gene in wheat using the KASP assay without the need for a pre-amplification 
step. This allows for quicker and less reagent intensive calls of whether a line is a one-gene, two-gene, or three-gene quizalofop p-ethyl resistant 
wheat, forgoing the accuracy of knowing the specific genome(s) that carry the trait. 
 
P0405: Other Category 
Improving Shelf Life and Flavor of Whole Grain Flour 
Michelle Noval1, Lisa Chambers2, Dayna Loeffler1, Aaron Holm1, Jessica Mullenberg1, Cate McGuire2, David Potts3, Devin 
Peterson3,4 and Ann J Slade1, (1)Arcadia Biosciences, Seattle, WA, (2)Arcadia Biosciences, Davis, CA, (3)Flavor Research and 
Education Center University of Minnesota, St. Paul, MN, (4)Flavor Research and Education Center, Ohio State University, 
Columbus, OH 
The USDA recommends that “at least one serving of grains per day must be whole grain-rich” due to evidence that a diet containing whole grains 
provides a multitude of benefits, including lower risk of obesity, cardiovascular disease, and type-2 diabetes. Despite these health benefits, 
consumption of whole grain products is negatively affected by the bitter and rancid flavors and odors that accumulate from the degradation of 
lipids during storage. Using TILLING (Targeting Induced Local Lesions in Genomes), a non-transgenic method, we have developed novel wheat 
lines with improved stability of whole grain flour. We targeted enzymes catalyzing hydrolytic and oxidative lipid degradation including lipases 
and lipoxygenases. In hexaploid wheat, we identified and combined knock-out alleles in both a highly expressed mature grain lipoxygenase 
(Lpx1) and lipase (Lip1). Our novel alleles in Lip1 produced lines with reduced lipase enzyme activity that improved hydrolytic stability of 
lipids. Novel alleles in Lpx1 greatly reduced the production of rancid and bitter compounds in aged whole grain flour. Wheat lines with these 
novel traits are being tested further for sensory characteristics and shelf life stability. These new traits, singly and in combination could help 
improve the shelf life and flavor of whole grain products. 
 
P0406: Other Category 
The Comparison of Aegilops tauschii Sequence Assembled By NRGene's DeNovoMAGIC and Pacbio-Illumina Hybrid 
Assembly with the MaSuRCA Mega-Reads Algorithm 
Le Wang, Tingting Zhu and Ming-Cheng Luo, Department of Plant Sciences, University of California, Davis, Davis, CA 
There are various genome sequencing technologies and assembly methods. The DeNovoMAGIC by the NRGene and Pacbio-Illumina Hybrid 
assembly with the MaSuRCA mega-reads algorithm are newly emerged assembly pipelines. With the availability of the both assemblies for the 
same Aegilops tauschii accession, it is possible now to assess how the two assembly methods behave for large and complex genome. The 
alignment of assembled sequences with BioNano genome map reveals overall good contiguity for both assemblies. When comparing sequences 
at base pair level, there are notable discrepancy between the two assemblies, including “SNPs”, indels and structural variations (SVs) which were 
not detected with BioNano genome map due to its limited resolution. The BAC-based Illumina’s MiSeq sequence assembly is also available for 
the accession; the regions harboring “SNPs”, indels and SVs were then aligned to BAC-based sequence assembly. The results indicate that the 
“SNPs”, indels and SVs were largely caused by mis-assembly with the NRGene’s DeNovoMAGIC. This work is a part of the NSF-funded 
Project IOS-1238231 to generate a reference sequence for the genome of Ae. tauschii (http://aegilops.wheat.ucdavis.edu/ATGSP/). 
 
P0407: Other Category 
Evaluating Adult Plant Resistance to Leaf Rust and Stem Rust of Wheat in a Newly Developed Recombinant Inbred Line 
Population 
Sandiswa Figlan1, Hussein Shimelis2 and Toi John Tsilo1, (1)Agricultural Research Council - Small Grain Institute, Bethlehem, 
South Africa, (2)University of Kwa-Zulu Natal, Pietermaritzburg, South Africa 
Leaf rust caused by Puccinia triticina and stem rust by P. graminis are the most destructive diseases of wheat (Triticum aestivum L.) resulting in 
substantial yield losses globally. New and aggressively virulent pathotypes are emerging to overcome effective resistance in existing wheat 
cultivars, particularly when resistance is conferred by race-specific genes. A continuous search for new sources of effective rust resistance genes 
is necessary to develop improved wheat varieties with stable and durable resistance. The aim of this study was to investigate the inheritance of 
adult-plant resistance in a recombinant inbred line (RIL) population of a cross between ‘Popo’ and ‘Kariega’, and to identify wheat breeding 
lines possessing both leaf and stem rust resistance. A panel of 179 RILs, two parental varieties and three checks ‘Gariep’, ‘SST88’ and 
‘Morocco’ were evaluated in the field, across four diverse environments, for resistance to leaf rust and stem rust diseases. Disease response 



ranged from highly resistant to highly susceptible reactions with severity scores reaching 100%. Analysis of variance indicated highly significant 
(P < 0.001) differences among the tested RILs for both pathogens across the testing environments. The broad sense heritability estimates were 
0.53 and 0.77 for leaf rust and stem rust, respectively. Twenty-six RILs had average severity scores that were better than the parental varieties, 
and showed higher levels of resistance to both pathogens. Due to the moderate to high heritability estimates for leaf rust and stem rust resistance, 
the use of the newly developed RILs in the genetic background of Popo/Kariega enhances pre-breeding for rust resistance against the two 
diseases. Genes controlling such resistance should be explored to elucidate and exploit quantitative trait loci (QTLs) for breeding. 
 
P0408: Other Category 
Genome-Wide Association Study of Cold Stress in Rice Seedling Stage (Oryza sativa L.) 
Jisu Choi, Gi-Won Cho, Mijeong Kim, Yoonjung Lee and Joohyun Lee, Konkuk University, Seoul, Korea, The Republic of 
Cold stress is one of the most influenced factors to rice yield. In order to identify genes related to cold stress, genome-wide association study 
(GWAS) was implemented. Seedlings of 137 rice germplasms were cultivated 2 week in green house. We transferred to chamber was set up to 
12℃ of temperature and 70% of relative humidity and treated one week. We scored treated rice seedlings 2days after transferring to greenhouse. 
Rice seedlings were scored 0 to 10 through the comparison between control and treatment. The normal rice seedlings were scored 0 and the 
withered rice seedlings were scored 10. Score of these rice germplasm were normally distributed. Oc-chung and Dongoh were the most tolerant 
to chilling stress but Dharial and Mala were the most sensitive. As a result of GWAS with re-sequencing data of rice germplasms and phenotype 
data, 187single-nucleotide polymorphism (SNP) markers were observed under stress condition by applying a significance threshold of -logP>6. 
The related gene to cold stress is on the chromosome 5 and 8. 
 
P0409: Other Category 
Stochastic Simulation of Selective Breeding Schemes for Wheat 
Biructawit B. Tessema1, Huiming Liu1, Jeppe R. Andersen2 and Just Jensen1, (1)Molecular Biology and Genetics, Aarhus 
University, Tjele, Denmark, (2)Nordic Seed, Galten, Denmark 
We used stochastic simulation to investigate the effect of factors influencing long-term genetic gains in conventional wheat breeding schemes. In 
addition, we evaluated the long-term genetic gain using GEBVs (genomic estimated breeding values) as a selection criterion in a reference 
breeding scheme. The conventional wheat breeding schemes involve crossing parental lines and subsequent selfing of the offspring for several 
generations to obtain inbred lines. To understand the underlying factors influencing genetic gains, we simulated 16 breeding schemes using the 
Adamplant simulation tool. We used a finite-locus model to simulate these breeding schemes for 60 years. The breeding schemes consisted of 
different number of initial crosses (10, 50, 100, 120) performed every year which were made from 16 parents and variable number (200, 500, 
1000, 2000) of single plants selected at the selfing stage F5. Phenotypic records were simulated in F3, F5, F6 and F7. Results showed that for 
each number of crosses, higher genetic gain was estimated with the highest (2000) single plants selected at F5, because higher genetic variance 
exists within a family than between families. The rate of genetic showed an increment by 21 and 83% when increasing the number of single 
individual from 200 to 2000 for the lower (10) and higher (120) number of crosses, respectively. When using GEBV as a selection criterion, we 
used genotype information from single F4 plants to do GEBV prediction from F5 to F7. Selection decisions were then made based on GEBV. 
The results will be included in the poster. 
 
P0410: Other Category 
Developing Sugarcane As a Bio-Factory for High Level Production of a Potent Recombinant Anti-Viral Protein 
Carmen S. Padilla1, Mona B. Damaj1, Joe Molina1 and T. Erik Mirkov2, (1)Texas A&M AgriLife Research and Extension, 
Weslaco, TX, (2)Texas A&M University, Weslaco, TX 
The increasing demand for high-value proteins requires the development of new expression platforms that results in high yields. Expression of 
these proteins in plants represents a promising alternative, especially for complex proteins and glycoproteins that are difficult to produce in other 
systems. The use of plants as bio-factories has gained a lot of attention due to high scalability, low cost and low risk of mammalian contaminants. 
Sugarcane is an ideal expression platform due to its vegetative propagation, efficient photosynthesis, high biomass production capacity and rapid 
growth rate. The objective of this project is to develop sugarcane as an efficient expression system for the production of large quantities of a 
high-value protein with potent anti-viral and anti-tumor properties. Our previous work yielded up to 0.1% total soluble protein (TSP, equivalent 
to 0.72mg/kg fresh weight) in sugarcane lines expressing the protein under the control of the maize Ubiquitin (Ubi1) constitutive promoter. In an 
effort to increase yield, the therapeutic protein was co-expressed from multiple promoters developed in our laboratory, such as the stem-regulated 
promoters from Sugarcane DIRIGENT5-1 (SHDIR5-1 ) and DIRIGENT16 (SHDIR16), and the constitutive promoters Sugarcane bacilliform 
virus (SCBV21), Sugarcane ELONGATION FACTOR1a (SHEF1a), and PROLINE RICH PROTEIN (SHPRP). Protein yields were significantly 
increased from 0.1% to 0.8% TSP (5.99 mg/kg stalk fresh weight) on transgenic lines carrying the co-expressed protein under the control of 
Ubi1, SCBV21 and SHDIR5-1 promoters. Yields of the therapeutic protein recovered with expression from multiple promoters represent an 8-
fold increase from those obtained with expression from a single promoter. 
 
P0411: Other Category 
ITS1 Vs. D2 for Assessing Yeast Diversity in Grape Berries and Fermentations in Washington State 
Patricia Okubara1, Xuefei Wang2, Dan Schlatter1, Charles Edwards2, Timothy Paulitz1 and Dean Glawe2, (1)USDA ARS, 
Pullman, WA, (2)Washington State University, Pullman, WA 
Production and consumption of natural or native wines, made without introduced yeasts or amendments, have increased in the Pacific Northwest, 
USA in recent years. Aroma and flavor characteristics of natural wines arise from wild yeasts associated with berries during fermentation. To 
address a knowledge gap about the kinds and populations of wild yeasts on grape berries in the state of Washington (WA), we examined 
diversity on Cabernet Sauvignon berries in two WA American Viticultural Areas in the 2015 harvest season, and tracked their populations in 
small-scale fermentations. Half of the fermentations were amended with 50 ppm sulfur dioxide. Diversity was assessed using the ITS1 of the 
fungal internal transcribed spacer DNA and the D2 region of eukaryotic 26S rDNA. The ITS1 dataset yielded 1,469 fungal OTUs, 102 of which 



were annotated as yeast genera or species. The D2 sequences yielded 286 fungal OTUs, 96 of which were yeast genera or species. The D2 
analysis also revealed the extent to which grape berries harbored pollen, algae, mushroom spores and other airborne microbiota. Of 102 ITS-
based OTUs, Aureobasidium pullalans was the most abundant in vineyard samples and persisted in early and mid-fermentation. Hanseniaspora 
spp., Metchnikowia spp., Meyerozyma guilliermondii, Wickerhamomyces anomalus and Saccharomyces cerevisiae also persisted. In contrast, 
Cryptococcus spp. did not persist during fermentation. Sulfur dioxide did not consistently affect yeast populations during fermentation. 
Additional comparisons of ITS1- and D2-based diversity will be reported.  
 
P0412: Other Category 
Effects of Various Plant Growth Regulators on in vitro Propagation of “Chester Thornless” Blackberry Cultivar 
N. Ebru Kafkas, Sina Kefayati and Salih Kafkas, University of Cukurova, Adana, Turkey 
Rubus species are highly heterozygous and therefore when they are propagated by seeds the high plant variability is obtained. Generative 
propagation is not suitable for production of true to type plants for commercial cultivation of selected cultivars. Micropropagation methods 
became very important and have many advantages compared to the classical propagation methods. In Turkey, blackberries are commonly 
propagated by hard and soft wood cuttings, by layering and bush division. Propagation by layers requires rather large area for a layerbed, and 
weed control among the layers is a problem. However, propagation by cuttings is connected with important problem in inadequate rooting, 
especially in ‘Chester Thornless’ variety which is one of the most commercially grown variety. In addition, limited number of plants can be 
propagated using classical propagation method and thus demand of growers for the plants can not be satisfied. In vitromicropropagation is an 
important tool for clonal multiplication and is commonly applied for induction of somaclonal variation to create genetic variability. Optimized 
and highly efficient regeneration protocols are also important for genetic transformation for improving of new cultivars.This study was focused 
on optimization of protocol for in vitro propagation of ‘Chester Thornless’ blackberry cultivar using nodal segments. For this purpose, explants 
were cultured on Woody Plant Medium (WPM) supplemented with combination of plant growth regulators BAP (1.5,2,3 mg/l) with NAA 
(0,0.1,0.2,0.4 mg/l) to detect the best multiplication medium. For the rooting, different concentrations of IBA and NAA (0, 0.1, 0.2 and 0.4 mg/I) 
were compared. A concentration of 0.4 mg/l NAA gave the greatest number of roots and maximum root length. 
 
P0413: Other Category 
Antisense Expression of Gossypium barbadense UGD6 in Arabidopsis thaliana Significantly Alters Cell Wall Composition 
Yuxin Pan, North China University of Science and Technology, Tangshan, China 
Uridine diphosphate-glucose dehydrogenase (UGD, EC1.1.1.22 oxidizes UDP-Glc (UDP-D-glucose) to UDP-GlcA (UDP-Dglucuronate), a 
critical precursor of cell wall polysaccharides. GbUGD6 from Gossypium barbadense is more highly expressed late in the elongation of cotton 
fibers (15 d post-anthesis (DPA)) and during the stage of secondary cell wall thickening (30 DPA). Subcellular localization analysis in onion 
epidermis revealed that fluorescently labeled GbUGD6 protein was distributed throughout the cell membrane, as well as the nucleus and 
vacuoles. Examination of UGD function in Arabidopsis revealed that the antisense GbUGD6 lines had shorter roots, deferred blossoming, 
compared to wild-type plants. Activities of associated enzymes were also affected by UGD reduction, and biochemical analysis of cell wall 
samples showed an increase in cellulose levels and a decrease in UGP-GlcA contents. The results of the present study as well as previous studies 
on UGD support the conclusion that UGD plays a major role in synthesizing polysaccharides synthesis in the cell wall. 
 
P0414: Other Category 
Dissection of Mechanisms Underlying Protection to Elevated Temperature in Potato 
Almudena Trapero-Mozos1, Wayne Morris2, Laurence Ducreux2, Elena C. Bita2, Robert Hancock2, Lesley Torrance1,2 and Mark 
Taylor2, (1)The University of St. Andrews, St Andrews, United Kingdom, (2)The James Hutton Institute, Dundee, United Kingdom 
Crop production is highly sensitive to elevated temperatures. Further rises in ambient temperature can reduce or completely inhibit potato tuber 
production, with damaging consequences for both producer and consumer. Recent studies have started to address molecular mechanisms that 
underpin acquired thermotolerance. We describe two potential mechanisms to underpin tolerance in potato plants.  
Screening of a well characterised mapping population for tolerance to elevated temperature was used to identify quantitative trait loci (QTL). A 
candidate gene encoding HSc70 was identified within the QTL interval and a particular allelic variant of the HSc70 gene was associated with 
elevated yield. Expression of this allelic variant was much higher than other alleles particularly on exposure to moderately elevated temperature. 
Furthermore, expression of the transgene under its native promoter in the potato cultivar Desiree resulted in enhanced HSc70 expression at 
elevated temperature. This was reflected in greater tolerance to heat stress as determined by improved yield under moderately elevated 
temperature.  
In addition, we describe a novel mechanism of acquired thermotolerance in young potato plants. Acquired thermotolerance is a powerful 
adaptive response that has been observed in many plant species. Here we describe the temperature and light conditions that elicit acquired 
thermotolerance. Time course experiments were used to investigate gene expression and metabolite changes associated. We also define changes 
in the main cellular redox buffers associated with thermotolerance and subsequent exposure to severe heat stress. Ultimately, our results will be 
used to develop genetic screens for heat tolerance identification and to implement novel targeted breeding approaches. 
 
P0415: Other Category 
Development and Agronomic Performance of the First Genetically Modified Bean Golden Mosaic Virus-Resistant Common 
Bean Cultivar 
Thiago L. P. O. Souza1, Josias C. Faria1, Francisco J. L. Aragão2, Maria J. Del Peloso1, Adriane Wendland1, Luis C. Faria1, 
Marcelo S. Aguiar1, Helton S. Pereira1 and Leonardo C. Melo1, (1)Embrapa - Brazilian Agricultural Research Corporation, Santo 
Antonio de Goias, Brazil, (2)Embrapa - Brazilian Agricultural Research Corporation, Brasilia, Brazil 
Golden mosaic, caused by Bean golden mosaic virus (BGMV), is the main common bean viral disease in Brazil, causing grain yield losses 
ranging from 40 to 100%, depending on the rate of occurrence, time of sowing, and the cultivar used. Up to now, effective resistance to the 
disease has not been identified in genotypes of the Phaseolus genus tested in Brazil. For this reason, Embrapa used genetic engineering to 



develop a transgenic common bean resistant to golden mosaic (Embrapa 5.1 event), using RNA interference (RNAi) technology and plant 
transformation through the biolistic method. The first commercial product developed with the golden mosaic-resistance technology is the cultivar 
BRS FC401 RMD, the first genetically modified common bean cultivar developed in the world. It has high yield potential, standard commercial 
grains, a normal cycle (85–94 days), and effective resistance to golden mosaic and to common mosaic viruses. It also has moderate resistance to 
other important bean diseases, such as anthracnose, rust, and common bacterial blight. Nevertheless, it is susceptible to angular leaf spot and to 
Cowpea mild mottle virus (CPMMV, carlavirus). BRS FC401 RMD can contribute in an effective manner to sustainability of the common bean 
crop in Brazilian agribusiness, and to stability in the supply and price of common bean grains in the domestic market. It is also recognized as a 
good example of applying biotechnology tools for the improvement of agricultural sustainability and food security for a non-industrial crop. 
 
P0416: Other Category 
Cicer reticulatum and C. echinospermum Microbiomes: Exploration of Plant-Microbe Interractions in Wild Chickpea 
Populations 
Betsy Alford1, Alex Greenspan1, Douglas R Cook1 and Eric von Wettberg2, (1)University of California-Davis, Davis, CA, 
(2)Florida International University, Miami, FL 
Plants depend on soil microorganisms for a range of services, including nutrient acquisition. Most crops are cultivated in areas distant from their 
center of origin. However, it is uncertain whether microbes from the center of origin were “transplanted” as the crops moved to new areas, or 
whether and to what extent native microbes in new areas of cultivation yield surrogate functionalities. Similarly, whether microbial communities 
were co-domesticated with crops and selected for crop-relevant adaptations is unknown. Answering such questions requires that we first 
understand the plant microbiome in native communities of crop wild progenitors.  
Chickpea was domesticated in south-eastern Turkey ~10KYA. We have systematically collected and characterized genomic variation in the crop 
wild relatives, as well as soil and climatic factors at the crop’s center of origin. In parallel, we sampled microbial DNA from soil close to and 
associated with different plant compartments. Here we report 16S analysis from ~800 samples among 21 sites containing 9 populations of wild 
chickpea.  
Microbial communities demonstrated a selection gradient moving from the soil toward the plant tissues, with compartment-specific characteristic 
changes in taxa and significant decreases in alpha diversity. A combination of in situ sampling and reciprocal soil transplant experiments was 
used to determine the relative importance of soil vs plant genotype in structuring microbial communities. We determined, for example, that 
symbiotic association with nitrogen fixing symbionts was soil-type but not host genotype dependent. This work provides a foundation for 
understanding the degree to which microbial communities transitioned from wild to cultivated systems. 
 
P0417: Other Category 
3D Point Cloud Phenotyping of Soybean Growth in Early Stage 
Koji Noshita, Japan Science and Technology Agency, Tokyo, Japan, Wei Guo, The Univeristy of Tokyo, Tokyo, Japan, Akito 
Kaga, National Institute of Agrobiological Sciences, Tsukuba, Ibaraki, Japan and Hiroyoshi Iwata, The University of Tokyo, Tokyo, 
Japan 
Phenotyping is important in breeding science even if molecular breeding strategies are applied. For example, phenotypic data are required for 
training a prediction model in genomic selection. Point cloud data can help us to evaluate morphological data cost-effectively. In this study, we 
developed a workflow for measuring the canopy growth of three soybean cultivars to compare growth speed of canopy based on point cloud 
acquired from a Structure from Motion (SfM) and Multi-View Stereo (MVS) pipeline, which is a technique to reconstruct a 3D surface as point 
cloud from a series of 2D images taken from different angles. First, we took multi-view 2D images of soybean plants growing in a field with a 
digital camera (EOS 60D, Canon). The images of plants in a single plot were taken from ca. 40 different directions. To scale the images and to 
calibrate camera parameters, we used Calibrated Photogrammetric Scale Bars (Cultural Heritage Imaging). Second, we segmented the point 
cloud of plants and their leaves for each plot from the reconstructed point cloud. Finally, we fitted several models to the point cloud for 
estimating phenotypic values of plant organs constituting canopy architecture (e.g. leaf area, leaf shape, curvature). For example, we 
reconstructed 3D surfaces of leaves from the point cloud with the penalized B-spline surface fitting. Using the workflow, we successfully 
acquired the high-resolution point cloud data of canopies of soybean plants growing in the field. Even when leaves slightly overlapped each 
other, a single leaf was successfully distinguished from the point cloud. 
 
P0418: Other Category 
From Climate to the Genome: An Insight Towards Genome-Wide Changes of Wild Narrow-Leafed Lupin in Different 
Climates 
Seyedehmahsa Mousaviderazmahalleh1, Matthew Nelson2, Philipp E. Bayer1, James Hane3, David Edwards1 and William 
Erskine4, (1)University of Western Australia, Perth, Australia, (2)Natural Capital and Plant Health, Royal Botanic Gardens, Kew, 
West Sussex, United Kingdom, (3)Curtin University, Perth, Australia, (4)Centre for Plant Genetics and Breeding (PGB), University 
of Western Australia, Perth, WA, Australia 
Agriculture is facing the 'perfect storm' of continued population growth and climate change, which could adversely affect our ability to secure 
global food supply. While there are lots of valuable diversity in wild plants, humans are extensively relying on a small number of cultivated 
plants for their food. The ability of wild plants to fit into different climatic regions offers great potential to crop breeders who can apply this 
knowledge in the domestication of wild species. To this end, we investigated the genome-wide diversity of wild narrow-leafed lupins from 
Eastern and Western Mediterranean, which revealed clear differences in their haplotype blocks for flowering time candidate genes. Molecular 
phylogeography supported our geographical differentiation. Furthermore, we performed a genome-wide association test applying climatic 
variables as pseudo traits. The association found between one of these climatic variables and our SNPs markers draws attention to the regions of 
the genome which may hold value for breeding purposes. 
 
P0419: Other Category 



Genome Methylation Profile in Micropropagated Globe Artichoke Plants 
Cinzia Comino1, Gianpiero Marconi2, Alberto Acquadro1, AM Reputo3, AB Pisanu3, R Pilia3, Elisa Cerati1, Ezio Portis1 and Emidio 
Albertini2, (1)DISAFA, Plant Genetics and Breeding, University of Torino, Grugliasco, Italy, (2)University of Perugia, Perugia, 
Italy, (3)Agris Sardegna - Agenzia Regionale per la ricerca in agricoltura - Servizio Ricerca sui Sistemi Colturali Erbacei, Cagliari, 
Italy 
In this study the methylation profile in micropropagated globe artichoke (Cynara cardunculus var. scolymus L.) plants, a diploid species 
belonging to the Asteraceae is reported. Globe artichokes represent one of the main cultivars of the Mediterranean Basin, and the “Spinoso 
sardo” is the most economically relevant ecotype in Sardinia (Italy). The “Spinoso sardo” in vitro propagation has promoted an increasing 
frequency of “out-types” plants, called “selvatico” because of the presence of highly pinnate-parted leaves and the late budding of the 
inflorescence, in contrast to the normal phenotype, here called “gentile”. This unpredictable phenomenon may occur during certain phases of the 
in vitro culture, as well as after the transplanting in the field, and it is reversible.  
In order to understand the causes that trigger the “out-type” phenotype, a methylation profile study has been conducted by sequencing reduced 
complexity genomic libraries of leaves sampled from plants which presented both the "gentile" and “selvatico” phenotypes. The bioinformatics 
analyses showed significant differences in their DNA methylation profiles. The functional annotation of the differentially methylated loci made it 
possible to identify a set of candidate genes involved in: (i) flower development and its regulation, (ii) maintenance of epigenetic modifications 
and (iii) vegetative development. Target bisulfite sequencing (BS) strategy will be performed in order to elucidate CpG, CpHpG and CpHpH 
contexts upon the differentially methylated loci selected. Moreover, since methylation influences the regulation of transcription and gene 
expression, selected candidate genes will be validated by qPCR in the same experimental conditions.  
 
P0420: Other Category 
Cytogenetic Evaluation of Microsporocytes of Setcreasea purpurea Boom Flower 
Mutiu O Sifau1, Khalid Olajide Adekoya2, Gabriel O. Williams1 and Bolanle O Oboh3, (1)University of Lagos, Lagos, Nigeria, 
(2)University of Lagos, LAGOS, Nigeria, (3)University of Lagos, YABA, Nigeria 
Setcreasea purpurea Boom (Wandering Jews) belongs to the family Commelinaceae of order commelinales. The family, made of 38 genera and 
about 600 species, occurs mostly in the tropical and warm regions of the world. Many are popular as garden or house ornamentals. It is a flower-
bearing plant yet it is mostly propagated vegetatively due to formation of sterile pollen grains thereby making pollination impossible. 
Cytogenetic study was carried out on collections of S. purpurea from the University of Lagos, Lagos, Nigeria. Chromosomal behaviour in the 
microsporocytes during meiosis was studied. Immature flower buds of S. purpurea were dissected in a Petri dish containing tap water. The 
microsporocytes were squashed using lactic acetic orcein stain. Most microsporocytes observed from slides contained 12 bivalents. However, a 
few contained 10 bivalents and one quadrivalent or 8 bivalents and 2 quadrivalents. This shows that 2n = 24 in the microsporocytes. Other 
irregularities observed included laggards, abnormal disjunction, chromosome bridges and chromosome fragments all at anaphase-1 and 
micronuclei at telophase-1. Occurrence of laggards, chromosome bridge formation and micronuclei were low ranging from 1 to 3 in the 
population of S. purpureastudied. The consequence of these irregular chromosomes is their loss and non-inclusion in the daughter nuclei at 
telophase-I. The loss of these segments would result in loss of genes on them resulting in the unviable microspores at the end of meiosis. These 
microspores are the pollen grains in which a large number of them have been found to be sterile. 
 
P0421: Other Category 
Population Development in Yams for Integrating Genomics Applications and Predicting Clone Development 
Asrat A. Amele1, David De Koeyer2, Ranjana Bhattacharjee3, Antonio Lopez-Montes4, P. Lava Kumar3, Olufisayo Kolade2, 
Angelot Paterne AGRE3, Amani Koukou5, Emmanuel Chamba6, Emmanuel Otoo7, Jude Obidiegwu8, Emmanuel Nwachukwu8, 
Innocent N. Dossou Aminon9, Alexandre Dansi10 and Happiness Oselebe11, (1)IITA, Abuja, Nigeria, (2)IITA, Ibadan, Nigeria, 
(3)International Institute of Tropical Agriculture, Ibadan, Nigeria, (4)International Institute of Tropical Agricultutre, ibadan, 
Nigeria, (5)CNRA, Boukae, Cote d'Ivoire, (6)CSIR-SARI, Tamale, Ghana, (7)CSIR-CRI, Kumasi, Ghana, (8)National Root Crops 
Research Institute (NRCRI), Umudike, Nigeria, (9)FAST, Polyethnic University of Abomey, Dassa, Benin, (10)University of 
Abomey - Faculty of Science of Dassa, Dassa-zoumè, Benin, (11)Ebonyi State University, Abakaliki, Nigeria 
Yam (Dioscorea spp) is one of the important crops in West African agriculture and food systems. The crop has a tremendous potential to 
contribute more to food security and poverty alleviation in the region where it is being grown, but its potential is not yet fully exploited towards 
this role. Strengthening breeding programs is one of a series of action steps required to unlock its potential. Yam breeding presents special 
challenges and heavily relies on the exploitation of natural variation. For yam breeding to be successful and efficient, development of populations 
for genetic analysis and predicting clone development is one of the crucial steps. The yam-breeding programs in West Africa with the support of 
AfricaYam project are integrating population development for breeding with genetics analysis to accelerate genetic gain and optimize the 
breeding process. The population development targets trait-packages, both core and desirable traits that are important for the success of breeding 
programs. This poster describes the portfolio of population development strategies being implemented in yam breeding in West Africa. 
 
P0422: Other Category 
Real-Time Root Growth Monitoring of Hydroponic Tomato Plants 
Timothy Darrah and Hui Li, Tennessee State University, Nashville, TN 
Hydroponic farming is a prime alternative to traditional agriculture, as it uses far less space and water when comparing the two methods by yield, 
pound for pound. One problem in this area is the current inspection techniques for root health and growth. Current phenology monitoring 
techniques require a worker to remove the plant from the medium, which can stress the plant and lead to further complications. Therefore, we are 
developing an imaging system capable of capturing root images in situ in the growing environment, alleviating the above problems with the 
practices of the status quo. This system consists of an inner transparent dome structure and an outer PVC tube in which the hydroponic tomato 
plant, in a 6 inch net pot, is placed upon. The outer tube is filled with the growing solution mixture, and inside the dome structure is a camera 
capable of 360 degree imaging. This system is capable of processing root images using computer vision algorithms to measure the length, 



thickness, and growth rate of primary and capillary roots. One application is timing when the root-tips begin to swell, which is indicative of Al-
toxicity. From this data we will use machine learning algorithms to further analyze the data for correlations and other predictive factors that 
would otherwise not be found with traditional analysis techniques. We plan to create benchmark growth tables that will be made available to the 
community, improving the quality of food production and sustainability. 
 
P0423: Other Category 
Multiplex PCR Potential of 21 Short Tandem Repeat Loci in Three Major Nigerian Ethnic Groups 
Victoria O Okolie1, Selena Cisana2, Khalid Olajide Adekoya3, Utomobong U Akpan4, Olufemi A Oyedeji1, Liasu Adebayo 
Ogunkanmi3, Mutiu O Sifau4, Bolanle O Oboh5, Joy E Okpuzor4 and Daniele Podoni2, (1)College of Medicine, University of Lagos, 
Lagos, Nigeria, (2)The George Washington University, Washington, WA, (3)University of Lagos, LAGOS, Nigeria, (4)University 
of Lagos, Lagos, Nigeria, (5)University of Lagos, YABA, Nigeria 
Short tandem repeats (STRs) are presently the most widely used genetic markers in forensic DNA investigations. However the predictive value 
of the marker depend on their allele frequencies in the population it is used on. The Nigeria ethnic population lacks allele frequencies data for 
most of the loci currently used in forensic around the world. The aim of this study was to determine the allele frequencies and population genetic 
parameters of the STR loci (D1S1656, D3S1538, D5S818, D7S820, D12S391, D13S317, D16S539, D18S51, D21S11, D22S1045, DY5391, 
SE33, CSFIPO, TPOX, FGA) in the Hausa, Yoruba and Ibo populations of Nigeria. A total of 346 individuals consisting of 120 Hausa, 128 Igbo 
and 134 Yoruba were assessed. DNA was extracted from blood samples obtained from individuals in the three ethnic groups. The samples were 
amplified using Qiagen investigator Go! Kit and the products were resolved on the ABI 3130 genetic analyzer. The resulting data was analyzed 
using GeneMarker. Allele frequencies, Hardy-Weinberg equilibrium, Heterozygosity, polymorphic information content and random match 
probability. Significant variations were observed for the allele frequencies of most of the loci between the ethnic populations. Most of the loci 
also had high heterozygosity confirming the robustness for use in these populations. Three novel alleles (SE33-29.1), (SE33-21.1) and 
(D12S391-15.1) were observed for the SE33 loci in the Hausa population. Creating an allele frequency database with the described 15 STR loci 
in the Nigerian population will provide a foundation for human identification in forensic science and parentage/kinship testing in Nigeria. 
 
P0424: Other Category 
Genetic Variability of Akhal-Tekè Horse Bred in Italy 
Maria C. Cozzi, Maria G. Strillacci, Paolo Valiati, Maria Longeri and Alessandro Bagnato, Università degli Studi Milano - Dept. 
DiMeVet, Milano, Italy 
The Akhal-Tekè horses are well known for their speed, endurance on long marches and adaptation to severe climatic conditions. They are 
thought to be one of the most ancient surviving horse breeds. Since 1998, our Laboratory tested this rare horse breed in Italy for parentage 
control using both classical and microsatellite markers. In the present study, the genetic variability of microsatellite markers and variation at the 
mitochondrial DNA D-loop control region (mtDNA) of Akhal-Tekè horses reared in Italy were investigated. Eighty-nine Akhal-Tekè horses 
were analysed using 17 microsatellites. The genetic parameters, genetic equilibrium according to Hardy-Weinberg and inbreeding coefficient 
(FIS) were estimated using GENEPOP program. The mtDNA variations were analysed in 22 unrelated horses, belonging to different bloodlines. 
A 379 bp fragment of horse mtDNA was amplified and was sequenced. All the obtained sequences were aligned with reference horse mtDNA 
sequence (GenBank# X79547), using CLUSTALW software. Genetic diversity was analyzed based on basic parameters calculated using DnaSP 
5.1 software. Twelve haplotypes were found in the Akhal-Tekè horses reared in Italy. In order to investigate genetic relationships, mtDNA horse 
sequences from GenBank database were used. MEGA v.7.0.14 and NETWORK 4.5.0.1. software were used to analyze the relationships among 
the identified haplotypes and GenBank sequences. Hd, π and k values were 0.938, 0.021 and 6,448 respectively. The comparison between the 
identified horse mtDNA sequences and database sequences showed seven haplogroups 
 
P0425: Other Category 
Application of BLUP AM in Russian Ayrshire Cattle Breeding Value Evaluation 
Andrei A. Kudinov, Anna V. Petrova and Kirill V. Plemyashov, Russian Research Institute of Farm Animal Genetics and 
Breeding, St. Petersburg – Pushkin, Russian Federation 
Contemporary comparison method is used officially in Russian Federation to predict bulls breeding values (BV). In genomic era Russian farmers 
are interested in getting genomic predictions for animals their are keeping, especially heifers and young bulls. To make a gap to genomic 
prediction, from old system, it is necessary to use Internationally approved system of BV evaluation. Among plenty of BLUP models, 
Repeatability Animal Model was chosen as effective tool for BV evaluation in Russian Ayrshire cattle. Leningrad district is placed on north-
western part of Russia, having borders with Finland and Kareliya region, who actively use and breed Ayrshire cattle. Data from 8 large herds 
(>700 cows) were used to develop the Repeatability Animal Model BLUP. Pedigree records of 80000 animals born in 1990-2015 were available 
together with 32000 milk records, including 305d milk yield, fat yield and protein yield in kg. Milk yield, fat and protein contents were measured 
once a month during lactation (~10 measurements). Average 305d milk yield was 6357 kg (SD=1431), average fat yield was 254 kg (SD=57), 
and average protein yield was 227 kg (SD=54). A repeatability animal model with five lactations was used for variance component estimation 
and for breeding value estimation. Model included herd-year-season and age at calving x days open fixed effects. Outliers with records +/-3 SD 
from the mean were excluded from the analysis. DMU software package was used to estimate variance components. Heritability and 
repeatability estimates were for milk h2=0.23 and r=0.4, for fat h2=0.24 and r=0.37, and for protein h2=0.25 and r=0.38, respectively. DMU4 
was used to estimate breeding values. Average genetic trend for milk yield for cows born from 2002 to 2014 was +20 kg per year.  
 
P0426: Other Category 
Phylogenomic Comparison of Staphylococcus agnetis Isolates from Dairy Cattle Mammary Glands and Bacterial 
Chondronecrosis with Osteomyelitis in Broilers 
Abdulkarim Shwani1, Nnamdi Simon Ekesi1, Sura Zaki1, Adnan Al-Rubaye1, Pamela Adkins2, Michael Calcutt3, John Middleton2 
and Douglas D. Rhoads4, (1)University of Arkansas, Cell and Molecular Biology program, Fayetteville, AR, (2)University of 



Missouri, Dept. of Veterinary Medicine and Surgery, Columbia, MO, (3)University of Missouri, Dept. of Veterinary Pathology, 
Columbia, MO, (4)University of Arkansas, Cell and Molecular Biology Program, Fayetteville, AR 
Staphylococcus agnetis is a coagulase-variable, Gram positive bacterial species which has been previously associated with subclinical or mild 
clinical cases of mastitis in dairy cattle. This staphylococcal species has been isolated from the bone and blood of lame broilers at the University 
of Arkansas. Bacterial chondronecrosis with osteomyelitis (BCO) has also been successfully induced by administration of a chicken isolate of S. 
agnetis (strain 908) in drinking water. BCO primarily affects the growth plate in the proximal femur and tibia, the fast growing leg bones. When 
birds are reared on suspended wire flooring with administration of strain 908 in the drinking water (10E5 CFU/ml on days 20 and 21) lameness 
incidence is as high as 80% by 56 days of age. The same administration protocol induces lameness of 50% for birds raised on litter. The 
annotated complete genome of strain 908 has been published. To better understand the relationship between dairy cattle and broiler isolates, we 
obtained nine S. agnetis isolated from milk or mammary gland secretions (n = 7) and udder skin (n = 2) from the University of Missouri for 
sequencing (2 x 250 MiSeq) and de novo assembly (NGen ver 13, DNAStar). To trace phylogenetic relationships, we constructed phylogenetic 
trees based on multi locus sequence typing using either 7 housekeeping genes or 7 virulence genes. Included in this analysis were published 
genomes from NCBI for S. agnetis and the closely related species Staphylococcus hyicus as outgroup. The chicken isolate, strain 908, clustered 
with two of the cattle isolates. A catalogue of gene differences between the cattle and chicken isolates is being constructed using reciprocal blast 
analyses at the nucleotide and polypeptide level. More than 40 genes from strain 908 are absent or poorly conserved in any of the cattle S. agnetis 
isolates. Work is underway on annotation and pathway analysis of these genes. 
 
P0427: Other Category 
Genetic Architecture of Postzygotic Isolation Between Sympateic Host Races of the Leaf Beetle Lochmaea capreae 
Shaghayegh Soudi1, Klaus Reinhold1 and Leif Engqvist2, (1)Evolutionary Biology, Bielefeld University, Bielefeld, Germany, 
(2)Institute of Ecology and Evolution, University of Bern, Bern, Switzerland 
The fitness of hybrids might be compromised as a result of intrinsic genetic incompatibilities and/or because they fall between ecological niches 
due to their intermediate phenotypes. Here, we present data from several crosses between the two host races of Lochmaea capreae on willow and 
birch to test for extrinsic and intrinsic isolation, and environmentally dependent intrinsic genetic incompatibilities. We employed a reciprocal 
transplant design in which offspring were raised on either host plant and their survival was recorded until adulthood. We applied joint-scale 
analysis to determine the genetic architecture underlying hybrid inviability. The relative fitness of backcrosses switched between the 
environments; furthermore, the additive genetic-environment interaction was detected as the strongest effect in the analysis. Joint-scaling 
analysis also detected significant negative epistatic effects that are most evident in the poor performance of F2-hybrids on willow, indicating 
signs of intrinsic genetic incompatibilities and hybrid breakdown. We did not find any evidence that genetic incompatibilities are manifested 
independently of environmental conditions. Our results indicated that intrinsic and extrinsic mechanisms are not mutually exclusive in the 
formation and maintenance of reproductive isolation, but may be jointly promoting population divergence and ultimately speciation. 
 
P0428: Other Category 
Polymorphisms in µ-Calpain and Calpastatin Genes Associated with Tenderness in a Crossbred Brahman-Angus 
Population 
Joel David Leal, Mauricio Elzo, Dwain Johnson and Raluca Mateescu, Department of Animal Sciences, University of Florida, 
Gainesville, FL 
Meat quality is important in customer purchasing decision and eating satisfaction. Meat quality could be described by several sensorial features, 
but tenderness resulting from muscle proteolysis is the most important attribute. Warner-Bratzler Shear Force (WBSF) was measured on 
Longissimus dorsi steaks from 581 crossbreed Angus-Brahman steers. All animals were genotyped with the 250K Bovine SNP BeadChip and 
data from 37 SNPs in µ-calpain and calpastatin genes were used. An association test was performed for each polymorphic SNP and for 
haplotypes created based on linkage disequilibrium (LD). One LD block was predicted in µ-calpain and three LD blocks in calpastatin. One SNP 
in calpastatin and the LD block harboring this SNP were associated with WBSF. The CG-CG diplotype (4.82±0.16 kg) was significantly 
different from TA-CG (4.40±0.08 kg), and both of them were significantly different from TA-TA (4.21±0.05 kg) and TG-CG (3.85±0.23 kg). A 
bioinformatic analysis of all 786 SNPs reported in the LD-block-3 was performed using JAVA for selection, substitutions, transcription and 
translation of sequences. MATCHTM was used to predict Transcription Factor Binding Sites (TFBS) and compare the effect each SNP on these 
TFBS. Each mRNA sequence was analyzed with RNAFold for prediction of ΔG and folding. A protein analysis was performed with Swiss-
Model server and Compute-PI/MW. Twelve SNPs were found to modify TFBS and 8 SNPs were found to change the ΔG value and mRNA 
folding. At the protein level, 13 SNPs were able to change the value of isoelectric point, and 4 SNPs can modify protein surface.   
 
P0429: Other Category 
Invasion History and Mitogenome Evolution of a Successful Avian Invader 
Urszula Krzeminska, Monash University Malaysia, Bandar Sunway, Malaysia 
Invasive species constitute powerful models for investigating adaptations underpinning successful range expansion. Invasion into the new 
environments is associated with diverse bioenergetic demands and therefore can induce metabolic adaptations. An excellent example of the 
invasive species that occupies diverse habitats is a common house crow (Corvus splendens), which originates from Indian subcontinent but has 
been successfully spreading throughout various environments in Asia and Africa and more recently in Europe. In this study we aim to trace 
colonization history and to investigate if metabolic adaptations from standing genetic variation could be involved in the success of recent 
invasions by a house crow. To do that, we constructed a Bayesian dated phylogeny based on 13 mitochondrial protein coding genes of house 
crows sampled from diverse habitats within native and invasive ranges. Results supported mid-Pleistocene (683 thousand years ago) divergence 
between most distant lineages. Phylogeographic patterns suggest South Asia as a species radiation centre. Codon based and amino acid properties 
analyses provide evidence of widespread purifying selection across mitochondrial genome and signatures positive selection acting on four amino 
acids of two NADH dehydrogenase genes (ND2 and ND5). Most mutations were fixed within native range lineages originating from tropical and 
warm temperate climates. One mutation (Thr to Ala in the codon 126 of ND5) was specific to the temperate climate population in South Africa. 



We suggest emergence of lineages adapted to withstand harsh environmental conditions within native range and their subsequent spread to what 
we currently consider species’ invasive range. 
 
P0430: Other Category 
An On-Farm Trial Evaluating the Effect of Fast and Slow Growing Genotypes on Meat Quality of Chickens Reared on a 
Local Pasture 
Komala Arsi1, Terrell Spencer2, Casey M. Owens1, Hanna R. Arambel1, Dan J. Donoghue1 and Annie Donoghue3, (1)University of 
Arkansas, Fayetteville, AR, (2)Across the Creek Farm, West Fork, AR, (3)USDA/ARS, Fayetteville, AR 
There has been increasing interest among the consumers for free range and organic poultry in recent years. Even though heritage breed birds 
grow much slower compared to commercial breeds, many free range producers believe that they are better suited for outdoor production systems. 
We conducted an on farm trial on a working pasture poultry farm to compare the performance and meat quality characteristics of a slow-growing 
heritage breed (Freedom Rangers, FR), and two commonly used fast growing types of chickens (Cornish cross, CC and Naked Neck, NN), raised 
on pasture, in side by side pens segregated by breed (n=70/breed). CC and NN group birds were reared for eight wk whereas FR group birds 
were reared for 10 wk and all the birds were commercially processed. By the end of the rearing period, the final body weight of FR group birds 
was significantly lower than both the fast growing genotypes (CC and NN). Both CC and NN birds showed significantly higher live weight, 
carcass weight as well as fillet, tender and leg yield (P<0.05). There was no difference in the wing and rack yield among the different groups. 
When the color of the meat was examined, the breast meat from FR birds was much red (higher a* values) and less yellow (lesser b* values) 
compared to both the fast growing type of chickens (P<0.05). Overall, fast growing genotypes produced higher carcass weight and meat yield 
compared to slow growing genotypes and appear to be an economical option for pasture poultry producers.  
 
P0431: Other Category 
Effect of Lower Density SNP Panel Size on Accuracy of Imputation and Genomic Estimated Breeding Values in Pigs 
Daniela A. Grossi1,2, Mohsen Jafarikia2,3 and Zeny Feng2, (1)Fast Genetics, Saskatoon, SK, Canada, (2)University of Guelph, 
Guelph, ON, Canada, (3)Canadian Centre for Swine Improvement Inc., Ottawa, ON, Canada 
Application of genomics has been limited in swine industry due to cost of the high-density (HD) SNP panels. Genotyping using low-density 
(LD) panel and imputation to a HD panel can be a viable solution. The objectives of this study were to investigate the effect of panel density on 
imputation accuracy and precision of the predicted genomic estimated breeding values (GEBVs). Estimated breeding values and Illumina 
Porcine60K BeadChip genotypes were available for 1,378 Duroc (DU), 2,361 Landrace (LA), and 3,192 Yorkshire (YO) pigs. A total number of 
931, 1,631, and 2,103 pigs were used as reference population for the DU, LA, and YO, respectively, and the remainders used as validation 
population for each breed respectively. An LD panel of 3,000 evenly spaced SNPs had high imputation concordance rates of 93.78% for DU, 
97.07% for LA, and 97% for YO, and yielded very high correlation (>97%) of the predicted GEBVs between the truly observed 60K SNPs and 
the imputed data. The imputation accuracy was influenced by the reference population size and parental genotype information in the reference 
population. The parental genotype information became less crucial when the LD panel had 3,000 SNPs or more. Overall, the imputation accuracy 
rates increased substantially from the 300 to 3,000 SNP LD panel and became steady when panel size increased to more than 3,000 SNPs. The 
correlation of the GEBVs generated using true and imputed SNPs generally increased as the imputation accuracy rates were improving. 
 
P0432: Other Category 
Standardization of High Throughput Livestock DNA Isolation and Quality Control for Genetic Testing 
Morten Flobakk1, Kim Plasman2, Thomas Martens3, Heiko Hauser4, Frank Schubert4 and Tony Montoye5,6, (1)BioBank AS, 
Hamar, Norway, (2)trinean, gentbrugge, Belgium, (3)Trinean, gentbrugge, Belgium, (4)LGC, Berlin, Germany, (5)TRINEAN, 
gentbrugge, Belgium, (6)TRINEAN, Gentbrugge, Belgium 
Genetic analysis of livestock samples requires high-quality DNA preparations which are often challenging and labor-intensive to produce. Blood, 
hair, semen, ear punches, saliva and swabs are all commonly used for analysis of a huge diversity of animal species. To allow swift processing 
and automation of DNA extraction, the one-size-fits-all LGC sbeadex™ livestock DNA isolation kit was optimized on both the Thermo 
KingFisher™ and LGC oKtopure™ liquid handling platforms creating an automation friendly approach, from livestock sample input, to DNA 
isolation, QC and normalization.  
This approach allows extraction runs of livestock samples such as ear punches, blood, hair, saliva or semen to be done in parallel. As a QC tool, 
the Trinean DropSense™96 droplet plate reader was incorporated allowing 96-well droplet DNA quantification and simultaneous detection of 
any carry-over contaminant by its cDrop analytical software. Data from a large study will be shown, including DNA isolation from pig ears, 
cattle blood, cattle semen and fish fins while DNA yield and quality are checked by comparing different QC techniques. Overall, this new turn-
key solution for automated livestock DNA isolation and QC ensures high quality DNA isolates in a high throughput, standardized manner 
suitable for all down-stream applications like genotyping, NGS and array technologies. 
 
P0433: Other Category 
Variation in Behavioral Responses of Multiple Populations and Strains of Tribolium castaneum and T. confusum to Food 
and Sex Pheromone Volatiles 
Alison R Gerken, United States Department of Agriculture, Manhattan, KS, Erin D. Scully, USDA-ARS Center for Grain and 
Animal Health Research, Manhattan, KS and James Campbell, USDA ARS Center for Grain and Animal Health Research, 
Manhattan, KS 
Stored grain insect pests pose major threats to food supplies across the globe. Understanding how chemical cues attract these insects to mates and 
food sources and identifying the genetic determinants underlying behavioral responses to odorants could lead to the improvement of integrated 
pest management protocols. We are using highthroughput behavioral screens to identify variations in behavioral responses to food odors and sex 
pheromones in different populations and strains of Tribolium castaneum (red flour beetle) and T. confusum (confused flour beetle) using a Y-
maze choice experiment, a wind tunnel assay, and a diffusion assay with video analysis. Analyses of these closely related species and strains 



provides information on the diversity and variation in behavioral responses to these volatiles and allow us to use population genetics approaches 
to identify alleles linked with behavioral response to food odors and volatiles. These results lay the ground work for further research in assessing 
functional genomics of sensory systems in stored product pests via the use of RNAi knock-down techniques combined with behavioral assays 
and electroantennogram analysis. Further, RNAi techniques have been proposed as an emerging technology in insect pest management. 
Targeting genes associated with recognizing and responding to odorants may be key to implementing this technique to control populations by 
interfering with the ability of the beetles to locate food and mates. 
 
P0434: Other Category 
Novel Vitamin D Resistant Type II Rickets in the Domestic Cat 
Nicholas A. Gustafson, University of Missouri, Columbia, MO 
Bone anomalies are caused by a lack of calcium uptake due to vitamin D deficiency, which can be caused by genetic defects or environmental 
factors, such as malnutrition. Rickets is characterized by softening of the bones (osteomalacia), resulting in increased incidences of fractures and 
deformity. Vitamin D plays a key role in dietary calcium absorption and genetic variation within gene(s) interacting with Vitamin D are often 
associated with the disorder. A juvenile cat presented with normal 25-hydroxyvitamin D levels, and dietary deficiencies were excluded. 
Calcitriol, normally used to treat low calcium levels, was initially tested in the patient, and a 89 pmol/L concentration was detected, far below the 
median of 221 pmol/L. To date, three genetic variants in CYP27B1 in cats are associated with vitamin D resistant rickets. The patient tested wild-
type for all the know variants. Using the 99Lives database of 73 whole genome sequenced cats, 20 variants in CYP27B1 and 44 variants in VDR 
were identified. To exclude a novel variant within the CYP27B1 and VDR genes, the entire CDS of both genes was sequenced in the affected cat. 
No novel variants were identified in CYP27B1, and three non-synonymous variants were found in VDR. The identified variants in VDR are being 
genotyped in a wider population to support causality. 
 
P0435: Other Category 
Delivery of FANA ASOs by Topical Sprays to Plants: A Novel RNA Silencing Approach for Arthropod Pests Control 
Jackie Lin Metz, University of Florida, Ft. Pierce, FL, Wayne Hunter, USDA Agricultural Research Service, Fort Pierce, FL, 
Michael J. Boyle, Smithsonian Marine Station, Ft. Pierce, FL and Veenu Aishwarya, AUM LifeTech, Inc, Philadelphia, PA 
Topical sprays onto citrus leaves, using gymnotic delivery with 2'-deoxy-2'-fluoro-D- arabinonucleic acid antisense oligonucleotides (FANA 
ASOs) design to target a Coleopteran, successful increased mortality of citrus root weevils (Curculionidae). This is the first evidence for 
successful delivery of FANA ASOs through foliar spray application and provides a new strategy to manage agricultural pests and pathogens. 
FANA ASOs work by very specifically binding with the target mRNA via Watson-Crick base pairing and cause post-transcriptional gene 
silencing. FANA ASOs provide a superior RNA silencing alternative to existing strategies that have low efficacy, major delivery challenges and 
high manufacturing costs. FANA ASOs provides a highly stable, non toxic and target specific gene regulation. Further, the capability of FANA 
ASOs to efficiently self-deliver without the use of any formulation, conjugate or carrier make them very attractive for a topical spray approach.  
 
P0436: Other Category 
Polytene Chromosomes of Zaprionus vittiger Coquillett  
Utomobong U Akpan1, Khalid Olajide Adekoya2 and Gabriel O. Williams1, (1)University of Lagos, Lagos, Nigeria, (2)University 
of Lagos, LAGOS, Nigeria 
The karyotype of Zaprionus vittiger consists of six chromosomes, five of which are banded polytene arms extending from a chromocentre in 
squashed preparations of the salivary glands. The sixth appears as a heterochromatic protusion. The chromosomes are acrocentric and joint 
together at heterochromatin around the centromere to form a chromocenter which is easily broken. Zaprionus vittiger Coquillett were trapped in 
the university of Lagos Botanical Garden. Salivary glands chromosomes of Zaprionus vittiger Coquillett third instar larvae were prepared and 
examined under the microscope. The examination focused on the structure and characteristics of the terminal ends of different chromosomes 
which can be used to identify them in Zaprionus vittiger salivary glands chromosomes preparations. The five polytene chromosomes were 
designated A-E and various features which can be used to identify each of them were described. The dot chromosome was designated 
chromosome F. The chromosomes are also relatively fragile and undergo extensively twisting and coiling. 
 
P0437: Other Category 
External Application of dsRNA Targeting a Phakopsora Pachyrhizi Effector Candidate Attenuating Fungal Pathogenicity 
Kenia de Carvalho*1, Michelle P. Rincão*1, Luana M. Darben1, Mayra C. C. G de Carvalho2, Ivani de O. N. Lopes3, Ricardo V 
Abdelnoor4 and Francismar C. Marcelino-Guimarães5, (1)Embrapa Soybean, Londrina, Brazil, (2)Universidade Estadual do 
Norte do Parana, Bandeirantes, Brazil, (3)Embrapa soybean, Londrina, Brazil, (4)Embrapa Soja, Londrina, Brazil, (5)Embrapa 
Soybean - EMBRAPA, Londrina - Paraná State, Brazil 
Asian soybean rust caused by the obligate biotrophic fungus Phakopsora pachyrhizi (Pp) is a major foliar disease of soybean that may cause 
losses of up to 75% under heavy infestation. Pp families of effector candidates has been predicted and its ability in suppress plant immunity was 
previously demonstrated. Considering the ability of recently described of another biothrophic fungi uptake dsRNA from the environment, as well 
as the effectiveness of externally application of these molecules in inhibiting pathogen virulence, we applied a similar approach to check the 
potential role of three P. pachyrhizi effector candidates in the pathogenicity: Pp121, Pp260 and Pp5370. The dsRNA molecules (300 ng uL-1) 
targeting P. pachyrhizi effectors were mixed with 105/mL uredinospores solution, and immediately sprayed on soybean leaves. Three biological 
replicates containing 10 detached leaves were performed. Fourteen days after infection, the phenotypic parameters of disease severity, 
sporulation level, number of uredinia per lesion, and number of open uredinia per lesion were evaluated. A statistical level of significance at 5% 
in a Dunnet test was applied and compared with a control, dsRNA targeting GFP, demonstrating attenuation on fungal pathogenicity when Pp121 
and Pp260 were silenced. Host induced gene silencing experiments mediated by virus silencing system in soybean is being conducted and might 
confirm the results and give additional evidence of an active machinery of gene silencing in P. pachyrhizi.  It could also support the 
understanding of molecular role of fungal effectors.  



* Both authors contributed equally to the study 
 
P0438: Other Category 
High Rates of Evolution and Pervasive Purifying Selection in Coat Protein Gene of Cassava Brown Streak Virus 
Willard Mbewe, Rutgers, State university of New Jersey, New Brunswick, New Jersey, NJ 
Cassava brown streak viruses (Cassava brown streak virus [CBSV] and Uganda cassava brown streak virus [UCBSV]) are extremely damaging 
plant pathogens, affecting the sustainability of cassava production in Africa. However, little is known about the rate at which the viruses evolve, 
the timescale of their epidemiological history, and how much adaptive change the viruses are experiencing. This information is central to 
understanding the evolutionary dynamics of the viruses, which in turn has major implications on virus’ ability to emerge in new host species and 
resist RNAi approaches for control. We present here the rates of evolution determined from most important gene in CBSV’s pathogenicity, the 
coat protein (CP). We analysed the evolutionary dynamics of the viral gene and our Bayesian coalescent approach using BEAST revealed that 
the CBSV CP is the fastest evolving among studied potyviruses, with a mean rate of 1.72 x 10-3 nucleotide substitutions per site per year (95% 
Highest Posterior Density, 1.22 – 2.0 x 10-3 s/s/y). This rate indicates that the most recent common ancestor of CBSV existed 100 years before 
present (95% HPD, between years 1881-1949). Finally, the study documented pervasive evidence of purifying selection in the CBSV CP gene, 
but highlighted two sites that are undergoing diversifying selection, indicating CBSV has been adapting over the last two decades. 
 
P0439: Other Category 
Heritability and Reversibility of DNA Methylation Induced by in vitro Grafting Between Tuber Mustard (Brassica juncea) 
and Red Cabbage (B. oleracea ) 
Liping Chen, Zhejiang University, Hangzhou City, China 
Two types of periclinal chimeras between tuber mustard and red cabbage were artificially synthesized in the present study. They were TCC and 
TTC which their shoot apical meristem (SAM) consisted of three genetically distinct cell layers (LI - LII - LIII from the outer layer to the inner 
layer, ‘T’ stand for cell layer from tuber mustard, and ‘C’ for red cabbage). Their asexual and sexual progeny of the two chimeras were 
obtained, and used to analyze the mechanism and the inheritance of the phenotype variation induced by grafting. We found that both the asexual 
and sexual progeny showed similar morphological variations, including changes in leaf shape, the pattern of shoot apical meristem termination 
and flowering time. Then, we investigated the heritability of phenotypic variation and its association with DNA methylation changes in selfed 
progenies GSn (GS = grafting-selfing, n = generations), the results showed variation in leaf shape could be stably inherited to GS5, but SAM 
variation reverted over generations. Subsequent measurement of DNA methylation in GS1 revealed 5.29–6.59% methylation changes compared 
with tuber mustard (TTT), and 31.58% of these changes were stably transmitted to GS5, but the remainder reverted to the original status over 
generations, suggesting grafting-induced DNA methylation changes could be both heritable and reversible. Sequence analysis of differentially 
methylated fragments (DMFs) revealed methylation mainly changed within transposons and exon regions, which further affected the expression 
of genes, including flowering time- and gibberellin response-related genes. DMFs could match differentially expressed siRNA of GS1, GS3 and 
GS5, indicating that grafting-induced DNA methylation could be directed by siRNA changes. We further analysis DNA methylation variation in 
each specific gene locus in the asexually regenerants from TCC (rCCC) by whole genome bisulfite sequencing (WGBS), and found that rCCC 
showed global DNA methylation alteration when compared with the parent,, including lower methylation levels in promoter regions, exon, and 
CDS regions, while higher methylation level in CpG Islands. A large number of differentially methylated regions (43.86% DMRs) were detected 
in promoter regions. Our findings suggested that grafting can induce DNA methylation variation in different gene elements, and subsequently 
regulate transcriptional level, which may contribute to phenotypic variations induced by grafting. 
 
P0440: Bioinformatics: Software 
Integrated Software GACD for Linkage Map Construction and Gene Mapping in Clonal F1 and Double Cross Populations 
Luyan Zhang, Jiankang Wang, Lei Meng and Wencheng Wu, Instititue of Crop Sciences, Chinese Academy of Agricultural 
Sciences, Beijing, China 
Clonal F1 hybrids are the progenies from the hybridization between two heterozygous clonal parents. In self- and cross-pollinated species, double 
crosses are commonly made between four inbred lines for genetic studies and breeding applications. A clonal F1 population can be viewed as a 
double cross population when the linkage phase is determined. 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. The software runs on Windows XP/Vista/7/8/10, with Microsoft .NET Framework 4.0. GACD is project-based software. All 
operations and results will be properly saved when the software is closed. Three functionalities are integrated in GACD version 1.1: (1) BIN, 
binning of redundant markers; (2) CDM, construction of genetic linkage maps, including female, male and combined maps; (3) CDQ, mapping 
of additive and dominance genes of quantitative traits. Three mapping methods are implemented in CDQ, i.e., single marker analysis (SMA), 
interval mapping (IM), and inclusive composite interval mapping (ICIM). 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. 
 
P0441: Bioinformatics: Software 
GOBII: Genomic Open-source Breeding Informatics Initiative 
Philip Glaser1, Yanxin Gao2, Elizabeth Jones3, Yaw A. Nti-Addae2, Kevin Palis4, Syed Raza2, Joshua Lamos-Sweeney2, Angel 
Villahoz-Baleta2, Kelly Robbins2, Jean-Luc Jannink5, Lukas Mueller4, Mark E Sorrells2, Qi Sun6, Edward S. Buckler7 and Susan 
McCouch2, (1)Cornell Institute of Biotechnology, Ithaca, NY, (2)Cornell University, Ithaca, NY, (3)GOBII Project, Biotechnology 
Dept, Cornell University, Ithaca, NY, (4)Boyce Thompson Institute, Ithaca, NY, (5)USDA-ARS, Ithaca, NY, (6)Institute for 
Genomic Diversity, Cornell University, Ithaca, NY, (7)USDA-ARS-Cornell University, Ithaca, NY 
In the last ten years, genotyping costs have dropped significantly, making feasible powerful new breeding approaches that can take advantage of 
the vast amounts of genomic data that have been generated. The Genomic Open-source Breeding Informatics Initiative (GOBII) is the first large-



scale public-sector effort to provide an open-source solution for storing, querying, and applying analysis pipelines to high-density genotypic 
information. The GOBII system is comprised of a data warehouse (PostgreSQL, MonetDB, and HDF5), a web service layer with a BrAPI 
compliant RESTful API, and GUIs for loading and extracting data. Technologies and key features comprising the system will be presented. 
 
P0442: Bioinformatics: Software 
Gigwa - Genotype Investigator for Genome-Wide Analyses 
Manuel Ruiz, CIRAD, UMR AGAP / CIAT, Montpellier Cedex 5, France, Guilhem Sempéré, CIRAD, UMR Intertryp, 
Montpellier, France, Adrien Petel, CIRAD, St Pierre, French Southern Territories, Alexis Dereeper, IRD, UMR RPB, F-34394 
Montpellier, France, Gautier Sarah, INRA - UMR AGAP, Montpellier, France and Pierre Larmande, IRD, UMR DIADE, Institut de 
Biologie Computationnelle, Montpellier, France 
Exploring the structure of genomes and analyzing their evolution is essential to understanding the ecological adaptation of organisms. However, 
with the large amounts of data being produced by next-generation sequencing, computational challenges arise in terms of storage, search, 
sharing, analysis and visualization. This is particularly true with regards to studies of genomic variation, which are currently lacking scalable and 
user-friendly data exploration solutions. Here we present Gigwa, a web-based tool that provides an easy and intuitive way to explore large 
amounts of genotyping data by filtering it not only on the basis of variant features, including functional annotations, but also on genotype 
patterns. The data storage relies on MongoDB, which offers good scalability properties. Gigwa can handle multiple databases and may be 
deployed in either single- or multi-user mode. In addition, it provides a wide range of popular export formats. The Gigwa application is suitable 
for managing large amounts of genomic variation data. Its user-friendly web interface makes such processing widely accessible. It can either be 
simply deployed on a workstation or be used to provide a shared data portal for a given community of researchers.  
 
P0443: Bioinformatics: Software 
User-Friendly Whole Genome DNA Methylation Analysis With FlowGe 
Jeffrey Grover1, Matthew Bomhoff1, Sean Davey1, Brian D. Gregory2, Rebecca A. Mosher1 and Eric Lyons1, (1)University of 
Arizona, Tucson, AZ, (2)University of Pennsylvania, Philadelphia, PA 
Acquiring the specialized knowledge and resources required to manage, process, analyze, and visualize data from next generation sequencing 
(NGS) experiments is a bottleneck for many researchers. To address this issue we have integrated a suite of bioinformatics workflows into the 
web-based comparative genomics platform, CoGe. We term CoGe’s integrated NGS workflows FlowGe. FlowGe’s workflows include RNAseq, 
whole-genome bisulfite sequencing, ChIP-seq, variant calling (SNPs), and population genetics calculations. Unlike other standalone next-
generation sequencing applications, FlowGe leverages the over 27,000 genomes currently available within CoGe and enables users to take 
advantage of CoGe’s intuitive user interface. This facilitates rapid data processing, and integration of visualization and analysis in a single 
platform. Importantly, FlowGe allows researchers to control access to their data and share it with others, as well as combine public and private 
NGS data to answer genome-scale questions. CoGe’s genome visualization system, NGS analysis workflows, and its connection to the CyVerse 
Data Store provide an integrated ecosystem to manage NGS data throughout its life cycle and facilitate greater accessibility of genomics analyses 
to researchers of all levels. To demonstrate FlowGe’s ease of use and utility to all researchers we will demonstrate analysis of whole-genome 
bisulfite sequencing data to determine global DNA methylation levels.  
FlowGe is freely available on the web at https://genomevolution.org under the MIT open source license (source code on GitHub 
https://github.com/LyonsLab/coge). 
 
P0444: Bioinformatics: Software 
Apollo: Collaborative Manual Genome Annotation with Visual Predictions 
Nathan A Dunn1, Monica C. Munoz-Torres2, Deepak Unni3, Eric Yao4, Colin Diesh3, Ian Holmes5, Christine G. Elsik6 and 
Suzanna Lewis1, (1)Lawrence Berkeley National Laboratory, Berkeley, CA, (2)Lawrence Berkeley National Labs, Berkeley, CA, 
(3)Division of Animal Sciences, University of Missouri, Columbia, MO, (4)Department of Bioengineering, Berkeley, CA, 
Berkeley, CA, (5)Department of Bioengineering, Berkeley, CA, (6)Division of Plant Sciences, University of Missouri, Columbia, 
MO 
Manual curation is crucial to improving the quality of the annotations of a genome. It enables curators to refine automated gene predictions using 
experimental data and aligned predictions from closely related organisms to more accurately represent the underlying biology. Apollo is a web-
based genome annotation editor that allows curators to manually edit the structure and function of predicted genomic elements. Changes are 
reflected in real-time to all users and aggregated in a revertible, visual history of structural edits. Annotations can be exported as FASTA, GFF3, 
or Chado.  
A single Apollo server can be scaled to support multiple genome projects and curators — whose access can be controlled with fine-grained 
permissions. Apollo can be integrated easily into workflows using our large suite of web services, which has facilitated integration within the 
Galaxy platform.  
Two major undertakings are currently underway. First, is visualization of variant data to annotate their predicted effects, primarily on coding 
regions. Second, is the transformation of genomic coordinates into synthetic regions to allow hiding (visual genome folding) of intra- and 
intergenic regions, providing a more information-rich visualization of the genome as well as the ability to combine scaffolds that will allow 
annotation of genomic features split across two or more regions of a fragmented assembly.  
Apollo is used in over one hundred genome annotation projects around the world, ranging from annotation of a single species to lineage-specific 
efforts supporting the annotation of dozens of species at a time. http://genomearchitect.org/ 
 
P0445: Bioinformatics: Software 
CartograTree Workflows with Tripal API for Association Mapping in Forest Trees 
Nic Herndon, University of Connecticut, Storrs, CT 



CartograTree, a web-based framework of genotypic, phenotypic, and environmental data associated with georeferenced forest trees, is designed 
to enable forest tree researchers to query and analyze these data to determine how genotype and environment influence the phenotype. 
CartograTree will serve data from the TreeGenes database and other public repositories. Migration of TreeGenes to Tripal will enable data 
sharing with Hardwood Genomics Web and the Genome Database for Rosaceae. It will also allow for simple and consistent website design, and 
access to community developed modules. As part of the Tripal Gateway project, we will develop custom workflows to enable association 
genetics and landscape genomics analysis. Tripal Gateway focuses on interaction with the Galaxy API to develop analytical workflows. Among 
Tripal-supported databases, data will be queried, transferred rapidly, and integrated for analysis and visualization. Workflows developed in 
Tripal will implement web services to send the selected data for analysis on high performance computing (HPC) resources at the Texas 
Advanced Computer Center (TACC). The workflows will have users upload their own data and/or access the data available in the system. The 
georeferenced trees considered for analysis will be displayed on the map, along with the environmental data, allowing the users to filter the data 
used for association mapping. Once filtered, the users can select a custom analysis workflow, provide the parameters for that analytical Tripal 
workflow, and submit the data for analysis via HPC (TACC). 
 
P0446: Bioinformatics: Software 
EasyMirror and EasyImport: Set up Your Own Ensembl Site in 2 Hours for Your Favourite Taxa 
Sujai Kumar, The University of Edinburgh, Edinburgh, United Kingdom and Richard J Challis, Edinburgh University, Edinburgh, 
United Kingdom 
A powerful reason to choose Ensembl over alternative genome browsers is the integration of comparative genomics and other datatypes (such as 
structural variants and functional annotation) in a genome browser with a mature API. However Ensembl is generally considered to be difficult to 
install and adding new genomes requires considerable effort. We have developed tools to make this process simpler. EasyMirror allows you to 
set up a new site with remote and local data within a few minutes while EasyImport allows you to import genomic sequence, gene models and 
annotations for any taxon in around an hour. We will demonstrate how to set up an Ensembl database and website, and populate it with your own 
genome assemblies and annotations, along with data from other existing Ensembl species databases. We will also show how to perform 
additional analyses, such as orthology analyses, to view your data in the context of other species hosted on other Ensembl servers. 
 
P0447: Bioinformatics: Software 
Benchmarking Alignment and Quantification Tools on Plant RNA-Seq Data with CyVerse Cyberinfrastructure 
Kapeel Chougule, Liya Wang, Joshua Stein and Doreen Ware, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
RNA-seq has become a workhorse in transcriptomic studies. This is primarily because improvement in sequencing technology over the years has 
made it more affordable to perform full transcriptomic experiments with deeper coverage as compared to initial days of RNA sequencing. As a 
result, this has manifested in a data deluge from RNA-seq experiments. The current ecosystem of RNA-seq tools have more efficient and 
scalable options, with inclusion of tools like HISAT2, StringTie and Ballgown as alternates to the existing Tuxedo protocol that has been the 
preferred suite of tools used for RNA-seq analysis.There is also emergence of other pseudo-alignment based RNA-seq tools, such as Kallisto, 
Sailfish and Salmon, which serve as alternates to the existing aligners. Most tools have been benchmarked for scalability and sensitivity using 
human datasets. In this study, we will be focusing on benchmarking plant dataset with new and existing tools integrated into CyVerse Discovery 
Environment. In addition, we will leverage epigenetic data for evaluating accuracy of different tools. In summary, we will benchmark these tools 
for both accuracy and speed, thus provide a guideline for using them on plant RNA-seq studies. 
 
P0448: Bioinformatics: Software 
KBase: An Open and Extensible Cyberinfrastructure to Accelerate Predictive Systems Biology 
Vivek Kumar1, Sunita Kumari1, Jim Thomason1, Doreen Ware2, Nomi Harris3, Christopher Henry4, Robert W. Cottingham5 and 
Adam Arkin3, (1)Cold Spring Harbor Laboratory, NY, NY, (2)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
(3)Lawrence Berkeley National Laboratory, Berkeley, CA, (4)Argonne National Laboratory, Argonne, IL, (5)Oak Ridge National 
Laboratory, Oak Ridge, TN 
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 provides open access to quality-controlled 
data, and modeling and simulation tools that enable researchers to gain new insight, infer missing information, conduct predictive modeling, test 
hypotheses, design experiments, and share findings so they can be reproduced and extended by others.  
KBase has a Jupyter-based, socially-oriented user interface that supports a persistent and provenanced environment enabling experimental and 
computational biologists to work together to share and publish data, approaches, workflows, and conclusions, leading to transparent and 
reproducible computational experiments that give credit where credit is due. KBase’s Software Development Kit (SDK) enables developers to 
integrate open source tools as KBase Apps.  
KBase provides analysis apps that include genome assembly and annotation, transcriptomics, metabolic modeling, phylogenetics, comparative 
genomics and microbial community analysis. A distinguishing feature of KBase is its integrated data model that enables comparison across 
biological domains and interoperability with both standard and next-generation tools. Users can upload their own data and access public data to 
execute and share customized, ordered analyses.  
 
P0449: Bioinformatics: Software 
Genome Context Viewer: A User-Friendly Web Application for Visualizing and Mining Shared Gene Content Among 
Multiple Genomes 
Andrew Farmer, National Center for Genome Resources (NCGR), Santa Fe, NM and Alan Cleary, Montana State University, 
Bozeman, MT 
Advances in sequencing technology and in corresponding algorithms for genome assembly and gene annotation have led to the availability of an 
ever-increasing number of annotated whole genome assemblies. These vary widely in terms of the technologies and algorithms used in their 



production, the quality of representation and the complexity of the genomes targeted, as well as the magnitude of the evolutionary distances 
traversed when comparing among them. For many comparative questions, users of these resources are less concerned with sequence level details 
than with basic questions surrounding functional content and the genomic contexts in which it occurs. The Genome Context Viewer (GCV) is an 
open source web-based tool that allows users to search, align, and visualize multiple regions of genomes using simplified representation of their 
total information content. By handling ordered sequences of gene family memberships as a unit of search and comparison, the user interface 
enables quick and intuitive assessment within syntenic contexts of the degree of gene content conservation or divergence, copy number changes, 
and various types of structural events. Microsyntenic blocks computed on the fly can be further augmented by chromosome scale synteny tracks 
and pairwise dot-plots, which indicate the size and structure of content and structural variation “at a glance”. The service-oriented design of the 
client allows genome content to be aggregated from multiple sources, thus enabling the user to make comparisons among genomes hosted 
independently. A live version of the tool will be available during the poster session.  
 
P0450: Bioinformatics: Software 
kWIP: The k-Mer Weighted Inner Product, a de novo Estimator of Genetic Similarity 
Kevin D. Murray1, Christfried Webers2, Cheng Soon Ong2, Justin O. Borevitz1 and Norman Warthmann1, (1)The Australian 
National University, Canberra, Australia, (2)Data61/CSIRO, Canberra, Australia 
Extracting population genetic variation from todays overwhelming quantities of genomic data demands computationally efficient methods. 
Ideally, genetic relatedness between individuals, or samples, is determined in an unbiased, de novo manner. Rapid and unbiased estimation of 
genetic relatedness from raw sequence data has the potential to overcome reference genome bias, to detect mix-ups early, and to verify that 
biological replicates belong to the same genetic lineage before conclusions are drawn using mislabelled, or misidentified samples.  
We present the k-mer Weighted Inner Product (kWIP), an assembly-, and alignment-free estimator of genetic similarity. kWIP operates directly 
on sequencing reads and combines a probabilistic data structure with a novel metric, the Weighted Inner Product (WIP), to efficiently calculate 
pairwise similarity between sequencing runs from their k-mer counts. kWIP produces a distance matrix, which can then be further analysed and 
visualised. Our method does not require prior knowledge of the underlying genomes and applications include detecting sample identity and mix-
up, non-obvious genomic variation, and population structure.  
We validate kWIP using rigorous simulation experiments and demonstrate high sensitivity and accuracy even where there is modest divergence 
between genomes, and/or when sequencing coverage is low. By re-analysing several published datasets we show that our results are consistent 
with marker-based analyses for replicate detection, finding population structure and the stratification of microbiomes.  
We provide kWIP as an efficient, open source software package, licensed under the GNU GPL, at https://github.com/kdmurray91/kwip. Our 
software is well documented and cross platform; tutorial-style workflows are provided for new users. 
 
P0451: Bioinformatics: Software 
Exploiting the Great Potential of Sequence Capture Data By a New Tool, SUPER-CAP 
Walter Sanseverino1, Riccardo Aiese Cigliano1, Andreu Paytuvi Gallart1, Amalia Barone2, Iratzu Anzar1, Valentino Ruggieri2 and 
Roberta Calafiore2, (1)Sequentia Biotech, Barcelona, Spain, (2)University of Naples Federico II, Portici, Italy 
The recent development of Sequence Capture methodology represents a powerful strategy for enhancing data generation to assess genetic 
variation of target regions. However, the association of the genomic variation with certain traits requires a reliable detection and a systematic 
investigation of the entire spectrum of DNA variation, including single nucleotide polymorphisms, insertions/deletions as well as copy number 
variation (CNV), and presence/absence variation (PAV). In this study, we present SUPER-CAP (Ruggieri et al., 2016), a bioinformatics web tool 
aimed at handling Sequence Capture data. The tool, profiting by SUPER-W (Sanseverino et al, 2015), was developed to handle Sequence 
Capture data, fine calculate the allele frequency of variations and to build private sequence of captured genes. The dataset used to develop this in 
silico strategy consists of 378 loci and related regulative regions in a collection of 44 tomato landraces. About 14,000 high-quality variants were 
identified. The high depth (>40#) of coverage and adopting the correct filtering criteria allowed identification of about 4,000 rare variants and 10 
genes with a different copy number variation. We also show that the tool is capable to reconstruct genotype-specific sequences for each genotype 
by using the detected variants. This allows evaluating the combined effect of multiple variants in the same protein. The architecture and 
functionality of SUPER-CAP makes the software appropriate for a broad set of analyses including SNP discovery and mining. Its functionality, 
together with the capability to process large data sets and efficient detection of sequence variation, makes SUPER-CAP a valuable bioinformatics 
tool for genomics and breeding purposes. 
 
P0452: Bioinformatics: Software 
BUSCO v2: Assessing Genome Assembly and Annotation Completeness Withbenchmarking Universal Single-
Copy Orthologs 
Felipe A. Simão, Robert M. Waterhouse, Mathieu Seppey, Panagiotis Ioannidis, Evgenia V. Kriventseva and Evgeny M. Zdobnov, 
University of Geneva Medical School & Swiss Institute of Bioinformatics, Geneva, Switzerland 
With the ever-increasing accessibility of sequencing, genome 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 motivation behind genome projects lies in the 
acquisition of a complete catalog of genes, it is vital to assess the integrity and completeness of the assembled genome. Although 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. Genes evolving under single-copy control across many diverse species provide an evolutionarily-informed expectation regarding 
the 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/v2/ implements a computational pipeline to identify and classify matches from 
genome assemblies, annotated gene sets, or transcriptomes. With the most recent update, BUSCO now contains datasets derived from over 40 
different clades, spanning all domains of life. The BUSCO approach can be easily applied to draft genome or transcriptome 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 complementary and intuitive metrics, based on evolutionarily-informed 
expectations of gene content from hundreds of species, to gauge completeness of rapidly-accumulating genomic data. 
 
P0453: Bioinformatics: Software 
HiCloud: A Pipeline for a More Inclusive Way to Analyze Hi-C Data 
Andreu Paytuví1, Iratzu Anzar1, Covadonga Vara2, Walter Sanseverino1, Riccardo Aiese Cigliano1 and Aurora Ruiz-Herrera2, 
(1)Sequentia Biotech, Barcelona, Spain, (2)Institut de Biotecnologia i Biomedicina (IBB), Universitat Autònoma de Barcelona, 
Cerdanyola del Vallès, Spain 
Attention for studying chromatin structure is rising due to its implications in gene regulation. Erez Lieberman-Aiden, et al. (2009) described Hi-
C, a genome-wide approach that allows to identify any contact between a pair of loci by coupling proximity-based ligation (cross-linking with 
formaldehyde and chromatin digestion) with sequencing. Bioinformatics approaches to analyze Hi-C data consists of: 1.1) removing chimeric 
parts of reads followed by mapping or 1.2) iterative mapping where the unmapped reads, whose ends are trimmed 5-10nt each round, are 
realigned; 2) filtering read-pairs that are not close to any cleavage site from the restriction enzyme used at the chromatin digestion step; 3) 
filtering out possible artifacts and duplicates; 4) contact map creation, which is a square matrix of non-overlapping bins across the genome 
having each cell the number of pairs connecting 2 bins; 5) contact map normalization; 6) identification of Topologically Associating Domains 
(TADs); 7) visual representation. Current tools for analysing Hi-C data need to be easier-to-use for researchers to explore the data. Besides, they 
fail at the time to perform visual or statistical analysis of two or more contact maps. We are designing a fast and easy-to-use tool that will allow -
using web technologies- a more interactive way to explore Hi-C results. Compared with HiCUP, which is one of the most used pipelines to 
analyze Hi-C data, our pipeline uses iterative mapping with STAR instead of reads preprocessing yielding faster mapping and higher efficiency. 
 
P0454: Bioinformatics: Software 
Using the Public Plant Breeding API (BrAPI) to Access Data from the Statistical Platform R 
Reinhard Simon1, Nicolas Morales2, Maikel Verouden3 and Lukas Mueller2, (1)International Potato Center (CIP), Lima, Peru, 
(2)Boyce Thompson Institute, Ithaca, NY, (3)Biometris, Wageningen Plant Research, Wageningen, Netherlands 
Several databases exist that store data from plant breeding experiments. To facilitate data access and data re-use a common Breeding Application 
Programming Interface (BrAPI) has been agreed between database developers from an international community representing the public and 
private sector. It is based on the principles of open linked data and a web-based architecture. This allows others to build additional tools 
including tools on platforms like R: A language and environment for Statistical Computing. Here we present a new R package called ‘brapi’ that 
retrieves data via the BrAPI interface. The main advantages are ease of use for data analysts, statisticians or breeders since the package converts 
the data into R objects and simplifies access for the R user. The R functions are largely named to be consistent with the BrAPI base calls 
including parameter names. The R functions return objects that are designed for easy further processing while retaining information about their 
origin to assist in tracking different data versions. The package has additional features to integrate with the popular RStudio: Integrated 
Development Environment for R to optimize workflows. We show how to connect to different databases and use the obtained data in subsequent 
R steps and visualization tools. The use of standards and protocols like the BrAPI increases the reusability of breeding data, contributing 
opportunities for more efficient breeding programs. 
 
P0455: Bioinformatics: Software 
Pathway Visualization Tools in Phytozome 
Joseph W. Carlson, Patrick Davidson, David M. Goodstein and Daniel S. Rokhsar, DOE Joint Genome Institute, Walnut Creek, 
CA 
We have recently begun adding metabolic pathway data to the genomes hosted in Phytozome, the Joint Genome Institute's plant genomics portal.  
Our initial set of assignments is based on our in-house implementation of the Pathologic (http://pathwaytools.org/) workflow, coupled with 
Enzyme E.C. assignments derived from E2P2 (https://dpb.carnegiescience.edu/labs/rhee-lab/software).  
We provide access to these pathway assignments via PhytoMine (http://phytozome.jgi.doe.gov/phytomine/begin.do), Phytozome's 
implementation of the open source genomic data warehouse InterMine (http://www.intermine.org).  
While InterMine's data model can be extended to accomodate pathway information, the InterMine UI does not include any default pathway 
visualization capabilities. To provide access to these assignments to our users, we designed a pathway visualization tool for InterMine, based on 
the d3 library (http://d3js.org/). This tool supports viewing reactions and enzyme assignments in both graphical and tabular format, as well as the 
overlay of RNA-Seq expression data (to assist, for example, with identifying conditions under which a particular pathway is over- or under-
expressed).  
The InterMine data model and visualization tool capabilities will be presented. 
 
P0456: 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, 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. 
 
P0457: Bioinformatics: Software 



Plant Genome Reannotation Using NextGen Sequences 
Shengqiang Shu1, Jerry Jenkins2, David M. Goodstein1, Jeremy Schmutz3 and Daniel S. Rokhsar1, (1)DOE Joint Genome Institute, 
Walnut Creek, CA, (2)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (3)Hudson Alpha, Huntsville, AL 
Gene structure annotation is a fundation for computational analysis of gene function and genome evolution. Therefore a high quality and stable 
gene set for a species is highly desirable. We have reannotated several plant genomes and highest mapping ratio is 90% between versions using 
our in-house gene annotation pipeline. Here we report a new pipeline, gene model improvement pipline (GMI). GMI uses transcriptome to 
update the gene set if and only if transcriptome data dictate. With short read transcriptome assemblies and/or ESTs/cDNA, we achieved about 
95% mapping ratio in several plant genomes and 99% mapping ratio using Iso-Seq in Arabidopsis. The Iso-Seq raw reads were corrected. Iso-
Seq sequences are near full length and high quality and mapping ratio by GMI using Iso-Seq is much better in Arabidopsis, one of the best 
annotated plant genomes. 
 
P0458: Bioinformatics: Software 
Camoco: A Computational Framework for Inter-Relating GWAS Loci and Unraveling Gene Function Using Co-Expression 
Networks 
RJ Schaefer1, Jean-Michel Michno2, Molly E McCue3, 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)University of Minnesota, St. Paul, MN, (4)Department of Biochemistry, Purdue University, West Lafayette, IN, (5)USDA-ARS, 
Danforth Plant Science Center, St. Louis, MO 
Co-expression networks have been shown to be a powerful tool for inferring a gene’s function when little is known about it. With the advent of 
next generation sequencing (NGS) technologies, the construction and analysis of co-expression networks is now possible in many non-model 
species. Here, we present a computational framework called Camoco, that performs co-expression based analyses using NGS data. Camoco has 
been used to rapidly build and analyze RNA-Seq based co-expression networks in both plant and animal species. Ontologies such as GO or 
MapMan are used to vet networks in a supervised manner by assessing their ability to capture known biological information. Built-in network 
clustering allows for rapid unsupervised analyses when gene annotations are poor or incomplete. Network comparison methods distinguish 
which biological clusters are shared or distinct to each network.  
Camoco also integrates other functional data such as those derived from genome wide association studies (GWAS). GWAS have become the de 
facto approach to identify candidate genes in complex traits in non-model species. However, complex traits are often associated with potentially 
hundreds of statistically significant SNPs, many of which are located outside known gene models. Camoco analyzes the overlap between 
candidate loci generated from GWAS and the co-expression interactions that occur between them. In empirical studies, Camoco was effectively 
able to reduce the number of candidate genes by over two orders of magnitude and prioritize genes for follow up analysis. Camoco is 
implemented in Python 3.4 and is freely available at http://github.com/schae234/Camoco. 
 
P0459: Bioinformatics: Software 
Selecting Superior de novo Transcriptome Assemblies: Lessons Learned by Leveraging the Best Plant Genome 
Loren A Honaas1, Eric Kenneth Wafula2, Norman Wickett3, Joshua P. Der4, Yeting Zhang5, Patrick Edger6, Naomi Altman7, J. 
Chris Pires8, Jim Leebens-Mack9 and Claude dePamphilis2, (1)USDA-ARS Tree Fruit Research Lab, Wenatchee, WA, (2)Penn 
State University, University Park, PA, (3)Chicago Botanic Garden, Glencoe, IL, (4)California State University, Fullerton, Fullerton, 
CA, (5)Rutgers University, New Brunswick, NB, (6)Department of Horticulture, Michigan State University, East Lansing, MI, 
(7)Penn State, University Park, PA, (8)Division of Biological Sciences, University of Missouri, Columbia, MO, (9)University of 
Georgia, Athens, GA 
Whereas de novo assemblies of RNA-Seq data are being published for a growing number of species across the tree of life, there are currently no 
broadly accepted methods for evaluating such assemblies. Here we present a detailed comparison of 99 transcriptome assemblies, generated with 
6 de novo assemblers including CLC, Trinity, SOAP, Oases, ABySS and NextGENe. Controlled analyses of de novo assemblies for Arabidopsis 
thaliana and Oryza sativa transcriptomes provide new insights into the strengths and limitations of transcriptome assembly strategies. We find 
that the leading assemblers generate reassuringly accurate assemblies for the majority of transcripts. At the same time, we find a propensity for 
assemblers to fail to fully assemble highly expressed genes. Surprisingly, the instance of true chimeric assemblies is very low for all assemblers. 
Normalized libraries are reduced in highly abundant transcripts, but they also lack 1000s of low abundance transcripts. We conclude that the 
quality of de novo transcriptome assemblies is best assessed through consideration of a combination of metrics: 1) proportion of reads mapping 
to an assembly 2) recovery of conserved, widely expressed genes, 3) N50 length statistics, and 4) the total number of unigenes. We provide 
benchmark Illumina transcriptome data and introduce SCERNA, a broadly applicable modular protocol for de novo assembly improvement. 
Finally, our de novo assembly of the Arabidopsis leaf transcriptome revealed ~20 putative Arabidopsis genes lacking in the current annotation. 
 
P0460: Bioinformatics: Software 
GAPIT3: New Architecture to Quickly Adapt Third Party Packages for Genomic Association and Prediction 
Jiabo Wang, Northeast Agricultural University, Haerbin, China and Zhiwu Zhang, Washington State University, Pullman, WA 
Maintaining and development of software packages for genome wide association studies (GWAS) are challenging not only because the demands 
of problem-free application, but also because that computing speed must be boosted for euphonically growing data size and statistical models 
must be advanced to control both false positives and false negatives. GAPIT is one of the software packages widely used for GWAS and 
genomic prediction. Several handy features in GAPIT were widely used, including Principal Component Analyses (PCA), kinship, data 
visualization (e.g. population structure in 3D) and results interpretation (e.g. Manhattan plot and QQ plot). The package implemented multiple 
statistical methods to improve speed and statistical power, including the compressed mixed linear model (CMLM) developed in 2010, enriched 
CMLM and SUPER methods developed in 2014. Multiple methods and packages were developed to produce better GWAS results, including 
MLMM and FarmCPU. There is critical need to develop a package that can quickly integrate existing and new developments. We redesign 
GAPIT to fit the need. The new version of GAPIT (version 3) is capable to adapt third party packages easily. Here we describe the design and 



implementations for adapting original version of GAPIT and the most recently developed packages, MLMM and FarmCPU. The advantages and 
the performances of using these packages in GAPIT3 were compared to using them along. GAPIT3 has been released to public and GAPIT users 
has started to use the new version of GAPIT substantially. 
 
P0461: Bioinformatics: Software 
De novo Assembly of Complete Chloroplast Genomes 
Moreland Gibbs1, Hilary Miller1, Matt Kearse1, Helen Shearman2 and Cristina Gamba3, (1)Biomatters, Ltd., Auckland, New 
Zealand, (2)Biomatters, Inc., Newark, NJ, (3)Biomatters, ApS., Silkeborg, Denmark 
Geneious provides all of the tools for performing rapid and accurate de novo assembly of chloroplast genomes from short-read Next-Generation 
Sequencing (NGS) data. The NGS data may be derived DNA extracted from purified chloroplasts, or filtered from whole-genome sequence of 
total DNA derived from chloroplast-rich leaf material. Chloroplast genomes are typically 120,000-170,000 bp long and contain a substantial 
fraction of almost perfect inverted repeats (IR, 2 of ≈25,000 bp each). This means a complete circular plastome cannot be resolved during 
assembly using only single-end short-reads. However, paired-end reads data, combined with appropriate tools for identification of the repeat and 
truncated repeat boundaries, can allow reconstruction of the complete circular plastome.  
Here we describe how to perform such analyses using Geneious. We reconstruct a complete circular chloroplast genome, using as input paired-
end short-reads from Sesame indicum (SRR949054). The final genome draft was also fully annotated within Geneious, including the accurate 
identification of SNPs and IR units.  
 
P0462: Bioinformatics: Software 
A GUI Application "CA Plot Viewer": Large-Scale Gene Expression Network Analysis and Web Databases for Crops 
Kentaro Yano1, Shin Terashima1, Yukino Nakamura1, Maasa Kanno1, Misa Saito2, Koji Yokoyama1, Hajime Ohyanagi1, Toru 
Kudo1 and Masaaki Kobayashi1, (1)School of Agriculture, Meiji University, Kawasaki, Kanagawa, Japan, (2)School of Agri., Meiji 
University, Kawasaki, Kanagawa, 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 GENs 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. 
 
P0463: Bioinformatics: Software 
Heap: A Highly Sensitive and Accurate SNP Calling Tool with Low-Coverage High-Throughput Sequencing Data 
Masaaki Kobayashi1,2, Hajime Ohyanagi1,3, Hideki Takanashi2,4, Satomi Asano1,2, Toru Kudo1,2, Hiromi Kajiya-Kanegae2,4, 
Atsushi J. Nagano5,6, Hitoshi Tainaka2,4, Tsuyoshi Tokunaga2,7, Takashi Sazuka2,8, Hiroyoshi Iwata2,4, Nobuhiro Tsutsumi2,4 and 
Kentaro Yano1,2, (1)School of Agriculture, Meiji University, Kawasaki, Kanagawa, Japan, (2)CREST, JST, Saitama, Japan, (3)King 
Abdullah University of Science and Technology (KAUST), Thuwal, Saudi Arabia, (4)Agricultural and Life Sci., The Univ. of 
Tokyo, Tokyo, Japan, (5)Faculty of Agriculture, Ryukoku University, Otsu, Shiga, Japan, (6)Center for Ecological Research, Kyoto 
University, Otsu, Shiga, Japan, (7)Earth Note Co. Ltd., Ginoza, Okinawa, Japan, (8)Nagoya Univ., Nagoya, Japan 
Recent availability of large scale genomic resources enables us to conduct so called genome-wide association studies (GWAS) and genomic 
prediction (GP) studies, particularly with next-generation sequencing (NGS) data. The effectiveness of GWAS and GP depends on not only their 
mathematical models, but the quality and quantity of variants employed in the analysis. In NGS single nucleotide polymorphism (SNP) calling, 
conventional tools ideally require more reads for higher SNP sensitivity and accuracy. In this study, we aimed to develop a tool, 'Heap', that 
enables robustly sensitive and accurate calling of SNPs, particularly with a low coverage NGS data. Heap calls SNPs from NGS reads, which are 
mapped to the reference genome sequences in advance. Performance comparison with existing tools showed that Heap achieved the highest F-
scores with low coverage (7X) restriction-site associated DNA (RAD) sequencing reads of sorghum and rice individuals. This will facilitate cost-
effective GWAS and GP studies in this NGS era. Heap code and documentation are freely available from https://github.com/meiji-bioinf/heap 
and our web site (http://bioinf.mind.meiji.ac.jp/lab/en/tools.html). 
This research was partially supported by Research Funding for Computational Software Supporting Program from Meiji Univ. to K.Y.. 
Computations were partially performed on the NIG (National Institute of Genetics) SuperComputer Facilities hosted at NIG/ROIS (Research 
Organization of Information and Systems). 
 
P0464: Bioinformatics: Software 
solGS: A Webtool for Genomic Selection Analysis 
Isaak Y. Tecle, Naama Menda, Guillaume J. Bauchet and Lukas Mueller, Boyce Thompson Institute, Ithaca, NY 



Genomic selection relies on high-density genotyping and computationally intensive statistics, which presents significant challenges in data 
management, analysis and results sharing. solGS, a web-based tool, is designed to alleviate these challenges for breeders. It has a database to 
store phenotype and genotype data and a web-interface for statistical analyses and interactive data visualization. It uses RR-BLUP for the 
statistical modeling and GBLUP method for breeding values prediction. It performs also descriptive statistics, population structure, phenotypic 
and genetic correlations, selection gain, and selection index analyses. solGS is part of the NextGen Cassava Breeding Project 
(http://nextgencassava.org) and implemented on http://cassavabase.org/solgs. solGS is organism-agnostic, and thus GS breeders can adapt it for 
any organism. 
 
P0465: Bioinformatics: Software 
Development of TripalMap 
Katheryn Buble, Sook Jung, Jodi L. Humann, Chun-Huai Cheng, Taein Lee, Stephen P. Ficklin, Jing Yu and Dorrie Main, 
Washington State University, Pullman, WA 
TripalMap provides an interactive and responsive visualization for genetic maps using the D3.js Javascript technology. Similar in functionality to 
the existing GMOD-CMap map comparison tool, TripalMap offers the benefit of using map data directly stored in GMOD-Chado, a generic 
database schema. Data duplication can be reduced for sites that maintain both Chado and CMap as no separate underlying database is required 
with TripalMap. Also TripalMap is an extension of Tripal, integrating directly with the Tripal API framework for online site visualization of 
genomic, genetic and breeding data. This improves data searching capability and provides a more seamless experience for site developers. The 
TripalMap interface can be integrated in any Tripal map page and hyperlinked from any Tripal page that is displayed in maps (marker, QTL, 
heritable morphological marker and/or gene). In Version 1 of TripalMap, interfaces show all linkage groups of a map, with zoom into specific 
regions of a linkage group, and will show comparisons of maps that share the same markers. Marker and QTL colors and display patterns are 
configurable from the Tripal map page. In future versions marker and QTL colors and display patterns will also be configurable from the Admin 
page. The Admin page will allow configuration of a custom query for building materialized views as well, which provides both better 
performance and flexibility in the way data is stored in Chado. Future versions will provide comparison between greater than three maps, show a 
dot plot, allow scaling of maps with different base units, enhanced filtering for marker correspondences, and provide map set information and a 
correspondence matrix. Future versions will also offer comparison of entire maps. We will present the Version 1 features of TripalMap 
implemented in Cool Season Food Legume Database (https://www.coolseasonfoodlegume.org/MapViewer). 
 
P0466: Bioinformatics: Software 
PhenoApps: Open-Source Android Apps for Phenotyping 
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 can contain thousands of 
unique entries and programs will often evaluate tens of thousands of plots each year. Due to temporal and economic limitations, many 
phenotypes that could prove useful for selection are neglected or collected only on a subset of lines. To operate a modern breeding program 
efficiently, electronic data capture and management is essential. Many research programs, however, continue to function by scribing and 
transcribing much, if not all, of their data. This places heavy burdens on human resources, decreases data integrity, and limits future utilization of 
data. We have developed several open-source apps to increase the speed and robustness of data collection in plant breeding programs. All of our 
apps run on consumer-grade Android phones and tablets, decreasing the cost to breeders and creating a viable solution for research programs in 
developing countries. By utilizing a modern mobile operating system, it becomes simple to receive feedback, add requested features, and publish 
updates. Field Book, an app for field and greenhouse data collection, has a simple and intuitive interface that allows adoption without a steep 
learning curve. Inventory pairs with a USB scale to simultaneously organize and weigh samples. Coordinate organizes data being collected in 
grids using customized templates. 1KK extracts seed morphological measurements from photos taken with the device camera. In creating these 
PhenoApps, we attempt to decrease both technological and cost barriers that hinder adoption of electronic data management in breeding 
programs. With our open-source, accessible solutions, the vision of one handheld per breeder can become a reality for plant breeding and 
genetics programs around the world and will enable the transformational capacity essential to achieve a contemporary green revolution. 
 
P0467: Bioinformatics: Software 
GenSAS v5.0: Structural and Functional Annotation Using a Web-Based Platform for Model and Non-Model Organisms 
Jodi L. Humann1, Stephen P. Ficklin1, Taein Lee1, Chun-Huai Cheng1, Heidi Hough1, Sook Jung1, Jill L. Wegrzyn2, David B. 
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 v5.0 (GenSAS, www.gensas.org) merges several annotation tools into one, easy-to-use, web-based 
interface. GenSAS guides researchers through the annotation process from start to finish and GenSAS has integrated JBrowse for viewing of 
annotation tool results and Apollo for manual annotation, which can be a collaborative project between multiple users. GenSAS now supports the 
use of RNA-Seq reads from the Illumina platform for training gene prediction programs in addition to genome-specific supporting data files in 
the GFF3 and FASTA file formats. After adding the genome sequence and supporting evidence files, users proceed through repeat identification 
and masking, alignments of evidence to the genome sequence, structural annotation and gene prediction, designation or creation of the official 
gene set for gene model refinement, functional annotation, optional manual curation, and generation of files for publication. 
 
P0468: Bioinformatics: Software 
A Software Implementation of a Potato Yield Model to Effectively Support Crop Management and Monitoring 
Mario J Caccamo, Marc Allison, Robert Allen, David Legge, Christopher Duckett and David Firman, NIAB, Cambridge, United 
Kingdom 
Forecasting of gross yield development and tuber size distribution in potato crops is a powerful tool in the effective management of commercial 
potato crops. As demonstrated by several studies there is a strong correlation between the absorption of solar radiation and the production of dry 



matter. In turn the absorption of solar radiation in growing potato crops can be modelled to be proportional to the fraction of canopy ground 
cover. The ability to readily record crop parameters such as canopy growth, emergence dates and environmental conditions such as rain and solar 
radiation has opened new opportunities to forecast yield production in potato crops. We will present a software implementation of a yield 
forecasting model developed at NIAB CUF that brings together these two elements, incidence of solar radiation during the growing season and 
canopy growth information, to effectively predict overall yield, tuber size and uniformity of potato crops. The software framework integrates 
varietal information and meteorological data with canopy development readings. The implementation uses an object-oriented approach, which 
can be extended to similar yield predictions model in other crops. Access to software architecture is presented via a RESTful application 
programming interface (API) that allows the yield models to be executed autonomously on a variety of inputs and climate conditions. 
 
P0469: Bioinformatics: Software 
TOGGLE-3: A Framework to Build Quickly Pipelines and to Perform Large-Scale NGS Analysis 
Christine Tranchant-Dubreuil1, Sebastien Ravel2, Cécile Monat1, Laura Helou1, Abdoulaye Diallo1, Gautier Sarah3, Julie Orjuela-
Bouniol4 and François Sabot1, (1)IRD - UMR DIADE, Montpellier, France, (2)CIRAD, Montpellier, France, (3)INRA - UMR 
AGAP, Montpellier, France, (4)ADNid company, Montpellier, France 
Dear biologist, have you ever dreamed of using the whole power of those numerous NGS tools that your bioinformatician colleagues uses 
through this awful list of command lines ?  
Dear bioinformatician, have you ever wished for a really quick way of designing a new NGS pipeline without having to retype again dozens of 
code lines to readapt your scripts or starting from scratch ?  
So, be happy ! TOGGLE is for you !  
With TOGGLE (TOolbox for Generic nGs anaLysEs), you can create your own pipeline through an easy and user-friendly approach. Indeed, 
TOGGLE integrate a large set of NGS softwares and utilities to easily design pipelines able to handle hundreds of samples. The pipelines can 
start from Fastq (plain or compressed), SAM, BAM or VCF (plain or compressed) files, with parallel (by sample) and global analyses (by multi 
samples). Moreover, TOGGLE offers an easy way to configure your pipeline with a single configuration file:  
– Organizing the different steps of workflow,  
– Setting the parameters for the different softwares,  
– Managing storage space through compressing/deleting intermediate data,  
– Determining the way the jobs are managed (serial or parallel jobs through scheduler SGE, SLURM and LSF).  
TOGGLE can work on your laptop, on a single machine server as well as on a HPC system, as a local instance or in a Docker machine. The only 
limit will be your available space on the storage system, not the amount of samples to be treated or the number of steps. TOGGLE was used on 
different organisms, from a single sample to more than one hundred at a time, in RNAseq, DNAreseq/SNP discovery and GBS analyses.  
List of bioinformatics tools included:  
– Cleaning and Quality checking : FastQC, CutAdapt, fastxTrimmer  
– Assembly : TransAbyss, Trinity, TGI-CL  
– Mapping : BWA (aln/sampe and mem), TopHat  
– SAM/BAM management : picardTools, SAMtools, GATK  
– SNP calling/cleaning/annotation : SAMtools, GATK, VarScan, snpEff  
– ReadCount : HTseq-count  
– Structural Variations : BreakDancer, Pindel  
Web site: https://github.com/SouthGreenPlatform/TOGGLE 
 
P0470: Bioinformatics: Software 
WISH – Weighted Interaction SNP Hub R Package 
Victor Adriano Okstoft Carmelo, Copenhagen University, Frederiksberg, Denmark 
Genome-wide association studies (GWAS) provided wealth of information on the link between genotypes and phenotypes but they do not 
capture the entire genetic variation that exists in complex traits and diseases. One of the reasons for the lack of power of GWAS is that it does not 
account for genome-wide epistasis. Biologically, genes do not exist in isolation, but interact with each other in complex biological networks to 
give rise to complex traits. The quantification of epistatic interaction between genomic variants is however a difficult problem, as calculating 
pairwise interactions on full genomic data sets requires an intractable amount of calculations even with modern computing facilities. To solve 
this, we have implemented the Weighted Interactions SNP Hub (WISH) method as an R package, which relates epistatic interactions networks 
with complex traits. The inputs are standard pedigree and transposed pedigree files and a phenotype. The method first calculates individual 
pairwise epistatic interactions using efficient parallelized linear modelling based on the genomic data, resulting in epistatic correlations for all 
genotype pairs. Epistatic correlations are then applied in scale-free weighted genetic interaction networks to identify biologically relevant 
pathways and markers associated with complex traits, also alleviating multiple testing issues. We reduce data dimension based on variant main 
effects and genetic variation. In relation to other methods our implementation is efficient, accessible and fast, with focus on larger datasets. The 
package is freely available for download from GitHub and runs on a regular computer, but is scalable for server use with larger data sets. 
 
P0471: Bioinformatics: Software 
How Interactive Genealogy Graphs Enable to Explore a Hybrid’s Extended Family and Study the Performances of Its 
Members for Multiple Traits, All within RnDExpTM 
David Zinn1, Tristan Duminil2, Julie Soula2 and Frédéric Royer3, (1)Doriane, NICE, France, (2)Doriane, Nice, France, 
(3)Biosearch Data Management, Nice, France 
When studying hybrid phenotypic and genotypic data, it is challenging to find the right graphical representations, to answer a broad range of 
questions. For instance: Do hybrids with a common ancestor strongly share traits?  



The difficulty stems mainly from the large amount of heterogeneous data generated in a biological material’s lifecycle (breeding, testing, lab 
work, etc) that needs to be displayed and managed.  
The completeness of these records and their connectivity down the generations are the first keys to study materials in the light of their ancestor’s 
performances.  
Both objectives may be fulfilled by a tool enabling to explore a hybrid’s extended family on various criteria (traits, genetic identity, location, 
molecular marking…). Such a tool would display a hybrid’s family tree in an interactive genealogy graph including its direct parents, origin line, 
origin parents, and every related hybrid sharing a common ancestor, so doing it would help fully grasp the relations between materials of interest. 
Furthermore, it would be useful to access deeper level analysis (Dispersion graph, PCA, Distance matrix, Component analysis, etc) by selecting 
subgroups of the displayed materials.  
In this poster we will study the benefits of a visualization tool from RnDExp™ software in a user case scenario, where one wishes to mine the 
ancestral data of selected hybrids, helping to optimize which hybrids and parental lines should be included in next season’s trials and crosses, to 
further breeding objectives and to increase the genetic diversity. 
 
P0472: Bioinformatics: Software 
Localized Assemblies of the 20 Gbp Sitka Spruce (Picea sitchensis) Genome Using Chromium Reads 
Shaun D Jackman1, Benjamin P Vandervalk1, René L Warren2, Hamid Mohamadi1, Justin Chu1, Sarah Yeo1, Lauren Coombe1, 
Stephen Pleasance1, Robin J Coope1, Joerg C Bohlmann3, Steven JM Jones1 and Inanc Birol1, (1)BC Cancer Agency Genome 
Sciences Centre, Vancouver, BC, Canada, (2)Genome Sciences Centre, BC Cancer Agency, Vancouver, BC, Canada, (3)University 
of British Columbia, Vancouver, BC, Canada 
Long-read sequencing technologies have greatly improved assembly contiguity, but at a cost roughly ten times that of short-read sequencing 
technology. For population studies and when sequencing large genomes, such as conifer genomes and other economically important crop species, 
this cost may be prohibitive. The 10x Genomics Chromium technology generates linked reads from large molecules at a cost comparable to 
standard short-read sequencing technologies. Whereas paired-end sequencing gives two reads from a small DNA fragment, Chromium yields 
roughly a hundred reads from molecules with a typical size of 10 to 100 kilobases. This technology has been applied to assemble genomes as 
large as the human genome.  
Here we demonstrate its utility to localize assemblies of large genomic loci, including the organellar genomes of the 20 gigabase Sitka spruce 
(Picea sitchensis) genome. We have reported earlier the assembly of the plastid genome of Sitka spruce using the Gemcode technology, the 
precursor of Chromium. Using the Chromium technology, we have now assembled localized nuclear segments of the Sitka spruce and its 
mitochondrial genome.  
Animal mitochondrial genomes are typically quite small, tens of kilobases, and plant mitochondria are often much larger, hundreds of kilobases. 
Conifer mitochondria are, in contrast, surprisingly large, nearly six megabases for white spruce (Picea glauca). With a mere two gymnosperm 
mitochondria in NCBI Genbank and a single conifer mitochondrion, few examples of these mysteriously large organellar genomes are available. 
Our results will thus be of interest to evolutionary biology researchers beyond the field of forestry genomics.  
Chromium reads permit cost-effective assembly of large genomes with high-throughput, short-read sequencing technology, while also providing 
large-molecule scaffolding data. Here we assemble Chromium reads using ABySS 2.0, which uses one-tenth the memory of previous versions, 
and only a few hundred gigabytes of RAM for large conifer genomes. 
 
P0473: Bioinformatics: Software 
Enhancement of Data Searching, Visualization and Exploration in the Hardwood Genomics Database (HGD) by Integration 
of New Tripal Extensions and Galaxy 
Ming Chen1, Nate Henry1, Thomas Lane1, Xiao Zhou1, Anthony Bretaudeau2, Jill L. Wegrzyn3, Stephen P. Ficklin4 and Margaret 
Staton1, (1)University of Tennessee, Knoxville, TN, (2)INRIA/Irisa - Campus de Beaulieu, RENNES, France, (3)Department of 
Ecology and Evolutionary Biology - University of Connecticut, Storrs, CT, (4)Washington State University, Pullman, WA 
The Hardwood Genomics Databases (HGD) is a Drupal1/Tripal2-based web database which uses Chado3 schema to store genetic and genomic 
data from ecologically and phylogenetically important hardwood tree species. One important goal of the HGD research group is to develop 
Tripal extension modules and/or integrate other tools to enhance the accessibility, visualization and exploration of genetic resources that are 
housed in the HGD. The HGD research group has developed two new Tripal extension modules: the Tripal Elasticsearch module and the Tripal 
Expression Analysis module. The Tripal Elasticsearch module uses the powerful elasticsearch4 as its search engine, providing parallel, scalable 
indexing and general search of the entire Tripal site as well as constrained search of targeted Chado database tables and table fields. The module 
allows customization of search form interfaces and formatting of search results. Search form interfaces and search results for each indexed data 
units are displayed in individual Drupal blocks, which provides high flexibility of rendering search results. The Tripal Expression Analysis 
module creates four content types to store and display information about biological materials, analysis protocols, array designs and gene 
expression levels of sequence features. Patterns of gene expression across RNASeq libraries are visualized with heat maps or bar plots created 
with javascript graphic libraries D3JS5 or plotly6. A one-dimensional heat map or bar chart is provided for each feature page to visualize the gene 
expression level across all available biomaterials. Two-dimensional, customized heat maps can be built from user specified list of genes via a 
search form interface for gene expression comparison. The HGD group is also collaborating with other Tripal databases groups on integrating a 
Galaxy7 analysis server with Tripal databases. A set of galaxy workflows have been developed and will be wrapped into a Tripal galaxy gateway 
that is being developed by our collaborative groups. The Tripal database will run galaxy server as a data analysis backend and provide users with 
efficient approaches for exploring and analyzing data housed in the database.  
Keywords: Tripal, database, elasticsearch, gene expression, galaxy, workflows  
1. Drupal - Open Source CMS. https://www.drupal.org/ Accessed Oct 24, 2016.  
2. Ficklin, Stephen P., et al. "Tripal: a construction toolkit for online genome databases." Database 2011 (2011): bar044.  
3. Mungall, Christopher J., and David B. Emmert. "A Chado case study: an ontology-based modular schema for representing genome-associated 
biological information." Bioinformatics 23.13 (2007): i337-i346.  



4. Elasticsearch. https://www.elastic.co/. Accessed Oct 24, 2016.  
5. D3JS. https://d3js.org/. Accessed Oct 24, 2016  
6. Plotly. https://plot.ly/. Accessed Oct 24, 2016  
7. Goecks, Jeremy, Anton Nekrutenko, and James Taylor. "Galaxy: a comprehensive approach for supporting accessible, reproducible, and 
transparent computational research in the life sciences." Genome biology 11.8 (2010): 1.  
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Exploration and Integration of Multi-Omic Data Using Tools in Agilent GeneSpring 
Shweta Shukradas, Agilent Technologies, Santa Clara, CA 
Scientists today are often using multiple omics technologies to better understand the biological problem. This has created a serious challenge to 
analyze increasingly large and complex data sets generated by genomics, transcriptomics, proteomics, and metabolomics experiments. 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. 
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. Since, GeneSpring allows import of data from public domain, 
we can demonstrate workflows that help users compare their data with the data provided by other researchers. In this analysis, we show use of 
GeneSpring software to study correlation of expression of microRNA and their targeted mature RNAs in a joint transcriptomic analysis to 
identify curated signaling pathways. 
 
P0475: Bioinformatics: Software 
VIP: A Functional Annotation Platform of Variants in Animal Genomes 
Congcong Liu, Huazhong Agricultural University, Wuhan, China, Shu-Hong Zhao, Key Laboratory of Agricultural Animal 
Genetics, Breeding, and Reproduction of the Ministry of Education & Key Laboratory of Swine Genetics and Breeding of Ministry 
of Agriculture, Huazhong Agricultural University, Wuhan, China and Xuewen Xu, Key Laboratory of Agricultural Animal 
Genetics, Breeding and Reproduction of Ministry of Education, Huazhong Agricultural University, Wuhan, China 
Benefit from the ENCODE project, functional annotation of variants in human or mouse genome is relatively easy, however it is still a huge 
challenge for other animal species. Here, we developed the software “Variant Integration Prediction (VIP)” to functional annotate variants from 
animal species with a reference genome by transform and integrate human and mouse ENCODE data. The software has fast mode and deep 
mode. Fast mode provides intersection of variants with gtf file to classify variants according to their location and related transcripts, output 
amino acids of different alleles for coding variants and discover potential splicing variants. Deep mode: (1) provides conservation score for most 
of variants; (2) provides information related to conserved protein domain for missense mutation in protein coding genes; (3) integrate ENCODE 
data and provide potential transcription factor binding sites and relative score for non-coding variants in defined promoter region and 
5’untranslated region; (4) predicted potential microRNA binding sites and a reliable score for variants in 3’untranslated region. VIP also provides 
visualization interface for the display of variants and annotated features of different alleles. We believe the VIP platform will be helpful for the 
quick discovery and characterization of important functional variants for animal species. 
 
P0476: Bioinformatics: Software 
Integrated Analysis for Genomic Variation, Gene Expression and Gene Regulation 
Matthew Keyser, DNASTAR, Inc., Madison, WI 
DNASTAR offers an integrated software suite for assembly and analysis of next-generation sequence data from all major sequencing platforms, 
supporting key workflows in a desktop computing environment or on the Amazon cloud. The SeqMan NGen program provides extremely 
accurate alignment and variant calling for multiple project types, while the integrated Variant Annotation Database makes interpreting the results 
feasible via automated import of variant annotations sourced from dbNSFP, 1000 Genomes Project and the Exome Variant Server. Here we 
present an example of how the software can be used to perform integrated analysis of RNA-Seq gene expression data, ChIP-Seq peaks, and SNPs 
of interest in a single project. Alignment and analysis is scalable from individuals to large groups of samples so that variant and gene sets of 
interest can be efficiently isolated and identified regardless of the project size. 
 
P0477: Bioinformatics: Software 
Fast and Flexible Program for Solving Large Mixed Model Equations 
Huimin Kang, Lei Zhou and Jian-Feng Liu, China Agricultural University, Beijing, China 
A general purpose BLUP-program (PPI) was developed, which allows a wide range of models. The method used to solve the mixed model 
equations (MME) is preconditioned conjugate gradient (PCG), which was proved to have a higher convergence rate than other commonly used 
methods, such as Gauss-Seidel method. The preconditioner applied is the block diagonal of coefficient matrix of MME, with all the fixed effects 
as one block. Evaluated with our testing data sets, PCG with block diagonal preconditioners converged faster than PCG with diagonal 
preconditioners. Setting all the fixed effects in one block made convergence faster, especially for complicated models, such as multi-trait random 
regression test-day model. The computational technique of iteration on data (IOD) is employed to solve the storage problem, especially for large 
data sets. The IOD technique reads in data file at each iteration and can avoid the storage of coefficient matrix. In our program, relationship 
matrix can be set to additive relationship matrix (A) built using pedigree, genomic relationship matrix (G) built using marker information, and 
the combined relationship matrix of A and G using both pedigree and marker information. The kinship matrices built using other information are 
also applicable. Based on the message interface (MPI), the program realized the parallelization of calculation of the preconditioner and PCG. 
More specifically, we applied shared memory model (SHM), the new approach of MPI-3 standard. SHM takes full advantage of the shared-
memory architecture of computers and can accelerate the communication between processes on shared-memory nodes. 
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A Novel Tripal Database Module and Workflow to Facilitate Variant Mapping and Detection in Non-Model Plant Species 
Qiaoshan Lin1, Nic Herndon1, Emily Grau1, Stephen P. Ficklin2, Margaret Staton3, Sook Jung2, Dorrie Main2, Alex Feltus4 and Jill 
L. Wegrzyn5, (1)University of Connecticut, Storrs, CT, (2)Washington State University, Pullman, WA, (3)University of Tennessee, 
Knoxville, Clemson, SC, (4)Genetics & Biochemistry, Clemson University, Clemson, SC, (5)Department of Ecology and 
Evolutionary Biology - University of Connecticut, Storrs, CT 
Single nucleotide polymorphisms (SNPs) are detected in a variety of plant genomic and transcriptomic datasets to enable landscape genomes, 
ecological genomics, and association mapping to phenotypes of interest. These sources of variation are critical to address questions related to 
breeding and adaptation. The TreeGenes database and Hardwood Genomics Web represent web-based genomic repositories for forest trees. 
Together, they represent over two thousand species, of which the vast majority do not have a reference genome. SNP detection in these species 
often originates in transcriptomes, exome capture, GBS fragments, or similar RAD-Seq assemblies. The target objects are poorly referenced and 
the conversion of variants from one resource to another quickly becomes prohibitive. To facilitate the alignment of existing calls onto new 
genomic or transcriptomic assemblies, we are developing a web-based workflow. Implementation of this workflow is enabled through the Tripal 
Gateway which integrates the Galaxy API with efficient data transfer to enable analysis on high performance computing resources. The 
workflow is designed to take VCF formatted variant calls with the original reference genomic or transcriptomic resource from the user. The user 
has the option to select an existing transcriptome or genome, or provide a new target object. Existing variants can be re-mapped and/or new 
variation detected if the SRA (raw read) accessions are also provided. This comprehensive pipeline allows the user to customize mapping and 
variant call parameters as well as connect the new variant calls with individual tree accessions that are associated with phenotypic and/or 
environmental data. 
 
P0480: Bioinformatics: Software 
ADAPTMap and Points Methods for Livestock Digital Phenotyping and Weight Prediction 
M.J. Woodward-Greene1, Clet Wandui Masiga2, Jason M. Kinser3, Johann Soelkner4, Tad S. Sonstegard5, Iosif Vaisman3 and 
Curtis P. VanTassell6, (1)USDA-ARS, Beltsville, MD, (2)Association for Strengthening Agricultural Research in Eastern and 
Central Africa (ASARECA), Entebbe Uganda, current affiliation: Tropical Institute of Development Innovations (TRIDI), 
Kampala, Uganda, (3)George Mason University, Manassas, VA, (4)University of Natural Resources and Life Sciences, Vienna, 
Austria, (5)Acceligen Inc. Animal Ag. Subsidary of Recombinetics, St. Paul, MN, (6)Animal Genomics and Improvement 
Laboratory, USDA-ARS, Beltsville, MD 
The United Nations Food and Agriculture Organization affirmed accurate, consistent phenotypic data is integral to understand and conserve 
indigenous animal genetic resources. Body weight is a critical phenotype for animal health, production, breeding, and marketing. Platform (walk-
on) scales provide accurate weights, however, they are expensive and inconvenient. Alternatively, manual methods such as, caprine weigh tape 
(tape), measures chest girth and provides a corresponding body weight; while ‘BM’ predicts body weight as body weight in pounds = ((chest 
girth inches2 x body length inches)/300). ADAPTMap novel image collection protocol, calibration signs, and two digital phenotype enumeration 
software methods (ADAPTMap, Points) were developed for body measurement and weight prediction, with electronic phenotype recording. 
Digital body measures were highly correlated to manual measures (0.72 to 0.82 Pearson Correlation Coefficients (PCC)). ADAPTMap digital-
only measures included total body area, and trunk area (body excluding head and legs). Digital body weight prediction models fit linearly (r2 = 
0.90 and 0.83 for ADAPTMap, Points). Validation (n=77) and field (n=817) studies compared digital and manual weight predictions to scale 
weights, and showed PCCs of 0.86 and 0.91 (tape, BM) and 0.91 and 0.86 (ADAPTMap, Points). The range of percent body weight difference 
between the scale and predicted weights were similar for BM, Points, and ADAPTMap ([0% - 72%], [0% - 72%], [0% - 60%]), and larger for 
tape ([0% - 181%]). ADAPTMap and Points digital phenotype measures improve manual methods by adding digital-only phenotypes, seamlessly 
providing digital records, and predicting body weight similarly, and are likely to improve. 
 
P0481: Bioinformatics: Software 
Core Hunter 3: Flexible Core Subset Selection 
Herman De Beukelaer1, Guy F Davenport2 and Veerle Fack1, (1)Ghent University, Ghent, Belgium, (2)New Zealand Institute for 
Plant & Food Research Limited, Te Puke, New Zealand 
Many methods and measures have been proposed to sample and evaluate core collections that allow effective utilization of large genetic 
resources. Core Hunter is a multi-purpose core subset selection tool that uses local search algorithms to optimize one or more criteria, depending 
on the purpose of the core. Distance based evaluations are often used because they are easy to interpret and can be computed for both genetic 
marker data and phenotypic traits. Core Hunter 2 (CH2) maximized average and minimum distance but it was later suggested to maximize 
average entry-to-nearest-entry (E-NE) distance to obtain diverse cores, or to minimize average accession-to-nearest-entry (A-NE) distance to 
maximally represent all accessions from the entire collection. We propose Core Hunter 3 (CH3) in which these improved measures have been 
incorporated. It is verified whether the complex mixed replica (MixRep) search used by CH2 is still needed when maximizing the new E-NE 
criterion instead of minimum distance, and results of CH3 and CH2 are compared. We also evaluate the ability of CH3 to simultaneously 
maximize diversity and either representativeness or allelic richness and compare the results with those of the GDOpt and SimEli methods.  
A simple stochastic hill climber is already able to find high E-NE values, but the diversity of the core is slightly further increased, and variability 
across independent samples further reduced, by using the parallel tempering algorithm. A more complex algorithm like MixRep is not needed to 
optimize this measure. CH3 yields higher E-NE values than CH2 while still ensuring a high minimum distance, and is faster for large datasets. In 
addition, CH3 can sample equally representative cores (low A-NE value) as GDOpt, which was specifically designed for this purpose, and is able 
to construct cores that are simultaneously more diverse and either are more representative or have higher allelic richness than those obtained by 
SimEli.  
Core Hunter 3 is a flexible, fast and broadly applicable core subset selection tool that samples multi-purpose cores based on genetic marker data 
or phenotypic traits. It combines and outperforms the strengths of other methods and can easily be extended with new evaluation measures 
without the need to alter the underlying optimization algorithms. Core Hunter 3 is freely available on http://www.corehunter.org. 



 
P0482: Bioinformatics: Software 
Discovery and Visualisation of Homologous Genes and Gene Families Using Galaxy 
Anil S. Thanki, Nicola Soranzo, Wilfried Haerty and Robert P. Davey, Earlham Institute, Norwich, United Kingdom 
The phylogenetic information inferred from the study of homologous genes helps us to understand the evolution of gene families and plays a 
vital role in finding ancestral gene duplication events as well as identifying regions that are under positive selection within species.  
The Ensembl GeneTrees pipeline generates gene trees based on coding sequences and provides details about exon conservation, and is used in 
the Ensembl Compara project to discover homologous gene families. Since expertise is required to configure and run the pipeline via the 
command-line, we created GeneSeqToFamily, an open-source Galaxy workflow based on Ensembl GeneTrees. GeneSeqToFamily helps users to 
run potentially large-scale gene family analyses without requiring the command-line while still allowing tool parameters, configurations, and the 
tools themselves to be modified.  
We have also developed two additional sub-workflows: one to output unmatched genes from the GeneSeqToFamily workflow itself, i.e. genes 
that are represented in no gene families; the other is to query SwissProt and Ensembl for genes of interest (or unmatched genes from 
GeneSeqToFamily) in order to retrieve genomic information. The results from both these sub-workflows can be subsequently imported back into 
GeneSeqToFamily for familial analysis.  
At present, we are using these workflows on grasses (wheat, rice, Brachypodium, Arabidopsis, and barley) and vertebrates (human, dog, chicken, 
kangaroo, macropod, opossum, mouse, platypus, and tasmanian devil), with some analyses comprising more than 13000 gene families. Gene 
families discovered with GeneSeqToFamily can be visualised using the Aequatus.js interactive tool, integrated within Galaxy as a visualisation 
plugin.  
Availability: https://github.com/TGAC/earlham-galaxytools 
 
P0483: Bioinformatics: Software 
iPat: Interface of Prediction and Association Tools for Genomics 
Chun-Peng Chen and Zhiwu Zhang, Washington State University, Pullman, WA 
The advances of sequencing technologies brought two areas of rapid developments, one is genome wide association studies and the other is 
prediction of phenotypes from genotypes. Both areas require sophisticated statistical models. Multiple packages were developed to perform such 
analyses, including TASSEL, PLINK, rrBLUP, GAPIT, GenABEL, MLMM, FarmCPU and BLINK. Most of these packages, except TASSEL, 
use command line interface (CLI) to realize the optimum efficiency. These packages require substantial of training on DOS command or R 
language, which eliminating many users who are comfortable only with graphic user interface (GUI).  
The software iPat was developed for such need to transform existing CLI packages such as GAPIT, rrBLUP, and FarmCPU, into a graphic user 
interface without the compromise on efficiency. With iPat, users can perform analyses by simply clicking mousses to link existing data files, 
select models, and define input parameters. iPat was developed in Java to use the cutting edge technologies for programming across languages 
such as Java, C and R. Additional benefit include that iPat can be run on any operating systems including Windows and Mac. The executable file 
of iPat can be freely download from http://ZZLab.Net/iPat. The website also contains user manual, tutorials and demonstration dataset. 
 
P0484: Bioinformatics: Software 
Spell-QTL, a Software Suite for QTL Analysis on Modern Datasets 
Damien Leroux and Sylvain Jasson, MIAT, Institut National de la Recherche Agronomique, Castanet-Tolosan CEDEX, France 
Spell-QTL (https://mulcyber.toulouse.inra.fr/projects/spel/) performs classical QTL analysis in modern datasets. Complex pedigrees have 
recently emerged, such as MAGIC8, that make classic population models obsolete. Inferring Parental Origins has become a tedious task and 
genotype data is often raw SNP data. We implemented innovative methods to handle virtually any pedigree and precisely compute the Parental 
Origin Probabilities (POP) at any locus given any number of observed markers.  
We construct a Bayesian Network matching the structure of the pedigree. The exact POP at each observed marker are inferred using this 
network. Typically, marker observations involve the ancestors and the phenotyped generation, but our method can take observations on any 
individuals and produce POP for any subset of individuals. Along a linkage group, the probabilities of recombination in each generation are 
modelled with Continuous-Time Markov Chain (CTMC, time here being genetic distance) which enable precise computation of the POP at any 
locus, taking into account all the information provided by the neighboring markers. The QTL analysis is performed with a classical model 
selection approach.  
The software suite is divided in three distinct binaries. Spell-pedigree analyzes the pedigree and computes the CTMCs. Spell-marker computes 
the POP at the markers. Spell-QTL performs the QTL detection and analysis. We emphasize speed and allow concurrency or even distributed 
computations wherever appropriate. We provide a rich and fully-documented command-line interface and the results are output in text files for 
convenient import into R or Excel. 
 
P0485: Bioinformatics: Software 
MMAP:Mining the Maximum Accuracy of Prediction 
You Tang, Northeast Agricultural University,china, Haerbin, China 
The whole genomic selection(GS) is a kind of method for genomic breeding value (GEBV) selection, by detecting the molecular markers which 
covered the whole genome and getting genetic evaluation which were conducted on individuals by using genetic marker information of the whole 
genome to obtain a higher accuracy of breeding value estimation. Bayesian model and BLUP (Best Linear Unbiased Prediction) model can all be 
used as genomic selection methods, such as Bayesian B, Bayesian CPi and Bayesian Lasso etc. in the BLUP model, it contains gBLUP (genomic 
Best Linear Unbiased Prediction), rrBLUP (Ridge Regression Best Linear Unbiased Prediction) etc.. However, there is no way to predict the 
accuracy of all phenotype values for different species traits. Each method has its own limition for predicting phenotype traits of species.  
Here we give the valuable knowledge database, built according to the popular genome selection method library. At first step, formed a library, 
and then a better accuracy was got by means of cross validation, it was obtained through predicting the large number of different phenotype data 



that belonged different species. There are hundreds of phenotype traits which come from different species, and they all have been predicted with 
an accuracy by different GS methods in the knowledge base. The new GS methods will be integrated to the method library and more phenotype 
predicting data of species can also be accumulated to the knowledge database.  
For predicting of the new treatment phenotype traits, 1) the citing of mining technology was applied to GS methods, and 2) combined the 
clustering analysis of knowledge database with popular genome prediction methods predict the new phenotype data of different varieties, 3)at 
last, obtained the corresponding breeding values via a highest prediction accuracy coming from the minimum amount of genome prediction 
methods. Above all, they provide more help for breeding experts, at the same time reduce the operation time and the use of resources. 
 
P0486: Bioinformatics: Software 
Introducing Linkage Map View: An Open Source Tool to Produce Visually Superior Maps in R 
Rob Reid1, Cory Brouwer2, Lisa Ouellette1 and Steven Blanchard2, (1)University of North Carolina Charlotte, Kannapolis, NC, 
(2)University of North Carolina at Charlotte, Charlotte, NC 
Linkage maps and quantitative trait loci (QTL) maps have been used for many years to study the genetic basis for complex traits. QTL 
identification supports marker assisted selection in breeding programs. LinkageMapView, is a free, open source R package (R Core Team 
(2016)) that provides a way to visualize maps and QTL regions. LinkageMapView produces high resolution, publication ready linkage maps 
and/or QTL maps. While there is software available to produce linkage map graphics, none are available in R that produce publication quality 
map graphics, are open source and can run across all platforms. R packages such as R/qtl (Broman et al., 2003) can be seamlessly integrated with 
LinkageMapView to go from genotype and phenotype data collection directly to map and QTL visualization.  
 
P0487: Bioinformatics: Software 
Using Intron Position Conservation for Homology-Based Gene Prediction 
Jens Keilwagen1, Michael Wenk2, Jan Grau2, Jessica Erickson3, Martin Schattat3 and Frank Hartung4, (1)Julius Kuehn Institut, 
Quedlinburg, Germany, (2)Institute of Computer Science, Martin Luther University Halle-Wittenberg, Halle (Saale), Germany, 
(3)Martin Luther University Halle-Wittenberg, Halle (Saale), Germany, (4)Julius Kühn Institut, Quedlinburg, Germany 
Next generation sequencing has lead to a rapid increase in the number of sequenced genomes. Initial annotation of protein-coding genes in newly 
sequenced genomes is typically based on computational predictions. Here, we present a homology-based gene prediction program called 
GeMoMa, which explicitly incorporates the conservation of intron positions. GeMoMa utilizes gene models from a related species and predicts 
gene models in the genome of an organism of interest. In contrast to transcriptomics-based gene predictions, GeMoMa is capable of predicting 
rarely transcribed genes. By design, GeMoMa, provides information about putative homologous gene pairs and allows for transferring 
information about gene function from one organism to another. We apply GeMoMa to several animal and plant species and compare it with 
state-of-the-art competitors based on available annotations, using RNA-seq data, and Sanger sequencing. Our key findings are: i) Utilizing intron 
position conservation improves homology-based gene prediction and ii) predictions of GeMoMa can help to improve existing or add new 
transcripts in annotated genomes. The development of homology-based gene prediction tools has largely stalled during the last years. However, 
we demonstrate that the inclusion of additional features may substantially improve prediction performance. Hence, our results might trigger the 
investigation of further features. 
 
P0488: Bioinformatics: Software 
Lab7 Enterprise Science Platform: Accelerating Genomic Data Management and Informatics 
Christopher Mueller, John Eargle, Cheng Lee and Varshal Dave, Lab7 Systems, Austin, TX 
The Lab7 Enterprise Science Platform (ESP) is the first fully comprehensive workflow management software platform for data-intensive 
environments, including NGS, HCS, fMRI, and mass spectrometry labs, among others. Designed as an “operating system” for the lab, the ESP 
uses Lab7 Systems' flexible workflow engine to combine sample tracking and protocol management capabilities with a powerful task graph-
based analysis pipeline manager and custom reporting. The software solution enables full turnkey operations with deep data provenance 
throughout the entirety of the workflow process in the lab (i.e. sample-in to report-out) while maintaining the ability to use any Open Source, in-
house, or 3rd party analysis tool. Full auditing capabilities ensure compliance with all regulated environments, allowing an easy transition from 
research and development to production deployments.  
As a foundational platform system, the ESP serves as the core of a data-intensive laboratory’s operations, integrating with multiple systems and 
analysis methodologies. Furthermore, the ESP can very easily serve as the runtime software environment for any assay sold by reagent/kit 
manufacturers, with kit-specific modules that incorporate all wet-lab and bioinformatics processes.  
By using software that unifies the varied processes currently utilized to manage genomic-scale data, we will demonstrate how the ESP can 
relieve the traditional bottlenecks to rapid turnaround of actionable genomic data.  
 
P0489: Bioinformatics: Software 
Web-Based Bioinformatics Workflows for RNA-Seq Data Analysis in Agricultural Animal Species 
Yuanyuan Chang1, Alexander Richter1, Yunsup Jung1, Qiyun Zhu1, Robert W. Li2 and Weizhong Li1, (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. RNA-seq, as one of the major area in the 
NGS field, also confronts great challenges in data analysis. In order to address the challenges in RNA-seq data analysis, we developed a 
bioinformatics web portal, which provides integrated RNA-seq pipelines for agriculturally important animal species.  
This web portal offers three integrated workflows that can perform end-to-end computational analysis, including sequence quality control, reads 
mapping, transcriptome assembly, reconstruction and quantification, differential analysis, visualization and so on. The first workflow utilizes 
Tuxedo (Tophat, Cufflink, Cuffmerge and Cuffdiff suite of tools). The second workflow deploys Trinity for de novo assembly and uses RSEM 
for transcript quantification and EdgeR for differential analysis. The third combines STAR, RSEM, and EdgeR for data analysis. All these 



workflows support multiple samples and multiple groups of samples and perform differential analysis between groups in a single workflow job 
submission. The calculated results are available for download and post-analysis.  
The supported animal species include chicken, cow, duck, goat, pig, horse, rabbit, sheep, turkey, as well as several other model organisms 
including yeast, C. elegans, fruitfly, zebrafish, mouse and human, with genomic sequences and annotations 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. 
 
P0490: Bioinformatics: Software 
AIR - Artificial Intelligence RNAseq 
Riccardo Aiese Cigliano, Andreu Paytuvi Gallart, Ermanno Battista, Fabio Scippacercola and Walter Sanseverino, Sequentia 
Biotech, Barcelona, Spain 
In the field of genomics, sequencing technologies have drastically changed in the last few years and the output of complex data generated has 
outpaced the solutions available for analysis, integration and interpretation. RNA Sequencing has emerged as the number one technique in 
transcriptomics and thus the solution we propose is based on this. A.I.R.: Artificial Intelligence RNASeq is the first free easy to use SaaS 
(Software as a Service) built with solid scientific methods. AIR is able to solve three important obstacles in the genomics field simultaneously: 
the informatics problem (specifically data storage, automatization of results and duration of analysis); the scientific problem (data interpretation 
and data integration, as well as providing new bioinformatic and statistical functions); the social problem (the lack of availability of skilled 
bioinformaticians). The overall objective of this project is to introduce a disruptive innovation that will allow researchers to perform 
transcriptomics data analysis easily, quickly and affordably.  
 
P0491: Bioinformatics: Algorithms 
BioBuilds: A Model for Long Term Sustainability of Open Source Bioinformatics 
Cheng Lee, John Eargle and Christopher Mueller, Lab7 Systems, Austin, TX 
Open Source software continues to play an important role in genomics, providing many of the scientific software tools used to analyze 
sequencing data. As sequencing continues to gain traction in industrial and clinical environments, users face productivity challenges from the 
effort required to install and maintain Open Source tools, as well as uncertainty about their regulatory acceptability, due in part to the lack of 
provenance, support, and verification services.BioBuilds, sponsored by Lab7 Systems, IBM, Intel and Continuum Analytics, is a self-contained, 
turnkey solution for deploying pre-built binaries of common Open Source bioinformatics tools that significantly reduces support and 
maintenance efforts.  
Since its initial release in 2013, BioBuilds has grown into a large, community-driven solution with over 75 packages supported across three 
hardware architectures (x86, POWER8, and ARM7) on Linux and OS X. BioBuilds uses Continuum's Conda package manager to manage 
distributions. Users can create and share customized installations containing only needed applications and their dependencies, while still relying 
on a single source for pre-built binaries, simplifying reproducibility efforts.All BioBuilds packages are RSA-signed and checksummed, making 
verification and certification of computational environments easier. As with all previous releases, BioBuilds remains free and open. Build recipes 
for all packages are publicly available on GitHub, and we encourage contributions from the community.  
The latest updates continue to support our mission of ensuring that Open Source bioinformatics tools remain readily available and accessible for 
a broad range of research, industrial, and clinical applications. 
 
P0492: Bioinformatics: Algorithms 
BLINK AD: A Multi-Locus Model for Detecting Additive and Dominance Effects in Genome-Wide Association Studies 
Yao Zhou1,2, Meng Huang2 and Zhiwu Zhang2, (1)Northeast Agricultural University, Harbin, China, (2)Washington State 
University, Pullman, WA 
During the past decade, genome wide association study(GWAS) has been widely used for mapping genes in nature populations. Linear mixed 
model(LMM) is widely used to eliminate the false positive caused by population structure. However big data leads to extreme computation 
challenge, especially when non-additive effects were considered in the model. Currently, only a few methods can perform genome wide additive 
and dominance(AD) effects association analysis. Our group has newly developed an ultra-fast and powerful multi-locus additive model named 
BLINK. Here we implemented dominance effect into BLINK model. Simulation study showed that our model has higher power compared with 
PLINK AD model and Bolt-LMM under different scenarios. In a Finland human population, we analyzed 5 traits with significant dominance 
effects which were calculated by GREMLd model implemented in GCTA. BLINK AD model could find much more association loci, indicating 
a potential complex regulation mechanism for those traits. Our results also showed that most of the significant SNPs have complete dominance 
or over-dominance effects. Furthermore, we performed the prediction analysis using Bayesian LASSO and gBLUP. Results showed that 
prediction accuracies of Bayesian LASSO using GWAS signifcant loci are higher than gBLUP using whole genome SNPs. We also observed 
similar results from a rice hybrid population. We anticipate our model would help elucidate the genetic mechanism of complex traits and be 
useful for genomic selection in plant and animal breeding. 
 
P0493: Bioinformatics: Algorithms 
A Fast and Flexible Method for Improving Genomic Prediction with Biological Information 
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 prediction has emerged as an effective approach in plant and animal breeding and in precision medicine. Much research has been 
devoted to achieve higher accuracy in genomic prediction, and one of the potential ways is to incorporate biological information. Due to the 
statistical and computational challenges, however, a fast and flexible method to incorporate such external information is still lacking. Here, we 



propose a linear mixed model that can incorporate biological information in a flexible way and develop a fast variational Bayes-based software 
package. In our proposed model, whole genome markers (m in total) are split into p (1≤p≤m) groups in a user-defined manner, and the kth group 
of markers is given a common effect variance (k = 1,…,p). Additionally, each marker has a pre-specified weight for which the rule can be 
flexibly defined. We provide examples on using the model to incorporate biological information. Previous functional genomics studies have 
accumulated much evidence on which genes or pathways are more/less important for milk yield in dairy cattle. Based on their levels of 
importance, we can divide genome-wide markers into a number of groups in our model. We also know rare variants are more likely to be QTLs 
than common variants for some traits, so we may define a rule, ωj=Beta(MAFj;α=1,β=10) (beta distribution density function), to pre-specify 
weight for the jth marker. Our proposed model is implemented with the parameter expanded variational Bayesian method, making it fast and 
feasible to analyze very large data sets. The software is written in C++ with the Intel MKL library. As a test, we analyzed a large cattle data set 
consisting of ~20k old bulls (training population) and ~4k young bulls (validation population). All animals have genotyped or imputed ~760k 
whole-genome sequence genotypes. By grouping markers based on proximity, our software performed better than the industrial implementation 
of Bayes A in all five milk traits analyzed, with an increase of up to 10% in prediction accuracy and a similar running time. Collectively, the 
method and software show great potential to increase accuracy in genomic prediction, particularly in the future when more useful biological 
information is becoming available. 
 
P0494: Bioinformatics: Algorithms 
Genetic Study on Clonal F1 and Double Cross Populations 
Luyan Zhang and Jiankang Wang, Instititue of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing, China 
This study focused on genetic analysis methods in clonal F1 and double crosses. For linkage analysis, molecular markers were classified based on 
the number of distinguishable alleles at marker locus and the number of distinguishable genotypes in clonal F1 progenies. Three recombination 
frequencies were estimated for different scenarios by maximum likelihood algorithm and Newton-Raphson method. Female, male and/or 
combined maps could be built using the estimates between markers. A combined algorithm of nearest neighbor and Two-opt algorithm of 
Traveling Salesman Problem was used for marker ordering. Extensive comparisons with software JoinMap4.1, OneMap and R/qtl shows that the 
new methodology can build more accurate linkage maps in shorter time. We also proposed a procedure to build the four haploids of the two 
parents. For QTL mapping, it was demonstrated that dominance effect between the female and male parents in clonal F1 and double cross 
populations can cause the interactions between markers. We then developed an inclusive linear model that includes marker variables and marker 
interactions so as to completely control both additive effects and dominance effects. The linear model was finally used for background control in 
Inclusive Composite Interval Mapping (ICIM) of QTL. The efficiency of ICIM was demonstrated by extensive simulations and by comparisons 
with simple interval mapping, multiple-QTL models and composite interval mapping. The integrated software called GACD (Genetic Analysis 
of Clonal F1 and Double cross populations) was developed for linkage analysis, map construction and QTL mapping in clonal F1 and double 
cross populations, freely available from www.isbreeding.net. 
 
P0495: Bioinformatics: Algorithms 
EAGLE: Explicit Alternative Genome Likelihood Evaluator 
Tony Kuo, Martin C. Frith, Jun Sese and Paul Horton, National Institute of Advanced Industrial Science and Technology, Tokyo, 
Japan 
Reliable detection of genome variations, especially insertions and deletions (indels), from single sample DNA sequencing data remains 
challenging, partially due to the inherent uncertainty involved in aligning sequencing reads to the reference genome.  
Here, we present EAGLE, a method for evaluating the degree to which sequencing data supports a given candidate genome variant. EAGLE 
incorporates candidate variants into explicit hypotheses about the individual's genome, and then computes the probability of the observed data 
(the sequencing reads) under each hypothesis. In comparison with methods which rely heavily on a particular alignment of the reads to the 
reference genome, EAGLE readily accounts for uncertainties that may arise from multi-mapping or local misalignment and uses the entire length 
of each read.  
We compared the scores assigned by several well-known variant callers to EAGLE for the task of ranking true putative variants over false 
putative variants on both simulated data and real genome sequencing based benchmarks. Overall, EAGLE tended to rank true variants higher 
than the scores reported by the callers. For indels (<50 bp) EAGLE obtained marked improvement on simulated data and a whole genome 
sequencing benchmark, and modest but statistically significant improvement on an exome sequencing benchmark. 
 
P0496: Bioinformatics: Algorithms 
Impact of the Genetic Diversity of the Reference Population on the Accuracy of Imputation of Rare Variants 
Adrien M. Butty1, Filippo Miglior1,2, Paul Stothard3, Flavio Schenkel1, Birgit Gredler4, Mehdi Sargolzaei1,5 and Christine F. Baes1, 
(1)Centre for the Genetic Improvement of Livestock, Department of Animal Biosciences, University of Guelph, Guelph, ON, 
Canada, (2)Canadian Dairy Network & University of Guelph, Guelph, ON, Canada, (3)Livestock Gentec, Department of 
Agricultural, Food & Nutritional Sciences, University of Alberta, Edmonton, AB, Canada, (4)Qualitas AG, Zug, Switzerland, 
(5)Unknown, Unknown, ON, Canada 
The cost for whole-genome sequencing is still too high for use on large number of animals. SNP genotyping with chips is routinely used and 
common cattle breeds are widely genotyped. Imputation algorithms have been developed to allow for in silico inference of whole-genome 
sequence (WGS) for all genotyped individuals. High average imputation accuracies are commonly observed. Accurate imputation of rare 
variants, however, is still difficult and strongly dependent on the composition of the reference population. Up to now most of the sequenced 
cattle individuals have been selected using the key ancestor approach. This method relies on pedigree or genomic relationships and aims to 
optimize the genotypic variance of a population explained by the selected animals. In order to reach better imputation accuracies of rare variants 
in a genotyped population, we have developed a new algorithm for choosing the candidates for sequencing. Following a simulated annealing 
iteration method, we optimize the Genetic Diversity Index (GDI) of a group of animals that will be the future reference population for 
imputation. This GDI is computed by summing the count of unique haplotypes at each 20-SNP-window over all animals present in a selection. 



Here we will simulate a set of WGS using coalescence and gene dropping along a North-American Holstein pedigree. WGS will be masked to 
array density and imputed back to WGS to compare accuracies using differently selected reference groups. We expect that our approach will 
yield higher imputation accuracy of rare variants, relying on a more genetically diverse reference population. 
 
P0497: Bioinformatics: Algorithms 
Chromosome-Specific Genomic Relationships Using Haplotypes for Genomic Prediction and Variance Component 
Estimation 
Dzianis Prakapenka1, Li Ma2 and Yang Da1, (1)Department of Animal Science, University of Minnesota, Saint Paul, MN, 
(2)Department of Animal and Avian Sciences, University of Maryland, College Park, MD 
Current methods for calculating genomic relationships in genomic prediction and variance component estimation typically use SNPs of all 
autosomes and the resulting genomic relationships on average are remarkably consistent with the expectation of pedigree relationships. However, 
sib haplotype relationships may have large variations ranging from 0% for sharing opposite parental haplotypes to 100% for sharing identical 
parental haplotypes due to the small number of crossovers per chromosome (1 crossover per 110Mb per individual in Holstein cattle). 
Preliminary results showed that chromosome-specific haplotype relationships had considerable variations from the haplotype relationships 
calculated from all chromosomes. To account for variations of haplotype relationships within each chromosome, we developed mixed model 
methods for genomic prediction and variance component estimation using chromosome-specific genomic relationships of haplotypes constructed 
from SNPs of each chromosome. A multifactorial mixed model with haplotype additive and dominance relationships as well as additive and 
dominance variances of each autosome is used to implement genomic prediction and variance component estimation. Genomic restricted 
maximum likelihood estimation (GREML) is used to estimate chromosome-specific haplotype variances and the residual variance, and 
chromosome-specific additive and dominance heritabilities of the haplotypes are calculated based on chromosome-specific variances. Genomic 
best linear unbiased prediction (GBLUP) is calculated at the last iteration for GREML estimation of variance components. 
 
P0498: Bioinformatics: Algorithms 
JBLUP: The Joint Best Linear Unbiased Prediction Using BLUP and GBLUP Solutions 
Cheng Tan1, Dzianis Prakapenka1, Li Ma2, Zhenfang Wu3, Xiaoxiang Hu4 and Yang Da1, (1)Department of Animal Science, 
University of Minnesota, Saint Paul, MN, (2)Department of Animal and Avian Sciences, University of Maryland, College Park, 
MD, (3)College of Animal Science, South China Agricultural University, Wuhan, China, (4)State Key Laboratory for 
Agrobiotechnology, China Agricultural University, Beijing, China 
The approach of single-step best linear unbiased prediction utilizes phenotypic, pedigree and genomic information but is difficult to compute for 
large scale genetic evaluations. To achieve computing efficiency while using all available information for genetic evaluation, we developed the 
joint best linear unbiased prediction (JBLUP) by combining best linear unbiased prediction (BLUP) and genomic BLUP (GBLUP) as one 
measure of genetic prediction. For genotyped animals, JBLUP uses existing BLUP and GBLUP solutions. For non-genotyped animals, indirect 
GBLUP is estimated based on the GBLUP of genotyped animals with phenotypic observations through pedigree relationships and the inverse of 
the genomic relationship matrix without solving the joint system of equations for both BLUP and GBLUP. Three methods of weighting BLUP 
and GBLUP were proposed: observed accuracies of BLUP and GBLUP from k-fold validation studies, optimum weighting based on the best 
prediction accuracy from a range of validation studies, and animal-specific weighting using expected prediction accuracies of BLUP and GBLUP 
of each animal. The JBLUP with optimum weighting was compared with the single-step approach implemented by ssBLUP using 10-fold 
validation studies for four phenotypes on 2936 genotyped Duroc pigs with 41,108 SNPs and 14,126-32,033 non-genotyped Duroc 
pigs. Preliminary results showed that JBLUP had 98.5-101.0% of the ssBLUP accuracies for genotyped animals without phenotypic 
observations, and 107.4-109.0% of the ssBLUP accuracies for genotyped animals with phenotypic observations. These results indicated that 
JBLUP could be a computationally competitive alternative for implementing genetic evaluation utilizing all available pedigree, genomic and 
phenotypic information. 
 
P0499: Bioinformatics: Algorithms 
A Novel Strategy for Discovering the Best Genotype from a Large Number of Candidates with Genomic Prediction 
Ryokei Tanaka and Hiroyoshi Iwata, The University of Tokyo, Tokyo, Japan 
Exploitation of useful genetic variations from germplasm collections preserved in gene banks is an important challenge for enhancing the 
potential of breeding. For a complex trait, genomic selection (GS) is expected to be a useful tool for searching the variations. When a part of 
accessions are phenotyped and genotyped to be used for building a prediction model, genotypic values of the remainders can be predicted from 
their marker genotypes based on the model. This enables to discover useful accessions from a large number of germplasm with a small cost of 
phenotyping. In this study, we will propose a novel selection criterion to discover the best accession from a large number of candidates 
efficiently and rapidly based on the genomic prediction. Usually, accessions with superior predicted values are selected from the top in the 
context of GS. However, when the model is not accurate, this greedy strategy fails to discover the best accessions. We introduced the expected 
improvement (EI) of genotypic values as a novel selection criterion. EI depends not only on the predicted genotypic values but also on their 
uncertainties, i.e. variances of the genomic prediction. A simulation study to evaluate the performance of EI criterion suggested that EI strategy 
can discover the best accession more rapidly than ordinal GS strategy. 
 
P0500: Bioinformatics: Algorithms 
Multi-Task Learning for Genomic Prediction Robust to Missing Data in Multi-Environmental Trials 
Tomoaki Hori1, Hideki Takanashi1,2, Masaru Fujimoto1,2, Hiromi Kajiya-Kanegae1,2, Kiyoshi Yamazaki1, Tsuneo Hakoyama3, Mai 
Minamikawa1, Atsushi Nagano2,4, Masaaki Kobayashi2,5, Takashi Sazuka2,6, Kentaro Yano2,5, Tsuyoshi Tokunaga7, Toru 
Fujiwara1,2, Nobuhiro Tsutsumi1,2 and Hiroyoshi Iwata1,2, (1)The University of Tokyo, Bunkyo, Tokyo, Japan, (2)JST, CREST, 
Kawaguchi, Saitama, Japan, (3)RIKEN, Yokohama, Kanagawa, Japan, (4)Ryukoku University, Kyoto, Kyoto, Japan, (5)Meiji 



University, Kawasaki, Kanagawa, Japan, (6)Nagoya University, Nagoya, Aichi, Japan, (7)Earth Note Co. Ltd., Ginoza, Okinawa, 
Japan 
The analysis of multi-environmental trial (MET) data often suffers from missing data. A genomic prediction method robust to missing data is 
required to get accurate predictions based on MET data. Moreover, a method robust to missing data may allow us to reduce cost through thinning 
out lines tested in MET. Multi-task learning methods that allow simultaneous prediction for multiple traits and multiple environments are 
expected to be robust to missing data because they can leverage from genetic correlation among environments and traits. The robustness of multi-
task learning methods, however, has not been assessed in detail. In this study, we compared the prediction accuracy of multi-task learning 
methods for MET data with a large missing rate. We simulated missing data under two scenarios and different missing rates. Performance of 
eight methods, which include multi-task learning methods as well as single-trait and single-environment methods, were assessed and compared 
with each other. Under the ‘uniform’ scenario, in which missing data arises randomly, three methods that model genotype by environment 
interaction explicitly were robust to missing data at high missing rates. The accuracy of other methods including ones that model among-trait 
correlation decreased significantly when missing rate increased. Under the ‘genotype’ scenario, in which missing data arises in all traits in an 
environment for randomly selected genotypes, the accuracy of all the method decreased significantly when the missing rate increased. The results 
suggest that multi-task learning models are robust to missing data when phenotypic data are available for sufficient number of genotypes.  
 
P0501: Bioinformatics: Algorithms 
Evaluating Feature Selection and Classification Methods for Unbalanced Multiclass Data with Small Sample Size 
Erliang Zeng, University of South Dakota, Vermillion, SD 
Feature selection (FS) and sample classification are important data mining techniques that can be applied to biological data. FS is used to identify 
biomarkers associated with specific sample type, and classification can classify a new sample using biomarkers identified in FS. The challenges 
in this research area lie in the factor that many biological data sets have high dimensions in feature space and are multiclass with small numbers 
of samples. In this project, we manipulated Iris data set from UCI machine learning repository by introducing different levels of noise and 
imbalance. The simulated Iris data sets were used to evaluate the performance of FS methods combined with classification methods. The same 
procedure was then applied to a soybean rhizosphere bacterial metagenomics data. Results show that appropriate FS method, together with 
classification method, is able to accurately identify biomarkers from multiclass biological data even when the sample size is small and data is 
unbalanced. 
 
P0502: Bioinformatics: Algorithms 
Biclustering in Big Biological Data Analysis 
Juan Xie and Qin Ma, South Dakota State University, Brookings, SD 
Bioinformatics is an interdisciplinary science that develops and uses computational techniques to analyze and interpret biological data. With the 
emerging next generation sequencing technologies, bioinformatics is firmly positioned in the big data era. A huge amount of omics data has been 
generated and provide unprecedented opportunities for us to understand complex biological system. Meanwhile, the big data also brings in 
substantial challenges in computational process and analysis, and mathematical modeling and mining. Hence, it is critical to develop advanced 
bioinformatics tools to meet the challenges. Biclustering is a widely used bioinformatics technique and our in-house program, QUBIC, is 
reviewed as one of the most efficient and effective biclustering methods for gene expression data analysis and interpretation. In this poster, we 
are going to take QUBIC as an example to introduce the algorithm, tools and broad applications of the biclustering technique in big biological 
data analysis. 
 
P0503: Bioinformatics: Algorithms 
ATomiCG: A Novel Segmentation Algorithm for Studying DNA Composition 
Massimo Cellesi1, Nicolo P. P. Macciotta1, Corrado Dimauro2, Giustino Gaspa1 and Silvia Sorbolini1, (1)University of Sassari, 
Sassari, Italy, (2)University of Sassari, Italy, Sassari, Italy 
In the last decades, the concept of genome is deeply changed. The application of molecular techniques to the study of whole genomes has had a 
dramatic impact on the various disciplines of biology. This modern insight of the genome requires the development of new parameters to 
describe its features. A standard parameter commonly used to describe the DNA composition is represented by the CG content. Based on the CG 
content, the “theory of isochore” was formulated. However, some objections raised to this theory and a new less drastic definition of 
“homogeneous domains” was suggested. Several approaches have been proposed for studying the compositional variability of genomes. A 
segmentation algorithm recently proposed, IsoPlotter, seems to provide a more accurate DNA sequence fragmentation. However, a clear 
definition of homogeneous domains is still missing.  
Using the chemical-physical concept of homogeneous system, we can define a DNA sequence as homogeneous if each its own elementary tiles 
have the same features (ie the CG content). Based on this definition and using the χ2 test, a new segmentation algorithm (ATomiCG), was used 
to analyse different genomes. A comparison between ATtomiCG and Isoplotter on simulated data was performed to test the accuracy and 
reliability of the proposed algorithm. Results highlighted that ATomiCG is a good method able to: split DNA sequence in classes of different CG 
content; confirm the lack of long fairly homogeneous domains and find a correlation between CG content and gene density. 
 
P0504: Bioinformatics: Algorithms 
Rudimentary Genomic Reference for the Grizzly Bear Derived Using Short Read Data from Several Animals 
Kalpani DeSilva1, Theodore S. Kalbfleisch1, Charles T. Robbins2, Heiko T. Jansen2, Michelle McGuire2, William W. Laegreid3, 
Michael P. Heaton4 and Brenda M. Murdoch5, (1)University of Louisville, Louisville, KY, (2)Washington State University, 
Pullman, WA, (3)University of Wyoming, Laramie, WY, (4)USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay 
Center, NE, (5)University of Idaho, Moscow, ID 
Next generation Sequencing (NGS) has made it possible to inexpensively generate large scale sequence data. This provides a wide insight to the 
genome of an organism regardless of the available genomic data. The aim of our study is to provide a rudimentary genome assembly for the 



Grizzy bear (Ursus arctos ssp.) which is also called North American brown bear. They are known as keystone species which play an important 
role in maintaining the health of the ecosystem. However, they are in the list of threatened species.  
There has been an attempt in literature on assembling Polar bear (Ursus maritimus) genome. But this sequence is not suitable as a reference for 
the Grizzly because the Polar bear differs from Grizzly bear in morphology, physiology and behavioral characteristics. Our objective is to build 
useful contigs for this species. Grizzly bear karyotype contains 36 pairs of autosomes and one pair of sex chromosomes. They have a genome of 
2.5 billion bases. Two males from Idaho research and one female from the wild were sequenced using NextSeq500. Several short read 
assemblers will be used and challenged by both the heterozygosity of the samples, as well as the higher error rate of the NextSeq500.  
This first attempt in assembling Grizzly bear genome will be useful in certain ways in studying their muscle function and lactation during 
hibernation. Identification of genes responsible for environmental adaptation will eventually help in conservation. 
 
P0505: Bioinformatics: Algorithms 
Pedigree-Based Genotype Imputation at Scale 
Nathan D. VanderKraats, Monsanto Company, Webster Groves, MO 
Genotypic data drives many critical decisions that advance products through Monsanto’s breeding pipelines. Examples of genetically driven 
processes include genome-wide selection (GWS), marker-assisted selection (MAS), and identity by descent (IBD). High quality genotype 
estimates for missing data can greatly improve the accuracy of decisions and improve resource utilization. Common approaches for genotype 
imputation in the literature rely primarily on population-derived reference maps, assuming that pedigree information is shallow or incomplete. In 
agriculture, however, it is not uncommon to encounter genetic data, at various densities, connected through a large, well-annotated ancestry tree.  
We describe a general-purpose imputation strategy that prioritizes utilization of pedigree information along with genotypic observations. The 
algorithm estimates probabilistic genotypes for all unobserved markers in a given ancestry tree without assumptions on the structure of the tree. 
Linkage modeling is localized to each imputed marker, as opposed to creating a global model of linkage disequilibrium or haplotypes for each 
chromosome. Multi-generation imputation is performed by representing the pedigree tree as a modified Bayesian network. A graph traversal 
heuristic allows the approach to scale to arbitrarily large ancestries. Our internal implementation utilizes several modern technologies to perform 
efficiently at scale, including Neo4j and Apache Spark. The accuracy of our technique is shown to outperform Beagle, an industry-standard 
imputation method, in many realistic scenarios. 
 
P0506: Bioinformatics: Algorithms 
Multiple Alignment of Optical Mapping Facilitates Typing in Complex Regions 
Claire Yik-Lok Chung, Alden King-Yung Leung and Ting-Fung Chan, The Chinese University of Hong Kong, Hong Kong, Hong 
Kong 
Structural variations (SV) play key roles in genetic diversity in evolution and in disease. Optical mapping has proven useful in improving 
genome assembly and SV detection, by offering reads lengths on hundred-kilobase scale, of sequence-motif-dependent signal patterns.  
Long-range information from optical mapping allows easy identification of insertions and deletions, gap sizing, and contig scaffolding. However, 
while de novooptical map assembly is available, downstream analysis usually involves a reference alignment step, which makes comparison 
between dozens of samples difficult, especially for genomic regions frequently confounded by repetitive elements, inversions or other large-scale 
rearrangements.  
We introduce a systematic analysis using reference-free method based on multiple alignment of optical map contigs. Segments of DNA 
molecules with signal patterns conserved among samples are grouped as collinear blocks. Samples with higher similarity as sharing more 
conserved regions are clustered together, providing hints for phylogeny. Blocks contributing to most variations between sample clusters are 
found by statistical analysis. Further annotation reveals the identities of these blocks as the most representative features.  
We have demonstrated that this method is useful in typing samples with high degree of genomic rearrangement, and has a high resolving power 
in sample clustering. We anticipate this method to facilitate comparative genomics work on non-model animal and plants. 
 
P0507: Bioinformatics: Algorithms 
Sequence Analysis & Assembly with the LOGAN Framework 
Anthony Bolger, RWTH Aachen, Aachen, Germany and Bjoern Usadel, Forschungzentrum Juelich & RWTH Aachen, Aachen, 
Germany 
The sequencing revolution has enabled a broad range of biological investigations to be undertaken at dramatically reduced cost. 
However, limitations in the bioinformatic approaches used to analyse these datasets produce sub-optimal results. Reference-based 
approaches, typically using a set of linear reference molecules, are inherently biased and cannot handle divergent or entirely novel regions. The 
alternative, de novo assembly, requires massive datasets, is computationally challenging and typically produces highly fragmented results. 
Furthermore, the established assembly approaches are strongly tailored to specific kinds of sequence datasets, with the De Bruijn Graph (DBG) 
approach suitable for short reads, and the Overlap-Layout-Consensus (OLC) approach used for long reads. As a result, it is difficult to efficiently 
assemble hybrid datasets consisting of both short and long read data. It is also challenging to exploit existing reference sequences within an 
assembly-based approach. To address these problems, we have developed a new sequence analysis framework, LOGAN. This allows the 
combined analysis of reads from short and/or long read datasets, optionally supplemented with genome or pan-genome references, in a highly 
efficient data structure. This approach avoids both the information loss inherent in the fragmentation step of DBG assembly and the lack of 
scalability of the OLC approach, while allowing flexible integration of reference sequences. Since all input sequences are represented within a 
single data structure, it offers the potential to use statistically robust techniques on the complete dataset throughout the analysis, avoiding the 
crude heuristics typically used. 
 
P0508: Bioinformatics: Algorithms 
Phased Diploid Genome Assembly with Single-Molecule Real-Time Sequencing 
Gregory T Concepcion, Pacific Biosciences, Menlo Park, CA 



While genome assembly projects have been successful in many haploid and inbred species, the assembly of non-inbred or rearranged 
heterozygous genomes remains a major challenge. To address this challenge, we introduce the open-source FALCON and FALCON-Unzip 
algorithms (https://github.com/PacificBiosciences/FALCON/) to assemble long-read sequencing data into highly accurate, contiguous, and 
correctly phased diploid genomes. We generate new reference sequences for heterozygous samples including an F1 hybrid of Arabidopsis 
thaliana, the widely cultivated Vitis vinifera cv. Cabernet Sauvignon, and the coral fungus Clavicorona pyxidata, samples that have challenged 
short-read assembly approaches. The FALCON-based assemblies are substantially more contiguous and complete than alternate short- or long-
read approaches. The phased diploid assembly enabled the study of haplotype structure and heterozygosities between homologous chromosomes, 
including the identification of widespread heterozygous structural variation within coding sequences. 
 
P0509: Bioinformatics: Algorithms 
MPageRank: A Novel Method to Effectively Mine Functional Modules in Heterogeneous Biological Networks 
Jun Li, University of Texas MD Anderson Cancer Center, Houston, TX and Patrick Xuechun Zhao, The Samuel Roberts Noble 
Foundation, Ardmore, OK 
The advent of systems biology approaches, which typically integrate ‘omics’ technologies that generate and analyze large scale gene expression, 
molecular and chemical interaction profiles, have made an opportune time to study and answer how biological processes and complex 
phenotypes (also called traits) are regulated in living cells. One of major challenges in current bioinformatics and systems biology researches is 
the identification of functional modules/sub-networks in such big multiclass of ‘omics’ data. Identification of context-dependent active functional 
modules using graph-based approaches is a promising strategy. However, to date, few of such approaches have been developed to extract 
functional modules/sub-networks by integrative analyzing the topological structures of multi-classes of biological networks  
In this abstract, we present a novel approach, called MPageRank, to mine functional modules in heterogonous biological networks, particular in 
the expression-based gene-gene association networks and protein-protein interaction networks. MPageRank simulates “bias random walking” on 
multiple networks to rank nodes in multiplex systems, in which the importance of a node in one network is affected by the importance that node 
gained in another network, therefore the MPageRank is able to effectively leverage network transitivity to rank nodes in heterogeneous networks. 
We demonstrate the capabilities of our approach comparing the performance of our method with that of other published methods using simulated 
data. We then applied our method to identify the cell division cycle related functional module and plant signaling defense-related functional 
module in the model plant Arabidopsis thaliana. Our results suggest that the MPageRank method is effective for mining functional modules/sub-
networks in both expression-based gene-gene association networks and protein-protein interaction networks. Furthermore, the MPageRank 
approach can to be extended for the discovery of functional modules/sub-networks in other types of heterogeneous biological networks, such as 
signaling transduction, metabolism and gene regulation networks. 
 
P0510: Bioinformatics: Algorithms 
De Novo Gene Set Assembly of the Transcriptome of the Diploid, Oilseed-Crop Species Perilla Citriodora 
Sung-Hwan Jo1, Ji-Eun Kim1, Jeong-Hee Lee1, Junkyoung Choe1, Sangmi Kim1, Myoung Hee Lee2 and Tae-Ho Kim3, 
(1)SEEDERS Inc., Daejeon, South Korea, (2)National Insistute of Crop Science, RDA, Miryang, South Korea, (3)National 
Academy of Agricutural Science(NAAS), RDA, Wanju, Korea, The Republic of 
High-quality gene sets are necessary for functional research of genes. Although the Perilla is commonly cultivated as an oil crop and a vegetable 
crop in Southeast Asia, the quality of its available gene set is insufficient. To construct a high-quality Perilla gene set, we sequenced the mRNA 
extracted from different tissues of Perilla citriodora, the wild species (2n = 20) of Perilla. To make a high-quality gene set for P. citriodora, we 
compared the quality of assemblies produced by two well-known assemblers, Velvet and Trinity, and improved the de novo assembly pipeline by 
optimizing the k-mers and removing redundant sequences. We then selected representative transcripts for loci according to several criteria. The 
improved assembly yielded 86,396 total transcripts and 38,413 representative transcripts. We evaluated assembled transcripts by comparing them 
to 638 homologous Arabidopsis genes involved in fatty acid and TAG biosynthesis pathways. The high proportions of full-length genes and 
transcripts matching known genes in other species among the assembled transcripts indicate that the P. citriodora gene set can be applied in 
future functional studies. Our study provides a reference P. citriodora gene for further studies and a valuable genetic resource to elucidate the 
molecular basis of various metabolisms. 
 
P0511: Bioinformatics: Algorithms 
Investigating Frequented Regions (FRs) in a Yeast Pan-Genome 
Alan M. Cleary1,2, Thiruvarangan Ramaraj2, Joann Mudge2 and Brendan Mumey1, (1)Montana State University, Bozeman, MT, 
(2)National Center for Genome Resources (NCGR), Santa Fe, NM 
Traditionally, genomes have been related back to a single reference genome representing the species or even an entire evolutionary branch 
containing multiple species. In the current era where next generation sequencing technologies (most importantly second and third) have 
facilitated genome sequencing and assembly of multiple accessions per species to an unmanageable scale, the need for pan-genomic algorithms 
to mine biological information from multiple genomes has become critical. A pan-genome can be represented at the nucleotide base-pair level in 
the form of a de Bruijn graph. In this work we consider the problem of determining regions within a de Bruijn graph that are well-traveled in the 
sense that many sequences traverse the region. We term such regions and the associated subpaths as frequented regions (FRs) and investigate 
approaches to finding FRs in large pan-genomic data sets. We formalize the FR problem, discuss its computational complexity, and describe a 
heuristic algorithm for mining FRs. We demonstrate the relevance of the FR problem by applying the algorithm to a yeast pan-genome, the 
results of which corroborate the existing Yeast knowledge base. Additionally, we address the problem of visualizing pan-genomes - a 
mountainous task. By using FRs as a means of graph filtration, the complexity of the visualization can be greatly reduced and used to address 
specific biological questions. 
 
P0512: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 



Standardizing Microbiomics Workflows - Removing Bias in Collection, Purification and Analyses 
Ryan Kemp, Shuiquan Tang, Stanislav Forman, Marc Van Eden and Xi Yu Jia, Zymo Research, Irvine, CA 
The rapid growth of microbiomics has increased the demand for standard methods to improve the reproducibility and quality of the data being 
generated. Therefore, there is a need for reference materials for the development, evaluation, calibration, and validation of complex 
microbiomics workflows encompassing sample collection, sample preparation, and analyses. Standardization of the following methods would 
greatly improve the quality of data generated: (1) sample collection tools that can reliably provide a molecular snapshot at the time of collection 
by stabilizing the nucleic acids at ambient temperature and by rendering the sample noninfectious for safe transport; (2) purification 
methodologies that eliminate biases associated with differential lysis efficiency of the organisms being processed (e.g. gram-negative/positive 
bacteria, fungus, viruses, and associated spores); (3) analytical pipelines that reduce bias introduced in library preparation processes and 
bioinformatics analyses (e.g. GC content, log difference organism abundances, detection limit, and ability to distinguish closely related 
organisms). To address these fundamental challenges, the scientists at Zymo Research have created microbiome reference materials and used 
them to develop the most accurate tools for microbiomics studies. 
 
P0513: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Profiling Populations and Diversity of Gene Pools with Highly Accurate Single Molecule Reads 
Cheryl Heiner, Steve D. Oh, John Harting and Richard Hall, Pacific Biosciences, Menlo Park, CA 
Sequencing to profile complex populations of genomes or gene pools with similar sequences if often challenging with current sequencing 
technologies, if read lengths are shorter than the distance between sequence differences. Technologies for generating longer sequence reads have 
had limited use due to lower throughput, higher cost and lower accuracy. There have been recent improvements in all these areas with the 
introduction of the PacBio Sequel System, which can generate hundreds of thousands of very high accuracy, long single-molecule reads per 
SMRT Cell.  
We have explored the Sequel System for profiling complex metagenomics communities, multiplexing large gene pools or diverse genes, and 
tracking sequence variation in viral populations, situations where short reads alone do not provide adequate information. Sequence targets range 
in size from 600 to several thousand bases. To maximize the number of passes on single-molecule templates, long movies were collected. The 
consensus reads were then filtered at predicted single-molecule accuracy levels up to 99.999%. The resulting data illustrate currently obtainable 
levels of accuracy by template lengths, and show the trade-offs between template length, accuracy, and yield.  
We show data from a variety of complex population applications that span these capabilities, including a bovine rumen microbiome study, which 
can help guide decision-making and planning for projects involving sequencing of amplicons or WGS libraries in the 500 – 5000 base pair size 
range. 
 
P0514: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Toward Resistance to Maize Lethal Necrosis Disease by Disruption of Cap-Independent Translation of Maize Chlorotic 
Mottle Virus RNA 
W. Allen Miller1, Elizabeth J. Carino1, Kay Scheets2, Keisuke Komoda1, Sung Ki Cho3 and Jelena Kraft1, (1)Iowa State University, 
Ames, IA, (2)Oklahoma State University, Stillwater, OK, (3)University of Tennessee, Knoxville, TN 
Maize lethal necrosis disease (MLND), which recently invaded East Africa with devastating consequences, is caused by mixed infection of 
maize chlorotic mottle virus (MCMV) and a potyvirus, usually sugarcane mosaic virus. To address the lack of resistance to MCMV, we are 
targeting a weak link in infection: translation of viral RNA, which is required before virus replication. We found that, like all viruses in the 
Tombusviridae family, MCMV RNA lacks the 5’ cap required for translation of host mRNAs, and instead harbors a cap-independent translation 
element (CITE) in the 3’ untranslated region (UTR). We have mapped the MCMV CITE (MTE) to a ~100 nt sequence in the 3’ UTR that 
strongly stimulates translation of uncapped viral or luciferase reporter mRNA in wheat germ extract and in oat protoplasts. SHAPE probing 
revealed the MTE as a branched stem-loop structure with a bulge, somewhat resembling the panicum mosaic virus class of 3’ CITE (PTE), but 
without conserved bases that define PTEs. Despite lacking a cap, the MTE (like the PTE) binds the cap-binding translation initiation factor eIF4E 
with high affinity. We now seek to identify mutations in eIF4E that disrupt binding to the MTE but not to capped RNA. This should allow 
engineering (or screening for) resistance to MCMV by using a mutant eIF4E that functions normally with capped mRNA, but does not bind 
MCMV RNA, thus preventing viral RNA translation and the ensuing infection. This approach is promising, as natural mutations in eIF4E confer 
resistance to many other plant viruses. 
 
P0515: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Identification of Avirulence Genes in the Wheat-Puccinia graminis (Pgt) Pathosystem by EMS Mutagenesis and Diversity 
Analyses  
Andres Salcedo1, William Rutter1, Shichen Wang1, Alina Akhunova2, Les J Szabo3, Matthew N. Rouse3, Robert L. Bowden4, Jorge 
Dubcovsky5 and Eduard Akhunov6, (1)Department of Plant Pathology, Kansas State University, Manhattan, KS, (2)Integrated 
Genomics Facility, Manhattan, KS, (3)USDA-ARS Cereal Disease Lab, St Paul, MN, (4)USDA- ARS Hard Winter Wheat Genetics 
Research Unit, Manhattan, KS, (5)University of California, Davis, Davis, CA, (6)Kansas State University, Department of Plant 
Pathology, Manhattan, KS, Manhattan, KS 
The identification of avirulence (Avr) genes in biotrophic fungi, such as Pgt, represents a substantial challenge due to the lack of adequate 
functional validation tools. To overcome these limitations, we have performed the whole genome comparative analyses of multiple Sr35-virulent 
and –avirulent Pgt strains including chemically mutagenized strains that acquired virulence on the Sr35 resistance gene, and natural field isolates. 
The Sr35-virulent strains were developed by treating the spores Sr35-avirulent RKQQC Pgt race with EMS. Except for the Sr35-carrying wheat 
line, all mutagenized strains showed similar virulence on the panel of lines carrying different stem rust resistance genes. The whole genome 
shotgun sequencing of 15 EMS mutants of Pgt identified a single gene carrying strong effect mutations in all mutants. A gene had a signal 
peptide suggesting that its protein could be directed towards the secretion pathway making it a strong Avr candidate. Resequencing of the 
candidate gene in a panel of Pgt strains revealed the presence of a DNA insertion creating premature termination codon in the coding sequence of 



all virulent isolates, and the lack of this insertion in all avirulent isolates. Preliminary experiments with tobacco agro-infiltration suggest that the 
combination (but not individual genes) of the effector candidate and Sr35 gene constructs can trigger hypersensitive response. Our results 
demonstrate that by applying whole genome next-generation sequencing to the populations of mutagenized and natural pathogen strains differing 
in the virulence to a specific resistance gene, it is feasible to identify and validate avirulence factors in biotrophic fungi.  
 
P0516: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Puccinia striiformis vs Triticum aestivum: Molecular Aspects of Stripe Rust Interaction With Resistant and Susceptible 
Wheat Host 
Taras Nazarov, Washington State University, Pullman, WA 
Analysis of historical and contemporary occurrence of disease and crop loss magnitude in major wheat-producing regions estimated that stripe 
rust caused by P. striiformis f. sp. Tritici is the most significant biotic threat to sustainable wheat production worldwide. It can reduce wheat 
grain yield up to 100% in susceptible cultivars. Despite this agricultural importance and long history of study, still little is known about 
molecular interaction between stripe rust and the wheat host. To mitigate disease impact and improve breeding strategies for durable resistance, it 
is important to understand stripe rust pathogenicity on the gene expression level. Here we present analysis of the molecular interaction between 
P. striiformis f. sp. Tritici (Pst-100) versus resistant and susceptible lines of Triticum aestivum using next generation transcriptomics. Variable 
host background allowed us to indicate how gene expression patterns shift in compatible versus incompatible interactions. Resistant wheat lines 
induced significantly greater number of overexpressed, putative genes along with higher upregulation fold change. Oxidation-reduction, MAPK 
cascade, stress granule formation, osmotic stress, and other stress-related pathways were, almost exclusively, upregulated in resistant host 
background, suggesting broad activation of the resistance-coping mechanisms by stripe rust. In contrast, susceptible host background facilitated 
broad overrepresentation of the nutrient uptake pathways in the pathogen, allowing it to downregulate the expression of metabolically costly 
stress-related genes. The present study provides the first whole transcriptome assessment of stripe rust - wheat interaction from the fungal side 
and contributes to further elucidation of plant-pathogen molecular interplay on the systemic level. 
 
P0517: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Dissecting the Genomic Architecture of Puccinia graminis f. sp. tritici - Wheat Interaction 
Fei He1, Wei Wang2, Shiaoman Chao3, Andres Salcedo2, Shichen Wang2, Les J. Szabo4, Matthew N. Rouse5 and Eduard Akhunov1, 
(1)Kansas State University, Department of Plant Pathology, Manhattan, KS, Manhattan, KS, (2)Department of Plant Pathology, 
Kansas State University, Manhattan, KS, (3)USDA-ARS, Fargo, ND, (4)USDA-ARS, University of Minnesota, St. Paul, MN, 
(5)USDA-ARS Cereal Disease Lab, St Paul, MN 
Wheat stem rust caused by Puccinia graminis f. sp. tritici (Pgt) can lead to severe yield losses in wheat. The identification of genetic factors in 
wheat (R genes) and Pgt (avirulence genes) that define the outcome of infection (resistance vs. susceptibility) is critical for developing crops with 
long lasting resistance. In this project, we performed large-scale profiling of the virulence of 125 Pgt isolates (including the Ug99 race group) on 
a panel of 460 genetically and geographically diverse wheat accessions. A total of 57,500 disease resistance scores were collected and used to 
cluster wheat lines and Pgt isolates to investigate the geographic distribution of resistance and virulence in the host and pathogen populations, 
respectively. Strong geographically structured patterns of wheat resistance and Pgt virulence were detected. Genome-wide association mapping 
(GWAS) in the panel of wheat lines was performed to identify genomic regions harboring genes conferring resistance against each of the 125 Pgt 
isolates. The developed map of resistance loci revealed a complex genetic architecture and evolutionary dynamic of resistance against wheat 
stem rust. The distribution of GWAS signals showed a strong correlation with the distribution of NBS-LRR gene clusters, suggesting their 
importance in the origin of new resistance specificities. To understand the genetic basis of Pgt virulence, we are sequencing all the phenotyped 
Pgt isolates. A searchable database was constructed to facilitate public access to the project data 
(http://wheatgenomics.plantpath.ksu.edu/rustgenomics/). 
 
P0518: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Surveying the Genetic and Genomic Diversity of Lentil Nodulating Rhizobia 
Brendan K. Riely, University of California-Davis, Davis, CA, Davis, CA, M. Harun-or Rashid, Bangladesh Institute of Nuclear 
Agriculture, Mymensingh, Bangladesh, Michael Wink, Heidelberg University, Institute of Pharmacy and Molecular Biotechnology, 
Heidelberg, Germany and Douglas R Cook, University of California-Davis, Davis, CA 
Lentil (Lens culinaris ssp culinaris) is a pulse legume crop that is an important source of protein for millions of people worldwide. Lentil’s high 
protein content is a bi-product of its ability to form a symbiotic relationship with several species of nitrogen fixing bacteria from the genus 
Rhizobium. Rhizobium isolates vary in the efficiency with which they fix nitrogen and consequently bacterial genes and genomes can impact 
both the vigor and yield potential of the host. The identification of efficient nitrogen fixers that are adapted to different agro-ecological 
environments may help boost lentil production in a sustainable manner. We are establishing a collection of lentil nodulating bacteria and are 
implementing WGS to determine the level of genetic and genomic diversity present within our collection. These data will allow us to rationally 
select diverse strains for greenhouse and field experiments interrogating nitrogen fixation efficiency and strain competitiveness under different 
field conditions. To date, we have sequenced approximately 150 genomes from strains originating in seven different countries. Our phylogenetic 
analyses demonstrate significant diversity among the core genomes that appears to be largely a function of the geographic origin of the strains. In 
contrast, the symbiotic genes are monophyletic relative to other symbiovars, consistent with the horizontal transfer of the symbiosis genes 
conferring host specificity among different rhizobium species. Our current progress in characterizing the strains and their genomes will be 
reported. 
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Impact of Glyphosate on the Rhizosphere Microbial Communities of an EPSPS-Transgenic Soybean Line ZUTS31 by 
Metagenome Sequencing 



Yonghua Yang1, Guihua Lu1 and Xiaomei Hua2, (1)Nanjing University, Nanjing, China, (2)Nanjing Institute of Environmental 
Sciences, MEP, Nanjing, China 
The worldwide use of glyphosate has dramatically increased, but also has been raising concern over its impact on mineral nutrition, plant 
pathogen, and soil microbiota. To date, the bulk of previous studies still have shown different results on the effect of glyphosate application on 
soil rhizosphere microbial communities. This study aimed to clarify whether glyphosate has impact on nitrogen-fixation, pathogen or disease 
suppression, and rhizosphere microbial community of a soybean EPSPS-transgenic line ZUTS31 in one growth season. Comparative analysis of 
the soil rhizosphere microbial communities was performed by 16S rRNA gene amplicons sequencing and shotgun metagenome sequencing 
analysis between the soybean line ZUTS31 foliar sprayed with diluted glyphosate solution and those sprayed with water only in pod-setting 
stage. There was no significant difference of alpha diversity but with small and insignificant difference of beta diversity of soybean rhizosphere 
bacteria after glyphosate treatment. The significantly enriched gene ontology (GO) terms were cellular, metabolic, and single-organism of 
biological process together with binding, catalytic activity of molecular function. The hits and gene abundances of some functional genes being 
involved in plant growth-promoting traits (PGPT), especially most of nitrogen fixation genes, significantly decreased in the rhizosphere after 
glyphosate treatment. Our present study indicated that glyphosate did not significantly affect the alpha and beta diversity of the rhizobacterial 
community of the soybean line ZUTS31, whereas glyphosate significantly influenced some functional genes involved in PGPT in the rhizosphere 
during the single growth season. 
 
P0520: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Identifying of Bacterial Communities Influenced by Isoflavonoids in the Soybean Rhizosphere Using a Metagenomics 
Analysis 
Miyuraj Harishchandra HIkkaduwa Withanage and Erliang Zeng, University of South Dakota, Vermillion, SD 
Evidence points to the services provided by rhizodeposits to be the main reason for maintaining the highest microbial density in soils in close 
proximity to plant roots. Using RNAi gene silencing of isoflavone synthase (IFS) gene, Isoflavonoids have been identified as a vital component 
in soybean rhyzodeposits that help soybean plant roots retain advantageous interactions with surrounding microbiome. Our goal is to identify 
bacterial communities retaining vital ecological relationships with soybean's growth and productivity based on the analysis of microbial 
metagenomics data. The metagenomics data is the microbial whole genetic content recovered directly from the environments using the next-
generation sequencing (NGS). Metagenomics data sequenced from soil samples was labelled as bulk soil (BULK), soil surrounding IFS-RNAi 
transformed soybean root (IFS-RNAi), vector-reformed-control soybean root (VC) and wild type soybean roots (WT), depending on different 
treatments applied. We analyzed microbial 16S rRNA metagenomics data using QIIME (Quantitative Insights into Microbial Ecology) pipeline 
to obtain an OTU (Operational Taxonomic Unit) table for each sample. OTU is an operational definition of a species or group of species inferred 
from sequence data. An OTU table records all OTUs that exist in a sample. Normalized OTU tables were subjected to feature selection and 
machine learning frameworks to extract out subset of OTUs that are sample specific. Next, we will use PICRUSt (Phylogenetic Investigation of 
Communities by Reconstruction of Unobserved States), an open-source software, to investigate the biological functions of those sample specific 
OTUs. Our framework is capable of discovering biologically significant patterns from large microbial metagenomic data, which subsequently 
can be applied to variety of other big data in biology to answer various biological questions. 
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Genomic Characterization of a Sexual Cross of Phytophthora infestans  
Michael EH Matson and Howard S Judelson, University of California-Riverside, Riverside, CA 
The oomycete Phytophthora infestans, a diploid, eukaryotic, and filamentous microbe, causes the devastating late blight disease of potato and 
tomato. The phenotypes of P. infestans lineages in nature have been shaped by sexual reproduction, in addition to asexual variation. The 
contribution of sexual reproduction is hypothesized to be affected by interisolate variation in ploidy (ranging from diploidy to tetraploidy) and 
other forms of structural variation. To better understand how sexual reproduction affects traits relevant to plant pathogenicity, we crossed two 
diploid strains, generated 120 progeny, and scored asexual sporangia production, pathogenicity on potato tubers, and resistance to the fungicide 
metalaxyl. After sequencing the parents and progeny, SNPs segregating in the cross were identified and tested for association with the three 
traits. This identified genomic intervals associated with some of the traits. The analysis is being supplemented with expression level 
polymorphism analysis. To evaluate other mechanisms that may contribute to genetic variation, a genome-wide analysis was performed of copy 
number variation and loss of heterozygosity, including gene conversion events. The results indicate that both mendelian and non-mendelian 
events contribute to variation resulting from sexual reproduction. 
 
P0522: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Identification of Rsv3 Candidate Gene Conferring Resistance to Soybean Mosaic Virus Strain G5H 
Phu-Tri Tran1, Mi-Ah Bae2, Kristin Widyasari1, Jang-Kyun Seo3, Sun Woong Jeong1 and Kook-Hyung Kim4, (1)Seoul National 
University, SEOUL, Korea, The Republic of, (2)Seoul National University, Seoul, Korea, The Republic of, (3)Seoul National 
University, Pyeongchang, Korea, The Republic of, (4)Seoul National University, Seoul, South Korea 
Rsv3 which confers strain specific resistance to soybean mosaic virus (SMV) was previously mapped between markers AxxxF/R and MxSat in 
chromosome 14 of the soybean [Glycine max (L.) Merr.] cultivar L29. From genome database derived from the soybean William 82 
(phytozome.net), there are 5 different NBS-LRR sequences between the flanking markers. Among those candidates, only one full-length cDNA 
clone of the Glyma14g1 was successfully cloned from total RNA from leaves of the soybean L29 which was pre-inoculated by SMV strain G5H. 
We could not clone cDNAs for the other 4 NBS-LRR candidate genes which might suggest significantly low or no expression of these 4 genes 
upon SMV strain G5H infection. Upon co-inoculating the expression clones of this cloned candidate gene and SMV strain G5H on primary 
leaves of the Rsv3-free soybean cultivar Lee74, the infectivity of the SMV G5H strain was significantly attenuated in local and systemic leaves. 
Altogether these results suggest that the cloned candidate gene Glyma14g1 might be the resistance gene Rsv3 which confers resistance response 
against SMV G5H strain.  
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Investigating Species Differences in Fungal Plant Pathogens with a High-Density Inter-Species Genetic Map and a Draft 
Genome 
Wei Yue, John F. Leslie and Christopher Toomajian, Kansas State University, Manhattan, KS 
Fusarium, a genus of ascomycete fungi, contains many important plant pathogens, some of which reduce crop yield and quality by producing 
contaminating mycotoxins. Among them, F. proliferatum (Fp) and F. fujikuroi (Ff) are closely related but have different host specificity and 
produce different mycotoxins. To explore the genetic bases behind these differences, we generated a genetic map from an inter-species cross 
between them and sequenced the Fp genome to compare with available Ff genomes. We sequenced the Fp parent from this cross to a depth of 
50x and assembled a draft genome. This assembly has an N50 of over 824 kb and contains 241 supercontigs, with the largest one over 2.1 Mb 
and a combined length of 43.1 Mb. The assembly is predicted to contain over 14,000 genes, with 0.76% of the assembly masked by 
RepeatMasker. We constructed a high density genetic map of 12 linkage groups with genotype data from 6,381 high quality Genotyping-by-
Sequencing markers and 253 progeny from the cross. We anchored 97.8% (42.2 Mb) of the total assembly onto the 12 linkage groups, 
corresponding to the 12 chromosomes present in each parent species. Despite the high similarity and colinearity of these two species’ genomes, 
we detected several divergent regions that might play important roles in the species’ phenotypic differentiation and plant pathogenicity. The 
genetic map and genome assembly also provide valuable resources for further studies on the genomics and biology of Fusarium fungi. 
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The Complete Genome Sequence of a UK Strain (UK99) of Fusarium culmorum 
Robert King, Martin Urban and Kim Hammond-Kosack, Rothamsted Research, Harpenden, United Kingdom 
The ascomycete fungus Fusarium culmorum is one of two commonly found pathogenic Fusarium species identified on flowering wheat spikes in 
the UK which cause yield losses and mycotoxin contamination of grain. The other pathogen is Fusarium graminearum, for which a complete 
genomic reference sequence exists for the United States, strain PH-1, and of which a recent annotation update was released in 2016. We report 
the completion of the F. culmorum United Kingdom strain UK99 using a combination of PacBio and Illumina sequencing that will supersede the 
earlier fragmented and uncurated release of 2016. The genome size has increased from 39,005,997 bp to 39,552,590 (not including the 
mitochondria) with an increase of 546,593 bp and the fragmented contig bins of “Chromosome 5” and “Chromosome 6” have been placed within 
chromosomes 1-4 or the newly identified supernumerary fifth chromosome. The number of gaps have been reduced from 1,062,015 to 1 and 
repetitive telomeres assembled at both 5’ and 3’ of each chromosome. Future comparative analysis of these two complete Fusarium specie 
genomes will aid and support research to the study of the basic biology of Fusaria and mycotoxin reduction through identification of intervention 
targets. 
 
P0525: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
The Annotation of Fusarium graminearum (PH-1) Version 5.0 
Robert King, Martin Urban and Kim Hammond-Kosack, Rothamsted Research, Harpenden, United Kingdom 
The ascomycete fungus Fusarium graminearum is one of several commonly found pathogenic species identified on flowering wheat spikes that 
cause yield losses and significant mycotoxin contamination of grain in the UK, Europe, the Americas, Asia and elsewhere. We report an update 
to the PH-1 reference genome and significant improvement to the annotation (14,145 genes) to adopt a new gene naming schema, include legacy 
annotation gene ID’s, and re-annotate genes with a focus upon those lacking an ATG as a start codon. A new prediction of the secretome has 
resulted in an increased cohort of gene predictions (n = 870) much more in line with those recently identified in other fungal pathogens species, 
of which 97 are predicted to be GPI-anchored. We also used effectorP to predict a sub-set of secreted effector proteins (n = 183), and updated the 
gene models with 5,694 5’ and 5,036 3’ UTR annotations.  
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Comparative Genomics of Smut Pathogens: Orphan and Positively Selected Genes as Potential Drivers of Host 
Specialization 
Juliana Benevenuto1, Daniel Croll2 and Claudia B. Monteiro-Vitorello1, (1)University of São Paulo, Piracicaba, Brazil, (2)ETH 
Zurich, Zurich, Switzerland 
Host specialization is a key evolutionary process for the diversification and emergence of new pathogens. However, the molecular determinants 
of host range are largely unknown. Smut fungi are suitable pathogens to investigate host specialization because most of smut species infect only 
a single or a small number of susceptible hosts. To identify the genetic basis of host specialization in smut fungi, we compared the genomes of 
nine species isolated from eight distinct hosts: maize, barley, sugarcane, wheat, oats, Zizania latifolia (a wild-rice relative), Echinocloa colona (a 
wild grass) and Persicaria sp.(a wild dicot plant). The smut genomes were of small size, ranging from 18.38 to 24.64 Mb, and had low repetitive 
element content (2.34 – 25.12%) compared to other filamentous plant pathogens. The smut species shared 65.46% of all orthologous groups as 
identified by OrthoMCL analyses. Most of the species-specific (orphan) genes were uncharacterized proteins, including genes encoding 
candidate effectors. All one-to-one orthologous genes were screened for positive selection. Using site-specific models, we found significant 
evidence of positive selection at individual sites in 31 genes. Using branch-site models, we found evidence for episodic selection in 41 to 286 
genes, depending on the analyzed lineage. The genetic basis of host specialization in smut fungi is complex and seems to involve a range of 
evolutionary process, including gene gain/loss and episodic selection events. Species-specific effectors and positively selected genes will be good 
candidates for further characterization in regards to their role in host adaptation. 
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Reprogramming of Fungal mRNA and Small RNA Production in Response to Virus Infection 
Shin-Yi Marzano, Biology/Microbiology; Plant Science, South Dakota State University, Brookings, SD and Leslie Domier, 
USDA-ARS, Urbana, IL 



Sclerotinia sclerotiorum is a damaging and widely distributed fungal plant pathogen that significantly reduces yields of multiple crop species 
each year. Because mycoviruses have the potential to reduce the impacts of fungal plant pathogens on crop productivity, this study characterized 
changes in mRNA and small RNA accumulation in S. sclerotiorum in response to infection by Sclerotinia sclerotiorum hypovirus 2L (SsHV2L). 
Infection by SsHV2L significantly altered the accumulation of 1,150 mRNAs and 835 small RNA-producing loci. The differentially expressed 
mRNAs included more than 100 mRNAs encoding proteins involved in the metabolism and trafficking of carbohydrates and lipids. Both S. 
sclerotiorum endogenous and virus-derived small RNAs were of predominantly 22 nt in length. Global analyses of mRNA, small RNA, and 
degradome data confirmed that small RNAs produced by S. sclerotiorum were capable of directing the cleavage of 44 mRNAs, one of which was 
predicted to target the mRNA encoding a homologue of Argonaute 2, a microRNA function conserved in many eukaryotes. In addition to 
sequences resembling microRNAs, S. sclerotiorum produced phased small interfering RNAs from noncoding RNAs that have the potential to 
regulate mRNA abundance in trans. Finally, a subset of S. sclerotiorum 22-nt small RNAs were shown to be complementary to mRNAs of plant 
hosts. Hence, the analysis showed that infection of S. sclerotiorum by a hypovirulence-inducing virus produced large-scale reprogramming of 
mRNA and small RNA production and demonstrated that S. sclerotiorum possesses robust RNA silencing pathways for antiviral defense and 
endogenous gene regulation.  
 
P0528: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Closed-Reference Metatranscriptomics for in Planta profiling of Fungal Pathogen Communities 
Abraham Morales-Cruz1, Gabrielle Allenbeck1, Rosa Figueroa-Balderas1, Rhonda J. Smith2, Daniel P. Lawrence1, Kendra 
Baumgartner3, Philippe Rolshausen4 and Dario Cantu5, (1)University of California Davis, Davis, CA, (2)UC Cooperative Extension, 
Santa Rosa, CA, (3)USDA-ARS, Davis, CA, (4)University of California, Riverside, Riverside, CA, (5)University of California, 
Davis, CA 
Grapevines, like other perennial crops, are affected by a variety of fungal diseases that damage the trunk and other permanent structures. While 
in most cases individual pathogen species are considered the causal organisms of each type of trunk disease, often multiple grapevine trunk 
pathogens (GTPs) are recovered from infected tissues. The co-existence of different GTP species in complex and dynamic microbial 
communities complicates the study of the molecular mechanisms underlying disease development under vineyard conditions. The objective of 
this study was to develop and optimize a community-level transcriptomics (i.e., metatranscriptomics) approach that can be used to monitor 
simultaneously the virulence activities of multiple GTPs in planta. The availability of annotated genomes for the most common GTPs provided 
the unprecedented opportunity to generate a multi-species reference to be used for mapping and quantifying DNA and RNA sequencing reads for 
the most relevant co-infecting organisms in diseased grapevine woody tissues. We first evaluated popular sequence read mappers using 
permutations of multiple simulated datasets. Alignment parameters of the selected mapper were then optimized to increase the specificity and 
sensitivity for its application to metagenomics and metatranscriptomics analyses. Testing on grapevine woody tissues infected with individual 
pathogens confirmed the validity of the method. Using samples with a variety of symptoms of trunk diseases due to natural infections, we show 
that our approach provides quantitative assessments of species composition as well as genome-wide transcriptional profiling of potential 
virulence factors associated with cell wall degradation, secondary metabolism and nutrient uptake for all co-infecting pathogens. 
 
P0529: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
De Novo Genome Sequenceing and Analysis of Genome and Transcriptome of the Anthracnose Pathogen Colletotrichum 
acutatum  
Kyoung Su Kim, Kangwon National University, Chuncheon, Korea, The Republic of 
Colletotrichum acutatum is a plant pathogen causing the anthracnose disease on many important crops including peppers and strawberries. Due 
to the absence of genome information on C. acutatum, our understanding on development and pathogenicity of the fungus remains limited. Here 
we present de novo genome sequence data and analysis of genome and transcriptomic data of C. acutatum strain KC05, revealed by PacBio. 
Briefly, the acquired sequence reads were assembled into 27 scaffolds (N50, 4,416,304 bp; Nmax, 6,776,476 bp), totaling 52,190,760 bp. A total 
of 13,559 genes were found, which covered 20,550,771 bp of the genome sequence. Detailed information on sequencing, assembly, gene 
prediction, gene category, and comparative genome analysis will be presented. 
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Analysis of Inactive Gene Clusters - Leading to Discovery of New Natural Products from Strains of Genus Microcystis 
Vishnu Raja, AgriGenome Labs & Presidency College, University of Madras, Chennai, India 
Cyanobactins are cylcic peptides assembled through the clevage and modification of short precoursor proteins, here we report the discovery of 
active counterparts in strains of Genus microcystis guided by the dormant cyanobactin-gene cluster. 
 
P0531: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Deducing Evolutionary Divergence of EEHV in Free Ranging Elephants in Western Ghats of India 
Megha M1, Sajesh PK2, Bipin Balan1, Beena PS1, Arun Zachariah3, Chandramohan Bathrachalam3, Dhinoth Kumar Bangarusamy1 
and V B Reddy Lachagari4, (1)AgriGenome Labs Pvt Ltd, Kochi, India, (2)MagGenome Technologies Pvt. Ltd, Kochi, India, 
(3)Centre for Wildlife Studies, Wayanad, Kerala, India, (4)AgriGenome Labs Pvt Ltd, Hyderabad, India 
Asian Elephants (Elephas maximus), an endangered species prone to highly lethal haemorrhagic disease caused by elephant endotheliotropic 
herpes virus (EEHV) which is a major threat to Asian elephant husbandry. Clinical symptoms include facial edema and cyanosis of tongue which 
may progress to systemic viremia resulting in haemorrhaging of all internal organs and finally death. This infection is commonly seen in young 
elephants (1 to 8 years old) and death may occur in hours or days and the mortality rate is >80%. Sequencing of certain regions of EEHV genome 
of lethal samples indicated a prominent variation among them which prompted us to attempt the whole genome sequencing of multiple lethal 
samples. 21 pairs of primers were designed in such a fashion that the amplicons of viral genome had a minimum of 1 kb overlap. The 
amplification patterns differed for the samples which might be due to infection caused by different EEHV strains or multiple infections. The 
amplicons were sequenced and analysed. Data shows short missing fragments from many regions which may be due to sequence variations in 



different strains. New primers were designed for missing fragments and sequencing again to capture the complete genome. The current study 
aims to detect the complete genome of different EEHV strains to understand its pathogenicity, ecology and host immune reactions for the future 
conservation of magnificent Elephant species. 
 
P0532: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Genomic Analyses of Ancient Mycobacterium tuberculosis complex Strains from the Americas 
Tanvi P Honap1, Ashild Vagene2, Alexander Herbig2, Jane E. Buikstra3, Kirsten Bos2, Johannes Krause2 and Anne C. Stone3, 
(1)School of Life Sciences, Arizona State University, Tempe, AZ, (2)Max Planck Institute for the Science of Human History, Jena, 
Germany, (3)School of Human Evolution and Social Change, Arizona State University, Tempe, AZ 
Tuberculosis (TB) is an age-old disease caused by members of the Mycobacterium tuberculosis complex (MTBC). TB is thought to have 
originated in Africa and thereafter spread all over the world. However, its origins in the Americas have always been a matter of debate. Ample 
skeletal evidence for TB is present in the pre-Columbian Americas. Currently, all MTBC strains found in the Americas are of European origin, 
suggesting that pre-Columbian MTBC strains were completely replaced by European strains. Previous research from our group led to the 
recovery of MTBC genomes from three ~1000-year old individuals from coastal Peru. These ancient Peruvian MTBC strains were found to be 
closely related to MTBC strains currently found only in pinnipeds such as seals and sea lions. The present work aims to determine whether these 
ancient pinniped-derived MTBC strains spread to the non-coastal parts of the Americas by human-to-human transmission or if there was more 
than one source of introduction of TB to the pre-Columbian Americas. Samples from pre- and post-Columbian era individuals from South and 
North America were screened for presence of MTBC DNA using quantitative PCR assays and shotgun sequencing. In-solution target enrichment 
and sequencing of MTBC-specific genes was used to determine the endogenous DNA content, which ranged from 0.01% to 0.1%. Eleven 
samples were then enriched for the entire MTBC genome using in-solution capture, and sequencing of these samples is currently in progress. 
 
P0533: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
Genome Sequence and Heterokaryosis in the Oomycete Pathogen, Bremia lactucae 
Kyle Fletcher1, Rosa Juliana Gil1, Sebastian Reyes Chin-Wo2, Lien Bertier1, Keri Cavanaugh1, Cayla Tsuchida1, Aubrey Kenefick1, 
Lin Zhang1, Joan Wong1 and Richard Michelmore1, (1)Genome Center, University of California Davis, Davis, CA, (2)Genome 
Center, University of California, Davis, CA 
Bremia lactucae is a highly specialized obligate biotrophic oomycete pathogen that causes downy mildew of lettuce. Genome assembly has been 
challenging due to high levels of heterozygosity. Several technologies have been used to sequence and de novo assemble multiple isolates. High 
quality assemblies have been generated of isolates SF5 (Illumina, Moleculo & Pac Bio) and C82P24 (Illumina only). The draft assembly of SF5 
currently contains 667 scaffolds spanning 116 Mb with an N50 of 529 Kb. To ensure that these scaffolds were not over-assembled, we re-
sequenced and de novo assembled both strains using Pac Bio (RSII) long read technology and both assemblies were aligned to check for 
collinearity. Mapping Illumina reads of multiple modern and historical field isolates to a reference assembly of SF5 revealed multiple 
distributions of allele frequencies. Haploid genome size estimates measured by flow cytometry were consistently ~150 Mb, providing no 
evidence for polyploidy in B. lactucae. Additionally, allele frequencies in eight F1 progeny derived from SF5 (1:1 allele frequencies) and C82P24 
(1:3 allele frequencies) were 1:1. Kinship analysis identified two sets of progeny from this cross, indicating that they were derived from three 
different parental nuclei. Sequencing of single spore isolations of C82P24 is under way to investigate the possibility of heterokaryosis. 
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Functional Characterization of the Oleaginous Yeast Yarrowia lipolytica 
James Yu, University of California, Irvine, Irvine, CA 
Oleaginous yeasts are valuable systems for biosustainable production of hydrocarbon-based chemicals. Yarrowia lipolytica is one of the best 
characterized of these yeast with respect to genome annotation and flux analysis of metabolic processes. Nonetheless, progress is hampered by a 
dearth of genomewide tools enabling functional genomics. The Hermes DNA transposon was expressed to achieve saturation mutagenesis of 
the Y. lipolytica genome. Over 535 thousand independent insertions were identified by next-generation sequencing. Poisson analysis of insertion 
density classified ~22% of genes as essential. As expected, most essential genes not only have homologues in Saccharomyces 
cerevisiae and Schizosaccharomyces pombe, but the majority of those are also essential. Y. lipolytica, an obligate aerobe had significantly more 
genes related to respiration that were classified as essential. The findings provide insights into biosynthetic pathways, compartmentalization of 
enzymes, and distinct functions of paralogs. Contributions of nonessential genes to fitness were determined in log growth cultures with glucose 
and glycerol carbon sources. Fluorescence-activated cell sorting identified mutants in which lipid accumulation is increased. Biological 
contributions of genes to growth were used to evaluate two recent genome-scale models Y. lipolytica metabolism. This study is the first 
functional genomic analysis of an oleaginous yeast and provides an important resource for modeling and bioengineering of Y. lipolytica.  
 
P0535: Genome Mapping, Tagging & Characterization: Microbes and Pathogens 
A New Genetic Code in Yeasts 
Robert Riley1, Sajeet Haridas2, Kenneth H. Wolfe3, Mariana R. Lopes4, Chris Todd Hittinger4, Asaf Salamov2, Christopher H. 
Calvey5, Aisling Y. Coughlan3, Cletus P. Kurtzman6, Meredith Blackwell7, Igor V. Grigoriev2 and Thomas W. Jeffries4,5, (1)U.S. 
Department of Energy Joint Genome Institute, Walnut Creek, CA, (2)US Department of Energy Joint Genome Institute, Walnut 
Creek, CA, (3)University College Dublin, Dublin, Ireland, (4)University of Wisconsin-Madison, Madison, WI, (5)Xylome 
Corporation, Madison, WI, (6)US Department of Agriculture ARS NCAUR, Peoria, IL, (7)Louisiana State University, Baton 
Rouge, LA 
The ascomycete yeasts, which include the model organism Saccharomyces cerevisae, are a diverse group of fungi spanning a billion years of 
evolution, and with enormous biotechnological potential. Unique among eukaryotes, some yeasts are known to have a genetic code change, in 
which CUG codons are translated to serine rather than the usual leucine. Such genetic code changes are interesting due to their extreme rarity, 
but may also complicate efforts to exploit the yeasts’ biotechnological potential through exogenous expression of genes (which might have 



genetic codes incompatible with hosts). We sequenced the genomes of 16 ascomycete yeasts with the goal of discovering biotechnologically 
useful genes. From the genome sequences, we predicted that a xylose-fermenting yeast, Pachysolen tannophilus, translates CUG codons neither 
to canonical leucine nor previously known serine, but to alanine. Mass-spectrometry proteome analysis and genetic transformation experiments 
confirmed this prediction. The existence of multiple genetic codes in the ascomycete yeasts has implications for their exploitation in 
biotechnology and synthetic biology.  
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Mitochondrial Genomes in Symbiotic Organisms: Lineage Specific Variation Across the Mitochondrial Genomes of Lichen 
Forming Fungi 
Felix Grewe1, Steven Leavitt2 and H. Thorsten Lumbsch1, (1)The Field Museum of Natural History, Chicago, IL, (2)Brigham 
Young University, Provo, UT 
Many fungi are involved in iconic mutualistic symbiotic associations, including mycorrhizas, lichens, fungus-growing ants, among many others. 
While mutualistic fungi play important ecological and evolutionary roles, a number of major evolutionary questions have not yet been adequately 
addressed, including the dynamics of mitochondrial genome evolution. Ecologically and evolutionarily important lichen-forming fungal lineages 
have received very little attention in terms of mitochondrial genome evolution, and general patterns in genome evolution are largely unknown. 
To provide novel insights into the mitochondrial genome evolution in the most diverse order of lichen-forming fungi, Lecanorales, we de novo 
high-throughput sequenced the mitochondrial genomes of over 30 individual of the genus Rhizoplaca, the rimmed navel lichens. Our 
comparative genomic approach shows structural variability due to active recombination, lineage specific intron patterns, and high sequence 
diversity across the genus. Utilizing this genome information will allow us to understand long standing questions about the mitochondrial 
genome evolution of closely obligate symbiotic organisms. 
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Landscape of Lineage-Specific Gene Translocation and Duplication Events within the Crucifer Family 
Dong-Ha Oh and Maheshi Dassanayake, Louisiana State University, Baton Rouge, LA 
Gene duplication and translocations erode co-linearity between closely related genomes over time, providing a source of variations that may be 
critical for organismal adaptation. We developed a pipeline to identify and trace gene duplication and translocation unique to or shared among 
lineages within multiple closely related genomes. The CL_finder-OrthNet pipelines encode and visualize gene duplication and translocation 
events in a set of networks that connect nodes of orthologous loci with edges indicating co-linearity (CL) relationship among them.  
We characterized the gene duplication and translocation events among six crucifer genomes, including a model plant (Arabidopsis thaliana) and 
extremophytes adapted to various extreme environmental challenges (Eutrema salsugineum and Schrenkiella parvula) from both Lineage I and 
II. The OrthNet pipeline effectively identified lineage-specific (LS) gene translocation-duplication (Tlc-d) events. The ratio of open reading 
frame (ORF) size between the duplicates and the ancestral gene models in LS Tlc-d events showed two distinct distributions, with two peaks 
indicating a truncated duplication and a putative selection for additional gene copies, respectively. We found signatures of selection among stress 
response-related genes in E. salsugineum and S. parvula lineage-specific Tlc-d events that contain additional duplicates with ORF size 
conserved.  
The flexible CL_finder-OrthNet pipelines can provide insights into the landscape of co-linearity and its erosion within any set of multiple closely 
related genomes. The pipelines also can identify candidate genes that have played roles in adaptation with an increasing resolution, as more de 
novo assembled genomes for closely related species and comparative genome-wide data on gene expression and regulation become available. 
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Detecting Co-Evolution in Centromere Proteins 
Marwa Zafarullah, University of California Davis, Davis, CA 
The kinetochore is a multiprotein complex that assembles on centromeres to direct the chromosome segregation during mitosis and meiosis. The 
inner kinetochore is directly associated with DNA and a key component is the centromere-specific histone CENH3 (or CENP-A) which replaces 
the canonical histone H3 in centromeric nucleosomes. CENH3 is an unusual histone because it is both rapidly evolving and critical for 
centromere function. CENP-C is a direct interaction partner of CENH3 and it acts as bridge between the inner and outer kinetochore. 
Surprisingly, CENP-C is also a rapidly evolving protein. In this study we will perform genetic assays to test whether CENH3 and CENP-C are 
co-evolving. A previous study found that the despite extensive sequence divergence CENH3 from Brassica rapa and Lepidium oleraceum were 
able to complement the essential functions of A.thaliana cenh3 null mutation. In contrast, while Lepidium oleraceum CENP-C could complement 
an A. thaliana cenpc null mutation, B.rapa CENP-C complemented plants were sterile, suggesting different evolutionary constraints on the two 
proteins. Moreover, centromeres built on divergent CENH3 showed extensive mis-segregation in crosses to wild type, producing high frequency 
of haploid and aneuploid progeny. We will generate a background where we combine the A. thaliana cenh3 and cenpc complementation lines so 
that both divergent CENH3 and CENPC proteins are from the same species and hence have co-evolved with one another. We predict two 
outcomes: one, centromere function is restored, from which we can conclude that the centromere dysfunction in the cenh3 complemented lines is 
due to a weakened interaction with the A. thaliana CENP-C. Two, an additive effect where A. thaliana centromere with two non-native proteins 
is further weakened leading to even higher frequency of mis-segregation events. 
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Sequence and Expression Evolution of Plant Long Intergenic Noncoding RNA 
Sishuo Wang, Alexander J. Hammel and Keith Adams, University of British Columbia, Vancouver, BC, Canada 
Long intergenic non-coding RNAs (lincRNAs) play diverse roles in many biological processes in plants. We characterized the evolution of 
lincRNAs in five plant species by analyzing homologs and syntenic loci in 55 plant genomes. Plant lincRNA loci in general show considerably 
less conservation than protein-coding genes and slightly less conservation compared to microRNAs. While most lincRNAs appear to be specific 
to a plant family, some have very ancient origins including a few with homologs in non-flowering plants. We detected highly conserved regions 



in lincRNAs that are under stronger selective constraints than surrounding regions of the lincRNA locus. We analyzed expression patterns of 
lincRNAs and found that evolutionarily ancient lincRNAs tend to have broader expression patterns than lineage-specific lincRNAs. We found 
that lincRNAs show rapid divergence of expression between closely related species compared with protein coding genes. This study provides 
insights into the rapid evolution in sequence and expression patterns of plant lincRNAs, as well as identifies highly conserved lincRNAs of 
ancient origins. 
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Toward the Rs2.0: Upgrade of the Radish Genome Based on Long-Read Sequencing and Optical Genome Mapping 
Jeong-Hwan Mun1, Goon-Bo Kim1, Seunghoon Baek1, Young Joon Lee2 and Hee-Ju Yu2, (1)Myongji University, Yongin, Korea, 
The Republic of, (2)The Catholic University of Korea, Bucheon, Korea, The Republic of 
The radish genome assembly Rs1.0 serves as a valuable resource in radish biology and breeding. The total size of Rs1.0 is 426.2 Mb in size, 
83.6% of the estimated genome size of Raphanus sativus cv. WK10039 (510 Mb), and has approximately 55 Mb gaps. To generate next version 
of assembly with improved quality, we have applied two independent approaches based on the recent advances in single molecule sequencing 
and optical genome mapping. We generated 18.5 Gb PacBio RS II data with N50 of 12.5 kb and assembled the reads into 514.6 Mb contigs with 
N50 of 115.4 kb using Canu assembler. For optical genome mapping, two rounds of optical mapping using Irys nanochannel generated 84X 
physical image data. Assembly of the image data generated 221 contig maps covering 45 Mb with N50 of 203 kb. Integration of these data into 
Rs1.0 will largely improve quality of the radish genome assembly. 
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The Role of FIP, a New Protein That Interacts with the FtsH Complex in Chloroplasts, in Plant Abiotic Stress Response 
Karina L Lopes, Esalq/ Universidade de Sao Paulo, Piracicaba, Brazil, Marcos A. C. Silva, Esalq/ USP, Piracicaba, Brazil and 
Marcio C Silva-Filho, Laboratório de Biologia Molecular de Plantas, ESALQ, USP., Piracicaba, Brazil 
Chloroplast proteases are related to a fine regulation of the intraplastid proteome, which interfere in a wide set of physiological processes. 
Eukaryotic AAA/FtsH proteases play a key role in protein quality control of membrane-inserted proteins in mitochondria and chloroplasts. In 
Arabidopsis thaliana, thylakoidal FtsH proteases form a heterohexameric complex made by FtsH1/FtsH5 (type A) and FtsH2/FtsH8 (type B) 
subunits. This complex is responsible for turnover of the photo-damaged PSII reaction center protein D1. In previous experiments, our group 
identified a putative interacting protein named FIP (FtsH5 Interacting Protein), which has been proved to interact with FtsH5 and to be located at 
the thylakoid membranes. Mirror tree analysis showed the existence of coevolution between FIP and type A FtsH proteases, but not to type B. In 
addition, extensive protein-protein interaction experiments showed that FIP interacts with different chloroplast proteins involved in 
photosynthesis, suggesting a wide role in plastid biogenesis. Interestingly, FIP is down-regulated in several abiotic stresses. Phenotypic 
differences among fip knock-down mutants, wild type and FIP-overexpressing (OE) plants were not significant under control conditions. 
However, under abiotic stress conditions such as, high salt, increased osmotic potential and high light intensity indicated that mutant plants were 
considerably more tolerant to different stresses. Overall, these results suggest that FIP might be a negative regulator of the FtsH5 activity. 
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Quantitative Trait Loci for Morphological Traits and Their Association with Functional Genes in Raphanus sativus 
Xiaona Yu, Su-Ryun Choi, Vignesh Dhandapani, Jana Jeevan Rameneni, Sang Heon Oh and Yong Pyo Lim, Chungnam National 
University, Daejeon, Korea, The Republic of 
Identification of quantitative trait loci (QTLs) governing morphologically important traits enables to comprehend their potential genetic 
mechanisms in the genetic breeding program. The present study, we used 210 F2 populations derived from a cross between two inbred lines 
radish (Raphanus sativus) ‘835’ and ‘B2’, and detected QTLs for 11 morphological traits related to whole plant, leaf and root yield during three 
years replicated field test. Total fifty-five QTLs were detected, and they were distributed on each linkage group of the Raphanus genome. 
Individual QTLs accounted for 2.69–12.6 of the LOD value, and 0.82–16.25% of phenotypic variation. Several genomic regions affecting 
multiple traits were clustered together, suggesting the existence of pleiotropy linkage. Synteny analysis of the QTLs regions with A. thaliana 
genome sequences allowed selection of candidate genes at QTL cluster positions. The five identified auxin and gibberellin candidate gene-base 
markers co-localized with underlying QTLs affecting different traits. The QTL positions identified in this study will provide a resource for 
finding more functional genes when the impending full radish genome sequence is released. Candidate genes identified in this study through co-
location to QTL regions are expected to facilitate improvements in radish breeding programs. 
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Cytology and Molecular Analysis on Sterile Mechanism of SaNa-1A CMS Derived from Somatic Hybrid Between Brassica 
napus and Sinapis alba 
Xin Xu and Youping Wang, Yangzhou University, Yangzhou, China 
Cytoplasm male sterile (CMS), as an ideal system regulating pollination, has greatly contributed to the improvement in rapeseed output. Somatic 
hybridization is effective in creating new CMS lines from potential mitochondrial genome recombination of parents. A sterile line (SaNa-1A) 
was selected from the backcross progenies of Brassica napus-Sinapis alba somatic hybrids. By comparing different anther developmental stages 
between sterile and maintainer line (SaNa-1B) through microscope observation, we found tetrads in sterile lines were covered with thick callose, 
and tapetum cells were severely vacuolated during the tetrad stage. In the early uninucleate stage, microspores in sterile line were vacuolated 
with few inclusions; tapetum was condensed and separated with the intermediate cells. In the late uninucleate stage, microspores were adhered 
together and embraced with the tapetum cells, which were located in the center of pollen sac. Physiological and biochemical analysis of 
developing anther and mitochondria in sterile and maintainer lines revealed that SOD and POD responses were induced with the accumulation of 
ROS in aborted anther of SaNa-1A. Meanwhile, we compared the F1F0-ATPase activity, ATP content in mitochondria, and COX activity in 
anther between sterile and maintainer lines and found that the activity of F1F0-ATPase was significantly downregulated with the anther 
development of sterile line, which was lower than in maintainer lines. By using the TdT-mediated dUTP Nick-End Labeling method to identify 



the PCD during anther development, we identified that tapetum cells in normal anthers undergo PCD since the tetrad stages and maximized it at 
the uninucleate stage. However, few hybridization signals were identified in the tetrads of sterile lines. Meanwhile, PCD was not obvious in the 
tapetum cells of sterile lines and was identified in tapetum cells since the uninucleate stage.  
Keywords: Brassica napus, Cytoplasm male sterile (CMS), Physiological and biochemical analysis, Mechanism 
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SNP Calling Between Two Genotypes of Brassica napus 
Ruijuan Li, UC Daivs, Davis, CA, Kwang-Ju Jeong, Fungi and Plants Co., Ltd, CHUNGCHEONGBUK-DO, Korea, The Republic 
of, John Davis, UC Davis, Davis, CA, Richard Michelmore, Genome Center, University of California Davis, Davis, CA, Shinje 
Kim, Fungi and Plants Co.,Ltd, Chungcheongbuk-do, South Korea and Julin N. Maloof, University of California, Davis, DAVIS, 
CA 
Brassica napus (AACC), an economically important crop, is a tetraploid species that resulted from hybridization between two diploid species B. 
rapa (AA) and B. olereacea (CC) followed by chromosome doubling. We have synthesized two new B. napus genotypes Da-Ae (AACC) and 
Da-Ol-1 (AACC). These strains differ in fatty acid content and the level of drought tolerance. While Da-Ae was selected from the synthetic 
allopolyploid F2 population created by hybridizing B.rapa with B.olereacea, Da-Ol-1 was made by crossing B.napus with B.juncea (AABB) and 
then backcrossing to B.napus. Over 250,000 SNPs were identified between Da-Ae and Da-Ol-1 by analyzing the RNA-seq data generated from 
different stages of these two genotypes, 2/3 of which are localized to subgenome A of B.napus. The higher divergence between subgenome A of 
the two genotypes reflected the breeding history of these two genotypes. SNP data identified from this study can be used for future genetic map 
construction and QTL analysis. 
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Genome-Wide Phylogenetic Incongruence Indicates Ancient Introgression in Ancestors of Arabidopsis, Capsella, Camelina, 
and Boechera (Brassicaceae) 
Evan S Forsythe1, Andrew DL Nelson1 and Mark A Beilstein2, (1)School of Plant Sciences, University of Arizona, Tucson, AZ, 
(2)University of Arizona, Tucson, AZ 
Organismal phylogenies are typically inferred from either a single molecular marker or concatenated sequences from a small number of loci. 
However, loci with in a genome can have different histories due to processes such as gene duplication and loss, incomplete lineage sorting, and 
introgressive hybridization. These processes can cause phylogenetic incongruence within and between nuclear and organelle genomes. More 
explicitly, a gene tree inferred from a locus that has undergone any of these processes may differ 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. Such analyses can inform our understanding of genome evolution by indicating regions of the genome 
with alternative histories. Here, we 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. 
We apply the pipeline to whole genome sequences from Arabidopsis and its close relatives to identify a significant signature of ancient 
introgression, which led to nuclear mosaicism, chloroplast capture, and cytonuclear discordance. Our findings serve as a valuable resource to 
dissect the impact of historical processes on genome content and architecture within the agriculturally and scientifically important Brassicaceae. 
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Genetic Characterization of Glossy-Leafed Mutant Broccoli Lines 
Sandra E. Branham, USDA-ARS, Charleston, SC and Mark W. Farnham, USDA-ARS Vegetable Laboratory, Charleston, SC 
Glossy mutants of Brassica oleracea L. have reduced or altered epicuticular wax on the surface of their leaves as compared to wild-type plants, 
conveying a shiny green appearance. Mutations conferring glossiness are common and have been found in most B. oleracea crop varieties, 
including cauliflower, kale, broccoli, Brussels sprouts, cabbage, and collard. Glossiness can decrease pest infestation and damage through 
reduced herbivore oviposition and feeding and increased efficiency of predatory wasps. The genetic mutations that cause glossiness have not 
been identified in B. oleracea. We used genotyping-by-sequencing (GBS) to search for polymorphisms between two pairs of near-isogenic lines 
(NILs) that differ only for glossiness. The results suggest that the two glossy mutant lines were likely caused by mutations to genes encoding 
enzymes essential to different steps of the wax synthesis pathway. 
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Genome-Wide Association Mapping of Flowering Time in Brassica rapa 
Jian Wu, Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing, China 
Brassica rapa is a species widely cultivated as oil and vegetable crops. Flowering time considerably impacts the economic yield in B. rapa crops. 
Pre-mature bolting caused by the low temperature in the early stage of plant growing results in completely loss of economic value in leafy B. 
rapa vegetables. To identify the polymorphisms and better understand the genetic architecture of flowering time in B. rapa, we conducted 
GWAS in a natural B. rapa population consisting of 688 accessions with 1.3 million identified SNPs. We identified 16 loci for bolting time and 
20 loci for flowering time respectively, by analyzing phenotype data from three trails conducted in greenhouse or in open field. Candidate genes 
with known function or Arabidopsis orthologs were proposed, including genes that have been reported to play important roles in transition from 
vegetative stage to reproductive stage, including BrFLC1, orthologues of FT, VRNI. Loci without Arabidopsis orthologues were also identified 
which may indicate that the different regulation mechanimsms involved in B. rapa flowering control. This study enriches our knowledge of the 
genetic basis underlying flowering time variation in B. rapa and provides valuable markers for molecular breeding of B. rapa. 
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Towards the Production of Silique Shatter Resistant Rapeseed By Use of Mutations in Dehiscence Zone Identity Genes 
Janina Braatz, Nazgol Emrani, Hans J. Harloff and Christian Jung, Christian Albrechts University of Kiel, Kiel, Germany 



In temperate climate zones, oilseed rape (Brassica napus L., AACC) is an important crop for production of vegetable oil, animal feed and 
biofuels. The production of rapeseed is limited by its natural propagation system which involves shedding seeds from dry, fragile fruits (siliques). 
A strategy to reduce pre-harvest seed loss is the manipulation of the silique structure or more specifically, manipulation of the cells forming the 
predetermined breaking point, the so called dehiscence zone. The development of the dehiscence zone is controlled by a network of transcription 
factors including SHATTERPROOF1/2 (SHP1/2), INDEHISCENT (IND) and ALCATRAZ (ALC).  
Screening a winter rapeseed EMS (ethylmethanesulfonate) mutant population by TILLING identified various mutations in two paralogs of 
BnIND and BnALC. As in both cases paralogs potentially share redundant functions, single mutations were not expected to show an effect on 
shatter resistance. For BnIND, phenotyping of greenhouse grown plants confirmed this assumption. Consequently, different mutations were 
combined by crossing to yield double mutants with more robust siliques. Three different bench top trials proved that a combination of BnIND 
mutations leads to shatter resistance. Field data obtained from IND mutants sown on two locations in Germany are expected in summer of 2017. 
In parallel, propagation of BnALC double mutants from the EMS material is in progress. Another approach comprises the targeted mutagenesis 
of dehiscence zone identity genes by a Cas9-guided RNA. 
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Comprehensive Analysis of the CDPK-SnRK Superfamily Genes in Chinese Cabbage and Exploration of Its Evolutionary 
Pattern in Plants 
Peng Wu and Xilin Hou, Nanjing Agricultural University, Nanjang, China 
CDPK-SnRK(Calcium-dependent protein kinases -Snf1-related protein kinases) gene family plays important roles in signaling pathways for 
disease resistance and various stress responses as indicated by emerging evidences. In this study, we constructed comparative analyses of gene 
structure, retention expansion, whole-genome duplication and expression patterns of CDPK-SnRK genes in Brassica rapa and their evolution in 
plants. A total of 49 BrCPKs, 14BrCRKs, 3BrPPCKs, 5BrPPERKs, 56BrSnRKs were identified in B. rapa. By statistics of the number of CDPK-
SnRK genes in each species, we found that the expansion of the CDPK-SnRK gene family started from angiosperm. The analysis showed 
PPERK was more preferentially retained than other subfamilies and CPK was similarly retained to SnRK. In addition, we identified 196 CPK 
genes and 252 SnRK genes in the 6 species and their different expansion and evolution types were discovered. Furthermore, the expressions of 
BrCDPK-SnRK genes are dynamic in different tissues as well as in response to abiotic stresses, demonstrating their important roles in 
development in B.rapa. In summary, this study provides genome-wide insight into evolutionary history and mechanisms of CDPK-SnRK genes 
following whole-genome triplication in B. rapa. 
 
P0550: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 
Genotyping-By-Sequencing Reveals Three QTL for Clubroot Resistance to Six Pathotypes of Plasmodiophora brassicae in 
Brassica rapa 
Fengqun Yu1, Xingguo Zhang1, Gary Peng1, Kevin Falk1, Stephen Strelkov2 and Bruce Gossen1, (1)Saskatoon Research and 
Development Centre, Agriculture and Agri-Food Canada, Saskatoon, SK, Canada, (2)Department of Agricultural, Food and 
Nutritional Science, University of Alberta, Edmonton, AB, Canada 
Clubroot, caused by Plasmodiophora brassicae, poses a serious threat to canola and Brassica vegetable production worldwide. A B. rapa canola 
breeding line T19 was found to be highly resistant to six pathotypes (Williams’ system pathotypes 2 (P2), 3 (P3), 5 (P5), 6 (P6), 8 (P8) and a 
highly virulent variant of P5 (P5x) of P. brassicae identified from canola in Canada. Crosses of T19 with a susceptible double-haploid line 
ACDC were made and the resulting F1 was backcrossed with ACDC to produce a BC1 population. The 92 BC1 plants were self-pollinated to 
produce 92 BC1S1 lines, which were evaluated for resistance to clubroot. Genotyping-by-sequencing (GBS) was performed on the parental lines 
and 92 plants in the BC1. Short-read sequences were aligned into the chromosomes of the reference genome and genome-wide DNA variants 
were identified in the population and the parental lines. After filtering for false heterozygous, monomorphic and un-linked SNP loci, 1178 high 
quality SNP loci distributed on 10 chromosomes of B. rapa were obtained. A single co-localized QTL designated as Rcr4 on chromosome A03 
conferred resistance to P2, P3, P5, P6 and P8. Two QTL designated as Rcr8 on chromosomes A02 and Rcr9 on A08 were detected for resistance 
to pathotype 5x. DNA variants in the respective QTL target regions were examined through bulked segregant DNA sequencing to identify 
possible candidate genes. Our results demonstrated the power of GBS-based QTL mapping for rapid and efficient QTL detection and provided 
reliable QTL regions for fine mapping.  
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Genetic Analysis in Advanced Backcross Populations of Brassica oleracea 
Lan-Shuan Shuang1, Hugo E. Cuevas2, Cornelia Lemke1 and Andrew H. Paterson1, (1)Plant Genome Mapping Laboratory, 
University of Georgia, Athens, GA, (2)ARS - Tropical Agriculture Research Station, Mayaguez, PR 
The single species Brassica oleracea has great economic importance, remarkable morphological variation and genome complexity. To 
understand the genetics of morphological diversity within the species and dissect its complex genome, two backcross populations were 
developed by using inbred lines of cabbage (Badger Inbred) and cauliflower (Orange) as donor parents, and a rapid cycling line (TO1434) as the 
recurrent parent. Genotypes of the two populations were determined in the BC4F1 generation by genotyping-by-sequencing (GBS). The two 
populations were evaluated in the field for five seasons. Morphological traits, including flower color and leaf-, stem-, and flower-traits, were 
segregating within the two populations, which allowed us to identify putative QTLs. The two populations provide the foundation to construct 
panels of near isogenic lines covering most of the genome, finely map QTLs for morphological traits, and improve sensitivity to small effect 
QTLs in the near future. 
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Genome-Wide Association Studies for Curd Induction Time in Brassica oleracea 
Meng-Chun Tseng, Department of Agronomy, Department of Agronomy, National Taiwan University, TAIPEI, Taiwan, Lee 
Chieh-Ying, Known-You Seed Co., LTD, Kaohsiung, Taiwan, Amber Shen, Knownyou seed company, kao, Taiwan, Han-shiuan 



Chin, Dept. of Agronomy, National Taiwan University, TAIPEI, Taiwan, Jou-Yi Lee, Department of Agronomy, National Taiwan 
University, TAIPEI, Taiwan and Yann-rong Lin, Department of Agronomy, National Taiwan University, Taipei, Taiwan 
Broccoli (Brassica oleracea var. italica) and cauliflower (B. oleracea var. botrytis) production in Taiwan has been confined in cool seasons due 
to heat stress. Heat-tolerance and early curding are two of major breeding aims. In this study, we aimed to uncover QTLs responsible for early 
curd formation by genome-wide association study (GWAS). A diversity panel of B. oleracea including 93 cauliflower, 86 broccoli and 13 kale 
accessions were used. The curding time were ranged 16~84 and 29~78 days in 2014 and 2015, respectively. The diverse panel was genotyped by 
multiplex shotgun genotyping (MSG) approach. A total of 220,042,148 raw reads were generated; 52,778 polymorphic SNP loci were discovered 
using TASSEL 5 GBS pipeline; and then 14,839 SNPs were used for analysis after filtered out minor and missing genotypes. After population 
structure by principle component analysis, a mixed model consists of 4 PCs and kinship in were applied to identify significantly associated SNP 
markers by TASSEL 5. A total of 19 significant SNPs localized on all 9 chromosomes. Some of significant SNPs were found co-localized with 
published QTLs mapped by bi-parental mapping populations in broccoli and cauliflower, such as previously identified BoFLC genes. The results 
found stable QTLs across different mapping populations as well as novel SNPs responsible for curding time in B. oleracea. The further 
confirmation is ongoing, and the results will facilitate to promote breeding efficiency to breed broccoli and cauliflower new varieties with early 
curding formation by marker-assisted selection.  
Keywords: Brassica oleracea; Multiplexed shotgun genotyping, curd induction time, Quantitative trait loci, Marker assisted breeding. 
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Genome-Wide Association Study of Genetic Control of Seed Fatty Acid Biosynthesis in Brassica napus 
Katarzyna Gacek, Plant Breeding and Acclimatization Institute-National Research Institute, Poznan, Poland 
Fatty acids and their composition in seeds affect seed germination, seedling establishment and determines oil value for industrial or nutritional 
purposes. To better understand the genetic basis of seed fatty acid biosynthesis in winter type oilseed rape (Brassica napus L.), we applied a 
genome-wide association study, using 91,205 single nucleotide polymorphisms (SNPs) characterised across 60 mapping population lines (DH) 
with high-resolution skim genotyping by sequencing (SkimGBS). We identified a cluster of loci on chromosome A05 associated with oleic and 
linoleic fatty acids. The delineated genomic region contained orthologs of the genes known to play a role in regulation of seed fatty acid 
biosynthesis in model plants. This approach allowed us to identify potential functional genes regulating fatty acid composition in this important 
polyploid oil producing crop and demonstrates that this method can be used as a powerful tool for dissecting complex traits for B. napus 
improvement programs. 
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Towards a Pangenome for Brassica napus Canola 
Bhavna Hurgobin1,2, Agnieszka Golicz1, Philipp E. Bayer2, Juan Montenegro1, Isobel Parkin3, Rod Snowdon4, Jacqueline Batley2 
and David Edwards2, (1)University of Queensland, Brisbane, Australia, (2)University of Western Australia, Perth, Australia, 
(3)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada, (4)Justus Liebig University, Giessen, Germany 
With the increasing number of genome sequencing projects, there is growing evidence that a single individual is insufficient to capture the 
genetic diversity within a whole species due to gene presence absence variation. Therefore, the construction of a pangenome is essential as it can 
help us understand the variation within a species. The pangenome represents the complete set of genes for a given species. It is composed of core 
genes, which are present in all individuals, and variable or dispensable genes, which are present in some but not all individuals. Here we describe 
the construction of a pangenome for Brassica napus canola, which is one of the major oilseed crops in the world. There is currently only one 
public reference available for canola, which is the European winter variety, Darmor. While the availability of this genome reference can advance 
crop improvement, it is unknown how well it represents the genome diversity found in existing canola lines especially since extensive breeding 
has greatly reduced the genetic diversity present in those lines. We applied an iterative mapping and assembly approach to construct the canola 
pangenome. This is the first study of the Brassica napus canola pangenome and provides insight into canola genome diversity as a basis for 
genomics-based improvement of this important oilseed crop. 
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Identification of a Novel Regulator of Brassica napus Seed Development By Associative Transcriptomics 
Charlotte Noelle Miller1, Rachel Wells2, Neil McKenzie1 and Michael Bevan1, (1)John Innes Centre, Norwich, United Kingdom, 
(2)John Innes Centre, Norwich, UK 
Identifying and using genetic variation that contributes to crop yield is a key aim in the breeding of major food and industrial crops such as 
oilseed rape (OSR). Using Associative Transcriptomics we screened a panel of OSR accessions for genetic variation associated with a range of 
yield component traits. This analysis identified a locus associated with the weight of seed per pod. The expression of a gene at this locus, 
encoding a ubiquitin ligase, correlated negatively with the observe trait variation. Concordant with this result, we show that Arabidopsis mutants 
lacking a functional copy of this gene produce significantly larger seeds relative to WT plants. This increase in seed size was coupled with a 12% 
increase in seed storage protein and a 13% increase in seed lipid levels. Assessment of gene expression throughout seed development revealed 
that a set of regulatory transcription factor genes known for their role in seed maturation are upregulated in mutant seeds relative to WT. Using a 
cell-free system we showed that the ubiquitin ligase mediates the proteosomal degradation of a master regulator of seed maturation. Closer 
inspection of the promoter region of the Brassica napus orthologue of this ubiquitin ligase revealed extensive variation which may be causal for 
the differential expression and consequent phenotypic variation observed. Such variation could be utilised in breeding programs for the direct 
selection of genotypes exhibiting large seed size with high lipid content. 
 
P0556: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 
Genome-Wide Analysis of Aux/IAA Gene Family in Allotetraploid Rapeseed (Brassica napus L.) 
Haitao Li, Qinghua Zhang, Bo Wang and Kede Liu, Huazhong Agricultural University, Wuhan, China 



Auxin/Indole-3-Acetic Acid (Aux/IAA) genes participate in auxin signaling pathway with cognate TIR1/AFB proteins and play key roles in plant 
growth and development. Although Aux/IAA gene family had been identified comprehensively in many plants, little is known in allotetraploid 
Brassica napus, one of the important oil crop worldwide. In this study, a comprehensive identification of the Aux/IAA gene family was 
performed using the available genome sequence of the rapeseed cultivar Darmor-‘bzh’. A total of 119 non-redundant Aux/IAA genes were found 
across the genome of rapeseed. They were distributed non-randomly all over the 19 chromosomes and other non-anchored random scaffolds, 
with symmetric distribution in the A and C subgenome. Evolution and comparative analysis revealed that 111 (94.1%) Aux/IAA genes were 
duplicated due to both Brassica whole genome triplication (WGT) and recent allotetraploidy from B. rapa and B. oleracea. Phylogenetic study 
generated seven subgroups containing 29 orthologous gene sets and two Brassica-specific gene sets. The CDS length and protein structure varied 
across genes but conserved among homologous genes. Furthermore, gene expression was analyzed in different types of tissues using the RNA-
seq data and revealed that the expression pattern of Aux/IAA gene was dependent on tissues in B. napus. Numerous auxin-responsive elements 
(AuxREs) were discovered in 101 Aux/IAA genes (85.59%) and displayed higher density in the proximal promoter, which was significantly 
associated with the early exogenous auxin up-regulation (p=0.03). The comprehensive analysis in this study would help us understanding of 
Aux/IAA gene family and facilitate further dissection of Aux/IAA genes function in B. napus. 
 
P0557: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 
Integrated Transcriptome and Proteome Analyses Reveal Cell Type-Specific Regulation of Alternative Splicing in 
Arabidopsis 
Song Li, Virginia Tech, Blacksburg, VA 
The extent to which alternative splicing produces cell type-specific isoforms in plants, and how these isoforms contribute to proteome diversity is 
largely unknown. To address these questions, we generated a comprehensive dataset of gene expression from individual cell types of the 
Arabidopsis root using short-read, paired-end RNA-seq. We complemented this analysis with long-read Pacific BioSciences (PacBio) sequencing 
and quantitative mass spectrometry. From these three platforms, we identified > 24,000 new splice isoforms and >1000 non-coding RNAs and 
detected > 12,000 peptides from over >5,000 proteins. Key insights from the analysis of these extensive data are: 1) Alternative splicing between 
cell types is rarely a binary process, but results in a difference in degree between major and minor isoforms; 2) Alternative splicing tends to 
remove parts of coding regions from a longer, major isoform, providing evidence for a progressive mechanism of splicing; 3) Intron retention of 
evolutionarily conserved introns suggests a possible origin for a common form of alternative splicing; 4) Coordinated alternative splicing appears 
to play a role in regulating differentiation in the root; and 5) For the majority of detected proteins, peptide abundance correlates well with major 
isoform abundance in different developmental stages. To characterize the complex regulatory process of alternative splicing, we have developed 
CoSpliceNet, a computational pipeline that integrates co-expression and motif discovery at splicing regulatory regions to infer co-splicing 
networks. CoSpliceNet can be used for identifying candidate regulators of splicing events and predict RNA-binding motifs in any biological 
system. 
 
P0558: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 
FIP, a Putative Regulator of FtsH5 in Chloroplasts, is Involved with Abiotic Stress Response in Arabidopsis 
Karina L Lopes, Esalq/ Universidade de Sao Paulo, Piracicaba, Brazil, Marcos A. C. Silva, Esalq/ USP, Piracicaba, Brazil and 
Marcio C Silva-Filho, Laboratório de Biologia Molecular de Plantas, ESALQ, USP., Piracicaba, Brazil 
Chloroplast proteases are related to a fine regulation of the intraplastid proteome, which interfere in a wide set of physiological processes. 
Eukaryotic AAA/FtsH proteases play a key role in protein quality control of membrane-inserted proteins in mitochondria and chloroplasts. In 
Arabidopsis thaliana, thylakoidal FtsH proteases form a heterohexameric complex made by FtsH1/FtsH5 (type A) and FtsH2/FtsH8 (type B) 
subunits. This complex is responsible for turnover of the photo-damaged PSII reaction center protein D1. In previous experiments, our group 
identified a putative interacting protein named FIP (FtsH5 Interacting Protein), which has been proved to interact with FtsH5 and to be located at 
the thylakoid membranes. Mirror tree analysis showed the existence of coevolution between FIP and type A FtsH proteases, but not to type B. In 
addition, extensive protein-protein interaction experiments showed that FIP interacts with different chloroplast proteins involved in 
photosynthesis, suggesting a wide role in plastid biogenesis. Interestingly, FIP is down-regulated in several abiotic stresses. Phenotypic 
differences among fip knock-down mutants, wild type and FIP-overexpressing (OE) plants were not significant under control conditions. 
However, under abiotic stress conditions such as, high salt, increased osmotic potential and high light intensity indicated that mutant plants were 
considerably more tolerant to different stresses. Overall, these results suggest that FIP might be a negative regulator of the FtsH5 activity. 
 
P0559: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 
Heme Oxygenase-1 Improved Salt Tolerance in Arabidopsis: A Case Study on Proteomic Analysis 
Xingliang Duan, Nanjing Agricultrual University, Nanjing, China 
Plant heme oxygenase (HO) catalyzes the oxygenation of heme to biliverdin, carbon monoxide, and free iron, and is regarded as a stress-
responsive protein. Here, a cabbage HO1 gene (named as BoHO1) was isolated and characterized. BoHO1 shares a high degree homology with 
Arabidopsis AtHO1, and could locate in Arabidopsis chloroplast. BoHO1 mRNA was ubiquitously expressed in cabbage tissues, and was 
responsive to several stimuli and chemicals. Furthermore, comparative proteomic analysis was subsequently performed. Results revealed that 
protein abundance related to light reactions was greatly suppressed by NaCl stress in wild-type, whereas was partially recovered in BoHO1. 
Salinity stress also strongly activated stress-related metabolic processes in wild-type, i.e. carbon and energy metabolism, ammonium 
detoxification, and protein turnover, and these induced tendencies were more intensive in BoHO1. Particularly, proteins related to glutathione 
metabolism and ion homeostasis were specifically enriched in NaCl-stressed BoHO1. On the basis of above results, we propose that BoHO1 
could activate multiple stress-responsive pathways to help Arabidopsis regain cellular homeostasis, thus presenting enhanced adaptation to 
salinity stress. 
 
P0560: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 



Whole-Genome Profiling of CpG Methylation in Arabidopsis thaliana By Single-Molecule Genome Mapping in 
Nanochannels Arrays 
Tslil Gabrieli1, Florian Jupe2, Rani Arielly1, Hila Sharim1, Rani Arielly1, Yael Michaeli1, Matyas Juhasz3, Elmar Weinhold3, Joseph 
Ecker2 and Yuval Ebenstein1, (1)Tel Aviv University, Tel Aviv, Israel, (2)Salk Institute for Biological Studies & Howard Hughes 
Medical Institute, La Jolla, CA, (3)Institut für Organische Chemie AK Weinhold, Aachen, Germany 
Single-molecule Genome mapping is based on stretching genomic DNA molecules by squeezing them into an array of silicon nanochannels. 
When the DNA is fluorescently labeled at specific sequence motifs, long (50-1000Kbp) individual DNA molecules are imaged by a fluorescence 
microscope as linear fluorescent barcodes that report on the genomic locus of the molecules and on any structural variation from the genome 
reference. Here, we add epigenetic information to this genetic analysis method by highlighting DNA methylation patterns along the molecules  
Due to the dynamic nature of the methylation process, DNA methylation patterns exhibit a large degree of inter-individual variance. This 
heterogeneity in the methylation state across individual cells (even in the same tissue) makes epigenetic analysis on the single cell and single 
genome level a necessity. Such analysis is hindered by the limitations of existing DNA array and sequencing based technologies that provide 
population averaged profiles of DNA methylation. Despite recent advances in single-cell sequencing, these technologies are inherently 
problematic in combining methylation patterns with structural variation or repetitive elements which compose large fractions of mammal and 
plant genomes.  
We establish a new enzymatic labeling method that differentiates between methylated and unmethylated cytosines in CpG dinucleotides. 
Unmethylated cytosines are fluorescently tagged for whole genome methylation mapping of individual genomic fragments.  
By combining our methylation profiling method with site specific genetic labeling we were able to map the genome-wide methylation profile of 
Arabidopsis Thaliana and simultaneously capture large scale genetic variations such as tandem repeats. 
 
P0561: Genome Mapping, Tagging & Characterization: Brassicas, Arabidopsis 
Functional Study of NLR Gene Diversity in Arabidopsis thaliana 
Rui Wu, Darya Karelina, Miriam Lucke, Wangsheng Zhu, Wanyan Xi and Detlef Weigel, Max Planck Institute for Developmental 
Biology, Tuebingen, Germany 
To detect pathogens, plants employ Resistance (R) proteins, many of which have nucleotide binding and leucine rich repeat (NB-LRR or NLR) 
domains. The number of NLR genes varies greatly between plant genomes, from fewer than hundred to close to a thousand. In addition, 
individual NLR genes often vary considerably in sequence, likely both because alleles persist much longer than the genome average due to 
balancing selection, and because of rapid diversification due to positive selection. However, this is not true for all NLR genes, and about a fifth 
of all Arabidopsis thaliana NLR genes are highly conserved among accessions. For example, 32 out of 163 NLR genes show much less than 
diversity than the NLR family average, with ~90% or more of the reference gene sequence found in the first 80 A. thaliana accessions sequenced 
in the 1001 Genomes project. Out of these 32 genes, only two have been assigned a biological function from previous analysis of mutants or 
natural variants. The goal of our study is to explore the biological functions of these conserved NLR genes, using CRISPR/Cas9 genome editing 
technology to systematically generate mutants and determine their mutant phenotypes both in normal growth condition and after pathogen 
infection. 
 
P0562: Genome Mapping, Tagging & Characterization: Cotton 
The Application of T-DNA Insertion  and CRISPR/Cas 9 System in Cotton for Functional Genomic Research 
Shuangxia Jin, Huazhong Agricultural University, Wuhan, China 
Agrobacterium mediated T-DNA insertion is one of the important strategies to create mutants. In this research, we generated cotton T-DNA 
insertion mutants with promoter trap system. We use these mutants to isolate T-DNA flanking sequences, analyze GUS expression patterns and 
the copy number of T-DNAs. Up to now, 2000 + independent T-DNA lines carrying the promoter trap system were created by using 
Agrobacterium-mediated transformation. Approximately, 50.56% lines had a single copy and each transformants contained 1.83 T-DNA copies 
in average revealed by southern bolting. More than 1000 flanking sequences from T-DNA left border and right border were identified by using 
FPNI-PCR. Besides the T-DNA mutation, we also utilized a CRISPR/Cas9 system in cotton for genome editing . An exogenously transformed 
gene dsRFP and an endogenous gene GhCLA1 were chose as CRISPR/Cas9 knock out targets. For each gene, at least a pair of sgRNAs, driven 
by a cotton native type Ⅲ RNA polymerase promoter-pGhU6.9, were designed in the coding (or exons) regions. Through Agrobacterium-
mediated transformation, the regenerated T0 plants exhibited obvious phenotype for both target genes. For RFP, the regenerated plants had 
vanished red fluorescence. GhCLA1 targeting plants gained obvious albefaction from embryo to young seedlings stages. Gene mutations were 
verified with Sanger sequencing and T7E1 enzyme. Large deletions were observed between the paired target sites. Moreover, these albefaction 
plants only arose in bioallelic mutation of all copies of the target gene. All these results demonstrated that the sgRNA guided Cas9 had a great 
potential in cotton for genome editing. 
 
P0563: Genome Mapping, Tagging & Characterization: Cotton 
Major CNV Detection By Read-Depth Analysis Using Capture-Based GBS in Cotton 
Luis M. De Santiago1, Amanda M. Hulse-Kemp2, Marcio Resende3, Leandro G. Neves3, Hamid Ashrafi4, Clare A. Gill1 and David 
M. Stelly1, (1)Texas A&M University, College Station, TX, (2)University of California, Davis, Davis, CA, (3)RAPiD Genomics 
LLC, Gainesville, FL, (4)North Carolina State University, Raleigh, NC 
Copy number variation (CNV) reflects differential abundance of genomic sequences relative to each other and ploidy. CNV arises by multiple 
mechanisms, and affects genomic regions that range widely in size. Traits such as nematode resistance and aluminum tolerance can involve 
CNVs. In Upland cotton (Gossypium hirsutum L.), CNV detection has been hindered by the polyploid and paleopolyploid heritage, abundance of 
repetitive sequence elements, and availability of suitable genomics information and analytical methods. We assessed a strategy for cotton 
genomic CNV analysis involving quantitative analysis of targeted NGS data obtained after DNA “capture”, by analyzing dosage differences 
among and within G. hirsutum and G. hirsutum x G. barbadense euploid, hypoaneuploid or radiation hybrid genotypes. BAC-end SNP sequences 
were used as baits for capture by Capture-Seq and as markers for CNV detection through read-depth analysis. Applying this to 9.6 Mbp of 



dispersed SNP-laden target regions, we aligned reads to BAC-end Sanger sequences, and called SNPs from aligned sequences using a previously 
proven bioinformatic pipeline. Specific genomic regions within intraspecific G. hirsutum hypoaneuploids exhibited reduced read depth indicating 
success. Moreover, analogous interspecific hypoaneuploid F1 hybrids exhibited expected CNV-related changes in read-depth AND concordant 
hemizygosity. Extension to G. hirsutum and G. barbadense F1 radiation hybrid lines revealed a similar concordance. These three experimental 
scenarios provided unequivocal support for the detection of cotton CNVs through read-depth analysis of NGS, and the applicability of a capture-
based approach. Research supported by NSF IOS1444552, NIFA-NNF 2014-38420-21835, and Cotton Inc 13-694. 
 
P0564: Genome Mapping, Tagging & Characterization: Cotton 
Development of a Gene-Based Breeding System in Cotton: A New Method Powerful and Efficient for Enhanced Fiber 
Quality Breeding 
Yun-Hua Liu1, Yang Xu2, Meiping Zhang3, Sing-Hoi Sze4, C. Wayne Smith3, Shizhong Xu2 and Hong-Bin Zhang3, (1)Texas A&M 
University, College Station, TX, (2)Department of Botany & Plant Sciences, University of California - Riverside, Riverside, CA, 
(3)Department of Soil and Crop Sciences, Texas A&M University, College Station, TX, (4)Department of Computer Science and 
Engineering and Department of Biochemistry and Biophysics, Texas A&M University, College Station, TX 
Continued crop genetic improvement will largely depend on application of new technologies. We previously cloned 474 GFL (Gossypium Fiber 
Length) genes using the gExpress technology (U.S. Patent Serial No.: 62/298,606). Here we report a gene-based breeding (GBB) method using 
these GFL genes. GBB designs and breeds superior cultivars based on alleles and expression profiles of the genes controlling the targeted trait. 
For targeted gene allele selection, we identified 740 SNP/InDels from 226 of the 474 GFL genes that increased or decreased fiber length by 2.1% 
- 22.6% and 185 genes that gave better-parent heterosis or heterozygous weakness on fiber length by 2.1% - 16.4%. We found the numbers of 
favorable alleles of these 226 genes were significantly associated with fiber length (r = 0.84, P = 0.00E+00). Using these results we developed a 
gene allele selection chip that allows designing and breeding superior fiber quality cultivars. Furthermore, we predicted the fiber length with nine 
genomic selection models using both the GFL SNPs/InDels and the GFL expression profiles. The 226 GFL SNPs/InDels predicted fiber length at 
a correlation coefficient between predicted and observed fiber length of r = 0.43 – 0.58 (P = 0.00E+00) and the GFL expression profiles 
predicted fiber length at r = 0.67 – 0.85 (P = 0.00E+00), while none of the randomly-selected gene controls could predict fiber length. These 
results provide a new line of evidence on the efficiency of the gExpress technology in genome-wide high-throughput gene cloning and an 
efficient method for enhanced cotton fiber quality breeding. 
 
P0565: Genome Mapping, Tagging & Characterization: Cotton 
Transcription Factors in Cotton 
Jie Chen, Mingzhou Song and Jinfa Zhang, New Mexico State University, Las Cruces, NM 
Transcription factors (TFs) regulate gene expressions via interacting with regulatory sequences located in the promoter regions, and they are 
classified into ~60 families based on their DNA-binding domains. The objetives of this study were to to identify and map the TF genes in 
cultivated tetraploid cotton species (Gossypium hirsutum and G. barbadense) and their ancestral diploid species (G. arboreum and G. raimondii), 
and to identify and develop single nucleotide polymorphic (SNP) markers for gene and QTL mapping. In this study, several recently sequenced 
genomes of cotton species were analyzed to identify TF-coding genes for a phylogenetic and comparative structural genomic analysis. SNP 
markers were further identified, using one of the homologous TF-coding gene families as an example. A genome-wide gene expression study 
will be performed to reveal their regulations associated with abiotic and biotic stresses, fiber development and male fertility in cotton. 
 
P0566: Genome Mapping, Tagging & Characterization: Cotton 
Comparative Analysis of Genomic Structural Variants in the Cotton Genus 
Christopher J. Hanson1, Evan Michael Long2, Alex J Freeman1, Spencer Philip Hunt1 and Joshua A. Udall1, (1)Brigham Young 
University, Provo, UT, (2)Brigham Young University, Orem, UT 
Approximately 1-2 million years ago, the A-genome and the D-genome of cotton hybridized to form a novel allopolyploid, the putative 
progenitor of today’s cotton fiber producing species. Genomic divergence in the Gossypium genus has given rise to many species-specific 
chromosomal structural rearrangements. To date, most differences between cotton species have been sequenced-based. We use variations in 
chromosome structure, including inversions, translocations, insertions and deletions to quantify the genetic distances between cotton 
genomes. Few comparisons could be made between the A- and D- genome because of the massive transposable element expansion during their 
divergence from a common ancestor. Variations in the At and Dt-genomes of G. hirsutum and G. barbadense were compared to their respective 
diploid relatives. We placed the structural variations on the accepted phylogeny of the cotton genus. This provided insights into the evolutionary 
history of cotton and an example to investigations of other plant genera. Further examination of these results will improve our understanding of 
polyploidization, hybridization, and genome evolution.  
 
P0567: Genome Mapping, Tagging & Characterization: Cotton 
The lncRNA Landscape of Diploid Vs. Allotetraploid Cotton Genomes 
Xueying Guan1, Ting Zhao1, Jie Li1, Ke Wan1, Guandong Shang1, Shisong Guo1, Yuxin Je1, Xiao-Ya Chen2 and Baoliang Zhou1, 
(1)Nanjing Agricultural University, Nanjing, China, (2)Shanghai Institute of Plant Physiology and Ecology, Shanghai Institutes for 
Biological Sciences, Chinese Academy of Sciences., Shanghai, China 
Eukaryote genomes are composed of protein-coding regions, replicated regions and non-coding regions. The non-coding regions can also be 
transcribed and processed into small RNAs (19-30nt) and long transcripts. Those long transcripts are known as long non-coding RNAs 
(lncRNAs). Noncoding regions have been demonstrated to play regulatory roles in coding gene expression in both animal and plant kingdoms. 
Compared to coding sequences, the non-coding regions evolve quickly. It is well known that polyploidization is a key driving force behind plant 
genome evolution, but the relationship between lncRNA and polyploidization remains largely unknown. Using strand-specific total RNA 
sequencing, we examined lncRNA of diploid and tetraploid cotton (Gossypium) species, including accession Texas Marker-1 (TM-1), a genetic 
standard of the allotetraploid cultivated upland cotton species (G. hirsutum, 2n = 4x = 52, 2(AD)1), and two extant species closely related to G. 



hirsutum A- and D-subgenome progenitors, namely G. arboreum (A2A2) acc. Shixiya and G. raimondii (D5D5). We examined the landscape and 
dynamic of lncRNA behavior relative to hybridization and polyploidization. The expression level of lncRNA in cotton genome is lower than that 
of mRNA. Both the length and exon number are less than that of mRNA. Most of the lncRNAs overlap with transposon elements (TE), which 
indicates a correlation between lncRNA and TE in genome polyploidization. Our study provides the insights of lncRNA roles in genome 
duplication and evolution. 
 
P0568: Genome Mapping, Tagging & Characterization: Cotton 
A Genome-Wide Analysis of Pentatricopeptide Repeat Protein (PPR) Genes in Cotton 
Zongfu Han1, Jianyong Wu2, Chaozhu Xing2, Mingzhou Song1, Jinfa Zhang1 and Ruzhong Li3, (1)New Mexico State University, 
Las Cruces, NM, (2)Institute of Cotton Research, CAAS, Anyang, China, (3)Cotton Research Centre, Shandong Academy of 
Agricultural Sciences, Jinan, China 
Pentatricopeptide repeat (PPR) proteins are encoded by genes from one of the largest families in higher plants. In this study, 513, 558, 990 and 
1054 PPR genes were identified in sequenced genomes of G. arboreum, G. raimondii, G. hirsutum and G. barbadense, respectively. The two 
cultivated allotetraploid species have similar numbers of PPR genes, which are almost the sum of these from the two diploid progenitors. PPR 
genes can be further divided into P subfamily and PLS subfamily based on the P motif variation and a series of conserved C-terminal domains. 
The P subfamily contained roughly half of the identified PPR genes in the four species. With TargetP software, 295 (57.5%), 345 (61.8%), 600 
(60.6%), and 544 (51.6%) PPR proteins were predicted to be targeted to mitochondria or chloroplasts in G. arboreum, G. raimondii, G. hirsutum 
and G. barbadense, respectively. Phylogenetic trees indicated a small portion of subfamily members were not clustered to the same group, and 
genetic variations might have happened in the C-terminal motifs during the natural or artificial selection in cotton. A comparative physical map 
of PPR genes in the four Gossypium species showed that most of the PPR genes in G. raimondii, G. hirsutum and G. barbadense except for G. 
arboreum had good collinear relationships. By comparing with the published linkage maps of CMS fertility restorer genes (Wang et al. 2009; Wu 
et al. 2014), we found l1 PPR proteins located in the target region of Rf genes, but four of them were targeted to chloroplasts. The sequence 
variation and expression variation of these genes between sterile line, fertile maintainer line and fertility restorer line will be identified and 
analyzed. In addition, an transcriptomic analysis of PPR genes in various tissues and environmental conditions will be performed. 
 
P0569: Genome Mapping, Tagging & Characterization: Cotton 
Small RNA and Degradome Sequencing Reveal Small RNA-Mediated Responses to Low- and High-Temperature Stresses in 
Cotton 
Qiongshan Wang and Shuangxia Jin, Huazhong Agricultural University, Wuhan, China 
MicroRNAs (miRNAs) are one class of endogenous non-coding RNAs modulating the expression of target genes involved in plant development 
and stress tolerance, by degrading mRNA or repressing translation. In this study, temperature stress-responsive miRNAs and their targets in 
cotton (Gossypium hirsutum) were identified via small RNA and mRNA degradome sequencing. Cotton seedlings were treated under different 
low- and high-temperature conditions (4, 12, 25, 35, and 42 ℃) and then the effects were investigated. A total of 319 known miRNAs and 800 
novel miRNAs were identified, and 168 miRNAs were significantly differentially expressed between different treatments. The targets of these 
miRNAs were further analysed by degradome sequencing. The majority of the miRNAs were identified as being involved in Gene Ontology- and 
KEGG-defined response to hormone stimulus, oxidation-reduction reaction, photosynthesis, plant–pathogen interaction and plant hormone signal 
transduction pathways. This study provides new insight into the molecular basis of response to extreme temperature stress and its regulation by 
miRNAs. 
 
P0570: Genome Mapping, Tagging & Characterization: Cotton 
A Meta-Analysis of Quantitative Trait Loci for Abiotic Stress Tolerance in Tetraploid Cotton 
Abdelraheem Abdelraheem and Jinfa Zhang, New Mexico State University, Las Cruces, NM 
Cotton as a crop is grown in arid and semi-arid regions where stress environmental conditions such as drought and salinity are often encountered, 
which prohibit the cotton plant from reaching its maximum genetic potential in productivity. The two tetraploid species, Gosypium hirsutum and 
G. barbadense differ significantly in their responses to abiotic stress conditions. In this study, quantitative trait loci (QTL) for drought and salt 
tolerance were identified in several mapping populations of tetraploi cotton. A meta-analysis of QTL for abiotic stress tolerance was further 
performed to identify clusters or hotspots for abiotic stress tolerance. The results will facilitate the understanding of genetic mechanism of abiotic 
stress tolerance in cotton and marker-assisted selection for abiotic stress tolerant cotton. 
 
P0571: Genome Mapping, Tagging & Characterization: Cotton 
Accessing Stress Physiological and Morphological Diversity in the Tetraploid Cultivated Cotton Germplasm through the 
Gossypium Diversity Reference Set 
Kevin R. Cushman1, Isaiah Pabuayon1, Megan Sweeney2, Benildo G. de los Reyes1 and Lori L. Hinze3, (1)Department of Plant 
and Soil Science, Texas Tech University, Lubbock, TX, (2)Bayer Crop Science Division, Morrisville, NC, (3)USDA-ARS, 
Southern Plains Agricultural Research Center, College Station, TX 
The Gossypium Diversity Reference Set (GDRS), a subset from the National Cotton Germplasm Collection, captures the total spectrum of 
geographical and morphological diversity within diploid and tetraploid Gossypium species collected worldwide, as well as within land races and 
obsolete cultivars of the commercial tetraploid species, G. hirsutum and G. barbadense. Our goal is to mine a representative sample based on 
previous analysis of 105 polymorphic SSR loci distributed across the G. hirsutum genome for various physio-morphometric traits that contribute 
to quantitative variation for abiotic stress tolerance mechanisms. Subsequently, we aim to create reference physiological, transcriptomic, 
genomic, and epigenomic resources for representative genotypes that could serve as donors for each morpho-physiometric trait in genomics-
assisted cotton breeding programs.  
Here we present the initial set of data showing the spectrum of stress physiological variation across this smaller diversity panel (50 accessions). 
Accessing the range of potential stress tolerance or avoidance mechanisms associated with morphological and developmental traits, we have 



begun to conduct preliminary morpho-developmental comparisons with half the diversity panel grown under greenhouse condition. We measured 
27 morphological characters intended to capture habit, reproductive, developmental, and phenotypic variation. Trends revealed by regression and 
multivariate analyses indicate that morphological diversity in a small sample of the GDRS is inconsistent with diversity predicted from SSR data. 
We are further examining the lack of congruence between the morpho-developmental and SSR data in order to discover some unique attributes 
with potential significance to stress tolerance and/or avoidance mechanisms not predicted by variation on repetitive DNA sequences. 
 
P0572: Genome Mapping, Tagging & Characterization: Cotton 
Variations in New World Tetraploid Cotton Genomes, Suvin and BCS-23 Reveal Unique Alleles 
Mohan Kumar1, Katageri Ishwarappa1, Navajeet Chakravartty2, Sivarama Prasad Lekkala2, Boney Kuriakose3, Krishna Mohan2 and 
V B Reddy Lachagari2, (1)University of Agricultural Sciences, Dharwad, India, (2)AgriGenome Labs Pvt Ltd, Hyderabad, India, 
(3)AgriGenome Labs Pvt Ltd, Kochi, India 
Polyploid (tetraploid) cotton genomes are high yielding and exhibit high quality fibre compared to diploid genomes. We have sequenced two 
tetraploid cotton, G.barbadense (AD2) genomes, Suvin and BCS 23-18-7 along with two diploid cotton genomes, G.herbaceum (Jayadhar) and 
G.arboreum (DLSA) for comparison. Paired-end (100bp) data was generated for Suvin and BCS23-18-7 respectively on Illumina HiSeq 2500, 
next generation sequencing platform. In order to obtain high quality data, the raw data was subjected to adapter trimming and base quality 
trimming. The data was used for generating denovo assemblies and compared with tetraploid genomes G.hirsutum and G.barbadense genomes. 
The assemblies were used to understand the synteny between genomes. Further, the data was mapped to G.barbadense and G.hirsutum genomes 
and variation analysis performed to discover polymorphic and unique alleles in Suvin and BCS 23-18-7. The variation data could further be used 
to aid association studies on fibre quality and development. 
 
P0573: Genome Mapping, Tagging & Characterization: Cotton 
Comparative Transcriptomics Among Wild and Modern Cotton 
Alberto Souza Boldt1, Marc Giband2, Jean-Marc Lacape2 and Stéphanie Bocs2, (1)Mato Grosso Cotton Institute - IMAmt, 
Rondonopolis, Brazil, (2)CIRAD, UMR AGAP, Montpellier, France 
Gossypium hirsutum is the main cotton cultivated species because of its agronomically and fiber qualities. These traits had undergone different 
processes of selection and genetic improvement. In order to contribute to the study of cotton domestication we present global transcriptome 
analyses of wild and modern cotton using RNA-seq. Approximately 2000 genes were differentially expressed between wild and domesticated 
accessions. We also found a different expression contribution of homeologous genes, contained in each cotton subgenomes (A/D). Functional 
enrichment analysis showed that cellular component morphogenesis and cell wall organization genes were significantly represented in 
domesticated than wild cotton. Several other transcripts differences may provide clues about genes and processes that have been selected during 
domestication and breeding of modern lines. 
 
P0574: Genome Mapping, Tagging & Characterization: Cotton 
The lncRNA Landscape of Diploid vs. Allotetraploid Cotton Genomes 
Ting Zhao1, Jie Li1, Ke Wan1, Guandong Shang1, Yuxin Je1, Xiao-Ya Chen2, Baoliang Zhou1 and Xueying Guan1, (1)Nanjing 
Agricultural University, Nanjing, China, (2)Shanghai Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological 
Sciences, Chinese Academy of Sciences., Shanghai, China 
Eukaryote genomes are composed of protein-coding regions, replicated regions and non-coding regions. The non-coding regions can also be 
transcribed and processed into small RNAs (19-30nt) and long transcripts. Those long transcripts are known as long non-coding RNAs 
(lncRNAs). Noncoding regions have been demonstrated to play regulatory roles in coding gene expression in both animal and plant kingdoms. 
Compared to coding sequences, the non-coding regions evolve quickly. It is well known that polyploidization is a key driving force behind plant 
genome evolution, but the relationship between lncRNA and polyploidization remains largely unknown. Using strand-specific total RNA 
sequencing, we examined lncRNA of diploid and tetraploid cotton (Gossypium) species, including accession Texas Marker-1 (TM-1), a genetic 
standard of the allotetraploid cultivated upland cotton species (G. hirsutum, 2n = 4x = 52, 2(AD)1), and two extant species closely related to G. 
hirsutum A- and D-subgenome progenitors, namely G. arboreum (A2A2) acc. Shixiya and G. raimondii (D5D5). We examined the landscape and 
dynamic of lncRNA behavior relative to hybridization and polyploidization. The expression level of lncRNA in cotton genome is lower than that 
of mRNA. Both the length and exon number are less than that of mRNA. Most of the lncRNAs overlap with transposon elements (TE), which 
indicates a correlation between lncRNA and TE in genome polyploidization. Our study provides the insights of lncRNA roles in genome 
duplication and evolution. 
 
P0575: Genome Mapping, Tagging & Characterization: Cotton 
MicroRNA Roles in Cotton Fiber Initiation and Early Development 
Baohong Zhang, East Carolina University, GReenville, NC 
Cotton fiber development is a fundamental biological process; investigating cotton fiber initiation and development provides a unique window 
into the regulation of cell differentiation, cellulose biosynthesis, and further increasing cotton fiber quality and yield. For several decades, a great 
deal of research has been aimed at elucidating the underlying molecular pathways. Nevertheless, the mechanisms by which cotton fiber 
differentiates and develops remains unclear. In our previous studies, we found that microRNAs (miRNAs) are differentially expressed among 
cotton fiber and other tissues. Comparing the miRNA expression profiles based on deep sequencing technology, we found that both conserved 
and novel miRNAs have unique pattern in cotton developing ovule. To further test the potential role of miRNAs during cotton fiber 
development, we selected 58 miRNAs and profiled their expression in fiber with different development stages (from -2 DPA to 20 DPA) in both 
wild type and fibreless mutants. Using transgenic, RNAi and genome editing technologies show that overexpression and knockout/knockdown of 
an individual miRNAs affected cotton fiber development and further affect cotton fiber length and quality. 
 
P0576: Genome Mapping, Tagging & Characterization: Cotton 



Toward Cloning LIGON LINTLESS-2 (Li2), a Gene Involved in Cotton Fiber Elongation 
Jinesh D. Patel, Plant Genome Mapping Lab University of Georgia, Athens, GA, Xianzhong Huang, Plant Genome Mapping 
Laboratory, Athens, GA, Lifeng Lin, Thermo Fisher Scientific, San Francisco, CA, Sayan Das, DuPont Pioneer, Hyderabad, 
Telangana, India and Andrew H. Paterson, Plant Genome Mapping Laboratory, University of Georgia, Athens, GA 
Long fiber is what makes cotton useful for the textile industry. Ligon lintless-2 (Li2) is a dominant mutant with short lint fiber (< 5 mm). Cloning 
such genes is important for understanding the pathways and mechanisms that differentiate spinnable cotton from its progenitors. A population of 
1532 F2 plants derived from a cross between Pima S-7 (G. barbadense) and an Li2 mutant line (G. hirsutum) was used to fine map the Li2 region 
on chromosome 18. A total of 58 SSR and CISP markers known to locate in the Li2 region were screened in a small subset of the population for 
polymorphism and to determine their approximate map position, then 8 markers were used to screen the whole population. CISP15 was 0.3 cM 
from Li2  and SSR18 showed complete linkage with Li2. Eleven genes in this small region were selected for further investigation of possible roles 
in fiber growth and development, annotated as cell wall proteins, cell wall enzymes, secondary metabolism genes, hormonal regulatory genes and 
post-transcriptional modification genes. For these eleven genes we examined non-synonymous SNPs between non-fiber (D and F) and fiber 
producing (A, At and Dt) genomes, performed qPCR and VIGS (Virus Induce Gene Silencing) and prioritized a subset of genes for further 
investigation. This research provides new insight into the identity of Li2 and the functions of other genes related to fiber development which may 
be important for cotton breeding and genetics. 
 
P0577: Genome Mapping, Tagging & Characterization: Cotton 
Genome-Wide Association Study Reveals Functional Association of GhRBB1_A07 Gene with Superior Fiber Quality in 
Cotton 
Md Sariful Islam1, Gregory Thyssen2, Johnie N Jenkins3, Linghe Zeng4, Chris D. Delhom5, Jack McCarty6, Dewayne Deng7, Doug 
J Hinchliffe2 and David D. Fang8, (1)Sugarcane Production Research Unit, USDA-ARS, Canal Point, FL, (2)Cotton Chemistry and 
Utilization Unit, USDA-ARS-SRRC, New Orleans, LA, (3)USDA-ARS, Mississippi State, MS, (4)USDA ARS, Stoneville, MS, 
(5)USDA ARS SRRC, New Orleans, LA, (6)Genetics & Sustainable Agriculture Research Unit, USDA-ARS, Mississippi State, 
MS, (7)USDA ARS, Mississippi State, MS, (8)Cotton Fiber Biosciences Unit, USDA-ARS-SRRC, New Orleans, LA 
A multi-parent advanced generation inter-cross (MAGIC) population was developed through random-mating of 11 diverse cultivars for five 
generations has the ability to break the negative correlation between yield and fiber quality. In this study, fiber quality data obtained from four 
environments and 6,071 Single Nucleotide Polymorphic (SNP) markers generated via Genotyping-by-Sequencing (GBS) and 224 microsatellite 
markers of 547 recombinant inbred lines (RILs) of the MAGIC population were used to conduct a genome wide association study (GWAS). By 
conducting a mixed linear model, GWAS enabled us to identify markers significantly associated with fiber quantitative trait loci (QTL). We 
identified and validated one QTL cluster associated with four fiber quality traits (short fiber content, strength, length and uniformity) on 
chromosome A07. Gene expression and amino acid substitution analysis suggested that a regeneration of bulb biogenesis 1 (GhRBB1_A07) gene 
is a candidate for superior fiber quality in Upland cotton. The DNA marker CFBid0004 designed from an 18 bp deletion in the coding sequence 
of GhRBB1_A07 in Acala Ultima is associated with the improved fiber quality in the MAGIC RILs and 105 additional commercial Upland 
cotton cultivars. Using GBS and a MAGIC population enabled more precise fiber QTL mapping in Upland cotton. The fiber QTL and associated 
markers identified in this study can be used to improve fiber quality through marker assisted selection in a cotton breeding program. Target 
manipulation of the GhRBB1_A07 gene through biotechnology or gene editing may potentially improve cotton fiber quality. 
 
P0578: Genome Mapping, Tagging & Characterization: Cotton 
QTL Mapping of Cotton Fiber Quality Traits in Reciprocal Advanced Backcross Populations 
Rahul Chandnani1, Changsoo Kim2, Hui Guo3, Tariq Shehzad1 and Andrew H. Paterson1, (1)Plant Genome Mapping Laboratory, 
University of Georgia, Athens, GA, (2)Chungnam National University, Daejeon, Korea, The Republic of, (3)DuPont Pioneer, 
Johnston, IA 
Cotton is the world’s foremost textile fiber crop, and premium fiber is determined by quality parameters such as length, strength, elongation, 
micronaire and uniformity index. Fiber quality traits are complex, governed by many small and large effect QTLs. Mapping populations 
segregating for many loci often mask small effect QTL. This problem can be solved by development of populations with fewer chromosome 
segments segregating. Here, we report QTL detection in reciprocal advanced backcross populations between elite Gossypium hirsutum cultivar 
‘Acala Maxxa’ and Gossypium barbadense cultivar ‘Pima S6’. A total of 297 BC4F1 and BC4F2 progeny rows, 127 in Gossypium hirsutum and 
170 in Gossypium barbadense background were evaluated in three environments. Using a genotyping by sequencing approach, 3186 
polymorphic SNPs in Gossypium hirsutum background and 3026 in Gossypium barbadense background were used for genotyping. In total, we 
identified 53 QTLs in Gossypium hirsutum background and 50 QTLs in Gossypium barbadense background. Proportions of 87% and 100% of 
QTL were of ‘small effect’ (PV%<10%) in Gossypium hirsutum and Gossypium barbadense backgrounds, respectively. Despite Gossypium 
barbadense being the parent with superior fiber quality, 32% of QTLs identified in this background had favorable alleles transferred from 
Gossypium hirsutum. A total of 3 stable QTLs, 2 in Gossypium hirsutum background, each for ELO and MIC; and one in Gossypium barbadense 
background for UHM were identified in 2 out of 3 environments. One QTL for UHM was identified on chromosome D08 with opposite effects 
in reciprocal background and with significant genotype by background interaction. Slightly more QTLs were contributed by the Dt than the At 
subgenome in Gossypium hirsutum background, whereas there was no difference in Gossypium barbadense. Along with stable QTLs for marker 
assisted breeding for fiber quality traits, this study adds to knowledge that can be utilized to understand complex genetic networks governing 
fiber quality in these cultivated species. 
 
P0579: Genome Mapping, Tagging & Characterization: Cotton 
MicroRNA Roles in Cotton Fiber Initiation and Early Development 
Baohong Zhang, East Carolina University, GReenville, NC 
Cotton fiber development is a fundamental biological process; investigating cotton fiber initiation and development provides a unique window 
into the regulation of cell differentiation, cellulose biosynthesis, and further increasing cotton fiber quality and yield. For several decades, a great 



deal of research has been aimed at elucidating the underlying molecular pathways. Nevertheless, the mechanisms by which cotton fiber 
differentiates and develops remains unclear. In our previous studies, we found that microRNAs (miRNAs) are differentially expressed among 
cotton fiber and other tissues. Comparing the miRNA expression profiles based on deep sequencing technology, we found that both conserved 
and novel miRNAs have unique pattern in cotton developing ovule. To further test the potential role of miRNAs during cotton fiber 
development, we selected 58 miRNAs and profiled their expression in fiber with different development stages (from -2 DPA to 20 DPA) in both 
wild type and fibreless mutants. Using transgenic, RNAi and genome editing technologies show that overexpression and knockout/knockdown of 
an individual miRNAs affected cotton fiber development and further affect cotton fiber length and quality.  
 
P0580: Genome Mapping, Tagging & Characterization: Cotton 
Small RNAs from Natural Antisense Transcripts of GhMIXTAMYB-Like3_A12 Causes the Naked Seed Phenotype in Cotton 
N1 mutant 
Xueying Guan1, Qun Wan1, Xiao-Ya Chen2 and Tianzhen Zhang1, (1)Nanjing Agricultural University, Nanjing, China, 
(2)Shanghai Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences., 
Shanghai, China 
Cotton fiber is a unique plant epidermal cell type derived form cotton seed epidermis. Each of the cottonseed fiber is a single cell organ which 
facilitates the plant cell fate determination. Therefore, cottonseed fiber is a model system for plant cell differentiation study. The seed fiber 
patterning may share some similar components such as transcriptional factors in cell fate determination with leaf hair. Given the complexity of 
cotton genome and physiological feature of seed fibers, we propose a unique regulation machine developed in cotton fiber control. Using a map-
based cloning strategy for the first time in tetraploid cotton, we cloned a naked seed mutant gene (N1) encoding a MYBMIXTA-like transcription 
factor (MML) in chromosome A12, GhMML3_A12, for seed trichome development, revealing a unique transcriptional regulatory network for 
cotton fiber development different from leaf trichomes. The extremely low expression of GhMML3_A12 in N1 is associated with the natural 
antisense transcript (NAT) production on the 3’ end of gene, driven by its antisense promoter. Therefore, bidirectional transcriptions of 
GhMML3_A12 form double strand RNAs and generate 21-22nt small RNAs, which, in a fiber-specific manner, mediate GhMML3_A12 mRNA 
cleavage and result in the production of naked seeds, and further as trans-NATs inhibit lint fiber development in N1 plants. However, NAT 
production of GhMML3_A12 in the wild type is greatly suppressed by its CHH methylation at the 3’ proximal region, which is associated with 
the chromatin state alteration. (NATs) are commonly observed in both animal and plant kingdoms, but only a limited number of such genes have 
been identified as being involved in gene regulation in plants. The present research reports the first observation of gene-mediated NATs and 
siRNA directly controlling cottonseed fiber development. 
 
P0581: Genome Mapping, Tagging & Characterization: Forest Trees 
Conservation and Diversity of miRNAs in Seeds of Gymnosperm Species 
Igor Yakovlev, Carl Gunnar Fossdal and Adam Vivian-Smith, Norwegian Institute of Bioeconomy Research, Ås, Norway 
Micro RNAs are important regulators of gene expression that guide transcriptional and post-transcriptional silencing mechanisms in animal and 
plant species. Here we report a comprehensive analysis of sRNAs and miRNAs from 9 gymnosperm species (Welwitschia, Araucaria, Cykas, 
Efedra, Ginko, Gnetum, Sciadopitys, Spruce and Pine) and Arabidopsis as representative of angiosperm species, based on NGS results from 10 
sRNA libraries.  
In all gymnosperm seeds were found one predominant class of 21 nucleotides sRNAs followed by second predominant class of 24 nucleotides 
sRNAs and additional length classes of 31-34 nucleotides sRNAs.  
Using miRBase mature sequences as a reference, we identified 899 conserved miRNAs combined into 65 conserved miRNA families. From 
which, 16 miRNA families were considered as highly conserved, they were presented in all studied gymnosperm species and Arabidopsis. 
Additionally, using the set of novel spruce miRNAs defined earlier in Norway spruce embryos, we defined 174 novel conserved miRNAs, which 
were presented more than in 2 gymnosperm species. We applied diverse profiling methods to examine size distribution and sequence 
conservation between species for defined miRNAs.  
For conserved miRNAs, we defined 8485 miRNA–target pairs, combining 772 miRNAs and 2496 putative target gene models. Among the 
putative targets were found following gene families: TIR and NBS-LRR protein genes, protein kinases, PPR and TPR repeat, Clathrins/VPS, 
mTERFs, Multicopper oxidases, Myb-like, SPB, F-box, AP2 domain protein genes and many others. 466 gene models were unknowns. General 
characterization of conserved miRNA families’ targets was presented.  
This study provides new insights on gymnosperms miRNAs, and a foundation for future studies. 
 
P0582: Genome Mapping, Tagging & Characterization: Forest Trees 
Towards Genomic Selection in Pine Breeding 
Juan José Acosta1, Trevor Walker2, Jill L. Wegrzyn3, Andrew J. Eckert4, Richard Sniezko5 and Fikret Isik2, (1)NC State University, 
Raleigh, NC, (2)North Carolina State University, Raleigh, NC, (3)Department of Ecology and Evolutionary Biology - University of 
Connecticut, Storrs, CT, (4)Virginia Commonwealth University, Richmond, VA, (5)USFS Dorena Genetic Resource Center, 
Portland, OR 
Genomic selection requires repeatable, cost-efficient and high throughput genotyping platforms to succeed. Publicly funded research projects in 
the USA have produced vast genomic resources for Pinus taeda L. and Pinus lambertiana Douglas. With funding from USDA-NIFA program 
we aim to discover informative single nucleotide polymorphic markers (SNPs) for genomic selection based on re-sequencing efforts carried out 
in multiple USA laboratories. Scaffolds of the de novo assembled P. taeda and P. lambertiana genomes are available by the PineRefSeq project 
to allow mapping of the flanking sequences of the identified SNPs. Genomic information for tropical and sub-tropical pines related to P. taeda 
has also been generated from several international laboratories using target sequencing and RNAseq techniques. Our group is coordinating SNP 
discovery efforts to bring the resources together for multiple pine species and use consistent bioinformatics tools for selection of SNPs. The 
genomic resources will be organized in the TreeGenes database for public access and our Pine SNP chip consortium will be established to bring 
the forest genetics community together. The consortium will negotiate with different providers to genotype large numbers of samples to lower 



genotyping costs. Genomic selection has the potential to be a paradigm shift in pine breeding. Our efforts intend to bring genomics to forest tree 
breeding to sustainably increase timber, fiber, and biofuel production and stimulate a new wave of novel research ideas aimed at understanding 
the genetic basis of growth, disease and pest resistance, and adaptation to climate change. 
 
P0583: Genome Mapping, Tagging & Characterization: Forest Trees 
Analysis of Pinaceae Gene Family Evolution Suggests Accelerated Gene Turnover in Pine Trees 
Claudio Casola, Texas A & M University, College Station, TX and Tomasz Koralewski, Texas A&M University, College Station, 
TX 
Gene duplications and losses are major determinants of evolutionary change. Comparative genome-wide analyses of gene family evolution are 
often applied to infer patterns of gene turnover, i.e. gene gains and losses, across a range of species. Such investigations rely on gene annotations, 
which are often incomplete and partially inaccurate in draft genomes and transcriptomes. This issue is particularly relevant in species with large 
genomes (>10 Gb), including conifers. In this work we analyze gene family evolution in draft genomes of four conifers (loblolly and sugar pine, 
Norway spruce and Douglas-fir) using the likelihood framework implemented in the CAFE software, which allows estimating gene turnover 
rates and patterns in a species phylogeny. After grouping all annotated genes in orthogroups with OrthoFinder, we selected 16,118 gene families 
(~24,000-28,000 genes per species) occurring in at least two species for downstream analysis. The CAFE analyses indicated that gene turnover is 
at least twice as high in the two pines (~110 gene gains and/or losses per million years) compared to Norway spruce and Douglas-fir, even after 
correcting for possible annotation errors and for the presence of multiple pine species in our dataset. We also identified 1,192 gene families with 
significant expansion or contraction changes, and a high proportion of gene duplications vs. gene losses in Douglas-fir. Overall, our results 
indicate that no less than 1/5 of all gene families experienced gains and/or losses during the evolution of these Pinaceae. This extensive gene 
turnover has likely played a major role in conifer genome evolution and adaptation. 
 
P0584: Genome Mapping, Tagging & Characterization: Forest Trees 
Fluorescent in situ Hybridization Analysis of Penelope-like Elements in Southern Yellow Pine Tree Genomes 
Nurul Islam-Faridi, Southern Institute of Forest Genetics, US Forest Service, College Station, TX, M. A. Majid, Dept. of 
Ecosystem Science & Management, College Station, TX, Xuan Lin, Texas A&M University, College Station, TX and Claudio 
Casola, Texas A & M University, College Station, TX 
We have recently discovered that retrotransposons belonging to the group of Penelope-like elements (PLEs) have been transferred from insects 
to a common ancestor of conifers ~340 million years ago. Approximately 145,000 of these conifer elements, which we called Dryads, have been 
identified in the loblolly pine (Pinus taeda L.) genome assembly. Preliminary fluorescent in situ hybridization (FISH) analyses have shown that 
Dryad sequences belonging to the PtRPX_125 family are interspersed across loblolly pine chromosomes. To further investigate the chromosomal 
distribution of Dyads among conifers we performed FISH experiments on the three other Southern pine tree species, viz., slash pine (Pinus 
elliottii), longleaf pine (Pinus palustris), and shortleaf pine (Pinus echinata). We found that the chromosomal localization of PtRPX_125 
sequences is largely comparable between these pine species, suggesting that this family has been largely inactive since their separation 5-15 
million years ago, or that few insertions of PtRPX_125 elements have accumulated in the recent past in these genomes. 
 
P0585: Genome Mapping, Tagging & Characterization: Forest Trees 
Identification of QTL for Pine Wood Nematode Resistance in Japanese Black Pine (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, Ibaraki, Japan and Atsushi Watanabe, 
Kyushu university, Fukuoka, Japan 
Pine wilt disease (PWD) is caused by the pine wood nematode (PWN), Bursaphelenchus xylophilus, and is a very serious problem in pine forests 
(Pinus thunbergii and Pinus densiflora) in Japan. A breeding project to develop pine varieties resistant to pine wilt disease was started in 1978 in 
western Japan, and related projects are promoting throughout Japan. In this study, we attempted to identify a novel genetic locus for PWN 
resistance from an F1 population by the QTL analysis with the genetic linkage map. We constructed genetic linkage maps of the resistance 
cultivers ‘Tanabe 54’ and ‘Tosashimizu 64’ using F1 seedlings derived from a cross between these cultivars. The ‘Tanabe 54’ map consisted of 
162 loci covering 14 linkage groups, and the ‘Tosashimizu 64’ map consisted of 243 loci covering 13 linkage groups. Phenotypic segregations 
indicated that the PWN resistance in the population was possibly controlled by one or two dominant genes. As the result of QTL analysis, the 
major resistance QTL was located on linkage group 10, which suggested that allele harbored by ‘Tanabe 54’. A major QTL 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. 
 
P0586: Genome Mapping, Tagging & Characterization: Forest Trees 
Putative Causative Genes Discovery and Marker Development for Male Sterility Aiming at Marker Assisted Selection Using 
High-Density Linkage Map Based QTL Analysis in Japanese Cedar 
Kentaro Mishima1, Miyoko Fukatsu-Tsubomura1, Tomonori Hirao2, Miho Tamura3, Manabu Kurita4, Mine Nose1, So Hanaoka5, 
Mineko Ohira1, Eitaro Fukatsu4, Yuya Takashima6, Taiichi Iki7, Masahiro Miura8, Yuichiro Hiraoka1, Makoto Takahashi1, Hiroshi 
Hoshi1 and Atsushi Watanabe3, (1)Forest Tree Breeding Center, FFPRI, Hitachi, Ibaraki, Japan, (2)Forest Bio-Research Center, 
FFPRI, Hitachi, Ibaraki, Japan, (3)Faculty of Agriculture, Kyushu University, Fukuoka, Japan, (4)Kyushu Regional Breeding 
Office, Forest Tree Breeding Center, FFPRI, Koshi, Kumamoto, Japan, (5)Hokkaido Breeding Office for FTBC,Forestry and Forest 
Products Research Institute, Ebetsu, Hokkaido, Japan, (6)Forest Tree Breeding Center, Forestry and Forest Products Research 
Institute, Hitachi, Ibaraki, Japan, (7)Tohoku Regional Breeding Office, Forest Tree Breeding Center, FFPRI, Takizawa, Iwate, 
Japan, (8)Kansai Regional Breeding Office, Forest Tree Breeding Center, FFPRI, Shouo, Okayama, Japan 



We constructed an EST-based high-density linkage map, and then carried out the quantitative traits loci (QTL) analysis for male sterility using an 
F2 population, which were come from a sib-cross between two mutant allele carriers (F1s). For the linkage map construction, approximately 70k 
SNPs, which were identified from ESTs collected from several tissues, were genotyped using the Axiom genotyping system. About 7k SNPs out 
of 70k SNPs were polymorphic between the parents . As the result of linkage analysis (threshold LOD = 10.0), a high density linkage map of 
3,205 loci forming 11 linkage groups (average marker distance: 2.15 cM) spanning 1492.8cM was constructed. A significant QTL for male 
sterility was detected in a region of 33.4-34.5 cM in the LG9. LOD value of the QTL was 99.9-947.5. It corresponds to explaining 100% of 
phenotypic variation. We developed 11 markers for marker-assisted selection (MAS) based on the marker order around the QTL region. 
 
P0587: Genome Mapping, Tagging & Characterization: Forest Trees 
Accuracy of Genomic Prediction Based on the Plus-Tree Populations in Cryptomeria japonica 
Yuichiro Hiraoka1, Tomonori Hirao2, Kentaro Mishima1, Miho Tamura3, Eitaro Fukatsu4, Taiichi Iki5, Miyoko Fukatsu-
Tsubomura1, Mine Nose1, Mineko Ohira1, So Hanaoka6, Manabu Kurita4, Makoto Takahashi1, Hiroshi Hoshi1 and Atsushi 
Watanabe3, (1)Forest Tree Breeding Center, FFPRI, Hitachi, Ibaraki, Japan, (2)Forest Bio-Research Center, FFPRI, Hitachi, 
Ibaraki, Japan, (3)Faculty of Agriculture, Kyushu University, Fukuoka, Japan, (4)Kyushu Regional Breeding Office, Forest Tree 
Breeding Center, FFPRI, Koshi, Kumamoto, Japan, (5)Tohoku Regional Breeding Office, Forest Tree Breeding Center, FFPRI, 
Takizawa, Iwate, Japan, (6)Hokkaido Regional Breeding Office, Forest Tree Breeding Center, FFPRI, Ebetsu, Hokkaido, Japan 
Cryptomeria japonica is one of the most important forestry species in Japan. In order to shorten improvement period and to enhance prediction 
accuracy in this species, we performed genomic prediction for various traits, such as growth, wood properties, and male strobilus production 
based on three different populations of the first-generation plus tree clones. For genotype data, we carried out the genotyping of sample clones 
for over 70,000 single nucleotide polymorphisms (SNPs) using a 70K SNP array of Axiom genotyping system designed for C. japonica. 
Phenotype data of the sample clones were obtained from clonal test sites with ramet replications. More than 31,000 SNPs were informative for 
the following analyses. The accuracies of genomic prediction were different among traits and/or prediction models. Predictions for male strobilus 
production showed higher accuracy than ones of the other traits. The accuracies also differed among populations. We discussed the availability of 
genomic selection for C. japonica improvement in the near future. 
 
P0588: Genome Mapping, Tagging & Characterization: Forest Trees 
Association Analysis of Growth, Disease and Developmental Properties, and Microbiome Communities, in Populus deltoides 
Nathaniel W. Ellis1, Annette M. Fahrenkrog1, Christopher Dervinis1, Leandro G. Neves2, Marcio Resende2, Kelly Balmant1, Jerald 
D. Noble1, Brad Barbazuk1 and Matias Kirst1, (1)University of Florida, Gainesville, FL, (2)RAPiD Genomics LLC, Gainesville, FL 
Populus deltoidesis a potential bioenergy crop because of its fast growth and wide adaptation to the Midwest and Southern US. In order to 
uncover genes that regulate traits that are critical for development of a commercial crop we have been characterizing a population of 500 Populus 
deltoidesindividuals. This genetically unstructured population has been clonally propagated and established in field and greenhouse trials, and all 
individuals were genotyped by sequence capture of all genes expressed in vegetative tissues. To widen the scope of the genotyping effort, we 
have now expanded the genotyping to the entire genome by applying novel methods of imputation. Phenotype measurements were collected from 
the population under field and greenhouse conditions over multiple years and is ongoing. An initial genome-wide association study (GWAS) for 
wood quality traits uncovered a suite of associated polymorphisms, including a major locus that significantly impact the ration of syringyl to 
guaiacyl lignin monomers. The phenotypic and GWAS analysis has now expanded to growth properties measured in the field, as well as several 
developmental properties that are critical for development of elite poplar cultivars (number of branches and the rooting ability). In addition, 
disease resistance to pathogens including Sphaerulina leaf spot and Melampsora rust have been quantified and analyzed, showing moderate to 
high heritability levels. Finally, we have also measured the diversity of the leaf microbiome in the poplar population, for future analysis of its 
contribution to plant phenotypes. The outcome from these association analyses will be presented. 
 
P0589: Genome Mapping, Tagging & Characterization: Forest Trees 
Can Agroforestry Reproduce the Diversity of a Natural Forest? a Comparative Transcriptome Analysis of a Non-Model 
Tree from Brazilian Atlantic Forest 
Flora Bittencourt Lima, State University of Santa Cruz, Ilheus, Bahia, Brazil, Barbara S. F. Muller, University of Brasília - 
EMBRAPA, Brasília, Brazil, Matias Kirst, University of Florida, Gainesville, FL, Fabienne Micheli, Universidade Estadual de 
Santa Cruz (UESC), Ilheus, Brazil and Fernanda Amato Gaiotto, State University of Santa Cruz, Ilheus, Brazil 
Agroforestry systems offer a possible solution for the responsible use of the environment by agricultural crop cultivation in natural forests. Such 
systems favor crop diversification, soil nutrients recycling, maintenance of ecological corridors and biodiversity preservation. However, 
understanding the impact of agronomic activities on natural forest species is critical to manage the two components of agroforestry systems 
efficiently. Here we investigated the transcriptome variation in populations of the economically and ecologically important tree Carpotroche 
brasiliensis, established in an agroforestry system and a natural forest. This non-model tree species is a nutritional resource for mammals due to 
its large rich-oilseeds fruits, but it also important for pharmaceutical and cosmetic industries due to the therapeutic properties of its oil. We 
developed six cDNA libraries from leaves of C. brasiliensis grown in a natural forest, and in an agroforestry system. A de novo transcriptome 
assembly was performed by high throughput RNA sequencing using the MiSeq Illumina Plataform (2x250bp), followed by analysis in the 
Trinity pipeline. A total of 126.455.482 bases were assembled into 186.722 unigenes, with a mean length of 359 bases. The comparative analysis 
of gene expression between C. brasiliensis populations from natural forests or agroforestry was performed using edgeR, and resulted in the 
detection of 153 unigenes differentially represented. These results contribute to our understanding of the impact of agroforestry to the genome of 
native, non-model tree species. Moreover our findings are strategic for the comprehension that under transcriptome analysis the agroforestry is 
not significantly differently from that of natural population. 
 
P0590: Genome Mapping, Tagging & Characterization: Forest Trees 
Integrating Genome and Transcriptome Data to Predict Growth and Development Traits in Populus deltoides 



Jerald D. Noble, University of Florida, Gainesville, FL 
Gene expression is a major component that determines phenotypic variation observed in natural populations. Uncovering the genes that 
contribute transcriptionally to trait variation is expected to contribute to our ability to predict phenotypes. Most importantly, models that 
incorporate transcriptomic information may predict phenotypes more accurately than models based only on DNA sequence variation. To evaluate 
this hypothesis we previously genotyped and phenotyped an unstructured population of approximately 500 Populus deltoides unrelated 
individuals, to discover genetic polymorphisms associated with biomass productivity and quality. The genotypic and phenotypic description of 
this population is being complemented with the characterization of the transcriptome in the differentiating xylem. RNA-sequencing is a powerful 
approach to capture a snapshot of an organism's transcriptome. Leveraging this tool in combination with existing genomic data, we are now 
identifying genomic variants that regulated the xylem transcriptional profile. Following this analysis we aim to develop models that will predict 
the whole plant phenotype using multiple layers of omics data (the genome and the transcriptome). To date we have developed a pipeline that 
performs quality control, measures and assembles the transcriptome of the association population. Differential expression of transcripts and 
associations between transcript abundance and phenotypic traits is being conducted. Following these associations, regulatory variants affecting 
gene expression and phenotypes will be identified. 
 
P0591: Genome Mapping, Tagging & Characterization: Forest Trees 
Phylogenetic History and Geography As Joint Predictors of Oak Chloroplast Phylogeny 
Richard Cronn, USDA Forest Service Pacific Northwest Research Station, Corvallis, OR, Kasey Pham, Michigan State 
University, East Lansing, MI, Andrew Hipp, The Morton Arboretum, Lisle, IL and Paul Manos, Duke University, Durham, NC 
Due to high rates of introgressive hybridization, the chloroplast is poorly-suited to fine-scale DNA barcoding and phylogenetic studies of the oak 
genus (Quercus, Fagaceae) and many other tree genera. At the 'tips' of the oak chloroplast genome evolutionary history, recent gene migration 
and reticulation cause topology to reflect geographic structure, while deeper branches reflect population and lineage divergence history. In this 
study, we quantify the simple and partial effects of geographic proximity and nucleome-inferred phylogenetic history on oak plastome phylogeny 
at different evolutionary scales. Our study compares pairwise phylogenetic distances based on complete plastome sequences, pairwise 
phylogenetic distances from nuclear restriction site-associated DNA sequences (RAD-Seq), and pairwise geographic distances from provenance 
data for 34 white oaks representing 24 North American and Eurasian species. Within the North American white oaks alone, phylogenetic history 
has essentially no effect on plastome variation, while geography explains 11–21% of plastome phylogenetic variance. However, across multiple 
continents and clades, phylogeny predicts 30–41% of plastome variation and geography explains 3–41% of plastome variation. In practical 
terms, tipwise attenuation of phylogenetic informativeness in the plastome means that this organelle has little use in solving phylogenetic 
questions. Despite this limitation, chloroplast genomes can still be useful barcoding/phylogenetic markers for resolving questions among major 
clades, especially when used in tandem with nuclear data. 
 
P0592: Genome Mapping, Tagging & Characterization: Forest Trees 
Genome-Wide Association Study Identifies a Major Gene for Beech Bark Disease Resistance in American Beech Tree 
(Fagus grandifolia Ehrh.) 
Irina Calic, University of Georgia, Athens, GA, Jennifer Koch, The U.S Forest Service, Delaware, OH, David Carey, USDA Forest 
Service Northern Research Station, NRS-16, Delaware, OH, Charles Addo-Quaye, Purdue University, West Lafayette, IN, John E. 
Carlson, Dept. of Ecosystem Science & Management, Pennsylvania State University, University Park, PA and David B. Neale, 
Dept. Plant Sciences University of California Davis, Davis, CA 
The American Beech tree (Fagus grandifolia Ehrh.), native to eastern North America, is ecologically important and provides high quality wood 
products. This species is currently susceptible to beech bark disease (BBD) and is facing high rates of mortality in North America. The disease 
occurs from an interaction between the woolly beech scale insect (Cryptococcus fagisuga), one of two species of the fungus Neonectria (N. 
faginata or N. ditissima), and American Beech trees. In this case-control genome-wide association study (GWAS), we tested 16K high quality 
SNPs using the Affymetrix Axiom 1.5K-50K assay to genotype an association population of 514 individuals. We also conducted linkage analysis 
in a full-sib family of 115 individuals. Fisher’s exact test and logistic regression tests were performed to test associations between SNPs and 
phenotypes. Association tests revealed four highly significant SNPs on chromosome (Chr) 5 for a single gene (Mt), which encodes an mRNA for 
metallothionein-like protein (metal ion binding) in Fagus sylvatica. The GWAS study revealed the genetic architecture of beech bark disease as a 
trait possibly controlled by as little as one major gene. A genetic marker diagnostic could rapidly be developed and applied to screen for resistant 
trees in breeding or natural populations. 
 
P0593: Genome Mapping, Tagging & Characterization: Forest Trees 
Intra-Species Variation in Green Ash Response to an Invasive Insect 
Di Wu1, Thomas Lane2, Teodora Orendovici-Best1, Nicole Zembower1, Margaret Staton2, Jennifer Koch3, John McGraw4, Stephan 
C. Schuster4, Kim C. Steiner1 and John E. Carlson1, (1)Dept. of Ecosystem Science & Management, Pennsylvania State University, 
University Park, PA, (2)University of Tennessee Institute of Agriculture, Knoxville, TN, (3)The U.S Forest Service, Delaware, OH, 
(4)Singapore Centre on Environmental Life Sciences Engineering, Singapore, Singapore 
Green ash (Fraxinus pennsylvanica) is a medium-sized, ecologically and economically valuable tree species native to the eastern and central 
United States. However, the widely distributed species in North America is under severe threat from the rapid invasion of emerald ash borer 
(Agrilus planipennis; EAB), an Asian wood-boring beetle. While the majority of trees in attacked forest stands are killed by EAB, in some cases 
a low percentage of trees survive the infestation. Our project aims to uncover the gene expression variation and genetic sequence variation 
contributing to the observed resistance or tolerance to EAB in the surviving green ash trees. Our expression profiling results suggested that 
jasmonate (JA)-mediated defenses primarily contribute to the herbivory response in the putatively-resistant genotypes treated with EAB larvae. 
At the population level, we conducted a genetic diversity study with 429 green ash accessions collected from 60 provenances across the species’ 
natural range. Our results revealed three distinct sub-groups of provenances – Northern, Southern and Admixed groups. We found that the 



admixture group grew better (significantly larger diameters) than the Northern and Southern groups, while the Southern group showed most rapid 
mortality to EAB.  
To further understand the role of genetic variation, we will conduct an association study to identify loci significantly associated with the growth 
and EAB-susceptibility traits. Hopefully, the combined expression profiling analysis and association results will provide a reliable explanation 
for the observed cases of EAB resistance/tolerance in green ash. Such evidence will be a big step towards providing tools to assist disease-
resistance tree breeding and forest management programs. This project was supported by a grant from NSF’s Plant Genome Research Program 
(IOS-1025974). 
 
P0594: Genome Mapping, Tagging & Characterization: Forest Trees 
Population Genomics of Silver Birch 
Jarkko T Salojärvi, University of Helsinki, Helsinki, Finland 
Silver birch (Betula pendula) is a prevalent pioneer tree species in boreal forests across Europe and Asia. It is an attractive model for modern 
genomics-based biotechnology, because flowering can be easily induced within one year of germination without transgenics approaches. We 
have assembled the genome sequence of a fourth generation self-pollinated individual and anchored it by genetic linkage to chromosomes. The 
genome size is 440 Mbp, and it has not undergone recent whole genome duplication events.  
Evolution of the species was analyzed by partitioning duplicate genes based on their evolutionary origins. Duplicates from the pan-core-eudicot 
paleohexaploid event were enriched for transcription factor functions, whereas tandem duplicates were over-represented with environmental 
responses and secondary metabolism. Population genomic analyses with 80 resequenced individuals, representing most of the geographic species 
range, were carried out to study historical effective population size and patterns of selection. We found selective sweeps to be enriched for key 
developmental or physiological triggering functions, suggesting that at least in birch, selection has acted by tuning the timing and crosstalk 
between fundamental plant processes. 
 
P0595: Genome Mapping, Tagging & Characterization: Forest Trees 
De novo Transcriptome Analysis of Cold Tolerant Mangrove Kandelia obovata 
Wenyue Su1, Congting Ye1, Qian Zhou1, Haihui Fu1 and Qingshun Quinn Li1,2, (1)Xiamen University, Xiamen, China, (2)Western 
University of Health Sciences, Pomona, CA 
Kandelia obovata, a species of Rhizophoraceae, is one of the most cold-tolerant mangroves. Living in the intertidal environment, it forms a series 
of adaptive traits including viviparity. In this work, transcriptomes from eight tissues of K. obovata were sequenced by Illumina platform. After 
de novo assembly, we obtained a total of 115,771 unigenes. Gene Ontology analysis revealed that most of the unigenes were assigned to cell and 
cell part in cellular component category, assigned to protein binding in molecular function category. In biological process category, cellular 
process, biological process and response to stress were the most enriched. Further detailed classification of response to stress showed that a large 
number of unigenes were annotated to response to salt stress, cold, water deprivation and bacterial defense. KEGG pathway analysis shown that 
most of unigenes participate in ribosome, biosynthesis of amino acids, carbon metabolism and RNA transports, pathways that are also highly 
associated with plant response to adverse conditions. Furthermore, we identified 54 transcription factor families in K. obovata, among which 
bHLH, NAC, MYB families occupy a large proportion. These results indicated that the most enriched functions, pathways and highly 
representative transcription factors may be essential for K. obovata growth and response to intertidal environment, thus it shed light on molecular 
ecological understanding of this special group of coastally adapted habitats. In addition, the results of differential gene expression patterns and 
their relationship to cold tolerance and potentially vivipary will be presented. 
 
P0596: Genome Mapping, Tagging & Characterization: Forest Trees 
Development of Species-Specific Markers for the Identification of Eucalyptus 
Celso Luis Marino, UNESP, Botucatu, SP, Brazil, Hernando Rivera-Jiménez, Genetica-IBB-UNESP, Botucatu, Brazil, Bruno 
Rossini, IBTEC-UNESP, Botucatu, Brazil and Paulo Henrique Muller Da Silva, Instituto de Pesquisa e Estudos Forestais- IPEF, 
Piracicaba-SP, Brazil 
One of the main problems found in different forest breeding programs in Brazil is the difficulty to identify the different species and hybrids. We 
assessed in a first stage the power of discrimination of markers BSA associated with markers AFLP in five species of Eucalyptus (E. saligna, E. 
tereticornis, E. urophylla, E. grandis and E. brassiana). As a second strategy we assessed the power of 30 candidate barcodes on the basis of 14 
eucalyptus species obtained primarily from Australia. Our results indicated that using AFLP markers and BSA in 33 primer combinations, a total 
of 868 polymorphic fragments was obtained, which represent a 91.65% of polymorphism. The best combinations that show potential markers for 
species identification were the primers M + GGT / E + ACC, which was linked to 70% of E. urophylla individuals.Based on DNA-barcode 
markers “best match” and “best close match” approaches revealed a rate of correct species identification ycf1+ITS+matK (62.16%) followed by 
matK+ITS (61.64%) loci. Neighbour-joining cluster analysis indicated the highest degree of the 25 possible combinations of the five regions; 
three provided the highest degree of species resolution (78.6%). The markers BSA associated with markersAFLP provide a quick tool for the 
identification of cultivars in eucalypts and can also be used to assist forest breeding programs. Based on DNA-barcode markers, a combination of 
ITS+rbcL, ITS+matK+rpoC1 and ITS+rbcL+rpoC1, which comprises two and three DNA regions, is the best option for barcoding of 
Eucalyptus species. 
 
P0597: Genome Mapping, Tagging & Characterization: Forest Trees 
Classification and Clustering of the Eucalyptus grandis NBS-LRR Gene Family 
Nanette Christie1, Peri A. Tobias2, Sanushka Naidoo1 and Carsten Kulheim3, (1)Department of Genetics, Forestry and Agricultural 
Biotechnology Institute (FABI), Genomics Research Institute (GRI), University of Pretoria, Pretoria, South Africa, (2)Department 
of Plant and Food Sciences, Faculty of Agriculture and Environment, University of Sydney, Sydney, Australia, (3)The Australian 
National University, Canberra, Australia 



Eucalyptus grandis is a commercially important hardwood species. Since E. grandis is known to be susceptible to a number of pests and 
pathogens, it is of high importance to determine mechanisms of defence. The published genome has aided the identification of an important class 
of resistance (R) genes that incorporate nucleotide binding sites and leucine-rich repeat domains (NBS-LRR). Based on an E. grandis specific 
Hidden Markov Model for the conserved NB-ARC protein domain, 1,215 NBS-LRR gene models were identified. Phylogenetic and MEME 
motif analyses were used to distinguish between classes derived from Toll or interleukin-1 receptor (TIR) and coiled-coil (CC) NBS-LRR genes, 
as well as genes lacking these amino-terminal domains (449 TIR and 766 non-TIR). A further 272 putative incomplete resistance genes were also 
identified. NBS-LRR gene-rich regions were identified with 76% organized in clusters of three or more genes. E. grandis has a higher ratio of 
TIR to CC classed genes compared to other woody plant species and a smaller percentage of single NBS-LRR genes. Transcriptome profiles of 
resistant and susceptible plants that were challenged with different biotic stresses, indicated expression hotspots, within physical clusters, 
including expression of many incomplete genes. This indicates functional relevance for the physical arrangement of this gene family. This 
analysis of the repertoire and expression of E. grandis putative NBS-LRR genes provides an important resource for the identification of novel 
and functional R-genes, which is a key objective for strategies to enhance defence. 
 
P0598: Genome Mapping, Tagging & Characterization: Forest Trees 
Comparative Analysis of the Terpene Synthase Gene Family Between Eucalyptus and Corymbia 
Jakob B. Butler1, Jules S. Freeman1, Brad M. Potts2, Rene E. Vaillancourt2, Dario Grattapaglia3, Orzenil B. da Silva Junior3, Blake 
Simmons4, Jeremy Schmutz5, Kerrie W. Barry6, David J. Lee7, Adam Healey8, Agnelo Furtado9, Robert J. Henry9, Abdul Baten10, 
Graham J. King10 and Mervyn Shepherd10, (1)School of Biological Sciences, University of Tasmania, Hobart, Australia, (2)School 
of Biological Sciences and ARC Training Centre for Forest Value, University of Tasmania, Hobart, Australia, (3)Embrapa Recursos 
Genéticos e Biotecnologia, Brasília-DF, Brazil, (4)Joint Bioenergy Instutute, San Francisco, CA, (5)Hudson Alpha, Huntsville, AL, 
(6)DOE Joint Genome Institute, Walnut Creek, CA, (7)Forest Industries Research Centre, University of the Sunshine Coast, Sippy 
Downs, Australia, (8)University of Queensland, Brisbane, Australia, (9)University of Queensland/QAAFI, Brisbane, Australia, 
(10)Southern Cross Plant Science, Southern Cross University, Lismore NSW, Australia 
Plant terpenes are diverse compounds which mediate numerous ecological interactions and are of commercial value in many taxa. Eucalypts are 
characterised by especially high concentrations of foliar terpenes, and considerable variation in terpene profiles within and between species. The 
recent assembly of the Eucalyptus grandis genome revealed the largest number of terpene synthase genes (TPS), responsible for the synthesis of 
terpenes from C5 precursors, of any sequenced plant genome. While TPS number and subfamily representation are similar in the closely related 
Eucalyptus globulus, the extent to which this gene family is conserved more broadly in eucalypts, including in Corymbia, a sister eucalypt genus 
of growing economic importance, is unknown. We examine this issue by annotating the TPS family in the recently assembled Corymbia 
citriodora subsp. variegata genome and comparing with E. grandis.  
TPS from C. citriodora subsp. variegata were used in phylogenetic analysis together with those from several other species. The genomic location 
of TPS loci were compared with E. grandis and putative differences investigated using the genome assembly of a second C. citriodora genotype. 
Ninety putative functional TPS were discovered in C. citriodora subsp. variegata, compared to 113 reported in E. grandis. While specific genes 
appear to have been lost/gained in either lineage, the genomic placement of TPS loci was largely conserved between E. grandis and C. citriodora 
subsp. variegata. The representation of different TPS subfamilies in Eucalyptus, which is distinct from other plants, was also conserved in 
Corymbia suggesting they have evolved little since divergence of these lineages. 
 
P0599: Genome Mapping, Tagging & Characterization: Forest Trees 
Genome-Wide Associations of Essential Oil Traits in Eucalyptus polybractea using a Low-Depth WGS Pipeline 
David Kainer, Australian National University, Canberra, Australia 
Blue mallee (Eucalyptus polybractea) is one of a handful of dedicated tree species grown for the commercial production of Eucalyptus oil, but is 
mostly un-domesticated. Essential oil yield is a complex quantitative trait made up of several component traits including foliar oil concentration, 
foliar biomass, oil profile, regrowth after coppicing, survival in adverse environmental conditions and resistance to pests and pathogens.  
We sampled 480 individual mallees from 40 open-pollinated half-sib families in a commercial progeny trial. Phenotypes included quantitative 
and qualitative variation of foliar essential oils and biomass over two years. Oil concentration varied widely (12 fold) within and between 
families and between individuals. Family ranking of commercially harvested oil yield was well predicted (r = 0.74) from phenotypic mixed 
models.  
We re-sequenced all 480 whole genomes (ca. 650 Mb) to an average of 4x (1.3 Tb total) and aligned them to the E. grandis genome. Sites in E. 
grandis that were fixed in E. polybractea were then replaced with the E. polybractea alleles to generate a pseudo E. polybractea reference 
genome. All data was then mapped to the pseudo reference. Variants were called with an LD-aware pipeline to minimise genotyping errors and 
missing data due to low depth. The final SNP dataset was used to associate SNPs to essential oil yield related traits. This is the first assessment of 
the genetic architecture of oil traits on a genome-wide scale in Eucalyptus, enabling detection of genetic variation in regulatory elements as well 
as structural genes of oil biosynthesis. 
 
P0600: Genome Mapping, Tagging & Characterization: Forest Trees 
Investigation and Characterization of Eucalyptus Tonoplast Intrinsic Protein (EgTIP) Gene Subfamily 
Marcela Iara Rodrigues1, Juliana Pereira Bravo1, Ivan G. Maia1 and Agnes A. S. Takeda2, (1)IB - UNESP - Department of 
Genetics, Botucatu, Brazil, (2)UNESP, Institute of Biosciences of Botucatu, Department of Physics and Biophysics, Botucatu, 
Brazil 
Plant aquaporins are water channels implicated in various physiological processes, including growth, development and adaptation to stress. In 
this study, the Tonoplast Intrinsic Protein (TIP) gene subfamily of Eucalyptus, an important woody species, was investigated and characterized. 
A genome-wide survey of the eucalyptus genome revealed the presence of ten putative TIP genes, which were individually assigned by 
phylogeny to each of the classical TIP1–5 groups. Homology modelling confirmed the presence of the two highly conserved Asn-Pro-Ala (NPA) 
motifs in the identified E. grandis TIPs (EgTIP) and revealed variations in the selectivity filter that might be implicated in their substrate 



selectivity. The distribution of the target transcripts in different E. grandis organs/tissues revealed distinct expression patterns, including a set of 
organ/tissue-enriched genes. Additional gene expression profiling using a Eucalyptus EST database pointed to an involvement of the identified 
genes in abiotic stress responses. The presence in the 5´-upsteam regions of the identified EgTIP genes of common cis-regulatory elements 
involved in abiotic stress and hormone responses corroborates this idea. Overall, the obtained results suggest that these novel EgTIPs are 
functionally implicated in eucalyptus adaptation to stress.  
Keyword: aquaporin, expression, genomic organization, protein structure  
Support: Cnpq 
 
P0601: Genome Mapping, Tagging & Characterization: Forest Trees 
Pedigrees, Predictions, and Pipelines: Genomic Resources for Radiata Pine in New Zealand 
Natalie Graham1, Emily J. Telfer1, Yongjun Li1, Jaroslav Klápště1, Lucy Macdonald1, Phillip Wilcox2 and Heidi Dungey1, 
(1)Scion, Rotorua, New Zealand, (2)University of Otago, Dunedin, New Zealand 
The New Zealand Radiata Pine Breeding Company is evaluating high density genomic selection SNP panels to increase the delivery of genetic 
gain. Analysis of various deployment scenarios suggest potential increases in genetic gain could be 80% or higher. There are also applications for 
low density SNP panels to reconstruct parentage in open-pollinated and control-pollinated mixed seedlots and for the verification of material in 
seed orchards and clonal propagation nurseries. After several years of developing genomic resources for the large conifer megagenome of radiata 
pine (Pinus radiata D. Don), the first application of tools for pedigree reconstruction, clone identification, and Genomic-estimated Breeding 
Value (GeBVs) prediction is underway. The program chose transcriptome-based variant calling to develop an exome capture genotype-by-
sequencing (GBS) assay platform, in collaboration with Rapid Genomics LLC. This genome-wide assay, based in gene-space, is generating a 
rich resource of genetic variants albeit mostly rare, low-frequency alleles. Of the approximately 1.5 million SNPs called in our initial 
experimental and training populations, around 5% are present at minor allele frequencies greater than 0.03. However this is still proving to be a 
more than sufficient resource to predict GeBVs and reconstruct pedigrees. Here we describe the journey from in silico SNP discovery, through to 
design of targeted assays tested in a range of both experimental and operational radiata pine populations.   
 
P0602: Genome Mapping, Tagging & Characterization: Fruit Species 
Resources for Comparative Pathway Analysis for Grapevine 
Sushma Naithani1, Justin Preece1, Parul Gupta1, Peter D'Eustachio2, Justin L. Elser1, Sharon Wei3, Robert Petryszak4, Paul J. 
Kersey5, Lincoln Stein6, Doreen Ware3 and Pankaj Jaiswal1, (1)Department of Botany & Plant Pathology, Oregon State University, 
Corvallis, OR, (2)NYU School of Medicine, New York, NY, (3)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
(4)EMBL-EBI, Hinxton, United Kingdom, (5)EMBL - The European Bioinformatics Institute, Cambridge, United Kingdom, 
(6)Ontario Institute of Cancer Research, Toronto, ON, Canada 
The cellular-level pathway networks for grapevine, such as VitisCyc, or the Plant Reactome can provide a framework for analysis and 
visualization of the large-scale expression data sets and aid grape researchers in understanding the metabolic composition of the grape berry and 
how it is influenced by genetic diversity or in response to various environmental factors. VitisCyc (http://pathways.cgrb.oregonstate.edu) is a 
curated cellular metabolic network based on the BioCyc platform. The Plant Reactome database (http://plantreactome.gramene.org), a pathway 
portal of Gramene database, is based on the Reactome Data model that hosts signaling, transport, developmental pathways in addition to the 
metabolic pathways for 66 plants including grapevine based on orthology to Oryza sativa. The utility of these resources in Omics data analysis 
will be illustrated using publicly available gene expression data sets available for grapevine in the EMBL-EBI plant gene Expression Atlas 
(https://www.ebi.ac.uk/gxa/plant/experiments). Furthermore, users can analyse the gene expression in relation to genetic diversity by uploading 
this data on the Gramene Ensembl Genome Browser. The VitisCyc is partially supported by Oregon State University funds to SN and the 
Gramene database is supported by NSF (award #: NSF IOS-1127112). The Plant Reactome portal of Gramene is being developed in 
collaboration with the Human Reactome (award #: NIH: P41 HG003751 and U54 GM114833, ENFIN LSHG-CT-2005-518254, Ontario 
Research Fund, and EBI Industry Programme). 
 
P0603: Genome Mapping, Tagging & Characterization: Fruit Species 
Seed Development in a Stenospermocarpic Grape with Edible Seeds 
Hee-Ju Yu1, Bomi Yim1, Jeong-Hwan Mun2 and Youn Young Hur3, (1)The Catholic University of Korea, Bucheon, Korea, The 
Republic of, (2)Myongji University, Yongin, Korea, The Republic of, (3)National Institute of Horticultural and Herbal Science, 
Rural Development Administration, Wanju, Korea, The Republic of 
Grape is one of the most important fruit crops worldwide. It has been used as table fruit as well as for making wine and grape products such as 
juice, jelly, vinegar, raisins, and seed oils. In this study, we investigated the seed structure of a stenospermocarpic grape with edible seeds and 
compared it with that of seeded grapes. Seeds of a stenospermocarpic grape ‘Hongju Seedless’, which is one of the offspring of a cross between 
‘Perlon’ and ‘Italia’, had thin layered medium integument tissue. In contrast, seeds of seeded grapes ‘Italia’ and ‘Campbell Early’ had thick 
medium integument tissue that was comprised of several lignified cell layers. Lignification of medium integument tissue of seeded grapes 
progressed gradually until 42 days after flowering. We examined the expression profiles of lignin biosynthesis-related genes during grape 
development using RNA sequencing of berries or seeds. Twelve transcription factors in lignification regulatory networks were selected and their 
expression patterns were characterized in detail. This study will provide a developmental genomic basis for grape biology and breeding. 
 
P0604: Genome Mapping, Tagging & Characterization: Fruit Species 
Introgression of Muscadinia rotundifolia Resistance Genes into Grapevine 
Marion Delame1,2, Mona Gazon1, Vincent Dumas1, Sophie Blanc1, Camille Rustenholz1, Raymonde Baltenweck1, Patricia 
Claudel1, Emilce Prado1, Eric Duchêne1 and Didier Merdinoglu1, (1)Université de Strasbourg, INRA, SVQV UMR-A 1131, 
Colmar, France, (2)AgroParisTech, Direction des Formations Doctorales, Paris, France 



Since the XIXth century, European grapevine, Vitis vinifera, have been threatened by several diseases introduced in Europe from North America. 
Muscadinia rotundifolia, a related species native to the southern United States of America, is a major source of resistance to grapevine diseases, 
widely used in the French breeding programs. Backcross-based introgression was used to transfer resistance factors from M.rotundifolia into 
cultivated backgrounds while eliminating the unwanted cultural traits and off-flavours. However, crosses between both species display a low 
success rate, most of the hybrids being sterile and phenotypic abnormalities being observed in the offspring. Within this context, it is essential to 
identify M. rotundifolia traits important to discard during the introgression process and the genomic features that impede crosses between the two 
species.  
To address these questions, we have, first, compared the organisation of the M. rotundifolia and V. vinifera genomes. A high-density genetic 
linkage map was established mainly by Genotyping-by-Sequencing thanks to two mapping populations generated by pseudo-backcrosses 
between, on one hand, M. rotundifolia, and on the other hand, several V. vinifera cultivars. Parental and consensus maps were obtained showing 
a high level of macrosynteny between the two species.  
Morphological and developmental traits and metabolites were analysed in a collection of accessions of M. rotundifolia and V. vinifera in order to 
identify which traits are specific to M. rotundifolia. Their genetic determinism was analysed in the mapping populations and their transmission 
into advanced pseudo-backcross populations was studied. 
 
P0605: Genome Mapping, Tagging & Characterization: Fruit Species 
Resequencing Analyses of Five Sour Oranges (Citrus x aurantium) 
Dongliang Du1, Nidhi Rawat2, Yuan Yu1, Ming Huang1, Yi Zhang1, Qibin Yu1, Zhanao Deng2 and Fred G. Gmitter1, (1)University 
of Florida, IFAS-CREC, Lake Alfred, FL, (2)University of Florida, IFAS-GCREC, Wimauma, FL 
Sour orange (Citrus x aurantium) is one of the most widely used rootstocks in commercial citrus orchards. ’Seville’ sour orange was identified as 
an F1 hybrid of pure mandarin (C. reticulata) and pummelo (C. maxima) parents in our previous study. To expand our knowledge about the 
origin of sour orange, four more sour orange types were resequenced using next-generation sequencing, including ‘Zhuluan’, ‘Goutou’, 
‘Chinotto’ and ‘Standard’. The filtered reads were aligned to the genome of Clementine mandarin (C. x clementina cv. Clemenules v1.0 from 
Phytozome). A wide range of genetic variations were detected, including approximately 5 million single nucleotide polymorphisms and 1 million 
short insertions and deletions. Nucleotide diversity and admixture analyses showed that all sequenced sour orange, except ‘Zhuluan’, are F1 
hybrids of pure mandarin and pummelo. Much more contribution of mandarin was detected in the genome of ‘Zhuluan’, especially in Scaffold_2 
and Scaffold_4 of the Clementine mandarin genome. Phylogenetic analyses also showed a closer relationship among ‘Chinotto’, ‘Standard’ and 
‘Seville’ sour oranges. 
 
P0606: Genome Mapping, Tagging & Characterization: Fruit Species 
QTL Mapping of Citrus Tolerance to Huanglongbing Based on Genotyping-By-Sequencing Approach 
Ming Huang1, Mikeal L. Roose2, Qibin Yu1, Dongliang Du1, Yi Zhang1, Nidhi Rawat3, Zhanao Deng3, Ed Stover4, Michael Irey5 
and Fred G. Gmitter1, (1)University of Florida, IFAS-CREC, Lake Alfred, FL, (2)University of California Riverside, Riverside, CA, 
(3)University of Florida, IFAS-GCREC, Wimauma, FL, (4)U.S. Horticultural Research Laboratory, USDA-ARS, Fort Pierce, FL, 
(5)U.S. Sugar Corporation, USDA, Clewiston, FL 
Little resistance to Huanglongbing (HLB), associated with infection by Candidatus Liberibacter asiaticus (CLas), is found within commercial 
citrus varieties, though Poncirus trifoliata has been described as resistant or tolerant. An intergeneric F1 population of 170 individuals was 
developed from the crossing of Citrus sinensis and P. trifoliata. Utilizing the Genotyping-by-Sequencing approach, a SNP-based genetic map 
was constructed separately for the two parents using pseudo-testcross. Finally 654 high-quality SNP markers were mapped into nine linkage 
groups for P. trifoliata, constituting a total genetic length of 1027.8 cM with mean inter-marker distance of 1.57 cM. For C. sinensis, 787 high-
quality SNP markers were mapped into nine linkage groups, constituting a total genetic length of 755.3 cM and with mean inter-marker distance 
of 0.96 cM. Genetic maps of both parents showed high linear correlation with the sweet orange genome. After being exposed to intense HLB 
pressure for two years in a field trial, a collection of 113 individuals with 8 clonal replicates, including 688 F1 progenies, 40 P. trifoliata and 16 
C. sinensis, were phenotyped for CLas titer by qPCR from 2013 to 2015 three times per year. Some related traits were also investigated, e.g. 
visual rating of HLB symptom, circumference of trunk, and size of canopy. Combining the QTLs from different traits, generally six QTLs were 
found in P. trifoliata, on chromosome 2, 6, 7, 8 and 9, explaining 10-24% of variance; while four QTLs were found in C. sinensis, respectively 
mapped on chromosome 2, 3, 8 and 9, explaining 10-16% of variance. The final identified QTLs could be good targets for breeding to support 
long-term control of this devastating disease. 
 
P0607: Genome Mapping, Tagging & Characterization: Fruit Species 
Exploration of Transposable Element Families in the Novel Citrus Genome Fairchild 
Travis R. Wrightsman, University of California, Riverside, Torrance, CA, Jinfeng Chen, University of California, Riverside, 
Riverside, CA and Susan Wessler, University of California, Riverside, CA 
Citrus alone accounts for $2 billion of California’s annual agricultural production value; its economic importance drives the large amount of 
citrus research performed at the University of California, Riverside. Transposable elements (TEs) are a major component of eukaryotic genomes 
and may contribute to citrus diversity. A multi-lab collaboration funded the PacBio sequencing of a UCR citrus variety of interest named 
Fairchild. The focus of this project is to annotate the entire collection of TEs in Fairchild and further characterize putatively active elements to 
form a basis for continued research on citrus diversity. The Tree Analysis of Related Genes and Transposons (TARGeT) software package is 
used to identify Fairchild homologs of transposases, the proteins responsible for element mobility, characterized in other angiosperms. The 
phylogenetic tree provided by TARGeT allows for selection of putative active homologs, identified by the shortest branches between two or 
more element nodes; this potentially indicates very recent TE replication events. To confirm a sequence as a TE, sequences flanking the 
transposases were examined for unique TE features such as terminal inverted repeats (TIRs) and target site of duplications (TSD). To date, 
several putative active elements of the hAT and PIF/Harbinger superfamilies in Fairchild have been selected as candidates for in vivo tests of 
activity in S. cerevisiae and A. thaliana. 



 
P0608: Genome Mapping, Tagging & Characterization: Fruit Species 
A Family-Wide Analysis of Disease Resistance Genes in the Rosaceae Using a Custom Bioinformatic Pipeline 
Leon Van Eck1, Peng Zhou1, Kevin AT Silverstein2 and James M. Bradeen1, (1)Department of Plant Pathology, University of 
Minnesota, St. Paul, MN, (2)Supercomputing Institute, University of Minnesota, Minneapolis, MN 
Efficiently targeted mining of genomic data benefits plant breeding. We developed a Python-based bioinformatics pipeline for the discovery, 
characterization, and phylogenetic analysis of disease resistance (R) genes from public genome databases. We conducted a comparative analysis 
of R genes from the high-quality genome sequences of eleven species within the Rosaceae, including important fruit crops like apple, pear, 
peach, and strawberry. From these eleven genomes, a total of 2,489 putative R genes encoding full-length NB-ARC domains were discovered. 
The pipeline classified 793 putative R genes as TIR, and 1,696 as non-TIR subtypes. The pipeline additionally clustered putative R protein 
sequences into the RosaR80 Framework, a set of 651 homology groups based on an 80% amino acid identity threshold for the NB-ARC domain. 
Maximum Likelihood analysis of RosaR80 homology groups revealed idiosyncratic patterns of diversification. Groups present in all genomes 
represented highly conserved R gene lineages, with preserved gene copy number and syntenic chromosomal positions between Rosaceous 
species. RosaR80 homology groups derived from a single species represented R gene lineages with species-specific patterns of diversification. 
For example, in Malus × domestica, cloned and candidate genes affording resistance to apple scab (Venturia inaequalis) were derived from large, 
highly diversified, species-specific lineages, often located in chromosomal gene clusters, suggesting a recent co-evolutionary arms race with the 
pathogen. In addition to being a tool for generating new evolutionary hypotheses, our pipeline facilitates the identification of agronomically 
useful R gene lineages for plant improvement, and may inform evaluation of gene bank collections for targeted allele mining. 
 
P0609: Genome Mapping, Tagging & Characterization: Fruit Species 
Genetic Relationship and Structure of Apple Germplasms with Genome-Wide SNPs Using Genotyping by Sequencing 
Min-Gi Lee1,2, Hyeondae Han1,2, Youngjae Oh3, Kidong Hwang1,2, Keumsun Kim1,2, Sewon Oh1,2, Jung-Hee Kim3 and Daeil 
Kim1,2, (1)Chungbuk National University, Cheongju, Korea, The Republic of, (2)Brain Korea 21 Center for Bio-Resource 
Chungbuk National University, Cheongju, Korea, The Republic of, (3)National Institute of Horticultural & Herbal Science, Gunwi, 
Korea, The Republic of 
This study was performed to develop the SNP markers for the assessment of genetic diversity and genetic structure in 95 apple germplasm 
including bud sport cultivars using genotyping-by-sequencing (GBS). Using ApeKI for GBS library preparation and sequencing on an Illumina 
Hiseq 2000 paired-end read, 744 Mb of raw reads were yielded with an average length of 101 bp. After aligning each of 95 accessions’ trimmed 
reads to reference genome (Malus × domestica cv. Golden Delicious 1.0), an average of 5,952,222 reads (78.86%), which covered reference 
genome with an average of 2.18%, were successfully aligned to reference genome. An average number of mapped region were 78,406 with an 
average depth of 22.28. The mapped reads from 95 accessions were filtered with a minimal set of initial quality filters, resulting in union matrix 
of 786,247 SNPs. For the set of union SNP matrix, by applying subsequent filters, 12,014 SNPs were obtained and utilized for construction of 
phylogenetic tree using MEGA6 with neighbor-joining method. After analyzing genetic relationship between 95 accessions, they were classified 
into a total of 3 groups. Group I contained 31 cultivars including ‘Hongro’, ‘Gala’, ‘Golden Delicious’, and their bud sport cultivars, cross 
cultivars between them, and others. Group II was characterized as ‘Fuji’. These group consisted of 32 cultivars, including ‘Fuji’, its bud sport 
cultivars, progenies of ‘Fuji’, and other cultivars. Group III contained 32 cultivars including ‘McIntosh’. The results of research may be utilized 
for the establishment and management of apple germplasm collections.  
 
P0610: Genome Mapping, Tagging & Characterization: Fruit Species 
Targeted Genome Sequencing Analysis of the Ma Locus Controlling Fruit Acidity in Apple 
SeungHyun Ban and Kenong Xu, Horticulture Section, School of Integrative Plant Science, NYSAES, Cornell University, Geneva, 
NY 
Apple fruit acidity, which affects the overall taste and flavor of fruit, is mainly determined by malic acid content. Studies have shown that 
variations in fruit acidity levels are largely controlled by the major quantitative trait locus (QTL) Ma. Previously, we revealed that a mutation, 
called SNP1455, that leads to a premature stop codon in the coding sequence of Ma may have compromised the function of MA for fruit acidity 
in apple. To identify if there are any other mutations that might be significantly associated with acidity variations in addition to SNP1455, we 
conducted a targeted genome sequencing analysis of the Ma locus in 384 Malus accessions using Fludigm Access Array. Computer programs 
CLC Genomics Workbench and TASSEL were used for mapping of NGS reads, calling of SNPs or association studies. In total, we identified 20 
SNPs that are significantly associated with treatable acidity based on their estimated genotype effect. Of these, seven SNPs were located in the 
exons while 13 in the introns. Among the seven exon SNPs, three were nonsynonymous variants, including SNP1455, while four were 
synonymous variants. Association analyses with fruit weight and harvest date were also conducted although significant variants were not 
identified. 
 
P0611: Genome Mapping, Tagging & Characterization: Fruit Species 
Using Genomewide Selection to Increase the Efficiency of Apple Breeding 
Elizabeth Nicole Blissett, University of Minnesota, St Paul, MN 
Apple (Malus domestica) is an important horticultural crop, both economically and in terms of contributions to human health. Breeders must 
meet the demands of the consumers by exceeding flavor, texture, and appearance expectations. Selecting for multiple traits adds complexity and 
requires development and assessment of thousands of seedlings each year. Many of the traits being selected on are complex traits, controlled by 
many small effect quantitative trait loci (QTL). However, current genetic tests only allow for the selection of a few traits that are controlled by 
larger effect QTL. Genomewide selection allows breeders to forgo tests of significance and draws on a large, random set of marker data as the 
basis of selection. This approach is already widely used in maize (Zea mays), but has been more slowly adopted in highly heterozygous crops 
like apple. In an effort to assess whether accounting for heterozygosity improves accuracy of prediction, models with and without a heterozygous 
parameter have been used to predict the traits of crispness, firmness, and juiciness. Additionally, analysis of marker-trait associations has been 



conducted. Marker-trait associations representing major QTL have the potential to be treated as fixed effects in prediction models as a means of 
increasing prediction accuracy. 
 
P0612: Genome Mapping, Tagging & Characterization: Fruit Species 
An Effective Strategy for Analyzing Pooled Genome Sequencing Data in Outcrossing Woody Species: A Case Study to 
Localize the Weeping (W) Locus in Malus 
Laura E Dougherty, Raksha Singh and Kenong Xu, Horticulture Section, School of Integrative Plant Science, NYSAES, Cornell 
University, Geneva, NY 
The development of next generation sequencing (NGS) technologies has drastically renovated approaches in genomics studies. Implementing the 
NGS-enabled whole genome sequencing in bulk segregant analysis (BSA), a methodology used widely in genetic mapping, is one of such 
examples. Several mapping strategies in pooled genome sequencing data analysis have been proposed and demonstrated with successful 
applications. To perform similar pooled genome sequencing data analysis in woody plants of heterogeneously heterozygous genomes, such as 
Malus species, these mapping strategies need to be adapted as DNA variants from these species are of complex inheritance patterns and their 
phases are often unknown. In this study, an effective strategy that includes two approaches, dubbed mutant allele frequency density (MAFD) 
mapping and allele frequency directional difference and density (AFDDD) mapping, is proposed and shown to be useful in mapping the weeping 
phenotype to chromosome 13 in Malus. To be principally sound, the genetic basis for these approaches were investigated and confirmed. Both 
MAFD and AFDDD mapping approaches can be performed without prior knowledge of the parental genotypes. 
 
P0613: Genome Mapping, Tagging & Characterization: Fruit Species 
Characterization of the Genetic Diversity Among Cultivated Pears Using SSR Markers 
Muriel Thomasset1, Bénédicte Jaudeau1, Nadege Desmier1, Remi Guisnel2, Caroline Denance2, Anne Bernole1, Charles-Eric Durel2 
and Arnaud Remay1, (1)GEVES - BioGEVES, Surgeres, France, (2)INRA, Beaucouzé, France 
Pear species (Pyrus spp.) is one of the most commercially important fruit tree species in the subfamily Maloideae of the Rosaceae. P. communis 
(European pear) is commonly cultivated in Europe and temperate regions, while P. pyrifolia is the main cultivated pear species in Asia. 
Registration of new cultivars either for Plant Breeders Rights or National Listing purposes requires Distinctiveness Uniformity and Stability test 
to be completed. DUS tests are based on the comparison between candidate cultivars and accessions of the reference collection. Developing new 
efficient tools to help to manage reference collections is a great concern.  
The mains aims of the present study were to characterize the reference collection of pear using SSR markers, and to define a highly 
discriminating marker set.  
Study has been carried out on leaves of 142 pear accessions (P. communis, P. pyrifolia, and P. calleyryana) collected from INRA ex situ 
collection, including 7 references genotypes recommended by ECPGR. Samples were genotyped with 37 SSR markers publicly available and 
evenly distributed throughout the genome.  
On the 37 SSR markers, 6 were discarded due to weak amplification. The 31 remaining SSR markers were efficient to separate European and 
Asian pears and identify uniquely 111 accessions. Among the varieties with similar molecular profile, 19 were cultivars and its mutants. 
Nevertheless for 6 pairs of varieties with a genetic distance equal to 0 (concerning 12 accessions) further analysis are needed. A reduced set of 
markers was defined with an equivalent discriminatory power compared to the complete set of markers.  
In conclusion, the set of 31 SSR markers and the reduced set could be used to establish strategies to manage the reference collection and provide 
true-to-type analysis.  
 
P0614: Genome Mapping, Tagging & Characterization: Fruit Species 
New Genomic Tools for Pear: High Quality Genome Assembly and High Density SNP Array 
Luca Bianco1, Sara Montanari2, Gareth Linsmith1, Riccardo Velasco1, Cecilia H. Deng3, Mareike Knäbel4, Jean-Marc Celton5, 
Randi Famula2, Nahla Bassil6, Joseph Postman6, Richard Bell7, Katherine M. Evans8, A. Dhingra9, Francois Laurens5, Charles-Eric 
Durel5, David Chagné4, David B. Neale2 and Michela Troggio1, (1)Research and Innovation Centre, Edmund Mach Foundation, San 
Michele all'Adige, Italy, (2)Dept. Plant Sciences University of California Davis, Davis, CA, (3)The New Zealand Institute for Plant 
& Food Research Limited, Auckland, New Zealand, (4)The New Zealand Institute for Plant & Food Research Limited, Palmerston 
North, New Zealand, (5)INRA, Beaucouzé, France, (6)USDA/ARS, NCGR, Corvallis, OR, (7)USDA/ARS, Kearneysville, WV, 
(8)Washington State University, Wenatchee, WA, (9)Molecular Plant Sciences, Washington State University, Pullman, WA 
The development of genomic tools is fundamental for understanding the genetic control of various traits using association studies and for more 
efficient selection of new cultivars with marker-assisted breeding. We developed an improved genome assembly of the European pear (Pyrus 
communis) ‘Bartlett’. For whole genome sequencing we chose a double haploid accession of ‘Bartlett’, generated at INRA Angers, in order to 
address issues related to assembling highly heterozygous genomes. We used a hybrid strategy with PacBio and Illumina sequencing technologies 
to improve scaffolding into pseudo-chromosome length compared to the fragmented published Bartlett v1.0 genome assembly. We are also 
developing a high density SNP array from the re-sequencing of 55 pear accessions. A first set of ~600,000 SNPs were screened on a diverse set 
of 284 genotypes and we will use the results to select high-quality markers for the design of a second, final array of 55,000 SNPs. We will finally 
use this new SNP array for the genotyping of ~2000 pear accessions held at the National Clonal Germplasm Repository (NGCR) in Corvallis 
(OR). 
 
P0615: Genome Mapping, Tagging & Characterization: Fruit Species 
Genome-Wide Characterization of MADS-Box Transcription Factor Family Reveals Structural Distinctness and Functional 
Divergence in Pear (Pyrus × bretschneideri) 
Runze Wang, Nanjing Agricultural University, Nanjing, China 



MADS-box transcription factors play significant roles in plant development processes, such as floral organ conformation, flowering time, and 
fruit development. Pear (Pyrus × bretschneideri), as the third-most crucial temperate fruit crop, has been fully sequenced. However, there is 
limited information about the MADS family and its functional divergence in pear. In this study, a total of 95 MADS-box genes were identified in 
the pear genome, and classified into two types by phylogenetic analysis. Type I MADS-box genes were divided into 3 subfamilies and type II 
genes into 14 subfamilies. Within type II, 23 proteins without K domain with conserved MADS domains and similarities to structural features of 
type I proteins were identified. Synteny analysis suggested that WGD duplications have played key roles in the expansion of MADS family, 
followed by rearrangement events. Purifying selection was the primary force driving MADS-box gene evolution in pear, and four gene pairs 
presented 1 to 22 codon sites under positive selection. Full-scale expression information for PbrMADS genes in vegetative and reproductive 
organs was provided by transcriptional analysis. Based on gene family analysis and excavation of putative genes related to anthocyanin 
accumulation, PbrMADS11 and PbrMADS12 were identified as important candidate genes in anthocyanin biosynthesis regulation. These results 
provide a solid foundation for future functional analysis of PbrMADS genes in different biological processes, especially the study of 
pigmentation in pear. 
 
P0616: Genome Mapping, Tagging & Characterization: Fruit Species 
Identification of Candidate SNPs for Formation or Degeneration of Pollen in Interspecific Population in Pears (Pyrus spp.) 
Hyeondae Han1,2, Keumsun Kim1,2, Min-Gi Lee1,2, Sewon Oh1,2, Kidong Hwang1,2, Youngjae Oh3 and Daeil Kim1,2, (1)Chungbuk 
National University, Cheongju, Korea, The Republic of, (2)Brain Korea 21 Center for Bio-Resource Chungbuk National University, 
Cheongju, Korea, The Republic of, (3)Chungbuk National University, Cheongju, South Korea 
The object of this study was to localize the genes associated with pollen abortion and identify the flanking markers for the traits in F1 population 
between ‘Whangkeumbae’ (Pyrus pyrifolia) and ‘Minibae’ (P. hybrid). Unlike ‘Whangkeumbae’, having abortive pollen, ‘Minibae’ has plenty of 
pollens and high compatibility to Korean bred pears. In March 2014 and 2016, flowers were collected at pink bud stage from each tree and dried 
at 25 °C for 24 hours. Phenotype was scored as binary digit, presence (1) and absence (0) of pollen for all F1 individuals. Segregation of presence 
and absence in this cross fitted the ratio of 1:1 by chi-square test P ≤ 0.01 in 2014 and 2016. However, some progenies showed inconsistency of 
phenotypic score in 2014 and 2016. Based on genetic linkage map using 2,331 SNP markers derived from genotyping-by-sequencing, Kruskal-
Wallis test was performed to calculate the significant markers for pollen. In total, 14 candidate SNPs for the presence and absence of pollen were 
successively positioned on LG14 in 2014 and 2016, whereas only 2 SNPs were peaked in 2014. These results might indicate that pollen 
formation is affected by one or more genes depending on environmental conditions. The results of this study should be used to demonstrate 
genotypes of the franking SNP loci by high resolution melting analysis and develop the STS markers for marker assisted selection. 
 
P0617: Genome Mapping, Tagging & Characterization: Fruit Species 
An InDel and SNP Genetic Linkage Map in Interspecific Asian Pear Using Next Generation Sequencing 
Hyeondae Han1,2, Keumsun Kim1,2, Youngjae Oh3, Sewon Oh1,2, Kidong Hwang1,2, Min-Gi Lee1, Yoon-Kyeong Kim4 and Daeil 
Kim1,2, (1)Chungbuk National University, Cheongju, Korea, The Republic of, (2)Brain Korea 21 Center for Bio-Resource 
Chungbuk National University, Cheongju, Korea, The Republic of, (3)National Institute of Horticultural & Herbal Science, Gunwi, 
Korea, The Republic of, (4)National Institute of Horticultural & Herbal Science, Naju, South Korea 
In the genus Pyrus, high-density genetic linkage maps have been constructed with an effort to identify quantitative traits loci (QTLs), evaluate 
whole genome structure, and apply to marker-assisted selection. In this study, a population of 93 progenies of ‘Whangkeumbae’ (P. pyrifolia) 
and ‘Minibae’ (P. hybrid) was used to construct a saturated linkage map using genotyping by sequencing-based 2,331 SNP and 12 InDel markers 
according to the pseudo-testcross mapping strategy. For the detection of InDel markers, ‘Whangkeumbae’ and ‘Minibae’ were aligned to the pear 
whole genome sequence of Chinese pear ‘Suli’ (P. bretschneideri). After grouping, 17 strongly linked groups consisted of 982 SNP and 2 InDel 
markers in ‘Whangkeumbae’ and 907 SNP and 5 InDel markers in ‘Minibae’, respectively. The map for ‘Whangkeumbae’ consisted of 988 loci 
on 17 linkage groups (LGs) over totals of 1,111.6 cM, with an average distance of 1.13 cM between markers whereas that for ‘Minibae’ included 
921 loci encompassing a genetic distance of 1,293.5 cM, with an average distance of 1.40 cM. The shortest LG of ‘Whangkeumbae’ was 10.0 
cM in LG17, while that of ‘Minibae’ was 30.3 cM in LG2. However, the longest LG of ‘Whangkeumbae’ was 105.1 cM in LG10, while that of 
‘Minibae’ was 119.2 cM in LG11. In our results, 3 InDel markers fitting a Mendelian fashion were not mapped, indicating a relatively 
unevenness of restriction sites across the genome. This genetic map should be continuously integrated with published SSRs for the construction 
of consensus genetic linkage map. 
 
P0618: Genome Mapping, Tagging & Characterization: Fruit Species 
Epigenome and Transcriptome Studies during Dormancy in Sweet Cherry Flower Buds 
Noémie Vimont1, Mustapha Arkoun2, Jean-Claude Yvin2, Philip A. Wigge3, Elisabeth Dirlewanger1, Sandra Cortijo3 and 
Bénédicte Wenden1, (1)INRA-UMR 1332 Biologie du Fruit et Pathologie, Villenave d'Ornon, France, (2)Agro Innovation 
International - Centre Mondial d'Innovation - Groupe Roullier, St Malo, France, (3)The Sainsbury Laboratory, University of 
Cambridge, Cambridge, United Kingdom 
In perennial species, dormancy is a period of repressed growth that acts to protect sensitive tissues during unfavorable climatic conditions. 
Dormancy and bud burst are strongly affected by temperature. The mean surface temperature of the earth is increasing and this climatic change 
may have serious negative consequences on the dormancy release, potentially resulting in lower cherry production. Despite this strong effect of 
temperature on dormancy, the molecular events regulating dormancy and the effect of temperature on dormancy are still not very well 
understood. It has been shown that DORMANCY-ASSOCIATED MADS-box (DAM)-related genes are up-regulated in dormant buds in a certain 
number of plants (peach, raspberry, leafy spurge, poplar). Recent studies also highlighted the presence of epigenetic mechanisms in the 
regulation of bud dormancy. To better understand the mechanisms underlying the effect of temperature on dormancy we are assessing genome-
wide dynamics of several chromatin marks and expression during dormancy in floral buds of sweet cherry (Prunus avium L.) varieties with 
contrasted bud burst dates. To validate the role of epigenetic mechanisms in dormancy and the dormancy release in cherry floral buds, we are 
also studying the effect of epigenetic drugs on the dormancy cycle of floral buds. We observed a distinct change in histone methylation in floral 



buds during the dormancy cycle. We could also detect transcriptional dynamics of dormancy-related genes and we are currently analysing their 
interplay. The results of floral bud treatment with epigenetic drugs also confirmed the crucial role of chromatin dynamics in bud burst. Ongoing 
and future studies will help to identify mechanisms and gene markers involved in dormancy in sweet cherry with a view to draw parallels with 
the process of vernalisation in annual species as Arabidopsis thaliana, which were already known. 
 
P0619: Genome Mapping, Tagging & Characterization: Fruit Species 
Physiological Analysis of Buds Dormancy in Sweet Cherry 
Rémi Beauvieux, Bénédicte Wenden, Camille Bénard, Hélène Christmann, Yves Gibon and Elisabeth Dirlewanger, INRA-UMR 
1332 Biologie du Fruit et Pathologie, Villenave d'Ornon, France 
Bud dormancy is the rest period that enables temperate fruit trees to protect sensitive tissue from unfavorable climatic conditions. This period is 
characterized by the accumulation of certain amount of cold temperatures - the chilling requirements - that are necessary for breaking dormancy 
and subsequent successful flowering.  
The mechanisms involved in dormancy induction, maintenance and release are still poorly understood. In order to identify key pathways 
controlling the dormancy process in sweet cherry flower buds, we investigated several key metabolites, including sugars and amino acids, during 
the dormancy period in a low chill cultivar ‘Cristobalina’ and a high chill cultivar ‘Regina’.  
Upon dormancy release, a complex metabolic shift takes place, and the time course of several metabolites enables describing different metabolic 
phases of dormancy. In particular, the time lag between the decrease /increase of some metabolites in the two cultivars suggests that they are 
good markers for dormancy release. 
 
P0620: Genome Mapping, Tagging & Characterization: Fruit Species 
Definition of a Core Collection and Construction of a Reference Set for Genome-Wide Association Studies from a Large 
Prunus persica Germplasm Collection 
Sabrina Micali1, Maria Jose Aranzana2, Alessandro Liverani3, Stefano Foschi4, Laura Rossini5,6, Daniele Bassi5, Pere Arús2 and 
Ignazio Verde1, (1)Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria (CREA), Fruit Tree Research Center, 
Roma, Italy, (2)IRTA-CRAG, Barcelona, Spain, (3)Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria (CREA), 
Fruit Tree Research Unit, Forlì, Italy, (4)CRPV soc. coop., Cesena, Italy, (5)Università degli Studi di Milano – DiSAA, Milano, 
Italy, (6)Parco Tecnologico Padano, Lodi, Italy 
Genome-wide association studies take advantage of the natural variation present in germplasm repositories for identifying genes underlying 
agronomic traits, through plant molecular and phenotypic characterization. For tree crops, in vivo maintenance and phenotyping are particularly 
onerous and the reduction of redundancy and duplicates could help lowering management costs. In the frame of the European project 
FruitBreedomics, a collection of 1580 Prunus accessions from different institutions in Europe and China has been genotyped with the IPSC 9K 
SNP Array and phenotyped for different agronomic traits and a GWAS analysis with 4271 SNPs on 7 monogenic traits has been carried out 
(Micheletti et al. 2015). In the present work, the same set of 4271 SNP markers was used to identify a peach core collection by applying the 
maximization strategy implemented in the software PowerCore v 1.0 (Kim et al. 2007). Out of a total of 1540 a core of 72 (C72) accessions was 
identified, representing 4.7% sampling size. C72 contains the accessions with higher diversity representing the total allelic coverage with an 
efficiency index of 0.83 with respect to random sampling. In the view of setting up a genomic tool for GWAS analyses a reference subset of 150 
accessions was also developed taking into account allelic and phenotypic traits representativeness through the maximization strategy, population 
stratification and controlled redundancy required to have enough statistical power. Preliminary PCA analysis shows population structure to 
explain less than 30% of variability due to the local varieties. Validation of the reference set will also be presented. 
 
P0621: Genome Mapping, Tagging & Characterization: Fruit Species 
Genetic and Polyphenol Profile Diversity in a Japanese Plum (Prunus salicina L.) Small Cultivar Collection: Towards 
Genetic Dissection of Functional Compound Content Trait 
Igor Alejandro Pacheco Cruz, INTA - U. de Chile, Santiago, Chile 
Japanese plum has an excellent place in the fruit production in Chile, being an interesting target for fruit quality and functional-food value 
improvement. Related with the latter aspect, one of the objectives of University of Chile Japanese plum breeding program is to develop new 
selections with enhanced fruit functional compound content. A suitable strategy to improve the efficiency of selection process (a slow and 
expensive relatively long generational time and the presence of self-incompatibility in the species), is the use of molecular markers genetically 
associated to mutations responsible for phenotypic variation. In the year 2015, we started to explore the phenotypic variability of plum fruit 
polyphenol content as a first step in the characterization of the genetic mechanisms underlying this complex trait. For this aim, we are analysing 
the anthocyanin and low-molecular weight phenols (LMWP) profile in a small collection of 12 Japanese plum commercial varieties. For each 
cultivar, skin and flesh tissues of fruits sampled at two different ripening conditions (E1 and E2), were subjected to methanolic maceration and 
organic extraction to obtain extracts enriched in anthocyanins and LMWP, respectively. HPLC-DAD analysis of the extracts is revealing the 
presence of 8 anthocyanin-related and 16 LMWP-related peaks. In the former, and employing HPLC-qTOF-MS2 qualitative analysis, we have 
detected the presence of cyanidin 3-rutinoside, as well as 3-monoglucosides of cyanidin, petunidin, peonidin, pelargonidin and delphinidin. 
Peaks putatively associated to cyanidin 3-glucose and cyanidin 3-rutinoside show the highest concentration in all red-skinned cultivars. As 
expected, the compound distribution across fruit tissues and ripening conditions is strongly dependent on the cultivar. Correlation of phenolic 
compounds and phenological and fruit quality traits (determined on the same analysed fruits) is also shown. In parallel, we are developing a high-
quality SNP dataset from Genotyping-by-Sequencing data, in order to perform genetic diversity analyses with polymorphism data as robust as 
possible. These preliminary data confirm a genotype-dependent phenolic content, suggesting that breeding for health-promoting fruits is a 
completely feasible activity. This work is being supported by grants Fondecyt No. 11150662 and PAI-CONICYT 79140020. 
 
P0622: Genome Mapping, Tagging & Characterization: Fruit Species 
Construction of a Reference Genetic Linkage Map in Pistachio By SSR Markers 



Mortaza Khodaeiaminjan1, Salih Kafkas1, Elmira Ziya Motalebipour1, Nergiz Çoban2 and Hatice Gozel2, (1)University of 
Cukurova, Adana, Turkey, (2)Pistachio Research Institute, Gaziantep, Turkey 
The genus Pistacia belongs to Anacardiaceae family and consists of about 11 species. P. vera is only cultivated and the others are wild species. 
Pistachio is dioecious and haploid chromosome number is n=15. Genetic linkage maps are important tools to develop markers linked 
economically important characters. They are also good sources for whole genome sequencing projects to anchor scaffolds onto chromosomes. 
Simple sequence repeats (SSRs) are co-dominant markers and are very useful to construct consensus maps in heterozygous species. Therefore, 
this study aims to construct the first SSR-based genetic linkage maps in pistachio. An F1 population from Siirt x Bagyolu cross with 135 plants 
were used in the mapping. A total of 750 SSR markers was screened in the parents and in six F1 progenies for segregation. The segregated SSR 
markers were analyzed in the population and were used in the map construction. The consensus map included 385 SSR markers along with 15 
chromosomes and 70.9% of them were common markers. The LG length changed between 61.3 cM and 131.0 cM. The constructed map can be 
used in pistachio in further studies such as genome sequencing, genetic diversity and marker assisted selection. 
 
P0623: Genome Mapping, Tagging & Characterization: Fruit Species 
Implementation of the IStraw90 Axiom® SNP Array Genotyping Platform for Genetic Linkage Map Construction in the 
Diploid Strawberry Model Species, Fragaria vesca 
Melanie E. Shields and Thomas M. Davis, University of New Hampshire, Durham, NH 
The wild strawberry species, Fragaria vesca (L.), is recognized as a diploid (2n = 2x = 14) ancestor of the cultivated octoploid (2n = 8x = 56) 
strawberry, F. ×ananassa, a valuable fruit crop in the United States. Although the F. vesca ‘Hawaii 4’ genome assembly was used as the 
reference for SNP discovery in designing the Affymetrix IStraw90 Axiom® SNP array, none of the array markers were specifically designed for 
genotyping in F. vesca, being targeted instead to detect variants discovered in octoploid germplasm (85,663 SNPs) or in ancestral diploid F. 
iinumae (3,751 SNPs). Our aim was to evaluate the performance of the IStraw90 Array as a tool for linkage mapping in F. vesca, a strawberry 
species outside its intended range. This study relied on the F2 mapping population from an existing cross between the yellow-fruited strawberry 
F. vesca ssp. vesca f. semperflorens, ‘Yellow Wonder' (Y) and red-fruited F. vesca ssp. americana ‘Pawtuckaway’ (P), and utilized 60 
individuals of this YPF2 population as the source of marker segregation data. After filtering the array data, 1,637 SNP markers were subjected to 
mapping analysis using JoinMap v4.1. The resultant YPF2 linkage map consists of 1,377 SNP markers with 324 unique loci across seven linkage 
groups, spanning 470.9 cM, with a mapping density of 1.45 cM/locus. Thus, our result indicates that the IStraw90 Array may be an effective 
genotyping tool for Fragaria species other than those for which it was designed, given a sufficiently wide mapping cross. 
 
P0624: Genome Mapping, Tagging & Characterization: Fruit Species 
De novo Assembly of the Diploid Strawberry Fragaria Iinumae Genome 
Yilong Yang1, Lise L. Mahoney1, Dan Sargent2, Dave J. Wood1, Thomas M. Davis1, Judson Ward2 and Kevin M. Folta3, 
(1)University of New Hampshire, Durham, NH, (2)Driscoll's, Watsonville, CA, (3)University of Florida, Gainesville, FL 
Fragaria iinumae Makino, a member of the family Rosaceae, is a diploid (2n=2x=14) strawberry species with small genome size of about 240 
MB. It is recognized as an ancestor of the octoploid strawberry species, including the cultivated strawberry, Fragaria × ananassa Duchesne ex 
Rozier. In order to facilitate genomic studies of the cultivated strawberry, we assembled the genome of F. iinumae accession F1D by integrating 
different and complementary data types including Illumina paired-end and mate pair reads, PacBio reads, optical mapping data, and a high 
resolution genetic linkage map. An initial de novo assembly was done by ALLPATHS-LG using short sequencing reads, followed by further 
scaffolding and gap-closing incorporating PacBio reads using PBJelly. Then optical data were generated using BioNano technology by the 
Bioinformatics Center at Kansas State University and were used to super-scaffold 54% of the draft assembly, increasing the scaffold N50 from 
0.6Mb to 1.4 Mb. In parallel, a genetic map consisting of 3,280 Axiom IStraw90® array SNP markers and 893 GBS markers was constructed 
from a population of 104 F2 progeny derived from F1D. Furthermore, 22 of these individuals were genotyped by whole genome re-sequencing 
on the Illumina platform, thus contributing an additional 23,203 markers for the genetic map. Finally, the resulting ultra-high density genetic map 
was used by ALLMAPs to create seven pseudo-molecules, consisting of 1201 anchored scaffolds and representing 97% of the genome assembly. 
The release of the Fragaria iinumae reference genome provides a platform for detailed analysis of strawberry genome structure, variation, and 
evolution. 
 
P0625: Genome Mapping, Tagging & Characterization: Fruit Species 
Toward a Pentaploid-Based Assembly of an Octoploid Strawberry Reference Genome 
Yilong Yang and Thomas M. Davis, University of New Hampshire, Durham, NH 
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 show that pentaploid hybrids and progeny populations generated from certain diploid x octoploid crosses can serve as 
“surrogate haploids”. These pentaploids offer many potential advantages for genomic research in strawberry, including linkage map construction.  
A mapping population was derived from a cross between F. vesca ‘Hawaii 4’ (2x) and LB48 (8x), where LB48 is the F1 hybrid of a cross 
between F. virginiana accessions L1 (subsp. virginiana 8x) and BC6 (subsp. glauca 8x). The mapping population of 178 pentaploid individuals 
was subjected to SNP genotyping using the Axiom IStraw90 SNP array. A total of 6,586 markers were allocated to 29 linkage groups, covering a 
total map distance of 2,670 cM. In order to assign subgenome affinities to linkage groups, we classified SNP markers by performing 
phylogenetic analysis of marker flanking sequence and homolog sequences from F. vesca, F. iinumae, and other species. Markers in three 
subgenome categories (F. vesca- like, F. iinumae-like, and other/unknown) were identified. This study provided promising results of using a 
pentaploid progeny population for the construction of a high-density linkage map and in the long term for anchoring a genome assembly 
representative of an octoploid genome. One pentaploid plant has been chosen for sequencing and assembly, now in progress. 
 
P0626: Genome Mapping, Tagging & Characterization: Fruit Species 
Development of 3D Shape Measuring Method for Strawberry Fruits 



Atsushi Hayashi1, Nobuo Kochi2, Sachiko Isobe1 and Takanari Tanabata1, (1)Kazusa DNA Research Institute, Chiba, Japan, 
(2)Chuo University, Tokyo, Japan 
Strawberry fruit shape is classified into several categories such as triangular pyramid, globosity and heart, and the classification has been done by 
grading system in breeding. However, the reliability is often lower because it is subjectively assessed by an estimator. In order to evaluate fruit 
shape more preciously, we have developed 3D measuring system based on photogrammetry. 3D modeling in fruits is difficult especially in the 
process of stereo-image matching. By tuning the system for fruit 3D modeling, we have established a user-friendly 3D modeling pipeline. The 
developed pipeline consists of automated image capturing module, image preprocessing module and 3D modeling module. Image capturing 
module is for system control of automatic 360° image capture with connected a rotation motorized stage and multiple cameras. Image 
preprocessing module is distinct fruit and background areas and masked background areas to enhance 3D modeling accuracy (detect feature 
points, reduce noise, and so on). 3D modeling module is performed 3D shape reconstruction by SfM (Structure from Motion) approach. The 
developed system is used for evaluation of strawberry fruit size and shape which is difficult to measure by 2D image analysis, and expected to 
apply other plant species. 
 
P0627: Genome Mapping, Tagging & Characterization: Fruit Species 
Quantitative Trait Loci (QTL) Discovery for Resistance to Colletotrichum Crown Rot in Strawberry (Fragaria × ananassa) 
Seonghee Lee, Ashlee Anciro, Vance M. Whitaker, Jozer Mangandi, Sujeet Verma and Luis Osorio, University of Florida, 
Wimauma, FL 
Colletotrichum crown rot (CCR) caused by the fungus Colletotrichum gloeosporioides is an important disease in central Florida and throughout 
the southeastern U.S. We previously identified several highly CCR-resistant accessions in the University of Florida breeding germplasm and 
found the potential for 74% gain in resistance to this disease in one generation. In order to discover QTLs for CCR resistance, a complex multi-
family population consisting of 62 full-sib families from crosses made among 24 parents was evaluated in inoculated field trials during the 2013-
14 season. Using whole-genome SNP genotyping and pedigree-based marker-trait association analysis, we found two QTLs in the octoploid 
strawberry, on LG 6B (Cg1) and LG 5C (Cg2), with the former accounting for 27% of the phenotypic variance. To confirm and more precisely 
locate the large-effect QTL, Cg1, a validation population consisting of five bi-parental crosses predicted to segregate for resistance at Cg1 was 
evaluated during the 2015-16 season. The QTL analysis found Cg1 and Cg2 to explain approximately 18% and 11% of the variation, 
respectively. An in-house developed SNP linkage map representing 38 linkage groups and nearly 6,000 SNP markers were utilized alongside in a 
pedigree-based genome-wide QTL analysis using FlexQTL™ software. Marker haplotypes and diplotypes for the Cg1 locus were manually 
constructed for parents and seedlings and confirmed with PediHaplotyper software. We are working to develop high-throughput markers tightly 
linked to Cg1 to facilitate marker-assisted seedling selection for resistance to CCR at the University of Florida. 
 
P0628: Genome Mapping, Tagging & Characterization: Fruit Species 
Mapping the ‘Wild Strawberry’ Aroma in a Fragaria vesca NIL Collection 
Amparo Monfort1, María Urrutia1, José L Rambla2 and Antonio Granell2, (1)IRTA, Centre for Research in Agricultural Genomics 
CSIC-IRTA-UAB-UB, Bellaterra (Barcelona), Spain, (2)IBMCP, Valencia, Spain 
F. vesca is a simplified model for the study of the strawberry genetics. The availability of a quality reference genome and the recently developed 
near isogenic line (NIL) mapping collection are powerful tools for the study of any genetic trait. In this study we pursue the mapping of the wild 
strawberry-like aroma performing detailed profile of the volatile composition of F. vesca NIL collection. Fully ripe berries from 42 NILs were 
collected, gas chromatography-mass spectrometry (GC-MS) analyzed and total RNA extracted. In order to assess which regions of the genome 
could be responsible for the variations in volatile ratios, a QTL analysis was performed. We were able to map a total of 126 QTL from 81 
different compounds including esters, aldehydes, alcohols, ketones, terpenoids and furans. The QTL mapping revealed 50 major stable QTL that 
accounted for a high proportion of the variability of 47 compounds, including 14 major QTL for 13 ‘key compounds’ responsible of strawberry 
aroma. The transcriptome of fully ripe fruits from selected NILs and the recurrent parental of the NIL collection F. vesca var. ‘Reine des 
Vallées’, were sequenced. Many QTL co-locate in few genetic regions according to clusters suggesting a control by a reduced number of loci. 
Two genetic regions that harbor interesting QTL involved with strawberry aroma perception have been selected to perform a whole 
transcriptomic study. The differential expression analysis of the red-ripe fruits allowed to highlight differentially expressed genes related to wild 
strawberry aroma variation. 
 
P0629: Genome Mapping, Tagging & Characterization: Fruit Species 
Massive Phenotyping of Cranberry Fruits Reveals Novel QTLs for Quality Traits and Provides and Excellent Framework 
for Genome Prediction 
Luis A Diaz Garcia1, Giovanny Covarrubias-Pazaran2, Brandon Schlautman3, James Polashock4, Nicholi Vorsa5 and Juan Zalapa2, 
(1)Instituto Nacional de Investigaciones Forestales y Agricolas, Pabellon de Arteaga, Mexico, (2)University of Wisconsin-Madison, 
Madison, WI, (3)The Land Institute, Salina, KS, (4)USDA-ARS, Genetic Improvement of Fruits and Vegetables Laboratory, 
Chatsworth, NJ, (5)Rutgers University, New Brunswick, NJ 
Breeding progress to produce new cranberry cultivars (Vaccinium macrocarpon L.) has been limited because of reliance on mainly phenotypic 
selection, challenges due to perennial habit, little genetic knowledge of the crop, and lack of incentive due to small scale production around the 
world. Recently, most cranberry breeding efforts have focused on increasing yield and enhancing disease resistance, however, other traits, mainly 
those related with fruit quality, are important in the industry and merit further study. Therefore, we combined high-throughput phenotyping 
strategies and genome-wide quantitative trait loci (QTL) mapping for the genetic dissection of fruit quality trait variation in cranberry. Firstly, we 
developed a software package called GiNA for massive phenotyping of cranberry fruit traits based on digital imaging. Using GiNA, we 
massively phenotyped three biparental populations for fruit morphology and color-related traits. Then, we obtained multivariate genomic BLUPs 
(MGBLUPs) for all the traits and QTL mapping was performed, in which we found a large amount of co-located QTLs among the populations 
analyzed. In addition, we explored genomic selection as a means of increasing genetic gain in cranberry fruit quality by studying the predictive 
ability of MGBLUPs for all the fruit quality traits evaluated, finding high correlations for most of the cases. With this study, we provide a 



powerful phenotyping tool for cranberry fruits (and other horticultural crops) as well as identified QTLs for fruit quality traits which were 
confirmed to be present in multiple breeding populations. 
 
P0630: Genome Mapping, Tagging & Characterization: Fruit Species 
Improving Mapping Strategies to Discover Genes Involved in Tolerance to pH Stress in Blueberry 
Miriam Payá Milans, University of Tennessee, Institute of Agriculture, Knoxville, TN, Gerardo H. Nunez, Horticultural Sciences 
Department, University of Florida, Gainesville, FL, James W. Olmstead, Driscoll's, Watsonville, CA, Timothy A. Rinehart, USDA-
ARS Southern Horticultural Laboratory, Poplarville, MS and Margaret Staton, University of Tennessee, Knoxville, Clemson, SC 
Blueberries are small fruits of high nutritional value produced by various species of plants in the genus Vaccinium. While most blueberries grow 
strictly on acidic soils, the wild V. arboreum (sparkleberry) tolerates a soil pH up to 6.5. Evolution of blueberries has produced plants with 
different levels of ploidy, ranging from diploid to hexaploid. One of the most commonly cultivated species is tetraploid V. corymbosum, which 
contains 4X=2n=48 chromosomes with an estimated size of 600 Mb/haploid genome. A reference genome with annotations was developed from 
diploid V. corymbosum. In the present study, RNA-Seq data was used for (i) comparison of multiple strategies to improve mapping of reads 
across Vaccinium species to the V. corymbosum reference and (ii) analysis of differential gene expression in plants from tetraploid V. 
corymbosum and diploid V. arboreum grown at control pH 4.5 and challenging pH 6.5. Our results using different mapping software revealed an 
impairment between mapping rate and conversion to gene counts. Estimation of differential expression using quasi-likelihood F test yielded 337 
and 4,867 genes in V. corymbosum and V. arboreum, respectively, responding to pH treatment. Both species shared regulation of genes involved 
in nutrient homeostasis and lignin metabolism. V. arboreum exhibited regulation of signaling pathways related to abiotic/biotic stress, cellulose 
and lignin biosynthesis, and nutrient uptake, while V. corymbosum did not. These responses likely enable V. arboreum to tolerate higher soil pH. 
Lack of differential expression of these pathways in V. corymbosum might be related to this species’ strict soil adaptation. 
 
P0631: Genome Mapping, Tagging & Characterization: Fruit Species 
Markers Linked to Three Sources of Aphid Resistance in Black Raspberry 
Nahla Bassil1, Jill M. Bushakra1, Katherine Armes2, Kelly Vining2, Michael Dossett3, Jana Lee4, Christine Bradish5, Gina 
Fernandez5, Jungmin Lee6 and Chad Finn7, (1)USDA/ARS, NCGR, Corvallis, OR, (2)Oregon State University, Corvallis, OR, 
(3)Agriculture and Agri-Food Canada, Agassiz, BC, Canada, (4)USDA-ARS-HCRL, Corvallis, OR, (5)North Carolina State 
University, Raleigh, NC, (6)USDA-ARS, Parma, ID, (7)USDA-Agricultural Research Service, Corvallis, OR 
Black raspberry is a minor but lucrative crop with most of the acreage in the U.S. found in Oregon. Rapid decline of plantings results from virus 
infection vectored by the North American large raspberry aphid and is the most limiting factor for growing black raspberry. Existing cultivars are 
susceptible to the resulting Black raspberry necrosis virus (BRNV) and other viruses in the Raspberry mosaic virus complex. BRNV spreads 
rapidly in the field resulting in plantings that decline in as few as two or three growing seasons. Aphid resistance was discovered in three separate 
wild black raspberry populations collected from Simcoe, Ontario, Canada (ON), Gardiner, Maine, USA (ME), and Bath, Michigan, USA (MI). 
Three full-sib black raspberry populations, designated ORUS 4305 (ON), ORUS 4304 (ME), and ORUS 4812 (MI), were used to study the 
inheritance of the aphid resistance from the three sources. Linkage map construction and phenotypic evaluation of resistance response upon 
greenhouse aphid inoculation suggest that the three resistance loci are separate but linked and map on Rubus Linkage Group (RLG) 6. 
Association analysis suggests that sequences from black raspberry genome scaffolds 99, 525 and 684 are important for determining aphid 
resistance in ORUS 4305. Screening SSRs from these scaffolds identified sixteen SSR loci that co-segregated with aphid resistance. When 
validated in populations with mixed sources of resistance, two SSRs distinguished individuals with the ON and/or the MI sources of resistance 
from that of the ME source while one SSR identified resistant individuals irrespective of the source. 
 
P0632: Genome Mapping, Tagging & Characterization: Fruit Species 
Avocado (Persea americana) and Cherimoya (Annona cherimola) Crop Ontologies Facilitate Data Interoperability Among 
Different Descriptors in Biological Databases 
Alicia Talavera, IHSM La Mayora - CSIC, Málaga, Spain, Hugo Pineda, Departamento de Biología Vegetal. Universidad de 
Málaga., Málaga, Spain, J. Inaki Hormaza, IHSM La Mayora - CSIC, Malaga, Spain and Antonio Javier Matas Arroyo, 
Departamento de Biología Vegetal. Universidad de Málaga, Málaga, Spain; IHSM La Mayora - UMA - CSIC, Málaga, Spain 
Subtropical fruits, like avocado and cherimoya, are key crops for food security in a wide range of countries, with an increasing commercial 
importance worldwide. Even though their importance is starting to be recognized and high throughput sequencing approaches are currently being 
used to characterize genome-wide patterns from natural diversity populations and breeding stocks, currently ontological available information for 
these subtropical fruits crops is scarce and often not based in internationally standardized formats. Thus, the challenge to correlate the expanding 
molecular information data available with plant phenotype and crop traits remains an important issue in breeding programs for these crops.  
With the aim to facilitate future analyses we present a controlled vocabulary for harmonizing the annotation of phenotypic and genomic data for 
these crops. These new ontologies represent an extended ontology to fit avocado and cherimoya traits commonly used in variety descriptions, 
mainly established by Biodiversity International and the International Union for the Protection of New Varieties of Plants (UPOV), but also 
custom ad hoc descriptors. The developed ontology includes measurable or observable characteristics of plants as well as abiotic and biotic stress 
susceptibility. The resource is available in standard OBO formats ready to be used in GMOD and Tripal inspired biological databases to allow 
data sharing and reusability. The approach followed here can be of interest to other crops in which standardized ontologies are still missing. 
 
P0633: Genome Mapping, Tagging & Characterization: Fruit Species 
Genome-Wide Single Nucleotide Polymorphism Discovery and the Construction of a High-Density Genetic Map for Melon 
(Cucumis melo L.) Using Genotyping-By-Sequencing 
Che-Wei Chang and Chih-Wei Tung, National Taiwan University, Taipei, Taiwan 
Although genotyping-by-sequencing (GBS) enables the efficient and low-cost generation of large numbers of markers, the utility of resultant 
genotypes are limited, because they are enormously error-prone and contain high proportions of missing data. In this study, we generated single 



nucleotide polymorphism (SNP) markers for 109 recombinant inbred lines (RILs) of melon (Cucumis melo L.) using the GBS approach and 
ordered them according to their physical position on the draft double haploid line DHL92 genome. Next, by investigating associations between 
these SNPs, we discovered that some segments on the physical map conflict with linkage relationships. Therefore, to filter out error-prone loci, 
4,110 SNPs in which we have a high degree of confidence were selected as anchors to test independence with respect to unselected markers, and 
the resultant dataset was then analyzed using the Full-sib Family Haplotype (FSFHap) algorithm in the software TASSEL 5.2. On the basis of 
this analysis, 22,933 loci that have an average rate of missing data of 0.281% were used to construct a genetic map, which spans 1,088.3 cM 
across 12 chromosomes and has a maximum spacing of 6.0 cM. Use of this high-quality linkage map enabled the identification of several 
quantitative trait loci (QTL) known to control traits in fruit and validated our approach. This study highlights the utility of GBS markers for the 
identification of trait-associated QTLs in melon and facilitates further investigation of genome structure. 
 
P0634: Genome Mapping, Tagging & Characterization: Fruit Species 
Developing a High Density Genetic Map for Acca sellowiana (Berg.) Burret 
Marianella Fernanda Quezada Macchiavello1,2, Rodrigo Rampazo Amadeu2, Beatriz Vignale3, Danilo Cabrera4, Clara Pritsch1 
and Antonio Augusto Franco Garcia2, (1)Universidad de la República, Montevideo, Uruguay, (2)University of São Paulo, 
Piracicaba, SP, Brazil, (3)Universidad de la República, Salto, Uruguay, (4)Insitituto Nacional de Investigación Agropecuaria, 
Canelones, Uruguay 
Acca sellowiana (2n = 2x = 22) is a promising Myrtacea fruit tree species, native to Uruguay and Brazil. Its significant agronomic potential 
results from highly aromatic fruits, with nutraceutical and therapeutic value. However, the molecular genetic research in this species is limited. 
Currently, the genotyping methods such as Genotyping-by-sequencing (GBS) provided a high marker density without the need for any prior 
genomic information. In order to enhance the research and breeding in this species, we develop two F1 populations connected by one parental 
genotype segregating for relevant fruit quality traits. The objectives of this study were to develop single nucleotide polymorphism (SNP) markers 
using GBS and to construct high-density genetic linkage maps. The F1 populations (H5, H6) with a total number of 344 individuals were used 
for SNP detection. A total of 456,962,262 reads analyzed through a Tassel calling pipeline identified 12,502 SNP loci. The quantitative analysis 
of SNPs identified 4,599 SNPs for H5, 3,556 for H6 whereas 2,427 of them coincided in both sets. A high-density integrated genetic linkage map 
for each population, with the expected number of linkage groups (11), was constructed using an adapted version of R package OneMap. For H5, 
previously mapped ISSR, AFLP and SSR markers were also included in the map. This is the first multi-parental genetic map for the species. 
 
P0635: Genome Mapping, Tagging & Characterization: Fruit Species 
A Reference Genome of Mango (Mangifera indica L. cv Amrapali) 
Nagendra K. Singh1, Ajay Kumar Mahato1, Pawan K. Jayaswal1, Sangeeta Singh1, Akshay Singh1, Vandna Rai1, Amitha Mithra S. 
V.1, Kishor Gaikwad1, Nimisha Sharma2, Anand K. Singh2, Manish Srivastava2, Jai Prakash2, Usha Kalidindi2, S. K. Singh2, Kasim 
Khan3, Rupesh K. Mishra3, Shailendra Rajan3, Anju Bajpai3, B.S. Sandhya4, Puttaraju Nischita4, K. V. Ravishankar4, M.R. Dinesh4, 
Neeraj Kumar5, Sarika Jaiswal5, Mir A. Iquebal5, Dinesh Kumar5, Anil Rai5 and Tilak R. Sharma1, (1)ICAR-National Research 
Centre on Plant Biotechnology, New Delhi, India, (2)ICAR-Indian Agricultural Research Institute, New Delhi, India, (3)ICAR-
Central Institute for Subtropical Horticulture, Lucknow, India, (4)ICAR-Indian Institute of Horticultural Research, Bengaluru, 
India, (5)ICAR-Indian Agricultural Statistics Research Institute, New Delhi, India 
Mango (Mangifera indica L.) is an evergreen fruit tree belonging to order Sapindales of the family Anacardiaceae. It has 20 pairs of 
chromosomes with an estimated genome size of 439 Mbp. It is known as the king of fruits due to its large production volume, huge variability of 
fruit appearance and taste and diverse end-usage, but mango breeding is challenging due to long juvenile phase, high heterozygosity and heavy 
fruit drops. A major limiting factor for mango improvement is the paucity of genomic resources. To fill the gap we generated 44.8 Gbp of 
genomic sequence (102x coverage) using PacBio platform. The genome was assembled and polished using FALCON and Quiver software, 
respectively. The resulting 9,500 contigs (401 Mbp) were arranged in to 4,312 scaffolds (403 Mpb), covering 91.8 % of the genome with largest 
scaffold of 2.1 Mbp and N50 of 282 kbp. Over 80% of the scaffolds were anchored to 20 mango chromosomes with 6,242 markers of a recently 
published high-density genetic map of total 6,594 markers (94.66% coverage). Total 53,018 genes were predicted, annotated and manually 
curated. Further, 168,484 SSRs were mined, including 30,821 Type 1 and 12,855 highly variable SSR. We also identified 5.2 million high 
quality SNPs in 19,656 single-copy genes by re-sequencing of 24 diverse mango cultivars and developed a 80K SNP chip. Mango showed 
highest similarity with Citrus sinensis among the published fruit genomes. The reference genome would fast track mango varietal improvement 
for stress tolerance, higher productivity and superior quality. 
 
P0636: Genome Mapping, Tagging & Characterization: Fruit Species 
Revision of the Global Strategy for the Conservation and Use of Musa Genetic Resources 
Nicolas Roux, Bioversity International, Montpellier, France 
The Global Strategy for the Conservation and Use of Musa Genetic Resources aims to provide a clear framework and roadmap to be used by the 
Musa community for the efficient and effective conservation of the globally important collections of Musa and to strengthen the utilization of the 
genetic resources toward an increased use of available diversity. It includes recommendations and priorities indicated in several consultation 
processes following the 2006 Global Musa Strategy and particularly the expertise and key groups represented, including the Regional Research 
Networks (BAPNET, BARNESA, Innovate Plantain and MusaLAC). Crucially, it contains detailed information on how to best use genetic 
resources. The Strategy covers numerous topics dealing with Musa genetic resources, with the 12 chapters divided into four main parts: 
Diversity, Identity, Management and Use. Each chapter contains the sections titled Where we are, Where do we want to go, and How will we get 
there. In 2015, the Global Musa Genomics Consortium (GMGC) was integrated into MusaNet as the Genomics Thematic Group (GTG) in order 
to solidify the links between genomics and the other fields of Musa research. In the Global Strategy, the GTG has proposed objectives for the 
next 5-10 years, such as applying genomics tools to banana to better characterize genetic resources in collections and support knowledge for 
breeding. For Musa researchers, including taxonomists and breeders, but also direct users such as farmers, decisions on the management of 



banana diversity are often made with limited information. With this in mind, the Global Strategy will be a core reference on the taxonomy, 
characterization, evaluation and genetic improvement of cultivars, leading to actions such as the selection of new and more appropriate cultivars. 
 
P0637: Genome Mapping, Tagging & Characterization: Fruit Species 
QTL Mapping for Downy Mildew Resistance in Cucumber via Bulked Segregant Analysis using Next-Generation 
Sequencing and Conventional Methods 
Sanghyeob Lee, Sejong University, Seoul, South Korea 
Downy mildew (DM), caused by Pseudoperonospora cubensis, is one of the most destructive foliar diseases in cucumber. QTL mapping is a 
fundamental approach for understanding the genetic inheritance of DM resistance in cucumber. Recently, many studies have reported that a 
combination of bulked segregant analysis (BSA) and next-generation sequencing (NGS) can be a rapid and costeffective way of mapping QTLs. 
In this study, we applied NGS-assisted BSA to QTL mapping of DM resistance in cucumber and confirmed the results by conventional QTL 
analysis. By sequencing two DNA pools each consisting of ten individuals showing high resistance and susceptibility to DM from a F2 
population, we identified single nucleotide polymorphisms (SNPs) between the two pools. We employed a statistical method for QTL mapping 
based on these SNPs. Five QTLs, dm2.2, dm4.1, dm5.1, dm5.2, and dm6.1, were detected and dm2.2 showed the largest effect on DM resistance. 
Conventional QTL analysis using the F2 confirmed dm2.2 (R2 = 10.8–24 %) and dm5.2 (R2 = 14–27.2 %) as major QTLs and dm4.1 (R2 = 8 %) 
as two minor QTLs, but could not detect dm5.1 and dm6.1. A new QTL on chromosome 2, dm2.1 (R2 = 28.2 %) was detected by the 
conventional QTL method using an F3 population. This study demonstrated the effectiveness of NGSassisted BSA for mapping QTLs conferring 
DM resistance in cucumber and revealed the unique genetic inheritance of DM resistance in this population through two distinct major QTLs on 
chromosome 2 that mainly harbor DM resistance. 
 
P0638: Genome Mapping, Tagging & Characterization: Fruit Species 
Development of Powdery Mildew Resistant Markers for Cucumber Nolecular Breeding Program in Korea 
Sanghyeob Lee, Sejong University, Seoul, South Korea 
The powdery mildew is one of the most devastating leaf disease of cucumber in Korea. After the successful hybridization between breeding lines 
of cucumber (C. sativus L.), a mapping population for QTL mapping of powdery mildew resistance has been generated. For this purpose we are 
setting up the stable method to give rise powdery diseas in cucumber. Based on this inoculation method, we are performing classical QTL 
mapping and candidate gene approach using the mapping population and divergent resistance germplasms. 
 
P0639: Genome Mapping, Tagging & Characterization: Fruit Species 
QTL Analysis of Femalness in Cucumber (Cucumis sativus L.) 
Sanghyeob Lee, Sejong University, Seoul, South Korea 
Gynoecy plays an important role in cucumber hybrid breeding and the use of gynoecious lines as maternal parents ensures high productivity. 
This study aimed to identify a molecular marker which select stable gynoecious cucumber palnt. For this purpose we made mapping populations 
from corssing between several stable gynoecious line and monoecious lines. We are doing QTL mapping analysis of femaleness of cuucmber 
from using these mapping population. 
 
P0640: Genome Mapping, Tagging & Characterization: Fruit Species 
Development of a sdCAPS Marker Associated with Bitterness in Korean Cucumber 
SangMin Chung, Dongguk University, Seoul, South Korea and Hyo-won Lee, Dongguk University, Goyang, Korea, The Republic 
of 
Cucumber plant or fruit may have a bitter taste because of cucurbitacins. Recently, Huang and colleagues characterized three genes, Bl, Bi, Bt 
regulated bitterness in cucumber. In order to develop PCR-based markers associated with bitterness, Korean cucumber lines, DG1 (Bitterness) 
and DG5 (Non-bitterness) were used to identify polymorphisms using Bl, Bi, Bt genes. From Bt gene, no polymorphism was found where Bl and 
Bi genes showed two SNPs (named as Bl-SNP-1329 and Bi-SNP-185, respectively) between DG1 and DG5 cucumber lines. Consequently, PCR-
based sdCAPS markers for those two SNPs were developed and F2 populations developed from DG1 x DG5 cross were subjected for a bitter 
taste on cotyledon and genotype screening for Bl-SNP-1329 and Bi-SNP-185 markers. Bl-SNP-1329 marker showed 55% concordance rate with 
the phenotypes of bitterness where genotypes of Bi-SNP-185 were matched 100% with bitterness phenotypes. Therefore, we concluded that Bi-
SNP-185 marker would be a useful tool for non-bitterness cucumber breeding. 
 
P0641: Genome Mapping, Tagging & Characterization: Fruit Species 
Genome-Wide SNP Discovery and Identification of Age-Related Resistance Loci in Cucumber By QTL-Seq 
Marivi Colle, Ben Mansfeld and Rebecca Grumet, Michigan State University, East Lansing, MI 
Fruit rot due to infection by Phytophthora capsici is a major problem affecting cucumber (Cucumber sativus L.) production. In our prior study, 
age-related resistance (ARR) of cucumber fruit to P. capsici was observed in select cultivars. Young fruits are highly susceptible to the pathogen, 
but as they reach the end of exponential growth (~10-12dpp), they become resistant, exhibiting no disease symptom development or minimal 
necrosis limited to the site of inoculation. Genetic factors underlying the expression of ARR in cucumber are not yet known. In this study, two F2 
populations, composed of 194 and 161 individuals, derived from crosses between ARR-expressing (ARR+, “Poinsett” or “Vlaspik”) and non-
ARR expressing (ARR-, “Gy14”) cultivars were evaluated for ARR. Progeny exhibiting extreme phenotypes (resistant or susceptible) were 
selected and pooled separately for bulked segregant analysis (BSA) using whole genome sequencing (16-20X coverage) and genome-wide SNP 
profiling. Prior to variant calling, the sequence data were pre-processed and aligned to the cucumber reference genome Chinese long v.2 using 
BWA. SNP discovery performed using GATK variant calling tools and hard filters revealed 604,667 SNPs between “Gy14” and “Poinsett” (a 
pickling and slicing cultivar, respectively) and 472,429 SNPs between “Gy14” and “Vlaspik,” (two pickling cultivars) with an average frequency 
of 1-2 SNP(s) per kb. SNP indices and Δ SNP indices will be calculated from the susceptible and resistant F2 bulked progeny to identify loci 
associated with ARR. 



 
P0642: Genome Mapping, Tagging & Characterization: Fruit Species 
Mapping Resistance to Alternaria cucumerina in Muskmelon 
James Daley1, Sandra E. Branham2, Richard Hassell1, Amnon Levi3 and Patrick Wechter2, (1)Clemson University, Charleston, SC, 
(2)USDA-ARS, Charleston, SC, (3)USDA-ARS, U.S. Vegtable Laboratory, Charleston, SC 
During the last three decades, numerous muskmelon (cantaloupe) lines have been identified with resistance to the Alternaria leaf blight (ALB) 
pathogen Alternaria cucumerina, but the genetic basis of this resistance has not been determined. A saturated melon genetic map was constructed 
with markers developed through genotyping-by sequencing of a recombinant inbred line (RIL) population (F6-F10; N=82) derived from single 
seed descent of a F2 population from a cross between the ALB resistant parent MR-1 and the ALB susceptible parent Ananas Yokneum. The 
population was evaluated for A. cucumerina resistance using a wounded-leaf inoculation strategy. A saturated genetic map consisting of over 
2200 SNP markers and a size of 1,400 cM was generated from this study. Multiple quantitative trait loci (QTL) mapping procedure identified 
two QTL that explained 33.9% of the resistant phenotype. Several candidate genes within these QTL were identified using the C. melo v3.5 
genome.  
 
P0643: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
NORFAB: Protein for the Northern Hemisphere 
Stig Uggerhøj Andersen1, Alan H. Schulman2, Luc L. Janss1, Donal M. O'Sullivan3, Albert Vandenberg4, Frederick L. Stoddard5, 
Jihad Orabi6, Sabine Ravnskov7, Fernando Geu Flores8, Svend Christensen9, Henrik Skovgård7, Jens C. N. Knudsen10, Birger 
Eriksen11, Ahmed Jahoor6 and Jens Stougaard1, (1)Aarhus University, Aarhus, Denmark, (2)LUKE & University of Helsinki, 
Helsinki, Finland, (3)University of Reading, Reading, United Kingdom, (4)University of Saskatchewan, Saskatoon, SK, Canada, 
(5)University of Helsinki, Helsinki, Finland, (6)Nordic Seed, Galten, Denmark, (7)Aarhus University, Slagelse, Denmark, 
(8)University of Copenhagen, Frederiksberg C., Denmark, (9)University of Copenhagen, Frederiksberg C, Denmark, (10)Nordic 
Seed, Odder, Denmark, (11)Sejet Plant Breeding, Horsens, Denmark 
Like other EU countries Denmark is a net importer of protein, mainly soybean-meal from the US and South America. The imported protein is 
crucial for sustaining a large livestock production and also represents an important food ingredient. The challenge is to increase domestic protein 
production and maintain global competitiveness while improving agricultural diversity and sustainability. We propose to address this challenge 
by genomics-based breeding of improved Vicia faba (faba bean) cultivars and introduction of these as competitive protein crops, thereby creating 
growth and jobs through the establishment of a major new agricultural product line. Faba bean cultivation on 100.000 ha of the Danish farmland 
is a realistic first target. The vision is to build a consortium of Northern hemisphere players, NORFAB with the critical mass and key expertise 
required to develop sophisticated genomics-based plant breeding methods and provide access to germplasm with the relevant genetic diversity. 
NORFAB will improve the yield and quality of faba bean seeds to a level making faba bean a competitive protein crop cultivated on up to 10 % 
of the arable farmland under northern European and Canadian/US northern prairie conditions. With collaborators from Denmark, UK, Finland 
and Canada, NORFAB integrates faba bean research and breeding in this target area. 
 
P0644: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
-Omic Analysis at the Level of One Single Legume Cell Type to Reveal the Conservation and Divergence the Regulatory 
Mechanisms of Gene Transcription 
Zhenzhen Qiao1, Lise Pingault1, Prince Zogli1, Micaela Langevin1, Niccole Rech1, Peter Klein1, Mehrnoush Nourbakhsh-Rey1, 
Andrew Farmer2 and Marc Libault1, (1)University of Oklahoma, Norman, OK, (2)National Center for Genome Resources (NCGR), 
Santa Fe, NM 
Each plant cell type is characterized by a specific transcriptomic signature. Hence, the multi-cellular complexity of plant tissues is a limitation to 
our understanding of the molecular mechanisms controlling plant gene expression and, as a consequence, the conservation and divergence of 
these mechanisms between plant species. To overcome this difficulty, we have established the root hair cell as a simple model system to analyze 
and compare transcriptional regulatory mechanisms between plants. The main function of this single outgrowing root epidermal cell is the uptake 
of water and nutrients, and, in legumes, the root hair is also the first cell type infected by rhizobia. Hence, due to these unique features, the root 
hair cell is used as a model to characterize the molecular mechanisms controlling plant gene expression in response to abiotic and biotic stresses 
and the evolution of these mechanisms between plant species.  
To demonstrate the advantages working on the root hair cell, we will present the results of a comparative transcriptomic and genomic analysis 
conducted at the level of isolated Arabidopsis thaliana and Glycine max root hair cells. We will describe the evolutionary pathways leading to 
the transcriptional divergence and conservation of the preferential expression of soybean paralogous and Arabidopsis orthologous genes in root 
hairs. Taking advantage of this evolutionary study and combining bioinformatics, molecular, cellular and microscopic tools, we will also present 
results revealing the conservation of the activity of plant promoters and regulatory elements in the root hair cells of different plant species. 
 
P0645: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
The Legume Information System (http://legumeinfo.org) and The Legume Federation (http://legumefederation.org): 
Comparative Genomics and Genetics through Cooperative Resource Development 
Andrew Farmer1, Alan Cleary2, Sudhansu Dash1, Alex G. Rice1, Joel Berendzen1, Sam Hokin1, Maria Hadres1, Pooja E. Umale1, 
Jacqueline D. Campbell3, Wei Huang3, Nathan T. Weeks4, Akshay Yadav3, Andrew Wilkey4, David Grant4, Rex Nelson4, Kevin H. 
Feeley4, Victoria Carollo Blake5, Ethalinda Cannon3, Vivek Krishnakumar6, Steven B. Cannon4, Agnes P. Chan6, Eric Lyons7, 
Christopher D. Town6 and David Fernandez-Baca3, (1)National Center for Genome Resources (NCGR), Santa Fe, NM, (2)Montana 
State University, Bozeman, MT, (3)Iowa State University, Ames, IA, (4)USDA-ARS-CICGRU, Ames, IA, (5)USDA ARS WRRC, 
Albany, CA, (6)J. Craig Venter Institute, Rockville, MD, (7)University of Arizona, Tucson, AZ 



The continued increase of genomic and genetic data for multiple species belonging to the diverse legume plant family presents researchers with 
many opportunities for using intra- and inter-species comparisons to address biological questions pertinent to agriculturally relevant problems. 
However, providing coherent access to the disparate datasets being generated by independent research groups in a manner that enables these data 
to serve usefully as community resources remains a challenge. We shall present ongoing work aimed at addressing these issues through an open 
federation of groups who are focused on different subsets of the legume research community but are united through: the adoption of common 
data and metadata standards, the use of common protocols and cyber-infrastructure resources for data sharing, and a commitment to shared 
development efforts. We shall demonstrate how we are approaching problems of integration across this diverse and economically important plant 
family with user-friendly resources developed to make use of: shared data sets including diverse publically available annotated reference 
genomes, expression atlases, gene families, and intraspecific hapmap data; open source frameworks such as Intermine, Chado/Tripal, and web-
based tools developed using these frameworks for presentation and analysis of gene phylogenies, genome synteny, and gene expression; and 
cyberinfrastructure resources provided through the Cyverse collaborative. We will feature specific use cases in hopes of providing an incentive 
for other groups working within the legumes to consider aligning their efforts with ours, as well as to showcase the tools available for adoption 
by groups working in other clade-based systems. 
 
P0646: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
What’s New at SoyBase 
David Grant1, Rex Nelson1, Kevin H. Feeley1, Victoria Carollo Blake2, Jacqueline D. Campbell3, Wei Huang3, Nathan Weeks1 and 
Steven B. Cannon1, (1)USDA-ARS-CICGRU, Ames, IA, (2)USDA ARS WRRC, Albany, CA, (3)Iowa State University, Ames, IA 
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. SoyBase is an actively curated database with new data regularly being incorporated, 
including updates to the controlled vocabularies (ontologies) for soybean growth, development and phenotypic traits, soybean genes, QTL, and 
genome sequences and annotations. Some notable recent additions include an improved search tool, and >100 gene expression and genome 
methylation studies. The data in SoyBase are provided through intuitive interfaces, and are linked together wherever possible to allow easy 
identification and browsing of related subjects.  
The SoyBase home page contains the SoyBase Toolbox, which provides quick access to a search of SoyBase, the SoyCyc metabolic pathways, a 
comprehensive data download page, a genome BLAST tool, and direct links to the genetic maps and genome sequence browser. An extensive 
navigation menu and site description for all sections of SoyBase is provided. Searching at SoyBase uses an underlying trait-based approach to 
return all information related to the search term. Numerous data types are available including genetic and QTL maps, the reference genome 
sequence with annotation tracks covering genetic markers, genome organization, and gene annotation and expression. Pedigrees for entries in the 
Soybean Uniform Trials are available. SoyBase also includes an extensive RNA-Seq gene atlas, innovative tools for identifying fast neutron-
induced mutants affecting genes or traits of interest, and several 'omics tools, for example a GO Term Enrichment tool, that enable sophisticated 
queries on lists of genes. 
 
P0648: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
The Non-Transgenic LORE1 Insertion Mutant Collection for Legume Genetics 
Anna Malolepszy1, Terry Mun1, Niels Sandal1, Manu Dubin2, Jens Stougaard1 and Stig Uggerhøj Andersen1, (1)Aarhus 
University, Aarhus, Denmark, (2)Gregor Mendel Institute, Vienna, Austria 
With more than 640,000 annotated insertions, the non-transgenic LORE1 insertion mutant resource offers knock-out alleles of the majority of 
active genes in the legume Lotus japonicus (http://lotus.au.dk). A detailed characterization of the LORE1 population, including insertion 
preferences with respect to methylation status, transcriptional effects of insertion and estimates of background mutation rates will be presented. 
In addition, examples of use of the LORE1 resource in characterization of nodulation signalling will be presented.  
Reference: 
Małolepszy A, Mun T, Sandal N, Gupta V, Dubin M, Urbański D, Shah N, Bachmann A, Fukai E, Hirakawa H, Tabata S, Nadzieja M, 
Markmann K, Su J, Umehara Y, Soyano T, Miyahara A, Sato S, Hayashi M, Stougaard J, Andersen SU. The LORE1 insertion mutant resource. 
Plant J. 2016 Jun 20. doi: 10.1111/tpj.13243. PubMed PMID: 27322352. 
 
P0649: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identification of Mutants in the Soyasaponin Biosynthetic Pathway Using a High-Density Soybean Mutant Library: An 
Indispensable Resource for Functional Genomics 
Panneerselvam Krishna Murthy1, Yukiko Fujisawa1, Hanako Abe2, Urara Ohashi2, Kentaro Yamane2, Kyosuke Mukaiyama2, 
Chigen Tsukamoto2, Akito Kaga3, Toyoaki Anai4 and Masao Ishimoto1, (1)Institute of Crop Science, NARO, Tsukuba, Ibaraki, 
Japan, (2)Faculty of Agriculture, Iwate University, Morioka, Iwate, Japan, (3)Genetic Resources Center, NARO, Tsukuba, Ibaraki, 
Japan, (4)Laboratory of Plant Genetics and Breeding, Faculty of Agriculture, Saga University, Saga, Japan 
The availability of whole-genome sequence accelerates functional genomics research in soybean. However, many genes involved in secondary 
metabolite biosynthesis are unknown. Soyasaponins are secondary metabolites with health benefits, whose biosynthetic genes have been isolated 
using natural mutants and data mining. Natural and induced mutants are powerful resources that help in characterizing biosynthetic pathways and 
breeding new varieties. We developed a high-density soybean mutant library (one mutation/74 kb) by repeated ethyl methanesulfonate treatments 
and screened 909 mutant lines for seed saponin composition (SSC) using thin-layer chromatography and LC-PDA/MS/MS. Of the many lines 
with novel SSC variations (n=33), 11 lacked or were deficient in total saponins; 13 were devoid of DDMP saponins; 6 were devoid or deficient 
of total saponins, but accumulated a unique saponin; 2 accumulated group A saponins without C-22 sugar chain; and 1 lacked the galactose sugar 
of C-3 sugar chain in both group A and DDMP saponins. Furthermore, 6 lines displayed a known SSC mutant phenotype, in which, the majority 
of accumulated saponin was A0-αg. It was observed that disabled function of Sg-1 results in A0-αg accumulation; however, no Sg-1 mutation 
was observed following sequence analysis. We speculate that mutation in other genes such as those of transcription factor(s) may affect the 
function of Sg-1. The objective of our continued work is to characterize all saponin mutant lines and describe the complete saponin biosynthetic 



pathway in the near future. Our findings highlight the significance of a high-density soybean mutant library in functional genomics research and 
molecular breeding. 
 
P0650: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identification of Genomic Regions from an Exotic Germplasm Source Under Breeding Selection and Insight into Genomic 
Prediction for Yield in Soybean 
Ben B. Stewart-Brown1, Justin N Vaughn1, Roger Boerma2, Thomas Carter3, Perry Cregan4, Qijian Song4 and Zenglu Li1, 
(1)University of Georgia, Athens, GA, (2)Georgia Seed Development, Athens, GA, (3)USDA-ARS, Raleigh, NC, (4)USDA-ARS, 
Soybean Genomics and Improvement Lab, Beltsville, MD 
Expanding genetic diversity in U.S. soybean breeding populations has become a necessity to improve yield. Over 100 high yielding lines 
developed at eight public institutions derived from exotic PI416937 have been entered into USDA Tests over the past 15 years. Using 
SoySNP50k Infinium Chips, we attempted to understand the contribution of PI416937 to these high yielding lines. Using a prior yield region 
originating from PI416937 to define a significance threshold, we discovered eight regions under positive selection. Interestingly, PI416937 
regions under strong positive selection are targets for introgression into low diversity regions related to the historical bottleneck associated with 
North American introduction. Using SoySNP6k Infinium Chips, we genotyped four RIL populations (total 336 elite breeding lines) containing 
PI416937 in their pedigrees to investigate regions under selection during early breeding stages before advanced yield testing. We found four 
regions with significant evidence for positive selection, though none of these regions were discovered in the aforementioned analysis. This may 
indicate that regions significantly associated with agronomic performance are often population as well as environment specific. Utilizing the 
aforementioned RILs and over 150 diverse advanced lines, we also explore optimization of a genomic prediction model for yield via Ridge 
Regression BLUP. We were able to achieve cross validation prediction accuracies of 0.57 when combining all material. Our ability to predict 
separate test sets was significantly lower. We finally are looking to combine the two discussed approaches for improving yield by including 
regions under selection from PI416937 as fixed effects for improving prediction accuracy. 
 
P0651: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Toward Utilization of Historical Data for Soybean Breeding and Management 
Akio Onogi1,2, Hiroyoshi Iwata2 and Seishi Ninomiya3, (1)JST PRESTO, Tokyo, Japan, (2)Graduate School of Agricultural and 
Life Sciences, The University of Tokyo, Tokyo, Japan, (3)The University of Tokyo, Tokyo, Japan 
Field evaluation of crops has been conducted worldwide for decades to develop new cultivars. The collected phenotypic data will be enormous; 
however, it is not usually utilized further once cultivars are established. Although the true value of the historical data is not recognized well, the 
data possibly accelerates the efficiency of crop breeding and management, because a data-centric breeding method, genomic selection, has 
started to be implemented. Enhancing the breeding and management efficiency is expected for various crops including soybean. In particular, 
soybean is very crucial for global food security, because it can serve as food, oil, and feed. In Japan, field performance tests of soybean have 
been performed for more than a half-century. To assess the potential of the historical data in soybean breeding and management, we have 
collected and organized the historical data on the field performance tests. So far, approximately 100,000 phenotypic records taken over 50 years 
have been collected. These phenotypic records can be linked with weather and soil information. Genomic information is also available for the 
lines of which seeds are stored in breeding stations and the Japanese gene bank. In this presentation, we will briefly introduce our project, report 
the progress, and discuss the utilization of historical data in future plant breeding and management. 
 
P0652: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
A Strategy and Its Application to Acquire Superior Progenies from a Soybean Bi-Parental Cross Based on Prediction By a 
Computer Simulation 
Daisuke Sekine1, Mai Tsuda2, Takehiko Shimizu1, Shiori Yabe1, Masayasu Saruta3, Tetsuya Yamada1, Masao Ishimoto1, Hiroyoshi 
Iwata4 and Akito Kaga5, (1)Institute of Crop Science, NARO, Tsukuba, Japan, (2)University of Tsukuba, Tsukuba, Japan, (3)The 
Western Region Agricultural Research Center, NARO, Zentsuji, Japan, (4)The University of Tokyo, Tokyo, Japan, (5)Genetic 
Resources Center, NARO, Tsukuba, Japan 
Important agronomic traits such as yield and nutrition content are known to be controlled quantitatively, and their effective improvement is never 
easy. In this study, we proposed a three-step strategy for the improvement of important agronomic traits: (i) identification of the genomic region 
associated with a target trait, (ii) computer simulation of crossing patterns to acquire superior progenies by bi-parental crosses, and (iii) 
integration of desirable genotypes by actual crosses. This strategy was validated for increasing the seed protein content (SPC) of soybean by 
using recombinant inbred lines derived from bi-parental cross. Individual 194 RILs were evaluated at four locations and genotyped using 513 
SNP markers. Twenty-nine markers were close to the QTL and significantly associated with SPC. Prediction models were constructed using the 
phenotype and marker genotype of the RILs. Marker genotypes of F1 and F2 were simulated in all possible crosses, and the genotypes were used 
to predict the SPC of each F2. Based on the simulations of 18,721 possible cross combinations, we selected a combination to obtain F2 with 
predicted SPC of more than 1 % higher than that of the highest RIL. Actual crosses were conducted, and the obtained F2 plant genotypes were 
similar to the simulated genotypes. Some F2 plants with desirable genotypes showed high SPC, and the stability of increasing SPC was 
confirmed from their progenies. These results suggest that the proposed strategy is effective for obtaining reliably superior progenies according 
to marker genotypes, thereby contributing to efficient improvement of a target quantitative trait. 
 
P0653: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Analysis of Historical Genetic Diversity in the University of Guelph Soybean Breeding Program 
Robert Bruce1, Chris Grainger1, Davoud Torkamaneh2, Francois Belzile2, Milad Eskandari1 and Istvan Rajcan1, (1)University of 
Guelph, Guelph, ON, Canada, (2)Laval University, Quebec, QC, Canada 
Understanding historical patterns of genetic diversity within the germplasm of a breeding program allows breeders to make informed decisions 
for future crosses and selections. To characterize germplasm diversity in the University of Guelph soybean breeding programs, a panel of 296 



lines was genotyped using genotyping-by-sequencing to produce 40307 SNPs across the panel. This pedigree panel consists of 200 lines from the 
University of Guelph main campus breeding program (maturity groups 1, 0 and 00) and 96 lines from the Ridgetown campus breeding program 
(maturity groups 1 and 2). The panel was chosen from pedigree records to consist of founder germplasm, historical lines, modern elite cultivars 
and current experimental germplasm ranging from 1918 to 2016. A range of agronomic and seed trait data has been collected from two-location, 
two-year field trials in southwestern Ontario. Diversity within the Guelph campus breeding program for agronomic traits and markers will be 
discussed with historical trends in breeding efforts highlighted. Six distinct genetic clusters within the panel have been identified. Yield gains for 
commercial cultivars released from the Guelph breeding program since 1990 were estimated at 28 kg ha-1 year-1 across all maturity groups. 
Significant marker-trait associations for negatively-correlated stachyose and raffinose were found on Ch18 and Ch20. 
 
P0654: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Genetic Relationships and Their Effects on the Linkage Disequilibrium in Soybean Germplasm 
Maisa Curtolo1, João Paulo Gomes Viana2, Augusto L. Diniz1, Vanessa Rizzi1, Diane Simon Rozzetto1, Maria Imaculada Zucchi3 
and José Baldin Pinheiro1, (1)Universidade de São Paulo, Escola Superior de Agricultura Luiz de Queiroz, Piracicaba, Brazil, 
Piracicaba, Brazil, (2)University of Campinas, Campinas, Brazil, (3)APTA-Piracicaba-Brazil, Piracicaba, Brazil 
Soybean is the Brazilian crop which has presented the highest increase in the last decades. This increase is a result of the enhancing of the crop 
yield, provided by technology progress associated with breeding. Recently, with association mapping strategy, the process of genes identification 
has become more accessible and it is one of the most promising tools for plant breeding. Thus, linkage disequilibrium studies and population 
structure are extremely important to obtain the best results in the association mapping, due to their effects in false - positive numbers in the 
analysis. In this study, the genetic relationships and linkage disequilibrium (LD) were evaluated in a set of 95 worldwide soybean accessions 
using Axiom Soybean Genotyping Array. The population structure was analyzed bases on DAPC approach implemented in adegenet R package. 
For the linkage disequilibrium analysis, we used the LDcorSV R package and the usual measure (r2) was used, and compared with others that 
correct for population structure and relatedness (r2, r2s, r2k, and r2ks). DL analysis considering r2 has revealed mediums and lows LD (0.2-0.5). 
However, when r2s e r2k e r2ks were used, we verified that pairs of markers with low DL were eliminated. Besides, considering r2ks LD 
decayed to 0.1 at an average distance of 255Kb. Therefore, these results have highlighted the influence of the structure of the population and 
kinship about the DL patterns. Also, it has provided us a better understanding of the structure genome of the species and phenomena which took 
place in each chromosome. 
 
P0655: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Comprehensive Description of Genome-Wide Nucleotide and Structural Variation in Short-Season Soybean 
Davoud Torkamaneh1, Jérôme Laroche1, Aurélie Tardivel1, Louise S. O'Donoughue2, Elroy Cober3, Istvan Rajcan4 and Francois 
Belzile1, (1)Laval University, Quebec, QC, Canada, (2)CÉROM, Centre de recherche sur les grains inc., Saint-Mathieu de Beloeil, 
QC, Canada, (3)Agriculture and Agri-Food Canada, Ottawa, ON, Canada, (4)University of Guelph, Guelph, ON, Canada 
Next-generation sequencing (NGS) and bioinformatics tools have greatly facilitated the characterization of nucleotide variation; nonetheless, an 
exhaustive description of both SNP haplotype diversity and of structural variation remain elusive. In this study, we sequenced a representative set 
of 102 short-season soybeans and achieved a highly extensive coverage of both nucleotide diversity and structural variation (SV). We called 
close to 5M sequence variants (SNPs, MNPs, and Indels) and noticed that the number of unique haplotypes had plateaued within this set of 
germplasm (1.7M tag SNPs). This dataset proved highly accurate (98.6%) based on a comparison of called genotypes at loci shared with a SNP 
array. We used this catalogue of SNPs as a reference panel to impute missing genotypes at untyped loci in datasets derived from lower density 
genotyping tools (150K GBS-derived SNPs). After imputation, 96.4% of the missing genotypes imputed in this fashion proved to be accurate. 
Using a combination of three bioinformatics pipeline, we uncovered ~92K SVs (deletions, insertions, inversions, duplications, CNVs, and 
translocations), and estimate that over 90% of these are accurate. Finally, we noticed duplication of certain genomic regions are the main source 
of residual heterozygosity in highly inbred soybean accessions. This is the first time that a comprehensive description of both SNP haplotype 
diversity and SV has been achieved within a regionally relevant subset of a major crop. 
 
P0656: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Resistance to Diploidization in Soybean (Glycine max L.) 
Brian Nadon1, Moaine El Baidouri2 and Scott A. Jackson1, (1)University of Georgia, Athens, GA, (2)INRA, Paris, France 
Nearly all plants show a whole-genome duplication (WGD) or polyploidy event somewhere in their evolutionary history. While many plants 
remain polyploid today, still many have become diploids over time due to the process of fractionation or diploidization. In this process, 
duplicated genes are deleted, paralogs gain new functions or lose certain functions, and duplicate segments are reorganized to form a condensed 
diploid genome. Soybean (Glycine max L.) is a prime example of this process at work, as although its genome is diploid, it has at least two major 
WGD events in its lineage: one shared with other papilionoid (Faboideae) legumes, which occurred approximately 55Mya, and one specific to 
Glycine from about 15Mya. Despite being a diploid plant, soybean still retains many genes in duplicate, with most genes being present in 2 or 4 
copies. An analysis of synteny in Glycine max shows large contiguous blocks of synteny present in the genome covering about 91% of all genes 
therein, with most blocks belonging to the more recent Glycine duplication. Comparing the characteristics of these syntenic blocks in soybean to 
those in its fellow papilionoid Phaseolus vulgaris (common bean) shows that soybean blocks are longer, contain more genes, have slightly higher 
transposon insertion levels, and show less expression differentiation than those in P. vulgaris. Furthermore, these patterns of lower fractionation 
in G. max hold even when only considering syntenic blocks arising from the shared papilionoid duplication between the two species. As such, 
higher levels of transposon insertion and lower levels of expression differentiation within syntenic blocks in G. max are putative drivers of 
resistance to diploidization and fractionation in soybean. 
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Elucidation of Gene Regulatory Networks Involved in Nodule Development in Soybean 



Shuchi Smita1, Jason Kiehne2, Qin Ma1, Erliang Zeng3 and Senthil Subramanian1, (1)South Dakota State University, Brookings, 
SD, (2)Simpson College, Indianola, IA, (3)University of South Dakota, Vermillion, SD 
Biological nitrogen fixation in root nodules of soybean and other agricultural legumes helps reduce reliance on chemical fertilizers providing 
both economic and environmental benefits. Root nodule development involves large scale gene regulation. Our study presents a robust 
computational framework to predict gene regulatory networks (GRN) involved in root nodule development. A genome-scale expression dataset 
was obtained from soybean root nodules and lateral roots and subjected to biclustering using QUBIC. Biclustered dataset and transcription factor 
(TFs) genes with specific expression in root nodule tissues were converged in two different network inference algorithms to infer confident 
regulatory modules associated with nodule development. The combination of results from different network inference algorithms into one 
ensemble solution identified seven GRN modules of co-regulated genes potentially involved in nodule development in soybean. Besides, tissue 
wise expression, comparison with public data, enrichment of GO, and cis-regulatory motif analyses indicated that a homoedomain like protein, 
homeobox protein and integrase-type DNA binding TFs, co-regulate GRN modules during early nodule development; and TFs such as AP2, 
LOB and GRAS co-regulated GRN modules late during nodule development. Knowledge from this work supported by experimental validation in 
the future is expected to help determine key gene targets for biotechnological strategies to optimize nodule formation and enhance nitrogen 
fixation.  
 
P0658: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Identifying Genes Important for Determining Lateral Branch Angle in Soybean Using a Fast Neutron Mutagenized 
Population 
Suma Sreekanta1, Anna N. Hofstad1, Fengli Fu1, Jean-Michel Michno1, Benjamin W. Campbell1, Jeffrey Roessler1, Robert M. 
Stupar1 and Gary J. Muehlbauer1,2, (1)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN, 
(2)Department of Plant and Microbial Biology, University of Minnesota, St. Paul, MN 
Soybean (Glycine max) genetic diversity has been reduced due to domestication and selective breeding. We used a fast neutron (FN) 
mutagenized population of soybean in background ‘M92-220’ and identified mutants that were altered in qualitative and quantitative traits. 
Changes in shoot architecture and particularly those that display differences in the angle of lateral branching are of interest since altering the 
shoot branching angle may influence light perception as well as harvest index, resulting in increased yield. We identified several unique mutant 
lines in the FN population that showed differences in the lateral branch angle. Our aim is to identify the loci responsible for the different 
phenotypes by mapping and eventually cloning the underlying gene(s). We are using a complementary approach of bulk segregant whole genome 
sequencing and array Comparative Genomics Hybridization to identify regions of the genome controlling these mutant phenotypes. Using this 
approach we have identified candidate genes in the mapped regions that may be important for controlling lateral branch angle. Experiments are 
underway to functionally characterize the candidate genes as well as to determine the effect of lateral branch angle on overall yield of soybean. 
Additionally, a set of diverse lines from the USDA Soybean Germplasm Collection has been genotyped with a 50K SNP assay and phenotyped 
for branch angle. GWAS will be conducted on the combined datasets and the results will be presented. 
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Isolation and Characterization of a Novel Ethylene Response Transcriptional Factor GsERF6(GsERF71) from Glycine soja 
Yanming Zhu, College of Life Science, Northeast Agricultural University, China, Harbin, China 
The saline-alkaline stresses in soils inhibit plant growth and development severely all over the word, but the mechanism of how plants resist it is 
still unclear. In this study, we cloned and characterized an alkaline response gene GsERF71 from Glycine soja (G07256), which is a typical high 
alkaline stress resistant plant species. We found GsERF71 could be highly induced by salt and alkali stresses in both the roots and leaves of 
Glycine soja. GsERF71-GFP fusion protein was localized in the nuclei of onion epidermis cells and could activate the reporters in yeast cells. 
Yeast one-hybrid assay indicated that GsERF71 could specifically bind with the cis-acting elements of DRE-motif and GCC-box, suggesting that 
GsERF71 may participate in the regulation of transcription of the relevant biotic and abiotic stress-related genes. The Arabidopsis overexpressing 
GsERF71 had better tolerance to bicarbonate stress generated by NaHCO3 and KHCO3 compared with wild type Arabidopsis. Quantitative real-
time PCR analysis demonstrated that the typical stress-related genes including RD29A, COR47, KIN1 and H+-ATPase were up-regulated in the 
transgenic lines. The auxin biosynthetic-related genes like ASA1, ASB1, PAT1 and PAI1 were down-regulated in the transgenic plants compared 
to the wild type plants. All the results suggested that GsERF71 enhanced plants resistance to bicarbonate stress may be through activating the 
downstream stress-responsive genes and down-regulating the auxin accumulation. 
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Functional Analysis of Anther PhasiRNA in Soybean 
Hannah R. Thomas, Donald Danforth Plant Science Center, St. Louis, MO 
Many phasiRNA have been discovered but the targets and functions of these molecules remains largely unknown. The function of phasiRNA 
produced by miR4392, which are expressed highly in the anthers of soybeans, were compared to similar ones found in maize. A short tandem 
target mimic (STTM) was designed to knock out the production of phasiRNA at different points of biogenesis. The resulting constructs were 
examined for varying phenotypes and molecular variations through RT-qPCR and sRNA library sequencing. Constructs where phasiRNA 
production was halted developed fewer beans. Failure to produce phasiRNAs in reproductive tissues can lead to important crop yield changes 
and deleterious mutations 
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The Long and Short of Soybean Petioles: The Effect of a 3-bp Insertion on Plant Architecture and Harvest Index 
Benjamin W. Campbell1, Fengli Fu1, Bruna Bucciarelli2, Thomas J. Y. Kono1, Jeffrey Roessler1, Seth Naeve1, Gary J. 
Muehlbauer1,3, Jamie A. O'Rourke4, James H. Orf1, Aaron J. Lorenz1 and Robert M. Stupar1, (1)Department of Agronomy and Plant 
Genetics, University of Minnesota, St. Paul, MN, (2)USDA-ARS, University of Minnesota, St. Paul, MN, (3)Department of Plant 
and Microbial Biology, University of Minnesota, St. Paul, MN, (4)United States Dept. of Agriculture, Ames, IA 



Modifications to plant canopy architecture could play an important role in meeting increased global food demands, as was demonstrated during 
the Green Revolution. In dicot species, petioles are an important component of canopy architecture as they connect the leaflets to the stem. 
However, many of the mechanisms controlling petiole length are unknown, and to our knowledge, the effect of short petioles on seed yield has 
not been studied. Kilen (1983) identified a short petiole soybean mutant, lps1, that segregated as a single, recessive locus. The mutation was first 
observed segregating in an F3 row in a population derived from four parents: Forrest, PI229358, Lee, and PI95960. The four parents were not 
observed to have the short petiole phenotype, suggesting the lps1 mutation occurred spontaneously. This study was undertaken to first identify 
the lps1 causal polymorphism and then to use Near-Isogenic Lines (NILs) to characterize the phenotype and assess the utility of lps1 to improve 
soybean agronomics. Whole-genome resequencing-based bulked segregant analysis was used to locate the chromosomal region harboring the 
lps1 mutation. Diversity analysis of sequences within this interval identified an in frame 3-bp insertion in an uncharacterized gene. Silencing of 
this gene by virus-induced gene silencing successfully produced a short petiole plant. Preliminary yield trials in 2015 of the NILs in narrow row 
spacing indicated that lps1 does not negatively impact yield and may improve soybean agronomics through increased harvest index and 
decreased plant height. 
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QTL Associated with Seed Amino Acids Content in “MD96-5722” by “Spencer” RIL Population of Soybean Using SNP 
Marker 
Laila Khandaker1, Masum Akond1, Shiming Liu2, Stella Kantartzi3, Khalid Meksem2, Nacer Bellaloui4, David A. Lightfoot3 and 
Abdelmajid Kassem1, (1)Fayetteville State University, Fayetteville, NC, (2)Department of Plant Soil and Agricultural Systems, 
SIUC, Carbondale, IL, (3)Southern Illinois University, Carbondale, IL, (4)USDA-ARS, Stoneville, MS 
Limited information is available on the genetic analysis of amino acid composition in soybean seeds. Previously, quantitative trait loci (QTLs) 
for seed isoflavones, protein, oil, and fatty acids were identified in the “MD96-5722” by “Spencer” and other RIL populations. There were wide 
variations for these seed constituents among the RIL populations. Therefore, the objective of this study was to identify QTLs controlling 
different amino acids content in soybean seeds. To achieve this objective, ninety-two F5:7 recombinant inbred lines (RIL), developed from a 
cross of MD96-5722 and Spencer, using a total 5376 Single Nucleotide Polymorphism (SNPs) markers, were used. The RILs were genotyped by 
using 537 polymorphic, reliably segregating SNP markers, developed from the Illumina Infinium SoySNP6K BeadChip array. A total of 13 
QTLs were identified with three QTLs for threonine on the linkage group (LG) A1, C2, and B2. Two QTLs were identified for each of the amino 
acids proline on LG D1a and B2, serine on LG A1 and C2, tryptophan on LG K and G, and cysteine on LG A1 and K. One QTL was identified 
for arginine on LG N and histidine on LG J. The new QTLs findings for seed amino acid will facilitate the development of soybean cultivars 
with higher protein and amino acid quality to help meet the industry and consumer needs. Keywords: Soybean, Amino Acids, SNP, QTLs, Seed 
Composition, Constituents. Food and Nutrition Sciences, 2015, 6, 974-984 
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QTL for Seed Sugars Content in “MD96-5722” by “Spencer” Recombinant Inbred Line Population of Soybean 
Masum Akond1, Shiming Liu2, Stella Kantartzi3, Khalid Meksem2, Nacer Bellaloui4, David A. Lightfoot3 and Abdelmajid 
Kassem1, (1)Fayetteville State University, Fayetteville, NC, (2)Department of Plant Soil and Agricultural Systems, SIUC, 
Carbondale, IL, (3)Southern Illinois University, Carbondale, IL, (4)USDA-ARS, Stoneville, MS 
Sucrose, raffinose, and stachyose are important soluble sugars in soybean [Glycine max (L.) Merr.] seeds. Seed sucrose is a desirable trait for 
taste and flavor. Raffinose and stachyose are undesirable in diets of monogastric animals, acting as anti-nutritional factors that cause flatulence 
and abdominal discomfort. Therefore, reducing raffinose and stachyose biosynthesis is considered as a key quality trait goal in soy food and feed 
industries. The objective of this study was to identify genomic regions containing quantitative trait loci (QTL) controlling sucrose, raffinose, and 
stachyose in a set of 92 F5:7 recombinant inbred lines (RILs) derived from a cross between the lines “MD96-5722” and “Spencer” by using 5376 
Single Nucleotide Polymorphism (SNP) markers from the Illumina Infinium SoySNP6K BeadChip array. Fourteen significant QTL were 
identified and mapped on eight different linkage groups (LGs) and chromosomes (Chr). Three QTL for seed sucrose content were identified on 
LGs N (Chr3), K (Chr9), and E (Chr15). Seven QTL were identified for raffinose content on LGs D1a (Chr1), N (Chr3), C2 (Chr6), K (Chr9), 
B2 (Chr14), and J (Chr16). Four QTL for stachyose content were identified on LG D1a (Chr1), C2 (Chr6), H (Chr12), and B2 (Chr14). Selection 
for beneficial alleles of these QTLs could facilitate breeding strategies to develop soybean lines with higher concentrations of sucrose and lower 
levels of raffinose and stachyose. Keywords: Soybean, Seed Nutrition, Sucrose, Raffinose, Stachyose, Sugars, MD96-5722, Spencer, QTL, RIL. 
Food and Nutrition Sciences, 2015, 6, 964-973. 
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Discovery of Germplasm and Genomic Regions to Improve Drought Tolerance in Soybean 
Clinton J. Steketee1, Thomas R. Sinclair2, Thomas Carter2, William Schapaugh3 and Zenglu Li1, (1)University of Georgia, Athens, 
GA, (2)North Carolina State University, Raleigh, NC, (3)Kansas State University, Manhattan, KS 
Drought stress is a significant issue threatening the agricultural productivity of soybean (Glycine max). Slow canopy wilting and reduced 
transpiration rate have been used as traits to phenotype soybean plants for drought tolerance. However, the genetic mechanisms governing these 
strategies are poorly understood. In this study, we attempt to 1) identify soybean germplasm with drought tolerance by phenotyping for drought 
tolerance related traits in both the growth chamber and field; 2) elucidate genomic regions responsible for these traits using a genome-wide 
association study approach. A panel of over 200 genetically diverse soybean lines genotyped with 50K SNPs was assembled and phenotyped. 
Field evaluation of canopy wilting was conducted at two locations (Athens, GA and Salina, KS) over two years after extended periods with little 
or no rainfall, and several genotypes were identified that had slow wilting across years and locations. Sensitivity of aquaporins can be correlated 
with drought tolerance related traits and was evaluated in replicated walk-in growth chamber studies by calculating the difference in transpiration 
response of de-rooted soybean shoots to deionized water and a chemical inhibitor solution (AgNO3). Genome-wide association scans have 
identified putative regions responsible for slow canopy wilting and response to the aquaporin inhibitor. Many of these regions matched QTL 



locations identified in previous studies for slow canopy wilting. The drought tolerant germplasm and genomic regions identified through this 
research can be used to improve drought tolerance in a soybean breeding program. 
 
P0665: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
SCNBase: A Community Resource for Soybean Cyst Nematode (Heterodera glycines) Genomics 
Rick Masonbrink, Thomas Maier, Usha Muppirala, Arun S. Seetharam, Parijat S. Juvale, Andrew J. Severin and Thomas J. Baum, 
Iowa State University, Ames, IA 
Soybean cyst nematode (SCN) is the most damaging pathogen to soybean productivity in North America. Currently annual yield losses are 
estimated at $1.2 billion. Though SCN-resistant soybean varieties are available, constant rotation is necessary to avoid the development of 
resistance in quick-adapting and persistent SCN populations. We are developing a community driven web resource called SCNBase using 
GMOD tools to visualize the SCN genome, transcriptome, and molecular data. To generate a long-lasting, and community-friendly website we 
are using a Tripal/Drupal platform that generates forms to simplify content creation and data curation.  
As a first step, we assembled a draft genome using PacBio long-read sequencing technology, overcoming assembly challenges from high levels 
of heterozygosity and repeat content. The assembly contains approximately 20,064 genes in 738 scaffolds with 124.5 Mb nucleotide content, 
33.6% of which are repetitive. In SCNBase, we will utilize comparative genomics to further understand nematode adaptation and evolution. Thus 
far, syntenic blocks have only been discovered between closely related clades, which has been useful for improving the SCN genome assembly 
and annotation. We intend for this resource to give insight into the essentiality or expendability of genes during the evolution of obligate 
parasitism in nematodes, thus giving the SCN community the resources to design better pest management practices. 
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Comparison of Single Base Resolution Methylome of Two Near Isogenic Lines of Soybean, Resistant and Susceptible to 
Soybean Cyst Nematode 
Aditi Rambani, University of Tennessee, Knoxville, TN 
Soybean cyst nematode (SCN, Heterodera glycines) is attributed as most damaging pest for soybean crop in US. Nematodes are very host 
specific because of coevolution with soybean genome. Effector proteins injected in root cells by nematodes massively alters the gene expression 
and are very effective at facilitating establishment of a feeding site. The methylome of soybean root also undergoes significant changes post 
infection. We discovered that many of these changes in the methylome of the root are essential for mediation of infection by SCN. Genes 
overlapping with the differentially methylated regions under infected conditions were found to be involved in biological processes that can play 
key role in resistance. In our next project, we wanted to further dissect the gene networks of soybean involved in resistance to SCN. We 
generated whole methylome maps at base pair resolution for two near isogenic lines, TN016 (SCN susceptible) and TN025 (SCN resistant) under 
control and infected conditions. Soybean lines TN09-016 and TN09-029 are highly homozygous recombinant inbred lines derived from 
individual F13 generation single plants. Epigenetic modulators like DNA methylation play a key role in stress response by regulating gene 
expression. Comparing methylome changes between resistant and susceptible lines we identified candidate genes that may be providing 
resistance soybean. Our study brings us closer to elucidating the genes and molecular processes essential for SCN disease epidemiology. 
 
P0667: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Genome-Wide Identification of Soybean microRNA and siRNA Responsive to Soybean Cyst Nematodes Infection By Deep 
Sequencing 
Bin Tian1, Shichen Wang2, Charles D. Johnson3, Timothy C. Todd1, Guiliang Tang4 and Harold N. Trick1, (1)Kansas State 
University, Manhattan, KS, (2)Genomics and Bioinformatics Services - TAMU, College Station, TX, (3)Texas A&M AgriLife 
Research, College Station, TX, (4)Michigan Technological University, Houghton, MI 
The soybean cyst nematode (SCN), Heterodera glycines, is one of the most important pests limiting soybean production worldwide. It is known 
that small RNAs, including microRNAs (miRNAs) and small interfering RNAs (siRNAs), play central roles in growth and development, defense 
against pathogens, and responses to environmental changes in plants. In this study, we sequenced 24 small RNA libraries including three 
biological replicates from two soybean cultivars (SCN susceptible KS4607; and SCN HG Type7 resistant KS4313) that were grown under SCN-
infested and noninfested soil at two different time points (SCN feeding establishment; and egg production). Several hundred conserved and 
putative novel miRNAs in soybean were identified from a total of 0.3 billion reads (average about 13.5 million reads for each sample) with the 
programs of Bowtie and miRDeep2 mapper. Differential expression analyses were carried out using DESEQ to evaluate significant differences 
among miRNAs involving in soybean and SCN interaction. Comparative analysis of miRNA profiling indicated some known miRNAs with 
similar expression pattern as the previous report, plus an additional10 families of miRNA candidates might be specifically related to cultivar 
responses to SCN. Correlated gene expression analysis of differentially expressed miRNAs will be conducted to confirm these miRNAs 
expression and reveal the correlations of potential target genes. These findings suggest that miRNAs are likely to play important roles in soybean 
response to SCN. Recently, new technology such as short tandem target mimic (STTM) has been successfully applied to demonstrate many 
miRNA functions. The present work could provide a framework for miRNA identification and the development of novel approaches for 
improving soybean SCN resistance in future studies. 
 
P0668: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Combining High-Throughput Molecular Approaches and QTL Analysis to Select Genes Showing Differential Response to 
Sclerotinia Stem Rot in Soybean 
André Luiz de Lima Passianotto1, Evelyn Valera Rojas2, Francois Belzile3 and Istvan Rajcan1, (1)University of Guelph, Guelph, 
ON, Canada, (2)Dow Agro-sciences, St. Marys, ON, Canada, (3)Laval University, Quebec, QC, Canada 
Sclerotinia stem rot or white mold (WM) is an important fungal disease affecting soybean production [Glycine max (L.) Merr.]. White mold is 
prevalent in cool and moist environments and causes significant damage to yield and grain quality 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) 



have been reported. However, most of these the QTL came from independent and unrelated studies that have not always been validated. Modern 
DNA technologies such as high-throughput genotyping (via GBS or SNP arrays) have been used to dissect complex disease resistance traits 
using genome wide association studies (GWAS). The objective of our study was to combine two innovative approaches, a genome-wide gene 
expression technology using RNA - sequencing (RNA-Seq) with the GWAS and QTL studies to dissect the genetics of resistance to WM as one 
of the most complex diseases in soybean. Comparing the results from a number of studies and using in-silico sequence analysis, we have 
identified promising genomic regions that may harbor genes showing differential expression within the QTL regions. Altogether 100 genes were 
chosen as having any relation with the disease. These genes were used to improve our understanding of genetic basis for WM resistance and 
identify significant genomic regions for future breeding efforts. 
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Characterization of Resistant and Susceptible Responses to Phialophora gregata in Soybean using RNA-Seq 
Chantal McCabe, United States Department of Agriculture, Ames, IA 
Breeding for pathogen resistance is an important objective to improve and protect soybean yields. In 2010, 14.4% of total soybean yield was 
suppressed by diseases. Brown stem rot (BSR), caused by the fungus Phialophora gregata, reduces yield by as much as 38%. To date, three 
dominant BSR resistance genes have been identified: Rbs1, Rbs2, and Rbs3, however the gene networks regulating defense responses to BSR 
remain unknown. Further, identifying resistant germplasm by genotyping or phenotyping remains difficult due to complexities of soybean/P. 
gregata interactions. To better understand resistance mechanisms, we conducted RNA-Seq of P. gregata infected and mock infected leaf, stem, 
and root tissues of both a resistant (PI 437970, Rbs3) and a susceptible (Corsoy 79) soybean genotype. Samples were collected one-week post 
infection. Our bioinformatic analyses focused on treatment, genotype, and treatment by genotype effects on gene expression. Our results indicate 
that resistant and susceptible genotypes respond differently when infected with P. gregata. Further, regardless of infection, the resistant and 
susceptible genotypes differ in their innate defense responses. These data indicate that molecular markers could be developed to allow 
identification of resistant and susceptible individuals at 1 week post infection, four weeks earlier than current protocols. Given that Rbs3 has been 
mapped to soybean chromosome 16, the RNA-Seq data was also used to generate novel SNPs within the Rbs3 locus that could be used for fine 
mapping Rbs3. Virus induced gene silencing (VIGS) was also used to characterize the candidate resistance genes and downstream defense 
responses. 
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Genome-Wide Association Analysis and QTL Mapping for Resistance to Pythium sylvaticum in Soybean (Glycine max L.) 
Feng Lin1, Shabir H Wani1, Paul Collins1, Zixiang Wen2, Cuihua Gu2, Martin Chilvers2 and Dechun Wang2, (1)Michigan State 
University, East lansing, MI, (2)Michigan State University, East Lansing, MI 
Pythium root rot (PRR) is an increasing threat for soybean growers in the United States. The disease is caused by several oomycete pathogens 
classified to the genus Pythium, such as P. sylvaticum, P. oopapillum, and P. irregulare. Previous studies have identified several putative 
quantitative trait loci (QTL) that confer resistance to P. irregulare in soybean, however, little study has been done for resistance to P. sylvaticum, 
which is the most prevalent Pythium species in Michigan. An elite cultivar E09014 developed at Michigan State University (MSU) was found to 
carry good resistance to P. sylvaticum, and a mapping population of 120 F4:7 recombinant inbred lines (RILs) was developed by crossing 
E09014 with E05226-T, which is moderate resistant. 87 of the RILs were genotyped with BARCSoySNP6K BeadChips, and a high density 
linkage map with 1438 single nucleotide polymorphism (SNP) markers were established into 29 linkage groups. QTL analysis suggested four 
putative QTLs on chromosome 9 (q09, LOD=3.13), 10 (q10, LOD=2.78), 19 (q19, LOD=4.72) and 20 (q20, LOD=3.49), each explaining 9.4% ~ 
14.3% of phenotypic variations. Of them, q09 was contributed by E09014, and q10, q19 and q20 were contributed by E05226-T. Moreover, an 
association panel consisting of 99 accessions of MSU developed elite lines and 125 accessions from Plant Introductions were genotyped by 
BARCSoySNP50K BeadChips and used for genome wide association study (GWAS). Analyses with general linear model (GLM) identified 
significant markers (q<0.05) that were located in similar regions with q09, q10, q19, and q20, respectively. These results can also be supported 
by analysis with mixed linear model. In summary, these results indicated that four QTLs on chr.09, 10, 19 and 20 make major contributions to 
resistance against Py. sylvaticum in soybean. 
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Genome-Wide Association Study of Bacterial Blight (Pseudomonas syringae) in Soybean (Glycin max) 
Teshale Mamo1, Arti Singh2, Steven Cannon3 and Asheesh K. Singh2, (1)ORISE Fellow, USDA- Agricultural Research Service, 
Corn Insects and Crop Genetics Research Unit, Ames, IA, 50011, USA,, Ames, IA, (2)Iowa State University, Ames, IA, (3)USDA–
Agricultural Research Service, Corn Insects and Crop Genetics Research Unit, Ames, IA 
Bacterial blight, caused by Pseudomonas syringae, is a common foliar disease of soybean (Glycine max) throughout the northern central regions 
of USA. Bacterial blight leads to significant yield losses. The objectives of this study were to identify new sources of bacterial blight resistant 
genes in a diverse panel of 464 soybeans comprised of maturity groups I, II and III and collected from 27 countries including China, Japan, 
Korea and USA. A genome wide association study (GWAS) was performed using high-density SNP markers, to explore significant markers and 
identify candidate genes associated with bacterial blight. Variation in the symptom or phenotype expression of bacterial blight was observed 
among 464 genotypes. Candidate genes known to be associated with bacterial blight resistance were identified on four chromosomes. In the QTL 
region of Gm06, candidate gene RPS2 encodes a plasma membrane protein that confers resistance to Pseudomonas syringaeinfection by 
interacting with the avirulence gene avrRpt2. The TXR1 and PETC genes are involved in down-regulation of defense response to bacteria. 
Disease and abiotic stress resistant genes were also identified. 
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Genome Wide Analysis of Loci Associated with Seed Transmission and Seed Coat Mottling Caused By Soybean Mosaic 
Virus 



Qiong Liu, University of Illinois, Urbana, IL, Houston Hobbs, University of Illinois at Urbana-Champaign, Urbana, IL and Leslie 
Domier, USDA-ARS, Urbana, IL 
Soybean mosaic virus (SMV), an aphid- and seed-transmitted member of the Potyviridae, causes significant reductions in soybean yield and seed 
quality worldwide. In North America, seedborne infections serve as the primary sources of inoculum for SMV infections. Therefore, host-plant 
resistance to seed transmission of SMV provides a means to limit the impacts of SMV on soybean production. In this study, two diverse 
population panels composed of 199 and 409 plant introductions respectively from the United States Department of Agriculture Soybean 
Germplasm Collection were evaluated for seed transmission rate and seed coat mottling caused by SMV using two different SMV strains. To 
identify loci associated with traits of interest, the phenotypic data and single nucleotide polymorphism (SNP) information derived from 
SoySNP50K dataset were combined and analyzed using R package rrBLUP. The genome-wide scan revealed a single SNP (ss715605423), 
which accounts for 23.97% of the phenotypic variation, significantly associated with seed transmission rate in one population panel. Marker 
assisted selection and genomic prediction were subsequently compared for prediction accuracy of SMV seed transmission rate. Meanwhile, SNPs 
significantly associated with seed coat mottling caused by SMV were detected in both population panels. Identified loci and putative candidate 
genes were compared to previously published results of linkage mapping studies. This study provides the most comprehensive analysis of loci 
associated with seed transmission of an economically important plant virus. 
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High Density Genetic and Bin Mapping for Dissecting Disease Resistance Quantitative Trait Loci in Peanut 
Gaurav Agarwal1, Hui Song2, Hui Wang3, Manish K Pandey4, Josh Clevenger5, Albert Culbreath3, Xin Liu6, Xing Jun Wang2, 
David J. Bertioli7, Peggy Ozias-Akins8, Scott A. Jackson7, Rajeev K Varshney9 and Baozhu Guo10, (1)UGA, Tifton, GA, 
(2)Shandong Academy of Agricultural Sciences, Jinan, China, (3)University of Georgia, Department of Plant Pathology, Tifton, 
GA, (4)ICRISAT, Greater Hyderabad, India, (5)University of Georgia, athens, GA, (6)BGI-Shenzhen, Shenzhen, China, 
(7)University of Georgia, Athens, GA, (8)University of Georgia, Tifton, GA, (9)ICRISAT, Hyderabad, India, (10)USDA-ARS, 
Crop Protection and Management Research Unit, Tifton, GA 
Mapping and identification of quantitative trait loci (QTLs) are important for efficient marker-assisted breeding and for analysis of the molecular 
mechanisms regulating traits. Diseases such as leaf spots and Tomato spotted wilt virus (TSWV) cause significant loses to peanut growers. 
Previously, two recombinant inbred line (RIL) populations derived from SunOleic 97R × NC94022 and Tifrunner × GT-C20, were developed 
and used for developing SSR-based genetic maps and identification of QTLs for oil content and disease resistance. However, these QTLs cover 
large segments of the physical map, limiting their utility in marker development and breeding. To generate a high density linkage map and fine 
map these QTLs, we performed whole genome re-sequencing (WGRS) for these RILs including parental genotypes. Tifrunner was sequenced to 
60X coverage, and the other three parental genotypes were sequenced to 10-12X coverage. A total of ~3 Tb of data was generated by sequencing 
261 RILs (143 S-lines and 118 T-lines) at 2-5X coverage. The mapping of parental and population sequencing data achieved alignment of 74-
77% of the total reads to the ancestor diploid reference genomes of cultivated peanut. Genome-wide variations, including SNP, InDel and other 
types of variation, could be detected. Alignment and SNP identification is underway after which a high density genetic map will be constructed, 
and recombination breakpoints identified for use in QTL analyses. This combination of bin mapping-based QTL and gene enrichment analyses 
will assist in identifying candidate genes for disease resistance and other important agronomic traits. 
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Shifts of Genomic Organization in Arachis Induced Allotetraploids By Molecular Cytogenetics 
Ana Claudia Guerra Araujo, EMBRAPA, Brasilia, Brazil, Eliza Nascimento, University of Brasilia, Brasilia, Brazil, Bruna S. 
Vidigal, Universidade de Brasília, Brasilia, Brazil, Lara O. C. Marques, Catholic University of Brasilia, Brasilia, Brazil, Patricia 
Messenberg Guimarães, Cenargen-EMBRAPA, Brasilia, Brazil, Ana C. M. Brasileiro, EMBRAPA Recursos Genéticos e 
Biotecnologia, Brasília, Brazil, Soraya C M Leal-Bertioli, Embrapa Genetic Resources and Biotechnology, Brasilia, Brazil and 
David Bertioli, University of Georgia, Athens, GA 
Peanut (Arachis hypogaea) is a recent allotetraploid with two subgenomes derived from the hybridization between the diploid wild species, A. 
duranensis (A genome) and A. ipaënsis (B genome), followed by spontaneous chromosomal duplication. It has a large and complex tetraploid 
genome, with no reference genome yet available, what hinders the knowledge on its genomic organization and evolutionary history. Studies 
using induced allotetraploids that mimics peanut genomic background can enlighten some of the effects of hybridization, polyploidization and 
domestication. To increase our understanding on the changes occurring in the genome after allopoliploidization, cytogenetics analysis were 
conducted using an induced allotetraploid (A. ipaënsis- ‘K30076’ x A. duranensis ‘V14167’)4x (IpaDur1), cultivated peanut (spontaneous 
allotetraploid) and their wild diploid parentals. These allotetraploids shared many similarities; however, IpaDur1 has undergone more alterations 
than peanut. In IpaDur1, one of the 5S rDNA locus changed position relative to its progenitors; two 45S rDNA loci were lost and at least one pair 
of chromosomes had an evident hybridization pattern corresponding to recombination between the two component genomes, suggesting some 
genome instability. Another induced allotetraploid, IpaDur2 (A. ipaënsis- ‘K30076’ x A. duranensis ‘V14167’)4x is currently being analyzed 
using plants derived from the first seed multiplication aiming to evaluated genome changes and stability along the early generations. 
Additionally, comparative studies with the wild A. monticola, the only other natural tetraploid species in the section Arachis that has also A. 
ipaënsis and A. duranensisas progenitors but with uncertain origin is underway.  
This work was supported by the Brazilian Agricultural Corporation (Embrapa); Coordination for the Improvement of Higher Education 
Personnel (CAPES) and Foundation for Research Support of Federal District (FAP-DF). 
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BEAN_ADAPT: Evolution in a Changing Environment: The Genetic Architecture of Adaptation Outside Centers of 
Domestication of Phaseolus vulgaris and P. coccineus  



Alisdair R. Fernie, Max Planck Institute of Molecular Plant Physiology, Potsdam-Golm, Germany, Paul Gepts, University of 
California, Davis, CA, Andreas Graner, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany, 
Scott A. Jackson, University of Georgia, Athens, GA, Elisa Bellucci, Department of Agricultural, Food and Environmental 
Sciences, Polytechnic University of Marche, Ancona, Italy and Roberto Papa, Departiment of Agricultural, Food and 
Environmental Sciences, Polytechnic University of Marche, Ancona, Italy 
BEAN_ADAPT is a three year project funded through the 2ndERA-CAPS call, ERA-NET for Coordinating Action in Plant Sciences.  
The main aim of this project is to dissect out the genetic basis and phenotypic consequences of the adaptation to new environments of the 
common bean (Phaseolus vulgaris L.) and its sister species, the runner bean (Phaseolus coccineusL.), through the study of their introduction, 
from their respective centers of domestication in the Americas, and expansion through Europe, as a recent and historically well-defined event of 
rapid adaptation.  
We are characterizing a large collection (11,500 accessions of both species) by genotyping-by-sequencing (GBS), and a deeper phenotypic and 
molecular characterization of subsets of genotypes is in progress, with field and growth chamber experiments and genomic–transcriptomic–
metabolomic analyses. We are using a multidisciplinary approach: genomics (WGS and RNAseq), population/ quantitative genetics, 
biochemistry, plant physiology on the subset of samples. Differential expression analysis, analysis of the co-expression patterns, and GWAS will 
be used to identify genes and metabolites putatively associated with adaptation, while genotypic information obtained from RNA-seq data will be 
used, with GBS and WGS data, to test for signatures of selection.  
Among the main outcomes of the project are the development in P. vulgaris of haplotypes of all 10,000 accessions (HapBean), along with 
associated information and seed stocks, which will represent a unique tool for plant scientists and breeders. For P. coccineus, we will also have a 
well-defined set of information that will constitute the foundation for the development and application of its genomic resources.  
BEAN_ADAPT aspires to work with ‘bean research community’ members, gene banks, plant breeders, stakeholders, plant and crop scientists, 
and database and computational experts to form a wide collaborative network. Over 20 representatives of Universities, Institutes and Companies 
have shown interest in collaboration within BEAN_ADAPT and 
became Associated Partners.  
BEAN_ADAPT proposes to make available technologies and germplasm directly to seed companies and farmers, to implement efficient plant 
breeding programs and contribute to a multilateral system to access and share in the benefits deriving from research and the use of genetic 
resources. 
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Development and Genomic Characterization of a Common Bean Segregant Population Targeting Traits of the 
Domestication Syndrome 
Debora Santo1, Maria Leonarda Murgia2, Elena Bitocchi1, Matteo Dell'Acqua3, Elisa Bellucci1, Laura Nanni1, Alberto Ferrarini4, 
Monica Rodriguez2, Tania Gioia5, Massimo Delledonne4, Mario Enrico Pè3, Giovanna Attene2, Domenico Rau2 and Roberto Papa1, 
(1)Department of Agricultural, Food and Environmental Sciences, Polytechnic University of Marche, Ancona, Italy, (2)Department 
of Agriculture, University of Sassari, Sassari, Italy, (3)Institute of Life Sciences, Sant'Anna School of Advanced Studies, Pisa, Italy, 
(4)Department of Biotechnology, University of Verona, Verona, Italy, (5)School of Agricultural, Forestal, Food and Environmental 
Sciences, University of Basilicata, Potenza, Italy 
A major aim of geneticists and breeders is to identify genes and molecular variants responsible for phenotypic variations, and to map them on the 
genome of the targeted organisms. The process of domestication in plants and animals represents not only a milestone in the history of the human 
beings, but it is also a valuable model for the study of evolutionary processes, and it study can be exploited to discover genes and genomic 
regions related to important agronomic traits, at the same time enabling the use of the genetic diversity available in wild relatives. Indeed, many 
studies have clearly indicated that the use of wild relatives can have a tremendous impact on crop improvement, whose potential yet remains 
largely untapped.  
For the abovementioned reasons, we have developed an introgression population segregating for the domestication syndrome traits in the 
common bean, Phaseolus vulgaris L., mostly focusing on pod and seed traits. The wild donor was the Mesoamerican G12873 accession from 
Morelos (Mexico) and the recurrent parent was the snap bean Andean variety “Midas”. Here, we present the genomic characterization of this 
population of introgression lines using the data obtained by the use of a combination of Next-Generation Sequencing approaches, demonstrating 
through performing LD analysis, GWAS analysis on the traits of flowering time and flower color and family structure and introgression segment 
analysis, the utility and impact it can have both for scientific and practical purposes. 
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Histone Modification in Common Bean is Induced by Higher Concentrations of Fe and Zn 
Summer Dearinger1, Maren A Johnson1, Cherokee Durant1, Cheyenne Durant1, Venu (Kal) Kalavacharla2 and Khwaja G Hossain1, 
(1)Mayville State University, Mayville, ND, (2)Delaware State University, Dover, DE 
The two important eukaryotic epigenetic mechanisms are modifications of nucleotide bases and the modification in the DNA packaging into 
nucleosomes identified by the differential modification of the constituent histone proteins. The nucleosome is the smallest subunit of chromatin 
and consists of DNA wrapped around an octamer of core histone proteins, Histone H2A, Histone H2B, Histone H3, and and Histone H4. 
Chromatin is subject to a variety of chemical changes which are influenced by different environmental stimuli including micronutrient content. 
These changes are associated with the modification of histone proteins such as methylation and acetylation. Chromatin Immunoprecipitation 
(ChIP) followed by histone specific antibody captured DNA analysis provide an opportunity to identify any epigenetic changes in the genome. In 
this work, we applied higher concentration of Fe and Zn to common bean genotypes and isolated chromatins from treated and non-treated stems 
and pods. Using ChIP technology and histone 3 and histone 4 modifications specific antibodies, we eluted histone bound DNA from stem and 
pods. The eluted DNA was amplified using histone proteins modification specific PCR primer. We are in the process of sequencing amplified 
products of treated and non-treated stems and pods. Analyses of amplified products of treated and non-treated stem and pod samples will provide 
an insight to the epigenetic changes related to higher concentration of Fe and Zn in common bean. 
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The Effect of Drought on Histone Modifications and the Transcriptome of Common Bean (Phaseolus vulgaris) Grown in 
Two Different Locations 
Isaac Steven Fisher, Delaware State University, Dover, DE 
Common bean (Phaseolus vulgaris L.) is a leguminous crop that is grown and consumed across the world for its high protein, mineral and fiber 
content. We seek to conduct a global transcriptomic and histone modification profile of a selected common bean genotype (NE28-15-16) grown 
in two different locations, Delaware and Nebraska, under both irrigated and non-irrigated conditions. Root, leaf and pod tissues were harvested 
from multiple plants at the same point of development, stage R8 mid-pod set, from both locations. RT-PCR was then used to determine if there 
was a differential expression in stress-related genes, such as; aquaporin proteins, DREBs, heat shock proteins, LEAs, and ZIP transcription 
factors. RNA-Seq will be performed on the samples for a more complete transcriptomic profile. ChIP-Seq analysis will be conducted to 
understand how the different environmental conditions can lead to changes in epigenomic marks (methylation and acetylation) of the chromatin. 
This study will allow for a deeper understanding of how different environments and conditions can alter the epigenome of the plant which in-turn 
will alter the gene expression profile, with a specific focus on drought-induced genes.  
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Epigenetics of Common Bean Drought Stress Response: An Integrated Study of Chromatin Marks, Transcription and 
Stress Signaling 
Mayavan Subramani1, Rita Hayford2, Vasudevan Ayyappan3 and Venu (Kal) Kalavacharla2, (1)DELAWARE STATE 
UNIVERSITY, DOVER, DE, (2)Delaware State University, Dover, DE, (3)Molecular Genetics & Epigenomics Laboratory, 
Delaware State University, Dover, DE 
Drought stress is one of the major threats to plants in the context of global climate change. Plants have to respond promptly in order to maintain 
their homeostasis. The external signal perceived by the plants during stress is transduced through a particular signaling pathway via specific 
signaling receptors, which ultimately results in rapid and specific modulation of the plant transcriptome. There are many reports suggesting that 
post-translational histone modifications are altered by environmental stress and could be a primary target for plant drought stress responses. But 
so far, clear relationships between drought stress-dependent signal, chromatin modification, and transcriptional response in legumes such as 
common bean (Phaseolus vulgaris L.) are not available. In the present investigation, common bean cultivar ‘Sierra’ was subjected to various 
drought stress including mild (75% water capacity), moderate (50% water capacity), severe (35% water capacity) and combinations of the three 
stress. Plants were subjected to repeated dehydration and rehydration for five days in order to investigate drought stress memory. Reverse 
transcription PCR amplification of the PvLEA transcript provides an indication for dehydration and rehydration status of plants. Interaction of 
histone marks such as H4K12ac, H3K9ac, H3K9me2 and H3K4me3 with transcriptional and drought stress signaling responses in common bean 
will be studied using ChIP-PCR. Interaction of chromatin modification with transcriptional and stress signaling responses in plants will help us 
better understand the important area of environmental epigenetics. 
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Identification of Drought Resistance in Wild Populations of Phaseolus vulgaris using an Ecological Genomic Approach 
Andrea Ariani, Jorge C. Berny and Paul Gepts, University of California, Davis, CA 
The ability to fully exploit wild Phaseolus vulgaris genetic diversity for improving drought and/or heat resistance in domesticated common bean 
is hindered by difficulties in phenotyping large number of individuals for these traits, precluding also the identification of useful molecular 
markers essential in breeding programs. In the current study, the integration of ecogeographical diversity analysis with high-throughput 
genotyping of wild P. vulgaris allowed the identification of putative drought-adapted populations in this species, along with relevant molecular 
markers associated with this stress. Analysis of spatial population structure identified five different populations in wild common beans, with 
three sub-populations in the Mesoamerican gene pool (MW1, MW2 and MW3), one population representative of the intermediate group from 
North Peru-Ecuador (PhI), and one population for the Andean gene pool (AW). These sub-populations showed significant differences regarding 
annual rainfall and annual Potential Evapo-Transpiration (PET), suggesting variability in drought adaptation within this species. Association 
analysis of genotypic data with variations in temperature, rainfall, and PET identified several genes significantly correlated with ecological 
variation in the wild populations analyzed. These genes are possibly involved in drought adaptation in wild P. vulgaris, and could constitute 
useful molecular markers for improving drought performance in domesticated common bean by introgression from wild populations. 
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Development and Evaluation of SNP Molecular Markers Associated With Zinc Concentrations In Dry Beans 
Asif M. Iqbal Qureshi1, Paulo Izquierdo Romero1, Carolina Astudillo Reyes1, R. Scott Shaw2 and Karen Cichy3, (1)Department of 
Plant, Soil & Microbial Sciences, Michigan State University, East Lansing, 48823, EAST LANSING, MI, (2)USDA/ARS, East 
Lansing, MI, (3)USDA-ARS & Department of Plant Soil & Microbial Sciences, MSU, East Lansing, MI 
Dry bean (Phaseolus vulgaris L.) seeds are a rich source of dietary zinc, especially for people consuming plant-based diets as the body needs to 
support the function of the reproductive, immune and endocrine systems. Zn transport and accumulation is a complex trait which is governed by 
genes of small effect. A study has been initiated with this regard to carry out the analysis of QTLs for zinc accumulation in seed across five 
studies based on individual projection of maps on chromosome 2 and 11 onto a consensus map. Then, confidence intervals of QTL location were 
combined and five meta-QTLs were identified and comparative genomics approach showed consistency in location of zinc transporters genes 
which were co-located within the five meta-QTLs. Co-location of meta-QTLs and genes involved in transport or regulation of zinc identified 
seven candidate genes which includes zinc ion biding, ZIP metal ion transport family, zinc induced facilitator (ZIF), basic-leucine zipper (bZIP), 
heavy metal atpase (HMA), vacuolar iron transporter (VIT) & heavy metal transport on chromosomes PV02, and PV11.To identify useful 
markers for seed Zn concentration, fifty SNP markers were designed in regions on chromosomes PV02 & PV11 as candidates for MAS seed Zn 
concentration & were tested in populations segregating for the QTL for the seed Zn. Among them, 9 were monomorphic and 19 were 



polymorphic on chromosome 2 and 22 were polymorphic on chromosome 11.The molecular markers (SNP) are currently being evaluated in 
three bean populations viz., 48 black beans, 15 genotypes from a Middle American Diversity Panel and 28 genotypes from Andean Diversity 
Panel. The study will help us in identifying superior genotypes rich in Zn content & will provide a benchmark for the future bean plant breeding 
programs the across globe. 
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Genetic Diversity of the Guatemalan Climbing Bean Collection 
Maria Gabriela Tobar Piñón1, Samira Mafi Moghaddam1, Rian Lee1, Julio Cesar Villatoro Merida2, Juan Osorno1 and Phillip 
McClean1, (1)Dept of Plant Sciences, North Dakota State University, Fargo, ND, (2)Instituto de Ciencia y Tecnologia Agricolas, 
ICTA, Villa Nueva, Guatemala 
Common bean (Phaseolus vulgaris L.) is the most important legume crop for human consumption in the world and is the primary source of 
protein in the daily diet in Central America. In Guatemala, it occupies 184,000 hectares or 17.8% of available production acreage where 8 of 10 
native children suffer from chronic malnutrition, the highest level in Latin America. For this reason, food security plays a key role in the 
development of a healthy country. At this point, bean breeders are challenged to increase seed yield and maintain seed quality while breeding for 
resistance to several diseases whose incidence has increased due to climate change. Race Guatemala of common bean includes climbing beans 
from the highlands of Guatemala where poverty is the highest, and it is a resource of new alleles for bean improvement. The objectives of this 
research are to evaluate and describe the population structure, genetic diversity, and genetic differentiation of a Guatemalan climbing bean 
collection of 377 landraces using SNP markers, and to perform a genome-wide association study (GWAS) to map important agronomic traits 
such as disease resistance. The population structure was characterized using fastSTRUCTURE and performing a maximum likelihood tree and 
principal components analyses. In the GWAS study, the peak SNP in rust (Uromyces appendiculatus) resistance was found inside a gene that 
codifies for a leucine-rich repeat transmembrane protein kinase at the beginning of chromosome 2. In general, the results are promising for the 
use of this collection as a source of alleles in common bean breeding. 
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Development of a Molecular Marker to Track APA Introgression in Common Bean For Bruchid Resistance 
Lucy I Lund, North Dakota State University, Fargo, ND, Phillip McClean, Dept of Plant Sciences, North Dakota State University, 
Fargo, ND, James Beaver, University of Puerto Rico, Mayaguez, PR and Timothy Porch, USDA-ARS Tropical Agriculture 
Research Station, Mayaguez, PR 
In common bean (Phaseolus vulgaris), the main seed storage pests are the bruchid beetles. Adult females lay eggs on the outside of the seed, and 
the larvae hatch and bore into the seed to feed. Damage done to the seed by the larvae has a large impact on seed quality and yield. Arcelin 
(ARC), phytohaemagglutinin (PHA), and α-Amylase inhibitor (α-AI) make up a group of linked seed storage proteins that form the APA locus 
on chromosome Pv04. This locus is associated with bruchid resistance in common bean and tepary bean (Phaseolus acutifolious).  
A major breeding objective is to introduce bruchid resistance into common bean from a resistant tepary genotype, G40199, by introgressing the 
resistant APA locus into susceptible common bean backgrounds. Here we developed a molecular marker that can be used to track the 
introgression. A group of four resistant (containing the G0199 APA locus) and four susceptible genotypes were used as source materials to 
develop the marker. A set of primers to the α-amylase inhibitor locus amplified a DNA fragment that showed a 45 base pair insertion/deletion 
that distinguished the common bean and G40199 APA loci. Further amplification and sequencing of the APA locus shows the existence of 
different variants in the α-amylase and arcelin loci from the G40199 source.  
This enhanced locus characterization and insertion/deletion marker may preclude the need for bruchid resistance screening early in the breeding 
process and help better understand how this resistance is introgressed in common bean. 
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Developing Breeders' Tools: Identifying and Visualising Genotype-to-Phenotype Associations in the Common Pea and Its 
Wild Relatives 
Kirstie Hetherington, Earlham Institute, Norwich, United Kingdom 
Peas (Pisum sativum) are an important crop plant and are important for food security. These cool season legumes are the second most important 
family of crops and are high in protein making them important for food and animal fodder. Furthermore, peas are useful in crop rotation as they 
can symbiotically fix nitrogen, reducing the need for fertiliser.  
John Innes Pisum Collection is a well-characterised collection of peas, holding approximately 3,600 accessions. Previous work with 
retrotransposon-based insertion polymorphism markers (RBIP) used characterised the collection into 3 distinct groups: cultivar, landrace and 
wild material.  
We sampled a statistically representative core collection across all 3 groups of the 3,600 accessions for phenotypic and sequence analysis. 
Biological replicates were sown in field and glasshouse environments. To quantify phenotypic traits we have imaged and measured several 
phenotypes of interest: seed weight, plant height, leaflet margin and pod length, width and apex. We have focused primarily on seed weight, as it 
is a highly heritable trait of interest to pea breeders.  
The Pea genome is large and highly repetitive and currently has no reference. To tackle this issue we used Genotyping-by-sequencing (GbS), a 
reduced representative sequence approach to generate a high-density marker panel of SNPs without a reference at low cost.  
Here we present, a quantitative phenotypic analysis across wild and domesticated pea material, and in combination with the GbS sequencing 
data, this contributes to a wider Genome-Wide Association Study (GWAS) to identify candidate regions for the associated genotypes. 
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Genetic Diversity and Population Structure in Chickpea Landraces Collected from Secondary Centers of Diversity and 
Fertile Crescent 



Syed Gul Abbas Shah Sani1,2, Kassaye Dinegde3, Noelia Carrasquilla1, Peter Chang4, Bahattin Tanyolac5, Elena Plekhanova6, 
Asnake Fikre7, Kassahun Tesfaye8, M. Farooq Hussain Munis2, Maria Samsonova9, R. Varma Penmetsa1, Sergey V Nuzhdin4, Eric 
von Wettberg10, Douglas R Cook1 and Nina Noujdina4, (1)University of California-Davis, Davis, CA, (2)Quaid-I-Azam University, 
Islamabad, Pakistan, (3)University of California Davis, Davis, CA, (4)University of Southern California, Los Angeles, CA, (5)Ege 
University, Izmir, Turkey, (6)Saint Petersburg State Polytechnical University, Saint Petersburg, Russian Federation, (7)Ethiopian 
Institute of Agricultural Research, Addis Ababa, Ethiopia, (8)Addis Ababa University, Addis Ababa, Ethiopia, (9)Saint Peterberg 
Polytechnic University, Saint Petersberg, Russian Federation, (10)Florida International University, Miami, FL 
Assessment of genetic diversity and genetic framework/structure in plants has important effects for plants breeding programs and the 
preservation of inherited resources. Little is known about the extent of genetic diversity contained in Chickpea landraces /cultivars and its 
relation to advanced elite lines. These landraces are among the basic raw materials for chickpea genetic improvement with potential to insure 
chickpea production against the prevailing climate change threats. Development of high throughput genotyping by sequencing methods opened 
the possibility for genome-wide characterization of large collections of germ plasm accessions. In this study we used 31,995 SNP markers to 
estimate the genetic diversity and population structure in a collection of 952 chickpea accessions from Ethiopia, Pakistan and Turkey including 
landraces, elite materials and cultivated varieties.  
We show a decline in diversity in different cultivated gene pools, particularly landraces outside the center of domestication in Turkey. We also 
find evidence of admixture from modern breeding that combines material from different centers of diversification. Characterizing landraces with 
dense genome-wide markers lays the groundwork to more effectively utilize existing diversity in a variety of international genebanks. 
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Genome-Wide Analysis and Expression Profiling of NBS-LRR Genes in Chickpea Against Ascochyta rabiei 
Mandeep Sagi, Amit Deokar and Bunyamin Taran, University of Saskatchewan, Saskatoon, SK, Canada 
Plant disease resistance genes are key components of genetic interactions between plant and fungal pathogen and among them a sub-class; 
Nucleotide binding site and leucine rich repeat (NBS-LRR) is the most common domain involved in governing resistance against a wide range of 
pathogens. This study tested the hypothesis that NBS-LRR genes are involved in resistance to ascochyta blight in chickpea. Genome-wide 
analysis identified 121 NBS-LRR genes in the chickpea genome that comprises of 0.4 % of total annotated genes. The NBS-LRR genes are not 
evenly distributed across the chickpea genome and inclined to form clusters. Chromosome 5 has the highest number of the NBS-LRR genes 
(27% of mapped genes) while chromosome 8 has the lowest number of NBS-LRR genes (4%). A total of 26 NBS-LRR genes were co-localized 
with the previously reported QTLs for ascochyta blight resistance. Real-time PCR was used to measure relative expression of these 26 genes in 
three chickpea cultivars (two resistant and one susceptible) at different time points (12, 24, 48 and 72 hours) after inoculation with isolate AR170-
3. Differential expression as early as 12 h post inoculation between the moderately resistant cultivars (CDC Luna, CDC Corinne) and the 
susceptible (ICCV 96029) cultivars was observed. Differential expression observed among the resistant cultivars (CDC Luna and CDC Corinne) 
at different time points indicating the potential of these cultivars as different sources of resistance. Further efforts to examine the association 
between NBS-LRR genes with reaction to ascochyta blight infection were done using four recombinant inbred line (RIL) populations derived 
from crosses between resistant by susceptible and resistant by resistant genotypes under field and greenhouse conditions. 
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Genomic Diversity of Chickpea Wilt Pathogen (Fusarium oxysporium f.sp ciceris) in Ethiopia 
Sultan Mohammed Yimer1,2, DB Besha3, Brendan K. Riely4, Noelia Carrasquilla1, Chemeda Fininsa2, Negussie Tadesse5, Seid 
Ahmed6, Asnake Fikrie7, Kassahun Tesfaye8, Aladdin Hamwieh9, Zahra Yazd1 and Douglas R Cook4, (1)University of California, 
Davis, Davis, CA, (2)Haromaya University, Haromaya, Ethiopia, (3)UC DAVIS, DAVIS, CA, (4)University of California-Davis, 
Davis, CA, Davis, CA, (5)ICARDA, Addis Ababa, Ethiopia, (6)ICARDA, Rabat, Morocco, (7)Ethiopian Institute of Agricultural 
Research, Addis Ababa, Ethiopia, (8)Addis Ababa University, Addis Ababa, Ethiopia, (9)ICARDA, Cairo, Egypt 
Fusarium wilt caused by Fusarium oxysporum f. sp. ciceris (Foc) is the most serious disease of chickpea throughout the world, causing 100% 
loss under conditions favorable to the pathogen. Foc is both soil and seed borne and difficult to eradicate from infested fields because fungal 
chlamydospores survive in soils for many years even in the absence of the host plant. Variation in pathogen populations has been previously 
inferred based on differential host responses, but such inferences are indirect. To better understand geographic patterns of pathogen virulence and 
genomic variation of Foc in Ethiopia, a GPS-based survey was conducted in the 2014 and 2015 cropping season. Fusaria were isolated from 
symptomatic plants in a total of 373 fields, representing 6 regions that encompass 90 major chickpea growing districts. Pure strains were derived 
from single spore isolation and purified strains were assessed for virulence on susceptible chickpea genotypes. A phenol chloroform extraction 
protocol was preferred to commercial DNA extraction kits as a means to derive DNA of suitable quality for construction of genome sequencing 
libraries. We present results of phylogenetic and genomic analyses for an initial set of strains. Based on a combination of pathogen virulence, 
host specificity, genomic variation and the agro- ecology of collection sites, we will select a subset of Fusarium isolates to begin systematic 
testing of wild introgression populations and popular elite genotypes of chickpea, with the eventual goal of breeding for resistance to the 
diversity of Foc present in Ethiopia. 
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Assembly of Eleven Pseudomolecules Representing the Cowpea Genome Sequence 
Stefano Lonardi1, Tingting Zhu2, Maria Muñoz-Amatriain3, Qihua Liang1, Steve Wanamaker3, Rachid Ounit1, Hind Alhakami1, 
Ming-Cheng Luo2 and Timothy J. Close3, (1)Department of Computer Science & Engineering, University of California, Riverside, 
CA, (2)Department of Plant Sciences, University of California, Davis, Davis, CA, (3)Department of Botany & Plant Sciences, 
University of California, Riverside, CA 



Cowpea (Vigna unguiculata L. Walp.) is a legume crop that is resilient to hot and drought-prone climates, and a primary source of protein in sub-
Saharan Africa and other parts of the world. Despite its relevance to food security, actual yields of cowpea are much lower than the known yield 
potential and cowpea genome resources have lagged behind other major crop plants.  
Here we report the first high-quality sequence of the cowpea genome (~620Mb estimated size), from IT97K-499-35. Using Single Molecule 
Real-Time Sequencing (Pacific Biosciences) ~6M reads were generated for a total of 56.8Gbp (~91x genome equivalent), with a read N50 of 
~14.5Kbp. We obtained an assembly of 505Mbp using CANU, with contig N50 of ~5.3Mbp, contig L50 of 27 and the longest contig of 
~18.4Mbp. We polished the draft assembly using Pacific Biosciences’ Quiver pipeline in SMRT Portal, then evaluated the quality and 
completeness using several independent metrics, including Illumina reads. We generated super-scaffolds by mapping the polished assembly onto 
a BioNano genome (BNG) optical map. The BNG map consisted of 508 contigs for a total length of ~622Mbp, and a N50 of ~1.6Mbp. The 
super-scaffold N50 was ~12Mbp, with the longest scaffold of ~30Mbps. Finally, we produced pseudomolecules by anchoring and orienting 
super-scaffolds to five genetic maps including 37,372 unique SNPs. We obtained eleven pseudomolecules for a total of 474Mbp. Cowpea 
pseudomolecule sequences will be available from http://www.int-cowpea.org/. Project was supported by the NSF BREAD program. 
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Identification of Loci Controlling Domestication-Related Traits in Cowpea (Vigna unguiculata L. Walp) 
Sassoum Lo1, Maria Muñoz-Amatriain2, Ira A. Herniter1, Ousmane Boukar3, Ndiaga Cissé4, Yi-Ning Guo1, Philip A. Roberts5, 
Shizhong Xu1, Christian Fatokun3 and Timothy J. Close2, (1)Department of Botany & Plant Sciences, University of California - 
Riverside, Riverside, CA, (2)Department of Botany & Plant Sciences, University of California, Riverside, CA, (3)International 
Institute of Tropical Agriculture, Ibadan, Nigeria, (4)ISRA-CERAAS, Thies, Senegal, (5)Department of Nematology, University of 
California - Riverside, Riverside, CA 
Cowpea (Vigna unguiculata L. Walp) is a major source of protein, folic acid and several vitamins for many people in sub-Saharan Africa and 
other parts of the developing word. Cowpea was domesticated in Africa, most likely from the wild form V. unguiculata ssp dekindtiana, and 
several domestication locales have been proposed including West and Southeast Africa. Cultivated and wild cowpeas differ in various characters 
collectively designated as “domestication syndrome”. However, the genetic control of these domestication traits remains largely unknown. This 
lack of domestication-related knowledge in cowpea has limited the utilization of wild germplasm for crop improvement. To gain new insights 
into the genetic basis of cowpea domestication, nine domestication-related traits including ‘pod shattering’, ‘seed weight’, ‘seed number per 
pod’, ‘pod length’, and ‘days to flowering’ have been analyzed in a biparental mapping population. This population consists of 215 RILs derived 
from a cross between IT99K-573-1-1 (cultivated cowpea) and TVNu-1158 (wild cowpea), and it was genotyped with the Cowpea iSelect 
Consortium Array (51,128 SNPs). A genetic map containing 17,739 SNPs mapped to 1,825 bins has been developed and used for QTL mapping 
of the aforementioned traits. A total of 15 QTL were identified for the nine domestication-related traits on linkage groups 1, 2, 3, 4, 5, 6 and 8. 
These QTL could potentially be useful for cowpea breeding to more efficiently develop improved cultivars. Future studies will include 
identifying candidate genes underlying those QTL regions. 
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Identification of a Candidate Gene Controlling Black Color in Cowpea Seed Coats 
Ira A. Herniter1, Maria Muñoz-Amatriain2, Sassoum Lo1, Yi-Ning Guo1 and Timothy J. Close2, (1)Department of Botany & Plant 
Sciences, University of California - Riverside, Riverside, CA, (2)Department of Botany & Plant Sciences, University of California, 
Riverside, CA 
Cowpea (Vigna unguiculata) is a major source of calories in sub-Saharan Africa, as well as an important diet component in southeast Asia and 
elsewhere. One of the most important traits of cowpea from the perspective of consumer acceptance is the seed coat color and pattern. In 
marketplaces all across the world different seed coat colors are sold, with the preferred colors and patterns for different uses, such as ground for 
flour or cooked whole, highly localized. This means that consumer acceptance is much more easily achieved if new varieties appear similar to 
previously preferred varieties. In this study, we put forward a candidate gene for controlling presence of black color in the cowpea seed coat. 
This gene is homologous to the soybean gene Glyma.09G235100, which encodes a MYB transcription factor regulating anthocyanin production. 
The candidate gene was identified through QTL analyses in two RIL populations of 95 and 121 lines, respectively, and GWAS in a minicore 
collection containing 370 world-wide accessions. Genotyping of these populations was conducted using the Cowpea iSelect Consortium Array 
containing 51,128 SNPs. Expression of the gene appears to be controlled by a presence/absence variation, with the candidate gene deleted in 
varieties not expressing black color in the seed coat. 
 
P0691: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
Strategy for Accelerated Cowpea Genetic Improvement 
Patrick O Ongom1, Paul Gibson1, Richard Edema1, Bruno Awio2 and Sadik Kassim3, (1)Makerere University, Kampala, Uganda, 
(2)Makerere University Kampala, Kampala, Uganda, (3)National Agricultural Research Organization, Kampala, Uganda 
Cowpea (Vigna unguiculata L. Walp.) is self-pollinating, with one of the smallest genome sizes among legumes (2n = 2× = 22, ~620 
Mbp). Cowpea is protein rich, and supplies grain, edible leaves and immature pods, and forage in the semi-arid tropics, mostly for substance 
farmers. Despite its importance, cowpea remains less exploited due to limited research attention, but interest has increased due to increasing 
global food and nutrition demand. Past crop genetic improvement was largely through phenotypic selection and recombination of existing natural 
variation. Genomics, through advances in molecular technologies and statistical capabilities, has begun to enhance plant breeding programs. 
Effective exploitation of this opportunity, especially in poorly-resourced breeding programs, will require innovative readjustment of breeding 
designs. With continued reduction in sequencing and genotyping costs, incorporation of genomic information to facilitate traditional breeding is 
increasingly feasible. Presented here is a conceptual design for cowpea breeding, targeting the stacking of multiple traits of agronomic 
significance including drought tolerance, insect pests, diseases, parasitic weeds, drought and low soil fertility, as well as farmer/consumer 
preferred traits. The design integrates genomics right from germplasm characterization through population development and elite-line selection. 
It involves extensive phenotyping and SNP genotyping of the base germplasm, using the information immediately for gene mapping through 



genome-wide association scans. Promising lines are channeled through rigorous researcher-managed field testing combined with participatory 
selection for quick release and/or use as parents in rapid-cycling hybridization to create improved breeding and gene mapping populations. These 
new populations are genotyped as early as resources permit and adequately phenotyped for use as training sets in developing genomic selection 
(GS) models. The mapped QTLs and the GS models are then deployed for routine genomic-assisted selection. This integrated strategy should 
lead to more rapid and cost-efficient development of higher-yielding, stress-resilient, farmer and consumer-preferred cowpea varieties. 
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Designing and Development of 62K Genic SNP Chip of Pigeonpea (Cajanus cajan (L.) Millsp.) 
Ajay Kumar Mahato1, Sangeeta Singh1, Vandna Rai1, Ranjeet S Raje2, Ajay Kumar Sharma3, Tilak R. Sharma1 and Nagendra K. 
Singh1, (1)ICAR-National Research Centre on Plant Biotechnology, New Delhi, India, (2)Divison of Gentics, Indian Agricultural 
Research Institute, New Delhi, India, (3)Department of Biotechnology, Meerut Institute of Engineering and Technology, AKTU, 
Meerut, India 
Pigeonpea (Cajanus cajan), also known as red gram, gandule bean, tropical green pea, congo pea, etc. is a member of the family fabaceae. Its 
center of origin is in the eastern part of peninsular India, where it was domesticated along with rice and other legumes. More than eighty-five 
percent of the world pigeonpea is produced and consumed in India. Till date available genetic map of pigeonpea is consist of only few hundred 
markers, due to which the trait associated QTLs identification and analysis is very tough and time consuming job. In plant genome Single 
Nucleotide Polymorphism (SNP) is the most abundant DNA sequence variation which governs several traits expression in genome. Under the 
Indo-Swiss Collaboration In Biotechnology (ISCB) program we generated ~ 235 Gbp of sequence data using Illumina sequencing technology for 
the development of genic chip, which is used for the development of high density genetic map of pigeonpea genome. We have predicted and 
identified total of 17,125 single-copy (SC) gene set from unpublished pigeonpea draft genome (655 Mbp). Using bioinformatics approach we 
identified 654,642 high quality SNPs from the gene set. After filtration according to the Affymetrix customized chip parameter’s and on the basis 
of p-convert score (>.6) we are finally left with 62,053 SNPs which were used for fabrication of 62K pigeonpea chip by Affymetix. The designed 
chip is highly useful in generation of high density genetic map, association studies, in genetic diversity and phylogenetic studies in pigenopea. 
This will contribute to pigenopea variety improvement. 
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Development of High Density Linkage Map of Pigeonpea (Cajanas cajan (L.) Millsp.) using 62K SNP Chip 
Sangeeta Singh1, Ajay Kumar Mahato1, Ranjeet S Raje2, Vandna Rai1, Tilak R. Sharma1 and Nagendra K. Singh1, (1)ICAR-
National Research Centre on Plant Biotechnology, New Delhi, India, (2)Divison of Gentics, Indian Agricultural Research Institute, 
New Delhi, India 
Pigeonpea (Cajanus cajan L.) is the second most important pulse crop and one of the most important sources of dietary protein in India. The 
major constraints for pigeonpea productivity are inadequate availability of seeds of improved varieties, and a range of biotic and abiotic stresses. 
Draft sequence of the pigeon pea is already available but we need to develop high quality reference sequence of each of the eleven pigeonpea 
chromosomes to facilitate gene discovery and molecular breeding. In pigeonpea, earlier very less number of SSRs were available and the level of 
polymorphisms is low. Thus, to have a sufficient coverage of genome more SNP markers are required. SNPs are the most abundant DNA 
markers in the plant genomes, have tremendous applications in creating high-density map, tagging of economical important genes, genotyping 
and evolution among the plant genetics. We have developed genic-SNP genotyping chip under Indo-Swiss Collaboration in Biotechnology 
(ISCB) for genetic as well as molecular breeding applications in pigeonpea. The chip incorporates 62K SNPs from five categories of genes. The 
chip was validated successfully in the wetlab using GeneTitan on 96 variety and 96 RILs population of pigeonpea. SNP genotypes were called 
using the Axiom Analysis Suite software. High-performing SNPs with a DQC of >0.85 and average call rates of >95.0% were used for analyses. 
A High density SNP linkage map was constructed using JoinMap v4.1 Software. Availability of high-density linkage map will help better 
anchoring of the pigeon pea genome to its chromosomes and mapping of genes and QTLs for useful agronomic traits.  
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Genome Annotation of the Cultivated Alfalfa at the Diploid Level (CADL) 
Xinbin Dai1, Zhaohong Zhuang1, Maria J. Monteros1, Joann Mudge2, Andrew Farmer2, Nicholas Devitt2, Thiruvarangan Ramaraj2, 
Christopher D. Town3, Nevin D. Young4 and Patrick Xuechun Zhao1, (1)The Samuel Roberts Noble Foundation, Ardmore, OK, 
(2)National Center for Genome Resources (NCGR), Santa Fe, NM, (3)J. Craig Venter Institute, Rockville, MD, (4)Department of 
Plant Pathology, University of Minnesota, St. Paul, MN 
Alfalfa (Medicago sativa L.) is an important forage legume species grown in many countries around the world. Since tetraploid alfalfa is widely 
used for grazing, hay, and silage production, we are interested in annotating a reference genome sequence. With this in mind, we carried out 
annotation of cultivated alfalfa at the diploid level (CADL). In this way, we hope to optimize our pipeline and tune parameters for alfalfa genome 
annotation.  
The CADL genome assembly, originally sequenced at NCGR with funding from the NSF Medicago truncatula Hapmap Project (IOS-1237993) 
include 5,753 scaffolds with N50=1.2Mb. The MAKER pipeline was used to identify repeats, align ESTs and proteins to genome, perform ab-
initio gene predictions and finally generate gene annotations. A combination of alfalfa data sets including EST sequences, RNA-seq, and protein 
sequences from related species were used to provide evidence of annotation. The described integrative analysis resulted in 83,077 predicted gene 
model candidates. The SPADA pipeline was then used to scan the genome for small signal peptide genes. The confidence levels of the predicted 
gene candidates were estimated using the quality score from MAKER pipeline, expression level from RNA-seq, EST evidences mapping and 
homologs to its related species Medicago truncatula. 53,972 gene models were further considered as high confidence genes. Further, the quality 
of our gene model prediction was evaluated using the BUSCO software which discovered 98% of the conservative plant gene orthologs in 
predicted gene models thus verifying the quality of the assembly and annotation of the CADL genome. 
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MicroRNA156 as a Regulatory Hub for Alfalfa Traits 
Abdelali Hannoufa, Banyar Aung, Ruimin Gao, Mohammad Arshad, Lisa Amyot and Biruk Feyissa, Agriculture and Agri-Food 
Canada, London, ON, Canada 
Alfalfa (Medicago sativa) is an important forage crop, but to reach each its full potential major improvements must be made to yield, quality and 
agronomic performance. MicroRNAs have emerged as potent regulators of plant growth and development. Our analysis of microRNA156 
(miR156) revealed that it downregulates a network of at least seven SPL genes to affect a number of traits in alfalfa. We generated alfalfa plants 
that overexpress miR156 (miR156+). These miR156+ plants exhibited increased vegetative yield, delayed flowering, and longer roots. MiR156 
overexpression also improved forage quality, increased root regeneration capacity, and enhanced nitrogen fixation activity by upregulating 
expression of nitrogenase-related genes in roots inoculated with Sinorhizobium meliloti. We also tested the role of miR156 in drought response of 
alfalfa, and observed a significant improvement in drought tolerance of miR156+ genotypes. In addition to increased root length and better 
survival rate, miR156+ plants exhibited reduced water loss after drought stress. MiR156+ plants also maintained higher stomatal conductance, an 
enhanced accumulation of compatible solute (proline), and increased levels of abscisic acid (ABA), antioxidants and secondary metabolites 
compared to wild type control. At the molecular level, several genes known to be involved in drought tolerance were differentially expressed in 
leaves and roots of miR156+ plants. Taken together, these findings highlight the important role that miR156 could play in the biotechnological 
improvement of alfalfa, and potentially other crops. Improvements imparted by miR156 could include forage yield, flowering time, root 
development, nitrogen fixation activity, and abiotic stress tolerance. 
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Identification of Genetic Loci Associated with Crude Protein and Mineral Concentrations in Alfalfa (Medicago sativa) Using 
Association Mapping 
Zan Wang, Institute of Animal Science- CAAS, Beijing, China 
Alfalfa (Medicago sativa) is one of the most important legume forage species in China and many other countries of the world. It provides a 
quality source of proteins and minerals to animals. Genetic underpinnings for these important traits, however, are elusive. An alfalfa (M. sativa) 
association mapping study for six traits, namely crude protein (CP), rumen undegraded protein (RUP), and four mineral elements (Ca, K, Mg and 
P), was conducted in three consecutive years using a large collection encompassing 336 genotypes genotyped with 85 simple sequence repeat 
(SSR) markers. All the traits were significantly influenced by genotype, environment, and genotype × environment interaction. Eight-five 
significant associations (P<0.005) were identified. Among these, five associations with Ca were repeatedly observed and six co-localized 
associations were identified. The identified marker alleles significantly associated with the traits provided important information for 
understanding genetic controls of alfalfa quality. The markers could be used in assisting selection for the individual traits in breeding populations 
for developing new alfalfa cultivars. 
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Bioinformatic and Transcriptomic Analysis Identifies Small Signaling Peptides with Nodule- and Macronutrient-Responsive 
Expression in Medicago truncatula 
Peter K. Lundquist1, Thomas Christian de Bang2, Xinbin Dai1, Sonali Roy1, Clarissa Boschiero1, Patrick Xuechun Zhao1, Michael 
K. Udvardi1 and Wolf R. Scheible1, (1)The Samuel Roberts Noble Foundation, Ardmore, OK, (2)University of Copenhagen, 
Frederiksberg C, Denmark 
Legumes represent a significant source of global food and feed, and are a staple in many crop rotation programs. Growing evidence indicates that 
small signaling peptides (SSPs) play a critical role in legume growth, development and productivity, yet the magnitude of SSP-coding potential 
within the model legume Medicago truncatula remains unexplored. Moreover, very few of the known SSP-coding genes have been connected to 
specific functions. We have employed a systematic re-annotation of the M. truncatula genome to identify a comprehensive dataset of all SSP 
gene families from M. truncatula. With this dataset in hand, we investigated the genome-wide expression analysis of known and previously 
unidentified SSP genes during macronutrient deficiencies and nodulation based on a genome-wide RNAseq study. We identified a number of 
nutrient-responsive SSPs, greatly expanding the number of SSP gene families involved in adaptation to nutrient deficiencies. Likewise, we 
identified more than 50 SSP genes responding to inoculation with rhizobia, a more than ten-fold increase over previously known SSP genes. 
Finally, we introduce novel SSP genes with nodule-specific expression, opening up the possibility for a much greater number of SSPs involved 
in establishment and regulation of nodulation. Our bioinformatic and transcriptomic results open the door to investigate the function of specific 
SSPs via peptide treatment and gene overexpression. 
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Medicago truncatula Genome Encoded Secreted Peptides Affect Host-Rhizobia Interactions 
Sonali Roy, Peter K. Lundquist, Ivone Torres-Jerez, Wolf R. Scheible and Michael K. Udvardi, The Samuel Roberts Noble 
Foundation, Ardmore, OK 
Plant hormones are endogenous signaling compounds that regulate plant growth and development. A recent surge in interest in small secreted 
peptide hormones has uncovered their roles in symbiotic nodule development (CEP family) and autoregulation of nodule number (CLE family). 
However, a complete inventory of all peptides encoded in the newly annotated Medicago genome is missing; primarily because genome 
annotation pipelines often overlook short ORFs (Open Reading Frames). Therefore we re-annotated the latest version of the Medicago genome 
(V4.0 and V3.5) to specifically include genes encoding an N-terminal secretion signal with total length less than 200 amino acids. Further, we 
analyzed expression data from 118 RNA-seq libraries (See Lundquist P. poster for more info) to validate these predicted ORFs. To explore 
function, we selected peptide coding genes induced at least 1.5 fold under low nitrogen conditions and rhizobial infection. Only the candidate 
genes whose expression we confirmed by quantitative RT-PCR were then synthesized. These peptides were added to solid (agarose) plant growth 
media and their effects on nodulation tested after seven days. We have screened 28 novel peptides from 10 different families and found that some 
affect nodulation. We further found that these effects could be seen with as little as 10 nM of added peptide. These peptides did not affect the 
growth of rhizobia in culture or bacterial attachment to root hairs. Thus they appear to be novel regulators of nodule development. 
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Molecular Markers Associated with Resistance to Drought and High Salinity in Alfalfa (Medicago sativa L.) 
Long-Xi Yu, USDA-ARS-Plant Germplasm Introduction and Testing, PROSSER, WA 
Alfalfa (Medicago sativa L.) is the most important worldwide grown forage crop. Changing trends to multipurpose uses increases demand for 
alfalfa. However, the production of alfalfa is challenged by adverse environmental factors. Identification of molecular markers linked to stress 
resistance will facilitate breeding for improving alfalfa production. In the present investigation, we applied an integrated framework of genome-
wide association with high-throughput genotyping by sequencing for identifying resistance loci associated with abiotic stress in alfalfa 
populations. Different bioinformatics pipelines were used for SNP discovery. Agronomic and physiological traits including biomass yield, 
drought/salt resistance index, relative water content and leaf senescence were evaluated in the field and greenhouse. Marker-trait association by 
linkage disequilibrium identified a group of SNP markers significantly associated with drought and salt tolerance. Alignment of their sequence 
tags to the reference genome revealed multiple chromosomal locations. Markers associated with drought tolerance were located on all 
chromosomes. Most loci identified in this work overlap with the reported QTLs associated with biomass under drought in alfalfa. Marker 
associated with salt tolerance shared few resistance loci with drought but most of them are independent. With further investigation, these markers 
may be used for marker-assisted selection for breeding alfalfa with resistance to abiotic stress. 
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Development of MtSSPdb: an Integrative Database of Medicago truncatula Small Signaling Peptides 
Clarissa Boschiero1, Xinbin Dai1, Zhaohong Zhuang1, Thomas Christian de Bang2, Peter K. Lundquist1, Sonali Roy1, Michael K. 
Udvardi1, Wolf R. Scheible1 and Patrick Xuechun Zhao1, (1)The Samuel Roberts Noble Foundation, Ardmore, OK, (2)University of 
Copenhagen, Frederiksberg C, Denmark 
Legumes are key components of sustainable agricultural systems because they possess the ability to fix nitrogen by forming symbiotic 
relationships with rhizobia (soil bacteria) leading to formation of root nodules. Medicago truncatula has been chosen as a premier model legume 
because it is closely related to the economically important forage species, alfalfa. Small signaling peptides (SSPs) are emerging as an important 
class of regulatory molecules in plants, which is especially important to legume research since recent discoveries suggest that SSPs may play 
important roles in nodule morphogenesis, root development and plant adaptation to nutrient limitations.  
Recently, we re-annotated the M. truncatula genome (both Mt3.5v5 and Mt4.0v1 genome assemblies) using 338 RNA-seq libraries and 
protein/EST sequences that are publicly available. In total, 70,210 gene models were predicted, out of which 4,261 were chosen as SSP 
candidates based on protein length and signal peptide predictions. Curation and experimental identification are being performed to further screen 
and classify these candidates.  
To host and present these newly identified SSP genes and families, we are developing a web based database namely MtSSPdb: The Medicago 
truncatula Small Signaling Peptide Database. This will include information about SSP gene models, classification, gene expression atlas, and 
phenotypic information. Currently, we focus on the development of an intuitive web portal and the SSP Gene Expression Atlas that contains 
transcriptomic data from diverse biological conditions, such as macronutrient deficiencies, nodule development, salt stress, and different plant 
tissues. The SSP gene Atlas also provides a series of analytical features, such as tools for differential gene expression and gene co-expression 
analysis. 
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Transcriptome Sequencing of a Hybrid Between Two Trifolium Species 
Charlotte M Jones, Matthew Hegarty and Dr. Adriana Ravagnani, IBERS, Aberystwyth University, Aberystwyth, United 
Kingdom 
Novel patterns of transcription may be induced after hybridization, as the regulatory machinery of two different species are combined in the one 
nucleus. Theoretically, hybrids should have had an additive gene expression pattern and not deviated significantly from their mid-parent value. 
We decided to analyse the transcriptome, via RNAseq, of two F1 hybrids between Trifolium pallescens (P48) and T. occidentale (O39). The 
transcriptome sequencing was performed with an Illumina HiSeq SQ, using stem nodal tissue. At the time of analysis there were no sequences 
available for either parent and so Medicago truncatula was used as a reference sequence and for variant detection. Expression divergence 
analysis according to Rapp et al (2009); allele specific expression and cis trans regulation analysis was performed. The parents had very similar 
expression profiles; however, P48 expressed more genes at higher levels than O39. Differentially expressed genes in the hybrids had low levels 
of additive expression, the majority showed parental level expression dominance. Transgressive genes showed cis x trans regulatory divergence 
more often than cis + trans regulatory divergence. The overrepresentation of parental level dominance in favour of the female transcript is 
possibly the result of dominant gene action, potentially regulated by a cis x trans mechanisms  
Rapp, R. A., Udall, J. A., and Wendel, J. F. (2009). Genomic expression dominance in allopolyploids. BMC Biology 7: 18 
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Genome Sequencing-Assisted Identification of Mechanisms Responsible for Unidirectional Mating Type Switching in the 
Fungal Pathogen Sclerotinia trifoliorum 
Liangsheng Xu, Washington State University, Pullman, WA and Weidong Chen, USDA-ARS Washington State University, 
Pullman, WA 
The necrotrophic fungal legume pathogen Sclerotinia trifoliorum exhibits ascospore dimorphism and unidirectional mating type switching - self-
fertile strains (L mating type) derived from large ascospores produce both self-fertile (large-spores) and self-sterile (small-spores, S mating type) 
offsprings in a 4:4 ratio. Genome sequencing of an L mating type strain assisted identifying the mating type (MAT) locus of 14 kb DNA region. 
PCR amplification and DNA sequencing with 14 overlapping primer pairs allowed comparison of the MAT locus between L mating type and S 
mating type strains. Four main mating type genes (MAT1-1-1, MAT1-1-5, MAT1-2-1 and MAT1-2-4) were found in the L mating type. However, 
a 2891-bp region along with the entire MAT1-2-1 and MAT1-2-4 genes had been completely deleted from the MAT locus in the S mating type. 



Meanwhile, two copies of a 146-bp direct repeat motif flanking the deleted region were found in the self-fertile (S mating type) strain, but only 
one copy of this 146-bp motif (a part of the MAT1-1-1 gene) was present in the S mating type strain. The two direct repeats were believed to be 
responsible for the deletion through homologous recombination in meiosis. Tetrad analyses showed that all small ascospore-derived strains 
lacked the missing DNA between the two direct repeats that was found in all large ascospore-derived strains. In addition, heterokaryons at the 
MAT locus was observed in field isolates as well as in laboratory derived single-ascospore isolates, suggesting that such direct repeat-mediated 
deletion may also possibly occur during mitosis. 
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Developing Transcriptomic Resources for the Insect Heteropsylla cubana (Psyllidae) 
Madhugiri Nageswara-Rao, Kurupanawa Gamage Vinavi Amindika Lakshman, Lynsey L. Kovar and C. Donovan Bailey, New 
Mexico State University, Las Cruces, NM 
The “Leucaena psyllid”, Heteropsylla cubana Crawford (Psyllidae), includes small phloem feeding insects that are notable both as pests on 
mimosoid legumes in the genus Leucaena and for the occurrence of bacterial endosymbionts in gut bacteriocytes that are vertically transferred 
from mother to offspring. All life stages of these psyllids feed from the phloem in young shoots of Leucaena, causing severely retarded growth, 
defoliation, and sometimes death of the plant. As a result, they severely impact the potential utility of Leucaena as an important species in 
tropical agroforestry. Furthermore, the low amino acid content of phloem sap has presumably led to the evolution of the bacteriocytes, which are 
known to help provide essential nutrients to the insect in much the same way as a legume root nodule provides nutrients to their host 
plant. Despite considerable interest in basic and applied research on these psyllids, the Leucaena-insect system, and the bacteriocyte-insect 
system, there are few genomic resources available for H. cubana. In this study, RNA-seq analysis was carried out on H. cubana individuals 
feeding on Leucaena leucocephala in the lab. A stranded 100bp paired-end Illumina library was sequenced on a HiSeq2500 and de novo 
assembled using the software suite Trinity. The total number of transcripts and the number of genes projected were calculated. The Core 
Eukaryotic Genes Mapping Approach (CEGMA) analysis identified 93.5 % “complete hits”, suggesting that the transcriptome has deeply 
sampled gene space. This resource is important for the investigation of transcriptomes being used to study resistance to and the impact of H. 
cubana on Leucaeana as well as studies on bacteriocyte interactions and co-evolution in H. cubana. They also provide a critical transcriptome 
for insect comparative transcriptomics. 
 
P0704: Genome Mapping, Tagging & Characterization: Legumes, Soybeans, Common Beans 
A Novel Inversion in the Chloroplast Genome of Marama (Tylosema esculentum) 
Yunsoo Kim and Christopher Cullis, Case Western Reserve University, Cleveland, OH 
Marama bean (Tylosema esculentum (Burchell) A. Schreiber: Caesalpinioideae) is a perennial non-nodulating legume of southern Africa 
(Namibia, Botswana and South Africa), growing in poor, arid soils surrounding the western, southern and eastern Kalahari and is being 
developed as a possible crop for resource poor farmers in arid regions of Southern Africa. Marama produces large (2.5 g per seed without shell), 
protein- and oil-rich edible seeds, and extremely large (up to 200 kg) tubers, containing protein and carbohydrate. Whole genome sequencing 
using both Illumina and PacBio platforms have yielded a nuclear genome assembly and a complete chloroplast molecule. The chloroplast 
genome has been assembled from next generation sequencing using both Illumina and Pac-Bio data. The genome is of typical organization with a 
large single copy and a small single copy region separated by a pair of inverted repeats and covers 161,537 base pairs. The inverted repeat is 
expanded compared with other legumes and the small single copy region reduced. However, the marama chloroplast genome contains a unique 
inversion not present in any other legumes, even in the closest relatives for which the complete chloroplast genome is available, and two 
complete copies of the ycf1 gene. The sequencing of multiple individuals has identified variation in the chloroplast genomes of marama. The 
genomes from individuals collected in South Africa differ from those collected from Namibia. There is a more limited variation among the 
Namibian samples, than that between the South African and Namibian samples, but that which does occur appears appears to be geographically 
restricted. 
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Integration of Molecular Markers and Double Haploid Technology into CIMMYT Global Maize Breeding Program for 
Accelerating Genetic Gains 
Yoseph Beyene Aydagn1, Stephen Mugo1, Dan Makumbi1, Michael S. Olsen1, Jose Crossa2 and Prasanna Boddupalli3, 
(1)CIMMYT, Nairobi, Kenya, (2)CIMMYT, Mexico DF, Mexico, (3)International Maize and Wheat Improvement Center, Nairobi, 
Kenya 
Maize is the most important staple food for over 300 million people in SSA. However, the average yields are very low compared to the average 
yield of maize in developed and developing countries due to biotic and abiotic stresses. The International Maize and Wheat Improvement Center 
(CIMMYT) Maize program has effectively integrated doubled haploid (DH) and molecular marker technologies in product development 
pipeline. The DH technology shortens the breeding cycle significantly by developing parental lines of maize hybrids within 2-3 seasons 
compared to conventional breeding that takes at least 7-8 crops seasons to develop similar parental lines. This is a significant reduction of time, 
labor and important resources in breeding to deal with a host of stresses like the maize lethal necrosis. More than 92,000 DH lines have been 
developed and evaluated in preliminary and advanced stage trials across locations under optimum, drought and low nitrogen conditions. A total 
of 32 DH based hybrids were released for commercialization in Kenya, Uganda, Tanzania, and South Africa and Mozambique. In addition. We 
have conducted the largest Marker Assisted Recurrent Selection (MARS) and Genomic Selection (GS) projects to develop stress-resilient maize 
germplasm for SSA. Completed three cycles of MARS and GS on 34 tropical maize populations, finalized genetic gain studies to compare gain 
on grain yield from MARS and GS with pedigree selection, and nominated several superior hybrids derived using parental lines developed 
through both MARS and GS for commercialization.  
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Maize: GO Annotation - Methods and Evaluation 



Wimalanathan (Gokul) Kokulapalan1,2, Carson M Andorf3,4, Iddo Friedberg1,5 and Carolyn J. Lawrence-Dill1,6, (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)Department of 
Veterinary Microbiology and Preventive Medicine, Iowa State University, Ames, IA, (6)Department of Genetics, Development and 
Cell Biology and Department of Agronomy, Iowa State University, Ames, IA 50011, IA 
Making a genome sequence accessible and useful involves three basic steps: genome assembly, structural annotation, and functional annotation. 
The quality of data generated at each step influences the accuracy of inferences that can be made, with high-quality analyses producing better 
datasets that result in stronger hypotheses for downstream experiments. Here we report a new, high-confidence functional annotation of genes for 
the maize B73 reference genome. To develop this annotation set, we used sequence similarity- and protein domain-based methods as well as 
mixed methods developed for the Critical Assessment of Function Annotation (CAFA) competition. Individual annotation sets as well as 
combined outputs of multiple methods were compared both to each other and to the existing Gramene annotation (release 49) derived from the 
Ensembl pipeline. Our new functional annotation increases the number of genes that are assigned at least one functional annotation (GO term) as 
well as the quality of functional assignments on average (based on F-measure). Annotations derived from the GO Annotation Methods and 
Evaluation (GAME) pipeline will be made accessible via MaizeGDB (http://www.maizegdb.org) and figshare 
(https://figshare.com/projects/Mazie-GAMER/17150). 
 
P0707: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
RefSeq Curation at NCBI - Adding Value to the Maize Genome Resources 
Brian Smith-White, Kim D. Pruitt, Terence D. Murphy and Francoise Thibaud-Nissen, National Center for Biotechnology 
Information (NCBI/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, 6) identifying instances 
of the genome sequence lacking a particular gene and 7) identifying instances where the RefSeq was created from a chimera INSDC accession. 
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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Designing Genomic Prediction to Increase Plant Breeding Efficiency 
Tingting Guo1, Xiaoqing Yu1, Xianran Li1, Chengsong Zhu2, Haozhe Zhang3, Sherry Flint-Garcia4, Michael D. McMullen5, James 
B. Holland6, Randall J. Wisser7 and Jianming Yu1, (1)Iowa State University, Ames, IA, (2)University of Missouri, Columbia, MO, 
(3)Iowa state university, Ames, IA, (4)USDA-ARS and University of Missouri, Columbia, MO, Columbia, MO, (5)USDA-ARS, 
Columbia, MO, (6)North Carolina State University, Raleigh, NC, (7)University of Delaware, Newark, DE 
Successful plant breeding continues to rely on effective tools. Data mining techniques will provide a great boost to the plant breeding process. 
Here we report a study of implementing representative data set selection to design genomic prediction. First, we introduced three methods in 
representative data set selection: PAM from cluster analysis, DivRank from ranking in network, and MaxCD from genetic mating scheme. By 
treating representative data sets as training sets, we conducted genomic prediction with a maize diallel comprised of 276 hybrids from 24 maize 
diverse founders of NAM population. Our results indicated that all these three methods outperformed the method of using random samples as 
training sets with higher and more stable prediction accuracy. We further tested these methods in genomic prediction with a factorial mating 
scheme and found that accuracies by PAM, DivRank, and MaxCD were higher than random sampling. Analysis using a large wheat population 
with 2,556 hybrids presented more supporting evidence. The proposed representative data set selection methods provided new insights into 
design optimization for resource allocation. We expect that research in data mining would generate additional helpful guidelines for plant 
breeding.  
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Integrative Breeding Solutions for Accelerating Genetic Gain 
Jesse Munkvold1, Lei Yuan1, Selma Davis1, Mak Geha1, Nathan J. VanOpdorp2, Jason Morales3, Marcelo Queijo1, Daniel 
Caraviello1, Oswald R. Crasta1, David Meyer1 and Don Blackburn1, (1)Dow AgroSciences, Indianapolis, IN, (2)Dow AgroSciences, 
Davenport, IA, (3)Dow AgroSciences, Nevada, IA 
Over the past century agricultural production has been greatly accelerated through improved agronomic practices and technological 
advancements. In the next 50 years these advances will need to accelerate in order to provide enough food for a growing global population. It has 
been estimated that 75% of the production increase will need to come from technological innovation, requiring an integrated effort that uses all 
available technologies. The recent convergence of genomic data, statistical methodologies, and computational approaches has opened new 
avenues for using genomic data in the breeding process. Genomics-based predictive tools are now being implemented in commercial breeding 
programs to increase genetic gain and enhance crop productivity. The incorporation of environmental data into predictive tools has allowed for 
precise placement of products and maximization of performance under diverse environmental conditions. At Dow AgroSciences these genomic 
breeding tools have been used to reduce cycle time, improve decision-making, reduce costs, and accelerate genetic gain. This successful 



implementation of genomic breeding methods required the integration of different types of tools that fit the timelines and scale of global breeding 
programs. 
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Gene-based Breeding in Maize: A New Method Powerful and Efficient for Enhanced Grain Yield Breeding 
Meiping Zhang, Department of Soil and Crop Sciences, Texas A&M University, College Station, TX 
We previously cloned 1,501 ZmINGY (Zea mays Inbred Grain Yield) and 137 ZmF1GY (Zea mays F1 hybrid Grain Yield) genes using the 
gExpress technology (U.S. Patent Serial No.: 62/298,606). Here we report a gene-based breeding (GBB) method developed using these cloned 
genes. GBB designs and breeds superior cultivars based on alleles and expression profiles of the genes controlling the targeted trait. We 
identified 63 SNPs/InDels from 27 of the ZmINGY genes that increased or decreased inbred grain yield by 14.1% - 54.2%. Using these 
SNPs/InDels, we developed a gene allele selection chip that allows designing and developing superior F1 hybrids. Furthermore, we predicted the 
grain yields of inbreds and hybrids with nine genomic selection models using 27 of the ZmINGY SNPs/InDels and the ZmINGY or ZmF1GY 
expression profiles, respectively. The 27 ZmINGY SNPs/InDels predicted inbred grain yield at a correlation coefficient between predicted and 
observed grain yield of r = 0.36 – 0.46 (P = 2.50E-07 – 0.00E+00) and the ZmINGY expression profiles predicted inbred grain yield at r = 0.59 – 
0.84 (P = 0.00E+00), which was higher than those of DNA marker-based genomic selection by 14% - 73%. We also predicted the F1 hybrid grain 
yield using the 137 ZmF1GY genes (r = 0.43 – 0.70, P = 0.00E+00). In comparison, none of the randomly-selected maize gene sets could predict 
the grain yield. These results provide a new line of evidence on the efficiency of the gExpress technology in genome-wide high-throughput gene 
cloning and an efficient method for enhanced maize yield breeding. 
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Bulked Segregant - Genotyping-By-Sequencing: Cost-Effective and Background Independent Genetic Mapping of Mutants 
and QTL 
Wimalanathan (Gokul) Kokulapalan1,2, Erica E. Unger-Wallace2, Rebecca L. Weeks2 and Erik W. Vollbrecht1,2, 
(1)Bioinformatics and Computational Biology Program, Iowa State University, Ames, IA, (2)Department of Genetics, Development 
and Cell Biology, 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. Some 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. Current DNA-based HTS methods are geared towards populations genetics studies, and RNA-based HTS 
methods are 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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Gene-based Breeding in Maize: Grain Yield Breeding by Effectively Using the Genes Controlling the Targeted Trait 
Meiping Zhang1, Yanru Cui2, Yun-Hua Liu1, Wenwei Xu3, Sing-Hoi Sze4, Shizhong Xu5 and Hong-Bin Zhang1, (1)Department of 
Soil and Crop Sciences, Texas A&M University, College Station, TX, (2)Department of Botany & Plant Sciences, University of 
California-Riverside, Riverside, CA, (3)Texas A&M University, Lubbock, TX, (4)Department of Computer Science and 
Engineering and Department of Biochemistry and Biophysics, Texas A&M University, College Station, TX, (5)Department of 
Botany & Plant Sciences, University of California - Riverside, Riverside, CA 
We previously cloned 1,501 ZmINGY (Zea mays Inbred Grain Yield) and 137 ZmF1GY (Zea mays F1 hybrid Grain Yield) genes using the 
gExpress technology (U.S. Patent Serial No.: 62/298,606). Here we report a gene-based breeding (GBB) method developed using these cloned 
genes. GBB designs and breeds superior cultivars based on alleles and expression profiles of the genes controlling the targeted trait. We 
identified 63 SNPs/InDels from 27 of the ZmINGY genes that increased or decreased inbred grain yield by 14.1% - 54.2%. Using these 
SNPs/InDels, we developed a gene allele selection chip that allows designing and developing superior F1 hybrids. Furthermore, we predicted the 
grain yields of inbreds and hybrids with nine genomic selection models using 27 of the ZmINGY SNPs/InDels and the ZmINGY or ZmF1GY 
expression profiles, respectively. The 27 ZmINGY SNPs/InDels predicted inbred grain yield at a correlation coefficient between predicted and 
observed grain yield of r = 0.36 – 0.46 (P = 2.50E-07 – 0.00E+00) and the ZmINGY expression profiles predicted inbred grain yield at r = 0.59 – 
0.84 (P = 0.00E+00), which was higher than those of DNA marker-based genomic selection by 14% - 73%. We also predicted the F1 hybrid grain 
yield using the 137 ZmF1GY genes (r = 0.43 – 0.70, P = 0.00E+00). In comparison, none of the randomly-selected maize gene sets could predict 
the grain yield. These results provide a new line of evidence on the efficiency of the gExpress technology in genome-wide high-throughput gene 
cloning and an efficient method for enhanced maize yield breeding. 
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A Simple Way to Detect in planta ZFN Activity and Chimerism in Gene Targeting 
Wei Chen, Ryan Lee, Andrew Worden, Nicole Skaggs and Stephen Novak, Dow AgroSciences, Indianapolis, IN 
In planta gene targeting (GT), via double strand breaks (DSB) using site specific nucleases has become increasingly attractive for trait product 
development due to its independence of transformation efficiency. However, DSB-induced GT through breeding crosses often results in chimeric 
F1 tissues. Reporter genes, such as GUS or GFP, combined with histochemical staining have been used frequently to visualize the mutations as a 



proof of concept. For commercial trait product development, these reporter gene systems may not be suitable. Here we report the use of a simple 
quantitative PCR based method to detect the activity of zinc finger nucleases (ZFN). Each ZFN recognizes only one DNA binding site and create 
one DSB. During the process of DSB repair, the plant cells make small deletions and/or insertions on specific ZFN recognition sequences. As a 
measurement for relative ZFN activity, qPCR based disruption assays were used to detect the imperfect repairs. Spatial/temporal differences in 
somatic and meristem tissue were also detected using this methodology. 
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Distinct Genetic Architectures for Phenotypes and their Plasticities in Zea mays 
Aaron M Kusmec1, Srikant Srinivasan1, Dan Nettleton2 and Patrick S. Schnable1, (1)Iowa State University, Ames, IA, 
(2)Department of Statistics, Iowa State University, Ames, IA 
Phenotypic plasticity describes intra-individual phenotypic variation in response to different environmental conditions. As world population 
growth and climate change stress food production systems, understanding the genetic control of phenotypic plasticity in crops such as maize 
becomes of paramount importance for maintaining and increasing yields. Here, we report the results of genome-wide association analyses of 
multiple phenotypes and two measures of phenotypic plasticity in the maize nested association mapping (US-NAM) population grown in 
multiple environments and genotyped with ~2.5 million single nucleotide polymorphisms. We show across all traits that the candidate genes for 
mean phenotypes and plasticity measures form three structurally and functionally distinct groups. Such independent genetic control of mean 
phenotypes and plasticity suggests that breeders could select semi-independently for these characteristics of phenotypes, thereby exploiting 
plasticity according to the demands of the target performance environment. 
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Epistasis Analysis of Rare Alleles from Teosinte in Maize Genetic Architecture 
Avinash Karn, University of Missouri - Columbia, COLUMBIA, MO and Sherry Flint-Garcia, USDA-ARS and University of 
Missouri, Columbia, MO, Columbia, MO 
Since maize domestication, inbreeding and selection over the last century have removed many strong deleterious alleles, but there are still rare 
alleles with smaller effects segregating in maize germplasm. The wild ancestor of maize, teosinte (Zea mays ssp. parviglumis), has not been 
inbred and, therefore, has more deleterious alleles than maize with larger effects that are masked by heterozygosity. The study of rare alleles and 
their involvement in complex agronomic traits has been limited in the current available germplasm of maize due to low statistical power. A new 
genetic resource, the Teosinte Synthetic (Teo-Syn), was developed by our lab by randomly mating backcrossed (BC1) progeny of 11 parviglumis 
accessions in the B73 background, yielding an expected genetic ratio of ~25% teosinte and ~75% B73. We conducted a genome wide association 
study (GWAS) for the maize flowering time traits: Days to Anthesis (DTA), Days to Silking (DTS) and Anthesis-Silk interval (ASI). We 
identified several significant QTLs for the flowering time in Teo-Syn population and the results are quite similar to the QTL profiles compared to 
the Teosinte near isogenic lines. Similarly, epistasis analysis revealed strong bi-locus interactions for DTA and DTS, explaining 46% and 56% of 
the phenotypic variation, respectively. Our preliminary results suggest that the flowering time in maize has a complex genetic architecture, and 
rare alleles putatively from teosinte are involved in epistatic interactions that significantly contribute to phenotypic variation in maize. 
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A New Maize Tassel Seed Mutant is under the Control of a Two-Locus System 
Silvio Salvi1, Riccardo Bovina2, Francesco Emanuelli1, Linda Zamariola1, Silvia Giuliani1, Elisabetta Frascaroli1 and Pierangelo 
Landi1, (1)Department of Agricultural Sciences, University of Bologna, Bologna, Italy, (2)DipSA - University of Bologna, 
Bologna, Italy 
Unisexual maize flowers originate through selective abortion of female primordia in the tassel and of male stamens in the ear from bisexual 
inflorescences. Tassel seed mutations are known to alter the usual sex fate allowing carpel survival in the male inflorescence. Objective of the 
present research is to describe and map a novel tassel seed phenotype shown by an inbred line, Rig7, identified among a set of lines derived from 
in vitro regeneration. Genetic mapping was carried out using a B73 x Rig7 F2 population (genotyped with 15K SNP array) and by SNP-based 
bulk-segregant-analysis using two additional populations (BC1 and F2). Both approaches clearly indicated that the tassel seed phenotype is under 
the control of two loci mapping on chromosomes 2 and 6. A strong and unexplained reduction in recombination across chromosome 2 precluded 
the characterization of the locus on such chromosome. On the contrary, the locus on chromosome 6 was mapped to a < 2 Mb region on bin 6.07. 
Further fine mapping analysis using 2,000 F2 recombinants and corresponding F3 and F4 families enabled us to narrow the tassel seed-6.07 locus 
to a 130-kb region which included three genes based on B73 genome annotation. Candidate genes are being further characterized and tested by 
comparison of allele sequences and gene expression analysis. 
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The Role of Differential Fractionation in Maize Genome Content Variation 
Alex B. Brohammer1, Thomas J. Y. Kono1, Suzanne E. McGaugh2, Nathan M. Springer3 and Candice N. Hirsch1, (1)Department 
of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN, (2)Department of Ecology, Evolution, and Behavior, 
University of Minnesota, St. Paul, MN, (3)Department of Plant and Microbial Biology, University of Minnesota, St. Paul, MN 
Maize is an ancient allotetraploid produced through a hybridization event between two progenitor species. Fractionation through extensive gene 
loss following whole-genome duplication has led to many of the maize-sorghum syntenic orthologs being present in only one of the two 
underlying maize subgenomes. The differential fractionation of homeologous genes among maize inbreds is one mechanism through which the 
considerable genome content variation observed in maize may have arisen. In this study, we show that two elite inbred lines, B73 and PH207, 
share extensive similarities in syntenic block composition compared to sorghum. A detailed analysis of synteny with sorghum revealed 1,489 
genes are differentially fractionated between these two genomes. Many of the genes involved in differential fractionation exhibit expression 
consistent with other syntenic genes not involved in differential fractionation. We also found evidence for extensive genome content variation 
between these inbred lines for non-syntenic genes. Expression analysis of non-syntenic genes confirmed previous observations that non-syntenic 



genes are on average expressed lower, more variable, and expressed in fewer tissues than syntenic genes. Thus, differential fractionation is only 
one of the mechanisms underlying the high levels of genome content variation observed in maize. However, given evidence that supports that 
variation in syntenic genes contributes to phenotypic variation, these genes likely represent an important class of genome content variants for 
future functional studies. 
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Comparative Structural Genomics of Zea mays Inbred Lines B73 and Mo17 
Pierre A Migeon1, Jun Zheng2, Jie Ren3, Ying Hu4, Christopher Toomajian4, Frank F. White5, Guoying Wang2, Sanzhen Liu6, 
Cheng He2, Junjie Fu2, Hongjun Liu7, Susan Brown8, Ahmed Naguib9 and Michelle Coleman10, (1)Kansas State University 
Department of Plant Pathology and Interdepartmental Genetics, Manhattan, KS, (2)Chinese Academy of Agricultural Sciences, 
Beijing, China, (3)Kansas State University Department of Plant Pathology, Manhattan, KS, (4)Kansas State University Department 
of Plant Pathlogy, Manhattan, KS, (5)University of Florida, Gainesville, FL, (6)Kansas State University, Manhattan, KS, 
(7)Shandong Agricultural University, Shandong Sheng, China, (8)Kansas State University, KSU Bioinformatics Center, Manhattan, 
KS, (9)Bionano Genomics, San Diego, CA, (10)Kansas State University department of Biology, Manhattan, KS 
Complex genomes primarily consist of non-genic, highly repetitive and copy number variable genomic dark matter including heterochromatin, 
mobile genetic elements, and other non-coding components surrounding islands of more static protein coding sequences. Other types of variable 
structural elements also populate the genome, ranging in size from a handful of base-pairs to many millions and affecting both genic and non-
genic regions. Structure variable (SV) sequences can be either unbalanced (Copy Number Variable) or balanced (equal net copy at distinct loci) 
and are comprised of inversions, duplications, translocations, presence absence variants (PAV) and complex combinations thereof. The extreme 
levels of variation observed in Zea mays, the pervasive mobile genetic element content, and the inherent instability of its genome all make it an 
ideal model system for studying genomic structural variation and its phenotypic consequences. Previously, technical challenges have limited our 
ability to accurately resolve and characterize SV regions of the genome. Repetitive elements longer than the length of a sequencing read typically 
cannot be assembled and result in fragmentation of the genome assembly. Consequently, SV longer than the length of an assembled contig 
typically cannot be reliably detected. In order to to detect and quantify large SV, we generated highly contiguous optical maps for maize inbred 
lines B73 and Mo17 using BioNano Genome mapping. We concurrently analyzed fixed-length substrings of size k (k-mers) derived from near-
raw sequencing data for both lines in order to generate a base-pair resolution snapshot of highly repetitive and variable elements. 
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Reshuffling of Genic Variation via Intragenic Meiotic Recombination Generates Novel Gene Expression Patterns 
Sanzhen Liu1, James C Schnable2, Alina Ott3, Cheng-Ting Yeh3, Nathan M. Springer4, Jianming Yu3, Gary J. Muehlbauer4, Marja 
Timmermans5, Michael Scanlon6 and Patrick S. Schnable3, (1)Kansas State University, Manhattan, KS, (2)University of Nebraska-
Lincoln, Lincoln, NE, (3)Iowa State University, Ames, IA, (4)Department of Plant and Microbial Biology, University of Minnesota, 
St. Paul, MN, (5)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (6)Cornell University, Ithaca, NY 
The shuffling of sequences among different haplotypes by meiotic recombination creates new genetic variation. In particular, intragenic 
recombination has the potential to combine portions of different alleles to create protein variants not previously found within a species. We 
hypothesize that intragenic recombination could also create novel expression patterns. We performed RNA-Sequencing on 105 maize 
recombined inbred lines derived from two maize inbred lines to understand how the genome-wide pattern of meiotic recombination and 
intragenic recombination affects gene expression. In total, 7,574 crossover recombinants and 922 non-crossovers were observed. Seven-hundred-
and-ninety-three recombinant alleles of 591 distinct genes were created via intragenic crossover. Thirty-nine percent of all these intragenic 
crossovers occurred within 107 hotspot genes which experienced at least two independent intragenic crossovers. Characterization of these 
hotspot genes indicates that they exhibit low levels of heterochromatin-related epigenetic marks. Importantly, we validate the hypothesis that 
meiotic recombination creates functional variation by identifying recombinant alleles exhibiting non-parental expression patterns. Furthermore, 
hotspot genes are more likely to be syntenic with sorghum, and recombination is more prevalent in syntenic regions. Meiotic recombination 
provides a source of novel alleles for evolution and breeding that may primarily affect syntenic genomic regions. 
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Accessing the Genetic Dark Matter: Using BioNano Technology to Identify Large-Scale Repeat Structures in Maize 
Jinghua Shi, BioNano Genomics, San Diego, CA 
Complex genome assembly has improved dramatically with advent of long-range sequencing/assembly techniques commercially available. An 
example of those are BioNano Genomics generating Optical maps using next-generation mapping (NGM) Irys System, and other long range 
sequencing approaches such as PacBio.  
The recently released maize B73 reference genome was assembled using a hybrid scaffold approach that combined PacBio sequence and 
BioNano maps. While this is an excellent assembly with long contig N50, there are areas where BioNano map is continuous but the matching 
sequence data could not be identified. We analyzed the BioNano maps corresponding to the largest of these sequence gaps (>100 kbp) and found 
that many are associated with either large duplications (CNV) with low copy number or short tandem repeats with high copy number. These 
include the locations of the 45S and 5S rDNA arrays and several centromeric repeat arrays. In addition, we show that the P1 locus, which has 11 
nearly-perfect copies in the B73 reference genome, has nine copies in another maize inbred W22, demonstrating the utility of using NGM to 
assess structural variation.  
Finally, the data reveals multiple previously unknown large-scale repeat structures (CNV), many of which likely include genes. These results 
point to limitation of current sequencing methodologies and highlight the value of using NGM generated ultra-long 150 kbp -2 Mbp molecules 
for the accurate assembly of the maize genome, a process that is both cost effective and fast. 
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Determination of Sugar Content of Some Inbred Sweet Corn Lines and Screening with SSR Markers Related to Sugar 
Genes 
Muzaffer Tosun1, Gizem Civi2, Fatma Aykut Tonk1 and Deniz Istipliler1, (1)Ege University, Izmir, Turkey, (2)Trakya University, 
Edirne, Turkey 
In this study we evaluated 26 sweet corn inbred lines from U.S. Department of Agriculture and 23 sweet corn inbred lines developed by Field 
Crops Department Ege University. In total 49 different sweet corn inbred lines were planted in the lattice experimetal design in 2015 maize 
growing season. The leaf samples were taken in 4-5 leaves stage for DNA isolation. After harvesting of the corn cobs, total sugar content in the 
kernels were measured by Luff-Schoorl method. At the same time, moleculer screenings were carried out by using 9 SSR markers which are 
related to sugar content genes in 49 inbred sweet corn lines. The total sugar content ranged from 0.66% to 16.84% among 49 sweet corn inbred 
lines. The results showed that the SSR primers umc1031 marker for su, phi44 marker for sh-1, umc2276 marker for sh-2 and phi328175 marker 
for ea-1 gene were identified as highly correlated with sugar contents of the inbred lines. In this study, the total sugar content of 24 sweet corn 
inbred lines were found higher than 4.0 % which is the maximum sugar content value of dent corn. It was concluded that these genotypes can be 
used as parental genotypes for improved of hybrid sweet corn cultivars in breeding programs. 
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Investigation of Recombination Differences Between Sexes Using High-Resolution Physical Mapping in Maize 
Penny Kianian1, Minghui Wang2, Kristen Simons3, Farhad Ghavami4, Yan He5, Stefanie Dukowic-Schulze1, Anitha Sundararajan6, 
Qi Sun7, Jaroslaw Pillardy8, Joann Mudge6, Shahryar F. Kianian9, Changbin Chen1 and Wojtek Pawlowski10, (1)University of 
Minnesota, St. Paul, MN, (2)Bioinformatics Facility, Cornell University, Ithaca, NY, (3)North Dakota State University, Fargo, ND, 
(4)Eurofins, River Falls, WI, (5)Cornell Univerity - Section of Plant Biology, School of Integrative Plant Science, Ithaca, NY, 
(6)National Center for Genome Resources (NCGR), Santa Fe, NM, (7)Institute for Genomic Diversity, Cornell University, Ithaca, 
NY, (8)Cornell University, Ithaca, NY, (9)USDA ARS, Saint Paul, MN, (10)Cornell University - Section of Plant Biology, School 
of Integrative Plant Science, Ithaca, NY 
Humans depend on meiotic recombination to generate genetic variation for the development of food and fiber products necessary to our 
survival. However, the process of recombination and the resulting crossovers (COs) during meiosis is not completely understood. In Arabidopsis 
and maize, CO’s are associated with gene promoters and genes at a greater frequency (Choi et al. 2013; Wijnker et al. 2013; Li et al. 2015; 
Rodgers-Melnick et al. 2015; Shilo et al. 2015). The reported underlying chromatin structure of these regions have a variety of active chromatin 
modifications including decreased nucleosome occupancy, changes in DNA and histone methylation. Though there is an understanding of the 
basic patterning of CO events in the maize genome, there are unexplained differences in CO rates between male and female (Rhoades, 1941). 
Using the completed B73, and extension genome sequence of Mo17 inbred genomes, it was possible to begin investigating these differences. 
This research examines the previously identified CO control mechanisms using a high-resolution physical map in maize to discover if the CO 
control mechanisms used in male and the female are the same. We confirm the effects of DNA methylation, and histone modification are 
important to enabling a CO event are the same between the sexes. However, significant differences between the male and female were found for 
the overall CO rates, and in nearly a dozen 1 Mb regions, as well as changes in the placement of the CO in relationship to the transcription start 
sequence (TSS) of the gene. These results are beginning to unravel the differences between CO behavior in the male and female within the maize 
species. 
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The Genetic Architecture of Maize Nodal Root Number during Domestication 
Zhihai Zhang1, Xuan Zhang1, Zhelong Lin1, Jian Wang1, Minglian Xu1, Jinsheng Lai2, Jianming Yu3 and Zhongwei Lin4, (1)China 
Agricultural University, Beijing, China, (2)State Key Lab of Agrobiotechnology, China Agricultural University, Beijing, China, 
(3)Iowa State University, Ames, IA, (4)National Maize Improvement Center, China Agricultural University, Beijing, China 
Maize nodal root system plays a crucial role in the development of the above-ground plant parts and determines the yield via water and nutrient 
uptake for mature plants in the field. However, the genetic basis of maize nodal root system remains unknown and it has become the darkest 
matter of the maize domestication process. Here, through a large teosinte-maize population, our high-resolution mapping revealed that 61 out 
from 132 quantitative trait loci (QTLs), accounting for approximately half of the total genetic variations of nodal root number, were co-localized 
with the flowering time QTLs. Genome-wide association study, fine mapping and a transgenic complementation analysis further validated that 5 
flowering time genes controlled nodal root number. These results suggested that maize nodal root number buried in the soil has been generally 
and indirectly reshaped by the selection exerted on the above-ground trait flowering time during domestication. In addition, our results supported 
that few but long crown roots were favored during maize domestication. 
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The Genetic Architecture of Maize Nodal Root Number during Domestication 
Zhihai Zhang1, Xuan Zhang1, Zhelong Lin1, Jian Wang1, Minglian Xu1, Jinsheng Lai2, Jianming Yu3 and Zhongwei Lin4, (1)China 
Agricultural University, Beijing, China, (2)State Key Lab of Agrobiotechnology, China Agricultural University, Beijing, China, 
(3)Iowa State University, Ames, IA, (4)National Maize Improvement Center, China Agricultural University, Beijing, China 
Maize nodal root system plays a crucial role in the development of the above-ground plant parts and determines the yield via water and nutrient 
uptake for mature plants in the field. However, the genetic basis of maize nodal root system remains unknown and it has become the darkest 
matter of the maize domestication process. Here, through a large teosinte-maize population, our high-resolution mapping revealed that 61 out 
from 132 quantitative trait loci (QTLs), accounting for approximately half of the total genetic variations of nodal root number, were co-localized 
with the flowering time QTLs. Genome-wide association study, fine mapping and a transgenic complementation analysis further validated that 5 
flowering time genes controlled nodal root number. These results suggested that maize nodal root number buried in the soil has been generally 



and indirectly reshaped by the selection exerted on the above-ground trait flowering time during domestication. In addition, our results supported 
that few but long crown roots were favored during maize domestication. 
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Evaluation of Dynamic Growth Responses of Maize Hybrids via Field-Based Time-Lapse Photography 
Colton Michael McNinch, Srikant Srinivasan and Patrick S. Schnable, Iowa State University, Ames, IA 
During phenotyping studies traits are often only measured at a limited number of time points. Time-lapse photography enables study of plant 
growth rates and environmental responses at high temporal resolution. Most studies that have employed this technology have been conducted in 
greenhouses or other controlled environments. Unfortunately, plant performance under controlled conditions is typically poorly correlated with 
performance in the field. To investigate the potential value of time-lapse photography for studying plant growth and responses in agronomically 
relevant environments, a diverse set of maize hybrids was grown in a field site in Nebraska and imaged via time-lapse photography during most 
of the growing season. Trait values extracted from the time-lapse photography exhibited high correlation to ground truth (manually measured 
traits), suggesting the utility of time-lapse photography for field-based phenotyping. 
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Evaluation of White Grain Experimental Maize (Zea mays L.) Hybrids for Yield and Yield Related Traits 
Saima S. Ghani and Hidayat Ullah, The University of Swabi, Swabi, Pakistan 
A field study was conducted at the Cereal Crops Research Institute (CCRI) Pir Sabaq Nowshera, Pakistan, during the cropping seasons ‘Spring-
2014’ and ‘Kharif-2015’ to develop cost effective maize hybrids. Nine white grain experimental maize hybrids developed at CCRI along with 
commercial hybrid 'P-30k08' of Pioneer and cultivar 'Jalal' were evaluated for agronomic yield traits. A randomized complete block design was 
applied using three replications. Significant differences were observed among genotypes for pollen shedding (PS), silk emergence (SE), plant 
height (PH), cob diameter (CD), 100-kernal weight (100-KW) and grain yield (GY). The two cropping seasons (S) ‘Kharif-2015’ and ‘Spring-
2014’ were also found significant (P≤0.05) for PS, SE, PH, EH, no. of plants (NP), ear length (EL), no. of grains (NG), 100-KW, cob weight 
(CW) and GY. Genotype by season interaction (G×S) was significant (P≤0.05) for PS, SE, PH, 100-KW and GY only. Pool data from two 
cropping seasons suggested that genotypes CHT4 and CHT5 has better agronomic and yield (CW, 100-KW, GY) traits as compared to check 
‘Jalal’ and ‘P-30K08’. Grain yield ranged from 7.9 to 11. 2 tonnes ha-1 where almost all of the candidate hybrids yielded more than the check 
hybrid ‘P-30K08’ (8.3) except CHT8. Considering the entire traits, white grain candidate hybrid CHT4 and CHT5 has the potential to be released 
as cost effective, high yielding hybrids for the farming community of the Khyber Pakhtunkhwa. Thus it is suggested that the hybrids developed 
locally with intensive care might reduce the dependency of farmers on costly hybrids of multi-national companies 
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Intra-Specific Variation for Carbon Sequestration Potential in Maize 
Sarah Ellen Hill-Skinner1, Wei Zhang1, Michael Castellano1, Dan Nettleton2 and Patrick S. Schnable1, (1)Iowa State University, 
Ames, IA, (2)Department of Statistics, Iowa State University, Ames, IA 
Multiple scientific bodies such as the Intergovernmental Panel on Climate Change (IPCC) have concluded that rising concentrations of 
atmospheric CO2 are driving climate change that will result in significant negative impacts on the environment and economy. The deployment of 
crop varieties bred for carbon sequestration has been proposed by the IPCC and The National Academy of Sciences as a potential method to 
sequester atmospheric CO2. Although inter-specific variation for carbon sequestration potential has been documented, it is not known whether 
crops exhibit sufficient intra-specific genetic variation for this trait to enable the breeding of “carbon sequestering” varieties. In this study, we 
examine carbon sequestration potential of a large, diverse population of maize lines via analysis of carbon emission over time. Included in our 
study are differences among families of lines, carbon emission patterns, and relation of emission to other important biochemical and 
environmental traits. 
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Accelerated Gene Discovery from Setaria to Maize: SvAUX1 and ZmAUX1 are Required for Inflorescence Branch 
Development and Root Agravitropism 
Hui Jiang1, Pu Huang1, Kerrie W. Barry2, Jerry Jenkins3, Jeremy Schmutz4, Mathew S. Box1, Chuanmei Zhu1, Elizabeth A. 
Kellogg1 and Thomas P. Brutnell5, (1)Donald Danforth Plant Science Center, St. Louis, MO, (2)DOE Joint Genome Institute, 
Walnut Creek, CA, (3)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (4)Hudson Alpha, Huntsville, AL, (5)Enterprise 
Institute for Renewable Fuels Donald Danforth Plant Science Center, St. Louis, MO 
Setaria viridis is an emerging model system for panicoid grasses due to its small size, short life cycle, good seed production, ease of crossing and 
transformation. To identify genes that are associated with agronomically important traits in the grasses such as panicle structure, we have 
developed an NMU mutagenized population consisting of ~ 20,000 M2 families. Screens of approximately 2700 families identified four mutants 
with sparse panicle phenotype. To fine map the gene that underlies the sparse panicle 1 (spp1) phenotype, we used bulked segregant analysis 
(BSA) by sequencing and mapped the gene into an interval of approximately 1Mb. Within this interval two disruptive mutations were identified 
in two genes. Deep resequencing of spp3 identified an independent disruptive mutation in SvAUX1, one of the two candidate genes in the ~1Mb 
interval, which is the only disrupted gene shared by spp1 and spp3. Complementation tests between spp1 and spp3 indicate that the mutations are 
allelic, thus confirming that SvAUX1 is the gene responsible for sparse panicle phenotype. Observation of early panicle development with 
scanning electron microscopy shows that size, shape, and position of primary branches is altered in the mutants. Synteny comparisons identified 
a maize ortholog of SvAUX1 and mutant characterizations confirmed a role of ZmAUX1 in inflorescence and root development. In conclusion, 
Setaria viridis is a tractable genetic model for rapid gene candidate identification and functional characterizations, which will accelerate 
functional genomics studies in maize. 
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Bioinformatic Analysis of Drought-Response Small RNA Temporal Expression Profiles in Maize 
Erliang Zeng, University of South Dakota, Vermillion, SD 
Small RNAs (sRNAs), particularly miRNAs, have been demonstrated to play crucial roles in drought response in plants. We generated massive 
sRNA sequencing data from a set of time-series maize seedlings under drought stress (DS), which were taken from 3 to 10 days after watering, 
and from their well-watered (WW) controls. In this study, a network analysis was performed on the sRNA time-series profiles to discover novel 
drought-response miRNAs and to reveal the web of interactions formed by many small RNAs. This study provides insightful information about 
the complexity of the sRNA population and sRNA responses to gradually imposing drought stress. 
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Quantitative Trait Locus Analysis of Cold Tolerance in Maize 
Irina Makarevitch, Rae Goering, Siri Larsen, Jia Tan and James Whelan, Hamline University, Saint Paul, MN 
With booming populations soon to overwhelm the world's food production capabilities, studying what makes crops, like maize, efficient is 
crucial to ensure that the demand for food is met. In Minnesota and other northern states, planting earlier in the spring would lengthen the crop 
season and result in larger yields. However, the crops need to be tolerant to early spring’s low night temperatures. The goal of the study was to 
discover genomic regions harboring genes that could confer cold tolerance to maize lines. A quantitative trait locus analysis was conducted using 
a cold tolerant Mo17 line and a cold resistant B73 line and 97 recombinant inbred lines produced from these two lines. Cold tolerance was 
quantified after 8 hour incubation at 40C as leaf chlorophyll concentration, proportion of the leaf remaining green calculated by a computer 
image analysis, and a qualitative visual assessment of stress response. Four chromosomal regions (quantitative trait loci, QTLs) on chromosomes 
1, 3, 5, and 7 were identified as containing genes conferring cold stress tolerance to maize seedlings. These regions were well supported by 
combinations of our phenotypic data. Genes controlling cold tolerance are likely located in these regions and are activated or silenced in response 
to cold stress. Gene expression data were used to identify genes within the four QTL regions that were up- or down-regulated in response to cold 
stress. Fourteen genes exhibiting natural variation in cold stress response between B73 and Mo17 were identified in the four QTL regions. These 
genes potentially explain the difference in cold stress response between B73 and Mo17 and could be selected for to breed cold tolerance in 
maize. 
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Fine-Mapping and Functional Annotation of a Major QTL in Corn (Zea mays L.) for Downy Mildew Resistance Towards 
Precision Marker-Assisted Breeding 
Darlon V. Lantican, Jomari C. Domingo, Gem P. Faustino, Alma O. Canama, Roanne R. Gardoce and Hayde F. Galvez, 
University of the Philippines Los Baños, College, Laguna, Philippines 
To date, no commercial variety of corn has good resistance against Philippine downy mildew disease. Based on quantitative trait loci (QTL) 
analysis, a QTL (RGA1-1) has been mapped tightly-linked to downy mildew resistance (DMR) and can readily be used in corn marker-assisted 
breeding (MAB). Cloning and sequence analysis of the RGA1-1 has validated it to be 91% similar to Zea mays E3 ubiquitin-protein ligase 
ATL31-like protein on chromosome 5. This is the first report of the possible contribution of ATL31-like protein in corn DMR. A sequence 
characterized amplified region (SCAR) marker was developed for RGA1-1 and used to fine-map the ATL31 ubiquitin ligase gene-region on corn 
chromosome 5. Further genetic linkage analysis has mapped the position of the SCAR marker within the interval of the QTL markers for onset of 
downy mildew systemic symptoms. This includes the major QTL on chromosome 5 that has been mapped for significant additive genetic effect 
and 23% R2 against the most virulent strain of downy mildew, the Southern Mindanao pathogen strain. Using the published genome sequence 
database of corn, this gene region was further mined to characterize other associated QTLs for corn DMR. A total of 16 markers targeting 16 
candidate R-genes were developed. These markers were screened for SNP between the parental genotypes, which will be used to fine-map the 
target QTL region and characterize the underlying gene networks and genetic effects towards precise marker-assisted breeding in corn for 
durable resistance against Philippine downy mildew. 
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Yellow Canopy Syndrome Is Associated with Changes in Primary and Secondary Metabolism 
Annelie Marquardt, Queensland Alliance of Agriculture and Food Innovation - The University of Queensland - Sugar Research 
Australia, Indooroopilly, Australia 
Yellow Canopy Syndrome (YCS) is a condition affecting sugarcane in Australia, of which the cause has not been identified. The YCS phenotype 
is yellowing of the mid-canopy leaves. Previously we showed that photosynthesis and transpiration are suppressed on a canopy-wide level and 
that sugar levels are significantly increased in the symptomatic and asymptomatic leaves. It is well known that increased sucrose levels in leaves 
can lead to a suppression of photosynthesis and leaf yellowing in the Poaceae. This study is focused on understanding the mechanisms through 
which YCS development alters sucrose accumulation, and the effect of sucrose on leaf metabolism. For this purpose, in-depth analyses of the 
transcriptome, proteome and metabolome are used. Several recent advances in plant sciences have flowed from an omics-integration approach. 
Such an approach provides a more complete picture of the plant cellular state than studies using just one set of omics data. The results of this 
study show YCS-symptomatic leaves had perturbed metabolism in four key areas: sugar metabolism, pentose phosphate cycle, phenylpropanoid 
metabolism, and α-ketoglutarate metabolism. Lower abundance of photosynthetic and chloroplastic proteins were found in the leaf, coupled with 
an increase of cellular respiration-component proteins of the mitochondria and cytosol. There was a notable increase in chaperone/heat shock 
proteins. Transcriptomic studies additionally showed transcription regulation, protein turnover and signal transduction pathways were impacted. 
Through these data, and identification of affected molecular pathways, a deeper understanding of the YCS phenotype, and sucrose leaf 
metabolism during stress, is reached. 
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Genomic Resources and 3D Phenotyping to Accelerate Sorghum Improvement 



Ryan F. McCormick1, Sandra K. Truong1, Jerry Jenkins2, Daryl Morishige1, Avinash Sreedasyam2, Shengqiang Shu3, Brock D. 
Weers1, Brian McKinley1, Ashley Jean Mattison1, Megan Kennedy3, Mojgan Amirebrahimi3, Jane Grimwood2, Jeremy Schmutz2 
and John Mullet1, (1)Texas A&M University, College Station, TX, (2)HudsonAlpha Institute for Biotechnology, Huntsville, AL, 
(3)DOE Joint Genome Institute, Walnut Creek, CA 
The development of genomic and phenomic resources will accelerate the genetic improvement of the food, forage, and bioenergy crop plant 
Sorghum bicolor. In collaboration with the DOE Joint Genome Institute and the HudsonAlpha Institute for Biotechnology, a suite of improved 
genomic resources for sorghum were generated, including a more accurate genome assembly (Sbi3), transcriptome annotation (v3.1), and atlas of 
transcript expression across multiple sorghum tissues and developmental stages. Genomic resources combined with high throughput, image-
based phenotyping platforms are able to rapidly identify genetic bases of complex traits useful for plant performance. We developed a portable 
phenotyping platform based on a depth camera to semi-automatically generate and automatically measure 3D reconstructions of sorghum plants. 
This platform identified quantitative trait loci (QTL) underlying phenotypic variation in shoot architecture across multiple developmental 
timepoints, including QTL for plant height and leaf length. These results show that sorghum Dwarf-3 (Dw3) is associated with a pleiotropic 
effect on leaf angle at least 7 days prior to an effect on plant height. Continued development of these and additional genomic and phenomic 
resources for sorghum will facilitate more rapid advances in plant productivity. 
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Functional Genomics and Plant Modeling for Sorghum Improvement 
Sandra K. Truong1, Ryan F. McCormick1, Avinash Sreedasyam2, Shengqiang Shu3, Brock D. Weers1, Brian McKinley1, Ashley 
Jean Mattison1, Jerry Jenkins2, Megan Kennedy3, Mojgan Amirebrahimi3, Jane Grimwood2, Jeremy Schmutz2 and John Mullet1, 
(1)Texas A&M University, College Station, TX, (2)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (3)DOE Joint 
Genome Institute, Walnut Creek, CA 
Sorghum bicolor is a prominent food, forage, and bioenergy crop, and sorghum productivity will benefit from continued development of 
genomic resources and models to predict sorghum performance. In collaboration with the Joint Genome Institute and the HudsonAlpha Institute 
for Biotechnology, a suite of improved genomic resources for sorghum were generated, including a more accurate genome assembly, 
transcriptome annotation, and atlas of transcript expression across multiple tissues and developmental stages. These genomic resources combined 
with modeling approaches to predict plant performance will improve the rate at which performance gains can be achieved in sorghum. As an 
example, genomics and plant modeling were used to identify a sorghum gene regulating leaf angle and to predict the effect of leaf angle on light 
interception and performance. These procedures are being extended to additional phenotypes using 3D reconstructions of sorghum plants 
obtained from depth imaging. Continued development and application of these resources will accelerate sorghum improvement. 
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Genome Wide Association Analysis of Biomass Yield and Stem Composition in a Sorghum Backcross Nested Association 
Mapping Design 
Korotimi Théra, University of Montpellier Supagro, Montpellier, France 
Recently, sorghum biomass production and its composition became specific targets of breeding programs in accordance with their importance for 
animal nutrition and energy / biomaterial applications. In this context, it is of key importance to understand well the accumulation and especially 
the composition of biomass in order to maximize genetic gains per unit of time. These growing traits and biochemical components are strongly 
regulated by major genes affecting maturity (Ma), dwarfism (dw), lignin composition (bmr) and juiciness of the stem (d). However, a deeper 
understanding of the genetic determinism of these traits and the additional genomic regions exhibiting smaller effects on the traits variability is 
required and are still unknown. A multi-parental BCNAM design involving 2 elite recurrent parents and 29 donor parents has been developed by 
the Malian breeding program. This design, which combined the advantages of biparental QTL detection and association mapping involves 
approximately 1600 BC1F4 families that have been phenotyped over 2 years for their cycle duration and it components and the stem biochemical 
composition (Van Soest and Aufrere parameters) at the grain physiological maturity. Genome-wide association study (GWAS) was performed 
using 51 000 SNP obtained by Genotyping by Sequencing (GBS). Genomic regions encompassing already detected major effect genes (Ma, Dw) 
and new candidate regions have been identified. Based on these results putative candidate genes have been identified. The benefits of this 
BCNAM design regarding genetic analyses and breeding applications for the soudano sahelian regions and more generally for the sorghum 
scientific community will be discussed. 
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Sorghum Hybrids and Their Parental Genetic Differences in Diversity 
XiaoPing Lu, Inner Mongolia Agricultural University, hohhot, China 
Objective. In order to further prove the diversity of genes in the leaves of hybrid and parental leaves of sorghum. Method. Four copies of the 
sorghum sterile lines and five types of Sudan grass for parents, according to the NC Ⅱ design，were formulated to 20 hybrid combinations. 
Measuring the cross combinations and field shape index and physiological and biochemical index of the parents.Using cDNA-AFLP differential 
display analysis of gene diversity difference. Result. The results of 29 sorghum hybrids and their parental cDNA-AFLP markers for the hybrids 
and their parental leaves were displayed:12 pairs of primer combinations amplified 336 sites, including specific sites 276, accounting for 82.14% 
of the total, an average of primer combinations amplified specific sites 23.The number of alleles (No) was 1.8701, the effective number of alleles 
(Ne) was 1.7365, the Nei’s gene diversity index (H) was 0.3898, and the Shannon’s (I) was 0.5569, which indicated that the gene expression of 
the hybrid and its parents were complex.The results of cluster analysis show that the change of Genetic similarity coefficient between 29 
sorghum sudanense materials is between 0.508-0.876, and the Genetic similarity coefficient 0.54 is the standard, and the 29 materials can be 
divided into 4 categories.The parental materials were mainly in Ⅰand the Ⅳ class, and the hybrids were mainly in the Ⅱ and Ⅲ. Conclusion. The 
reactive system of cDNA-AFLP differential display technique was constructed, and the genetic diversity of the leaves in the seedling stage was 
analyzed. 
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Genomic Prediction of the F1 Performance in Sorghum 
Motoyuki Ishimori1, Kiyoshi Yamazaki1, Hiromi Kajiya-Kanegae1, Masaru Fujimoto1,2, Hideki Takanashi1,2, Mai Minamikawa1, 
Tomoaki Hori1, Taichi Koshiba2,3, Masaaki Kobayashi2,4, Kentaro Yano2,5, Tsuyoshi Tokunaga2,3, Nobuhiro Tsutsumi1,2, Toru 
Fujiwara1 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, (5)School of Agri., Meiji 
University, Kawasaki, Kanagawa, Japan 
Sorghum bicolor (L.) Moench is expected to be the most promising crop for the biofuel production because of the large biomass and the high 
sugar content in the stalk. The F1 hybrid is mainly used for biofuel. To efficiently accelerate the breeding of Sorghum, the performance of F1 
needs to be accurately predicted. In this study, we predicted the performance related to the biofuel production in the F1 Sorghum using genome-
wide markers. We used two CMS lines, CMS-A and CMS-B, as the seed parent to make the F1 series. About 200 Sorghum accessions were 
crossed with these CMS lines. In 2013, we cultivated the F1 series and the parent lines in Japan and Mexico. We examined seven traits, fresh 
weight; flowering state; height; stalk number; stalk diameter (only in Japan); stalk juice content; brix value of stalk juice. We applied two 
methods for the genomic prediction. One is GBLUP, which is based on kinship matrix. The other is PHENIX, which is based on a multiple-
phenotype mixed model. Using GBLUP, we could accurately predict the F1 traits with high marker-based heritability, such as height and stalk 
diameter. Using PHENIX, the prediction accuracy increased in proportion to the correlation among traits. 
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Dissecting the Genetic Basis of Seed Size in Sorghum Bicolor 
Yongfu Tao1, Emma S Mace2, Xianrong Zhao1, Alan W Cruickshank2, Adrian M Hathorn3, Colleen H Hunt2, Ian D Godwin4, Erik 
J van Oosterom3 and David R Jordan1, (1)Queensland Alliance for Agriculture and Food Innovation, The University of Queensland, 
Warwick, Australia, (2)Department of Agriculture and Fisheries, Queensland Government, Warwick, Australia, (3)Queensland 
Alliance for Agriculture and Food Innovation, The University of Queensland, Brisbane, Australia, (4)School of Agriculture and 
Food Sciences, The University of Queensland, Brisbane, Australia 
The grasses, including the major cereals wheat, barley, maize, rice and sorghum, are the most agronomically and economically important species, 
collectively feeding over two thirds of the world population. Amongst the cereals, sorghum which is a staple food for over 500 million people in 
the semi-arid tropics of Africa and Asia, in addition to being an important source of feed for livestock, is one of the best adapted to drought and 
high temperatures, and will play an increasingly important role in meeting the challenges of feeding the world’s growing population. Seed size is 
a major quality attribute and an important determinant of yield that is regulated by a function of potential maximum seed size and the plant’s 
capacity to fill it. Understanding the genetic basis of seed size in sorghum is of fundamental importance to meet future productivity requirements. 
In this study, genome-wide association study (GWAS) was performed to dissect the genetic architecture of seed size using two complementary 
populations, a diversity panel consisting of 900 genotypes and a BC-NAM population consisting of 1400 progeny. A high throughput phenotypic 
evaluation pipeline was established to measure seed size parameters including thousand seed weight, seed volume, seed length, seed width and 
seed thickness of these two populations across three locations and two years. In addition to actual seed size, potential maximum seed size 
achieved through removing half a head during flowering was also evaluated. Genomic regions associated with seed size, genetic potential of seed 
size and the capacity to fill seed were identified, and candidate genes in these region were identified. Signatures of purifying selection were also 
detected in key candidate genes. The identification of seed size QTL and candidate genes presents new opportunities for manipulating seed size 
and ultimately yield in breeding practice. 
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Transcriptome Profiling of Developing Internode Submitted to Different Water Regimes in Sorghum: Insights in the 
Regulation of Biomass Accumulation and Composition 
Angelique Berger, CIRAD, Montpellier, France 
Sorghum bicolor, a cereal native of Africa, is currently used for both feed and food. According to its biomass yield potentials and its biochemical 
composition variability it is also envisioned as a relevant species to support biomass value chains (energy, biomaterials). In this context, in order 
to adapt sorghum varieties to the different end-uses, it is of paramount importance to understand the regulation of biomass establishment (yield 
and biochemical composition) in the stem all over the plant development cycle.  
The objectives of this study were to i) describe the evolution of the sorghum stem composition along its development in contrasting water 
regimes and ii) follow up the transcriptome regulation underlying this evolution. In this context, two internode levels were analysed over two 
consecutive years at different developmental stages under two watering regimes (Well watered vs Water Deficit) for one commercial biomass 
hybrid. At the biochemical level, apart from the classical evolutions already described regarding sucrose and the cell wall components (lignin, 
cellulose, hemicellulose) during internode development, a strong impact of the water regimes on the different biomass components were 
observed (lignin reduction and sucrose accumulation in the internode in the Water deficit treatment). RNA seq analyses over the different 
internodes levels, stages and water regimes provided insights in the understanding of biomass composition evolution. A more detailed analysis 
was performed on the lignin biosynthesis pathway in order to identify the key regulators involved in the accumulation of this key trait. 
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Characterization of Leaf Angle in Sorghum: A Deeper Analysis of the Genetics Underlying This Trait 
Maria Betsabe Mantilla Perez and Maria G. Salas Fernandez, Iowa State University, Ames, IA 
Leaf angle refers to the inclination between the midrib of the leaf blade with respect to the vertical stem of a plant. This trait has been identified 
as one of the crucial components that determine grain yield in crops like corn, rice, wheat, oats, and barley. Modern maize hybrids, as well as 
rice, wheat, oat and barley varieties, have upright leaf angles. This plant architecture characteristic allows more light penetration into the canopy, 
which translates into higher crop yields. Leaf angle has not been exhaustively studied in sorghum but current knowledge demonstrates that it is 
controlled by genes localized on chromosomes 1, 2, 3, 4, and 7. The region on chromosome 7 has been consistently identified in GWAS and 



QTL studies and it has been narrowed down to a 1.68 Mb interval with approx. 200 annotated genes. Our research objectives were: i) to validate 
the previously identified region on chromosome 7, ii) to narrow down its physical interval containing putative candidate genes controlling leaf 
angle and iii) to identify novel regions associated with this trait by a multi-biparental population QTL approach. 
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Mapping of QTLs Associated with Awn Length in Sorghum Recombinant Inbred Lines 
Hideki Takanashi1,2, Hiromi Kajiya-Kanegae1, Motoyuki Ishimori1, Masaaki Kobayashi2,3, Kentaro Yano2,3, Rie Hijiya4, Norikazu 
Ohnishi4, Fiona Wacera4, Hiroyoshi Iwata1,2, Wataru Sakamoto2,4 and Nobuhiro Tsutsumi1,2, (1)The University of Tokyo, Tokyo, 
Japan, (2)JST, CREST, Tokyo, Japan, (3)School of Agriculture, Meiji University, Kawasaki, Kanagawa, Japan, (4)Inst. Plant Sci. 
Res., Okayama Univ., Kurashiki-shi, Japan 
Sorghum (Sorghum bicolor) is a useful crop for food source and bioethanol production, and is the world's fifth most important cereal crop after 
rice, wheat, maize and barley. The awn is a long needle-like structure derived from an extended lemma in a grass spikelet, and has roles in seed 
dispersal and burial, protection against animals. Despite its importance, little is known about the regulatory mechanism of sorghum awn 
formation. Here, we used recombinant inbred lines derived from the reference line, awnless BTx623 and Japanese landrace, awned NOG to 
detect quantitative trait loci (QTLs) for awn length by using genome-wide SNPs markers derived from RAD-seq. We detected four QTLs for 
awn length and found NOG alleles of all four QTLs have positive effect for awn length, and the most significant one was located on the long arm 
of chromosome 3 (qChr03). Interestingly, the awnless BTx623 allele is dominant in qChr03, while the awned NOG alleles are dominant in other 
three QTLs. Our results indicate there is a bizarre gene, Dominant Awn Inhibitor (DAI) on the long arm of chromosome 3. Future study about 
qChr03 may provide new insights into the molecular mechanism underlying awn development in sorghum. 
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Mutations in the TCP Transcription Factor MSD1 Modify Flower and Panicle Development in Sorghum 
Young Koung Lee1, Yinping Jiao2, Nicholas P. Gladman3, Ratan Chopra4, Gloria Burow4, John Burke4, Zhanguo Xin5 and Doreen 
Ware6, (1)Cold Spring Harbor Laboratory, COLD SPRING HARBOR, NY, (2)USDA-ARS/Cold Spring Harbor Laboratory, 
Lubbock, TX, (3)Agricultural Research Service, Lubbock, TX, (4)USDA-ARS, Lubbock, TX, (5)USDA ARS, Lubbock, TX, 
(6)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
Sorghum is an important global food, forage, and bioenergy crop with an annual production value of over two billion dollars in the USA. This C4 
photosynthetic grass has resilience to heat, drought, low soil fertility, and other abiotic and biotic stresses that have made it an agricultural 
mainstay across geographic and socioeconomic boundaries. Sorghum flowers are comprised of one fertile (sessile) and two sterile (pedicillate) 
spikelets, with only the sessile spikelet producing seed. Through an EMS mutagenesis screen, our group identified several independent mutations 
in the TCP transcription factor gene MSD1 (multiseed) that results in the complete fertility of all sessile and pedicillate spikelets. Additionally, 
msd1 panicles are larger, have increased primary and secondary branches, and produce more seed than wild type panicles. Recently, we have 
begun to dissect the molecular mechanism for this agronomically significant phenotype and have shown that the majority of msd1 alleles, which 
non-synonymously impact the DNA-binding domain, result in the heritable multiseed trait. Further, MSD1 has a narrow temporal- and tissue-
specific expression profile and it physically interacts with other TCP proteins in planta. These data taken together suggest that i) MSD1 may be 
involved in a complex regulatory schema to control proper sorghum panicle development, and ii) the multiseed trait is a candidate for integration 
into sorghum breeding programs for the purpose of increasing grain yield and enhancing global agricultural security. 
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GWAS and QTL Analysis of Anthocyanin Pigmentation in Sorghum 
Mitsutoshi Shichijo1, Hideki Takanashi1,2, Yuki Sano1, Masaru Fujimoto1,2, Hiromi Kajiya-Kanegae1,2, Masaaki Kobayashi2,3, 
Kentaro Yano2,3, Taichi Koshiba2,4, Tsuyoshi Tokunaga2,4, Hiroyoshi Iwata1,2, Wataru Sakamoto5 and Nobuhiro Tsutsumi1,2, (1)The 
University of Tokyo, Tokyo, Japan, (2)JST, CREST, Tokyo, Japan, (3)School of Agriculture, Meiji University, Kawasaki, 
Kanagawa, Japan, (4)Earth Note Co. Ltd., Ginoza, Okinawa, Japan, (5)Inst. Plant Sci. Res., Okayama Univ., Kurashiki-shi, Japan 
Many plants respond to stresses, such as low temperature, disease, and strong light by producing anthocyanin. In sorghum (Sorghum bicolor), 
anthocyanin pigmentation is observed on the leaf sheath or lemma, but the underlying genes have not been identified. Here, we tried to search 
quickly and correctly for the candidate locus related to anthocyanin pigmentation by GWAS and QTL analysis.  
We used genome-wide SNPs markers derived from RAD-seq and sorghum inbred lines from ICRISAT, NARO, and USDA for GWAS, and 
recombinant inbred lines derived from the reference line, BTx623 and Japanese landrace, NOG for QTL analysis. We detected the most 
significant peak for anthocyanin pigmentation on chromosome 6 by GWAS and two significant QTLs on chromosome 4 (qChr4) and 6 (qChr6) 
by QTL analysis. We found qChr4 was located physically near Tannin1, a WD40 regulator (~0.5 Mb region). The detected peaks on 
chromosome 6 by GWAS and QTL analysis are almost the same region, suggesting that we detect the same locus. The most significant SNP on 
chromosome 6 detected by GWAS was found in the ~10kb upstream of a putative basic helix-loop-helix (bHLH) transcription factor, and a 
sorghum co-ortholog of rice OSB1 and OSB2 which have been reported as factors related to anthocyanin biosynthesis pathway. This result 
suggests that qChr6 is likely to be related to anthocyanin pigmentation in sorghum.  
Future study about qChr6 may shed light on the molecular mechanism underlying anthocyanin pigmentation in sorghum. 
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Deciphering the Function and Regulation of SbCAD2: a Key Lignin Gene to Improve Sorghum Biomass Degradability 
Huang Li, Oklahoma State University, Stillwater, OK and Yinghua Huang, USDA ARS, Stillwater, OK 
Genetic modification of lignin biosynthesis in the cell wall of biofuel feedstocks is likely one of the most effective ways to improve the 
conversion efficiency of cellulosic biomass to biofuel for the bioenergy industry. As a key enzyme that catalyzes the last step of monolignol 
synthesis, cinnamyl alcohol dehydrogenase (CAD) has become an attractive object in lignin modification to overcome the recalcitrance of 
biomass conversion. Transgenic down-regulation of CAD gene in bioenergy crops can decrease the lignin biosynthesis and improve their 



digestibility and saccharification efficiency. However, disrupting expression of this key gene in plants is frequently associated with stunt growth 
and other developmental abnormalities. To alleviate the negative effects on plant fitness caused by single gene disruption, the present study 
focuses on the coordinated regulation of a sorghum CAD gene (SbCAD2) at the transcriptional level, leading to an optimized modification 
strategy for biomass improvement. Specifically, it reports the identification and characterization of a promoter region in SbCAD2 responsible for 
the down-regulation of lignin production in a sorghum mutant and provides more insights on the rational modification of lignin composition for 
effective biomass conversion of bioenergy feedstocks. 
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Functional Genomic Analyses Reveal Molecular Systems Underlying Chilling Response in Cold-Tolerant and Cold-
Susceptible Sorghums 
Sandeep R. Marla, Kansas State University, Manhattan, KS 
Tropical crops are extremely sensitive to low temperatures, a limiting factor for its cultivation in temperate regions. Our research focused on 
understanding mechanistic basis of chilling adaptation in tropical origin crops. Therefore, we took advantage of sorghum a C4 tropical grass 
originated in Africa and is extremely susceptible to cooler temperatures (<10 0C). To decipher mechanisms underlying chilling adaptation 
mechanisms in sorghum we utilized two functional genomic approaches: transcriptomics and lipidomics. Results from our functional genomics 
studies indicate lipid remodeling mediated JA signaling possibly leading to activation of CBF regulon to be one of the underlying mechanisms 
differentiating chilling-tolerant and chilling-susceptible sorghums. The functional genomics data obtained from our research can aid in 
developing early-season chilling tolerance in tropical crops. 
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Genome Mapping of Anthracnose Resistant Loci in Sorghum Germplasm 
Clara M. Cruet-Burgos, University of Puerto Rico Mayaguez, Fajardo, PR, Puerto Rico and Hugo E. Cuevas, ARS - Tropical 
Agriculture Research Station, Mayaguez, PR 
Sorghum (Sorghum bicolor) is an important grain crop and of growing importance for biofuels. However, its productivity may be limited by 
foliar diseases such as anthracnose caused by the fungus Colletotrichum sublineolum. Today, multiple sources of resistances have been identified 
but the lack of molecular characterization limited its use in breeding programs. Therefore, in this research we aim to genetic characterize the 
resistance response of two different sources; IS18760 (Sudan) and QL3 (India) using two sets of >100 recombinant inbred lines (RIL). In 
parallel, the resistant locus (Cs-SC112) present in SC112-14 (Ethiopia) line will be fine map for the identification of candidate genes. Genotype 
by sequence of RIL resulted in the identification of >10,000 SNP’s for IS18760 and QL3 populations. Based on recombination distance and 
marker quality approximately 500 SNP’s were selected to generate two high-quality loci recombination maps. Anthracnose resistant response of 
RIL are being evaluated in field and greenhouse in order to precisely locate resistant locus. Two Kompetitive Allele Specific Primers (KASP) 
flaking the resistant locus Cs-SC112 were developed to fine map this genomic region. The genotyping of over 1,200 F2:3 segregating progenies 
have identified 37 recombinant individuals, which are being evaluated in the field for anthracnose resistance response. New genetic markers are 
being developed to completely dissect these recombination events and to identify candidate genes. The results of this research will provide 
valuable information about the inheritance of anthracnose resistance response, and will generate the necessary tools to pyramid multiple resistant 
loci by marker-assisted selection. 
 
P0747: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
Recovering a Region in Sugarcane Through Sorghum Synteny 
Melina C. Mancini1, Claudio B. C. Silva2, Danilo A. Sforça1, Antônio Augusto Franco Garcia3 and Anete P Souza1, (1)University 
of Campinas - UNICAMP, Campinas, Brazil, (2)University of Campinas, Campinas, Brazil, (3)University of São Paulo - Brazil, 
Piracicaba, Brazil 
Sugarcane genome sequencing are a challenge because of their highly polyploidy and aneuploidy, exhibiting variable ploidy among different 
loci, genome size (around 10Gb) and high content of repetitive regions. Although the synteny between sugarcane and sorghum was explored to 
choose a QTL mapped for Brix in a specific position on sorghum chromosome 3 (SB-03). The sorghum genes founded in this region were used 
to identify the orthologous genes in sugarcane. Using the bacterial artificial chromosome (BAC) was possible access individual haplotypes for 
sugarcane genome. Thus, the sugarcane BAC library of the SP80-3280 variety (221,184 clones) was screened using 61 genes linked to a QTL for 
Brix in sorghum. Using double selection approach were selected 68 BACs, which it was positive for at least two genes. The positives BACs were 
pooled and sequenced using PacBio producing a deep sequencing with several millions of long reads. Each BAC was individually assembled 
using Celera and return 183 contigs. The contigs higher than 50 Kb were manually annotated for genes and transposable elements. The target 
region represenst about 700 Kb in sorghum, but in sugarcane resulted in 1.2 Mb. These results showed a high synteny between sugarcane and 
sorghum and can be an interesting approach for the sugarcane genome sequencing.  
Keywords: Sorghum bicolor (L.) Moench, Saccharum officinarum, BAC library, polyploid, PacBio sequencing 
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Structural and Functional Characterization of SUGARWINs and their Role in Plant Defense 
Marcio C Silva-Filho, Laboratório de Biologia Molecular de Plantas, ESALQ, USP., Piracicaba, Brazil 
SUGARWIN1 and 2 are defense proteins from sugarcane. Their gene expression is known to be induced in response to wound and Diatraea 
saccharalis damage. Although the recombinant SUGARWIN protein does not affect insect development, it promotes significant morphological 
and physiological changes in Fusarium verticillioides and Colletotrichum falcatum, which lead to fungal cell death via apoptosis. In this study, 
we deepen our understanding of the role of SUGARWINs in plant defense and the molecular mechanisms by which these proteins affect fungi by 
elucidating their molecular targets. Our results show that SUGARWINs play an important role in plant defense against opportunistic pathogens. 
We demonstrated that SUGARWINs are induced by C. falcatum, and the induction of SUGARWINs can vary among sugarcane varieties. The 
sugarcane variety exhibiting the highest level of SUGARWIN induction exhibited a considerable reduction in C. falcatuminfection. Furthermore, 



SUGARWIN1 exhibited ribonuclease and chitinase activity, whereas SUGARWIN2 exhibited only chitinase activity. This variable enzymatic 
specificity seems to be the result of divergent amino acid composition within the substrate-binding site. 
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BAC Sequencing Revealing Complex Genomic Organization in Sugarcane and Synteny with Sorghum Genome in a QTL 
Region 
Claudio B. C. Silva1, Melina C. Mancini2, Danilo A. Sforça2, Antonio Augusto Franco Garcia3 and Anete P Souza2, (1)University 
of Campinas, Campinas, Brazil, (2)University of Campinas - UNICAMP, Campinas, Brazil, (3)University of São Paulo, Piracicaba, 
SP, Brazil 
Sugarcane is feedstock used for biofuel and sugar production worldwide. Modern cultivars are hybrid originated from Saccharum officinarum 
and S. spontaneum, which has a large and highly complex genome (polyploid and aneuploid). The traditional BAC-by-BAC approach for 
genome sequencing produces high quality assembly and allows complexity reduction. The aim of this work is studying the synteny and 
collinearity between sugarcane and sorghum, exploring a genomic region in sugarcane that corresponds to region associated with sugar 
production in sorghum. Sugarcane genes from leaf transcriptome similar to the genes present in QTL region were used to select sugarcane 
genomic fragments through qPCR. Based on multiple selection approach, where at least two genes are positive for each clone, a total of 68 BAC 
from SP80-3280 variety (2.4x total genome coverage) were selected. The BACs were sequenced using PacBio platform with ~250x coverage. 
The assembly was performed using Celera assembler, after error correction and quality filter by Quiver. A total of 183 contigs were obtained and 
only the sequences that contain genes related to QTL region were considered for further analysis. It was observed a high synteny between 
sugarcane and sorghum for this region and structural variation caused mainly by transposon insertions. 
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Comparative Assessment of Models for Genome Wide Association Studies in a New Sugarcane Diversity Panel  
Nathanael D Fickett1, Arnold Parco1, Anna Hale2, Collins Kimbeng3, Niranjan Baisakh1 and Sanjay Patil1, (1)School of Plant, 
Environmental, and Soil Sciences, Louisiana State University Agricultural Center, Baton Rouge, LA, (2)USDA-ARS, SRU, 
Houma, LA, (3)Sugar Research Station, Louisiana State University Agricultural Center, St. Gabriel, LA 
Aneu-polyploidy (x = 8-10) with varying chromosome number (2n ≈ 80-140) of sugarcane hybrids and the lack of a draft genome poses unique 
challenges to fine mapping and cloning of quantitative trait loci controlling agronomic traits of interest. However, high linkage disequilibrium 
among modern sugarcane cultivars offers better opportunity for genome wide association studies (GWAS) over bi-parental mapping to identify 
molecular markers associated with specific trait(s). In order to develop a diversity panel (DP) for GWAS of different agronomic traits, 
genotyping of 1,485 clones (1,236 clones from the world collection of sugarcane and related grasses and 249 clones from Louisiana breeding 
programs) was done with 11 SSR (simple sequence repeat) markers spanning sorghum chromosomes. A nearest neighbor-joining tree was 
constructed using 423 resultant SSR alleles. A maximum length subtree was used to inform panel selection resulting in a Louisiana breeder-
preferred 300-clone diversity panel. To identify the best model for GWAS studies using the DP, different Q (structure)-K (kinship) combinations 
were compared. Four different Q matrices, Tassel and JMP’s PCA (principle component analysis), JMP’s MSD (minimum separable distance) 
and Structure’s Bayesian model; and, Tassel and JMP’s IBS (identity-by-state) K matrices were compared. A mixed population of 64 clones with 
the genotypic data of 1,041 SSR and 23 AFLP alleles, and 2 years of sucrose yield traits (brix, percentage sucrose and pol) was used in the study 
to identify markers associated with sucrose traits. Results of marker-trait association from different Q-K analyses were comparable with minor 
differences found only among the Q matrices.  
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Ultra High Density Mapping of the Saccharum spontaneum Genome 
Jisen Zhang1, Qing Zhang2, Xingtan Zhang2, Chifumi Nagai3, Tyler Jones3 and Ray Ming4, (1)Center for Genomics and 
Biotechnology, Fujian Provincial Key laboratory of Haixia applied plant systems biology, Haixia Institute of Science and 
Technology,Fujian Agriculture and Forestry University, Fujian, China, (2)Center for Genomics and Biotechnology, Fujian 
Provincial Key laboratory of Haixia applied plant systems biology, Haixia Institute of Science and Technology,Fujian Agriculture 
and Forestry University, Fuzhou, China, (3)Hawaii Agriculture Research Center, Kunia, HI, (4)Center for Genomics and 
Biotechnology, Fujian Agriculture and Forestry University, Fujian, China 
Sugarcane is an important sugar crop contributing up to 80% of the world sugar production. S. spontaneum is one of the three founding species in 
Saccharum, contributing to hybrid species S. sinense and S. barberi. It provides biotic and abiotic stress tolerance in modern sugarcane hybrid 
cultivars. AP85-441 is a haploid clone developed from anther culture of octoploid SES208, and has the smallest genome with 32 chromosomes in 
the genus Saccharum. Pacbio single-molecule real-time (SMRT) sequencing technology was used to sequence this haploid genome at 77X 
coverage. A mapping population was developed from a cross between double haploid AP83-108 and its pollen source SES208. The genomes of 
the F1 population was sequenced at 5X coverage using Illumina HiSeq2500. The assembled draft genome of AP85-441 was used as a reference 
for SNP calling. A total of 1,012,394 and 53,634 high quality single-dose SNP markers were generated, and 29,902 and 13,542 bin markers were 
subsequently constructed, from SES208 and AP83-108, respectively. These two genetic maps will be used to anchor the haploid genome to 32 
chromosomes. The genome composition of the haploid genome AP85-441 and double haploid genome AP83-108 will be revealed by comparison 
to the octoploid genetic map of SES208. 
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Genomic Variation in Sugarcane Home(o)logous Haplotypes 
Danilo A. Sforça1, Sonia Vautrin2, Claudio B. C. Silva3, Melina C. Mancini1, María Victoria Romero Cruz1, Guilherme da Silva 
Pereira4, Monica Conte1, Arnaud Bellec2, Nair Dahmer1, Joelle Fourment2, Nadine Gautier2, Nathalie Rodde2, Marie-Anne Van 
Sluys5, Antônio Augusto Franco Garcia6, Eliane. R. F Martins1, Hélène Bergès2, Michel Vincentz7 and Anete P Souza1, 



(1)University of Campinas - UNICAMP, Campinas, Brazil, (2)INRA - CNRGV, Castanet Tolosan, France, (3)University of 
Campinas, Campinas, Brazil, (4)North Carolina State University, Raleigh, NC, (5)Universidade de São Paulo, Sao Paulo, Brazil, 
(6)University of São Paulo - Brazil, Piracicaba, Brazil, (7)University of Campinas - UNICAMP, Campinas, SP, Brazil 
Modern sugarcane cultivars (Saccharum spp.) are derived from hybridization between S. officinarum (domesticated) and S. spontaneum (non-
domesticate). The genome is highly polyploid, aneuploid and its size is estimated to be around 10Gb; in addition, it can exhibit variable ploidy 
among different loci. Due the sugarcane genome is highly polymorphic we investigate the variation in homo(e)logous haplotypes. For this 
purpose, the sugarcane bacterial artificial chromosome (BAC) library for the SP80-3280 variety (221,184 clones) was screened using one 
hypothetical gene to study the genome architecture. Twenty-two positive BAC clones were individually sequenced, assembled and manually 
annotated for genes and repeat regions. Twenty-three genes found in BACs have their orthologues compared with Sorghum (Sorghum bicolor), 
maize (Zea mays) and rice (Oryza sativa). The BACs revealed two different genomics regions with high conservative gene structure: a region 
composed by eight haplotypes having high colinearity with sorghum, rice and maize; and a second region, composed by nine haplotypes 
presenting low collinearity with sorghum, maize and rice. Two haplotypes groups revealed the gene used in BAC selection are duplicated in 
genome. The conservation in gene structure in both regions was used to analysis the molecular clock revealing a divergence time around 2.96 
million years ago (Mya; +-0.12 Mya). Since the divergence between S. officinarum x S. Spontaneum happened around 1.5-2.7 Mya, this 
duplication probably exists in all Saccharum genus. In addition, exclusive repeat regions were found among the haplotypes. These results shown 
a high variation between haplotypes from same loci in sugarcane. 
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Increased Photosynthetic Activity and Hypoxic Stress Causes Variation in Biomass Accumulation in Allopolyploid 
Sugarcane Hybrids 
Ratnesh Singh1, Ching Man Wai2, Ray Ming2, Chifumi Nagai3, Tyler Jones3 and Qingyi Yu1, (1)Texas A&M AgriLife Research, 
Dallas, TX, (2)University of Illinois at Urbana-Champaign, Urbana, IL, (3)Hawaii Agriculture Research Center, Kunia, HI 
Concerns for climate change and quest for sustainable energy source has accelerated search eforts for high biomass yielding plant 
species/varieties. Plant based fuels recycle atmospheric carbon, have reduced carbon footprint and are sustainable. Majority of ethanol is 
fermented from plant sugars which comes from starch or grain-based feedstock e.g. corn and sugarcane. Sugarcane is a fast growing C4 plant 
adapted to suboptimal environment and has high potential to serve as bioenergy crop. Saccharum spontaneum is a highly adaptive wild 
sugarcane and the major source of germplasm for vigor, hardiness, tillering, ratooning ability, drought tolerance, disease and pest resistance. 
Saccharum officinarum, also known as noble cane, is major source of germplasm for high sugar trait. We used a segregating F2 population 
developed from selfing of 3 F1s derived from a cross from LA-Purple (S. officinarum) x US56-14-4 (S. spontaneum), for the identification of 
genes affecting biomass production. The developed population segregated for dry weight and stalk volume and several progenies outperformed 
the parents for biomass yield. The high biomass yielding individuals had photosynthesis and major carbohydrate biosynthesis related processes 
enhanced. In contrast low yielding sugarcane individuals suffered from hypoxia which led to the upregulation of genes for fermentation and 
carbohydrate degradation related bioprocess. The hypoxic stress in low yielding sugarcane most probably originated from aggregation of 
deleterious alleles and not due to environmental factors causing low oxygen availability to the plants. These results will accelerate breeding 
process to select for high biomass yielding varieties using expressed QTLs in sugarcane. 
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The Role of SUGARWIN Proteins in Sugarcane Defense Against Pathogens 
Flávia P. Franco1, Renata O. Dias1, Adelita C. Santiago2, Flávio Henrique-Silva2, Daniel S Moura3 and Marcio C Silva-Filho1, 
(1)Laboratório de Biologia Molecular de Plantas, ESALQ, USP., Piracicaba, Brazil, (2)Universidade Federal de São Carlos - 
UFSCar, São Carlos, Brazil, (3)Universidade de São Paulo - USP, Piracicaba, Brazil 
In sugarcane fields, colonization of the stalk by opportunistic fungi usually occurs after Diatraea saccharalis caterpillar attacks. Plants respond 
to pathogens and insect attack by inducing and accumulating a large set of defense proteins. We identified two homologues of a barley wound-
inducible protein (BARWIN) in sugarcane, which were designated SUGARWIN1 and 2 (sugarcane wound-inducible proteins). Although 
BARWIN function has not been fully established, antifungal properties have been described for a number of homologues. SUGARWIN1 and 2 
gene expression are induced in response to wound, methyl jasmonate treatment and Diatraea saccharalis damage. However, the recombinant 
SUGARWIN protein does not affect insect development, but it promotes significant morphological and physiological changes in Fusarium 
verticillioides and Colletotrichum falcatum, which lead to fungal cell death by apoptosis. In this study, we deepen our understanding of the role 
of SUGARWINs in plant defense and the molecular mechanisms by which these proteins affect fungi by elucidating their molecular targets. We 
demonstrated that SUGARWINs induction can vary between sugarcane varieties and can also be induced by C. falcatum. The sugarcane variety 
exhibiting highest level of SUGARWINs induction exhibited a considerable reduction in C. falcatum infection. Furthermore, SUGARWIN1 
exhibited ribonuclease and chitinase activity, whereas SUGARWIN2 exhibited only chitinase activity. This variable enzymatic specificity seems 
to be result of divergent amino acid composition within the substrate-binding site that was demonstrated by protein modeling.  Our results show 
that SUGARWINs play an important role in plant defense against opportunistic pathogens and can be important to red rot disease control. 
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Genome-Wide Association Study in Finger Millet for Resistance to Striga 
Damaris Achieng Odeny, ICRISAT, Nairobi, Kenya 
Finger millet is an important cereal crop in eastern Africa and southern India with excellent grain storage quality and unique ability to thrive 
under extreme environmental conditions. The parasitic weed, Striga hermonthica, is one of the most destructive factors limiting finger millet 
production in Kenya. One hundred finger millet genotypes were evaluated for resistance against Striga under field conditions at Alupe and Kibos 
sites in Western Kenya. The genotypes were planted in control and experimental plots inoculated with Striga. Plant growth of plants was 
monitored from seedling stage to maturity. Data was taken for days to Striga germination and number of Striga plants per plot at 50% flowering 
and 50% maturity. All accessions were genotyped-by-sequencing (GBS) and data analyzed using the non-reference based Universal Network 



Enabled Analysis Kit (UNEAK) pipeline (Lu et al. 2013). Both genotypic and phenotypic data were imported into TASSEL and analysed using 
General Linear Model (GLM) and Mixed Linear Model (MLM). Sequences with SNP markers showing significant association with Striga were 
retrieved and used to search against public databases for functional characterization. Six genotypes showed high resistance to Striga with a mean 
Striga count of 0 while the most susceptible genotype had Striga count mean of 69.17 at maturity. We identified at least 12 SNPs showing 
significant association with Striga and the top 6 were further validated across the same germplasm panel using High-Resolution Melt analysis. 
Our results reveal the power of Next Generation Sequencing in developing functional markers for orphan crops such as finger millet. 
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QTL-Seq for Rapid Identification of Regulating Heading Date and Plant Height in Foxtail Millet (Setaria italica) 
Yuki Yoshitsu, University, Morioka, Iwate, Japan 
Foxtail millet (Setaria italica) has long history cultivation in ancient China. This crop is a member of the Poaceae grasses that is small genome 
(~515 Mb) with a small number of chromosomes (2n = 18). Heading date is an important agronomic trait controlled by quantitative trait loci 
(QTLs). The underlying molecular and genetic mechanisms that regulate heading date remain unclear in foxtail millet. QTL-seq is rapid 
identification of plant QTLs by whole-genome resequencing of DNAs from two populations each composed of 20-50 individuals showing 
different phenotype. In the present study, we applied QTL-seq to foxtail millet F2 populations and identified QTL for heading date in the field. 
Foxtail millet inbred lines Yuikogane (Yui) and Shinanotsubuhime (Shi) were crossed segregating populations for QTL-seq of heading date. 
Field examinations shows that, Yui (50.7± 1.7) headed about 2 weeks earlier than Shi (63 ± 1.3). The segregation of heading date in F2 
population showed transgressive segregation. Most individuals headed intermediate between those of parents, Yui and Shi. However, some 
individuals showed extreme late heading phenotype than those parents. Genome-wide SNP profiling of extreme late heading phenotypic bulks 
from the F2 population identified a significant genomic region, SiHd07 on chromosome 7 for heading date. We designed SNP/indel markers near 
of the QTL candidate region to confirm each individual genotyping in bulk-sample. SiHd07 was mapped to a 0.9 Mb region between 29.8 Mb-
30.7 Mb on chromosome 7. Our results suggest that SiHd07 regulate extreme late heading phenotype but another QTLs affect this phenotype. 
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Comparison of DNA Methylation in AP13 and VS16 Switchgrass (Panicum virgatum) Using High-Throughput Sequencing 
Mollee C Dworkin1, Shaojun Xie2, Malay C. Saha3, Jyothi Thimmapuram2,4 and Venu (Kal) Kalavacharla5, (1)Molecular Genetics 
& Epigenomics Laboratory, Delaware State University, Dover, DE, (2)Purdue University, West Lafayette, IN, (3)The Samuel 
Roberts Noble Foundation, Ardmore, OK, (4)Bioinformatics Core, Purdue University, West Lafayette, IN, (5)Delaware State 
University, Dover, DE 
Switchgrass (Panicum virgatum) has been deemed as a target bioenergy crop by the United States Department of Energy, since the 1990s. 
Switchgrass has high biomass yield from low nutrient input, high water use efficiency, and broad adaptability. The two major ecotypes of 
switchgrass which are lowland (usually 2n = 4x = 36) and upland (usually 2n = 8x = 72). This study compares AP13 (lowland ecotype) and 
VS16 (upland ecotype), both of which are tetraploid. Reads were mapped to the unpublished genome, assembled from AP13 in 18 scaffolds 
(Phytozome V2.1). In these scaffolds 1,505.2 Mb of sequence has been localized, with another 184.3 Mb of sequence that is not localized 
(totaling~1,689.6 Mb).  
Genome annotation and assembly provide resources for the breeding of biotic and abiotic stress-resistant/tolerant plants. Response to stresses is 
correlated with changes in gene expression, which is regulated by transcription factors and also epigenetic factors. Transposable elements (TEs) 
play an important role in the evolution of plants and adaptation to stressful environments. TEs are often found to be heavily methylated in 
heterochromatic regions.  
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. 
 
P0758: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
Molecular Dissection of Quantitative Variation in Bermudagrass Hybrids (Cynodon dactylon x transvaalensis): 
Morphological Traits 
Sameer Khanal1, Andrew H. Paterson2, Brian Shwartz3, Jeffrey Dunne4, Susana R Milla-Lewis4, Jeevan Adhikari5, Susan 
Auckland1, Lisa K. Rainville6, Paul Raymer7 and Changsoo Kim8, (1)University of Georgia, Athens, GA, (2)Plant Genome 
Mapping Laboratory, University of Georgia, Athens, GA, (3)University of Georgia, Tifton, GA, (4)North Carolina State University, 
Raleigh, NC, (5)The University of Georgia, Athens, GA, (6)University of Georgia Plant Genome Mapping Lab, Athens, GA, 
(7)University of Georgia, Griffin, GA, (8)Department of Crop Science, Chungnam National University, Daejeon, Korea, The 
Republic of 
Bermudagrass (Cynodon spp. L.) is the most important warm-season genera grown for forage or turf purposes. It shows extensive variation in 
morphological characteristics and growth attributes, but the genetic basis of this variation is little understood. Detection and tagging of 
quantitative trait loci (QTL) affecting above-ground morphology with diagnostic DNA markers would provide a foundation for genetic and 
molecular breeding applications in bermudagrass. Here, we report early findings regarding genetic architecture of one foliage (canopy height, 
HT), two stolon (stolon internode length, ILEN and length of the longest stolon LLS), and two leaf traits (leaf length, LLEN and leaf width, LW) 
in an interspecific population (110 F1 individuals) derived from a cross between Cynodon dactylon (T89) and C. transvaalensis (T574). For each 
trait, separate and joint environment analyses were performed on phenotypic data collected across 2 to 5 environments (locations, and/or years or 
time). Analysis of variance showed significant differences (P < 0.001) among the hybrids for all response traits. Exploratory analysis of marker-
trait associations detected 74 QTL and 135 epistatic interactions. Composite interval mapping (CIM) and mixed-model CIM (MCIM) identified 
32 main effect QTL (M-QTL) and 13 epistatic QTL (E-QTL). Colocalization of QTL for plant morphology partially explained significant 
correlations among traits. M-QTL qILEN-3-2 (for ILEN), qLLS-7-1 (for LLS), qLEN-1-1 (for LLEN), and qLW-3-2 (for LW) were ‘stable’ 



across multiple environments, representing candidates for fine mapping and applied breeding applications. QTL correspondence between 
bermudagrass and divergent grass lineages promise accelerated progress in predictive breeding of bermudagrass. 
 
P0759: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
Effect of Allele Dosage in the Accuracy of Genomic Selection in Guinea Grass, an Autotetraploid Forage 
Letícia Aparecida de Castro Lara1, Mateus Figueiredo Santos2, Guilherme Da Silva Pereira3, Liana Jank2, Lucimara Chiari2, 
Mariane de Mendonça Vilela2, Zhao-Bang Zeng3 and Antônio Augusto Franco Garcia4, (1)University of São Paulo (ESALQ/USP), 
Piracicaba, Brazil, (2)Embrapa Beef Cattle, Campo Grande, Brazil, (3)North Carolina State University, Raleigh, NC, (4)University 
of São Paulo - Brazil, Piracicaba, Brazil 
Genomic selection (GS) is an effective method to perform predictions of genomic breeding values of genotypes evaluated in breeding programs. 
However, most of the available GS models were developed for diploids and still is not well established for polyploids species. Here, we 
investigate the importance of considering alllele dosage in GS models in autopolyploid species, with applications in Panicum maximum. The 
population was composed by 530 half-sibs from 19 families. Adjusted means were obtained via mixed models analyses from an augmented block 
design experiment evaluating organic matter of leaf (OML) and cellulose of stem (CS). Genotypic data from genotyping-by-sequencing (GBS) 
read depths were obtained in two ways: diploid dosage (DD) using TASSEL-GBS pipeline, and tetraploid dosage (TD) using SuperMASSA 
software. Markers with less than 5% missing data were selected and imputed using random sampling and considering the dosage class proportion 
for each marker. Six genomic models were analyzed using R packages sommer (G-BLUP) and BGLR (BRR, BLASSO, Bayes A, Bayes B, and 
Bayes C). Cross validation was conducted considering family information. For both traits, the use of allele dosage increased the accuracy of GS 
models. The highest accuracy for OML was 0.7376, with Bayes A and TD, and the lowest was 0.6717, with G-BLUP and DD. Considering CS, 
the highest accuracy was 0.5470, with BRR and TD, and the lowest was 0.3591, with G-BLUP and DD. In conclusion, polyploid allele dosage 
increases the accuracy of GS in guinea grass and shows its potential use in breeding programs of autotetraploid species.  
 
P0760: Genome Mapping, Tagging & Characterization: Maize, Sorghum, Millet, Sugar Cane, and related 
Characterizing Environmental Associations and Measuring Ploidy in Switchgrass Using Exome-Capture Data 
Paul Grabowski1, Joseph Evans2, Kelly Shannon3, Emily Crisovan4, Brieanne Vaillancourt2, Shawn Kaeppler5, C. Robin Buell2, 
Yiwei Jiang6 and Michael Casler7, (1)USDA-ARS, Ventura, CA, (2)Department of Plant Biology and DOE Great Lakes Bioenergy 
Research Center, Michigan State University, East Lansing, MI, (3)University of Wisconsin, Dept. of Agronomy, Madison, WI, 
(4)Michigan State University, East Lansing, MI, (5)Department of Agronomy and DOE Great Lakes Bioenergy Research Center, 
University of Wisconsin - Madison, Madison, WI, (6)Department of Agronomy, Purdue University, West Lafayette, IN, (7)USDA 
Dairy Forage Research Center, Madison, WI 
Increasing switchgrass biomass yields is a major goal for developing switchgrass as a bioenergy crop. Environmental stresses, such as drought 
and cold, limit switchgrass productivity, particularly in marginal lands and regions in which high-yielding cultivars are poorly adapted. As such, 
improving tolerance to environmental stresses in switchgrass cultivars grown for bioenergy can increase biomass yields. There is extensive 
natural variation in switchgrass for tolerance to environmental stresses; however, the genetics underlying this variation is poorly understood. 
Switchgrass lives in diverse habitats and climate conditions throughout its extensive native range in North America. Environmental data for 
collection locations from across the range provide information about the stresses to which different switchgrass populations are adapted and can 
be used to better understand the genetics underlying adaptation to different conditions. Here, we use climate data for more that 1000 switchgrass 
plants collected from across the U.S. range and 5 million SNP markers derived from exome-capture sequencing to identify genetic associations 
with environmental conditions. Our results provide initial insight into the genetic architecture of and genetic pathways important for adaptation to 
different environmental stresses in switchgrass. To improve our analysis, we also developed, and demonstrate here, a method to use exome-
capture sequencing data to differentiate the major switchgrass ploidy levels (4X and 8X). Our results provide insights into the genetics of 
adaptation in switchgrass and will inform breeding efforts for producing switchgrass cultivars used for bioenergy production. 
 
P0761: Genome Mapping, Tagging & Characterization: Rice 
Whole-Genome Sequencing of 1504 Mutants Enables Rapid Functional Genomic Studies in Rice 
Guotian Li1, Rashmi Jain1, Nhan T. Pham2, Mawsheng Chern1, Joel Martin3, Anna Lipzen3, Tong Wei4, Wendy Schackwitz3, 
Kerrie W. Barry3, Jeremy Schmutz5 and Pamela Ronald6, (1)UC Davis/JBEI, Davis, CA, (2)UC-Davis, Davis, CA, (3)DOE Joint 
Genome Institute, Walnut Creek, CA, (4)University of California Daivs, davis, CA, (5)Hudson Alpha, Huntsville, AL, (6)Joint 
BioEnergy Institute (JBEI), Emeryville, CA 
Whole-genome sequencing and cataloging of mutations at a single nucleotide resolution provides a useful functional genome resource for 
researchers. To this end, we generated a whole-genome sequenced fast-neutron-induced mutant population in the model rice cultivar Kitaake, 
which completes its life cycle in 9 weeks. We sequenced 1,504 mutant lines (45 fold coverage) and identified 91,513 mutations, affecting 32,307 
genes, 57.7% of all rice genes. Mutation types include single base substitutions, deletions, insertions, inversions, translocations, and tandem 
duplications. We have observed a high proportion of loss-of-function mutations in the mutant collection. To facilitate public access to this 
genetic resource, we established an open access database called KitBase. The 1,504 whole-genome sequenced mutant lines together with the 
open access online resource enable rapid functional genomic studies in rice. 
 
P0762: Genome Mapping, Tagging & Characterization: Rice 
Mining Rice Disease Resistance Genes Using Gramene 
Joshua Stein1, Sharon Wei1, Kapeel Chougule1, Rod A. Wing2 and Doreen Ware1, (1)Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY, (2)Arizona Genomics Institute, University of Arizona, Tucson, AZ 
Disease pathogens severely impact rice production and pose an increasing threat as climate change impacts pest range. Breeding for natural 
resistance is a proven strategy but limited by sources of variation. Wild relatives of rice, collected from around the world, provide an untapped 



reservoir of resistance genes. Taking advantage of an 11-species genome set in Gramene (www.gramene.org) that spans the Oryzeae tribe, we 
discovered over 4500 NLR (nucleotide-binding domain and leucine-rich repeat containing) genes in 28 families. Rapid diversification of 
complex haplotypes by gene expansion and loss is typical of NLR genes, contributing to disease adaptation. Summing over the 28 NLR families 
in the Compara database, we found a 10-fold increase in duplication rates in lineages leading to both Asian and African cultivated rice, consistent 
with selection for resistance traits prior to domestication. Most NLR were positionally clustered, often forming complex arrangements of 
distantly related genes. Yet, clear orthologous relationships and evidence of conserved underlying haplotype structures could be drawn, even 
among more distantly related species. Adjacent heterogeneous pairs, with head-to-head arrangement, showed a disproportionate prevalence, 
conservation, and association with putative integrated decoy domains, suggesting function as coupled NLR gene pairs. Striking variation in 
domain structure suggests that swapping of various decoy domains contributes to the evolution of haplotype diversity and resistance specificity. 
This study has opened a treasure trove of potentially novel resistance functions that may help in the future development and sustainability of rice. 
Funded by NSF awards #1026200 and #1127112. 
 
P0763: Genome Mapping, Tagging & Characterization: Rice 
Predicting GxE in Biomass and Yield of Rice: A New Modelling Method Unifying Crop Models and Genomic Prediction 
Models 
Yusuke Toda1, Hitomi Wakatsuki2, Kaworu Ebana3, Masanori Yamasaki4, Hiromi Kanegae1, Takeshi Hayashi5, Hiroshi 
Nakagawa2, Toshihiro Hasegawa2 and Hiroyoshi Iwata1, (1)The University of Tokyo, Tokyo, Japan, (2)Institute for Agro-
Environmental Sciences, NARO, Ibaraki, Japan, (3)Genetic Resources Center, NARO, Tsukuba, Japan, (4)Food Resources 
Education and Research Center, Graduate School of Agricultural Science, Kobe University, Kasai, Hyogo, Japan, (5)Institute of 
Crop Science, NARO, Tsukuba, Japan 
While the recent development of genomic prediction (GP) for agronomical traits seems remarkable, prediction of yield still has room of 
improvement due to the difficulty of modelling of environmental effect. In this study, we tried to construct prediction models for biomass and 
panicle weight of rice in which both genotypic and environmental effects were considered.  
We cultivated two parental varieties, ‘Kinmaze’ and ‘Koshihikari’, and their 123 RILs in 2014-2015 in an experimental field in Tsukuba, Japan. 
The RILs were genotyped with 362 SNPs.  
We developed a two-step prediction model. In the first step, growth-related traits with low sensitivity to environmental effect were predicted by 
simple GP. Note that heading date was predicted by using DVR (developmental rate) model based on daily temperature and day length. In the 
second step, target traits were predicted based on the growth-related traits either with a crop growth (CG) model or with a machine-learning 
(ML) model. In CG, target traits were predicted as the summation of daily growth, which was calculated from growth-related traits and 
environmental information. In ML, target traits were predicted from the growth-related traits either with multi-linear regression or with random 
forest regression.  
As a result, the model with CG worked better than the simple GP in biomass for both known and unknown environments, although prediction 
accuracy was still low in panicle weight by using all models.  
We conclude that an efficient use of environmental information will enhance the accuracy and robustness of genomic prediction in yield-related 
traits influenced by environmental fluctuations. 
 
P0764: Genome Mapping, Tagging & Characterization: Rice 
Heterosis of An Elite Rice Hybrid Is Greatly Achieved by Manipulating Major QTLs for Yield 
YongZhong Xing, Huazhong Agricultural University, Wuhan, China 
Strong heterosis hybrids have been developed every year in rice, but no studies have attempted to assemble heterosis by direct selection. In this 
study, we try to answer how much hetreosis of an elite rice hybrid Shanyou 63 can be achieved by direct selection for major QTLs. We identified 
thirteen partial dominance QTLs for spikelets per panicle (SPP) using a set of 202 chromosome segment substitution lines (CSSLs) in the female 
parent Zhenshan 97 background. Of them, nine QTLs contribute to yield per plant. Without exception, all hybrids between nine CSSLs each 
harboring one yield QTL and Zhenshan 97 exhibited intermediate performance, indicating that these heterosis loci (HLs) contribute to heterosis 
in a dominance fashion. Four known yield-related genes of Ghd7, Ghd7.1, Hd1 and GS3 were harbored in their substitution segments of four 
CSSLs. Functional and non-functional alleles at these four genes were dispersing in both parents. Quantitative real-time PCR showed that 
functional alleles of these genes were expressed in partial dominance in Shanyou 63 and single segment hybrids. We assembled single segement 
heterosis (SSH) of 8 HLs into Zhenshan 97. The yield per plant and its middle parent heterosis of the hybrid pyramiding 8 HLs reached up to 
87.3% and 75.4% of the original hybrid Shanyou 63, respectively. Five hybrids pyramiding 7 to 9 QTL regions in a mixture genome background 
by crossing two recombinant inbred lines showed similar yield performance to that of Shanyou 63. These results suggest that dominance 
contributed by parental functional complementation is the important contributor to grain yield heterosis, and heterosis assembly is greatly 
achieved by manipulating several major dominance HLs. 
 
P0765: Genome Mapping, Tagging & Characterization: Rice 
Genetic and Molecular Analysis of Anaerobic Germination in Rice 
Sheng-Kai Hsu and Chih-Wei Tung, National Taiwan University, Taipei, Taiwan 
In this research, 153 diverse rice accessions and 144 recombinant inbred lines (RILs) were screened for their responses to submergence at 
germination stage. Differential anaerobic response was observed between Japonica and Indica varieties. Total 88 SNPs identified from genome-
wide association studies (GWAS) were associated with anaerobic germination, and 10 genomic regions were repeatedly detected in this study 
and previous bi-parental QTL studies. A unique and strong signal explaining ~30% of the phenotypic variation was only detected in the RILs 
population. GWAS detected phenotype-genotype association with higher resolution, while bi-parental mapping was able to identify 
subpopulation-related variants not captured by GWAS. This study demonstrated these two approaches are complementary for dissecting the 
genetic architecture of complex traits in rice. By comparative transcriptomic analysis in different rice genotypes with contrasting tolerance to 
submergence, we identified a core set of genes being differentially regulated under submergence between tolerant and sensitive rice genotypes. 



These differential modulations could contribute to the fundamental tolerance in the moderate tolerant and tolerant rice genotypes. Rare allele-
specific gene regulations and genotype-specific adaptive mechanisms could further promote the submergence tolerance in those genotypes with 
extremely adaptive phenotype. Through genetic and comparative transcriptomic aspects, we expected to have more comprehensive insights about 
how rice seedlings of different genotypes to germinate and survive under the oxygen/energy deficit led by submergence and utilize the 
knowledge in the improvement of submergence tolerance in modern rice cultivars. 
 
P0766: Genome Mapping, Tagging & Characterization: Rice 
Cytokinin Delays Flowering in Rice By Inhibiting Ehd1 Protein 
Gynheung An, Kyung Hee University, Yongin, South Korea and Lae-Hyeon Cho, Kyung Hee University, Yongin, Korea, The 
Republic of 
We studied a role of cytokinin in controlling flowering time in rice. Level of trans-zeatin, an active cytokinin, peaked at 24 days after 
germination and reduced to a low level at a stage when florigens are generated. To elucidate whether exogenous cytokinin influences flowering 
time, we applied 6-benzylaminopurine (6-BAP) to plants at the stage when the flowering signals were produced. The cytokinin treatment delayed 
flowering time by 8 to 9 days compared to mock treated plants. In rice, a type-B response regulator (RR), Ehd1, is a major inducer of florigen 
gene expression. Ehd1 transcript was not altered by the treatment but levels of Hd3a and RFT1 transcripts were significantly reduced in response 
to the hormone. These results suggest that exogenous cytokinin reduces florigen genes expression by inhibiting Ehd1 protein. The cytokinin-
inducible type-A RR, OsRR1, physically interacted with Ehd1. In addition, OsRR1-overexpressing plants showed a late-flowering phenotype. 
These observations suggest that cytokinins delay flowering by increasing the levels of OsRR1, which inhibits Ehd1 activity by forming an 
inactive complex. 
 
P0767: Genome Mapping, Tagging & Characterization: Rice 
Analysis of Genes Associated with Grain Shape Traits in japonica Rice Cultivar ‘Daeribbyeo 1’ 
Sang-Nag Ahn1, Kyu-Chan Shim2, Yun-A Jeon2, Ju-Won Kang1 and Hyun-Sook Lee1, (1)Dept. of Agronomy, Chungnam National 
University, Daejeon, South Korea, (2)Dept. of Agronomy, Chungnam National University, Daejeon, Korea, The Republic of 
Grain size controlled by quantitative trait loci (QTL) has a great impact on grain yield and quality in rice. ‘Daeribbyeo 1’ with large grain is 
widely used as genetic materials to develop varieties with diverse grain size. This study was conducted to identify genes controlling grain size 
traits of Daeribbyeo 1. An F2:3 population derived from a cross between two japonica cultivars, ‘Boseogheugchal’ and ‘Daeribbyeo 1’, was used 
to identify QTL controlling grain shape traits. 284 F2 plants were measured for grain length (GL), grain width (GW), grain thickness (GT), 1000 
grain weight (TGW), and two morphological traits, pericarp color and waxy endosperm. 60 F3 lines were selected based on the grain shape traits 
and SSR marker genotypes and evaluated for grain shape traits. SSR markers tightly linked to five known grain size genes and two QTLs were 
selected and used for genotyping. A total of 11 QTLs detected on chromosomes 2, 3, 4 and 6 explained phenotypic variation from 5.3% to 
59.3%. qTGW2, qGW2 and qGT2 were detected in the same region between RM12811-RM12837 that are tightly linked with GW2 gene. qTGW3 
and qGL3 were detected near GS3 gene. To know whether Daeribbyeo 1 has the same mutation in GW2 and GS3 as the various grain-size 
genotypes, GW2 and GS3 of two parents were sequenced. Daeribbyeo 1 had the same one base (A) deletion at a position 316 as ‘WY3’ in GW2 
which results in the loss of function of GW2 gene. Boseogheugchal showed a C-to-A nonsense mutation in the second exon of GS3 gene. 
Interaction between GW2 and GS3 was not significant indicating that two genes controlled grain-size traits in an additive way. The results from 
this study indicate that at least four genes, GW2, qGT4 , qSW5 and qGL6 are associated with the grain size variation in Daeribbyeo 1 with GW2 
as the major QTL..  
 
P0768: Genome Mapping, Tagging & Characterization: Rice 
Evolutionary Insights Based on Haplotype and Phylogenetic Analysis of Red Pericarp, Grain Size and Starch Synthase 
Genes in Wild and Cultivated Rice 
Nisha Singh1,2, Balwant Singh1, Vandna Rai1, Sukhjeet Kaur2 and Nagendra K. Singh1, (1)ICAR-National Research Centre on Plant 
Biotechnology, New Delhi, India, (2)I.K.G. Punjab Technical University, Jalandhar, Punjab, India 
The origin and domestication of rice has been a subject of considerable debate. Rice cultivars have been categorized based on isozyme and DNA 
markers into two broad groups, ‘Indica’ and ‘Japonica’. Among other well-known groups of cultivated rice varieties, ‘Aus’ is closer to Indica and 
‘Aromatic’ including Basmati is closer to Japonica, while deep-water rice varieties belong to both Indica and Japonica cultivar groups. Here, we 
analyzed haplotype network and phylogenetic relationship in a diverse rice germplasm including a large set of Indian O. nivara / O. rufipogon 
wild rice accessions and representative varieties of different rice cultivar groups, based on red pericarp (Rc), grain size (GS3) and eight different 
starch synthase genes (GBSSI, SSSI, SSIIa, SSIIb, SSIIIa, SSIIIb ,SSIVa and SSIVb). Our results show a polyphyletic origin of the cultivated rice. 
It further indicated that O. nivara / O.rufipogon accessions from wide geographical regions of India have the ancestral haplotypes of all the ten 
genes analyzed and in some cases the cultivated rice alleles were shared by wild rice populations which could be their probable progenitors. 
There is a complex pattern of migration of domestication alleles from wild rice to different rice cultivar groups. These findings will be useful in 
understanding the domestication history of rice and utilization of wild rice germplasm in genetic improvement of rice cultivars. 
 
P0769: Genome Mapping, Tagging & Characterization: Rice 
Genetic Variation for Traits Associated with Domestication Identified in a Cultivated Rice, Nipponbare (Oryza sativa ssp. 
japonica) x Ancestral Rice, O. Nivara, Mapping Population 
Georgia C. Eizenga1, Paul L Sanchez2, Aaron K. Jackson1, Jeremy D. Edwards1, Bonnie L. Hurwitz3, Rod A. Wing4 and David 
Kudrna5, (1)USDA-ARS Dale Bumpers National Rice Research Center, Stuttgart, AR, (2)Rice Experiment Station (RES), Biggs, 
CA, (3)University of Arizona, Tucson, AZ, (4)Arizona Genomics Institute, University of Arizona, Tucson, AZ, (5)Arizona 
Genomics Institute, Tucson, AZ 
Oryza nivara, the progenitor of cultivated rice, O. sativa, has been the source of novel alleles for resistance to biotic and abiotic stresses, as well 
as for yield improvement. Many of these alleles were lost during the domestication process. To determine the molecular changes that occurred 



during domestication, the O. sativa ssp. japonica variety, Nipponbare, from which a reference sequence (RefSeq) was developed, was crossed 
with the O. nivara accession (IRGC100897), from which BAC-end sequences (BES) were derived. The mapping population composed of 279 
F2 progeny lines derived from this cross was phenotyped for 19 traits important to domestication and yield improvement, including vegetative 
and reproductive plant traits (culm and basal sheath color, culm angle, days to heading), mature plant traits (plant height, seed shattering, flag 
leaf length and width, panicle length and type) and seed traits (awn length and color, seed and pericarp color, seed length, width, length-to-width 
ratio, volume and surface area). The population was genotyped using 95 SSR markers and 114 single nucleotide variation (SNV) markers, 
selected by comparing the Nipponbare RefSeq and O. nivara BES. At least one major QTL was identified for each trait evaluated, and for 28 of 
the 46 QTL, the trait increase was attributed to the allele contributed by the O. nivara parent. Candidate genes were identified in 37 of the QTL 
regions. This study validated SNV markers that can be used for mapping in populations with a wild species parent. In the future, SNVs could be 
used for marker-assisted selection to introgress desirable, novel alleles for stress resistance and yield improvement, identified in rice wild species 
like O. nivara into elite, adapted O. sativa varieties. 
 
P0770: Genome Mapping, Tagging & Characterization: Rice 
Detection of a Genetic Locus, Plays a Role in Determining High Amylose Content in Rice Using Whole Genome Re-
Sequencing 
Heng Wang1, Da-Eun Im1, Seong-Gyu Jang1, Ah-Rim Lee1, So-Yeon Park1, Ji-Ung Jeung2 and Soon Wook Kwon1, (1)Pusan 
National University, Miryang, Korea, The Republic of, (2)National Institute of Crop Science, RDA, Wanju, South Korea 
Goami2, mutant cultivar mediated by NMU, is well known as its extinguishing endosperm characteristics. One of the most extraordinary 
endosperm characteristic is high level of amylose content, even though the hulled rice is totally opaque. There have been many studies to address 
the unique physico-chemical properties and possible usages as a healthy and functional food ingredient, especially, the high-amylose rice had a 
positive effect on lowering the blood glucose response in obesity and type 2 diabetes. Genetic linkage map was constructed based on the 
genotypes of 112 F2 progenies derived from Goami2 (japonica) / Milyang23 (indica) by using a total 324 SSR and SNP markers. The high 
amylose content of Goami2 was directed by a major recessive locus located in the 19.34-19.70Mbp region of chromosome 2. Out of a hundreds 
SNP within Goami2 and its wild type (Ilpum) on candidate region, we developed a CAPs marker entirely co-segregated with high amylose 
content. 
 
P0771: Genome Mapping, Tagging & Characterization: Rice 
Application of Forward and Reverse Genetics to Identify Rice Mutants with Altered Starch Traits 
HyunJung Kim, Dept. of Plant Sciences, UC Davis, Davis, CA, Mi-Ra Yoon, Dept. of Central Area Crop Science, National 
Institute of Crop Science, Suwon, South Korea, Areum Chun, Dept. of Central Area Crop Science, National Institute of Crop 
Science, Suwon, Korea, The Republic of and Thomas H. Tai, USDA-ARS, Davis, CA 
Rice (Oryza sativa L.) is unique among major cereal crops as the vast majority is used directly for human consumption as whole milled kernels. 
In this form, rice starch provides the bulk of the daily calorie intake for billions of people worldwide. Major differences in local, eco-regional, or 
social-cultural preferences require the development of a wide array of grain quality characteristics to meet the needs of diverse consumers. 
Forward and reverse genetic approaches were applied to identify mutants of interest from populations derived from chemical mutagenesis of the 
varieties Nipponbare and Kitaake. Forward screens based on visual evaluation of grains for altered translucence resulted in the identification of 
about 30 mutants which are currently being evaluated for changes in starch properties. Targeting of Induced Local Lesions in Genomes 
(TILLING) and targeted sequencing by exon capture have been employed to identify mutations in starch synthesis genes. A total of 63 putative 
mutations in eight target genes were identified by TILLING. Of these mutations, 29 in six genes were confirmed by Sanger sequencing and lines 
carrying homozygous mutations were isolated. Most of these mutations are novel based on comparison to the natural variation present in the O. 
sativa germplasm of the 3,000 rice genomes project. Scanning electron microscopy and physicochemical tests are being performed to evaluate 
the effect of the mutations on grain quality. Genetic studies are underway to identify the mutations underlying the mutants identified in forward 
screens and to examine the effects of combining mutant alleles of starch synthesis genes. 
 
P0772: Genome Mapping, Tagging & Characterization: Rice 
Identification and Characterization of Reduced Epicuticular Wax Mutants in Rice (Oryza sativa L.) 
Thomas H. Tai, USDA-ARS, Davis, CA 
Epicuticular wax forms the outermost protective barrier of the aerial surfaces of land plants and works in concert with other components of the 
plant cuticle to prevent uncontrolled loss of water and provide protection against an array of external environmental stresses. In this study, 
chemically-mutagenized populations of rice (Oryza sativa L.) derived from approximately 4,750 M2 families were screened for adhesion of 
water droplets resulting in a wet leaf/glossy (wlg) phenotype. Mutants were identified in eleven independently-derived M2 families. SEM 
analysis confirmed the association of the wlg phenotype with changes in the epicuticular wax crystals of these plants. The phenotypes of five of 
these mutants were confirmed to be the result of single recessive gene mutations. Evaluation of mutants from three of the eleven M2 families 
revealed significant reductions (> 50%) in surface wax content and increased cuticle membrane permeability. 
 
P0773: Genome Mapping, Tagging & Characterization: Rice 
Genome-Wide Association Study Identifies Main Factors Controlling the Anthocyanidin Accumulation in Rice Leaves 
Jie Zheng1, Zaihui Zhou1, Hao Wu1, Zijin Weng1, Huabing Zhu1 and Hao Chen2, (1)National Key Laboratory of Crop Genetic 
Improvement and National Centre of Plant Gene Research (Wuhan), Huazhong Agricultural University, Wuhan, China, (2)National 
Key Laboratory of Crop Genetic Improvement and National Centre of Plant Gene Research, Huazhong Agricultural University, 
Wuhan, China 
Genome-wide association study (GWAS) has been widely used to detect associations between genes and crop traits. Anthocyanidin is a natural 
pigment for protection from damage by biotic and abiotic stresses and for reproduction. The synthesis of anthocyanidin in plants mainly involves 
7 to 8 structural genes and several regulatory transcription factors. The anthocyanidin contents in leaves of 49 wild rice species were analyzed 



using high performance liquid chromatography (HPLC). The result showed that anthocyanidin accumulation was detected more or less in most 
wild rice species, indicating that the anthocyanidin accumulation is a common phenotype in wild rice. However, purple leaf is a rare phenotype 
in cultivated rice, demonstrating it is a trait with artificial selection during rice demonstration. The anthocyanidin in leaves of a worldwide 
germplasm collection consisting of 533 rice landraces were measured by HPLC, and then GWAS was conducted. The result would help illustrate 
the key factors under artificial selection for non-anthocyanidin phenotype during rice demonstration. 
 
P0774: Genome Mapping, Tagging & Characterization: Rice 
Targeting a Peppermint (E)-β-Farnesene Synthase into the Rice Chloroplast Enhanced the Ability of the Transgenic Rice 
Emitting (E)-β-Farnesene 
Liang Gao1, Jing-Jiang Zhou2, Yulan Zou3, Fei Zhou1, Hao Chen1 and Yongjun Lin1, (1)National Key Laboratory of Crop Genetic 
Improvement and National Centre of Plant Gene Research, Huazhong Agricultural University, Wuhan, China, (2)Department of 
Biological Chemistry and Crop Protection, Rothamsted Research, Harpenden, United Kingdom, (3)College of Life Science and 
Technology, Huazhong Agricultural University, Wuhan, China 
In order to improve the yield of (E)-β-Farnesene (EβF) in the transgenic rice for aphid control, we used the promoter of small subunit of Rubisco 
(PrbcS) from rice couple with its own chloroplast transit peptide (ctp) to target a peppermint (E)-β-Farnesene synthase (EβFS) into the rice 
chloroplast. The expression of EβF synthase in the PrbcS:ctp:EβFS transgenic rice was increased by 6.5-16.6 folds compared with the 
P35S::EβFS transgenic rice. Meanwhile, the EβF released by the rice seedlings reached to µg/day level for the first time. Under the greenhouse 
condition, the maximum EβF released by the T3 transgenic plants at tillering stage was up to 12.7 µg/day/plant. Therefore, this study not only 
confirmed that targeting EβF synthase into the rice chloroplast could effectively enhance the ability of the transgenic rice to produce EβF, but 
also provided new materials for rice aphid resistance research. 
 
P0775: Genome Mapping, Tagging & Characterization: Rice 
Use of Mechanistic and Empirical Models of Photosynthesis to Explore Genetic Variation in Rice 
Kusum Naithani1, Jackson Massanelli1, Madeleine Meadows-McDonnell2, Carly Konzelman1, Jessica Moon1, Julie Thomas1, Anuj 
Kumar1 and Andy Pereira1, (1)University of Arkansas, Fayetteville, AR, (2)Smith College, Fayetteville, AR 
Meeting agricultural water demands is becoming progressively difficult due to population growth and changes in climate. Breeding stress-
resilient crops is a viable solution, as information about genetic variation and their role in stress tolerance is becoming available due to 
advancement in technology. We used mechanistic and empirical models to explore the genetic variation of photosynthesis across eight diverse 
rice genotypes under greenhouse conditions. These include the Asian rice (Oryza sativa) genotypes, drought sensitive Nipponbare, and a 
transgenic line overexpressing the HYR gene in Nipponbare; six genotypes (Vandana, Bengal, Nagina-22, Kaybonnet, Ai Chueh Ta Pai Ku) and 
an African rice O. glaberrima, all screened for key photosynthetic parameters such as the maximum carboxylation rate (Vcmax), the maximum 
electron transport rate (Jmax), the maximum gross photosynthesis rate (Pmax), daytime respiration (Rd), quantum yield (phi), and stress on 
photosystem II. We collected CO2 and light response curve data under well-watered and simulated drought conditions in greenhouse. Our results 
suggest that O. glaberrima and Nipponbare were the most sensitive to drought because Vcmax and Pgmax declined under drought conditions; 
drought tolerant genotypes did not show significant changes in these model parameters. Our integrated approach, combining genetic information 
and photosynthesis modeling, adds a new dimension to genetic data and provides improved information for plant breeders to improve crop yield 
under stress conditions. 
 
P0776: Genome Mapping, Tagging & Characterization: Rice 
On the Origin of Burst of MITE Element mPing in Rice Population 
Jinfeng Chen, University of Riverside, California, Riverside, CA, Lu Lu, University of California, Riverside, Riverside, CA, Jason 
Stajich, University of California Riverside, Riverside, CA and Susan Wessler, University of California, Riverside, CA 
Transposable elements occupy substantial proportion of eukaryotic genomes. Their movements are sources of genetic innovations. Miniature 
Inverted-repeat Transposable Elements (MITEs) are deletion derivatives of autonomous DNA transposons and in great abundance in plant 
genomes. MITE element mPing is an active transposon in rice and has amplified to high copy number in several rice strains. The insertion sites 
of mPing are highly associated with protein-coding genes and contribute to innovation of regulatory network of nearby genes in rice. However, 
the mechanism of how mPing amplification is activated in rice population is not fully understood. In this study, we have characterized the copy 
number of mPing elements and their autonomous elements Ping and Pong in rice population. The amplification of mPing in temperate japonica 
rice is associated with amplification of Ping elements in the same group of rice. Particularly, a special Ping locus that inserted in another 
transposable element is shared in strains carrying high copy number of mPing and associated with high copy number of mPing in rice population, 
suggesting its role in accumulation of mPing and Ping in rice genome. We will also discuss the dynamics of mPing burst in rice and wild rice 
genomes and their implications to rice genome evolution. 
 
P0777: Genome Mapping, Tagging & Characterization: Rice 
Analysis of Quantitative Trait Loci of Allelopathic Trait in Rice 
Gi-Won Cho, Yong-Taek Oh, Min-Jeong Ahn and Ill-Min Chung, Konkuk University, Seoul, Korea, The Republic of 
In this study, allelopathy of F8 RILs in Nongan(low allelopathic cultivar) X Sathi(high allelopathic cultivar) were screened using ‘ECAM(Equal 
Compartment Agar Method)’. Incu Tissue (72x72x100mm) filled with 30mL of 0.3% nutrient-free water agar were sown with the germinated 
seedlings of each rice cultivar. After 1 week of growth, germinated lettuce seedlings were added to the other half of the Incu Tissue. The lettuce 
seedlings were removed after one week of co-existence with the rice seedlings and measured root length, shoot length, root weight, shoot weight. 
Using this data we made a distribution chart and it appeared normal distribution. In order to identify the gene related to allelopathy, total 56 SSR 
marker distributed through 12 chromosomes were conducted to interval mapping. One major QTL was on chromosome 3 and three minor QTL 
were on chromosome on chromosome 5, 9, 12. For fine-mapping of QTL, for the analysis of quantitative trait loci. These SSR markers are linked 



on 12 chromosomes in rice. QTL related to high allelopathic potential similarly with sathi were between RM143 and RM517 on chromosome 3. 
Q-seq of the 10 highest allelopathic lines and the 10 lowest allelopathic lines will be presented. 
 
P0778: Genome Mapping, Tagging & Characterization: Rice 
Genomic Selection for Water Use Efficiency in japonica Rice and Evaluation of Different Parameters Implicated on the 
Accuracy Level 
Manel Ben Hassen1, Tuong-Vi Cao2, Jaquin Lavalle2, Cinzia Colombi3, Gabriele Orasen1, Joel Rakotomalala4, Lisy 
Razafinimpiasa4, Cecilia Bertone1, Chiara Biselli5, Luigi Cattivelli6, Nourollah Ahmadi2 and Giampiero Valè5, (1)Department of 
Agriculture, University of Milan, Milano, Italy, (2)CIRAD, Montpellier Cedex 5, France, (3)Fondazione Parco Tecnologico 
Padano, Lodi, Italy, (4)FOFIFA, Antananarivo, Madagascar, (5)CREA Rice research unit, Vercelli, Italy, (6)CREA Genomics 
research centre, Fiorenzuola d'Arda, Italy 
Conjunction of high-throughput marker technologies and new statistical methods has recently given birth to a new breeding strategy called 
genomic selection (GS). The method use genome-wide dense marker genotyping for the prediction of genetic values (GEBV) with enough 
accuracy to allow selection based on GEBV alone. We present here GS for water use efficiency in rice, in the framework of a pedigree breeding 
scheme. The training population (TP) was composed of 284 accessions belonging to temperate and tropical japonica rice groups. The candidate 
population (CP) was composed of 99 F5-F7 lines derived from 36 crosses involving 32 accessions of TP. The two populations were genotyped 
with an average marker density of 4.8 per kb, with MAF 2.5%. Phenotypic traits considered included flowering time (FL), grain yield (GY) and 
nitrogen balance index (NI) under conventional irrigation (CI) and aerobic system (AS). Phenotypes were modeled using two statistical 
regression methods: genomic best linear unbiased prediction (GBLUP) and reproducing kernel Hilbert Space (RKHS). The models were tested 
with three incidence matrixes corresponding to densities of 4.8, 9.5 and 13.8 marker per kb, and to linkage disequilibrium (LD) thresholds of 
r2≤1, r²<0.98 and r²<0.81 to investigate effect of the method and level of LD. Results of interpopulation prediction in rice breeding provided 
accuracies of GEBV prediction reasonably high for GY (0.41; Sd=0.03) and for NI (0.36; Sd=0.04), low for FL (0.26; Sd = 0.07), that need to be 
optimized by exploring potential effect of population structure within both TP and CP. 
 
P0779: Genome Mapping, Tagging & Characterization: Rice 
Genome Wide Association Study of Water Use Efficiency and Drought Resistance Traits in Rice 
Anuj Kumar, Julie Thomas, Suprtim Basu, Ramegowda Venkategowda, Ainong Shi, Sara Yingling and Andy Pereira, University 
of Arkansas, Fayetteville, AR 
Rice (Oryza sativa L.) is an important cereal crop that uses 30% of the global fresh water resources during its life cycle. Water deficit causes loss 
of rice crop productivity, with drought a major challenge limiting rice production. Drought affects various physiological processes 
(photosynthesis, water use efficiency, stomatal conductance), crucial processes for plant growth and production of assimilates that reduce rice 
grain yield. However, the abundant diversity of rice has naturally evolved genetic variation for water use efficiency and drought resistance, from 
which favorable loci can be identified for improvement of rice productivity traits for superior biomass, economic yield, WUE and drought 
tolerance (Impa et al., 2005). The USDA rice mini-core collection has been screened for multiple productivity and yield traits, and is being used 
for genome wide association study (GWAS) to identify the genetic resources and favorable loci for improving WUE and other drought resistance 
related traits in rice. A global level genetic analysis of WUE and drought resistance related traits within the natural genetic variation available 
will help uncover diverse sources and characterize genetic loci for plant genomics and breeding, and provide an understanding of mechanisms 
useful for improving WUE and drought resistance of rice cultivars. The improved productivity of the rice crop under drought and other abiotic 
stresses remains as one the most important current and future challenges in plant genomics & breeding for stabilizing crop production with the 
challenges of climate change. 
 
P0780: Genome Mapping, Tagging & Characterization: Rice 
Understanding the Molecular Basis of Transgressive Phenotypes in Rice: A Case Study on Novel Dehydration Stress 
Tolerance Mechanisms in Recombinant Inbred Lines Derived from Dehydration-Sensitive Parents 
Jake Michael Gendron1, Ai Kitazumi2, Isaiah Pabuayon2, Kevin R. Cushman2 and Benildo G. de los Reyes2, (1)Texas Tech 
University, Lubbock, TX, (2)Department of Plant and Soil Science, Texas Tech University, Lubbock, TX 
In order to address the ‘ten billion people question’, the mechanisms behind genetic network rewiring and how they contribute to novel stress 
tolerance phenotypes in transgressive segregants produced by conventional breeding must be elucidated. Such an effort represents the marriage 
of the classic paradigms of plant breeding and the modern paradigms of genome biology, towards climate-resilient rice varieties for the 21st 
century. We reexamined the recombinant inbred line (RIL) population derived from IR29 (salinity-sensitive) x Pokkali (salinity-tolerant) within 
the context of responses to dehydration (i.e., 10% PEG8000 in hydroponics). Capitalizing on the quantitative physiological variation for salinity 
stress that we revealed in this population, of which some parameters appeared to be relevant also to dehydration, we pose the question of whether 
transgressive dehydration tolerance might exist in this population although neither of the parents was drought tolerant. To this end, using this 
simple experimental system, we are testing the hypothesis that physiological factors responsible for salinity tolerance in Pokkali may be 
recombined with various cryptic but complementary or enhancing attributes of IR29, to reconfigure the dehydration response mechanisms.  
Our results suggest that recombination between IR29 and Pokkali led to novel combinations of cryptic physiological attributes from each parent, 
creating positive effects in certain RILs. Transgressive phenotypes for salinity and dehydration segregated independently, implying distinct 
network configurations in the transgressive RILs for each trait. We present the results of our initial efforts to dissect the rewired regulatory and 
physiological networks among transgressive RILs at the levels of mRNA and miRNA transcriptomes. 
 
P0781: Genome Mapping, Tagging & Characterization: Rice 
Functional Genomics and Transcriptomics on Abiotic Stresses in Rice 
Ramachandran Srinivasan, National University of Singapore, Singapore, Singapore 



To better understand abiotic stress tolerant mechanism and to further improve rice varieties in their tolerance, we have carried out studies on 
functional genomics and transcriptomics. We have developed an efficient two-element maize Activator/Dissociation (Ac/Ds) gene trapped 
system and generated around 20,000 Ds insertion rice lines. We subjected these lines to drought, high salinity and cold stress screens and 
evaluated these lines and their tagged genes. Our data show that random Ds insertions into the rice genome have led to various variations in 
response to these stresses. Although hundreds of genes might contribute to abiotic stress tolerance, knock-out of single gene could significantly 
increase or decrease rice tolerance. We have also genome-widely identified genes with differential expression under drought and high salinity 
stresses between tolerant and sensitive rice lines. These genes encode various proteins functioning as transcription factor, kinase, and 
phosphatase as well as in detoxification, iron homeostasis, and hormone biosynthesis and so on. We have over-expressed two of these genes 
independently in the rice genome. One of them is OEX2 encoding an ethylene-responsive transcription factor and another one is OEX3 encoding 
a homeobox associated leucine zipper. Transgenic plants showed statistically higher biomass yield, stronger roots and taller plant height when 
compared with the wild type plants under high salinity or drought stress. Further investigation showed that these two genes played roles in ABA-
dependent stress signaling pathway and after overexpression of OEX3, some stress-related genes were up- or down-regulated, which might also 
contribute to the improved tolerance to these stresses. 
 
P0782: Genome Mapping, Tagging & Characterization: Rice 
QTL Mapping of Grain Quality Traits Using Introgression Lines Carrying Oryza rufipogon Chromosome Segments in 
japonica Rice 
Sang-Nag Ahn1, Yeo-Tae Yun2, Chong-Tae Chung3, Yeong-Ju Lee3, HanJung Na3, Jae-Chul Lee3, Sun-Gye Lee4, Young-Hwan 
Yoon3, Ju-Won Kang1 and Hyun-Sook Lee1, (1)Dept. of Agronomy, Chungnam National University, Daejeon, South Korea, 
(2)Chungnam Agricultural Research and Extension Services, Yesan, South Korea, (3)Chungnam Agricultural Research and 
Extension Services, Yesan, Korea, The Republic of, (4)Chungcheongnamdo Agricultural Research and Extension Services, Yesan, 
Korea, The Republic of 
Improved eating quality is a major breeding target in japonica rice due to market demand. Consequently, quantitative trait loci (QTL) for 
glossiness of cooked rice and amylose content associated with eating quality have received much research focus because of their importance in 
rice quality. In this study, QTL associated with 12 grain quality traits were identified using 96 introgression lines (IL) of rice developed from an 
interspecific cross between the Korean elite O. sativa japonica cultivar ‘Hwaseong’ and O. rufipogon over seven years. QTL analyses indicated 
that QTL qDTH6 for heading date, detected on chromosome 6 is associated with variance in grain traits. Most QTLs detected in this study 
clustered near the qDTH6 locus on chromosome 6, suggesting the effect of qDTH6. O. rufipogon alleles negatively affected grain quality traits 
except for a few QTLs, including qGCR9 for glossiness of cooked rice on chromosome 9. To characterize the effect of the O. rufipogon locus 
harboring qGCR9, four lines with a single but different O. rufipogon segment near qGCR9 were compared to Hwaseong. Three lines (O. 
rufipopgon ILs) having O. rufipogon segment between RM242 and RM245 in common showed higher glossiness of cooked rice than Hwaseong 
and the other line (Hwaseong IL), indicating that qGCR9 is located in the 3.4-Mb region between RM242 and RM245. Higher glossiness of 
cooked rice conferred by the O. rufipogon allele might be associated with protein content considering that three lines had lower protein content 
than Hwaseong (P<0.1). These three O. rufipogon ILs showed higher yield than Hwaseong and Hwaseong IL due to increase in spikelets per 
panicle and grain weight indicating the linkage of qGCR9 and yield component QTLs. The qGCR9 locus is of particular interest because of its 
independence from other undesirable grain quality traits in O. rufipogon. SSR markers linked to qGCR9 can be used to develop high-quality 
japonica lines and offer a starting point for map-based cloning of genes underlying this trait. To our knowledge, this is the first report to map a 
beneficial QTL for glossiness of cooked rice from a wild rice, O. rufipogon.  
 
P0783: Genome Mapping, Tagging & Characterization: Rice 
Potential for GWAS of the Irrigated Rice Population CNA12S Conducted by Recurrent Selection 
Odilon P. Morais Jr., Universidade Federal de Goiás, Goiânia, Brazil and Flavio Breseghello, Embrapa, S. Antônio de Goiás, 
Brazil 
The results of genome-wide association studies (GWAS) depend on the genetic diversity and genetic structure of the panel under analysis. We 
studied the potential of the irrigated rice population CNA12S, conducted by recurrent selection, as a GWAS panel. This population was 
synthesized by intercrossing ten indica elite lines with six sources of disease resistance, followed by one backcross and one recombination in 
partial diallel crossing. The population went through three cycles of recurrent selection, preserving effective population size >50 in each cycle 
and doing manual recombination of selected families for preserving nearly balanced parental contribution. A set of 174 progenies of the third 
cycle were genotyped with 6174 SNP markers and phenotyped for agronomic traits, grain quality and disease resistance. The analysis of genetic 
structure failed to reveal relevant population subdivision, such that most of the genetic variance among progenies remains useful for GWAS. LD 
decay is on the range of 500 kb, which gives a reasonable balance between statistical power and mapping resolution. Phenotypic data presented 
high genetic variance and heritability. The use of F2:4 progenies increases the power of detection of additive genetic effects, in comparison with 
a panmictic population. Our results indicate that the recurrent selection population CNA12S presents genetic characteristics that make it suitable 
for GWAS. 
 
P0784: Genome Mapping, Tagging & Characterization: Rice 
A Green Revolution-Related Allele from Taiwan to the World 
Fu-Jin Wei1,2, Yuan-ching Tsai1, Yann-rong Lin2 and Yue-ie C. Hsing1, (1)Institute of Plant and Microbial Biology, Academia 
Sinica, Taipei, Taiwan, (2)Department of Agronomy, National Taiwan University, Taipei, Taiwan 
The rice Green Revolution (GR) at the 60’S had increased agricultural production by more than two fold worldwide. The rice breeders are 
currently working on the second GR, either through traditional plant breeding process to accumulate good trait, or via molecular biological 
technique, but still have a gap between expectation and reality. One of the opportunities to fill the gap was using the recent 3000 rice genome 
project (3K-RGP), which contain NGS data from 3000 rice varieties or landraces. With the information obtained from the 3K-RGP, people may 
perform alleles mining for further usage such as assembling a MAGIC population. The key gene for the first GR is a lost-of-function of Semi-



dwarf1 (SD1) gene, came from an old Taiwan landrace, Dea-Gee-Woo-Gen (DGWG). In the current study, we investigated multiple alleles of 
SD1 using the 3K-RGP data. The result showed about five hundred accessions consisted of DGWG sd1 alleles, including some varieties from 
Taiwan, IRRI and countries worldwide. The Kasalath, i.e. full-function SD1 allele, however, were present in one-third of 3K project. The 
Nipponbare, i.e. partial-function SD1 allele had present in one-fourth of 3K project. That is, sd1 allele had a narrow diversity in the germplasm. 
Thus, we advise rice breeders to use the widely collected genomic information for choosing parental lines to include demanded traits and keep 
the diversity. 
 
P0785: Genome Mapping, Tagging & Characterization: Rice 
Population Genomics Identifies the Origin and Signatures of Selection of Korean Weedy Rice 
Qiang He, Kongju National University, Chungnam, South Korea, Kyu-Won Kim, Kongju National University, Yesan, South Korea 
and Yong-Jin Park, Kongju National University, Chungnam, Korea 
Weedy rice is the same biological species as cultivated rice (Oryza sativa); it is also a noxious weed infesting rice fields worldwide. Its formation 
and population-selective or -adaptive signatures are poorly understood. In this study, we investigated the phylogenetics, population structure, and 
signatures of selection of Korean weedy rice by determining the whole genomes of 30 weedy rice, 30 landrace rice, and 10 wild rice samples. 
The phylogenetic tree and results of ancestry inference study clearly showed that the genetic distance of Korean weedy was far from the wild rice 
and near with cultivated rice. Furthermore, 537 genes showed evidence of recent positive or divergent selection, consistent with some adaptive 
traits. This study indicates that Korea weedy rice originated from hybridization of modern indica/indica or japonica/japonica rather than wild 
rice. Moreover, weedy rice is not only a notorious weed in rice fields, but also contains many untapped valuable traits or haplotypes that may be 
a useful genetic resource for improving cultivated rice. 
 
P0786: Genome Mapping, Tagging & Characterization: Rice 
Genome Diversity and Domestication in African Rice: A Genome-Wide Analysis By High-Depth Sequencing of Wild and 
Cultivated African Rice 
Christine Tranchant-Dubreuil1, Philippe Cubry2, Cécile Monat1, Anne Celine Thuillet2, Nora Scarcelli2, Olivier Francois3, Karine 
Labadie4, Stefan Engelen5, François Sabot1 and Yves P. Vigouroux2, (1)IRD - UMR DIADE, Montpellier, France, (2)IRD, 
Montpellier, France, (3)Grenoble INP TIMC-IMAG, Faculty of Medicine, Grenoble, France, (4)CEA, Evry, France, (5)CEA - 
Genoscope, Evry, France 
African rice, Oryza glaberrima, and Asian rice, Oryza sativa, have independent domestication processes. O. glaberrima is thought to have been 
domesticated in West Africa from the wild progenitor Oryza Barthii. Asian rice was introduced from the 16th century and has partly replaced O. 
glaberrima.  
To gain insight into the rice domestication process in Africa, we re-sequenced a unique dataset of 162 cultivated and 87 wild accessions. This 
sequencing was performed at a high depth with a 35x mean coverage. This high-quality sequencing allowed to identify 5.537.879 high-quality 
single-nucleotide polymorphisms (SNPs). Strong population structure was observed between the wild accessions, while structure was much 
lower in the cultivated group. We identified strong domestication-selective sweeps. Finally, approximate bayesian analysis and spatial modeling 
were performed to understand where and when domestication occurred and how the domesticated crops have spread. We identified both a strong 
bottleneck associated with the domestication, and a recent crash in the cultivated population certainly associated with the replacement of 
cultivated African rice by Asian rice.  
The final output of this study provides genome-wide variations for wild and cultivated African rice useful for the identification of new genes and 
for the development of genome-wide association studies. Such resources will help speed up rice improvement in Africa. 
 
P0787: Genome Mapping, Tagging & Characterization: Rice 
Chromosome Number Reduction and Genomic Changes in Grasses 
Jinpeng Wang, North China University of Science and Technology, Tangshan, China 
Rice is one of the most researched model plant, and has a genome structure most resembling that of the grass common ancestor after a grass 
common tetraploidization ~100 million years ago. There has been a standing controversy whether there had been 5 or 7 basic chromosomes, 
before the tetraploidization, which were tackled but could not be well solved for the lacking of a sequenced and assembled outgroup plant to have 
a conservative genome structure. Recently, the availability of pineapple genome, which has not been subjected to the grass-common 
tetraploidization, provides a precious opportunity to solve the above controversy and to research into genome changes of rice and other grasses. 
Here, we performed a comparative genomics analysis of pineapple and rice, and found solid evidence that grass-common ancestor had 2n =2x 
=14 basic chromosomes before the tetraploidization and duplicated to 2n = 4x = 28 after the event. Moreover, we proposed that enormous gene 
missing from duplicated regions in rice should be explained by an allotetraploid produced by prominently divergent parental lines, rather than 
gene losses after their divergence. This means that genome fractionation might have occurred before the formation of the allotetraploid grass 
ancestor. 
 
P0788: Genome Mapping, Tagging & Characterization: Rice 
Increasing Ligation Efficiency and Reducing Bias for Small RNA Library Prep with Plant Samples 
Suk Ho Eun, Kevin Allen, Dawn Obermoeller and Masoud Toloue, Bioo Scientific, Austin, TX 
MicroRNAs (miRNAs) are 18-22 nucleotide long non-coding small RNAs that regulate protein expression involved in various cellular process 
such as development, growth, and physiology. Many studies have shown that miRNA expression in plants is altered by stress-response and 
environmental changes. Thus, the analysis of miRNA profiles using next generation sequencing can be beneficial to our understanding of stress 
tolerance of crops and other plants. Although miRNAs in plants and animals share many similarities, most mature miRNAs in plants contain 2’-
O-methylation at the 3’ end. Typically the 3’ adapter ligation is the first step in small RNA library construction. 2’-O-methylation of plant 
miRNAs reduces ligation efficiency of the 3’ OH, making plant miRNA libraries difficult to generate. Here, we show that miRNA profiling from 
corn and rice using total RNA inputs can be successfully achieved using the NEXTflex™ Small RNA Sequencing Kit v3, without library 



purification from PAGE gels. Extending the ligation incubation step increases library yield. Importantly, many putative novel miRNAs were 
discovered with the NEXTflex™ Small RNA Sequencing Kit v3 that were not discovered by other methods. Thus, this protocol allows 
generation of reduced-bias small RNA libraries from plant total RNA without the tedious step of gel-based size selection, enabling researchers to 
discover and profile more small RNAs from more samples than with traditional methods. 
 
P0789: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Gene Expression Evolution during Sunflower Domestication 
Ray H. B. Watson, University of Virginia & University of California, Berkeley, Berkeley, CA and Benjamin K. Blackman, 
University of California, Berkeley, Berkeley, CA 
Characterizing the developmental and historical context of the genetic changes underlying phenotypic evolution is a key facet in studying the 
process of adaptation. Domestication offers an ideal case study for adaptive evolution by providing a circumscribed timeline over which many 
traits dramatically evolve under selection. During the last 5000 years of domestication, the common sunflower, Helianthus annuus, underwent 
selection for dramatic phenotypic evolution including the loss of seed shattering, seed dormancy and self-incompatibility; an increase in size and 
weight of fruits and inflorescences; and reduced branching. To reveal changes in transcription potentially contributing to this morphological 
divergence, we tested for differential gene and isoform expression between wild and domesticated sunflowers by RNA-sequencing. Wild and 
domesticated plants were grown in controlled conditions, and we sampled 9 tissues across five developmental stages relevant to domestication 
traits. Paired end reads were assembled with a splice aware aligner and significant differential expression was determined by consensus of 
several statistical packages. To link expression divergence with signatures of selection during domestication, we examined the intersection of 
differentially expressed genes with loci highlighted by selective sweep analyses comparing sequence divergence between wild and domesticated 
sunflowers. By connecting sweeps to developmental stage or tissue specific expression patterns, we advance inferences about which loci 
contributed to the morphological evolution of specific sunflower domestication traits. Our candidate domestication genes will be targeted for 
ancient DNA sequencing from archeological samples to build a timeline of adaptive evolution during domestication and study the rate and scope 
of sunflower evolution. 
 
P0790: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Genome-wide Association Mapping of Solar Tracking Traits in Sunflower 
Srinidhi V. Holalu1,2, Austin G. Garner2, Lucas P. Henry2 and Benjamin K. Blackman1, (1)University of California, Berkeley, 
Berkeley, CA, (2)University of Virginia, Charlottesville, VA 
Plants display subtle and vivid responses to diurnal heterogeneity in the light regime. Solar tracking in sunflower (Helianthus annuus) is a 
dramatic example, where aerial tissues dynamically change orientation throughout the day, following the position of the sun in the sky from East 
to West. Recently, studies have revealed that asymmetric stem growth enables the daily pattern in shoot movement. The east side of the stem 
grows more rapidly during the day, leading to solar tracking, and the west side grows more rapidly during the night, leading to nocturnal 
reorientation back toward East. The daily cycles of movement slowly ceases with anthesis. We applied a genome-wide association mapping 
approach to elucidate the genetic basis of solar-tracking traits. The daily shoot movement patterns and the timing of nocturnal reorientation of 
288 cultivated sunflower lines grown outdoors were documented using time-lapse photography. At anthesis, the direction of heads with reference 
to the north was recorded from the plantings at two geographical locations. To associate traits to genetic loci, we fitted ~600k single-nucleotide 
polymorphisms (SNPs) to traits with mixed linear models accounting for cryptic relationships caused by kinship and PCA as covariates. The top 
candidate SNPs localized to non-coding sequences upstream of genes involved in light, auxin, and gibberellin signaling. Different SNPs were 
associated with head orientation at anthesis at different geographical locations, likely suggesting that a complex, environmentally-responsive 
regulatory network controls this trait. To verify as well as improve the power of genome-wide associations, various additional statistical models 
were also explored. 
 
P0791: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Comparative Analysis of Transcriptome during Organogenesis in Sunflower, Jatropha and Castor, Three Important 
Oilseeds 
Sudha PS1, Padmavathi Tav2, Kumar OA1, Navajeet Chakravartty3, Vineeth K V4, Krishna Mohan3, Sivarama Prasad Lekkala3, 
Boney Kuriakose4, Mulpuri Sujatha5 and V B Reddy Lachagari3, (1)Andhra University, Vishakaptanam, India, (2)Osmania 
University, Hyderabad, India, (3)AgriGenome Labs Pvt Ltd, Hyderabad, India, (4)AgriGenome Labs Pvt Ltd, Kochi, India, (5)Crop 
Improvement Section, Directorate of Oilseeds Research, Indian Institute of Oilseeds Research, Rajendranagar, India 
Sunflower is a major source of edible oil while Jatropha and castor produce important non-edible oils which are promising sources of 
hydrocarbons and have great industrial value including their utility as aviation and bio fuels. The cotyledons from mature seeds and at three 
different stages during in vitro culture were collected and RNA was isolated from the samples. The RNA from the dissected cotyledons was used 
as control whereas the three different organogenesis stages were pooled together into a single sample. The total RNA from the samples was used 
for preparing strand specific libraries after depletion of ribosomal RNAs. The libraries were sequenced to obtain about 40 million paired end 
reads from each sample. The reads were preprocessed and a de novo assembly was carried out for the individual plant species. Most of the 
assembled transcripts were in the size range of 1-3 kb size. Differential gene expression studies were done between the controls against the 
different organogenesis stages and also between the three different crop species to understand the key genes specifically associated with 
organogenesis. 
 
P0792: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Genome-Wide Association Mapping of Growth Response to Flooding Stress in Sunflower (Helianthus annuus L.) 
Lexuan Gao, Joon Seon Lee and Loren H. Rieseberg, University of British Columbia, Vancouver, BC, Canada 
Sunflower, as a globally important oil crop, whose growth and production are limited by flooding stress. However, the understanding of how 
growth is affected by flooding stress is lacking. In this study, a large scale phenotyping experiment was performed to evaluate the variation in 



growth responses to flooding stress in a diverse collection of cultivated sunflower accessions. Flooding responses in multiple traits, such as shoot 
biomass reduction, chlorosis and hypocotyl hypertrophy were collected as an estimate for flooding resistance. The genetic architecture 
underlying the growth responses upon exposure to flooding stress was investigated by performing a genome-wide association (GWA) mapping 
on the different growth related phenotypes. No locus with major effect was found to be associated with differential growth responses to flooding 
stress, while many promising peaks of association with small phenotypic effects were identified. Many candidate genes underlying the 
associations were suggested. Further functional analyses of allelic variation in candidate genes will provide insights into the genetic basis of 
variation in flooding resistance in sunflower. 
 
P0793: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Genome-Wide Association Study of Abiotic Stress Resistance in Sunflower 
Irina Calic1, John E. Bowers2, Sariel Hubner3, Rishi R. Masalia2, Andries A. Temme1, Lisa A Donovan1, Loren H. Rieseberg4 and 
John M. Burke2, (1)University of Georgia, Athens, GA, (2)Department of Plant Biology, University of Georgia, Athens, GA, 
(3)Department of Botany, University of British Columbia, Vancouver, BC Canada V6T 1Z4, BC, Canada, (4)University of British 
Columbia, Vancouver, BC, Canada 
Sustaining agricultural production under adverse environmental conditions, such as nutrient stress or high salinity, is a one of the major 
challenges. Genetic association studies (GWAS) have rapidly evolved into a powerful tool for investigating complex traits, including abiotic 
stress responses such as drought, salt, or low nutrients. Here, we report workflow steps in genome-scan study in sunflower (Helianthus annus L.) 
to identify quantitative traits from field screens of diverse genotypes and map specific naturally occurring stress tolerance loci. A set of 283 
inbred lines capturing a large proportion of allelic and substantial phenotypic diversity served as germplasm diversity pool in this study. To test 
for associations, a total 477,211 SNPs generated from the whole-genome shotgun resequencing data were used in data analysis. We detail the 
data quality assessment and critical steps that provided the best quality data used for association mapping, analyze patterns of linkage 
disequilibrium and use the resulting dataset in a preliminary search for the genomic footprints of abiotic stress resistance. 
 
P0794: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
What Is Water Limitation? 
Rishi R. Masalia, Liana J. Mosley and John M. Burke, Department of Plant Biology, University of Georgia, Athens, GA 
Due to the severity of water limitation on crop productivity, experiments identifying mechanisms involved in resistance to water limitation are 
becoming more prevalent. Yet the term water limitation has taken on many meanings and, as a result, implementation of water limitation regimes 
can be inconsistent and comparison of results across experiments is difficult. As such, we are interested in investigating the commonalities and 
differences of three water limitation stresses, focusing our efforts on variation in gene expression. Changes in gene expression were monitored in 
the oilseed crop, Helianthus annuus, following exposure of seedlings to high salinity (100 mM NaCl), osmotic stress (8.25% polyethylene 
glycol), or a repeated soil dry down, where plants were rewatered every other day. Upon analysis, 26 217 unique genes were used to examine 
gene expression in roots and leaves at 10 days post-treatment. Of this original gene set, 1 906 unique genes, 1 264 in the roots and 642 in the 
leaves, were differentially expressed across the three water limitation stresses in relation to a well watered control, sampled at the same time. Of 
these unique genes, there were fewer shared across all stresses than within individual stressors. Further, the polyethylene glycol and salinity 
stresses shared more differentially expressed genes than any other pairwise stress combination in both tissues, indicative of a similar stress 
response. Overall, this study provides an informational foundation on cultivated sunflower’s water limitation response, which will accelerate 
follow up QTL, transcriptomic, and comparative studies.  
 
P0795: Genome Mapping, Tagging & Characterization: Sunflower/Oilseeds 
Development of Genomic Resources to Facilitate the Domestication of Silphium integrifolium as a Perennial Oilseed Crop 
John Hill Price1, Adam Herman1, Yaniv Brandvain1, David Van Tassel2 and Kevin P. Smith1, (1)University of Minnesota, Saint 
Paul, MN, (2)The Land Institute, Salina, KS 
The domestication of wild plant species presents a number of opportunities to fill new agricultural niches, but also a number of challenges. 
Historically, domestication took place over many human generations, but leveraging modern genomics and genetics will significantly reduce the 
time necessary to domesticate new crops. Here, we present basic breeding-oriented genomic resources towards the domestication of the wild 
sunflower relative Silphium integrifolium for use as a perennial oilseed crop. We have developed a draft linkage map from 77 F1 individuals, 
where 330 out of 548 SNP markers were resolved into 17 linkage groups. Additional work will be needed to resolve these into the seven physical 
S. integrifolium chromosomes. We used these markers to study synteny with the Helianthus annuus genome. 204 of the markers assigned to a 
linkage group mapped with a high level of confidence to the H. annuus genome, and 10 linkage groups showed regions of synteny. We have also 
developed an association mapping panel that represents the breadth of the S. integrifolium breeding germplasm available. To assess the level of 
linkage decay in this population, a subset of cosegregating and tightly linked markers identified in our linkage map will be genotyped using 
KASP markers. Ultimately, we will use this information to assess the suitability of our panel for mapping domestication traits in S. integrifolium, 
which will provide the foundation for continued domestication and breeding of S. integrifolium as a perennial oilseed crop. 
 
P0796: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Tomato Genome Annotation and Curation at NCBI 
Anjana Raina Vatsan, Francoise Thibaud-Nissen, Terence D. Murphy and Kim D. Pruitt, National Center for Biotechnology 
Information (NCBI/NLM/NIH), Bethesda, MD 
The Eukaryotic Genome Annotation Pipeline at the National Center for Biotechnology Information (NCBI) generates annotation of coding and 
non-coding genes, transcripts, and proteins from finished and unfinished genome assemblies publicly available in the International Nucleotide 
Sequence Database Collaboration (INSDC). The primary reagents used in this pipeline are RNA-Seq data, traditional transcripts, ESTs, transcript 
assemblies and proteins. These annotated genomes are in scope for manual curation by the Reference Sequence (RefSeq) group at NCBI 
(https://www.ncbi.nlm.nih.gov/refseq/) to generate high-quality, non-redundant transcripts with accessions starting with NM_/NP_, NG_, or 



NR_. The curation process makes use of available transcripts, protein alignments, and publications as evidence to curate, or supplement, the 
pipeline generated model RefSeq records. At present, 50 plant genomes have been annotated by NCBI, of which tomato is one of the two plant 
genomes chosen for manual curation, the other being corn. The 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 https://www.ncbi.nlm.nih.gov/genome/annotation_euk/all/.  
RefSeq data can be accessed at the RefSeq homepage https://www.ncbi.nlm.nih.gov/refseq/, from NCBI’s Gene resource 
(https://www.ncbi.nlm.nih.gov/gene/), or can be downloaded from the FTP directory at 
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/plant/Solanum_lycopersicum/. 
 
P0797: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
ITAG3.0 Annotation for the New Tomato Reference Genome SL3.0 
Prashant S Hosmani1, Surya Saha1, Mirella Flores-Gonzalez1, Stephane Rombauts2 and Lukas Mueller1, (1)Boyce Thompson 
Institute, Ithaca, NY, (2)VIB Department of Plant Systems Biology, Ghent University, Gent, Belgium 
Tomato (Solanum lycopersicum) is a model organism for plant biology and in particular a model system for processes such as fruit development 
and plant defense. Here we present an improved annotation (ITAG 3.0) for the new tomato reference genome build (SL3.0). The annotation 
pipeline involved updating ITAG2.40 gene models, preserving locus identifiers (solyc ids) from the previous ITAG2.40 annotation and 
identifying new gene models using trained ab-initio gene predictors. We successfully mapped 32,290 ITAG2.40 genes on repeat-masked SL3.0 
genome. 2,379 genes out of 34,725 genes in ITAG 2.40 did not map due to improved detection methods for repeat regions. We have incorporated 
expression data from various sources in our pipeline including tissue and treatment specific RNAseq data, 5’ and 3’ UTR enriched RNA 
sequencing, RENseq for NBS-LRR genes and Pacbio Iso-seq RNA data which were kindly provided by Solanaceae community. More than 8 
billion Illumina RNAseq reads were mapped to the SL3.0 genome with more than 90% mapping rate. These mapped reads were used to generate 
a genome-guided transcriptome. Around 2,200 genes from ITAG2.40 lack any supporting evidence such as expression or PFAM domains. The 
de novo prediction of genes in the maker pipeline has identified more than 2500 novel genes well-supported by expression evidence that are not 
present in ITAG2.40. The increased continuity of the genome in SL3.0 and availability of diverse and comprehensive expression data resulted in 
a significantly improved tomato annotation, including the identification of novel protein-coding genes as well as UTRs and exons not present in 
the previous tomato annotation. The annotation is available from SGN (https://solgenomics.net/). 
 
P0798: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Improved Tomato Genome Reference (SL3.0) using Full-Length BACs, BioNano Optical Maps and SGN Community 
Resources 
Surya Saha1, Prashant S Hosmani1, Mirella Flores-Gonzalez1, Henri van de Geest2, Gabino F. Sanchez Perez2 and Lukas Mueller1, 
(1)Boyce Thompson Institute, Ithaca, NY, (2)Plant Research International, Wageningen University & Research, Wageningen, 
Netherlands 
The Solanum lycopersicum cultivar Heinz 1706 genome is the primary reference model organism for many solanaceous species. The previous 
genome build SL2.50 contained 23,640 contig gaps and 79 scaffold gaps where the size was an approximation and the bases were unknown. The 
total size of gap regions varied from 7.23% to 14.61% per chromosome and was 10.36% for the entire genome.  
We have integrated 1,069 full-length phase htgs3 BACs into the tomato genome to cover gap regions and replace shorter whole genome shotgun 
contigs which removed 11,699,806 bases (11Mb) of contig gaps. The reduction in contig gaps varied from 3.17% to 49.07% per chromosome. 
BioNano genome maps were generated for Heinz 1706 that largely confirmed the correctness of the current build. Chromosome 0 contains 
scaffolds that could not be localized in the genome build. In the new SL3.0 build, we were able to integrate 2 additional scaffolds from 
chromosome 0 into chromosomes 2 and 9, fix 2 inversions in chromosome 12 and resize 19 gaps accurately using CMaps from the assembly of 
BioNano optical maps.  
All data are available through the SOL Genomics Network website (SGN, https://solgenomics.net) and FTP site 
(ftp://ftp.solgenomics.net/tomato_genome/). 
 
P0799: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Genome-Wide Association Study for Horticultural Traits in a Core Collection of Tomato 
Ngan Thi Phan and Sung-Chur Sim, Sejong University, Seoul, South Korea 
Tomato is a major vegetable cultivated worldwide and a model plant for basic researches in the Solanaceae family. The reference genome 
assembly of tomato has led to the discovery of genome-wide single nucleotide polymorphisms (SNPs). High-throughput genotyping with these 
SNPs has provided an efficient tool for dissection of quantitative traits using association mapping approaches. In this study, a genome-wide 
association study (GWAS) was conducted to identify favorable alleles for horticultural traits using a core collection of 96 tomato varieties. We 
evaluated phenotypic variations of these varieties for seven traits (fruit shape, fruit weight, locule number, pericarp thickness, Brix, yield, and 
blossom end rot resistance). Genotyping by sequencing (GBS) detected a total of 7,814 single nucleotide polymorphisms (SNPs) in the core 
collection. Of them, 3,876 SNPs were selected based on missing data rate (≤ 10%) for GWAS. A total of 31 SNPs showed significant 
associations with the seven traits at P < 0.001 using the unified mixed model. Several associations were co-localized in the previously reported 
genes including ovate (fruit shape), fw11.3 (fruit weight), and lc and FAS (locule number). In addition, new candidate loci were identified on 
chromosomes 1, 3, 7, 9, 10, and 12 for pericarp thickness, fruit shape, Brix, yield, fruit weight, and blossom end rot resistance, respectively 
These results will facilitate development of breeder’s toolbox for marker-assisted selection for improving horticultural traits in tomato. 
 
P0800: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Tomato Bioresources Based on '˜Micro-Tom' for Facilitation of Fruits Biology 



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 economically important crop on worldwide food production. Tomato is useful for studies of fleshy fruits and experimental genomic 
studies of the Solanaceae family including potato, eggplant, pepper, petunia and tobacco. Furthermore, tomato fruits have many functional 
metabolites including carotenoids, vitamin A and C and functional amino acid such as GABA. For facilitation of breeding and functional 
genomics research of tomato, we have started the tomato bioresource program since 2007 within the framework of the National BioResource 
Project (NBRP) in Japan (NBRP tomato; http://tomato.nbrp.jp/). The major activities by the NBRP-tomato is to collect, preserve and provide 
tomato bioresources including major experimental lines, mutant lines, transgenic lines and cDNA collections in the genetic background of Micro-
Tom, a small and rapid growth variety of tomato.  
More than 15,000 mutant lines have been produced by ethylmethanesulfonate (EMS) treatment and gamma-ray irradiation, and mutants with 
distinct phenotypes have been isolated. All of the visible phenotyping data and other associated data in individual mutants were registered in the 
database ‘TOMATOMA’ (http://tomatoma.nbrp.jp/). To enhance the quality of the mutant resources, metabolic components including amino 
acid composition, carotenoid contents and Brix values in mutant fruits were measured and these data are now open through TOMATOMA since 
Jun. 2015. These mutants with phenotypic and the metabolite information will help further accelerate tomato fruit 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/). 
 
P0801: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Genome Sequencing of Micro-Tom, a Model Cultivar of Tomato (Solanum lycopersicum) 
Hideki Nagasaki1, Kenta Shirasawa1, Sachiko Isobe1, Pierre Baldet2, Christophe Rothan2, Koh Aoki3 and Hideki Hirakawa1, 
(1)Kazusa DNA Research Institute, Chiba, Japan, (2)Functional Genomics of Fruit Development, UMR 1332 – INRA, Villenave 
d’Ornon, France, (3)Osaka Prefecture University, Sakai, Japan 
Micro-Tom is one of cultivar of tomato (Solanum lycopersicum), which is known as a major crop and model plant in Solanaceae. Micro-Tom has 
phenotypic traits such as dwarf, and substantial EMS-mutagenized lines have been reported. There are two Micro-Tom varieties, which are 
Micro-Tom S9 and Micro-Tom MM, that have been maintained independently in Japan and France. Among the close varieties or cultivars such 
as Micro-Tom S9, MM and Heinz 1706, a cultivar whose whole genome sequence has been determined (The Tomato Genome Consortium, 
2012), polymorphisms such as SNPs, indels and structural variations have been reported (Kobayashi et al., 2014; Hirakawa et al., 2013; Asamizu 
et al., 2012). Although whole genome sequencing of Micro-Tom S9 had been reported in 2014 (Kobayashi et al.), the sequences were built based 
on mapping of Micro-Tom reads against Heinz genome sequences. Therefore, to reveal detailed genome structure of Micro-Tom, we have 
conducted de novo assembly of Micro-Tom S9 by adding Illumina MiSeq reads. We obtained the 69M paired-end reads and 269M mate-pair 
reads, which were estimated as 63-fold of the Micro-Tom genome. The reads were assembled by MaSuRCA-2.3.2, and BAC end sequences of 
Micro-Tom S9 were used for scaffolding by SSPACE v2.0, and finally 2,925 scaffolds were constructed. Total length of the scaffolds was 79.8 
Mb, and N50 length was 4.57 Mb. Gene prediction onto the scaffolds was performed by BRAKER1 v1.9, and the genes were filtered based on 
the search results of BLAST against NCBI nr database and InterProScan. The number of the genes predicted on the draft genome sequence was 
estimated approximately 32,000, which was close to those of Heinz 1706 (34,700 genes). Here we present the progress of the genome 
comparisons among Micro-Tom S9, MM, and Heinz 1706. 
 
P0802: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
MicroRNA-Regulated Pathways Coordinate Auxin Responses to Regulate Fruit Shape and Fruit Set 
Fabio Tebaldi Silveira Nogueira, Eder Marques Silva and Airton Carvalho Jr, ESALQ/USP, Piracicaba, Brazil 
MicroRNAs (miRNAs) and phytohormones are fundamental regulatory elements of plant development; however, their interactions during fruit 
development remain poorly exploited. Here we show that two closely related miRNAs (miR159 and miR319) regulate tomato (Solanum 
lycopersicum L.) fruit set and fruit shape by modulating auxin responses. Overexpression of the SlMIR159 precursor in tomato cultivar Micro-
Tom (MT) downregulates SlGAMYB genes in developing ovaries, leading to earlier fruit set and parthenocarpy. Misregulation of SlARF8 in 
ovaries by overexpressing SlMIR159 or de-repressing GAMYBgenes (MIM159 plants) led to altered auxin responsiveness in early ovary growth, 
and consequently, to parthenocarpy.  
We also provide evidences that miR319-regulated TCP LANCEOLATE (LA) gene is a key regulator of tomato fruit shape. La/+ mutant plants 
contain a miR319-insensitive version of LA, and their fruits display an elongated shape, resembling those from Capsicum annuum. LA is 
expressed earlier in La/+ floral meristems, likely leading to precocious cell differentiation. Auxin biosynthesis is higher in the base of developing 
ovaries of La/+, suggesting that LA regulates auxin responses during gynoecium development. Altered auxin responses may be also responsible 
for the rudimental placenta and absence of septum observed in La/+ fruits, which led to facultative parthenocarpy . Our results unveil new 
functions for miR159/GAMYB and miR319/LA modules and show that molecular circuits involving miRNA-controlled modules and 
phytormones are essential for fruit development. 
 
P0803: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Stem Maturation Associated with Gravi-Response Cause Sympodial Shoot Structure in Solanaceae 
Seunghye Park, Min-Sung Kang and Soon Ju Park, Department of biological scicnce and Institute for Basic Science, Wonkwang 
university, Iksan, Korea, The Republic of 
Plant stems have a crucial time point to react against gravity vectors at a certain developmental stage on Earth. The sensitivity against gravity has 
been evolved differently among species and tissues. In Solanaceae, shoot architecture has been remarkably diversed, developing sympodial shoot 
(or sympodial inflorescence) carrying single flower to both sympodial shoot and inflorescence producing compound flowers. To understand this 



divergence, we hypothesize that sympodial growths were differently decided by maturation states and potential gravi-response of lateral 
meristem after floral transition of central meristem. Here we show that tomato inflorescence could be shifted to sympodial shoot growth in 
mutants having inflorescence meristems in the delayed maturation state molecularly. Tomato inflorescence grows to horizontal direction. 
However, mc sp double and s single mutant developed inflorescence growing upright direction, which is similar with the one of S. peruvianum. 
Erect type and inflorescences reverted to vegetative state were developed in sft, mc, and j background. Moreover, sft, j double produced only 
sympodial shoots carrying single flower, which is similar plant structure with sympodial shoot of N. benthamiana. Interestingly, molecular state 
of inflorescence meristems indicated a delay in the maturation of the meristems in s mutant and sft mutant. Therefore, we suggest that sympodial 
shoot meristem and sympodial inflorescence meristem might have been evolved by difference of maturation and activity of gravi-response on 
each young stem in Solanaceae. 
 
P0804: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Introgression of Genomic Regions from a Wild Tomato Species into an Argentinean Cultivar Improve Fruit Quality Traits 
Javier H. Pereira da Costa1, Marianela D. Luciani1, Liliana A. Picardi1,2, Roxana Zorzoli1,2 and Gustavo R. Rodriguez1, 
(1)Instituto de Investigaciones en Ciencias Agrarias de Rosario - Universidad Nacional de Rosario, Zavalla, Argentina, (2)Consejo 
de Investigaciones de la Universidad Nacional de Rosario, Zavalla, Argentina 
Fruit quality in tomato defines the cultivar choice by producers and even more by consumers. Wild species carry favorable alleles to improve 
fruit quality traits such as color, texture, shelf life and sugar content. The aim of this work is to improve fruit quality of ‘Caimanta’, an 
Argentinean cultivar, by an introgression process of genomic regions from the wild accession LA722 of S. pimpinellifolium. The backcrosses 
were assisted by SSR as DNA molecular markers. Twenty near isogenic lines (NILs) were developed after three or four rounds of backcrosses. 
To assay the association between genomic regions and the phenotypic traits five plants of each NIL were compared with ‘Caimanta’ by t-Student 
test. The evaluated fruit quality traits were: fruit firmness, color (a/b index and L), diameter and fruit height, shape index (height/diameter), 
weight, fruit shelf life, locule number, pericarp thinness, soluble solid content, pH and titratable acidity. Every genomic regions introgressed into 
the Caimanta genome showed significant effect on fruit traits. Particularly, genomic regions in chromosomes 5, 7, 8, and 9 (in four different 
NILs) had effect on color, firmness and fruit shelf life. Moreover, introgression on chromosomes 2, 3, 8, and 9 had significant effects on fruit 
size. All NILs showed more firmness than Caimanta, suggesting that several regions spanning through the genome would control this trait. We 
conclude that the introgression of genomic regions from wild species into this cultivated genome allowed us to improve fruit quality traits and to 
obtain some NILs as putative new cultivars. 
 
P0805: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Impact of Heat Stress on Tomato Pollen Development 
Suping Zhou1, Theodore W Thannhauser2, Yingde Zhu1, Hui Li1 and Sarabjit Bhatti1, (1)Tennessee State University, Nashville, 
TN, (2)Functional & Comparative Proteomics Center, USDA-ARS, Cornell University, Ithaca, NY 
In this study, a heat treatment system of tomatoes (cv. Money Maker ) was developed. An infrared heating element was hanging over tomato 
plants to generate a temperature gradient at different height of the plants. Using the temperature control on the heating element, heat treatments 
from 25-38/40 degree were applied beginning when tomato plants started to bear the first flower buds. Results show that above 35 degree heat 
treatments would result in bleaching of leaves in short term and those plants started to dry after longer period of treatments, no flowers survived 
such heat conditions. When setting the temperature at below 30 degree, some flowers were developed to full maturity. However, constant 
heating, even at below 30 degree still had negative impacts on leaves closer to the heating element which is due to dehydration more than heat. In 
vitro pollen germination assay was used to evaluate the impact of heat/drying on developing viable pollens. Incubator experiments were 
conducted to set day/night temperature regions to treat tomato ‘Micro-Tom’. Pollens from these plants were used to pollinated ‘Money Maker’ to 
assess the impact of heat stress on pollen viability in vivo. Setting-up this heat system is the first step for us to collect pollen cells at various 
developmental stages for a single cell proteomics/genomics study. The project is supported by NIFA-AFRI Exploratory Award 2015-11680. 
 
P0806: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Genome-Wide Analysis of the Cycling DOF Transcription Factors from Tomato and Analysis of Their Role in Plant 
Development and in Stress Responses 
Alba R. Corrales, Universidad Santiago de Cali (USC), Cali- Colombia, Colombia 
Tomato (Solanum lycopersicum L.) is one of the horticultural crops of major economic importance. However, its production is being affected by 
adverse environmental conditions such as salinity, drought and extreme temperatures. Recent studies have shown that the use of regulatory genes 
such as transcription factors (TFs) represents a power tool to obtain new tomato varieties with greater tolerance to abiotic stresses. The DOF 
(DNA binding with One Finger) proteins form a family of plant-specific TFs that are involved in the regulation of particular plant processes but 
their precise roles in abiotic stress tolerance are almost unknown.  
We report a group of five tomato DOF genes, homologous to Arabidopsis Cycling DOF Factors (CDFs), that function as transcriptional 
regulators involved in responses to drought and salt stress and flowering-time control in a gene-specific manner. Arabidopsis plants 
overexpressing SlCDF1 and SlCDF3 showed increased drought and salt tolerance and increased expression levels of various stress-responsive 
genes. In addition the overexpression of SlCDF3 in Arabidopsis also results in the late flowering phenotype through the modulation of the 
expression of flowering control genes such as CONSTANS (CO) and FLOWERING LOCUS T (FT).Overall, our data connect SlCDFs showed 
functions related to abiotic stress tolerance and flowering time through the regulation of specific target genes and increase specific metabolites. 
 
P0807: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Pre-Breeding in Tomato for Virus Resistance Through Mutagenomics and Associated NGS Technologies 
Hayde F. Galvez1, Alma O. Canama1, Roland Schafleitner2, Darlon V. Lantican1, Joyce Yen2, Rosteo R. Habunal1, Switzer Joy L. 
Ducos1, Alissa Carol M. Ibarra1, Rochelle E. Alcasid1, Rosemarie V. Cortes1, Edward Cedrick J. Fernandez1, Lolita M. Dolores1 and 



Reynaldo B. Quilloy1, (1)University of the Philippines Los Baños, College, Laguna, Philippines, (2)AVRDC - The World 
Vegetable Center, Tainan, Taiwan 
Virus disease complex is a major constraint in tomato production worldwide. In the Philippines, yield loss due to virus infection has been 
reported to as high as 50-100%. Through induction of mutation in the tomato genome using ethylmethane sulfonate (EMS), a rich source of 
genetic materials for breeding for multiple virus resistance has been generated. A total of 14 DNA markers were developed targeting ten (10) 
candidate host factor genes for Tomato leaf curl virus (ToLCV) and four (4) for Cucumber mosaic virus (CMV) infections in tomato. These 
markers were used to amplify and screen for single nucleotide variants (SNVs) in candidate gene sequences of deep-pooled M2 genomic DNA 
samples. PCR amplicons were standardized, re-pooled and sent for next-generation sequencing (NGS) using Illumina MiSeq sequencer. NGS 
reads were analyzed to identify low frequency SNVs with EMS-characteristic of point-mutations. Candidate SNVs are identified in four (4) 
candidate host factor genes for ToLCV and one (1) for CMV. A plant carrying a mutation in the HSC70 gene was identified through Targeting 
Induced Local Lesions IN the Genome (TILLING). This individual was also observed to have a differential resistance reaction against ToLCV 
infection. Further TILLING experiments are on-going to identify other EMS-mutation points in the candidate genes and corresponding mutant 
plants. SNP markers are designed for high-throughput mutation screening in the advance generation and large population of tomato mutants. The 
markers and mutant plants with validated induced resistance to virus disease will be utilized in marker-assisted breeding for multiple virus 
resistance in tomato. 
 
P0808: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
A Knockout Mutation in TTM2 Confers Disease Resistance in Tomato and Pepper 
Michael Pautler1, Daryl J. Somers1, Travis W. Banks1, Anissa Poleatewich1, Keiko Yoshioka2 and Wolfgang Moeder2, (1)Vineland 
Research and Innovation Centre, Vineland Station, ON, Canada, (2)University of Toronto, Toronto, ON, Canada 
The triphosphate tunnel metalloenzyme (TTM) superfamily comprises a group of enzymes that hydrolyze organophosphate substrates. They exist 
in all domains of life, yet the biological role of most family members is unclear. Arabidopsis thaliana encodes three TTM genes (AtTTM1, 2, 3). 
AtTTM2 is transcriptionally down-regulated upon infection with pseudomonas syringae and AtTTM2 knockout mutant plants exhibit enhanced 
pathogen resistance (Ung et al. 2014). There are 2 orthologous copies of TTM2 in tomato and pepper and we identified deleterious mutations in 
all copies within an EMS mutagenized population of tomato and pepper. The mutants SlTTM2a and SlTTM2b were combined by crossing to 
create fixed double mutants as were the mutants CaTTM2a and CaTTM2b in pepper. A number of pathology test were executed using all single 
mutant and double mutant combinations to determine if TTM2 knockouts would confer disease resistance in tomato and pepper. We observed a 
22-35% reduction in Xanthomonas infection in tomato double mutants between 7-12 days post inoculation. We also observed a 22% reduction in 
powdery mildew infection in a SlTTM2a mutant 11 days post inoculation. The reduction in powdery mildew infection was also evident in plants 
that had been chemically primed to resist disease. These data suggest that incorporation of TTM2 mutant alleles into tomato will improve the 
plants defence against bacterial and fungal diseases and can be combined with chemical priming of plants for greater crop protection. 
 
P0809: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
In Vitro Conservation of Potato Germplasm at Different Propagation Temperatures 
Nadia Khan and Hidayat Ullah, The University of Swabi, Swabi, Pakistan 
The aim of the study was to investigate the effect of temperature on the growth rate of twelve local potato varities (Desiree, Flamba, Stemster, 
Karuda, Harmes, Triplo, Aestrix, Sante, Amarin, Safari, Melanto, Zena red) at different temperatures (10 °C, 16 °C and 25 °C). Growth response 
of selected potato germplasm towards temperature were examined from 1st to 4th weeks on the basis of phenotypic parameters (plant height 
(cm), nodes (no.), leaves (no.), roots (no.)). At temperature of 25 °C, co-efficient of regression (R2) for plant height ranged from 0.9558 to 
0.5877 where the maximum value of R2 was noted for Desiree and least for Sante. Similarly value of R2 for plant height of 0.8833, 0.8647, 
0.8316, 0.8062, 0.7874, 0.741, 0.6541, 0.6488, 0.5972, 0.5969 and 0.5877 was recorded for Harmes, Stemster, Flamba, Amarin, Safari, Zenared, 
Karuda, Triplo, Aestrix, Melanto Sante respectively. Moreover, great diversity was examined in number of nodes and leaves (7 in Stemster and 
13 in Melanto), number of roots (20 in Karuda and 8 in Sante) at 25 °C. Maximum diversity in the available selected varieties might have 
potential benefits for the farming community of Pakistan to allow them to practice sustainable agriculture production as the environmental 
influence will be less and hence will provide broad range of economic opportunity to them. In the present study at 10 °C growth of selected 
potato genotypes showed variation in morphological parameters. Additionally, diversity was examined in case of number of nodes (2 in Zena red 
and 8 Karuda), leaves (2 in Zena red and 8 Karuda) and number of roots (1 in Safari and 7 in Stemster). The optimized temperature for 
multiplication and conservation of potato could be utilized in future for In Vitro propagation/conservation programs in order to prevent the loss 
of important genetic materials. 
 
P0810: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Using Genomic Variants to Predict Fry Color and Dry Matter in Potato 
Stephen Byrne1, Fergus Meade2, Francesca Mesiti2, Denis Griffin2 and Dan Milbourne1, (1)Teagasc, Crop Science Department, 
Carlow, Ireland, (2)Teagasc, Crops Research Department, Oak Park, 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). 
Our goal is to use GS to predict phenotypes for processing quality at early stages in the breeding cycle, where phenotyping for this trait is not 
practical. We have started accumulating data to build up a genotyped and phenotyped population on which we can train models that enable us use 
genomic information to predict phenotypes. To date we have accumulated genotypes and phenotypes on 256 entries, and already can 
demonstrate, through cross-validation, that high predictive accuracies can be achieved for traits such as resistance to LTS. 
 



P0811: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Use of a Self-Compatible Diploid Potato Genome Assembly and a Mutant Collection for Forward Genetic Studies 
Elena Lopez Girona1, Pirita Paajanen2, Matthew Clark2 and Glenn Bryan1, (1)The James Hutton Institute, Dundee, United 
Kingdom, (2)Earlham Institute, Norwich, United Kingdom 
We have sequenced the genome of an inbred genotype of the self-compatible tuber-bearing wild Mexican diploid potato species Solanum 
verrucosum (VER54). The assembly is based on the latest sequencing and physical mapping technologies, such as Illumina short reads, PacBio 
long reads, BioNano Genomics optical maps and Dovetail artificial Hi-C data with scaffold N50 values within the multi-megabase range. The 
assembled genome was evaluated for completeness checking the presence of CEGMA core eukaryotic genes and validated locally by the 
alignment of the 96 BAC end sequences. Furthermore, Genotyping-by-Sequencing (GBS) of a F2 backcross verrucosum population 
(VER54xVER3939) has been done to anchor the assembly into pseudomolecules.  
The sequenced genotype is also being used as a model for forward genetic studies in potato. Mutant collections are being produced using ethyl 
methanesulfonate (EMS). The objective is to combine the two elements of the project (i.e de novo assembly and a mutant population) together to 
study mutants carrying interesting traits that can be physically located by mapping them on the genome. The generation of a genome sequence 
for S. verrucosum and a mutant collection are highly valuable genetic resources. The VER54 inbred genotype can serve as a genetic model for 
further studies about comparative genome structure and functionality of important traits within the Solanaceae family. One of these traits is the 
resistance to Phytophthora infestans which is encoded by several R genes that have been shown to be present in Mexican allopolyploid potatoes 
in which S.verrucosum is likely to be the A genome donor. 
 
P0812: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
QTL Analysis for Cadmium and Zinc Accumulation in Tubers of Tetraploid Potato using SNP Dosage Data 
Molla Fentie Mengist1,2, Sheila Alves2, Joanne Creedon3, Denis Griffin4, Christine A. Hackett5, Peter Jones1 and Dan Milbourne6, 
(1)University College Cork, Cork, Ireland, (2)Crops, Environment & Land Use Programme, Teagasc, Carlow, Ireland, (3)Teagasc, 
Crops Environment and Land Use Programme, Wexford, Ireland, (4)Teagasc, Crops Research Department, Oak Park, Carlow, 
Ireland, (5)Biomathematics and Statistics Scotland, Dundee, United Kingdom of Great Britain and Northern Ireland, (6)Teagasc, 
Crop Science Department, Carlow, Ireland 
The aim of this study was to construct single nucleotide polymorphism (SNP)-based genetic map of tetraploid potato and localize quantitative 
trait loci (QTL) influencing tuber accumulation of cadmium and zinc accumulation. We developed a segregating population comprising 188 F1 
progeny derived from crossing the cultivars Cara, (a low tuber cadmium accumulator) and Lady Rosetta (a high tuber cadmium accumulator). 
These progeny were genotyped using the SolCap 8303 SNP array and evaluated for cadmium, zinc and other agronomic traits. From 8303 SNPs, 
6487 SNPs were polymorphic and 4533 SNPs were fitted into five genotype clusters. Linkage analysis and QTL mapping were performed using 
TetraploidSNPMap software that incorporates all allele dosage information. The final genetic map comprised 3755 SNP markers with average 
marker density of 2.94 per cM. QTL mapping identified 6 loci for cadmium on chromosomes 2, 3, 4, 5, 6 and 7, which explained genetic 
variance ranging from 3.43% to 7.23 %, and 2 loci for zinc explaining 4% and 22% of genetic variance on chromosome 5 and 6 respectively. 
QTL mapping reconfirmed major loci on chromosomes 5 and 10 for maturity/plant height and flower/tuber skin colour respectively. The major 
zinc QTL co-incided with the maturity locus, and when the residuals from regression of zinc on maturity were analyzed, 4 new loci for zinc were 
found on chromosomes 1, 3, 4, and 12. The results suggest that genetic control of cadmium and zinc accumulation in tubers is regulated by 
complex genetic factors. 
 
P0813: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
The High-Quality Genome Sequence of Solanum etuberosum Provides Insights into Genome and Trait Evolution of the 
Solanum Genus 
Laurie Grandont1, Lidija Berke1, José Abelenda2, Elio Schijlen3, Henri van de Geest3, Saulo Aflitos1,3, Christian Bachem2, Frank 
Becker4, Klaas Bouwmeester5, Francine Govers5, Hans de Jong4, Bas J. Zwaan4, Sander A. Peters3, Gabino F. Sanchez Perez3,6, 
Ronald G. van den Berg1 and M. Eric Schranz1, (1)Biosystematics, Wageningen University & Research, Wageningen, Netherlands, 
(2)Laboratory of Plant Breeding, Wageningen University & Research, Wageningen, Netherlands, (3)Plant Research International, 
Wageningen University & Research, Wageningen, Netherlands, (4)Laboratory of Genetics, Wageningen University & Research, 
Wageningen, Netherlands, (5)Laboratory of Phytopathology, Wageningen University & Research, Wageningen, Netherlands, 
(6)Bioinformatics, Wageningen University & Research, Wageningen, Netherlands 
Translocations, inversions, deletions, duplications and/or chromosome fusions can lead to genetic novelty and variability. In this study we 
focused on the Solanum genus which comprises over a thousand species, most notably the crops tomato and potato. To elucidate the evolutionary 
history and basis of chromosomal, molecular and phenotypic differences between tomato and potato, we used Solanum etuberosum, a tuberless 
species from Chile, as an outgroup species. Here we used the high quality Solanum etuberosum genome assembly we produced from Illumina 
and BioNano optical mapping data to investigate genome and trait evolution. Whole-genome synteny analyses revealed that the genome of S. 
etuberosum is more similar to the genome of potato than tomato. In addition, phylogenetic analysis based on both nuclear genomes and 
chloroplast sequences confirmed its place as a sister-species to tomato and potato. We also identified eight new chromosomal rearrangements to 
the already known seven events that differentiate these three species. The molecular characterization of the breakpoints surrounding these events 
will allow us to decipher if common mechanisms are found, such as the presence of specific transposable elements. Moreover, analysis revealed 
an accelerated structural evolution in the tomato lineage mediated by transposable elements. It also illuminated the molecular mechanism and the 
role of the SP6A protein in tuber formation.  
 
P0814: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Genomic Regions and Markers Associated with Micronutrient Accumulation in Diploid Potatoes 



Elisa Mihovilovich1, Mariela Aponte Villadoma1 and Merideth Bonierbale2, (1)International Potato Center, Lima, Peru, 
(2)International Potato Center (CIP), Lima, Peru 
Breeding for micronutrient content is complicated by soil composition, and genotype x environment (GxE) interaction. Phenotypic data from 
assessment of iron, zinc, and vitamin C tuber concentrations in 2x potato landraces were used to identify genomic regions controlling these traits 
and determine the GxE interaction effect using two environments of the Peruvian highlands. A sample of 150 diploid landraces of the S. 
tuberosum L groups Phureja and Stenotomum was genotyped by genotyping by sequencing (GBS) and a genome wide association study 
(GWAS) performed to identify single nucleotide polymorphism markers (SNP) significantly correlated with quantitative variation for these traits. 
Significant GxE interaction was reflected in the lack of common trait-associated SNP markers across environments. Significant trait-SNP marker 
associations accounted for up to 37% of phenotypic variation for vitamin C, 35% for iron, and 33% for zinc. A total of 23 SNPs were found 
associated.  
Iron and zinc tuber content were found positively correlated with one another (r=0.5, p<1.00E-04) in the location with higher soil zinc level. The 
most significant marker-trait associations (p< 1.00E-06) found were two SNP markers associated with both iron and zinc content located at 35 
Mbp on chromosome 8 within a region to which an annotated gene that encodes a metal transporter i.e., ZIP family metal transporter has been 
mapped. Genotypes carrying the minor frequency allele of these two SNP showed increasing iron and zinc levels, and were found in the highest 
frequency in the Goniocalyx group (62%). Further studies will be conducted for SNP validation. 
 
P0815: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Meiotic Recombination Breakpoints Are Associated with Open Chromatin and Enriched with Repetitive DNA Elements in 
Potato 
Alexandre Marand1, Hainan Zhao1, Courtney Leisner2, Xiaobiao Zhu1, Zixian Zeng1, Emily Crisovan2, Linsey Newton2, Shelley 
Jansky1, Andy Hamernik1, C. Robin Buell2 and Jiming Jiang1, (1)University of Wisconsin-Madison, Madison, WI, (2)Michigan 
State University, East Lansing, MI 
Meiotic recombination provides the framework for the genetic variation in natural and artificial populations of eukaryotes through the creation of 
novel haplotypes. Thus, determining the molecular characteristics of meiotic recombination remains essential for future plant breeding efforts, 
which heavily rely on recombination-mediated genetic variation. To date, very few genetic maps have provided the necessary resolution needed 
to investigate the genomic and epigenomic features underlying meiotic crossovers. Using a whole genome sequencing based approach, we 
developed an ultra-high resolution reference-based haplotype map using a one-way pseudotestcross potato F1 population. The vast majority 
(~80%) of meiotic recombination breakpoints were mapped to fine resolution. We demonstrate that “open chromatin” is an intrinsic feature of 
breakpoints and that breakpoints are significantly enriched in specific repetitive DNA elements. These breakpoint-associated repeats are 
characterized by features consistent with cis-regulatory function and their presence in gene promoters is associated with elevated local 
recombination rate. Collectively, our results suggest that meiotic recombination breakpoints are largely determined by the local chromatin status, 
and are associated with specific repeats in potato. 
 
P0816: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Identification of Genetic Determinants of Verticillium Wilt Resistance in Potato 
Arun Kumar1, Shelley Jansky1 and Dennis Halterman2, (1)University of Wisconsin-Madison, Madison, WI, (2)USDA/ARS-
Vegetable Crop Research Unit, Madison, WI 
Despite decades of research to control Verticillium wilt (VW), which is caused by the soil-borne fungal pathogens Verticillium dahliae and V. 
albo-atrum, this disease continues to be a recurrent problem for potato production throughout North America. It can result in yield losses of up to 
50% and is currently controlled by fumigation. In tomato, resistance to VW is governed by resistance gene Ve, which has been exploited in 
breeding programs from more than 50 years. However, in potato, our studies indicate that even though Ve is a major dominant resistance gene, it 
is not sufficient for complete resistance. Two homozygous diploid parents, S. tuberosum DM1-3 (susceptible to VW) and S. chacoense M6 
(resistant to VW) were crossed and an F2 population was created by selfing of one F1 individual. Since M6 is homozygous for the dominant Ve 
gene, we were expecting three quarters of the F2 population to be resistant. However, in field and greenhouse experiments, more than 70% of the 
F2 clones were susceptible. This suggests that there are other signaling components necessary for proper function of Ve and they are segregating 
in the F2 population. Marker analysis of the Ve locus was done using diagnositic primer pairs, but analysis was complicated by gene duplications 
in the region. Additionally, we have SNP genotyped the population and will map other major or minor regions in the genome responsible for VW 
resistance. The outcomes of study will help with the development of cultivars with higher levels of resistance to VW. 
 
P0817: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Genome Wide Association Studies (GWAS) in Capsicum Core Collection 
Heayoung Lee1, Koeun Han1, On-Sook Hur2, Ho-Cheol Go2, Jin-Kyung Kwon1 and Byoung-Cheorl Kang1, (1)Seoul National 
University, Seoul, Korea, The Republic of, (2)Rural Development Administration, Jeonju, Korea, The Republic of 
Genome-wide association study (GWAS) is an effective approach for identifying genetic variants associated to useful agronomic traits. As we 
are performing GWAS for various agronomic traits in pepper, a genotyping-by-sequencing (GBS) approach was used to provide dense genome-
wide marker coverage (>33,000 SNPs) for a 350 pepper core collection. Using GBS platform, a high density haplotype map was constructed and 
various stratification methods, including principal component analysis (PCA), and bayesian phylogenetic methods (STRUCTURE) were 
performed to show the genetic diversity and population stratification. Based on the STRUCTURE, four subgroups were identified and each of Q 
values was estimated. Through these results, MLM using Q values combined with kinship matrix were performed to identify quantitative trait 
loci controlling the variation of 12 agronomic traits. A set of 37 SNP locus distributed over 12 Capsicum chromosomes was identified for 
associations. For a validation, the associations were compared with the location of known QTLs which were surveyed from bi-parental 
population. It showed that, at least two QTLs were matched well with previous study. These results will help to understand associations between 
phenotype and genotype and also will give more power to validate the candidate genes or quantitative trait loci. 
 



P0818: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
Genome-Wide SNP Discovery in Indonesian Pepper (Capsicum annum L.) 
Puji Lestari1, Habib Rijzaani1, Dani Satyawan1, Rerenstradika Tizar Terryana1, Kristianto Nugroho1, Reflinur Basyirin1, 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. 
 
P0819: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
QTL Underlying Androgenic Haploid Production in Pepper (Capsicum annuum) 
Theresa Hill1, Khalis Afnan1, Tui Ray1, Alddo Chaverri1, Hamid Ashrafi2, Allen Van Deynze1 and Kent Bradford1, (1)University 
of California, Davis, CA, (2)North Carolina State University, Raleigh, NC 
The use of doubled haploids (DH) to accelerate homozygous line production is a valuable tool in plant breeding programs. A limitation to the 
utilization of DHs in pepper (Capsicum annuum) breeding is the variability and unreliability among genotypes of plant regeneration from anther 
culture. A classical genetics approach, recombinant inbred lines (RILs) derived from a cross between regeneration-responsive and regeneration-
unresponsive lines, was used to determine if haploid regeneration from microspores is a quantitative trait controlled by genetic loci. 
Transcriptome sequencing of the RIL parental lines was used to develop 400 SNP assays that were used to genotype 200 F5 RILs. Phenotyping 
of three F6 individuals (three reps) from each of the 200 RILs indicate six QTL, four controlling embryogenesis and two controlling plantlet 
regeneration. Two of the six QTL showed a positive effect on the phenotype coming from the regeneration-unresponsive line, contributing to 
both embryogenesis and plantlet regeneration. This is consistent with heterosis that was observed in the F1 and the transgressive segregation 
observed in the RIL population. 
 
P0820: Genome Mapping, Tagging & Characterization: Tomato, Potato, Pepper 
A Platform for Trait Development in Crop Plants 
Travis W. Banks, Daryl J. Somers, Michael Pautler and Rachael Leblanc, Vineland Research and Innovation Centre, Vineland 
Station, ON, Canada 
The science of genomics and transgenic technologies has shaped crop development enabling the introduction of new traits, particularly in grain 
and oilseed crops. In contrast, horticultural crops such as vegetables, fruits and ornamental species have been largely unmodified by genetic 
engineering presumably due to a lack of consumer acceptance in fresh products. Therefore, many horticultural breeding companies have turned 
to using mutagenesis as an approach to modify genes and develop new traits. Our research team has developed a collection of biological, 
genotyping and computational tools called “Deep Variant Scanning” (DVS) used to deliver induced variation from mutagenized plant 
populations. More specifically we have developed two EMS populations including TOMATO – 4,600 M2 lines @ 1SNP/50 bp and PEPPER – 
3,400 M2 lines @ 1 SNP / 70 bp. The identification of desired mutants in candidate genes uses a proprietary technique that includes Illumina 
sequencing and high throughput genotyping that requires just 3 weeks to identify seed packages with the desired mutations. We have examined 
46 genes covering >200 kbp and have identified multiple stop codons and highly deleterious mutations in virtually all genes we have examined. 
The DVS platform has value across crop species and is amenable to a wide range of diploid, polyploid, and obligate out-crossing plants. We are 
also adapting DVS to overcome chimerism in M1 plants and thus examine transient populations, where only the desired M1 plants containing the 
mutations are retained for selfing and allele fixation. 
 
P0821: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
WheatCRISPR: A Web-Based Optimized sgRNA Designer for CRISPR-Cas9-Mediated Genome Editing in Wheat 
Dustin Cram1, Manoj Kulkarni2, Kevin Rozwadowski3, Andrew G. Sharpe4 and Sateesh Kagale1, (1)National Research Council 
Canada, Saskatoon, SK, Canada, (2)National Research Council, Saskatoon, Saskatoon, SK, Canada, (3)Agriculture and Agri-Food 
Canada, Saskatoon, SK, Canada, (4)Global Institute of Food Security, Saskatoon, SK, Canada 
CRISPR-Cas9 has become a promising technique for crop improvement as it can facilitate fast and efficient molecular breeding without retention 
of transgene components in the final plant line. Although CRISPR-Cas9 applications promise to change the pace and course of crop 
improvement, a number of hurdles exist that limit full exploitation of this innovative technology, especially in crops with large, polyploid 
genomes. In wheat, due to the large size of gene families and very large genome, off-target single guide RNA (sgRNA) binding and cleavage is 
one of the most critical issues. Lack of bioinformatics tools to facilitate the design of highly specific functional gRNAs and prediction of off-
target sites in wheat is currently a significant obstacle to effective application of CRISPR to wheat improvement. We have designed a web-based 
bioinformatics tool for automated design of highly specific sgRNAs for CRISPR-Cas9 mediated genome editing and CRISPR-based 
transcriptional regulation of gene expression in wheat. An effective sgRNA should have both high on-target activity and low off-target activity. 
A recent paper by Doench et al. (Nature Biotechnology 34: 184-191) has used large-scale empirical evidence to devise two models for predicting 



the on-target activity and off-target effects, respectively. We apply these prediction models to determine on-target specificity and potential off-
target activity for individual sgRNAs designed to target specific loci in the wheat genome. Our tool allows researchers to browse all possible 
sgRNAs targeting a gene of interest and select them based on their predicted on-target and off-target activity, as well as other characteristics such 
as position within the targeted gene.  
 
P0822: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A Reduced Exome Capture Targeting Highly Informative Regions of the Wheat Genome Provides Greater Value for 
Variant Discovery and Enables Cost-Effective Mapping-by-Sequencing 
David J. F. Konkin1, Emma Hsueh1, Kerry Boyle2, Wentao Zhang2, P.R. MacLachlan3, Pierre Fobert2, Curtis J Pozniak3 and 
Andrew G. Sharpe4, (1)National Research Council of Canada, Saskatoon, SK, Canada, (2)National Research Council Canada, 
Saskatoon, SK, Canada, (3)University of Saskatchewan, Saskatoon, SK, Canada, (4)Global Institute for Food Security (U of S), 
Saskatoon, SK, Canada 
Reduced-representation sequencing approaches such as genotyping-by-sequencing and exome capture resequencing allow cost-effective variant 
discovery and genotyping. Exome capture resequencing has provided a catalogue of diversity present in wheat genic regions with a myriad of 
applications (Jordan et al., 2015). Exome capture-based sequencing has also been used for mapping-by-sequencing in segregating populations 
(Gardiner et al., 2016). Targeting of all exonic regions is useful for identifying a large number of potential functional polymorphisms but the 
amount of sequencing necessary to cover the greater than 2% (321 Mb plus flanking and off-targets regions) of the wheat genome at acceptable 
depth is still substantial. Further, as haplotypes can be defined on the basis of a much smaller number of markers many applications do not 
require such exhaustive sequencing. We have designed and tested a reduced capture targeting exonic and flanking regions that provide the 
greatest information content on the basis of earlier exome capture sequence analysis. This capture targets an order of magnitude less sequence 
space allowing for greater sequencing depth in targeted regions as well as more cost effective deployment in populations or bulks.  
Gardiner, L.-J., Bansept-Basler, P., Olohan, L., Joynson, R., Brenchley, R., Hall, N., O’Sullivan, D.M. and Hall, A. (2016) Mapping-by-
sequencing in complex polyploid genomes using genic sequence capture: a case study to map yellow rust resistance in hexaploid wheat. Plant J., 
87, 403–419. Available at: http://doi.wiley.com/10.1111/tpj.13204.  
Jordan, K.W., Wang, S., Lun, Y., et al. (2015) A haplotype map of allohexaploid wheat reveals distinct patterns of selection on homoeologous 
genomes. Genome Biol., 16, 48. Available at: http://genomebiology.com/2015/16/1/48. 
 
P0823: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Repeatability of Genotyping By Sequencing SNP Markers in Wheat: An Investigation 
Prabin Bajgain, Purdue University, West Lafayette, IN and James A Anderson, University of Minnesota, St. Paul, MN 
Genotyping by sequencing (GBS) provides a snapshot view of the genome and generates SNP markers that are free of ascertainment bias at a 
low cost. However, this approach suffers from data sparsity and high proportion of missing alleles upon multiplexing of large number of samples 
leading to low repeatability of genetic markers. Our investigation behind the lack of connectedness among GBS markers in two RIL populations 
LMPG-6/Paka and LMPG-6/Romany showed that only 1185 SNP markers (9.9% of 11998 total markers) were common. However, a search for 
common markers within the same recombination bins in these two populations led to detection of over 5000 common markers. We also found 
that using enzymes with higher cut frequency leads to a large amount of DNA fragments, which in turn increases the sampling of non-
overlapping reads from different parts of the genome. This appears to be the main reason why not all genomic regions have uniform read 
coverage upon sequencing. We also investigated to what extent dense and sparse multiplexing levels exacerbate marker repeatability by 
simulating GBS library preparation and sequencing. As expected, multiplexing in higher order decreased the number of SNPs in 192-plex and 
384-plex libraries relative to 48- and 96-plexed libraries. Read depth per SNP site reduced by a factor of ½ each time to 2.5, 1.2, and 0.6 in 96-
plexed, 192-plexed, and 348-plexed panels, respectively, from that of 5 in 48-plexed library. For best results, sequencing 92-plex libraries 
appears to give relatively good genome coverage while still keeping the cost low. 
 
P0824: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
BREEDWHEAT: Breeding for Sustainable Wheat Varieties, an Integrated Project from Genomics to Selection 
The BreedWheat consortium, INRA, Clermont-Ferrand, France, Emmanuelle Lagendijk, INRA Transfert, Paris, France and 
Jacques Le Gouis, INRA GDEC, Clermont-Ferrand, 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. In that context, the BreedWheat project gathers 28 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 studies and modeling to decipher the genetic and ecophysiological bases 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. About 5 000 wheat lines from the INRA genetic resources centre were characterized and used to construct a 
new association panel. Moreover nine advanced backcross populations were created to introgress stress tolerance diversity in French elite 
material. 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. 
 
P0825: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Alien Gene Introgression in the Genomics Era of Wheat 



Wei Zhang1, Mingyi Zhang1, Xianwen Zhu1, Yaping Cao1, Shuangfeng Ren1, Yuming Long1, Yadav Gyawali1, Shiaoman Chao2, 
Steven S. Xu2 and Xiwen Cai1, (1)North Dakota State University, Fargo, ND, (2)USDA-ARS, Fargo, ND 
Wheat has a narrow genetic basis due to the allopolyploid origin of its genome. However, it has numerous wild relatives usable for expanding the 
genetic variability of the genome. Traditionally, laborious cytological analyses have been employed to detect homoeologous recombination. This 
has limited alien gene introgression to a relative small scale. Here, we report the study towards efficient application of ph1b mutant and high-
throughput genotyping technology in the homoeologous recombination-based alien gene introgression involving Aegilops speltoides (2n=2x=14, 
genome SS) and Thinopyrum elongatum (2n=2x=14, genome EE). These two wild species contain the genes for resistance to rust, scab, and tan 
spot diseases and tolerance to salt and waterlogging. We genotyped the individual B-S and B-E homoeologous pairs using wheat 90K SNP arrays 
and then developed PCR-based molecular markers from the SNPs located in the distal, middle, and proximal regions for each of the chromosome 
arms based on the high-throughput genotyping results. The SNP-derived PCR markers have been effectively used to detect B-S and B-E 
recombinants from the large recombination populations. Meiotic recombinants involving multiple chromosomal regions of the individual B-S 
and B-E homoeologous pairs have been recovered and delineated using the newly developed user-friendly molecular markers. All recovered 
recombinants have been verified and physically demarcated by GISH. The recombinants with the Ae. speltoides/Th. elongatum-derived genes of 
interest will be selected for germplasm development. This molecular marker-mediated approach enables the meiotic homoeologous 
recombination-based alien gene introgression on a large scale and enhances the utilization of alien genes in wheat improvement. 
 
P0826: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genomic Selection As a Breeding Tool for Improving Wheat Grain Yield through the Introgression of Exotic Alleles from 
the D-Genome Progenitor Aegilops tauschii 
Amber Lynn Hoffstetter, Kyle A McCarthy and Eric Olson, Michigan State University, East Lansing, MI 
Hexaploid wheat, Triticum aestivum, is one of the three most important cereal crops in the world. In order to meet the estimated world demand 
by 2050, a rapid and precise method is needed to incorporate genetic variation from wild relatives into adapted germplasm. Limited hybridization 
events between the D-genome progenitor, Aegilops tauschii, and tetraploid wheat have occurred since polyploidization. An advanced backcross 
(AB) population of 407 inbred backcross lines (IBL) was created through direct hybridization of seven Ae. tauschii accessions and a hard white 
recurrent parent, 'KS05HW14', to restore normal chromosome number and adapt lines for yield evaluation. An AB population incorporates wild 
alleles into elite germplasm while allowing for QTL mapping of important agronomic traits. An alternative to QTL mapping is genomic selection 
(GS). GS estimates breeding values (GEBVs) of individuals using a model built with marker and phenotypic data from a training population. As 
the correlation between the GEBV and the phenotype increases, the effectiveness of GS increases. IBL’s were phenotyped for grain yield in eight 
environments with one replicate each: 2015 and 2016 in Manhattan and Hays, Kansas and Richville, Michigan and 2016 in Champaign, Illinois 
and Marianna, Arkansas. Entry-mean heritability ranged from 0.35 to 0.66. Genotyping-by-sequencing produced 29,679 markers. Accuracies for 
within environment predictions ranged from 0.23 to 0.53 using three GS models, while across environments ranged from 0.30 to 0.50. Marker-
by-environment models improved prediction accuracies for nine environmental combinations. These results indicate GS is useful for integrating 
exotic alleles into current varieties. 
 
P0827: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Nested Association Mapping Population Resource for Studying the Genetic Basis of Trait Variation in Wheat 
Katherine Jordan1, Shichen Wang2, Shiaoman Chao3, Yanni Lun4, Etienne Paux5, Pierre Sourdille6, Jorge Dubcovsky7, Jamie 
Sherman8, Alina Akhunova4, Luther Talbert8 and Eduard Akhunov1, (1)Kansas State University, Department of Plant Pathology, 
Manhattan, KS, Manhattan, KS, (2)Genomics and Bioinformatics Services - TAMU, College Station, TX, (3)USDA-ARS, Fargo, 
ND, (4)Kansas State University, Manhattan, KS, (5)INRA Auvergne-Rhône-Alpes, Clermont-Ferrand, France, (6)INRA GDEC, 
Clermont-Ferrand, France, (7)University of California, Davis, Davis, CA, (8)Montana State University, Bozeman, MT 
Nested association mapping (NAM) combines the advantages of both linkage and association mapping in order to dissect complex traits in a 
single unified mapping population. Here, we report on the characterization of the spring wheat NAM population developed as a community 
resource to aid in identification of important agricultural trait loci to be integrated into international breeding efforts to improve wheat. This 
NAM population was derived from 32 genetically and geographically diverse founders crossed in a common parent design, utilizing the well-
adapted cultivar Berkut. The population consists of 2,400 individuals, which are comprised of 32 separate mapping populations of 75 progenies 
each. Genetic maps for each population were constructed with nearly 50,000 markers per map. More than 235,000 SNP sites were genotyped 
across the entire population providing high-density marker data for GWAS. Utilizing the existing reference genome of wheat, the locations of 
more than 105,000 markers were inferred. Joint linkage mapping of QTL for recombination rate and heading date revealed 42 and 25 QTL, 
respectively, encompassing several candidate genes known to affect both traits as well as many novel loci. Details of population construction, LD 
patterns, and trait mapping will be presented, and examples of how this resource can assist in studying the genetics of complex traits in wheat. 
 
P0828: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Development of a Nested Association Mapping (NAM) Population in Wheat and QTL Mapping for Adaptation Traits, Yield 
and Grain Protein Content 
Guillermo M. Donaire1, Leonardo S. Vanzetti1, Marcelo Helguera1, Carlos T. Bainotti1, Lucas Borrás2, Joshua Hegarty3, Oswaldo 
Chicaiza4 and Jorge Dubcovsky3, (1)Instituto Nacional de Tecnología Agropecuaria (INTA), Marcos Juárez, Argentina, (2)Fac. de 
Cs. Agrarias, Universidad Nacional de Rosario, Zavalla, Argentina, (3)University of California, Davis, Davis, CA, (4)UC Davis, 
Davis, CA 
Grain yield is a complex trait involving multiple genes with additive effects and high environmental interactions. In this work a NAM population 
was developed using a set of spring wheat genotypes adapted to California environments for genetic dissection of yield and protein content. The 
cultivar Blanca Fuerte (high yield and low protein) was crossed with eleven cultivars and advanced lines from CIMMYT and UC Davis and 372 
RILs were developed. The population was genotyped using the 90K SNP chip (Illumina Infinium array). A linkage joint map was constructed 
including 4,501 SNPs distributed in 970 loci along the 21 wheat chromosomes. The population was phenotyped in Davis, California for three 



consecutive years (2011, 2012 and 2013) and seven agronomic traits were evaluated: Heading Date (HD), Plant Height (PH), Yield (YLD), Spike 
Number (SN), Spike Grain Number (SGN), Thousand Kernel Weight (TKW) and Grain Protein Content (PROT). At least 103 QTLs were 
detected including 17 for HD, 20 for PH, 23 for PROT, 4 for SGN, 7 for SN, 13 for TKW and 19 for YLD. Most of the alleles for higher YLD 
came from Blanca Fuerte and were linked in repulsion with PROT QTLs from the other parents except YLD QTLs on 2B, 2D, 4A and 5B 
chromosomes. These three alleles for high YLD and no negative correlation with PROT were selected for utilization in the wheat breeding 
program. 
 
P0829: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Characterization of an Advanced Backcross-Nested Association Mapping Population of Hexaploid Wheat with 
Aeglopis tauschii 
Kyle A McCarthy, Andrew T. Wiersma, Amber Lynn Hoffstetter and Eric Olson, Michigan State University, East Lansing, MI 
New sources of genetic diversity are required to combat slowing yield gains in breeding programs worldwide. Many breeding programs continue 
to practice crossing elite backgrounds because introgressing exotic alleles from unadapted germplasm is time and labor intensive. Advanced 
backcross-QTL mapping is a strategy to simultaneously perform QTL analysis along with variety development by combining the discovery and 
transfer of wild alleles to elite germplasm. Aegilops tauschii, the D genome progenitor of Triticum aestivum, has extensively been used as a 
source of genetic variation through the creation of synthetic hexaploids. This method allows alleles to segregate in all three wheat genomes, 
making the D genome specific contributions difficult to isolate. In order to identify D genome specific contributions to wheat, we analyzed an 
advanced backcrossed nested association mapping population derived from direct hybridization of 7 A. tauschii parents and the recurrent T. 
aestivum parent ‘KS05HW14’. A total of 29,931 genotyping-by-sequencing markers were developed and positioned onto the D-genome of the 
IWGSCv4 reference across 1,189 BC2F4 recombinant inbred lines. The extent of linkage disequilibrium and the frequency of introgression for 
exotic alleles were calculated within the 1,189 RIL’s. Additionally, 407 RIL’s were evaluated for grain yield in 10 environments. Quantitative 
variation suggests that D genome specific alleles are contributing significantly to yield. In addition to multiple environment specific loci, two 
consistent QTL were identified on chromosomes 2D and 6D. These results indicate that A. tauschii may be an important source of genetic 
variation for grain yield improvement in some environments. 
 
P0830: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Recombination Landscape of the Wheat Genome 
Juan J Gutierrez-Gonzalez, University of Minnesota, Saint Paul, MN, Jesse Poland, Kansas State University, Manhattan, KS, 
Martin Mascher, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Seeland, Germany and Gary J. Muehlbauer, 
Department of Plant and Microbial Biology, University of Minnesota, St. Paul, MN 
The genome of the allopolyploid bread wheat (Triticum aestivum L.) is large and highly repetitive, with an estimated length of 17gb. Here, we 
use genotyping-by-sequencing (GBS) on two reference populations and three independent designs: a population of double haploids (SynOpDH) 
of 88 individuals, and two subsets of the population of recombinant inbred lines (SynOpRIL) of 179 and 993 individuals, respectively, to study 
the recombination landscape of the wheat genome. A total of 12492, 8250, and 8599 GBS-SNP markers passed the quality filters for each design 
and were used for linkage analysis across the hexaploid wheat 21 chromosomes. Three genetic maps, harboring 7832, 4074 and 5525 high-
quality GBS-SNP markers were constructed with strict tests for linkage. The GBS-SNP markers and genetic maps were used to study 
recombination patterns and breakpoints, and recombination hotspots. In addition, our analysis will assist in validating a new assembly that the 
International Wheat Genome Sequencing Consortium (IWGSC) is finalizing using the NRGene DeNovoMAGIC 2.0 technology. 
 
P0831: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Structural and Evolutive Analysis of an Ancestral Chromosomes Fusion Point within the Hexaploid Wheat Genome 
Arnaud Bellec1, Nadege Arnal1, Stephane Cauet1, Nathalie Rodde1, Florent Murat2, Caroline Pont2, Jerome Salse2 and Hélène 
Bergès3, (1)INRA - CNRGV, Castanet Tolosan, France, (2)INRA Clermont-Ferrand, Clermont-Ferrand, France, (3)INRA CNRGV, 
Toulouse, France 
The explosion of genomes sequencing has highlighted whole genome duplications (WGDs) as a major evolutionary driving force shared by 
multiples branches of the tree of life. However, the genome sizes and chromosome numbers have not increased exponentially over time because 
WGDs have been balanced by chromosome number reduction (CNR) and gene losses. In plants these two mechanisms have been found through 
genomes sequences comparisons and ancestral karyotype reconstruction. For monocots models have been proposed explaining CNR by nested 
chromosome fusions (NCFs). However, molecular mechanisms driving ancestral chromosome fusions that have led to the present day monocots 
karyotypes are still largely unknown. Based on this ascertainment, we aimed at characterizing a wheat genomic locus corresponding to ancestral 
chromosomes fusion point (FP).  
To obtain a high quality sequence of a FP we implemented a strategy based on the reconstruction of the ancestral grass karyotype, the definition 
of the synteny relationships between wheat and rice (as the modern representative of the Ancestral 12 chromosomes grass karyotype) and the 
screening of wheat chromosome specific BAC libraries.  
We focused on the FP located on the long arm of chromosomal group 1. We investigated this region on chromosomes 1AL, 1BL, 1DL obtaining 
sequences for each of them. The annotation of genes and transposable elements allowed us to established orthology relations chromosome 5 and 
10 of rice (images of ancestral chromosomes A5/A10). The origin and the order of the genes neighboring the FP were confronted to models of 
chromosomes fusion of Triticeae proposed in the literature. 
 
P0832: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Impact of Breeding and Selection on the Evolution of the Wheat D-Genome in a Historical Soft Red Winter Wheat Panel 
Prabin Bajgain1, Priyanka Tyagi2, Gina Brown-Guedira3 and Mohsen Mohammadi1, (1)Purdue University, West Lafayette, IN, 
(2)North Carolina State University, Raleigh, NC, (3)USDA/ARS PSR, Raleigh, NC 



The D-genome of wheat (Triticum aestivum L.) is the most recent set of chromosomes added to the wheat genome during hybridization of the 
tetraploid AABB durum wheat with the diploid DD grass. Known to be the least polymorphic of all three genomes, the D genome houses 
important genes involved in shaping agronomic traits such as disease resistance, yield, and grain quality. Therefore, to study the impact of 
breeding and selection on the evolution of the D-genome, a panel of 380 soft red winter wheat lines from 1814 to 2015 was genotyped using the 
genotyping by sequencing method followed by reference-based SNP calling. The SNPs were filtered for minor allele frequency of ≥ 0.05 and 
missing data of ≤ 25%. The resulting 2,509 D-genome SNPs (15,032 across all 3 genomes) and the associated sequence tags were used in 
subsequent population genomic analyses. Estimation of pairwise differences (Tajima’s D) within segregating sites showed non-neutral evolution 
of the loci. While the values ranged from -0.55 to 4.26, 75% of the values were >0 suggesting these loci are under positive selection, likely from 
selective sweeps during the course of breeding. Regions with positive selection were found to be in moderately high LD (D’ up to 0.7) with loci 
in different chromosomes undergoing minor positive selection (Tajima’s D 1.6-2.2). Knowledge of the extent of selection in different regions of 
the D genome along with LD and recombination rates could help understand the reason behind the low polymorphic nature of this genome in 
current wheat germplasm. 
 
P0833: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Multiple BioNano Genome Maps to Further Improve the Sequence Assembly of Aegilops tauschii Genome 
Tingting Zhu, Juan C. Rodriguez, Karin R. Deal, Sonny Van, Jan Dvorak and Ming-Cheng Luo, Department of Plant Sciences, 
University of California, Davis, CA 
The use of a BioNano genome (BNG) map to assist sequence assembly, specifically for super-scaffolding and pseudomolecule construction, is 
limited by gaps in the map. One of the attributes is those closely located nickase restriction site pairs on opposite DNA strands (fragile site pairs, 
FSPs), making such regions prone to breakage during DNA labeling and electrophoresis. The analysis of two BNG map assemblies for Aegilops 
tauschii acc. AL8/78 from independently collected Nt.BspQI nickase labelled molecules demonstrates a total of 1,148 gaps (out of 2,539 gaps 
calculated from the BNG map assembly with longer N50) were shared by both BNG maps on a whole-genome scale. Of these shared gaps, 74% 
were further confirmed by the prediction of FSPs from the sequence assembly of Ae. tauschii AL8/78, and over 98% of the distances within the 
FSPs are less than 200 bp. To bridge these “meant-to-be” breakages, we intended to use a second nickase, however, for Ae. tauschii genome, 
other nickases either introduced more FSPs that made molecules more fragile or were unstable. Thus alternatively, we utilized nickase site 
polymorphism (NSP) to alter the distribution of these fragile regions across different Ae. tauschii accessions. An additional BNG map was then 
constructed for Ae. tauschii acc. CIae23 using Nt.BspQI nickase as well. Our results show that NSP among the two Ae. tauschii genotypes was 
effective that the locations of 629 (out of confirmed 1,148) FSPs were altered and the use of the additional BNG map did improve the ordering 
and orienting of super-scaffolds on the pseudomolecules. This work is a part of the NSF-funded Project IOS-1238231 to generate a reference 
sequence for the genome of Ae. tauschii (http://aegilops.wheat.ucdavis.edu/ATGSP/). 
 
P0834: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Rapid, Low-plex Genotyping of Wheat and Other Cereals 
John D. Curry, Affymetrix, Hercules, CA, Vineet Joshi, Affymetrix Inc., Santa Clara, CA, Qian Wan, Affymetrix, Santa Clara, 
CA and Heather Koshinsky, Affymetrix, now a part of Thermo Fisher Scientific, Santa Clara, CA 
Eureka™ Genotyping Solution is a novel technology that has utility in plant breeding and regulatory aspects. It allows for two-day turnaround 
time, from sample to genotype calls for catalog or fully customizable panels of a few 100s up to 3000 variants (substitutions or INDELS). The 
Eureka™ genotyping assay is a ligation-dependent polymerase chain reaction made ready for high through put sequencing. It consists of probe 
triplets in solution, where for each variant there are two left side probes (one for each allele) immediately followed by a third right side probe. 
The probes are hybridized to target on the input DNA and a ligation step locks the correctly hybridized left and right probes. Interrogation site 
bar codes are contained within the ligation probes and sample index bar codes are added during the post-ligation amplification step. Amplicons 
from all the samples are pooled and short-cycle sequence data is generated from the prepared libraries. The Eureka™ Analysis Suite software is 
used to tabulate the number of reads that contain each combination of sample, locus, and allele bar code (as appropriate). The genotype of each 
sample for each locus is inferred from statistical analysis of the tabulated reads. The Eureka Genotyping Solution is affordable, flexible, accurate 
and robust. Results for Eureka Genotyping Panels developed for Hordeum vulgare, Glycine max, Zea mays and the genetically more complex 
Triticum aestivum will be discussed 
 
P0835: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Next Generation Platform for Dissection of Complex Traits and Genetic Improvement of Wheat 
Bianyun Yu1, Wentao Zhang1, Peng Gao1, Christine Sidebottom1, Prabhath Lokuruge1, Carling Clarke1, Brittany Polley1, Jesse 
Kustra1, Andrew G. Sharpe2, Ron E. Knox3, Yuefeng Ruan3, Richard D. Cuthbert3, Curtis J Pozniak4 and Pierre Fobert1, (1)National 
Research Council Canada, Saskatoon, SK, Canada, (2)National Research Council Canada / Global Institute for Food Security (U of 
S), Saskatoon, SK, Canada, (3)AAFC-SPARC, Swift Current, SK, Canada, (4)University of Saskatchewan, Saskatoon, SK, Canada 
Wheat is an important staple crop and most widely grown cereal in the world. However, loss of genetic diversity in elite wheat breeding 
populations has limited future genetic gain on wheat improvement. Introducing the targeted trait from the synthetic hexaploid wheat (SHW) 
donor into adapted germplasm and generating novel recombinant genotypes to widen the existing primary gene pool of bread wheat has proven 
to be a practical strategy to incorporate allelic diversity into modern wheat. In this study, we describe the development of a large bread wheat 
nested association mapping (NAM) population that is designed to incorporate novel genetic diversity and take advantage of both linkage analysis 
and association mapping for dissection of complex quantitative traits. Fifty genetically diverse founder lines including 25 SHW and 25 elite lines 
were crossed to a common elite wheat line. This will allow the identification of valuable alleles “left behind” in elite cultivars due to minor effect 
that is difficult to detect and novel favorable alleles from SHW sources as well. The resulting population will provide a useful resource for not 
only dissection of genetic architecture of complex traits with higher statistical power and higher resolution but also identification of pre-breeding 
germplasm for future wheat breeding program. 
 



P0836: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Identification of Genes, Quantitative Trait Loci (QTL) and Diagnostic Markers Associated with Specific End-Use Quality 
Traits in Soft Red Winter (SRW) Wheat 
Nicholas A. Meier, Virginia Tech, Blacksburg, VA 
QTL mapping to identify molecular markers associated with improved milling and baking quality in two soft red winter wheat 
populations. Milling and baking quality traits are highly heritable and well-suited for QTL mapping. 186 Recombinant Inbred Lines from the 
cross Pioneer ‘25R47’ x Jamestown and 107 Double Haploids from the cross Pioneer ‘26R46’ x Tribute were genotyped using the Illumina 
Microarray 90k SNP chip. By summer 2017, both populations will have been grown in two locations (Blacksburg and Warsaw, Virginia) over 
two years, for a total of four location/year environments, respectively. Populations are replicated across location and not within due to the high 
cost of baking and milling analysis. Phenotypic analysis was performed at the USDA ARS Soft Wheat Quality Lab in Wooster, Ohio. Twelve 
individual traits influencing baking and milling quality were analyzed. QTL analysis utilizes QTLcartographer, ICImapping, and r/qtl. Identified 
markers will be used to facilitate marker assisted selection (MAS) in Virginia Tech’s small grain breeding and genetics program. High 
throughput genotyping of wheat quality traits is desirable as quality testing in prohibitively expensive and time consuming, limiting the number 
of samples that can be tested annually. 
 
P0837: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Structural Variation of a Wheat Chromosome Arm Revealed By Optical Mapping 
Zuzana Tulpova1, Helena Toegelova1, Jan Vrána1, Alex R. Hastie2, Adam Lukaszewski3, David Kopecky1, Nora L.V. Lapitan4, 
Jacqueline Batley5, David Edwards5, The International Wheat Genome Sequencing Consortium6, Jaroslav Doležel1 and Hana 
Simkova1, (1)Institute of Experimental Botany, Olomouc, Czech Republic, (2)BioNano Genomics, San Diego, CA, (3)University 
of California, Riverside, CA, (4)Colorado State University, Fort Collins, CO, (5)University of Western Australia, Perth, Australia, 
(6)IWGSC, Lee's Summit, MO 
Optical mapping in nanochannel arrays (BioNano mapping) provides an affordable approach to validate and improve DNA sequence assemblies 
and to study structural variation among individuals, cultivars or species. Coupling the optical mapping with flow sorting of individual 
chromosomes of bread wheat enables zooming in on particular regions of the complex (17 Gb) and hexaploid genome, making the studies more 
cost-efficient and reliable. In this work we purified 7DS chromosome arm (381 Mb) from ditelosomic lines of two accessions - cv. Chinese 
Spring (CS) and CI2401 - in which 7DS arm is maintained as a pair of stable telocentric chromosomes. Using Irys platform, we generated 68 
(180x) and 78 Gb (206x) size-filtered data for CS and CI2401, respectively. The data were assembled into 371 (CS) and 468 (CI2401) genome 
maps with N50 of 1.3 Mb for both accessions. Comparison of the two maps showed a high degree of similarity between them. 83% of the 
CI2401 optical map length could be aligned to the CS map under high stringency. Alignment of the optical maps to a reference genome, 
generated from ‘Chinese Spring’ by IWGSC, revealed a significant variability in (sub)telomeric and (peri)centromeric regions. The two 
accessions differ in susceptibility to Diuraphis noxia and we previously located a gene underlying resistance to this pest to a 350-kb region on the 
7DS. Comparison of optical maps spanning the region disclosed a 8-kb insertion in the proximity of a candidate gene in the susceptible ‘Chinese 
Spring’. The variable regions will be scrutinized on the sequence level. 
 
P0838: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome Wide Association Mapping (GWAS) for Important Agronomic and Quality Traits in Durum Wheat (Triticum 
durum L.) 
Ahmad Alsaleh and Hakan Ozkan, University of Cukurova, Adana, Turkey 
Agro-morphological, agronomical and quality characteristics are the important traits for durum wheat. Understanding the genetic control of those 
traits can help breeders to develop varieties with improved characteristics. Fourteen of the above-mentioned characteristics were investigated in 
130 durum wheat genotypes, which were divided into four groups, showing a wide range and significant variation. Variance analysis showed 
significant differences for most of the studied traits. Significant correlations were also observed between those traits. Analysis of molecular 
variance (AMOVA) revealed that there was variation within and among the groups of the genotypes studied. The weighted Neighbor-joining tree 
confirmed the groups identified in the PCoA, showing high and wide diversity in the durum genotypes. Structure analysis revealed that the 
studied genotypes were divided into five groups with respect to the number of tree clusters. The mixed linear model used for accurate marker 
trait associations revealed that 92 of the 144 MTAs (marker-trait associations) were major MTAs, of which two were significantly associated 
with plant height (PH) and (vitreous kernel count) VKC. Pleiotropic effects were found in the MTAs. Taken together with the published genetic 
results, the MTAs determined in this study could be the targets of marker-assisted selection to improve many traits in durum wheat. 
 
P0839: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Evaluating Methods of Updating Training Data in Long-Term Genomic Selection 
Jeffrey L. Neyhart, Tyler Tiede, Aaron J. Lorenz and Kevin P. Smith, University of Minnesota, St. Paul, MN 
Genomewide selection is hailed for its ability to facilitate greater genetic gains per unit time. Over breeding cycles, the requisite linkage 
disequilibrium (LD) between quantitative trait loci (QTL) and markers is expected to change as a result of recombination, selection, and drift, 
leading to a decay in prediction accuracy. Previous research has identified the need to update the training population using data that may capture 
new LD generated over breeding cycles, however optimal methods of updating have not been explored. In a barley (Hordeum vulgare L.) 
breeding simulation experiment, we examined prediction accuracy and response to selection when updating the training population each cycle 
with the best predicted lines, the worst predicted lines, random lines, criterion-selected lines, or no lines. In the short-term, we found that 
updating with the best predicted lines resulted in greater prediction accuracy and genetic gain, but in the long-term, all methods (besides not 
updating) performed similarly. We also examined the impact of including all data in the training population or only the most recent data. Though 
patterns among update methods were similar, using a smaller, but more recent training population provided a slight advantage in prediction 
accuracy and genetic gain. In an actual breeding program, a breeder might desire to gather phenotypic data on lines predicted to be the best, 



perhaps to evaluate possible cultivars. Therefore, our results suggest that the most optimal method of updating the training population is also the 
most practical. 
 
P0840: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Prospects of Genomic Selection for Wheat Improvement 
Teketel A. Haile, Pierre J. Hucl and Curtis J Pozniak, University of Saskatchewan, Saskatoon, SK, Canada 
Genomic selection (GS) is a novel approach which has been suggested as a complementary tool to phenotypic selection to improve genetic gain 
of quantitative traits. However, there is still limited empirical evidence on the practical application of GS for wheat breeding. The objectives of 
this study were i) to evaluate the potential of single and multiple-trait GS prediction models for wheat breeding ii) to examine improvements in 
prediction accuracy when modelling genotype by environment (GxE) interactions. This study was based on 231 hexaploid wheat lines that were 
genotyped using the wheat 90K iSelect assay and evaluated for a number of agronomic and end-use quality traits in ten environments in western 
Canada. Several single-trait (RR-BLUP, G-BLUP, BayesA, BayesB, BayesCπ, BRR, BL, and RKHS) and multiple-trait (MT-BayesA, MT-
BayesA-matrix, and MT-BayesA-scalar) models were generated to predict yield and other traits. The effect of modelling GxE interactions on GS 
model prediction accuracy was assessed using a marker by environment interaction model and a reaction norm model that incorporates 
environmental data. The average prediction accuracies ranged from 0.5 to 0.8 for the various traits and models. Prediction accuracy for single 
trait prediction models was similar to that when multiple trait prediction models were used. For some traits, multi-trait prediction accuracy was 
lower to single trait prediction, but this was dependent on the inter-trait correlation. Modeling GxE interactions improved prediction accuracy 
dependent on the prediction problem. Results obtained from this study are promising but further research is still required to fully implement GS 
for wheat breeding. 
 
P0841: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genomics-Assisted Breeding Strategies for Hybrid Wheat 
Philipp H. G. Boeven, University of Hohenheim, State Plant Breeding Institute, Stuttgart, Germany 
The exploitation of heterosis in wheat holds great potential to increase yield gain and yield stability. However, the long-term success of hybrid 
wheat breeding is greatly dependent on the establishment of heterotic groups and the redesign of the wheat floral architecture as required for 
hybrid seed production. We assessed genetic diversity and phenotypic performance in a global collection of 1110 winter wheat varieties released 
during the past decades in 35 countries. We identified genetically distinct subgroups with potential for hybrid wheat breeding and elaborated the 
HyBFrame approach, a unified framework illustrating how global genetic diversity can be used to complement reciprocal recurrent selection and 
accelerate the development of genetically distinct heterotic groups. Furthermore, we dissected the genetic architecture underlying floral traits 
with relevance for hybrid wheat breeding. To this end, we employed a panel of 209 diverse winter wheat lines assessed for pollen mass and 
anther extrusion, and genotyped with genome-wide markers as well as for Rht-B1 and Rht-D1. The genome-wide scan revealed a complex 
genetic architecture underlying these traits, for which Rht-D1 was identified as the only major QTL. As a consequence, we applied genomic 
prediction, fitting the identified major- and medium-effect QTL as fixed effects, which yielded the highest prediction accuracies for male floral 
traits and outperformed marker-assisted selection. Finally, we integrated these findings in an initial concept for male pool development in wheat 
and demonstrate how the genomics-assisted broadening of the male pool might be achieved by our HyBFrame approach in the long run. 
 
P0842: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Decoding Wheat – Genome Assembly, Annotation, Expression Atlas and Genetic Variation Study 
Xi Wang and Evelyne Caestecker, Bayer CropScience, Gent, Belgium 
Genomic resources such as genome sequence, genes and their functions serve as foundation for the accelerated development of improved 
varieties and empowers all aspects of basic and applied wheat science, including QTL mapping, transformation characterization, transcriptome 
atlas and genetic diversity study. However, the large and repetitive nature of wheat polyploidy genome has complicated generation of diverse 
genomic resources. Here we present the strategies applied in-house for genome assembly, genome structural and functional annotation, 
transcriptome atlas and genetic diversity study, leveraging on next-/third-generation sequencing technologies and novel computational 
approaches. 
 
P0843: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Characterization of a Recombination Hotspot in Wheat Using Flow-Sorted Pollen Nuclei and Digital PCR 
Michael Abrouk1, Jana Zwyrtková2, Pavla Christelová2, Elodie Rey2, Eva Komínková2, Irena Jakobson3, Jan Vrána2, Kadri Järve3, 
Miroslav Valárik2 and Jaroslav Doležel2, (1)Institute of Experimental Botany, Olomouc, Czech Republic, (2)Institute of 
Experimental Botany AS CR, Olomouc - Holice, Czech Republic, (3)Department of Gene Technology, Tallinn University of 
Technology, Tallinn, Estonia 
Allohexaploid bread wheat (Triticum aestivum, 2n=6x=42) behaves as diploid during meiosis, when the proper chromosome pairing is controlled 
by Ph1 locus. Crossing-over (CO) events mediated through homologous recombination are the source of new gene combinations and potentially 
interesting traits. However, COs are not evenly distributed along chromosomes and short regions (~1-4 kb) exhibiting significantly higher 
recombination rates (recombination hotspots) were observed. Previously, introgressive line of T. aestivum 8.1, resistant to powdery mildew was 
developed. The line contains a chromosome segment transferred from T. militinae into the subtelomeric region of long arm of chromosome 4A 
(4AL). In effort to clone resistance gene QPm.tut-4A from this line, a mapping population from a cross between T. aestivum cv. Chinese Spring 
and the line 8.1 was developed. Screening 7,500 individuals of the population identified a region with seven recombination events within 1.29 kb 
in the QPm.tut-4A locus. To characterize COs frequency in the locus, we have genotyped flow-sorted generative pollen nuclei using droplet 
digital PCR. This approach allows screening thousands of gametes, which can be easily obtained from only a few heterozygous plants and 
permits detection and quantification of recombinant molecules occurring even at low frequency. The method is generally applicable and provides 
fast and efficient method for high-resolution mapping recombination events along plant chromosomes to shed more light on the complex 



mechanisms underlying meiotic recombination. This work has been supported by the National Program of Sustainability I (No. LO1204), the 
Czech Science Foundation (Award 16-07155Y) and by Estonian Ministry of Agriculture. 
 
P0844: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Improvement of Pseudomolecule for Wheat Chromosome 6B 
Hiroyuki Kanamori1, Satoshi Katagiri1, Kanako Kurita1, Harumi Sasaki1, Satomi Mori1, Hiroko Fujisawa1, Fuminori Kobayashi1, 
Tsuyoshi Tanaka1, Michihiko Shimomura2, Nobukazu Namiki2, Hiroshi Ikawa2, Takashi Matsumoto1, Yuichi Katayose1, Jianzhong 
Wu1 and Hirokazu Handa1, (1)Institute of Crop Science (NICS), National Agriculture and Food Research Organization (NARO), 
Tsukuba, Ibaraki, Japan, (2)Mitsubishi Space Software Co.,Ltd., Tsukuba, Ibaraki, Japan 
The International Wheat Genome Sequencing Consortium (IWGSC) continues their efforts to make a high quality reference genome sequence of 
the bread wheat genome from cv. Chinese Spring, which is anchored to the genetic maps. Our team in Japan have made the physical map using 
the chromosome 6B-specific BAC library and have sequenced individually with 96-Tag sequencing system.  
To further improve a 6B pseudomolecule (ver1.0) which was reported in the PAG XXIV last year, the BAC clones covering gap regions were 
sequenced with GS FLX. And also two mate-pair libraries (3~4 kb, 8~11 kb) using pooled BAC clones were constructed and sequenced with 
MiSeq. After the integration of information of the newly sequenced BAC clones into the data for the previous pseudomolecule, all of the BAC 
clones were checked for their overlaps with neighbors and then were ordered manually using the outputs from SSPACE.  
And also, to anchor unmapped scaffolds onto the 6B physical map, ISBP (Insertion Site Based Polymorphism) markers were further designed 
based on the unmapped BAC sequences. As a result, some of unmapped scaffolds were connected to the mapped scaffolds by their sequences 
and/or were anchored onto the 6B physical map.  
Combined with all data, we constructed the new version of 6B pseudomolecule (ver. 2.0), which is 648.30 Mb in size. The number of scaffolds 
was 5,455 and the size of the largest scaffold was about 3.9Mb.  
This work was supported by a grant from the Ministry of Agriculture, Forestry, and Fisheries of Japan. (Genomics-based Technology for 
Agricultural Improvement, NGB1003, 1007). 
 
P0845: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Leveraging the Assembly of the Durum Wheat Genome cv. Svevo 
Marco Maccaferri, DipSA - University of Bologna, Bologna, Italy and . The International Durum Wheat Genome Sequencing 
Consortium, CREA Genomics research centre, Fiorenzuola d'Arda, Italy 
Tetraploid wheat species, with his two wild and cultivated subspecies T. turgidum ssp. dicoccoides and ssp. durum, is a cornerstone of the wheat 
polyploidy complex. Durum wheat is one of the most important cereals for Mediterranean and other countries with semi-arid environments. 
Additionally, tetraploid wheat genetic resources are valuable for the genetic improvement of common wheat. Until now, durum wheat molecular 
genetics and genomics have largely relied on common wheat molecular tools. In 2016, following the assembly of the T. dicoccoides genome, an 
international consortium has generated a high-quality reference sequence of the modern durum wheat cultivar Svevo based on the NR-Gene 
DeNovoMAGICTM assembly pipeline. Both genomes are anchored to a common high-density genetic map based on Svevo × Zavitan RIL 
population and merged into super-scaffolds using Hi-C data. The Svevo assembly scaffolds span 10.5 Gb, with 95% of the scaffolds anchored 
and 90% oriented. Additionally 15 high-density linkage maps based on the 90K SNP array are used to further anchoring and to explore the 
QTLome of tetraploid wheat through GWAS and meta-QTL analysis. Here, we present preliminary results on the use of the two tetraploid wheat 
genome assemblies to explore the gene content of QTL regions relevant for root system architecture, for a grain yield QTL located on 
chromosome 3B (QYld.idw-3B) and for a major locus for resistance to Soil-borne mosaic virus (Sbm2). The access to the two tetraploid genome 
sequences provides unprecedented opportunities to accellerate the positional cloning of these as well as other QTLs. 
 
P0846: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Spatial Gene Expression Analysis of Histone Modifications of ChIP-DNA in Durum Wheat Tissues 
Antonette Todd, Vasudevan Ayyappan and Venu (Kal) Kalavacharla, Delaware State University, Dover, DE 
Histone modifications are associated with gene expression in their ability to condense or relax chromatin, allowing their expression or repression. 
In acetylation, the chromatin relaxes, allowing transcription factors to reach their target, resulting in gene expression. In methylation, the 
chromatin condenses, restricting transcription factors from reaching their target, impeding gene expression. Chromatin Immunoprecipitation 
(ChIP) examines the interactions between protein and DNA within the genome of an organism by studying histone modifications. These 
interactions may play a major role in combating drought, adjusting to heat stress, and fighting diseases during plant developmental stages. In this 
study, we seek to optimize ChIP-DNA isolation in Durum wheat and examine ChIP-DNA isolates in four tissue types (leaf, root, head, and two 
week old seedling) to identify differential histone-DNA interactions among the group using Illumina sequencing. Optimization of the ChIP-DNA 
isolation protocol in Durum wheat may allow us to better understand histone modifications and the role they play in combating abiotic and biotic 
stresses. We will also use quantitative PCR to identify chromosome remodeling gene expression differences among tissue types. By knowing 
where these specific genes are located in the genome we may be able to better understand their spatial importance. The goal of this research is to 
serve as a blueprint for studying spatial histone methylation and acetylation in wheat using the ChIP assay. 
 
P0847: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Analysis of the Effect of Circadian Clock Genes on Yield Components in Wheat (T. aestivum) 
Lukas M. Wittern1, Keith A. Gardner2, Matthew A. Hannah3, Alex A.R. Webb1 and Andy Greenland2, (1)Department of Plant 
Sciences, University of Cambridge, Cambridge, United Kingdom, (2)The John Bingham Laboratory, NIAB, Cambridge, United 
Kingdom, (3)Bayer CropScience NV., Gent, Belgium 
The circadian clock serves to coordinate physiology and behaviour in a wide range of organisms with its daily cycles derived from the rotation of 
the earth (McClung, 2013). In plants, circadian rhythms contribute to growth and yield and, hence to productivity (Dodd et al., 2005). We are 



investigating the effect of the wheat orthologues of A. thaliana core circadian clock genes on yield potential and contributing agronomic traits in 
wheat, providing an assessment of the viability of circadian tools for agronomic improvement.  
To identify circadian clock homologues protein sequence databases were queried using an orthology prediction algorithm (Altenhoff et al., 
2013). This analysis suggests that on an orthology basis the circadian clock is strongly conserved between monocots and dicots. Functional 
analysis suggests divergence in expression patterns.  
We have previously reported the creation of the first high density linkage map in an eight parent winter wheat Multi-Parent-Advanced-Inter-
Cross (MAGIC) population (Gardner et al., 2015). This genetic map was used to associate circadian clock genes with phenotypes in the NIAB 
(National Institute of Agricultural Botany) MAGIC population and identify several candidate genes.  
Delayed chlorophyll fluorescence (DF) has been shown to oscillate with a circadian rhythm (Gould et al., 2009). We have optimized a high 
throughput assay for delayed chlorophyll fluorescence, which allows us to identify circadian phenotypes, such as circadian clock period, 
amplitude and phase in wheat. Together with high throughput qRT-PCR this has allowed us to characterise circadian oscillations in a highly 
diverse population. 
 
P0848: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Identification and Mapping of QTL for Number of Spikelets per Spike in Wheat (Triticum aestivum L.) 
Saarah Noriko Kuzay, University of California Davis, Davis, CA 
Wheat production will need to increase substantially to satisfy the projected rise in global food demands. To accelerate gains in wheat yield, we 
need a better understanding of the gene networks regulating individual yield components and their interactions. In this study, we characterized a 
locus regulating the number of spikelets per spike (SPS), which determines the maximum number of grains that can be formed in a wheat spike. 
We performed two genome-wide association studies (one including a global collection of 875 spring wheat lines and the other one including 300 
photoperiod insensitive spring wheat lines), and identified a QTL for SPS on the long arm of chromosome 7AL. This QTL was validated in the 
biparental population Berkut x RAC875. SPS showed high heritability (h2 = 0.88), which facilitated its precise genetic mapping to a 2 Mb region 
of chromosome 7AL (LOD score = 3.3). The 7AL QTL explained 20% of the observed phenotype variation for SPS. On average, lines carrying 
the Berkut allele for SPS had 2.4 more spikes per spike compared to lines carrying RAC875 allele for the peak region of the 7AL QTL. We 
developed a large high density population from two heterozygous inbred families (HIFs) to precisely map and eventually clone the gene 
underlying this QTL. 
 
P0849: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome-Wide Association Analyses of 54 Traits Identified Multiple Loci for the Determination of Floret Fertility in Wheat 
Zifeng Guo1, Dijun Chen2, Ahmad Mohammad I. Alqudah3, Marion S. Röder1, Martin W. Ganal4 and Thorsten Schnurbusch3, 
(1)IPK, Gatersleben, Germany, (2)Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany, (3)Leibniz-
Institute of Plant Genetics and Crop Plant Research (IPK), OT Gatersleben, Stadt Seeland, Germany, (4)TraitGenetics GmbH, 
Gatersleben, Germany 
Increasing grain yield is still the main target of wheat breeding; yet today’s wheat plants utilize less than half of their yield potential. Due to the 
difficulty of determining grain yield potential in a large population, no genetic factors regulating floret fertility (i.e. the difference between grain 
yield potential and grain number) have been reported so far. In this study, we conducted a genome-wide association study (GWAS) by 
quantifying 54 traits (16 floret fertility traits and 38 traits for assimilate partitioning and spike morphology) in 210 European winter wheat 
accessions. The results of this GWAS experiment suggested potential associations between floret fertility, assimilate partitioning and spike 
morphology revealed by shared Quantitative Trait Loci (QTLs). Several candidate genes involved in carbohydrate metabolism, phytohormones 
or floral development co-localized with such QTLs, thereby providing potential targets for selection. Based on our GWAS results we propose a 
genetic network underlying floret fertility and related traits, nominating determinants for improved yield performance.  
 
P0850: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Identification of Genomic Regions Determining the Grain Quality and Agronomic Characters in Durum Wheat 
Sachin Kumar1, Ron E. Knox2, Julio Isidro3, Yuefeng Ruan4, Richard D. Cuthbert2, Fran Clarke2, Curtis J Pozniak5, Amidou 
N'Diaye5, Brad Meyer6, Asheesh K. Singh7, John M. Clarke5 and Ron DePauw8, (1)Ch. Charan Singh University, Meerut, India, 
(2)AAFC-SPARC, Swift Current, SK, Canada, (3)School of Agriculture & Food Science, Belfield Dublin, Ireland, (4)AAFC, Swift 
Current, SK, Canada, (5)University of Saskatchewan, Saskatoon, SK, Canada, (6)AAFC-SCRDC, Swift Current, SK, Canada, 
(7)Department of Agronomy, Iowa State University, Ames, IA, (8)Advancing Wheat Technology, Swift Current, SK, Canada 
Dissection of quantitative trait loci controlling agriculturally important traits in durum wheat (Triticum turgidum L. subsp. durum) is required for 
molecular breeding to minimize inclusion of undesirable linked genes with the desired gene. The present study was conducted to identify 
genomic regions associated with grain quality and agronomically important traits. A doubled haploid population of 92 lines from a cross of 
‘Strongfield’ and ‘Blackbird’ and the two parents were phenotyped at six environments for grain protein content, yellow pigment content, plant 
height, maturity, lodging, test weight, thousand-grain weight and grain yield. The parents and DH lines were fingerprinted with the Infinium 90K 
SNP assay. Composite interval mapping detected 24 QTL on 13 wheat chromosomes. Three grain protein content QTL were identified, one each 
on chromosomes 1A, 6A, 7A, and a QTL for pigment content was detected on 5A and on 7A. Nine QTL were associated with multiple traits. 
Two QTL were identified on 5A each associated with height, maturity, lodging, thousand-grain weight and grain yield. Three QTL were 
identified on 4B, each associated with maturity, lodging, test weight and thousand-grain weight. Two QTL on 4A were each associated with 
lodging, test weight, thousand-grain weight and grain yield, and two QTL on 7B each related to maturity, height, test weight and grain yield. A 
larger population will be required to discriminate between combinations of linked genes and pleiotropic effects. These QTL provide exciting 
opportunities to breed for genomic segments using SNP markers to assemble associated combinations of agronomic and quality traits. 
 
P0851: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome-Wide Characterization of Genes Controlling Wheat Seed Dormancy and Pre-Harvest Sprouting Using RNA-Seq 



Hui Chen1, Jixin Zhao1 and Guihua Bai1,2, (1)Agronomy Department, Kansas State University, Manhattan, KS, (2)Hard Winter 
Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS 
Pre-harvest sprouting (PHS) in wheat causes significant reduction in grain yield and quality, and results in substantial economic losses. 
Inadequate seed dormancy is the key factor for PHS when long period of wet weather is available during harvesting seasons. Multiple genetic 
components and environmental factors are involved in the controlling PHS. To investigate genes controlling PHS, a genome-wide transcriptome 
analysis to profile the global gene expression was conducted using RNA-seq and near-isogenic lines (NILs) with contrasting alleles at TaPHS1, a 
PHS resistance gene cloned from chromosome arm 3AS. A total of 777 genes were differentially expressed (DE) in the PHS-resistant NIL 
compared to the PHS-susceptible NIL at 20 and 25 days after anthesis (DAA), which includes 517 up-regulated and 260 down-regulated genes. 
Gene Ontology (GO) enrichment analysis indicated that the key biological processes associated with multiple DE genes are involved in the 
maintenance of seed dormancy. Real-time RT-PCR validated the expression of several DE genes related to seed dormancy. The protein 
interactions between TaPHS1 and these DE genes were identified using yeast two-hybrid system and bimolecular fluorescence complementation 
(BiFC) assays. This work identified multiple genes that are associated with wheat PHS resistance, and provides in-depth genome-wide genetic 
information for further understanding genetic mechanisms of PHS resistance in wheat. 
 
P0852: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Evaluation of Montana Wheat Pre-Harvest Sprout Tolerance and Identification of Population Relevant Associated QTLs 
Justin Vetch1, Robert Stougaard2, John M. Martin3 and Mike Giroux1, (1)Montana State University, Bozeman, MT, (2)Montana 
State, Kalispell, MT, (3)Montana State Univ, Bozeman, MT 
Pre-harvest sprouting (PHS) is the premature germination of grain before harvest which negatively impacts seed and end use quality. PHS is 
typically measured using the falling number (FN) test which quantifies the degree to which seed starch has been degraded by alpha amylase. 
Harvested grain with low FN negatively impacts the price producers receive for their grain and global losses of up to $1 billion per year have 
been reported. Because of this, identifying wheat varieties resistant to PHS is of great economic importance. The first goal of our project was to 
screen Montana wheat varieties for FN and PHS tolerance. Our second goal is to investigate previously reported PHS QTL markers and 
determine which may be useful in screening for PHS resistance. A PHS screening method was developed and used to screen 145 Montana grown 
spring and winter wheat varieties. The PHS tolerance test results indicate that both spring and winter wheat varieties were highly variable in 
terms of their level of PHS tolerance with most varieties falling between being totally susceptible or totally resistant. The spring and winter 
wheat lines are currently being screened to identify PHS QTL markers associated with both PHS tolerance and high FN. The results will be used 
to develop PHS resistant spring and winter wheat varieties adapted to Montana.  
 
P0853: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Mutagenesis of the Wild Type Puroindoline b in a Pina Null Hard Wheat Variety Increases Grain Hardness and Flour 
Particle Size 
Andrew C. Hogg1, John M. Martin2 and Mike Giroux1, (1)Montana State University, Bozeman, MT, (2)Montana State Univ, 
Bozeman, MT 
Wheat (Triticum aestivum L.) grain hardness is controlled by the tightly linked genes Puroindoline a (Pina) and b (Pinb), resident at the Hardness 
(Ha) locus. Wheats with a functional Pina and Pinb are soft textured while those with mutations in either gene are hard textured. A single 
mutation in either Pina or Pinb increases grain hardness by ~30 hardness units and the majority of U.S. hard wheat varieties contain one of just 
two common Pina or Pinb mutations. However, no wheats have been reported to have nonsense mutations in both Pina and Pinb. Prior studies 
have identified wheat varieties containing Ha locus deletions but no studies have tested the impact of mutations in the remaining wild type Pin in 
hard wheats without a Ha deletion. We created and tested two independent stop codon mutations in Pinb using the hard wheat variety Fortuna. 
Fortuna carries the Pina-D1c allele, a nonsense allele. The two Pinb stop codon genotypes were crossed back to Fortuna and F2 lines were 
selected that were either PINA null or PINA/B null. Seed from PINA/B null F2 genotypes derived from both independent stop codon alleles were 
6-8 units harder than those having only the PINA nonsense allele. Flour from PINA/B nulls was higher in average particle size and in starch 
damage as well. The PINA/B null genotype demonstrates that the loss of both PINs leads to grain hardness increases that may be useful to 
breeding programs to modify wheat end product quality. 
 
P0854: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Variation in Vrn-D3 is Associated with Maturity and Heading Date in a Canadian Spring Wheat Cross 
Mark Jordan, Agriculture and Agri-Food Canada, Morden, MB, Canada and Adrian Cabral, National Reseacrh Council of Canada, 
Sakatoon, SK, Canada 
In a study on pre-harvest sprouting QTL in the Canadian spring wheat bi-parental population RL4452 x AC Domain a QTL for falling number on 
7D was identified in the same region as a previously identified QTL for maturity (Cabral et al. 2014, McCartney et al. 2005). In order to 
determine the genetic basis underlying the QTL the maturity data from McCartney et al. (2005) and days to heading data were used for QTL 
analysis using the genetic map from Cabral et al. (2014). In both cases a significant QTL was identified for both maturity and days to heading 
and both QTL had a peak LOD at 20 cM explaining 30.7 and 16.5% of the variation respectively. This position corresponds to the position of the 
Falling Number QTL reported by Cabral et al. (2014). The syntenic region in Brachypodium and Oryza sativa contains a number of candidate 
genes (Cabral et al. 2014 Supplemental data) including a gene annotated as being Flowering Locus T-like which corresponds to vrn-D3. PCR 
amplicons using D-genome specific primers (Bonnin et al. 2008) for wheat FT-like genes were sequenced from each of the parents. A single base 
indel was found between the two genotypes and was mapped to the QTL region. This indel was previously found by Bonin et al. (2008). 
Genotypes carrying the AC Domain allele had significantly shorter maturity ratings and fewer days to heading.  
In order to determine the distribution of the two alleles in North American spring wheat genotypes the flanking markers were used to obtain AC 
Domain and RL4452 type haplotypes from the North American Spring Wheat Association Mapping Panel using the Triticeae Toolbox 
(https://triticeaetoolbox.org/wheat/). The lines were separated by breeding program to identify the haplotypes by geographic area. Genotypes 



from regions with longer growing seasons (California, Mexico, South Dakota, Minnesota, Idaho) had primarily the RL4452 type haplotype while 
the majority of genotypes from Manitoba, Saskatchewan, Alberta, Montana and Washington had the AC Domain haplotype.  
A number of Canadian spring wheat cultivars were genotyped for the FT polymorphism in addition to those of the North American Spring Wheat 
Association Mapping Panel. This shows increasing use of the later maturing RL4452 allele in recent years subsequent to the release of the high 
yielding cultivar Superb.  
References  
Bonin et al. 2008. Theor. Appl. Genet. 116:393.  
Cabral et al. BMC Plant Biol. 2014. 14:340.  
McCartney et al. Genome 2005 48:870 
 
P0855: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome-Wide Association Analysis of Kernel Weight in Hard Winter Wheat 
Mary J. Guttieri1, Katherine Frels2, P. Stephen Baenziger3, Sarah M. Grogan4, Patrick Byrne4, Shuyu Liu5 and Brett F. Carver6, 
(1)USDA Agricultural Research Service, Manhattan, KS, (2)University of Minnesota, St. Paul, MN, (3)Department of Agronomy 
and Horticulture, University of Nebraska-Lincoln, Lincoln, NE, (4)Colorado State University, Fort Collins, CO, (5)Texas A&M 
AgriLife Research, Amarillo, TX, (6)Oklahoma State University, Stillwater, OK 
Wheat kernel weight is an important and heritable component of wheat grain yield and a key predictor of flour extraction. Genome-wide 
association analysis was conducted to identify genomic regions associated with kernel weight and kernel weight environmental response in 8 
trials of 299 hard winter wheat genotypes grown in Texas, Oklahoma, Colorado, and Nebraska. Trials included drought-affected, moisture-
sufficient rain-fed, and irrigated environments. Average grain weight at the 8 locations ranged from 25.4 to 35.6 mg kernel-1. Genome-wide 
association scans were conducted by fitting a multi-locus mixed model (MLMM) for kernel weight at each environment and over all eight 
environments using the extended Bayesian Information Criteria for model selection. SNP associations with kernel weight varied among the 
environments; associations of kernel weight with 6BS, 5BL, and 5DS SNPs were most common. In high-yield environments, associations with 
7AL SNPs were important. In the multi-location analysis, associations of kernel weight with 6BS, 5DL, 1AL, and 1BL SNPs were most 
significant. Genotype x environment interaction was evaluated using Finlay-Wilkinson regression with a Bayesian method for simultaneous 
estimation of environmental and genotype parameters that incorporated marker information. Genotype effect (g) and environmental response (b) 
were positively correlated. SNP associations with b were identified by MLMM analysis, and the most significant SNP association was with a 
6AS SNP. Genomic regions associated with environmental response also were generally associated with kernel weight. The rare alleles at 7AL 
SNPs were favorable for kernel weight and had favorable environmental stability, thus they may be most useful for breeding. 
 
P0856: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Deciphering the Molecular Mechanisms Controlling Grain Length in Wheat 
Jemima Brinton, John Innes Centre, Norwich, United Kingdom 
Wheat provides ~20% of the calories and ~25% of protein consumed by humans. However, a step-change in yield increase must be delivered to 
keep up with current and future demand. Final grain yield is a highly complex trait influenced by many genetic and environmental factors and as 
such is not well understood. Grain weight is an important yield component: we hypothesise that identifying the genes controlling grain weight 
will provide a targeted route to manipulating yield in wheat. Grain weight is determined by grain length, grain width and grain filling 
characteristics.  
We have identified a stable quantitative trait loci on chromosome 5A for thousand grain weight (TGW) and validated it using BC4-Near Isogenic 
Lines (NILs) across several years and environments. The effect on TGW is specifically driven by an increase in grain length. Fine mapping of 
the QTL suggests that there are two underlying genes, GL-A1 and GL-A2, which are linked in cis and have an additive effect on grain length. 
Characterisation of the GL-A1 and GL-A2 NILs suggests that these genes affect early grain development and act to increase the length of cells in 
the grain. Transcriptomic analysis has identified genes from specific biological pathways which are differentially expressed. Candidate genes are 
now being investigated using mutants identified from the newly developed exome-captured TILLING platform. We are also conducting 
haplotype analysis using exome capture data from a wide range of germplasm to understand the allelic variation across candidates across the GL-
A1 and GL-A2 regions. 
 
P0857: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A Major Gene for Grain Yield in Winter Wheat 
Chia-Cheng Kan, Carol Powers, Fang Miao, Brett F. Carver and Liuling Yan, Oklahoma State University, Stillwater, OK 
Winter bread wheat (Triticum aestivum L., 2n=42X, AABBDD) cultivars ‘Duster’ and ‘Billings’ have occupied significant acreages in the 
southern Plains for their outstanding yielding ability and baking quality. Hybridization between them, or more likely their descendents, provides 
breeders the opportunity to select simultaneously for wide adaptation, high grain yield potential, and disease resistance. In this study, we 
discovered QYld.osu-1BS for grain yield by using genotyping-by-sequencing (GBS) markers to map a doubled haploid (DH) population derived 
from Duster and Billings. QYld.osu-1BS explained 23% and 24% of the total phenotypic variation in field-based grain yield tested in 2014 and 
2015, respectively. Their identical long-term yield profiles in the southern Plains notwithstanding, the Duster allele at the QYld.osu-1BS locus 
increased yield by 16% in 2014 and 23% in 2015, relative to the Billings allele. QYld.osu-1BS is located in the distal region of the short arm of 
chromosome 1B, but no crossover was observed among 42 GBS markers mapped in the population of 260 DH lines. Further work aims to clone 
QYld.osu-1BS and utilize this gene in cultivar development in winter wheat. 
 
P0858: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genomic Prediction of Baking Quality in Winter Wheat 



Peter Skov Kristensen1, Jeppe R. Andersen2, Fabio Cericola3, Jihad Orabi2, Just Jensen4 and Ahmed Jahoor2, (1)Aarhus University 
/ Nordic Seed, Holeby, Denmark, (2)Nordic Seed, Galten, Denmark, (3)QGG, MBG, Aarhus University, Tjele, Denmark, 
(4)Molecular Biology and Genetics, Aarhus University, Tjele, Denmark 
Phenotyping of wheat baking quality parameters is expensive and time-consuming, so improving baking quality often have lower priority rather 
than increasing the yield of new varieties in breeding programs. Using dense DNA markers to predict the baking quality of new lines requires 
fewer resources than phenotyping and enables selection of lines at early stages of breeding programs.  
In this study 672 F6 winter wheat lines from two breeding cycles of the plant breeding company Nordic Seed were phenotyped for the quality 
parameters grain protein content, test weight, Zeleny sedimentation, thousand-kernel weight, and falling number. A total of 10,763 SNP markers 
were used for GWAS to identify SNPs in regions with large effects on quality parameters, and for genomic predictions using GBLUP models to 
predict the parameters more accurately based on all the SNPs. Accuracy of genomic predictions were evaluated using several kinds of cross-
validations. 
SNPs significantly associated with Zeleny sedimentation were identified on chromosome 1B, 1D, and 5D. For the remaining traits, SNPs close to 
the significance threshold were found on several chromosomes. The GWAS indicate that the quality parameters are controlled by many QTLs 
with small effects, so genomic prediction based on all SNPs appears to be a promising strategy. Correlations between observed and predicted 
phenotypes corrected for fixed effects ranged from 0.5 for protein to 0.79 for Zeleny sedimentation based on Leave-One-Out cross-validations, 
showing good potential for developing genomic predictions for quality traits in wheat.  
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Improvement of Baking Quality Traits Through a Diverse Soft Winter Wheat Population 
Anne Sturbaum, USDA-ARS, Wooster, OH, Shiaoman Chao, USDA-ARS, Fargo, ND and Bryan W Penning, USDA-ARS Soft 
Wheat Quality Research Laboratory, Wooster, OH 
Breeding baking quality improvements into soft winter wheat (SWW) entails crossing lines based on quality traits, assessing new lines, and 
repeating several times as little is known about the genetics of these traits. Previous research on SWW baking quality focused on quantitative 
trait locus and genome-wide association studies but had limited success as quality traits appear to be affected by many genes of small effect with 
little statistical power to detect locations. Compounding this issue, large sections of the genome lack sufficient recombination to generate 
populations that reduce candidate genes to a manageable level. A panel of 191 diverse SWW varieties covering a cross-section of breeding stock 
from the late 1800’s to more modern breeding lines were grown at seven locations/years. The diversity panel had up to a 2-fold difference in 
baking trait values averaged over location and year. Using the iSelect 9K wheat chip, over 6000 markers have been placed on the SWW diversity 
panel and a relatedness map of the population developed. Baking quality data has been overlaid on the relatedness map to find groups of varieties 
with potential for high trait variance and low genetic variance or low trait variance but high genetic variance. These groups of varieties will be 
further characterized to locate genes that alter baking quality. 
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Fine Mapping of Giberellin-Sensitive Dwarfism QTL in Winter Wheat 
Eddie Lauer, North Carolina State University, RALEIGH, NC 
The major dwarfing alleles of wheat, Rht-B1b and Rht-D1b, reduce internode length by disrupting gibberellic acid perception. The reduced 
sensitivity to GA results in a significantly shortened coleoptile, which causes reduced emergence and uneven stand establishment with deep 
sewing. Efforts were made to map dwarfism QTL that act through alternative pathways, which do not carry the negative pleiotropy associated 
with Rht-B1b and Rht-D1b. A genetic map comprised of GBS and KASP markers was used to map dwarfism QTL in the MPV57 x Massey 
mapping population. Two QTL were discovered on chromosomes 6A and 6D, which were detected over two years and in multiple field 
locations. SNP associated with the QTL were used for fine mapping in a second population, MPV57 x LA95135. Heterogenous Inbred Families 
(HIFs) were developed from F4 plants heterozygous for the QTL regions on 6A or 6D. Individual F5 plants which were heterozygous 
recombinant in the 6A or 6D QTL regions were selected, and plant height will be measured on replicated head-rows of F7 HIFs. Comparisons 
will be made on highly replicated near-isogenic sister lines that contrast only for the QTL locus genotype, thereby controlling for genetic 
background effects and allowing for more precise estimates of the QTLs location. 
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Genetic Analysis of Some Agronomical Traits and Their Relationship with Rht4 Dwarfing Gene in Wheat 
Çiğdem Çiçek Bulguroğlu1, Fatma Aykut Tonk1, Deniz Istipliler1, Muzaffer Tosun1, 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 
One of the most critical aspects in challenging with drought conditions in wheat production areas is that to develop short bread wheat (Triticum 
aestivum L.) varieties with long coleoptile by utilizing the giberellic acid sensitive Rht dwarfing genes. . This study aimed to determine the 
effects of GA sensitive Rht4 semi dwarfing gene on plant height, peduncle length, spike length, coleoptile length, spikelet number and first leaf 
length in the F4 population derived from Bsj 14 (Rht4) x Scholar cross. The field experiment was conducted with 75 F4 lines at 2014-2015 wheat 
growing season in the experimental fields of Ege University Izmir, Turkey. SSR marker Xwmc317 which is previously defined for Rht4 gene was 
used to determine the presence of Rht4 gene in the F4 lines. The segregation of Xwmc317 marker fitted the monogenic inheritance pattern for F4 
generation. As a result of variance analysis, there were significant differences between the 75 F4 lines in terms of measured traits. However, the 
marker regression analysis results showed that SSR marker Xwmc317 only explained 7.5% of total variance for spike length while it did not 
explain the variance between the lines with respect to other five traits. The insignificant relations between the marker results and coleoptile 
lengths of the lines showed that Rht4 gene could be useful for the wheat breeding programs which aim to develop short varieties with long 
coleoptile. 
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Identification and Validation of QTL for Yield Components under Contrasting Water Treatments in a Collection of Spring 
Wheat from North America 
Junli Zhang1, Shiferaw Gizaw2, Eligio Bossolini3, Marco Maccaferri4, Joshua Hegarty1, Arron H. Carter2, Shiaoman Chao5, Eduard 
Akhunov6 and Jorge Dubcovsky1,7, (1)University of California, Davis, Davis, CA, (2)Washington State University, Pullman, WA, 
(3)Bayer CropScience, Gent, Belgium, (4)DipSA - University of Bologna, Bologna, Italy, (5)USDA-ARS, Fargo, ND, (6)Kansas 
State University, Department of Plant Pathology, Manhattan, KS, Manhattan, KS, (7)Howard Hughes Medical Institute, Chevy 
Chase, MD 
Increasing grain yield is always a priority in wheat breeding. A genome-wide association study (GWAS) was conducted in 3 locations across 2 
years under two irrigation regimes using 262 photoperiod non-sensitive spring wheat collection to identify quantitative trait loci (QTL) 
associated with yield and yield components. Significant marker-trait associations (MTAs) were identified in the GWAS and validated using 8 
nested association mapping (NAMs) created by TriticeaeCAP (TCAP) for traits grain yield (GY), spikelet number per spike (SNS), kernel 
number per spike (KNS), and kernel weight (KW). After validation, 12 QTL for GY, 12 QTL for SNS, 1 QTL for KNS, and 20 QTL for KW 
were reported in the present study. Multiple QTL showed consistent high effects across environments without the confounding effects of heading 
date and plant height. These validated QTL are useful sources for improving wheat grain yield under diverse environments. 
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Genomic Selection for Increased Water-Soluble Carbohydrate Concentration in Wheat 
Ben Ovenden, Graham Centre for Agricultural Innovation, 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 
Water-soluble carbohydrates (WSC) accumulate in wheat when assimilate supply is greater than assimilate demand from sinks. This 
characteristic has been identified as a potentially useful drought avoidance trait, as plants that accumulate carbohydrate reserves can remobilise 
that assimilate to contribute to grain filling under unfavourable growing conditions such as terminal drought. Investigation of the genetic control 
of WSC concentration is needed to determine the potential for genetic improvement of this trait.  
Experiments clearly group into well-watered and water deficit environment clusters in this study, showing complex genotype ×environment 
interactions. Within these clusters, genetic correlations between experiments were high. Line mean heritability for each cluster ranged from H2 = 
0.43 to 0.79 across experiments. There was no correlation between grain yield and WSC, although significant correlations were observed in both 
well-watered and water deficit experiment clusters for reduced tillering, fewer grains per m2 and greater grain weight.  
Genomic estimated breeding values (GEBVs) from the whole-genome marker profiles for both the well-watered and water deficit environment 
clusters of experiments were predicted separately from the models used. The GEBVs for each of these target populations of environments 
showed 65-70% relative accuracy compared to phenotypic predictions. This translates to an approximately 30-40% greater genetic gain for 
genomic selection per unit time when the duration of the breeding cycle is reduced by half at the same time. Genomic selection shows promise in 
improvement of this complex trait and may be more effective than phenotypic selection or marker assisted selection. 
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Association Mapping of Root Traits for Drought Tolerance in Bread Wheat 
Israr Ahmad, Women University Bagh, AJK, Pakistan, Bagh, Pakistan 
Triticum aestivum (Bread wheat 2n=6x=42) belongs to family Poaceae having hexaploid genome (AABBDD) of 17 Gb. Wheat is the staple food 
of Pakistan and covers 37% of the cultivable land and contributes 80% of the grains for human consumption while shares 70% grains for food 
production. The major constraint to wheat production around the world is drought stress and is most serious problem to agriculture of Pakistan. 
Drought is the main environmental problem that causes high negative effect on cereals crops particularly wheat. Drought could shake 
morphophysiological features of plant growth, anatomy, morphology, physiology, biochemistry and finally the yield of crop.  
It is a great challenge for crop breeders to produce cultivars having good potential of survival in drought stress environment. Drought tolerance 
breeding may be effective if the marker assisted selection based molecular linkage maps for crop species are available.  
The hundred wheat genotypes were screened with 102 SSR markers. Most of the markers were showed high level of polymorphism. Total of 271 
polymorphic alleles generated. The alleles per locus was ranged from 1-3 and an average of 2.63 per locus. Polymorphic information content 
(PIC) values of the markers was calculated in the range of 0.03–0.59. The association analysis revealed that one hundred genotypes having 
different genetic background were classified into thirteen distinct groups. Total of 12 MTAs were recorded for root traits in GLM and MLM 
models. The genetic information obtained in the present study in the form of MTAs/QTLs could be utilized for breeding programs to improve 
drought stress tolerance.  
Furthermore, the genome wide association mapping (GWAS) are strongly depend on choice of material, population size and number of markers 
to be used. Large population and large number of molecular markers are needed to investigate genetic diversity. 
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 QTL Mapping for Traits Associated with Drought Tolerance and Combined Drought and Heat Tolerance in Seedling 
Winter Wheat 
Ahmed Sallam1, Vikas Belamkar1, Waseem Hussain1, Amira Mourad2 and P. Stephen Baenziger1, (1)Department of Agronomy 
and Horticulture, University of Nebraska-Lincoln, Lincoln, NE, (2)Department of Agronomy - Assiut University, Assiut, Egypt 
Drought and heat stresses are major constrains for wheat growth. As a climate change occurs, both stresses can occur singly or in a combination. 
The main objective of this study was to identify QTL associated with drought tolerance (D) and combined drought and heat (D+H) tolerance in 
winter wheat at seedling stage. A set of 140 recombinant inbred lines (F9) derived from crossing Harry (drought tolerant) and Wesley (drought 
susceptible) was evaluated in the greenhouses under D and D+H. In both treatments, the experiments were designed based on randomized 
complete block design with three replications each. Four traits were scored in each treatment: plant height (PH), stay-green (SG), leaf wilting 
(LW), and recovery after irrigation (RAI). The results revealed that high genetic variation was found among genotypes for all traits in both 



treatments. The heritability ranged from 0.53 (PH) to 0.80 (RAI) under D, while, it ranged from 0.48 (LW) to 0.90 (PH) under D+H. Harry was 
tolerant to both stresses. Low phenotypic and genotypic correlations were found among traits in each treatment. The QTL analysis was 
performed using 3556 SNPs derived from genotyped-by-sequencing method. The results of QTL analysis identified two and three QTL for SG, 
three and two for LW, two and three for PH under D and D+H, respectively. Three QTL were detected for RAI only under D+H. Most of QTL 
were located on 4AL chromosome. All detected QTL were individual QTL and no pleiotropic effects were observed for any QTL. 
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Genetic Dissection of Drought Resistance and Drought Escape QTLs in Durum × Wild Emmer Wheat RIL Population 
Through Relationship to Phenology 
Andrew Fatiukha1, Mathieu Deblieck2, Lianne Merchuk3, Tzion Fahima1, Abraham B. Korol4, Frank Ordon2, Yehoshua Saranga3 
and Tamar Krugman1, (1)Institute of Evolution and Department of Evolutionary and Environmental Biology, Haifa, Israel, (2)Julius 
Kühn-Institut (JKI) Federal Research Centre for Cultivated Plants, Institute for Resistance Research and Stress Tolerance, 
Quedlinburg, Germany, (3)R. H. Smith Institute of Plant Science & Genetics in Agriculture, The Hebrew University of Jerusalem, 
Rehovot, Israel, (4)Institute of Evolution and the Department of Evolutionary and Environmental Biology, Faculty of Science and 
Science Education, University of Haifa, Haifa, Israel 
Drought is the major abiotic stress limiting wheat productivity, affecting more than 40% of wheat growing areas. Breeding high-yielding 
drought-resistant cultivars is considered a sustainable approach to increase crop productivity. We used a recombinant inbred line (RIL) 
population derived from a cross of Triticum durum (var. Langdon) X Triticum dicoccoides (acc. G18-16) previously evaluated under water-
limited and well-watered conditions for mapping quantitative trait loci (QTL) of 19 traits. In order to discriminate between 'true drought 
tolerance' and 'drought escape', we used regression analysis to adjust the phenotypic data by time of flowering. The resulted QTLs were classified 
into four groups: (i) QTLs obtained after analysis of the initial data set without adjustment (iQTL); (ii) QTLs obtained after adjustment for time 
of flowering (dfQTLs); (iii) QTLs reflecting drought escape (dQTLs); and (iv) QTLs reflecting 'true drought tolerance' (ddfQTLs). A total of 150 
iQTLs were identified based on non-adjusted data, and additional 36, 102 and 33 dQTLs, dfQTLs and ddfQTLs, respectively. These QTLs were 
co-located in 80 loci: 54 loci classified as independent of flowering time, five loci were classified as drought escape and 27 as drought tolerance 
loci. The obtained results indicate that regression analysis can be used as a simple and effective method to reduce the bias caused by variation in 
flowering time in detection of drought related QTLs, as well as in addressing other similar problems in genetic dissection of stress tolerance. 
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Employment of Wheat-Rye 1RS Translocations in Improvement of Abiotic Stress Tolerance 
Yong Weon Seo, Korea University, Seoul, South Korea and Woo Joo Jung, Korea University, Seoul, Korea, The Republic of 
Wheat-rye translocations have been successfully utilized in wheat breeding thanks to beneficial genes on rye chromosomes that confer resistance 
to biotic and abiotic stresses. However, huge and repetitive genome of rye has hindered discovering novel useful genes in rye and wheat-rye 
translocations. In this study, we investigated the transcripts of 1BL.1RS under drought or cold treatment, using near-isolines that lack or possess 
1RS. First, cDNA-AFLP analysis was performed using root RNA from PEG-treated near-isolines. TDF (transcript-derived fragments) specific to 
1BL.1RS were sequenced and categorized according to their biological functions. Chromosomal localization was conducted by BLASTn search 
against Wheat URGI CSS database. The expression of each TDF was verified via RT-PCR analysis. Furthermore, PCR markers specific to 1RS 
were developed, which could be utilized in wheat breeding. Secondly, survival rate of the near-isolines under freezing temperature with or 
without pre-acclimation was investigated. Non-translocation did not exhibit significant difference depending on the pre-acclimation, but 
1BL.1RS showed much higher survival rate when the acclimation was preceded. Measuring abiotic stress related factors, MDA 
(malondialdehyde), proline and soluble sugar revealed that 1BL.1RS performed superior under freezing stress. Particularly, proline was highly 
accumulated during acclimation in 1BL.1RS. RNA-seq on the control and the acclimated plants unravelled thousands of differentially expressed 
genes. Further studies on these genes will help to understand the mechanism of freezing tolerance in 1BL.1RS. Acknowledgement: This work 
was carried out with the support of “Cooperative Research Program for Agriculture Science & Technology Development (Project No. 
PJ01103501)” Rural Development Administration. Republic of Korea. 
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Genomics of Lipid-Associated Traits during Cold Acclimation in Wheat 
Qiang Li1, Wenyun Shen2, Ioannis Mavraganis2, Qian Zheng2, Peng Gao2, Youlian Pan3, Yifeng Li2, Ziying Liu2, D. Brian Fowler4 
and Jitao Zou2, (1)University of Saskatchewan, Saskatoon, SK, Canada, (2)National Research Council Canada, Saskatoon, SK, 
Canada, (3)National Research Council Canada, Ottawa, ON, Canada, (4)University of Saskatchewan, Saskatoon, SK, SK, Canada 
Lipid composition in plant cells are subjected to a wide range of adjustment when plants encounter unfavorable growth conditions. Great 
attention has been paid to delineating lipid changes during adaptation to specific stresses, both for seeking novel markers of stress tolerance traits 
and for exploring the mechanistic details of stress response and adaptation. The level of trans-16:1 fatty acid in phosphotidylglycerol (PG) of 
cereal leaf tissues during cold acclimation, for example, has been found to be associated with capacity of freezing tolerance. Focusing on two 
pairs of NILs that differ only in the VRN1 locus, we conducted transcriptomic and lipidomics profiling on leaf tissues under conditions 
mimicking cold acclimation. We report results of hierarchical clustering of differentially expressed gene (DEG) groups and the correlation of 
each cluster. To understand the factors responsible for lipid biochemical changes, we performed lipid-transcript network analysis and focused on 
subnetworks around PG(16:1) for the top 1% of highly weighted network connections between each individual genes and lipids. We will report 
findings on novel factors that we hope will provide new insights on how environmental factors trigger glycerolipid pathways response during 
cold acclimation in wheat. 
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Positional Cloning of a QTL, qDHY.3BL, on Chromosome 3BL for Drought and Heat Tolerance in Bread Wheat 
Pauline M.L. Thomelin, University of Adelaide, Urrbrae, Australia 



Drought and heat are major abiotic stresses dramatically impacting wheat production by reducing final grain yield. Yield under drought is a 
complex trait highly dependent on genotype x environment interactions and controlled by multiple genes. Identifying the genetic determinants of 
grain yield in stress-prone environments is essential for the breeding of cultivars able to sustain wheat production.  
A quantitative trait loci (QTL) on the bread wheat chromosome 3BL, qDHY.3BL, was identified in the doubled-haploid population of a cross 
between the drought tolerant line RAC875 and the susceptible line Kukri. The RAC875 allele was positively associated with yield, thousand 
grain weight and early vigour under drought and heat stress.  
The development of SNP-based markers using the IWGSC 3B pseudomolecule and the Whole Genome Assembly v0.4 of Chinese Spring, 
combined with whole-genome shotgun sequencing data of the parental lines enabled the fine mapping of qDHY.3BL in RAC875. The 
identification of seven new recombination points in the narrowed QTL interval, combined with the anchoring of the QTL onto new wheat 
assemblies enabled us to refine the QTL to a list of 22 genes in a ~ 1 Mbp interval. We identified haplotypes at the QTL interval in a wheat 
diversity panel of more than 800 accessions. We will describe gene expression analysis of the candidate genes and a physiological study of near-
isogenic lines to identify the gene(s) responsible for qDHY.3BL. 
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Towards Map Based Cloning of C Locus in Hexaploid Wheat 
Vijay K. Tiwari1, Nathan Meier2, Anupama Joshi2, Nidhi Rawat1, Jeffrey M. Leonard3, Bikram S. Gill2, Jesse Poland2, Raju Datla4, 
Shichen Wang5, Teagen Quilichini6, Prakash Venglat6 and Daoquan Xiang4, (1)University of Maryland, College Park, MD, 
(2)Kansas State University, Manhattan, KS, (3)Oregon State University, Corvallis, OR, (4)National Research Council Canada, 
Saskatoon, SK, Canada, (5)Genomics and Bioinformatics Services - TAMU, College Station, TX, (6)NRC Canada, Saskatoon, SK, 
Canada 
C locus is an important gene mapped on chromosome 2D of wheat, responsible for compact spike and reduced plant height in hexaploid wheat. 
The C locus is also known as compactum locus and it has a pleiotropic effect on many traits as it affects spike morphology, grain size, shape, 
number, and perhaps other aspects of plant development and directly or indirectly affects the agronomic performance of wheat. Genetic analysis 
and molecular characterization of C locus is needed to understand the mechanism underlying this trait. There are a limited number of mapping 
studies conducted on this trait, and the exact chromosomal location was ambiguous. Using Radiation Hybrid (RH) and genetic mapping we 
placed C locus in the centromeric part of wheat chromosome 2DS. High-resolution RH and genetic mapping further fine mapped the C locus to a 
230 Kb region, whose annotation indicated seven putative candidate genes. We performed RNAseq of control and Compactum line at three 
different stages of spike development and based on differential gene expression data we retained four genes for further studies. These four genes 
are being tested for candidacy of C locus and results of the study will be presented 
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Osiris-Exploring the Yield Potential of Novel Spike Architecture in Hexaploid Wheat By Genome Wide Association 
Mapping and Targeted Mutagenesis Using RNA-Guided Cas Endonucleases 
Naser Poursarebani, IPK Gatersleben, Gatersleben, Germany, Christian Hertig, IPK-Gatersleben, gatersleben, Germany, Andreas 
Jacobi, Strube Research GmbH & Co. KG, Söllingen, Germany, Jochen Kumlehn, Leibniz Institute of Plant Genetics and Crop 
Plant Research (IPK), Gatersleben, Germany and Thorsten Schnurbusch, Leibniz-Institute of Plant Genetics and Crop Plant 
Research (IPK), OT Gatersleben, Stadt Seeland, Germany 
Grain number, measurable as per unit area, per plant, or per spike is an important yield component of wheat. Further enhancement in grain 
number per plant may be possible through modifying the inflorescence architecture of the spike by increasing reproductive sink tissues, and thus, 
more potential grain sites. Wheat and barley mutants that display non-canonical spike-branching have been characterized in our laboratory of 
which one tetraploid wheat mutant, ‘Miracle Wheat’ (i.e. branched head, bht), produced significantly more grains per spike that consequently led 
to higher spike yield. Moreover, we positionally cloned and identified mutant alleles of two other spike architecture genes, compositum 1 (com1) 
and Six-rowed spike 4 (Vrs4) in barley, that resulted in branch formation. Therefore, the three above-mentioned genes—Com1, bht, Vrs4—
represent exciting targets for engineering novel spike architecture in hexaploid wheat to potentially produce more spikelets and subsequently 
more grains per spike. To this end, we aim to employ genome engineering technology, namely CRISPR/Cas9, to knock-out these three negative 
regulators of spike-branching in hexaploid wheat to generate mutant plants with improved seed number or sink capacity. To overcome the known 
trade-off effect between seed number and seed size/weight, we will perform strategic crossings between novel sink-elevated, branched-spike 
genotypes (obtained through CRISPR/Cas9) and genotypes carrying resource-efficient and/or large-seeded related QTLs. The genotypes carrying 
genetic determinants of large-seeds will be discovered by exploring the existing natural genetic variation for grain size/weight in a diverse bread 
wheat germplasm pool following a Genome Wide Association Scan (GWAS) and mapping approach. 
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RNAseq Bulked Segregants Suppression Subtractive Method for Tagging of Stem Solidness Genes in Common Wheat 
Raman Dhariwal1, Harpinder Randhawa1, Robert Graf1, Colin Hiebert2, Curt McCartney2 and François Eudes1, (1)Agriculture and 
Agri-Food Canada, Lethbridge, AB, Canada, (2)Agriculture and Agri-Food Canada, Morden, MB, Canada 
Stems of some common wheat accessions when filled with soft, spongy and compact parenchyma cells, known as pith, are a primary strategy in 
combatting wheat stem sawfly (Cephus cinctus) in wheat. However, stem solidness in common wheat (Triticum aestivum L.) is affected by many 
background inhibitors and by genotype × environment interactions. Also, little is known about the molecular mechanism and genes underlying 
stem solidness in common wheat. In order to dissect the genetic basis of stem solidness in common wheat, we developed two doubled haploid 
populations from wheat cvs. Sadash and AAC Innova, each crossed with P2711, a completely solid stem line. Both populations were subjected to 
extensive phenotyping for two years (2014 and 2015) using an improved and precise method and genotyping (using either wheat 15K or 90K 
Infinium iSelect SNP Assay) followed by QTL analysis. Two major QTLs, SSt_3B and SSt_3D, were identified on distal regions of chromosome 
arms 3BL and 3DL in addition to two inhibitors in Sadash (on 2A) and two in AAC Innova (on 2A, 5A). Additionally, minor QTL were 
identified in Innova (on 2B) and P2711 (on 5B). To identify the candidate genes underlying SSt QTLs, we coupled QTL analysis results with a 



new approach RNAseq bulked segregants suppression subtractive method and conducted on different bulks made from Sadash/P2711 population. 
This analysis enabled us to identify a single SSt_3B candidate and three SSt_3D candidate genes. Work is currently underway to characterize and 
validate candidate genes. 
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Identifying the Genetic Basis of Local Adaptation in Wild Emmer   Wheat 
Elina Adhikari1, Katherine Jordan1, Fei He1, Allan K. Fritz2, Shiaoman Chao3, Brian J. Steffenson4, Hanan Sela5 and Eduard 
Akhunov1, (1)Kansas State University, Department of Plant Pathology, Manhattan, KS, Manhattan, KS, (2)Kansas State University, 
Department of Agronomy, Manhattan KS, Manhattan, KS, (3)USDA-ARS, Fargo, ND, (4)University of Minnesota, St. Paul, MN, 
(5)Tel-Aviv University, The Institute for Cereal Crops Improvement, Tel Aviv, Israel 
As a rich source of genomic variation, the wild relatives of wheat have been broadly used in breeding. To identify the accessions of wild relatives 
carrying alleles conferring adaption to extreme climatic conditions, the analysis of the eco-geographic patterns of genomic variation was 
performed in wild emmer wheat, the tetraploid ancestor (AABB genome) of the wheat genome. We have associated the patterns of genomic 
variation in wild emmer (AABB genome) with climate data from the accessions’ collection sites. We genotyped a population of 475 
georeferenced wild emmer accessions from Israel using 90K iSelect SNP array and sequence-based genotyping. The data was mapped to a 
recently assembled wild emmer genome and missing SNPs predicted by imputation. Out of 341,228 SNPs from sequence data and 26,697 
genotype calls from 90K SNP array, we retained 26,628 and 11,355 SNPs, respectively. The analysis of population stratification revealed three 
genetically distinct groups of wild emmer accessions coinciding with their geographic distribution. Correlation among bioclimatic variables 
associated with the distribution of wild emmer identified seven distinct climatic groups. Partitioning of genomic variance showed that geographic 
location and climate together explain 43% of SNPs among emmer accessions with 19% of SNPs affected by climatic factors. Environmental 
association scans have been performed to identify adaptive SNPs correlating with local climates. To further dissect the alleles favored during 
climatic adaptation and to assess the value of detected adaptive variation for wheat breeding, we are performing phenotypic evaluation of wild 
emmer-derived wheat lines in the field conditions.  
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Molecular Characterization of Resistance to Russian Wheat Aphid (Diuraphis noxia Kurdjumov) in New Resistant 
Genotype IG 100695 
Fatma Aykut Tonk1, Deniz Istipliler1, Muzaffer Tosun1, Ferit Turanlı2, Hulya Ilbi1 and Mehmet Cakir3, (1)Ege University, Izmir, 
Turkey, (2)Ege University, İzmir, Turkey, (3)Genomic Services Australia, Perh, Australia 
The Russian Wheat Aphid (RWA), Diuraphis noxia (Kurdjumov), is an important pest of small-grain cereals, particularly wheat in Turkey and 
worldwide. The most efficient struggle with the RWA is to identify of resistance sources and introduce resistance genes into susceptible wheat 
genotypes by means of different plant breeding methods and marker-assisted selection (MAS). In this study, one accession from ICARDA was 
identified highly resistant to the most virulent RWA population (Biotype 2) in Turkey in RWA screening. Aims of this study therefore were to 
determine the mode of inheritance of this resistance gene, to identify wheat microsatellite markers closely linked to the gene, and to map the 
chromosomal location of the gene. SSR (simple sequence repeat) markers were scored in a mapping population of 190 F2 individuals, while 
phenotypic screening for resistance was performed in F2:3 families derived from a cross of Basribey (susceptible) and IG 100695 (resistant). 
Phenotypic analysis showed that resistance to RWA was controlled by a single dominant gene in this accession. Also, the resistance gene was 
mapped on the short arm of chromosome 7D with four linked SSR markers which could be beneficial in RWA resistance breeding in wheat. 
 
P0875: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
New Genes for Resistance to the Wheat Stem Sawfly from Geographically Targeted Landrace Selections of Wheat 
Andrea C. Varella1, David K. Weaver1, Nancy Blake1, Megan L. Hofland1, Peggy Lamb2, Katherine Jordan3, Eduard Akhunov4 
and Luther Talbert1, (1)Montana State University, Bozeman, MT, (2)Montana State University, Havre, MT, (3)Kansas State 
University, Manhattan, KS, (4)Kansas State University, Department of Plant Pathology, Manhattan, KS, Manhattan, KS 
Plant landraces have long been recognized as potential gene pools for biotic and abiotic stress-related genes. Our research used wheat landrace 
accessions to identify new genes for resistance to the wheat stem sawfly (WSS), an important insect pest of wheat in the northern Great Plans of 
North America. Two steps were taken to increase the likelihood of identifying novel genes for resistance. First, landrace accessions targeted 
geographical areas of the world where WSS is endemic or where a high frequency of landrace accessions possess the resistance characteristic of 
solid stems. Second, resistant accessions were crossed to a local susceptible cultivar to generate recombinant inbred lines (RIL) with 
phenological characteristics compatible with WSS infestation in the local environment. More than one thousand spring wheat landrace accessions 
were screened in fields naturally infested by WSS for antixenosis and antibiosis types of resistance between 2012 and 2015. Resistance to the 
WSS was identified in approximately 30% of the accessions. A series of resistant accessions were used as parents in the development of RIL 
populations for genetic mapping and QTL analysis. Two RIL populations were evaluated for resistance in field trials in 2016. Halley-Knott 
regression and interval-mapping analysis allowed the detection of previously identified QTLs for reduced stem cutting and increased stem 
solidness. Novel resistance QTLs were also identified on chromosomes 1D, 2A, 2B, 4A, 4D, 5A, 7A and 7D. Preliminary results presented here 
highlight the considerable potential of improving WSS resistance in wheat by mining new genes for resistance in landrace accessions. 
 
P0876: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Simultaneous Introgression and Mapping of Hessian Fly Resistance from Aegilops tauschii  in Wheat 
Narinder Singh1, Ming Chen1, Michael Pumphrey2 and Jesse Poland1, (1)Kansas State University, Manhattan, KS, (2)Washington 
State University, Pullman, WA 
Hessian fly (HF; Mayetiola destructor), a member of the gall midge family of plant-parasitic insects, is a serious insect pest of wheat (Triticum 
aestivum) that results in 5-10% annual yield loss in the United States alone. Thirteen biotypes of HF, designated as A-L and GP, have been 
reported based on their infestation of known sources of resistance. GP is most prevalent in the Great Plains and is one of the most virulent 



biotypes. Seven of the 35 resistance genes documented to date provide resistance to the GP biotype, and all GP-effective resistance genes are 
mapped on short arm of chromosome 1A. HF resistance genes and avirulence effectors in the fly fit the gene-for-gene model. Thus, deployment 
of a single resistance gene produces a strong selection pressure on the insect populations and resistance is often rapidly defeated. It is imperative 
to continue with the discovery of new genes that can be deployed in wheat breeding. A new HF resistance gene was identified from the diploid 
D-genome relative, Aegilops tauschii, by mapping in a direct introgression backcross population with hard red winter wheat cultivar ‘Overley’. 
Phenotypic screening of BC3F2:3 lines indicated that resistance is conferred by a single dominant gene. Genotyping-by-sequencing (GBS) and 
bulked-segregant RNAseq and RenSeq were used to genotype the population and map the HF resistance. Genotypic analysis has shown that the 
gene is present on the distal end of the long arm of chromosome 3D, and positioned around 573Mb with an introgression size of ~7.5Mb. 
Developing wheat varieties with host resistance, particularly with well-characterized genes pyramided by marker assisted selection, is an 
effective and sustainable way to control HF and other insects. This germplasm will be available for the plant breeding community through the K-
State Wheat Genetics Resource Center. 
 
P0877: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
The Alien VPM1 Segment in Jagger Wheat Has Lr37 and the Orthologous Gene Lr17N 
Shulin Xue1, James Kolmer2, Shuwen Wang3 and Liuling Yan1, (1)Oklahoma State University, Stillwater, OK, (2)USDA-ARS, St 
Paul, MN, (3)The Land Institute, Salina, KS 
Winter wheat cultivar ‘Jagger’ was recently found to have an alien chromosomal segment ‘VPM1’ that should carry Lr37, a gene conferring 
resistance against leaf rust caused by Puccinia triticina, and this cultivar was also reported to have the wheat gene Lr17 against leaf rust. Both 
Lr17 and Lr37 were reported to reside on the short arm of chromosome 2A in wheat. In this study, two fungal pathogen races, THBJG and 
BBBDB that are avirulent to Lr17 at the seedling stage, were used to precisely map this gene by inoculating the population of Jagger × ‘2174’ 
recombinant inbred lines. As a result, a major quantitative trait locus (QTL) for THBJG and BBBDB was coincidently mapped to chromosome 
2AS, and the QTL alone accounted for 62.2 % of total phenotypic variation in reaction to THBJG, and 64.4 % to BBBDB. However, it was 
found that Jagger did not have the wheat Lr17 but had an orthologous Lr17N present in the VPM1 segment that conferred resistance against both 
THBJG and BBBDB. Further analysis of IWGSC Chinese Spring genome sequences showed that the VPM1 segment translocated into a region 
starting from the telomere of 2AS and its physical length was approximately 24 Mb. The Lr17N gene was delimited to a genomic region of 4.4 
Mb, where several candidate genes encoding RGA, WRKY and LRR conserved domains were identified. In addition, Jagger was found to have a 
resistant allele at another three minor QTLs that were mapped associated with reaction to both THBJG and BBBDB. 
 
P0878: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Structural Analysis of a Genomic Region for the Leaf Rust Resistance Gene, LrRW12, on Wheat Chromosome 6B 
Fuminori Kobayashi1, Nobuyuki Mizuno2, Tsuyoshi Tanaka1, Hiroyuki Kanamori1, Yuichi Katayose1, Jianzhong Wu1, Kazuhiro 
Sato3, Shuhei Nasuda2 and Hirokazu Handa1, (1)Institute of Crop Science (NICS), National Agriculture and Food Research 
Organization (NARO), Tsukuba, Ibaraki, Japan, (2)Graduate School of Agriculture, Kyoto University, Kyoto, Japan, (3)IPSR, 
Okayama University, Okayama, Japan 
Leaf rust is one of the most important diseases for the wheat production through the world. To date, a large number of resistance genes against 
the leaf rust (Lr genes) have been identified, most of which were known to derive from wild relatives of wheat. Previous studies revealed that a 
single resistance gene in a common wheat accession of “RW-12”, designated as LrRW12, was introduced from a wild emmer wheat and is 
located on chromosome 6B. The aim of our current study is to identify the genomic region of LrRW12 and to find the sequences for the possible 
candidates of LrRW12. The LrRW12 was genetically mapped on the long arm of chromosome 6B (6BL) by the GBS approach using F2 
population that was derived from the cross between a resistant accession of “Sabikei 14” carrying LrRW12 and a susceptible accession of 
“Miyagino-komugi”. The SNP markers were developed along the genome assemblies of chromosome 6B, and finally about 4 Mb region on the 
distal end of 6BL were identified to include LrRW12. From the assemblies for this region, 236 genic loci were predicted by the gene annotation 
program MEGANTE (Numa and Itoh 2014) and transcriptome data set from “RW-12” and “Miyagino-komugi”. Comparison of the transcript 
sequences between both accessions detected 82 SNPs on 21 loci, which included two loci with non-synonymous polymorphism. This work was 
supported by grants from the Ministry of Agriculture, Forestry and Fisheries of Japan (NGB1003) and JSPS KAKENHI Grant Number 
JP24780008. 
 
P0879: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Detection of Fungal and Wheat Genes Involved in Leaf Rust Disease by Transcript Expression Associations 
Hala Badr Khalil1, Xiben Wang2, Rob Linning3, David L. Joly4, Dustin Cram5, Nina Thiessen6, Greg Taylor6, Brent McCallum7, 
Barry J. Saville8 and Guus Bakkeren3, (1)Agriculture and Agrifood 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)National Research Council Canada, Saskatoon, SK, Canada, 
(6)Canada's Michael Smith Genome Sciences Centre, Vancouver, BC, Canada, (7)Agriculture and Agri-Food Canada, Morden, 
MB, Canada, (8)Trent University, Peterborough, ON, Canada 
We developed a methodology to narrow the gap between genomic and functional analyses of highly expressed leaf rust fungus effectors and their 
roles in the wheat host. A high-resolution RNA-seq experiment to compare global gene expression reprogramming of both fungal pathogen 
Puccinia triticina (Pt) and its wheat host Triticum aestivum (Ta) upon infection was performed. Four Pt isolates, race 1 (virulence phenotype 
BBBD), 12-3 (MBDS), 9 (SBDG) or 161 (FBDJ), were inoculated on susceptible cultivar Thatcher and two near-isogenic lines carrying the leaf 
rust resistance genes Lr2a or Lr3. Relative expression levels of both Pt and Ta genes were calculated using the race 1 reference and the 
International Wheat Genome Sequencing Consortium draft Ta genome sequences. In-depth analysis of Pt candidate effector protein genes 
revealed sequential waves of their expression across time (24 hrs to 14 days). Focusing on highly expressed effectors, we identified Pt genes 
whose expression varied significantly among various infection types. By correlating these expression patterns with those of the host, we detected 
wheat genes likely affected by and hence possibly interacting with those effectors. Fluorescent chimers of five Pt effectors, whose transcript 



levels were highly associated with wheat transcripts across various interactions, were found to be targeted to diverse plant organelles in a 
heterologous Nicotiana benthamiana plant system. Using a bimolecular fluorescent complementation assay, two Pt effectors, PTTG_08468 and 
PTTG_10273, were found to interact with Ta phosphoethanolamine methyltransferase and glycogenin-2 like protein, respectively. Verification 
of these interactions by CoIP and mass spectrometry is in progress.  
 
P0880: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
QTL Mapping of Adult-Plant Resistance to Leaf Rust in the Chinese Wheat Cross Zhou 8425B/Chinese Spring Using High-
Density SNP Markers 
Zaifeng Li, Hebei Agricultural University, Baoding, China 
Leaf rust is a destructive foliar disease of common wheat (Triticum aestivum L.) worldwide. Growing resistant cultivars with adult plant 
resistance (APR) is an effective means to control the disease. In the present study, 244 recombinant inbred lines (RILs) from the Zhou 
8425B/Chinese Spring cross were phenotyped for leaf rust severities during the 2011-2012, 2012-2013, 2013-2014 and 2014-2015 cropping 
seasons at Baoding, Hebei province and 2012-2013 and 2013-2014 cropping seasons in Zhoukou, Henan province. The population was 
genotyped using the high-density Illumina iSelect 90K SNP assay and SSR markers. Inclusive composite interval mapping identified eight QTL, 
designated as QLr.hebau.2AL, QLr.hebau.2BS, QLr.hebau.3A, QLr.hebau.3BS, QLr.hebau.4AL, QLr.hebau.4B, QLr.hebau.5BL and 
QLr.hebau.7DS, respectively. QLr.hebau.2BS, QLr.hebau.3A, QLr.hebau.3BS and QLr.hebau.5BL were derived from Zhou 8425B, whereas the 
other four were from Chinese Spring. Three stable QTL on chromosomes 2BS, 4B and 7DS explained 7.5-10.6%, 5.5-24.4% and 11.2-20.9% of 
the phenotypic variance, respectively. QLr.hebau.2BS in Zhou 8425B might be the same as LrZH22 in Zhoumai 22; QLr.hebau.4B might be the 
residual resistance of Lr12, and QLr.hebau.7DS is Lr34. QLr.hebau-2AL, QLr.hebau-3BS, QLr.hebau-4AL and QLr.hebau-5BL are likely to be 
new APR QTL. These QTL and closely linked SNP markers could be used for fine mapping, candidate gene discovery, and marker-assisted 
selection in wheat breeding.  
 
P0881: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A New Approach: Detection of Fungal and Wheat Genes Involved in Leaf Rust Disease By Transcript Expression 
Associations 
Hala Badr Khalil1, Xiben Wang2, Rob Linning3, David L. Joly4, Dustin Cram5, Nina Thiessen6, Greg Taylor6, Brent McCallum7, 
Barry J. Saville8 and Guus Bakkeren3, (1)Agriculture and Agrifood 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)National Research Council Canada, Saskatoon, SK, Canada, 
(6)Canada's Michael Smith Genome Sciences Centre, Vancouver, BC, Canada, (7)Agriculture and Agri-Food Canada, Morden, 
MB, Canada, (8)Trent University, Peterborough, ON, Canada 
We developed a methodology to narrow the gap between genomic and functional analyses of highly expressed leaf rust fungus effectors and their 
roles in the wheat host. A high-resolution RNA-seq experiment to compare global gene expression reprogramming of both fungal pathogen 
Puccinia triticina (Pt) and its wheat host Triticum aestivum (Ta) upon infection was performed. Four Pt isolates, race 1 (virulence phenotype 
BBBD), 12-3 (MBDS), 9 (SBDG) or 161 (FBDJ), were inoculated on susceptible cultivar Thatcher and two near-isogenic lines carrying the leaf 
rust resistance genes Lr2a or Lr3. Relative expression levels of both Pt and Ta genes were calculated using the race 1 reference and the 
International Wheat Genome Sequencing Consortium draft Ta genome sequences. In-depth analysis of Pt candidate effector protein genes 
revealed sequential waves of their expression across time (24 hrs to 14 days). Focusing on highly expressed effectors, we identified Pt genes 
whose expression varied significantly among various infection types. By correlating these expression patterns with those of the host, we detected 
wheat genes likely affected by and hence possibly interacting with those effectors. Fluorescent chimers of five Pt effectors, whose transcript 
levels were highly associated with wheat transcripts across various interactions, were found to be targeted to diverse plant organelles in a 
heterologous Nicotiana benthamiana plant system. Using a bimolecular fluorescent complementation assay, two Pt effectors, PTTG_08468 and 
PTTG_10273, were found to interact with Taphosphoethanolamine methyltransferase and glycogenin-2 like protein, respectively. Verification of 
these interactions by CoIP and mass spectrometry is in progress. 
 
P0882: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Developing KASP Markers for Wheat Pest Resistance in the US High Plains 
Chor Tee Tan1, Shuyu Liu1, Silvano Ocheya2, Smit Dhakal2, Yan Yang2, Jackie C Rudd1, Qingwu Xue1, Amir Ibrahim3, Guorong 
Zhang4, Xiangyang Xu5, Guihua Bai6, Ming Chen7, Ravindra Devkota1, Hangjin Yu1 and Lisa Garza1, (1)Texas A&M AgriLife 
Research, Amarillo, TX, (2)Texas A&M University, College Station, TX, (3)Soil and Crop Sciences Dep, College Station, TX, 
(4)Kansas State University, Hays, KS, (5)USDA-ARS, Wheat, Peanut and Other Field Crops Research, Stillwaters, OK, (6)Hard 
Winter Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS, (7)Kansas State University, Manhattan, KS 
The wheat production in the US High Plains is affected by several pests and diseases. We have developed kompetitive allele specific PCR 
(KASP) platform high throughput screening for several important traits including resistance genes to Greenbug (GB), Hessain fly (HF), wheat 
curl mite (WCM) and wheat streak mosaic virus (WSMV). Gb3 and Gb7 have the broadest spectrum resistance to GB. Both were mapped on 
chromosome 7DL. CmcTAM112 for WCM resistance from Ae. tauschii was mapped and linked flanking SNP markers were validated. Wsm2 for 
WSMV resistance was fine-mapped on chromosome 3BS, and H32 with HF resistance was mapped onto 3DL. Closely linked high throughput 
KASP markers were validated for MAS in different populations. Applications of these tightly linked markers allow breeders to increase selection 
efficiency and accuracy. 
 
P0883: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
The Interaction of the Wheat Multi-Pest Resistance Gene Lr67 with other Leaf Rust Resistance Genes 
Brent McCallum and Colin Hiebert, Agriculture and Agri-Food Canada, Morden, MB, Canada 



The wheat leaf rust resistance gene Lr67 also confers resistance to stripe rust and stem rust. It is similar in this respect to another multi-pest 
resistance gene in wheat Lr34. Both genes have been cloned and code for different types of cellular transporters. With combinations of most leaf 
rust resistance genes the infection phenotype observed is similar to the most effective of the genes involved. However, Lr34 is known to interact 
with other leaf rust resistance genes in an additive manner, and combinations of genes involving Lr34 are more resistant than any of the genes 
involved. To investigate if this could also be the case for Lr67 we developed doubled haploid populations of the crosses Lr34/Lr13, Lr34/Lr16, 
Lr34/Lr32, Lr67/Lr13, Lr34/Lr16, and Lr34/Lr32 in otherwise susceptible genetic backgrounds. Progeny from these crosses were field tested 
over four years to determine the resistance level of lines containing either gene alone or lines with both genes. Lr34 interacted additively with 
Lr13, Lr16 and Lr32, in that the resistance of lines with both genes combined was better than lines with either gene alone. Lr67 interacted 
additively with Lr16 and Lr32 but not with Lr13. It appears that Lr67 does interact additively with at least some other leaf rust resistance genes, 
similar to Lr34.  
 
P0884: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Mapping of Quantitative Trait Loci for Resistance to Leaf Spot Diseases in Durum Wheat 
Bianyun Yu1, Yuefeng Ruan2, Ron E. Knox3, Richard Cuthbert4, Wentao Zhang1, Heather L. Campbell4, Waad Akrouti5, Samia 
Berraies4, Asheesh K. Singh6, Ron DePauw7, Andrew G. Sharpe1 and Pierre Fobert1, (1)National Research Council Canada, 
Saskatoon, SK, Canada, (2)Agriculture and Agri-Food Canada, Swift Current, SK, Canada, (3)AAFC-SPARC, Swift Current, SK, 
Canada, (4)AAFC, Swift Current, SK, Canada, (5)National Agronomic Institute of Tunis, Tunis, Tunisia, (6)Department of 
Agronomy, Iowa State University, Ames, IA, (7)Advancing Wheat Technology, Swift Current, SK, Canada 
Three leaf spot diseases, tan spot (caused by Pyrenophora tritici-repentis), Septoria/Stagonospora nodorum blotch (SNB, caused by 
Parastagonospora nodorum) and Septoria tritici blotch (STB, caused by Mycosphaerella graminicola), often occur as a complex in durum 
wheat. The leaf spotting complex (LSC) is among the most widespread wheat foliar diseases on the Canadian Prairies and significantly reduces 
both yield and grain quality; therefore the development of LSC resistant cultivars is the most economically effective and environmentally 
friendly strategy to manage the disease. Consequently, identification and characterization of effective sources of resistance are critical to the 
development of elite cultivars with more durable LSC resistance. In this study, quantitative trait loci (QTL) mapping for LSC resistance was 
conducted in a doubled haploid (DH) population, derived from Strongfield/Pelissier. The DH population, parents and checks were grown and 
evaluated for LSC reaction in multiple environments. The Illumina Infimum wheat 90K SNP chip was used to generate a genotypic data set on 
this population from which, QTL contributing to LSC resistance were detected on eight of the fourteen chromosomes. A major QTL explaining 
up to 20% of the phenotypic variance, with the resistant allele derived from Strongfield, was mapped on chromosome 2B across multiple 
environments. The findings here will facilitate marker assisted selection (MAS) for resistance to LSC in durum and enable more strategic cultivar 
development.  
 
P0885: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Mapping of Stem Rust Resistance Gene Sr8a in Wheat 
Colin Hiebert, Agriculture and Agri-Food Canada, Morden, MB, Canada, Matthew N Rouse, USDA-ARS Cereal disease 
laboratory, St. Paul, MN, Jayaveeramuthu Nirmala, USDA-ARS, Saint Paul, MN and Tom Fetch, Agriculture and Agri-Food 
Canada, Brandon, MB, Canada 
Stem rust, caused by Puccinia graminis f. sp. tritici (Pgt), is a destructive disease of wheat (Triticum aestivum) that can be controlled by 
deploying effective stem rust resistance (Sr) genes in cultivars. Several races of Pgt have evolved in Africa that are virulent to many of the wheat 
cultivars grown in the Canadian Prairies. Recently, the genetic basis for resistance to Pgt race TRTTF found in some Canadian cultivars was 
described. The genes responsible for resistance to TRTTF were SrCad on chromosome arm 6DS and a second Sr gene mapped to chromosome 
arm 6AS. A previously identified gene, Sr8a, is located on chromosome arm 6AS but has not been accurately mapped. The purpose of this study 
was to genetically map Sr8a and compare the map position to the Sr gene on chromosome arm 6AS mapped in the cultivar ‘Harvest’. A cross 
was made between LMPG-6S and LMPG-Sr8a. Leaf tissue was collected from F2 seedlings for DNA extraction and F3 families were inoculated 
with Pgt race MCCF at the seedling stage. There were 17 homozygous resistant families, 51 segregating families, and 26 homozygous 
susceptible families which fitted a 1:2:1 single gene ratio (χ2 = 2.40, p = 0.30). DNA markers used to map the Sr gene on chromosome arm 6AS 
in ‘Harvest’ were used to map Sr8a. The two genes occupy a very similar map position and it is likely that the resistance on chromosome 6AS 
found in Canadian wheat cultivars is either Sr8a or an allele of Sr8. 
 
P0886: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Mapping Stem Rust Resistance Genes in Wheat Cultivar Kingbird 
Katherine Reinhart1, William W. Bockus2, Matthew N. Rouse3, David S. Marshall4, Ebrahiem Babiker5, Michael Pumphrey6 and 
Robert L. Bowden1, (1)USDA-ARS, Manhattan, KS, (2)Kansas State University, Manhattan, KS, (3)USDA-ARS Cereal Disease 
Lab, St Paul, MN, (4)USDA-ARS, Raleigh, NC, (5)USDA-Agricultural Research Service, Poplarville, MS, (6)Washington State 
University, Pullman, WA 
Stem rust caused by the fungus Puccinia graminis f. sp. tritici has historically been one of the most important diseases of wheat. Although losses 
have been much reduced in the last fifty years, new highly virulent races of the pathogen have recently emerged in East Africa. These new races 
are virulent on nearly all of the currently deployed resistance genes and therefore pose a serious threat to global wheat production. The spring 
wheat variety ‘Kingbird’ is thought to contain multiple quantitative trait loci (QTLs) that provide durable, adult-plant resistance against wheat 
stem rust. Stem rust-susceptible Kansas winter wheat line ‘KS05HW14’ was backcrossed to Kingbird and 379 recombinant lines were advanced 
to BC1F5 and then increased for testing. The lines were screened for stem rust resistance in the greenhouse and field in Kansas and in the field in 
Kenya over multiple years. We identified 16,237 single nucleotide polymorphisms (SNPs) with the Wheat 90K iSelect SNP Chip assay. After 
filtering for marker quality, linkage maps were constructed for each wheat chromosome. Composite interval mapping and multiple-QTL 
mapping identified seven QTLs on chromosome arms 2BL, 2DS, 3BS, 3BSc, 5DL, 7BL and 7DS. Six QTLs were inherited from Kingbird and 
one QTL on 7BL was inherited from KS05HW14. The location of the QTL on 2BL is approximately at locus Sr9, 3BS is at Sr2, 3BSc is at Sr12, 



and 7DS is at Lr34/Yr18/Sr57. Although no QTL was found on 1BL, the presence of resistance gene Lr46/Yr29/Sr58 on 1BL in both parents was 
indicated by the diagnostic marker csLV46. QTLs on 2DS and 5DL may be related to photoperiod or vernalization genes. Pairwise interactions 
were only observed with race QFCSC, most notably occurring with QTLs 2BL and 3BSc. These results confirm that there are multiple QTLs 
present in Kingbird. Ultimately, the identification of the QTLs that make Kingbird resistant will aid in the understanding of durable, non-race-
specific resistance to stem rust of wheat. 
 
P0887: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Association Mapping of Resistance to the Ug99 Race Group of the Stem Rust Pathogen in Winter Wheat Landraces 
Ebrahiem Babiker1, Kathy L. Klos2, Tyler Gordon2, Shiaoman Chao3, Matthew N. Rouse4, Gina Brown-Guedira5, Maria 
Newcomb6, Ruth Wanyera7 and J. Michael Bonman2, (1)USDA-Agricultural Research Service, Poplarville, MS, (2)USDA-ARS, 
Aberdeen, ID, (3)USDA-ARS, Fargo, ND, (4)USDA-ARS Cereal Disease Lab, St Paul, MN, (5)CropScience NCSU, Raleigh, NC, 
(6)University of Arizona, Maricopa, AZ, (7)Kenya Agricultural and Livestock Research Organization, Njoro, Kenya 
To identify new loci for resistance to the Ug99 race group of Puccinia graminis f. sp tritici (Pgt), an association mapping study was conducted 
with a panel of 285 winter wheat landraces genotyped with the 9K iSelect SNP genotyping platform. The panel was evaluated for seedling 
resistance to Pgt race TTKSK and for reaction to Ug99 in the field in Kenya for two seasons. Using a mixed linear model, two seedling 
resistance loci were detected on chromosome arms 2BL and 6DS. In the same chromosomal regions, Kenya field data revealed QTL on both 
chromosomes using 2012 data and on 2BL only using 2013 data. To verify the locations identified by the association mapping, bulk segregant 
analysis (BSA) was carried out on five F2:3 populations developed by crossing five resistant accessions from the panel to a susceptible breeding 
line KS05WH14. In four populations, BSA located the TTKSK resistance on chromosome arm 2BL at a positional range of 104.3 – 112.5 cM on 
the wheat consensus map. Based on the map location, race specificity, and seedling infection type observed, the TTKSK resistance on 2BL could 
be due to Sr9h. In one population, BSA located the TTKSK resistance to chromosome 6DS arm in a region known to harbor Sr42, SrCad, and 
SrTmp. 
 
P0888: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genotype-by-Sequencing Facilitates Genetic Mapping of a Stem Rust Resistance Locus in Aegilops umbellulata, a Wild 
Relative of Cultivated Wheat 
Erena A. Edae, Cereal Disease Laboratory, St. Paul, MN, Pablo D. Olivera, University of Minnesota, Saint Paul, MN, Yue Jin, 
USDA-ARS, University of Minnesota, St Paul, MN, Jesse Poland, Kansas State University, Manhattan, KS and Matthew N. Rouse, 
USDA-ARS Cereal Disease Lab, St Paul, MN 
Wild relatives of wheat play a significant role in wheat improvement as a source of genetic diversity. Stem rust disease of wheat causes 
significant yield losses at the global level and stem rust pathogen race TTKSK (Ug99) is virulent to most previously deployed resistance genes. 
Therefore, the objective of this study was to identify loci conferring resistance to stem rust pathogen races including Ug99 in an Aegilops 
umbelluata bi-parental mapping population using genotype-by-sequencing (GBS) SNP markers. A bi-parental F2:3 population derived from a 
cross made between stem rust resistant accession PI 298905 and stem rust susceptible accession PI 542369 was used for this study. F2 individuals 
were evaluated with stem rust race TTTTF followed by testing F2:3 families with races TTTTF and TTKSK. The segregation pattern of resistance 
to both stem rust races suggested the presence of one resistance gene. A genetic linkage map, comprised 1,933 SNP markers, was created for all 
seven chromosomes of Ae. umbellulata using GBS. A major stem rust resistance QTL that explained 80% and 52% of the phenotypic variations 
for TTTTF and TTKSK, respectively, was detected on chromosome 2U of Ae. umbellulata. The novel resistance gene for stem rust identified in 
this study can be transferred to commercial wheat varieties assisted by the tightly linked markers identified here. These markers identified 
through our mapping approach can be a useful strategy to identify and track the resistance gene in marker-assisted breeding in wheat. 
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Identification of LOCI for Resistance to STEM Rust in a Tetraploid Wheat Collection 
Anna-Maria Mastrangelo1, Oadi Matny2, Brian J. Steffenson3, Nicola Pecchioni1, Pasquale De Vita1, Antonio Blanco4, Agata 
Gadaleta5, Antonietta Saccomanno6 and Giovanni Laidò7, (1)CREA - Cereal Research Centre, Foggia, Italy, (2)Department of Plant 
Pathology, University of Minnesota Twin Cities, St. Paul, MN, (3)University of Minnesota, St. Paul, MN, (4)University of Bari, 
Bari, Italy, (5)Department of Agricultural and Environmental Science - University of Bari “Aldo Moro”, Bari, Italy, (6)University 
of Modena and Reggio Emilia, Dept. of Life Sciences, Reggio Emilia, Italy, (7)ISEA s.r.l., Corridonia (MC), Italy 
Stem rust, caused by Puccinia graminis f. sp. tritici (Pgt), is one of the most destructive diseases of wheat. Races of the pathogen in the “Ug99 
lineage” are of international concern due to their virulence for widely used stem rust resistance genes and spread throughout Africa and into the 
Middle East. Disease resistant cultivars provide one of the best means for controlling stem rust. To identify quantitative trait loci (QTL) 
conferring resistance to 5 different stem rust races at the seedling stage, we evaluated an association mapping (AM) panel consisting of 230 
tetraploid wheat (T.turgidum L., 2n=4x=28; AABB genome) accessions under greenhouse conditions.The tetraploid wheat collection includes 
128 durum wheat varieties plus 102 wild and domesticated accessions. Each accession was genotyped with the wheat 90k iSelect Infinium SNP 
assay, and more than 20,000 SNPs were identified across the tetraploid genotypes. A high level of phenotypic variation was observed in response 
to all of the Pgt races in the AM panel, allowing for genome-wide association mapping of resistance QTL in wild, landrace, and cultivated 
tetraploid wheats. GLM and MLM models were considered for AM, and QTL on many chromosomes were identified. Most of the identified 
resistance loci were coincident with previously identified rust resistance genes; however, some may be novel. Moreover, loci for resistance to 
multiple races were observed, together with race-specific QTL.  
This study was supported by the Italian Ministry of Foreign Affairs and International Cooperation, with the specialgrant RES-WHEAT. 
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Validation and Characterization of Two QTL for Adult Plant Resistance to Stripe Rust on Wheat Chromosome Arms 6DS 
(Yr77) and 6BS (Yr78) 
Joshua Hegarty1, Zhenzhen Dong2, Junli Zhang1, Wenjun Zhang3, Shiaoman Chao4, Xianming Chen5 and Jorge Dubcovsky1, 
(1)University of California, Davis, Davis, CA, (2)UC Davis, Davis, CA, (3)University of California, Davis, CA, (4)USDA-ARS, 
Fargo, ND, (5)USDA-ARS, Pullman, WA 
The spread of more virulent and aggressive races of Puccinia tritici f. sp. tritici (Pst), the causal pathogen of stripe rust since the year 2000 has 
caused substantial yield losses worldwide. To find new sources of resistance, we previously performed a genome-wide association study and 
identified two strong QTL for adult plant resistance on the short arms of chromosomes 6D (QYr.ucw-6D) and 6B (QYr.ucw-6B). In this study, we 
validated QYr.ucw-6D in six biparental populations and mapped the peak of the QTL closely linked to IWA167, between barc54 and cfd188. 
Since no named Pst resistance gene has been mapped before to this region, QYr.ucw-6D was assigned the gene name Yr77. We also validated 
QYr.ucw-6B in ten biparental populations, and mapped it 0.6 cM proximal to IWA7257 and 3.9 cM distal to IWA4408. We showed that QYr.ucw-
6B is located >15 cM proximal to the seedling resistance gene Yr35, and that none of the resistant lines carry the previously cloned Yr36 gene. 
Based on these results, QYr.ucw-6B was assigned the name Yr78. Neither Yr77 nor Yr78 was effective against Pst at the seedling stage, 
indicating that they are adult plant resistance genes. Yr77 can be a useful tool to diversify the sources of Pst resistance in Western wheat breeding 
programs, where this gene is present at very low frequencies. Conversely, Yr78 is predicted to be present in few Asian wheat varieties, and will 
be worth to test its effectiveness against Pst races from this region.  
 
P0891: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Fine Mapping of the Stripe Rust Resistance Gene YrG303 Derived from Wild Emmer Wheat 
Tzion Fahima1, Valentina Klymiuk1, Dina Raats1, Zeev M. Frenkel1, Valeria Bocharova1, Lin Huang1, Elitsur Yaniv2, Alan H. 
Schulman2, Jorge Dubcovsky3 and Abraham B. Korol1, (1)Institute of Evolution and the Department of Evolutionary and 
Environmental Biology, Faculty of Science and Science Education, University of Haifa, Haifa, Israel, (2)LUKE & University of 
Helsinki, Helsinki, Finland, (3)University of California Davis, Davis, CA 
Stripe rust, caused by the fungus Puccinia striiformis f.s. tritici (Pst), is one of the most destructive diseases of wheat globally. Breeding of 
resistant varieties is the most sustainable and cost-effective method to control this disease. Depletion of effective resistance to Pst in cultivated 
wheat has led to search for new genes among wild progenitors of wheat. Recently, we have identified a major dominant gene, designated 
YrG303, derived from wild emmer wheat, Triticum dicoccoides, which we have mapped to chromosome arm 1BS. The main objective of our 
project was to clone YrG303 using the positional cloning approach. Fine mapping of YrG303 was achieved based on graphical genotyping of a 
large hexaploid mapping population produced by composite crosses of the donor T. dicoccoides accession G303, first to bread wheat variety 
Vaskar and then to Avocet. This mapping population is segregating for a T. dicoccoides chromosome segment carrying YrG303. We have 
developed a physical map of the YrG303 gene region by anchoring the genetic markers to the physical map of chromosome 1BS constructed by 
our group (Raats et al. 2013; Genome Biology) and various wheat genomic sequences available in the public databases. The results of high 
density mapping showed that YrG303 was assigned to the same location as Yr15, derived from T. dicoccoides accession G25. Therefore, we 
hypothesized that YrG303 is allelic to the well-known dominant gene Yr15, which confers resistance to a broad spectrum of stripe rust races. 
Further work is under way to validate the function of this gene. 
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Detection of  QTL for Fusarium Head Blight Resistance in Durum Wheat 
Agata Gadaleta, Department of Agricultural and Environmental Science - University of Bari “Aldo Moro”, Bari, Italy, Angelica 
Giancaspro, Department of Agricultural and Environmental Science - University of bari, Bari, Italy, Stefania Giove, Department of 
Agricultural and Environmental Science - University of Bari, Bari, Italy and Antonio Blanco, Department of Soil, Plant and Food 
Sciences, Section of Genetic and Plant Breeding, University of Bari “Aldo Moro”, Bari, Italy 
Fusarium head blight (scab) is one of the most widespread and damaging diseases of wheat, causing grain yield and quality losses and production 
of harmful mycotoxins. Development of resistant varieties is hampered by lack of effective resistance sources in the tetraploid wheat primary 
gene pool. Here we dissected the genetic basis of resistance in a new durum wheat (Triticum turgidum ssp. durum) Recombinant Inbred Lines 
population obtained by crossing an hexaploid resistant line and a durum susceptible cultivar. A total of 135 Recombinant Inbred Lines (RILs) 
were used for constituting a genetic linkage map and mapping loci for head blight incidence, severity and disease-related plant morphological 
traits (plant height, spike compactness, awn length). The new genetic map accounted for 4,366 SNP markers assembled in 52 linkage groups 
covering a total length of 4,227.37 cM. Major QTL for scab incidence and severity were mapped on chromosomes 2A, 3A, 3B, 5B and 2A, 2B, 
4B, 5B respectively. In this work resistance to Fusarium was transferred from hexaploid to durum wheat, and correlations between the disease 
and morphological traits were also assessed.  
 
P0893: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Molecular Charaterization of Fusarium Head Blight Resistance from Elymus repens Introgressed Into Bread Wheat 
George Fedak1, Wenguang Cao2, Danielle Wolfe3, Dawn Chi3 and Allen Xue3, (1)Ottawa Research and Development Centre, 
Agriculture and Agrifood Canada, Ottawa, ON, Canada, (2)Ottawa Research Center, Agriculture and Agri-Food Canada, Ottawa, 
ON, Canada, (3)Agriculture and Agri-Food Canada, Ottawa, ON, Canada 
A cross was made of Elymus repens onto wheat cultivar Crocus and BC1 progeny were advanced to BC1F7 by single seed descent. Sixteen lines 
were selected based on agronomic performance and evaluated in an FHB epiphytotic nursery. Eight lines with resistance to FHB were selected. 
GISH analysis revealed many complex chromosome numbers and recombinations in the derived lines. The least complex recombinant line was 
P1142-3-1 with 42 chromosomes with one pair of chromosomes showing telomeric recombinants in both arms. This wheat chromosome was 
identified as 3D by applying several SSR markers from every arm of every wheat linkage group and noting those that provided no signal. Lines 
with single telomeric recombinants were produced by additional crosses to Crocus and inoculation with FHB spores. It was found that the 



resistance was contributed by the recombinat on the long arm of chromosome 3D. These lines had minimal linkage drag and should be amenable 
to applications in breeding for disease resistance 
 
P0894: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A Sequence Deletion in HRC-like Gene Confers Fhb1 Resistance to Fusarium Head Blight in Wheat 
Zhenqi Su1,2, Amy N. Bernardo1, Bin Tian1, Shan Wang3, Hongnxiang Ma4, Shibin Cai4, Dongtao Liu3, Dadong Zhang3, Tao Li5, 
Harold N. Trick1, Paul St Amand6, Jianming Yu7, Zengyan Zhang8 and Guihua Bai9, (1)Kansas State University, Manhattan, KS, 
(2)Hebei Academy of Agricultural and Forestry Sciences, Shijiazhuang, China, (3)Kansas state university, Manhattan, KS, 
(4)Jiangsu Academy of Agricultural Science, Nanjing, China, (5)5Yangzhou University, Yangzhou, China, (6)USDA, Manhattan, 
KS, (7)Iowa State University, Ames, IA, (8)Institute of Crop Science, CAAS, Beijing, China, (9)Hard Winter Wheat Genetics 
Research Unit, USDA-ARS, Manhattan, KS 
Fusarium head blight (FHB) is a destructive disease of wheat and prevalence of FHB epidemics in recent years threatens global wheat 
production. Fhb1 is the quantitative trait locus that shows the largest effect on FHB resistance in wheat, but its gene identity remains unknown. 
Here, the gene underlying Fhb1, a putative histidine-rich calcium-binding protein (TaHRC), was identified by the integration of forward and 
reverse genetic approaches. Loss of function mutation of TaHRC confers FHB resistance indicated it acts as a susceptible factor for FHB 
spreading in spike. Identical sequence of TaHRC resistance allele indicated it derived from the same mutation variation. Haplotype and sequence 
analysis in the candidate gene region of Fhb1 indicated the loss-of-function mutation of Fhb1 was derived from one of the Chinese landrace 
cluster, Dahongpao. Genotyping the world informative core collection accession with the causal diagnose marker of Fhb1 showed its resistance 
allele only present in China and Japanese, indicated the Fhb1 derived from eastern Asia. TaHRC encodes an uncharacterized nucleic protein, 
suggesting that it is a new type of genes for plant disease resistance. Cloning of Fhb1 opens a new door to defeating wheat FHB by manipulating 
TaHRC levels using marker-assisted breeding and bioengineering approaches. 
 
P0895: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Fine Mapping of a FHB Resistance QTL Using Genome-Wide Association Study of a Durum Breeding Population Derived 
from DT696 Source of Resistance 
Ehsan Sari1, Ron E. Knox2, Yuefeng Ruan3, Richard Cuthbert3, Maria Antonia Henriquez4, Santosh Kumar5, Andrew Burt5, 
Heather L. Campbell3, Prabhath Lokuruge3, Shawn Yates3, Samia Berraies3, Firdissa Bokore3 and Pierre Fobert6, (1)NRC, 
Saskatoon, SK, Canada, (2)AAFC-SPARC, Swift Current, SK, Canada, (3)AAFC, Swift Current, SK, Canada, (4)AAFC, Morden, 
MB, Canada, (5)AAFC, Brandon, MB, Canada, (6)National Research Council Canada, Saskatoon, SK, Canada 
Commercial durum cultivars have a low level of resistance to Fusarium head blight (FHB) with devastating consequences in favourable disease 
environments. Triticum turgidum ssp. durumline DT696 is an adapted source of FHB resistance in Canada. Previous analysis using a bi-parental 
population developed from a cross of experimental lines DT707 with DT696 returned a stable FHB QTL on chromosome 5AL spanning a 16.3 
cM interval. A Genome-Wide Association Study (GWAS), which benefits from the recombination events in diverse genotypes, was used for 
genetic dissection of the 5AL QTL. A set of 223 lines that represented all the recombination events at the 5A locus was selected from 401 lines 
derived from multiple populations with DT696 in their pedigree. The set of 223 lines was genotyped with the 90K iSelect high density wheat 
array. The GWAS was conducted using 8782 Single Nucleotide Polymorphism (SNP) markers and multi-locational time-course phenotypic data 
that included FHB incidence, severity, index and Area Under Disease Progress Curve (AUDPC). The 5A QTL was confirmed in the population 
of derivatives, suggesting the QTL is stable in various genetic backgrounds. Only three SNP markers, spanning 0.7 cM within the previously 
detected interval, retained the association with FHB traits and 12% of phenotypic variation was explained by this QTL. These SNP markers have 
been converted to Kompetetive Allele Specific PCR (KASP) markers and we are further validating them in the durum breeding program as 
candidates for marker assisted selection. 
 
P0896: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Structural Variations of T. militinae Locus Introgressed into Wheat Chromosome Arm 4AL and Conferring Improved 
Powdery Mildew Resistance 
Eva Komínková1, Irena Jakobson2, Kadri Järve2, Hilma Peuša2, Michael Abrouk1, Ljudmilla Timofejeva2, Jaroslav Doležel1 and 
Miroslav Valárik1, (1)Institute of Experimental Botany, Olomouc, Czech Republic, (2)Department of Gene Technology, Tallinn 
University of Technology, Tallinn, Estonia 
Gene pool of bread wheat has been narrowed down by intensive breeding which limits the palette of agronomically important genes. 
Introgression of genome segments from related species is promising way to overcome this limitation. However, differences in genome structure 
accumulated during evolution of the relative species may hamper successful implementation of introgressions into breeding process. QPm.tut-4A 
powdery mildew resistance locus was introgressed into bread wheat from T. militinae. The large scale synteny in the region was well preserved 
between cv. Chinese Spring (CS) and the donor. However, the fine-mapped owm169 – owm228 gene region represented by 640 kbp of CS 
genomic sequence shows major sequence differentiation from T. militinae. Only 7.9% of compared sequences close to flanking markers show 
high identity (<90%). The T. militinae region comprises about 3 % more repetitive elements and accumulated 15.3 % more families of 
transposable elements. On the other hand, the regions comprise about the same amount of predicted protein coding genes excluding genes of 
transposable elements. The observed sequence divergence is most likely responsible for inhibition of recombination in the locus and represents 
challenge for identification of the QPm.tut-4A candidate gene. 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.  
 
P0897: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Homoeologous Recombination Based Transfer of a Wheat Streak Mosaic Virus and Triticum Mosaic Virus Resistance Gene 
Wsm3 from Thinopyrum intermedium to Wheat 



Tatiana V. Danilova1, Guorong Zhang2, Bernd Friebe1 and Bikram S. Gill1, (1)Kansas State University, Manhattan, KS, (2)Kansas 
State University, Hays, KS 
Wheat streak mosaic caused by virus (WSMV) is an important disease of bread wheat (Triticum aestivum) worldwide. To date, only three genes 
conferring resistance to WSMV have been named and two, Wsm1 and Wsm3, were derived from the distantly related wild relative Thinopyrum 
intermedium. Wsm3 is only available in the form of a compensating wheat–Th. intermedium whole-arm Robertsonian translocation T7BS.7S#3L. 
Whole-arm alien transfers usually suffer from linkage drag, which prevents their use in cultivar improvement. Here we report ph1b-induced 
homoeologous recombination to shorten the Th. intermedium segment and recover a recombinant chromosome consisting of the short arm of 
wheat chromosome 7B, part of the long arm of 7B, and the distal 43% of the long arm derived from the Th. intermedium chromosome arm 
7S#3L. The recombinant chromosome T7BS.7BL-7S#3L confers resistance to WSMV at 18oC and 24oC and also confers resistance to Triticum 
mosaic virus, but only at 18oC. Wsm3 is the only gene conferring resistance to WSMV at a high temperature level of 24oC. We also developed a 
user-friendly molecular marker that will allow to monitor the transfer of Wsm3 in breeding programs. Wsm3 is presently being transferred to 
adapted hard red winter wheat cultivars and can be used directly in wheat improvement. 
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Mapping Ergot Resistance in Durum Wheat 
Curt McCartney1, Anna Gordon2, Colin Hiebert1, Ron E. Knox3, Lesley Boyd2 and Jim Menzies1, (1)Agriculture and Agri-Food 
Canada, Morden, MB, Canada, (2)NIAB, Cambridge, United Kingdom, (3)AAFC-SPARC, Swift Current, SK, Canada 
Ergot, caused by the ascomycete Claviceps purpurea (Fr.) Tul., has emerged as an important disease of durum wheat in Canada. Ergot 
contamination has increased since 2000 to as high as 50% of wheat lots being downgraded at Alberta grain elevators in 2013. Ergot sclerotia 
contain toxic alkaloids, which can cause severe health problems and even death if ingested. The durum wheat line 9260B-173A, identified as a 
source of ergot resistance, was studied in an AC Avonlea/9260B-173A recombinant inbred line (RIL) population. Subsequently, a doubled 
haploid (DH) population was studied, AC Avonlea/RIL-3, where RIL-3 was an ergot resistant line from the AC Avonlea/9260B-173A 
population. These populations were phenotyped for honeydew and sclerotial production by inoculation of florets with a 104 conidia per ml 
suspension of six C. purpurea isolates in growth chamber experiments. Genotyping was performed with the wheat 90K Infinium SNP beadchip 
assay and with the KASP SNP assay. Linkage maps were developed for each population and QTL analysis conducted. A major QTL on 
chromosome 2A reduced honeydew production and percent infected florets (i.e. sclerotia number). Another major QTL on chromosome 5B 
reduced sclerotia mass per spike, percent infected florets, and mean sclerotia mass. A third QTL on chromosome 1B reduced mean sclerotia 
mass. These results will enable marker-assisted selection of ergot resistance and guide future genetic research. 
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Quantification of Disease Expression Conferred by Three Host Gene-Necrotrophic Effector Interactions in the Wheat-
Parastagonospora nodorum Pathosystem 
Amanda R. Peters1, Timothy L. Friesen2 and Justin D. Faris2, (1)North Dakota State University, Fargo, ND, (2)USDA-ARS, 
Fargo, ND 
Septoria nodorum blotch (SNB), which is a major foliar disease on wheat, is caused by the necrotrophic fungus Parastagonospora nodorum. The 
wheat-P. nodorum pathosystem involves the recognition of necrotrophic effectors (NEs) secreted by P. nodorum by corresponding wheat NE 
sensitivity genes. Recognition leads to effector-triggered susceptibility and ultimately disease. The objective of this project is to determine the 
effects of multiple host-NE interactions alone and in various combinations to determine the relative importance of these interactions in causing 
disease. A recombinant inbred wheat population was developed that segregates for the NE sensitivity genes Snn1, Snn3-B1, and Tsn1, which 
recognize the NEs SnTox1, SnTox3, and SnToxA, respectively. P. nodorum isolates that produce various combinations of the three NEs were 
used to quantify the level of disease explained by each interaction through spore inoculations and QTL analysis. When present, the Tsn1-SnToxA 
interaction accounted for 15-33% of the disease variation, and Snn3-B1-SnTox3 explained 19-25%. The Snn1-SnTox1 interaction explained as 
much as 31% of the variation, but the Snn3-B1-SnTox3 and Tsn1-SnToxA interactions were epistatic to the Snn1-SnTox1 interaction in some 
isolates as revealed through the analysis of knockout mutants. Currently, experiments to determine if NE expression is associated with disease 
susceptibility are being conducted. Results from this research will contribute to the understanding this pathosystem and provide researchers with 
knowledge for reducing losses to SNB.  
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Toward the Molecular Cloning of the Septoria nodorum Blotch Susceptibility Gene Snn2 in Wheat 
Sudeshi Seneviratne1, Timothy L. Friesen2 and Justin D. Faris2, (1)North Dakota State University, Fargo, ND, (2)USDA-ARS, 
Fargo, ND 
Septoria nodorum blotch is a disease of wheat caused by the necrotrophic fungus Parastagonospora nodorum. In the wheat-P. nodorum 
pathosystem, recognition of pathogen-produced necrotrophic effectors (NEs) by dominant host genes leads to host cell death, which allows the 
pathogen to gain nutrients and proliferate. Among the nine host gene-NE interactions reported, the Snn2-SnTox2 interaction has been shown to 
be important in both seedling and adult plant susceptibility. The overall goal of this study is to clone and characterize the Snn2 gene. A saturated 
genetic linkage map was developed using a segregating population of 164 F7:8 recombinant inbred lines derived from a cross between the 
SnTox2-insensitive wheat line BR34 and the SnTox2-sensitive line Grandin. Markers were identified by SNP genotyping using the 90K iSelect 
wheat SNP chip and previously mapped simple sequence repeat markers. New markers were developed based on whole-genome sequence 
scaffolds and wheat survey sequences identified using SNP contextual sequences. Currently, Snn2 is delineated to a genetic interval of 1.5 cM 
corresponding to a physical segment of 1.7 Mb on the short arm of the wheat chromosome 2D. Sixteen candidate genes for Snn2 were identified 
in this region. Further marker development and high-resolution mapping is currently underway to further narrow the Snn2 region. In addition, we 
have developed multiple EMS-induced Snn2-disrupted mutants for functional analyses and for conducting RenSeq in parallel with a map-based 
cloning approach. Results of this study will increase our knowledge of wheat-P. nodorum interactions, which will help to develop better host 
resistance through genetic manipulation. 
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Association Mapping of Bacterial Leaf Streak (BLS) Resistance in Hard Winter Wheat 
Sai Mukund Ramakrishnan1, Jagdeep Singh Sidhu2, Navjot Kaur2, Shaukat Ali2 and Sunish Sehgal2, (1)South Dakota State 
University, Brooking, SD, (2)South Dakota State University, Brookings, SD 
Bacterial leaf streak (BLS) caused by Xanthomonas campestris pv. translucens is the major bacterial disease threatening to wheat production in 
US Northern Great Plains. It is a sporadic but wide – spread disease of wheat that can cause significant loss. Unlike fungal diseases, bacterial 
diseases can only be countered by developing disease resistance cultivars. Identification and characterization of genomic regions of wheat that 
confer resistance to BLS can be an effective way to mobilize resistance genes in wheat breeding. Association mapping holds a great promise in 
the dissection of complex quantitative genetic traits in plants. We screened an Association Mapping (AM) panel of 300 winter wheat cultivars 
representing the entire US winter wheat region for reaction to BLS. The bacterial inoculum was infiltrated into the leaf of seedlings at three – leaf 
stage and the expansion of the leaf area infiltrated was recorded 14 days after infiltration. The AM panel has already been genotyped using 
Infinium 90K array under USDA – TCAP. We identified three genomic regions using compressed mixed linear models that regulate resistance to 
bacterial leaf streak in wheat. These resistant – moderately resistant varieties/lines identified in the study can be used in breeding programs for 
developing BLS resistant wheat varieties. 
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BRIDGE: Biodiversity Informatics to Unlock the Genetic Diversity of Barley Hosted at the Genebank of IPK Gatersleben 
Sara G. Milner1, Matthias Jost2, Elena Rey Mazón3, Stefanie Kreide3, Axel Himmelbach4, Stephan Weise5, Markus Oppermann5, 
Matthias Lange5, Helmut Knuepffer1, Uwe Scholz5, Andreas Graner6, Andreas Boerner7, Nils Stein8 and Martin Mascher9, (1)IPK 
Gatersleben, Stadt Seeland, Germany, (2)Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany, (3)IPK-
Gatersleben, Stadt Seeland, Germany, (4)Institute of Plant Genetics & Crop Plant Research, Gatersleben, Germany, (5)Leibniz 
Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Stadt Seeland, Germany, (6)Leib-Inst Plant Gen & Crop 
Plant Res, OT Gatersleben, Stadt Seeland, Germany, (7)IPKGatersleben, Stadt Seeland, Germany, (8)Leibniz Institute of Plant 
Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany, (9)Leibniz Institute of Plant Genetics and Crop Plant Research 
(IPK), Seeland, Germany 
Genomics and biodiversity informatics are rising as fundamental tools to harness genetic resources harbored in germplasm collections, an 
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 domesticated (Hordeum vulgare L. subsp. vulgare) and wild (Hordeum vulgare L. subsp. 
spontaneum) barley hosted at the German ex situ genebank at IPK Gatersleben, by means of a genotyping-by-sequencing (GBS) approach. The 
data is being analyzed in context of the barley genomic framework to study population structure, shed light on the historical flow of pedigree 
haplotypes during breeding practices and mine allelic variation at breeding-relevant traits. The outcoming genome diversity catalog will also 
enable a more informed classification of genebank accessions based on non-redundant molecular passports. Moreover, a novel warehouse 
infrastructure will provide a systematic valorization of the upcoming genomics data and a link to the passport and phenotypic data accumulated 
by the IPK genebank conservation management. Here we present the first insights on BRIDGE data analysis, based on more than 10,000 already 
analyzed barley accessions. 
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Recombination Rate Variation and QTL Analysis of Global Recombination Frequencies in Spring Six-Row Barley 
Populations 
Ana M. Poets1, Gina Brown-Guedira2 and Kevin P. Smith1, (1)University of Minnesota, Saint Paul, MN, (2)North Caroline State 
University, Raleigh, NC 
The number and location of recombination events vary among individuals. The most commonly used methods to identify the genes underlying 
traits assume that recombination frequencies are consistent across families. In this project we used a six-row spring barley NAM population of 
2,505 RILs representing 40 families to characterize recombination patterns in spring barley. A combination of exome capture and genotyping-by-
sequencing technology were used to collect dense genome-wide single-nucleotide polymorphism data. We also explore the usage of 
recombination events captured in these families to identify quantitative trait loci that controls genome-wide recombination frequencies.  
 
P0904: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Heterozygous Advantage and Segregation Distortion in Barley: Implication for Heterosis and Balancing Selection 
Lianne Merchuk-Ovnat, R. H. Smith Institute of Plant Science & Genetics in Agriculture, The Hebrew University of Jerusalem, 
Rehovot, Israel, Khaled Bishara, Volcani Agricultural research Organization (ARO), Rishon LeTzion, Israel, Adi Doron-
Faigenboim, Volcani Center, ARO, Ramat Yishay, Israel and Eyal Fridman, The Volcani Center, Israel 
Multiparental populations have recently become the golden standard of quantitative trait loci (QTL) mapping for plethora of traits in crop plants 
including maize, wheat, rice and barley. The process of developing these populations represents an evolutionary breeding experiment in which 
forces such as genetic drift and selection may impact the allele frequencies at the final population. Associating scenarios of segregation distortion 
by high-throughput genotyping for hundreds of progenies and comparing this genomic landscape with genome scan for QTL may lead to 
identification of signatures of selection on particular genes and pathways. More specifically, observing overlap, between significant bias to 
heterozygosity at certain single nucleotide polymorphic (SNP) sites and heterozygous advantage for fitness traits provides support for balancing 
selection. We have analyzed the high-throughput genotyping (1K SNP array) of the barley HEB-25 population (recently developed by crossing 
25 wild barleys with one elite barley cultivar) for allelic segregation and for association with whole-plant phenotypic data collected under two 
contrasting irrigation regimes ('wet' and 'dry') in a screen house experiment during the growing season of 2014-15 at the Experimental farm of the 
faculty of agriculture in Rehovot.  



About 150 of ~6000 SNP markers, representing ten different genomic regions were found to be significantly (p<0.05) distorted (>0.085-0.12) 
from the expected segregation ratio of the BC1F3 (0.0625). Four of these markers were found to positively and significantly (p<0.05) associate 
with grain yield at its heterotic state under specific irrigation regime or constitutively (3H- dry- 133cM, 5H- wet- 23cM, 6H- wet- 86cM and 7H-
dry and wet- 22cM). Interestingly, from the distorted regions four were found to coincidence with major genes controlling flowering time in 
HEB-25 (2H-55cM-HvCEN, 4H-113Cm-vrn-H2, 5H-125cM- vrn-H1 and 7H-22cM- vrn-H3). Interestingly, under the wet regime almost all of 
the 150 markers exhibited heterotic effect, delaying flowering by 2-3 days, while other randomly selected genomic regions did not show such 
effect. These results provides support for balancing selection. 
 
P0905: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Positional Cloning and Functional Analysis of Genes That Control Wax Production in Barley 
Zenith Tandukar, University of Minnesota, Saint Paul, MN 
Epicuticular waxes provide a primary water resistant barrier and protection against different environmental stresses like pests, radiation and 
disease pathogens. Association mapping in a barley advanced backcross NAM population identified QTL on chromosome 3HL and 1HS that 
were associated with glossy phenotypes. The QTL on chromosome 3HL and 1HS are coincident with a recessive mutant, glossy sheath 2 (gsh2), 
and a dominant mutant, Eceriferum-yy (Cer-yy), respectively. The objectives of this project were to characterize the phenotypes of both mutants 
and to isolate GSH2. Scanning electron microscopy (SEM) confirmed the dramatic reduction of wax on the flag leaf sheath on gsh2 mutants and 
the lemma and palea of Cer-yy mutants. To examine the transition of wax accumulation between the two mutants and wildtype, a developmental 
analysis was conducted. F2 mapping populations segregating for the gsh2 mutant were developed and GSH2 was fine mapped. Over 1800 F2 
individuals were genotyped with markers that flank the GSH2 locus and 85 recombinants were identified reducing the interval to a <1 cM region. 
Candidate genes have been identified and resequencing gsh2 alleles is in progress. Preliminary data from vapor pressure deficit experiments, 
indicated higher transpiration rates for the Bowman-Cer-yy and Bowman-gsh2 mutants than Bowman. To measure non-stomatal transpiration 
rates in the mutants during induced water deficit conditions, drought response experiments will be conducted. 
 
P0906: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A Playground for Innovations: Pseudogenes and Gene Fragments in Barley 
Verena M. Prade1, Heidrun Gundlach1, Manuel Spannagl1, Sven O. Twardziok1, Georg Haberer1, Martin Mascher2, Nathan M. 
Springer3, Qing Li4, Peter Langridge5, Ilka Braumann6, Robbie Waugh7, Chengdao Li8, Guoping Zhang9, Nils Stein2 and Klaus F.X. 
Mayer1, (1)PGSB - Plant Genome and Systems Biology, Helmholtz Center Munich, German Research Center for Environmental 
Health (GmbH), Neuherberg, Germany, (2)Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Seeland, Germany, 
(3)Department of Plant and Microbial Biology, University of Minnesota, St. Paul, MN, (4)University of Minnesota, St. Paul, MN, 
(5)School of Agriculture, University of Adelaide, Urrbrae, Adelaide, Australia, (6)Carlsberg ResearchLaboratory, Copenhagen, 
Denmark, (7)The James Hutton Institute, Dundee, United Kingdom, (8)Western Barley Genetics Alliance, Murdoch University, 
Murdoch, Australia, (9)College of agriculture and biotechnology, HangZhou, China 
Pseudogenes are gene-like sequences featuring serious mutations which destroy their original function. Although originally dismissed as “junk 
DNA”, they are now increasingly studied in mammals, due to mounting reports of pseudogene functionality. Studies in more complex plant 
genomes such as the Triticeae were hampered by the absence of reference genome sequences. The barley genome (5 Gb) is the first average 
sized plant genome assembled to an unprecedented completeness, and was also among the first to be included in our detailed plant pseudogene 
survey.  
Using a homology-based approach and a query set of 38,157 high confidence barley genes, we identified 11,015 full length pseudogenes and 
78,425 smaller pseudogene fragments. Interestingly, and unlike in mammals, the common intron-based classification of pseudogenes into 
‘duplicated’ and ‘retroposed’ demonstrates a surprisingly small contribution of retrotransposon mediated sources. In fact, a major proportion of 
pseudogenes originates from tandem cluster situations or is located in close vicinity to their homologous parent gene. The overall chromosomal 
distribution of pseudogenes follows that of genes with high densities towards the telomeres. Further results on gene family relationships, 
functional biases in the parent gene set and transcriptional evidences were investigated. For example, we found transcriptional evidence for 7,018 
pseudogenes - including 1,340 full length pseudogenes. They hold the potential to take part in regulatory processes.  
In conclusion, our results indicate non-random duplication and pseudogenization preferences and finally provide a basis for in-depth studies of 
the potential impact of pseudogenes on gene functions and chromosomal organization. 
 
P0907: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Investigating the Genetic Control of Shoot Lateral Branching in Barley 
Allison M. Haaning1, Kevin P. Smith1, Gina Brown-Guedira2, Priyanka Tyagi3 and Gary J. Muehlbauer4, (1)University of 
Minnesota, Saint Paul, MN, (2)CropScience NCSU, Raleigh, NC, (3)North Carolina State University, Raleigh, NC, (4)Department 
of Plant and Microbial Biology, University of Minnesota, St. Paul, MN 
Barley is an internationally important crop for malting, brewing, and animal feed. Barley plant architecture is largely defined by the number and 
vigor of tillers, lateral shoots that arise from axillary meristems (AXM) at the plant base. The majority of grain yield in barley comes from tillers, 
but the genetic and developmental control underlying tiller growth is still largely unknown. This study aims to 1) identify natural genetic 
variation affecting tiller growth through genome-wide association mapping, 2) better understand how other traits affect and are affected by tiller 
number, and 3) identify genes differentially expressed in AXM and shoot apical meristems (SAM) that influence tiller growth. For the first two 
aims, a subset of the USDA National Small Grains iCore Collection was field-grown in Saint Paul, MN in 2014 and 2015. Lines were genotyped 
using ~55,000 Tag SNPs that were used for association mapping and population structure analysis. Data for heading date, weekly tiller number 
per plant, and numerous other traits were collected throughout development. Mixed linear modeling and correlations between tiller growth and 
other traits indicate that tiller growth is pleiotropically influenced by other traits, such as flowering time and number of seeds per spike. The 
pleiotropic influence of flowering time on tiller growth was further demonstrated by extensive overlap (>70%) of tiller growth and flowering 



time QTL. For the third aim, Laser Microdissection-RNAseq analysis of SAM and AXM from two Bowman seedling stages revealed 
differentially expressed genes overlapping tiller growth QTL that may potentially influence tiller growth. 
 
P0908: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Deciphering the Genetic Basis of Spikelet Meristem Identity in Barley 
Shun Sakuma, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany, Takao Komatsuda, 
Institute of Crop Science, National Agriculture and Food Research Organization (NARO), Tsukuba, Japan, Atsushi Nagano, 
Ryukoku University, Kyoto, Kyoto, Japan and Thorsten Schnurbusch, Leibniz-Institute of Plant Genetics and Crop Plant 
Research (IPK), OT Gatersleben, Stadt Seeland, Germany 
Inflorescence architecture is a major determinant of the components of final grain yield in the cereals. The inflorescence can take the form of a 
panicle (rice, sorghum, and maize) or a spike (wheat, barley and rye). Barley’s spike is composed of three spikelets (one central spikelet and two 
lateral spikelets) per rachis node that is a unique character of Hordeum species among Triticeae. Cultivated barley (Hordeum vulgare ssp. 
vulgare L.) produces either two-rowed (central spikelet fertile; lateral spikelets sterile) or six-rowed (complete fertility of the three spikelets) 
spikes. The six-rowed spike or lateral spikelet fertility is under the control of Six-rowed spike 1 (vrs1), vrs2, vrs3, vrs4 and Intermedium spike-c 
(int-c). However, the genetic basis of three-spikelet structure in a distichous manner was not fully elucidated yet. To address this, we will identify 
the gene responsible for the spikelet identity using zero-rowed spike 1 (zrs1) mutant derived from mutagenesis of wild barley (Hordeum vulgare 
ssp. spontaneum L.). The zrs1 mutant produces only two, presumably the lateral spikelets (sterile) per rachis node and shows severe abortion of 
florets in the central spikelet. We conducted phenotypic characterization and genetic mapping using genotyping-by-sequencing approach to 
understand the genetic basis of the zrs1 mutant. 
 
P0909: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
LUSH SPIKE – Towards the Genetic and Molecular Elucidation of Spikelet Survival in Barley 
Ahmad Mohammad I. Alqudah, Thirulogachandar Venkatasubbu, Ravi Koppolu and Thorsten Schnurbusch, Leibniz-Institute of 
Plant Genetics and Crop Plant Research (IPK), OT Gatersleben, Stadt Seeland, Germany 
Improving grain yield is a major objective of crop breeding, and a promising avenue for maximizing yield through enhanced spikelet survival 
during pre-anthesis development. However, little is known about spikelet survival and its impact in grain yield in cereals. In barley, the number 
of spikelet primordia per spike at the awn primordium (AP) stage represents the maximum yield potential per spike. The growth period AP to 
tipping (TIP) is considered as the most critical pre-anthesis phase determining spikelet primordia abortion and grain yield since ~70% of spikelet 
abortion occurs during this phase, regardless of growth conditions and row-type. Mortality of spikelet primordia begins with the onset of rapid 
stem and spike growth and lasts until heading. Interestingly, the high broad-sense heritability (>80%) of spikelet survival in barley underscores 
that there are major genetic players regulating this trait. Therefore, we aim to discover QTL for spikelet survival in a GWAS panel and validate 
them in bi-parental double haploid (DH) mapping populations. Furthermore, interesting QTL will be mendelized, functionally characterized, and 
the underlying gene will be identified using a map-based approach. The genetic analysis of spikelet survival will be complemented with gene 
regulatory network analysis during the most critical pre-anthesis period. Finally, the spatio-temporal patterns of transcript, metabolite and 
phytohormone distribution/modulation in the spike may illustrate the mechanistical regulation of spikelet survival. 
 
P0910: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genome-Wide Association Mapping of Root Extension in a Collection of European Winter Barley Cultivars 
Wentao Xue1, Gianluca Bretani2, Gabriele Verderio2, Laura Rossini3, Stefano Delbono4, Luigi Cattivelli4, Alessandro Tondelli4, 
Elahe Tavakol5, Jianping Cheng1 and Jun Yan6, (1)Guizhou University, Guiyang, China, (2)University of Milan - DiSAA, Milano, 
Italy, (3)Università degli Studi di Milano – DiSAA, Milano, Italy, (4)CREA Genomics research centre, Fiorenzuola d'Arda, Italy, 
(5)Shiraz University, Shiraz, Iran (Islamic Republic of), (6)Chengdu University, Chengdu, China 
Root extension in cereals is an extremely plastic trait exhibiting high variation in relation to the genetic background and to environmental 
conditions. The study of root system is particularly important in the Mediterranean area, where genetic improvement of drought tolerance on 
winter barley is a relevant breeding target. Here we aimed at exploring the natural genetic variation in root extension in a collection of European 
winter barley cultivars (67 two-rowed and 75 six-rowed, released between 1921 and 2006). For each genotype, three plants were grown in 
cylindrical pots (rhizotrons) with diameter of 10 cm and 50 cm height, filled with siliceous sand. Plants were collected at the 4 leaf stage 
(Zadocks stage 14), when roots were separated from shoots and scanned. The obtained images were analyzed by using the winRHIZO software 
to calculate the total root extension, as the sum of lengths of primary and secondary roots. The whole experiment was replicated three times, 
showing repeatability of 0.53. The same collection was previously genotyped for >7000 iSelect SNP markers, providing a powerful tool for 
association mapping of root traits. Genotype-phenotype association with the R-GAPIT package identified a significant genomic region on 
chromosome 5H-bin7, that has been scrutinized for candidate genes and alleles with a putative role in the trait under study. 
 
P0911: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Super-Open Flowering Mutant (sof1) of Barley 
Nadia Anwar1, Yuji Hamada2,3, Shun Sakuma1,4, Shunzong Ning1, Mohammad Pourkheirandish1, Takato Koba2 and Takao 
Komatsuda1,3, (1)National Institute of Agrobiological Sciences (NIAS), Tsukuba, Japan, (2)Chiba University, Matsudo, Japan, 
(3)Institute of Crop Science, National Agriculture and Food Research Organization (NARO), Tsukuba, Japan, (4)Faculty of 
agriculture, Tottori University, Tottori, Japan 
A wild barley (Hordeum vulgare ssp. spontaneum) strain OUH602 originated from the Caspian See region were grown in the field of the 
Institute of Radiation Breeding, National Institute of Agrobiological Sciences, Japan and the plants (defined as M1) were exposed to γ irradiation 
at 0.24 – 0.77 Gy/day and 5 days irradiation/week from the seedling to the maturation stage by means of a cobalt 60 (60Co) source. About 1,600 
M3 lines derived from M2 plants (10 M3 plants in each line) were forward-screened for morphological mutation. A single plant in the line #44205 



showed a “super-open flowering” phenotype. The palea and lemma of this mutant gaped wider than that of the wild type. The lodicule, a 
structure found in the floret of many grass species and functionally related to the petal in the hermaphroditic angiosperm flower, of this mutant 
was significantly larger in length and depth than that of wild type. A single recessive gene controlled the phenotype so the symbol was named 
sof1. 
 
P0912: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Rcs5 Is a Wall Associated Kinase Gene That Functions As a Dominant Susceptibility Factor in the Barley- Cochliobolus 
sativus Interaction to Produce Necroptosis 
Gazala Ameen1, Thomas Drader2, Shyam Solanki1, Lauren Sager1, Brian J. Steffenson3, Andris Kleinhofs2 and Robert S. 
Brueggeman1, (1)Department of Plant Pathology, North Dakota State University, Fargo, ND, (2)Washington State University, 
Pullman, WA, (3)University of Minnesota, St. Paul, MN 
Spot blotch, caused by Cochliobolus sativus, is a devastating disease of barley and wheat. One of the major resistance QTL against spot blotch 
contains the Rcs5 gene and is located on the short arm of barley chr 7H. A high-resolution genetic map delimited this region to ~0.32cM between 
the flanking markers ctg1584 and ctg7. Previous attempts to identify the gene were unsuccessful as it was hypothesized to be a dominant 
resistance gene present in cultivar (cv) Morex, but our genetic analysis of the F2 population between susceptible cv, Steptoe and resistant cv 
Morex showed a 1 (resistant):3 (susceptible) segregation ratio suggesting that the resistance is recessive in nature. Utilizing the barley genome 
sequence of Morex, four wall-associated kinase (WAK) genes were identified in the delimited region and designated as HvWAK2-5. Functional 
characterization of the candidate genes using BSMV-VIGS revealed that silencing either HvWAK3 or HvWAK4, shifted from susceptibility to 
resistance in the cvs Steptoe and Harrington and produced no response in resistant cv Morex. Thus, both genes encode dominant susceptibility 
factors. Genome walking and cDNA analysis revealed that only HvWAK3 is polymorphic, having a 620 bp unique sequence in the susceptible 
cvs. Absence of this unique segment results in the nonfunctional protein in Morex. Thus, we designate barley HvWAK3 as the spot blotch 
dominant susceptibility gene rcs5. We hypothesize that HvWAK3 encodes the Rcs5 dominant susceptibility protein targeted by the C. sativus 
necrotrophic pathogen to induce programmed cell death in an inverse-gene-for-gene manner facilitating disease in the susceptible lines. 
 
P0913: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Fine-Mapping and Transcriptomic Analysis Reveal a Candidate Gene for Cereal Cyst Nematode Resistance in Barley 
Bart Van Gansbeke, Kelvin Khoo, Ken Chalmers and Diane Mather, The University of Adelaide, Adelaide, Australia 
The cereal cyst nematode (Heterodera avenae) is soil-borne obligate parasite which can cause severe damage to cereal crops, including barley. In 
Australia, deployment of resistant cultivars of barley and wheat has been very effective in limiting populations of H. avenae in agricultural soils. 
In barley, very effective resistance loci have been mapped on two chromosomes. Closely linked molecular markers are available for use in 
breeding but the causal genes have not been isolated. In this research, the resistance locus Rha2 was fine-mapped to a 1-Mbp region of 
chromosome 2H. In an RNAseq time-course experiment performed on a susceptible cultivar, Sloop, and two resistant derivatives, Sloop SA and 
Sloop VIC, one of the predicted genes in the 1-Mbp region exhibited differential expression between the susceptible and resistant cultivars. 
 
P0914: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Identifying Avena-Specific Genes 
Rachel N. Walstead1, Tim Langdon2, Cory Brouwer1 and Jessica Schlueter1, (1)University of North Carolina at Charlotte, 
Charlotte, NC, (2)IBERS, Aberystwyth University, Aberystwyth, United Kingdom 
The hexaploid oat (Avena sativa L.) is a staple cereal crop for both food production and animal feed. Oat is gluten-free, making it a grain option 
for those who suffer from gluten insensitivity. In spite of that, genomic resources and information on what makes oat unique are lacking. By 
leveraging existing resources in diploid oat from the A-genome sequencing project in Avena atliantica and other grass genomes, we seek to 
identity genes and nutritive pathways that are unique to oats and other grasses. We are using BLAST algorithms to compare gene sets from the 
Poaceae family (grasses, including Avena), GenBank’s nonredunadant database, and Phytozome. Results will show genes specific to grasses, as 
well as oats. The initial BLAST runs have eliminated 483,520 genes, finding them to be not unique, from our 960,265-gene dataset. Genes 
identified as Avena-specific will be analyzed for nutritive properties and their place in nutrient pathways. 
 
P0915: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Fine Mapping of the Dw7 Dwarfing Gene in Oat 
Edyta Paczos-Grzęda1, Maciej Bisaga2, Tim Langdon2 and Nicholas A. Tinker3, (1)Institute of Plant Genetics, Breeding and 
Biotechnology, University of Life Sciences in Lublin, Lublin, Poland, (2)IBERS, Aberystwyth University, Aberystwyth, United 
Kingdom, (3)Agriculture and Agri-Food Canada, Ottawa, ON, Canada 
Dwarfing genes have been of great value for improving productivity in modern cereal breeding programmes but as yet few such genes have been 
available for oat with only two, Dw6  and Dw7, being widely used. Here, we have used a variety of molecular markers and two independent 
biparental populations to map the semi-dominant Dw7 locus with the closest linked marker showing linkage of less than 0.5cM. Positioning of 
markers on the Avena atlantica diploid zipper and screening of linked gene content provided a number of potential candidate genes. An indel 
marker derived from one of these showed perfect co-segregation with reduced height in the relevant mapping populations, and was nearly 
perfectly associated in a range of varieties tested. The presence of the Dw7 associated allele in some old varieties indicates that the 
polymorphism is not directly causal, however. 
 
P0916: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Modeling Genotype By Environment Interaction with Large Genomic Studies in Oats 
Lucia Gutierrez, University of Wisconsin - Madison, Madison, WI; Universidad de la Republica, Montevideo, Uruguay 
Since the advent of agriculture, plant breeding has successfully improved plants for human benefit. Modern plant breeding activities consists in 
evaluating the genetic merit of lines discerning genetic from environment and noise components. Plant breeding activities could therefore be 



grouped into three categories: traditional, marker assisted, and genomic selection. Furthermore, most of the relevant traits for agriculture like 
yield, grain quality and diseases are quantitative traits that are also affected by the environment. Therefore, good phenotyping is crucial in any 
plant breeding program. This creates two challenges. First, field trials and experimental designs for large number of genotypes should be 
carefully chosen to reduce spatial heterogeneity and experimental error and to increase heritability. Second, genotype by environment interaction 
(GEI) is widespread in plants, and affect especially quantitative traits that are of main importance for plant breeding. Mixed models have been 
used for modeling GEI. Our objective was to present some strategies that are successfully being used in plant breeding programs. We discuss the 
use of genomic information for genomic selection, and then we discuss how to handle GEI with and without genomic information. Finally, we 
present some ideas for an oat proposal to address these issues. 
 
P0917: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
GWAS for QTL Contributing to Germination and Initial Radicle Growth Rate of Oats at Low Temperature 
Michael Christopher Gines1, Eric Anderson2, JJ Anderson2, Jamal Chouffani2, Abigail Hancock2, Sarah Hiller2, Dylan Lacey2, 
Athena Klos2, Lily Maheras2, Danil Marsh2, Lucy Melick2, Carmen Mendez2, Bohdi Moldenhauer2, Mavity Shaw2, Kathy L. Klos1 
and John Kaiser2, (1)USDA-ARS, Aberdeen, ID, (2)Holy Spirit Catholic School, Pocatello, ID 
Oats are used in everything from cosmetics to food to animal feed. Oat crop stand establishment can be hampered by competition with weeds, 
but early emergence and vigorous seedling growth may give oats a competitive advantage. In order to identify QTL that influence germination 
and initial radicle growth rate under conditions that may exist following early spring seeding, we evaluated 252 heritage oat cultivars from the 
National Small Grains Collection for their average days to germination (dtg) and radicle growth rate (mm d-1) at 4◦C. A mixed linear model was 
used to test association between 2,715 SNPs and measured phenotypes. There was evidence of QTL contributing to variation among cultivars for 
both germination rate and radicle growth at low temperatures. Valuable genetic variation for seeding vigor-related traits may exist in traditional 
or older cultivars. These findings could be used to enable transfer of QTL through marker-assisted breeding. 
 
P0918: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Transcriptome Changes During Cold Acclimation in Festulolium and Their Comparison to Festuca pratensis and Lolium 
perenne Genomes 
Mallikarjuna Rao Kovi1, Mats Høglind2, Hans Martin Hanslin2, Jeevan Karloss Antony Samy3, Torben Asp4 and Odd Arne 
Rognli5, (1)Department of Plant Science, Norwegian University of Life Sciences, Aas, Norway, (2)Norwegian Institute of 
Bioeconomy Research (NIBIO), Klepp st, Norway, (3)Department of Animal Sciences, Norwegian University of Life Sciences 
(NMBU), Ås, Norway, (4)Department of Molecular Biology and Genetics, Aarhus University, Slagelse, Denmark, (5)Norwegian 
University of Life Sciences, Aas, Norway 
Festulolium (F. pratensis x L. perenne) is one of the main forage grass species utilized in temperate agricultural regions due to its high quality 
ryegrass and resistance to hostile environments. However, during late winter and early spring, plants are particularly vulnerable to winter injury. 
De-hardening resistance and re-hardening capacity plays a significant role in determining winter survival. Understanding these mechanisms is 
important for developing cultivars with improved winter survival. We have studied global transcriptome changes during a cycle of hardening, de-
hardening and re-hardening, the relationship with freezing tolerance and interactions with vernalization in two genotypes from Festulolium 
candivar FuRs9806; one flower without vernalization (V-) and one need vernalization to flower (V+). The LT50 results showed that vernalization 
at +6 ºC led to higher frost tolerance than pre-treatment at +15 ºC. The V+ genotype vernalized at +6 ºC showed the largest capacity to re-harden 
(3-6 ºC) thus showing a significant difference between the two genotypes possibly linked to different vernalization requirements. Illumina paired 
end sequencing yielded 296 and 242 million reads for the V- and V+ genotypes, respectively. These reads were assembled into 332059 and 
262382 transcripts with average contig lengths of 1570 and 1414 bp for the V- and V+ genotypes, respectively. In total, 9730 and 3530 
significantly differentially expressed genes with FDR<0.01 were detected in V- and V+ genotypes, respectively. These genes include the 
vernalization genes, stress responsive genes involved in cold-response, cold sensing, signal transduction and osmo-sensing. Detailed global 
transcriptome changes affected by vernalization, hardening and de-hardening, will be presented. In addition, De Novo sequencing of Festuca 
pratensis genome performed by Illumina mate pair sequencing will be presented along with Festuca genome and synteny browsers. Furthermore, 
we used BLAST to search sequence similarities between our Trinity assembled Festulolium contigs to the Lolium perenne and Festuca pratensis 
genome sequences. 
 
P0919: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genomic Tools for Kernza®, Intermediate Wheatgrass (Thinopyrum intermedium) Improvement –– Breeders’ Toolbox for 
Improving a New Perennial Grain Crop 
Xiaofei Zhang1, Traci R. Kantarski2, Steve Larson3, Kevin M. Dorn4, Jeremy Schmutz5, Lee DeHaan6, Jesse Poland4, Donald L. 
Wyse1 and James A Anderson1, (1)University of Minnesota, St. Paul, MN, (2)Columbia University, New York, NY, (3)USDA-ARS 
Forage and Range Research, Logan, UT, (4)Kansas State University, Manhattan, KS, (5)HudsonAlpha Institute for Biotechnology, 
Huntsville, AL, (6)The Land Institute, Salina, KS 
Kernza®, the trade name for intermediate wheatgrass (Thinopyrum intermedium) held by The Land Institute, is a new perennial grain crop and is 
genetically related to common wheat. Kernza provides substantial environmental services relative to annual grain crops, including reduced soil 
erosion, reduced nitrate leaching, increased carbon sequestration, and reduced input of seed, tillage, energy and herbicides. In 2011, the Forever 
Green Initiative at the University of Minnesota initiated the breeding program with germplasm supplied by The Land Institute. The goal is to 
increase grain yield and biomass of Kernza and enhance grain quality for food products through plant breeding and genetics in order to obtain a 
commercially viable perennial grain/biomass crop within the next decade. With the advancements of new sequencing technologies, it is feasible 
to develop genomic tools for a new crop such as Kernza. In the past four years, genome-wide molecular markers were discovered; a high-density 
consensus map was developed, a draft genome sequence was completed, and QTLs for seed weight, threshability, shattering resistance, and plant 
height were identified using linkage mapping and association mapping. A genomic selection-based recurrent selection method was established 



and is being used to increase genetic gain. These genomic tools are leading to the rapid improvement of Kernza, and they will benefit breeders 
working on not only new promising crops but also staple crops. 
 
P0920: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Assembly and Annotation of a Physical Map-Based Draft Genome of the Forage Grass Lolium perenne 
Sarah E. Beynon1, Jose de Vega Bartol2, Ann Thomas3, Stephen Byrne4, Susanne Barth5, Dan Milbourne5, Torben Asp4, Ian 
Armstead3 and Narcis Fernandez-Fuentes6, (1)Institute of Biological, Environmental & Rural Sciences (IBERS), Aberystwyth 
University, Aberystwyth, United Kingdom, (2)The Genome Analysis Centre, Norwich, United Kingdom, (3)IBERS, Aberystwyth 
University, Aberystwyth, United Kingdom, (4)Aarhus University, Slagelse, Denmark, (5)Teagasc, Crop Science Department, 
Carlow, Ireland, (6)Aberystwyth University, Aberystwyth, United Kingdom 
Perennial ryegrass (Lolium perenne L.) is a diploid grass species that belongs to the Pooeae sub-family together with oats, wheat, barley and the 
grass model Brachypodium distachyon. Perennial ryegrass is a forage grass that is widely cultivated in temperate regions and it plays an 
important role in grassland-based agriculture and amenity industries and activities. Perennial ryegrass has a genome size of 2.5Gb, and a BAC-
based HICF physical map (c. 4000 ctgs) was constructed, using LTC software, from the homozygous genotype P226/135/16. The c. 40k BAC 
clones spanning the minimum tiling path were then individually sequenced and the sequence was assembled, guided both by the physical map 
and the raw mate-pair short-length reads from the published draft de novo genome assemblies (also based on genotype p226/135/16; Byrne S. et 
al., Plant J, 2015, 84:816; Velmurugan et al., Ann Bot, 2016, 118:71). This generated a draft genome consisting of c. 50k scaffolds accounting 
from 2.14 Gb, or the 85.6 % of the genome. Subsequently, the draft genome was annotated using a combination of de novo and transcript- and 
protein-guided (Poaceae and other) gene predictions, resulting in 19713 structurally annotated genes. The resulting draft genome will make an 
important contribution to the development of genetic and genomic tools for perennial ryegrass breeding. 
 
P0921: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
A Simple and Versatile SNP Genotyping Method By Multiplex PCR Amplicon Sequence in Brachypodium distachyon 
Yoshihiko Onda1,2, Minami Shimizu1, Kotaro Takahagi2 and Keiichi Mochida1,2, (1)RIKEN CSRS, Yokohama, Japan, (2)Kihara 
Institute for Biological Research, Yokohama, Japan 
Next-generation sequencing technologies have enabled us to re-sequence genome to explore polymorphisms which confer various biological 
differences among individuals. To facilitate high-throughput polymorphism SNP genotyping, we developed a simple and versatile method based 
on multiplex PCR and amplicon sequencing, and applied it to determine genotypes of natural accessions in a model grass Brachypodium 
distachyon. As an example to assess our developed method, we carried out genome-wide genotyping of SNPs which were confidently identified 
in between genome re-sequencing data of natural accessions (Bd1-1, Bd3-1, Bd30-1, and Koz-3) and reference genome sequence of Bd21. Then, 
we examined the accuracy of genotyping with 443 SNPs of the natural accessions and a F1 progeny (Bd3-1 x Bd21). Roughly, around 95% of 
SNPs are successfully called accurate genotype by VarScan program. This high-throughput genotyping method is applicable not only to B. 
distachyon but also to all other organisms if sequence information around SNPs is available. The method described here enables easily to design 
custom target re-sequencing panel in various organisms and facilitates identification of genetic association between polymorphisms and 
biological properties. 
 
P0922: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Genetic Architecture of Flowering-Time Variation in Brachypodium distachyon 
Daniel Woods1, Ryland Bednarek2, Frederic Bouche3, Sean Gordon4, John Vogel5, David Garvin6 and Richard Amasino1, 
(1)University of Wisconsin-Madison, Madison, WI, (2)Cornell, Madison, NY, (3)UW-Madison, Madison, WI, (4)DOE Joint 
Genome Institute, Walnut Creek, CA, (5)U.S. Department of Energy Joint Genome Institute, Walnut Creek, CA, (6)USDA-ARS, 
St. Paul, MN 
The transition to reproductive development is a crucial step in the plant life cycle, and the timing of this transition is an important factor in crop 
yields. Here, we report new insights into the genetic control of natural variation in flowering time in Brachypodium distachyon, a non-
domesticated pooid grass closely related to cereals such as wheat and barley. A recombinant inbred line (RIL) population derived from a cross 
between the rapid-flowering accession Bd21 and the delayed-flowering accession Bd1-1 were grown in a variety of environmental conditions to 
enable exploration of the genetic architecture of flowering time. A genotyping-by-sequencing (GBS) approach was used to develop SNP markers 
for genetic map construction, and quantitative trait loci (QTLs) that control differences in flowering time were identified. Many of the flowering 
time QTLs are detected across a range of photoperiod and vernalization conditions, suggesting that the genetic control of flowering within this 
population is robust. The two major QTLs identified in undomesticated B distachyon colocalize with VERNALIZATION1/PHYTOCHROME C 
and VERNALIZATION2, loci identified as flowering regulators in the domesticated crops wheat and barley. This suggests that variation in 
flowering time is controlled in part by a set of genes broadly conserved within pooid grasses. We also identified QTL in which no flowering-time 
candidate genes are present, and thus represent novel loci regulating flowering time. The development and genotyping of this RIL population 
may prove useful in the dissection of other traits in B. distachyon. 
 
P0923: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
High-Throughput Sequencing Reveals H2O2 Stress-Associated MicroRNAs and a Potential Regulatory Network in 
Brachypodium distachyon Seedlings 
Yueming Yan, Capital Normal University, Beijing, China 
Oxidative stress in plants can be triggered by many environmental stress factors, such as drought and salinity. Brachypodium distachyon is a 
model organism for the study of biofuel plants and crops, such as wheat. Although recent studies havefound many oxidative stress response-
related proteins, the mechanism of microRNA(miRNA)-mediated oxidative stress response is still unclear. Using next generation high-
throughput sequencing technology, the small RNAs were sequenced from the model plant B. distachyon 21 (Bd21) under H2O2 stress and normal 
growth conditions. In total, 144 known B. distachyon miRNAs and 221 potential new miRNAs wereidentified. Further analysis of potential new 



miRNAs suggested that 36 could beclustered into known miRNA families, while the remaining 185 were identified as B. distachyon-specific 
new miRNAs. Differential analysis of miRNAs from the normal and H2O2 stress libraries identified 31 known and 30 new H2O2 stress 
responsive miRNAs. The expression patterns of seven representative miRNAs were verified by reverse transcription quantitative polymerase 
chain reaction (RT-qPCR) analysis, whichproduced results consistent with those of the deep sequencing method. Moreover, wealso performed 
RT-qPCR analysis to verify the expression levels of 13 target genes and the cleavage site of 5 target genes by known or novel miRNAs were 
validatedexperimentally by 5′ RACE. Additionally, a miRNA-mediated gene regulatory network for H2O2 stress response was constructed. Our 
study identifies a set of H2O2-responsive miRNAs and their target genes and reveals the mechanism of oxidative stress response and defense at 
the post-transcriptional regulatory level. 
 
P0924: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Accessing Genetic Diversity in the USDA National Small Grains Collection through a Multi-Parent Barley Nested 
Association Mapping Population 
Alexandrea Ollhoff, University of Minnesota- Twin Cities, Saint Paul, MN and Kevin P. Smith, University of Minnesota, Saint 
Paul, MN 
Germplasm collections hold allelic diversity that can be used for crop improvement and to understand the genetic architecture of complex traits. 
To gain access to the genetic diversity within the USDA National Small Grain Collection, we developed a 6-row spring barley nested association 
mapping (NAM) population with 88 landrace accessions crossed to a common parent (Rasmusson). The 88 parents were randomly selected from 
a core subset of the National Small Grains Collection that represents the genetic diversity of landrace and breeding accessions. In total, 6658 
recombinant inbred lines were generated with a range of 51-112 lines per family. For each family both F1 and BC1 inbred lines were derived 
providing the opportunity to explore genetic architecture of traits with lines containing different amounts of recurrent parent background. 
Genotypes for the parents and progeny were obtained from genotyping-by-sequencing (GBS) technology. We examined the number of unique 
loci and the number of allelic variants that contribute to two quantitative traits, flowering time and plant height. Though these are highly 
correlated traits, we detected distinct QTL influencing each trait. For a major flowering time QTL detected by joint population analysis, we 
observed both positive and negative allele effects relative to Rasmusson in all 35 families segregating for the SNP marker, suggesting the 
presence of an allelic series. The use of multiple parents of diverse origins in this population allowed us to estimate allele effects and diversity 
across families as a bridge to better understand and utilize phenotypic variation in this germplasm resource. 
 
P0925: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
ProWeizen - the German Wheat Research and Breeding Alliance 
Tanja Gerjets, German Federation for Plant Innovation (GFPi), Bonn, Germany 
Wheat is one of the most important crops and Germany is an important wheat producer. In Germany, 16 breeding companies are running 
independent wheat breeding programmes.  
The German Wheat Research and Breeding Alliance was founded in 2012 by the German wheat breeders to combine the scientific excellence in 
wheat research and breeding expertise in Germany. As a public-private partnership, the proWeizen alliance acts to foster wheat breeding and 
research on a national and international level as well as a platform for communication and coordination. The proWeizen platform is equally open 
to scientists and companies working in wheat breeding and research.  
Currently, 11 research projects, funded by the German Federal Ministry of Food and Agriculture (BMEL) as well as the German Federal 
Ministry of Education and Research (BMBF), are run within the proWeizen alliance and focus on breeding for yield increase and stability, better 
adaptation to environmental stresses and utilization of heterosis. In these projects, German universities and research institutes are working in 
close collaboration with wheat breeders who are vital partners and plan to implement project results in their future breeding programmes.  
In addition to support in project management and coordination, proWeizen liases with wheat researchers and breeders and participates in wheat 
research and breeding on national and international levels, respectively. 
 
P0926: Genome Mapping, Tagging & Characterization: Wheat, Barley, Oat, and related 
Identification of Novel SNPs for Sr6 Stem Rust Resistance Gene in Winter Bread Wheat by using GWAS 
Amira Mourad1, Ahmed Sallam2, Stephen Wegulo2, Vikas Belamkar2, Guihua Bai3, Bahy Ragheb1, Ezzat Mahdy1, Atif Abo-el 
Wafa1 and P. Stephen Baenziger2, (1)Department of Agronomy - Assiut University, Assiut, Egypt, (2)Department of Agronomy and 
Horticulture, University of Nebraska-Lincoln, Lincoln, NE, (3)Hard Winter Wheat Genetics Research Unit, USDA-ARS, 
Manhattan, KS 
Stem rust (caused by Puccinia graminis f. sp.  tritici Erikss. & E. Henn.), is a major disease in wheat. However, in recent years it occurs rarely in 
Nebraska due to the effective selection and gene pyramiding of resistance genes. To understand the genetic basis of stem rust resistance in 
Nebraska winter wheat, stem rust seedling resistance was evaluated at the seedling stage in two Nebraska winter wheat populations with a total 
number of 330 genotypes. The evaluation was to eleven stem rust races in one population and Nebraska common race (QFCSC) in the other 
population. The evaluation was done in two replications for QFCSC race in both populations and in one replication to the remaining races. Based 
on the pedigree information and the phenotypic infection type of the tested genotypes, Sr6 gene was expected to be found in the tested genotypes. 
To confirm the presence of this gene in the genome of the tested Nebraska winter wheat genotypes, specific SSR marker was used. In both 
populations, a high percent of genotypes contained markers for Sr6 gene in their genome. Genome wide association study was done on these 
populations using 8905 SNPs and 19 SNPs on chromosome 2D were identified to be associated with stem rust seedling resistance (–log10 p 
values ranged from 6.97 to 8.08). Sr6 gene was mapped on the same chromosome. A high linkage disequilibrium was found between all the 19 
SNPs and the specific SSR markers for Sr6 (from 0.5 to 1). These SNPs should be helpful for marker-assisted selection for Sr6 gene. 
 
P0927: Genome Mapping, Tagging & Characterization: Other Plant Species 
Development and Analysis of Genomic Resources for the Saguaro Cactus (Carnegiea gigantea) and Other Cactaceae 



Dario Copetti1, Alberto Burquez2, Tania Hernandez3, Tiffany Liu4, Kevin Childs4, Luis Eguiarte5, Michelle McMahon6, Rod 
Wing7, Martin Wojciechowski8 and Michael Sanderson9, (1)Arizona Genomics Institute, Tucson, AZ, (2)Instituto de Ecología, 
Unidad Hermosillo Universidad Nacional Autónoma de Mexico, Hermosillo, Mexico, (3)Ecology and Evolutionary Biology - The 
University of Arizona, Tucson, AZ, (4)Department of Plant Biology - Michigan State University, East Lansing, MI, 
(5)Departamento de Ecología Evolutiva, Instituto de Ecología, Universidad Nacional Autónoma de México, Mexico City, Mexico, 
(6)School of Plant Sciences, Ecology and Evolutionary Biology, Bio5, Tucson, AZ, (7)School of Plant Sciences, Ecology & 
Evolutionary Biology, Arizona Genomics Institute, Tucson, AZ, (8)Arizona State University Tempe, Tempe, AZ, (9)University of 
Arizona, Tuscon, AZ 
Cactaceae are spectacular examples of an adaptive radiation throughout the New World and have evolved morphological features (e.g. spines, 
stem succulence) and physiological functions (e.g. CAM photosynthesis) that allow them to proliferate in extreme environments. Of note, cacti 
are also the third most endangered taxonomic group among plants, and until now there have been no genomic resources available for this family.  
Here we present a genome assembly and annotation of Carnegiea gigantea i.e. the saguaro cactus, together with draft assemblies of three other 
columnar cacti (the giant cardón – Pachycereus pringlei, senita – Lophocereus schottii and organ pipe – Stenocereus thurberi) and one 
representative of the most basally-branching genus of Cactaceae, Pereskia humboldtii. Sequencing four Illumina libraries, we assembled the ~1.4 
Gb saguaro nuclear genome into 107,828 scaffolds spanning 980 Mb, with a scaffold N50 of 61.5 kb and a contig N50 of 20.4 kb. To 
characterize the genome, we developed five RNA-Seq datasets and an assembly-independent repeat library. About 28,300 genes were identified 
and more than half of the genome is composed of transposons and other repetitive elements. The other species were sequenced at lower coverage, 
enabling the assembly of the gene space fraction of each genome, which allowed us to perform genome-wide evolutionary and comparative 
analyses among different species of the family.  
In addition, new orthogonal datasets that include population resequencing and the detection of differential gene expression across growth stages 
and organs will be presented. 
 
P0928: Genome Mapping, Tagging & Characterization: Other Plant Species 
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, 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 assembly 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, fruit development, and epicuticular wax synthesis. Major project goals include 1) utilize single-molecule sequencing to de 
novo sequence the genome of the reference species Opuntia cochenillifera, 2) leverage the O. cochenillifera genome as a scaffold to assemble the 
O. ficus-indica genome, and 3) assemble and analyze sequence reads from an 84-sample transcriptomic study of circadian clock regulation, 
water-deficit stress responses, and tissue types. The O. cochenillifera  genome is currently undergoing PacBio SMRT sequencing and will 
augment the assembly of an existing Illumina data set from O. ficus-indica. A pooled RNA sample from O. ficus-indica fruit and pads at multiple 
stages of development has been sequenced using PacBio IsoSeq cDNA sequencing to create a scaffold for further refinement of an Illumina-
based RNA-Seq transcriptome assembly and to conduct read mapping for digital mRNA expression analysis. Metabolomic data generated using 
cognate transcriptomic tissue samples will also be discussed. Taken together, these data will offer a platform for CAM Biodesign efforts and 
assist in improvement of agronomic traits in prickly pear cactus. 
 
P0929: Genome Mapping, Tagging & Characterization: Other Plant Species 
Unravelling Roots for Drought Stress Defense in Cereal Crops 
Ajaz Ahmad Lone, MISSISSIPPI STATE UNIVERSITY, STARKVILLE, MS, Salah Jumah, mississippi state University, 
Starkville, MS and Raja Reddy Kambham, Mississippi State University, Mississippi State, MS 
Drought is a complex problem with various underlying components still unexplored. Selecting number of morpho-physiological traits for 
indirectly improving yield under conditions of limited water availability, roots play a pivotal role in unravelling the drought escape mechanism. 
Root systems of terrestrial plants serve many important tasks among which anchorage of the plant and uptake of water plus nutrients are the most 
important ones and consequently ensures the water balance of the plant. Selection for root traits could lead to important benefits for improving 
and stabilizing yield under drought conditions, particularly in species with a limited capacity to adjust osmotically. The functional integration of 
root phenes is poorly understood so far. The information available on the genetic control of root traits in the field and their relationships with 
yield is limited, mainly due to the difficulty of measuring root characteristics in a large number of plants. Root scanning procedures are definitely 
good probes in understanding the root developmental architecture and anticipating above ground performance of the crop. Drought resistant 
genotypes are constantly revealing well developed root systems in all aspects on scanning like root volume, root branching, forks and crossings. 
Several root trait genes influencing the foraging capability have already been well studied, besides root QTL’s show great potential for marker 
assisted selection on large scale when root traits chosen contribute significantly to drought tolerance in the target environment of a crop. Root 
proteins with significant roles are mainly involved in ROS detoxification, energy metabolism, cell wall metabolism, and disease and defense 
responses. Plasma membrane proteins, regulators of signal transductions and ion channels also contribute to increased stress tolerance. 
 
P0930: Genome Mapping, Tagging & Characterization: Other Plant Species 
Draft Genome Sequencing of Buckwheat (Fagopyrum esculentum) and Application for Identifying Agronomically Useful 
Genes 



Hideki Hirakawa1, Yasuo Yasui2, Mariko Ueno2, Katsuhiro Matsui3, Tomoyuki Katsube-Tanaka2, Soo J. Yang2, Jotaro Aii4, 
Shingo Sato4 and Masashi Mori5, (1)Kazusa DNA Research Institute, Chiba, Japan, (2)Kyoto University, Kyoto, Japan, (3)National 
Agriculture and Food Research Organization, Ibaraki, Japan, (4)Niigata University of Pharmacy and Applied Life Science, Niigata, 
Japan, (5)Ishikawa Prefectural University, Ishikawa, Japan 
Buckwheat (Fagopyrum esculentum Moench) is a widely cultivated annual crop in temperate zones in the world. It is nutritionally dense non-
model crop contains high levels of starch, proteins, flavonoids, and dietary fiber in the grain. The buckwheat flour is gluten-free and can replace 
wheat flour in a coeliac diet. The buckwheat genome is outcrossing nature, caused by heteromorphic self-incompatibility (SI), which makes it 
difficult to produce pure cultivars and to fix useful traits. It is widely known that the grain of buckwheat has allergens which could induce 
anaphylactic reactions. To attempt to improve the nutritional quality of the grain and removing genes responsible for SI and allergens, we 
sequenced the genome sequence of buckwheat. In this study, we have determined the draft genome sequence of buckwheat (FES_r1.0) by 
assembling the Illumina HiSeq 2000 paired-end reads with insert sizes 180 bp and 200 bp and mate-pair reads with insert sizes 3 kbp, 5 kbp, 10 
kbp, and 20 kbp. The total length of the scaffold sequences was 1.18 Gbp, and N50 length was 25 kbp. The 35,816 genes were predicted, and 
their functions were estimated by sequence similarity searches. We identified the genes related to flavonoid biosynthesis, the duplicated genes 
related to buckwheat allergens, GBSS genes related to starch synthesis, and heteromorphic SI genes. The genomes and genes obtained were 
distributed from Buckwheat Genome DataBase (BGDB; http://buckwheat.kazusa.or.jp), and the information would be useful for developing 
superior varieties of buckwheat. 
 
P0931: Genome Mapping, Tagging & Characterization: Other Plant Species 
Predicting Phenotypic and Genotypic Response of the Dominant Prairie Grass Andropogon gerardii to Climate Change in 
the US Central Grasslands 
Loretta C Johnson1, Jacob Alsdurf1, Matthew Galliart1, Sara G Baer2, Mary Knapp3 and Adam Smith4, (1)Kansas State University, 
Manhattan, KS, (2)Southern Illinois University, Carbondale, IL, (3)Departement of Agronomy, Manhattan, KS, (4)Missouri 
Botanical Garden, St Louis, IL 
Andropogon gerardii is an ecologically dominant grass in the Midwest. With its wide distribution across climate gradients, it becomes urgent to 
understand phenotypic and genetic variation to predict response to current and future climates. We characterized phenotypes and genotypes of 
30 populations across precipitation (40-119cm/yr) and temperature gradients (5-15oC) and incorporated intraspecific variation into species 
distribution models of current and predicted response under climate change. We grew plants from seed in the greenhouse and measured blade 
width, height, biomass, and chlorophyll absorbance, and genotyped to assess genetic diversity and divergence. We used phenotypes as input into 
SDMs to predict current and future phenotypes under climate change and investigated genetic divergence and outlier SNPs. Analysis shows a 
main effect among population phenotypes (height, width, biomass, and chlorophyll absorbance P<0.001). PCA show a phenotypic cline across 
populations that is mainly explained by rainfall. The distribution model for 2070 predicts that short-statured, dwarfed phenotypes found in the 
present-day dry shortgrass prairies of the west will become favored ~800 km eastward while robust, tallgrass phenotypes of current core will 
become favored ~700 km northeastward of their current location. We identified 7,318 SNPs and evidence of four genetic groups (Western Plains, 
Ohio Valley, Upper Midwest, Northern Plains). The greatest genetic diversity currently occurs in the Central Great Plains where genetic groups 
converge, but is likely to be diminished under future climates. Outlier analysis identified 197 SNPs under divergent selection and were associated 
with various aspects of precipitation. These results portend large future shifts in genotypes and phenotypes. Sourcing plant material for grassland 
and rangeland restoration should anticipate changes favored under future climates. 
 
P0932: Genome Mapping, Tagging & Characterization: Other Plant Species 
Mutagenesis and Genomic Analysis in Arundo donax 
Fabio Valli1, Daniele Trebbi2, Davide Scaglione3, Simone Scalabrin3, Danara Ormanbekova1, Federica Cattonaro3, Roberto 
Tuberosa1, Andrea Monti1, Michele Morgante4 and Silvio Salvi1, (1)Department of Agricultural Sciences, University of Bologna, 
Bologna, Italy, (2)GENETICLAB SRL, Pordenone, Italy, (3)IGA Technology Services, Udine, Italy, (4)Università di Udine, Udine, 
Italy 
Arundo donax L. (giant reed) is a perennial C3 Poaceae species of Mediterranean-subtropical origin and is characterized by high carbon 
accumulation efficiency, making it one of the most promising plants for bioenergy and phytoremediation exploitation. A. donax is highly 
polyploid, completely lacks sexual reproduction and propagates vegetatively. Very little genetic variation is found between ecotypes, which 
makes A. donax domestication and genetic improvement a challenge. We utilized physical mutagenesis with Gamma and Fast-Neutron 
irradiation treatments of A. donax in-vitro cultures in order to increase the genetic variability of the species. For the Gamma-ray treatments, 
LD50 was reached with irradiation doses between 40 and 60 Gy. Plants were regenerated, hardened in pots and transferred to field. A total of 
approximately 1,100 independently regenerated plants are currently available and mutants for plant height and habitus, leaf shape and color and 
other traits have been identified. We have additionally started to phenotype the collection for mutants affected in cell wall/cellulose/lignin, in 
order to identify clones potentially improved in bioenergy production. To our knowledge, these are the first results of artificially induced 
mutagenesis in A. donax. The molecular nature of induced mutations are being investigated with NGS-based genotyping means. Project funded 
by the FP7 EU program WATBIO. 
 
P0933: Genome Mapping, Tagging & Characterization: Other Plant Species 
Efficiency and Inheritance Patterns of CRISPR/CAS9-Induced Gene Modifications in Lettuce (L. sativa) 
Lien Bertier1, Heqiang Huo2 and Richard Michelmore1, (1)Genome Center, University of California Davis, Davis, CA, 
(2)Department of Plant Sciences, UC Davis, Davis, CA 
The efficiency of CRISPR/CAS9 targeted mutagenesis in lettuce through Agrobacterium-mediated stable transformation was evaluated by 
targeting a gene (LsNCED4) essential for thermo-inhibition of seed germination in lettuce. Three constructs, each containing a single gRNA 
targeting LsNCED4, were transformed into lettuce cv. Salinas and cv. Cobham Green. Analysis of 50 T1 plants by deep amplicon sequencing on 
an Illumina platform resulted in an overall efficiency of 54% (27) plants with editing at the target site; 28% (14) plants showed mono- or bi-



allelic editing in the T1 primary transformants. Editing efficiency was similar in both genotypes, while the different gRNAs varied in efficiency. 
The phenotype/genotype correlation was assayed by germinating T2 families of 38 T1 lines at high temperature and subsequently genotyping 
thermosensitive and thermotolerant T2 plants by amplicon sequencing. In both Cobham Green and Salinas, virtually no germination (<3%) 
occurred in T2 families derived from wildtype T1 plants, whereas germination was high (>50%) in T2 families derived from bi-allelic T1 plants. 
Germination at a temperature gradient (28-39°C) revealed a genotype-specific temperature sensitivity. Cobham Green wildtype seeds are 
completely inhibited at 32°C, while NCED4 mutants can germinate up to 80% at 39°C. Salinas wildtype seeds are more tolerant to high 
temperature and are only completely inhibited completely at 37°C, while NCED4 mutants can germinate up to 90%. In conclusion, the 
CRISPR/CAS9 system was highly efficient in generating mono- and bi-allelic mutants in one generation using Agrobacterium-mediated stable 
integration of an expression vector constitutively expressing CAS9 and one sgRNA. 
 
P0934: Genome Mapping, Tagging & Characterization: Other Plant Species 
Exploitation of Natural Variation in Nitrogen Uptake and Metabolism to Develop Lettuce Cultivars with Improved 
Nitrogen Use Efficiency 
David W. Still, Cal Poly Pomona and the CSU Agricultural Research Institute, Pomona, CA and Youngsook You, Cal Poly 
Pomona, Pomona, CA 
Lettuce is an intensively managed crop requiring high quality water and nitrogen (N) to ensure the size and quality required by the market. 
Excess N applied through fertilizers can lead to leaching of nitrates into groundwater and the release of N2O into the atmosphere and contributes 
significantly to greenhouse gases that are driving climate change. Improving nitrogen use efficiency (NUE) in lettuce will reduce the 
environmental impacts of lettuce production and ensure the economic sustainability of the lettuce industry in California. To identify the genetic 
and physiological basis of NUE in lettuce, we evaluated N uptake and N metabolism using N isotope discrimination of lettuce grown in the field 
under non-limiting and limited N. A recombinant inbred line (RIL) population from a cross of two domesticated lettuce types and a diversity 
panel of Lactuca species was used to identify QTL associated with N uptake, N metabolism and other measures of NUE. Numerous high-effect 
QTL were detected that were specifically associated with field N levels. NUE was evaluated over several years and the environmental variation 
was surprisingly high. The wide range in N metabolism within the RIL and among the different Lactuca species suggests different metabolic 
pathways or genes were utilized depending on N availability and genetic composition. These data are guiding the development of germplasm 
with improved NUE and to pinpoint the genes underlying the major effect QTL. 
 
P0935: Genome Mapping, Tagging & Characterization: Other Plant Species 
Resistance Genes Against Lettuce Downy Mildew 
Lorena Parra1, Maria Jose Truco2 and Richard Michelmore2, (1)University of California Davis, Davis, CA, (2)Genome Center, 
University of California Davis, Davis, CA 
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. The known Dm genes are located in major 
resistance clusters (MRC) containing genes encoding nucleotide binding-leucine rich repeat (NBS-LRR). 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 the wild species. 
This has located the candidate chromosomal positions for resistance genes as well as additional segments. Resistance gene enrichment 
sequencing (RenSeq) allowed the identification of numerous NBS-LRR sequences from these NILs and from several lettuce cultivars carrying 
known Dm genes. This, in combination with phenotypic data from these lines has allowed the identification of several candidate genes for known 
and new resistances against Bremia lactucae. Knowledge of resistance genes at the sequence level provides the basis for engineering pathogen 
resistance varieties by using genome editing through CRISPR-cas9 system and breeding for resistance to multiple isolates of Bremia lactucae. 
This will lead to the opportunity for more durable resistance to lettuce DM. 
 
P0936: Genome Mapping, Tagging & Characterization: Other Plant Species 
Genetic Basis of Resistance against Fusarium and Verticillium Wilts in Multiple Populations of Lettuce 
Maria Jose Truco1, Lien Bertier1, German Sandoya Miranda1, Sebastian Reyes-Chin-Wo1, Thomas R Gordon2 and Richard 
Michelmore1, (1)Genome Center, University of California Davis, Davis, CA, (2)Department of Plant Pathology, University of 
California Davis, Davis, CA 
Lettuce (Lactuca sativa) is a member of the Compositae family with an estimated genome size of 2.7 Gb. We have sequenced and assembled the 
genome of L. sativa cv. Salinas. The assembled genome has a total length of 2.38 Gb covering 88% of the 2.7 Gb genome. The assembly has 
been validated genetically and organized in nine pseudomolecules corresponding to the nine chromosomes of lettuce. We have used this 
assembly as the reference genomic sequence for Genotyping By Sequencing (GBS) analysis of multiple mapping populations, including 
populations segregating for resistance to Fusarium oxysporum and Verticillium dahliae responsible of wilts of lettuce. After testing several 
endonucleases, we reduced the complexity of our samples by restriction digestion with AvaII followed by adapter ligation and PCR 
amplification. Samples were then pooled and sequenced. We used the TASSEL-GBS pipeline to identify polymorphic SNPs between parental 
lines and haplotype them on the segregating populations. Custom scripts were used for further data filtering and analysis. Genetic maps were 
constructed for all segregating populations. Phenotyping for resistance was conducted in infected field and greenhouse trials over multiple years. 
QTL analysis of the resistance identified multiple genomic regions associated with resistance to these two pathogens. In most cases different 
QTLs were identified between populations indicating multiple sources of resistance and providing the opportunity for gene pyramiding. 
 
P0937: Genome Mapping, Tagging & Characterization: Other Plant Species 
Genetic Diversity and Association Analysis in Spinach 



Ainong Shi1, Beiquan Mou2, Jim Correll1, Jun Qin1, Yuejin Weng1, Dennis Motes3 and Wei Yang1, (1)University of Arkansas, 
Fayetteville, AR, (2)USDA-ARS, Salinas, CA, (3)University of Arkansas, Alma, AR 
Spinach (Spinacia oleracea L., 2n=2x=12) is an economically important vegetable crop worldwide. The objective of this project is to build a 
molecular breeding platform to augment ongoing classic breeding efforts in spinach in order to expedite genetic gain and release improved 
spinach cultivars. Analysis of genetic diversity was conducted on 462 spinach genotypes, including 365 USDA-GRIN germplasm accessions, 
originally collected from 33 countries, using SNPs postulated from GBS. STRUCTURE 2.3.4 and MEGA 7 were used for population structure 
and genetic diversity analysis. The genetic diversity analysis indicated that there was a geographic (country) factor during spinach cultivar 
development and spinach production. Association analysis was conducted for disease resistance to downy mildew (Peronospora effusa), white 
rust (Albugo occidentalis), Verticillium wilt (Verticillium dahliae), and Stemphylium leaf spot (Stemphylium botryosum f. sp. spinacia); for pest 
tolerance to leafminer (Liriomyza spp.); for morphological traits: leaf texture, leaf base color, bolting, and height; and for mineral elements: B, 
Ca, Co, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, S, and Zn. The general linear mode and mixed linear mode from TASSEL, and compressed mixed 
linear model from GAPIT were used for association analysis. SNP markers were identified to be associated with resistance to downy mildew, 
white rust, Verticillium wilt, or Stemphylium leaf spot, and also to be associated with mineral elements and oxalate content in spinach. The SNP 
markers identified from this study provide breeders with a tool to select associated traits in spinach breeding programs through marker-assisted 
selection. 
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Genome Editing in Flax in Response to Stress 
Christopher Cullis and Margaret 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 the 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 9 lines, the progenitor line (Pl) and 8 derived lines (genotrophs) have been 
compared, by whole genome sequencing, using the flax variety Bethune as the reference genome. The identified differences fall into two main 
classes. One, where regions of the genome have insertions or deletions (indels) 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. Subsets of these indel variants have been assayed in the progeny 
from 19 individuals from three different nutrient regimes, from other flax accessions and even the wild progenitor of flax, Linum bienne, have 
been characterized. In every case the same two alternative structures are seen. What is the source of these variants since they are not present in an 
intact form in the progenitor genome? Such reproducible large scale variation is unlikely to occur through multiple independent events and 
therefore an editing mechanism by which long tracts of the genome can be replaced with an alternative structure has been proposed. 
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The Chromosome Scaffold Based Quinoa Genome: Its Building and Its Use to Find the Non-Bitter Mutations in Quinoa 
Eibertus N. van Loo1, David E Jarvis2, Theo J.A. Borm1, Yung Shwen Ho2, Sandra M Schmoeckel2, Eric N. Jellen3, Najeh M. 
Kharbatia2, Bo Li2, Damien James Lightfoot2, Noha O. Saber2, Elio Schijlen4, C. Gerard van der Linden1, Peter J. Maughan3 and 
Mark A. Tester2, (1)Plant Breeding, Wageningen University & Research, Wageningen, Netherlands, (2)King Abdullah University 
of Science and Technology, Thuwal, Saudi Arabia, (3)Brigham Young University, Provo, UT, (4)Plant Research International, 
Wageningen University & Research, Wageningen, Netherlands 
The pseudomolecule genome assembly of quinoa (Chenopodium quinoa Willd.) presented here is based on a PacBio/BioNano/Dovetail-assembly 
combined with segregation analysis to arrive at nine A-genome and nine B-genome chromosomes. Genetic maps were created from two 
populations: Kurmi (non-bitter) x 0654 (bitter), based on RNAseq-markers (30X lllumina 2500 PE) from developing seeds of 50 progeny; and 
Atlas (non-bitter) x Carina Red (bitter), based on shallow DNAseq 'context' markers (Illumina 2500 PE, 1X for the 94 genotypes and 30X for the 
parents) based on allele counts over a stretch of 500 successive variant calls in 94 progeny. BLASTN of KASP-markers from the genetic map of 
Maughan et al. (2012) allowed the assigning of the KASP-markers to the assembly scaffolds. With 6,000 markers in the three maps together, it 
proved possible to group 600 scaffolds covering more than 85 % of the assembly into 18 new linkage groups which are the basis of the new 
pseudomolecule-based genome assembly. The maps and genome assembly also allowed for the identification of the probable mutation 
underlying the presence and absence of saponins, which are compounds in the outer layer of quinoa seeds that cause the bitter taste of 
unprocessed seeds. In both mapping populations, the non-bitter locus was found on Chr16 with underlying mutations in the same bHlH 
transcription factor causing down-regulation of the saponin pathway (an SNP in Kurmi x 0654 and an insertion in Atlas x Carina Red 
population). 
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Genetic Variation for Salt Tolerance in European Sweet and Bitter Quinoa and Their Offspring 
Eibertus N. van Loo, L. Arnoldus den Toom, P. Viviana Jaramillo and C. Gerard van der Linden, Plant Breeding, Wageningen 
University & Research, Wageningen, Netherlands 
Quinoa has a high salt tolerance, however, mainly bitter quinoa varieties have been tested. We tested the salt tolerance of European sweet 
varieties (Atlas, a selection from Riobamba, Pasto and Jessie versus a bitter dark seed Red Carina) in a pot trials at 0 to 400 mM NaCl (EC of 0 
to 40 dS/m).  
In the pot trial, analysis of grain yield and of relative biomass growth rate (RGR) and its components (RGR=SLA*LWR*NAR) showed that all 
sweet European varieties were more salt tolerant than a control barley variety. Grain yields per plant at 300 mM NaCl were still over 30 % of the 
grain yield at 0 mM NaCl. Under crop conditions higher plant densities might fully compensate for this smaller plant size. The selection from 
Riobamba performed best with highest absolute grain production per plant and with still over 38 % at 300 mM NaCl of the grain yield at 0 mM.  
Both RGR analysis and small scale analysis of light interception versus biomass and grain production showed that photosynthesic efficiency was 
20 % lower at 300 mM than at 0 mM NaCl (for 'net assimilation rate' (NAR) in the RGR analysis and 'radiation use efficiency' (RUE) in the light 



interception analysis). Also, the conversion of leaf mass to leaf area is negatively effected (SLA is lower at high EC). A field trial at very high 
salt levels > 50 dS/m showed genetic variation in a mapping population for survival time at high salt for which QTL were found.  
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PacBio and Hi-C Based Proximity-Guided Assembly of Amaranth Pseudo Chromosomes 
Peter J. Maughan1, Thiruvarangan Ramaraj2, Eric N. Jellen1 and Rebekah Lee1, (1)Brigham Young University, Provo, UT, 
(2)National Center for Genome Resources (NCGR), Santa Fe, NM 
The genus Amaranthus (Caryophyllales: Amaranthaceae) encompasses about 70 species of worldwide distribution. Three species of the genus 
produce edible seeds. These grain amaranths were food staples among the ancient civilization of Central and South America. These grain species 
remain important as a food crops in several areas of modern Latin America and have recently received substantial attention as an alternative food 
crop. We previously produced a draft genome sequence of A. hypochondriacus using the HiSeq Illumina platform and ALLPATHS assembler. 
The draft assembly consisted of 3,518 scaffolds with an N50 and L50 of 371kb and 243, respectively. Here we report the development of pseudo 
chromosomes of A. hypochondriacus using a Phase Genomics Hi-C based proximity-guided assembly. The Hi-C data generated complete 
chromosome assemblies from the ALLPATHS scaffolds which were then gap filled using PBJELLY2 and ~29x coverage of PacBio long reads. 
The Hi-C plus PacBio assembly consists of 287 scaffolds with an N50 of 24.7 Mb. Less than 1% of the assembly is N filled gaps and 99.4% of 
the sequence is grouped, ordered and oriented in 16 haploid chromosomes (L99 = 16). Pseudo chromosomes range in size from 17 - 38 Mb and 
were tested for correctness using BioNano Optical maps, linkage maps and Hi-C based reassembly of finished assembly using in silco produced 
50 kb fragments. 
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Comparison of Statistical Methods and Reliability of Genomic Prediction within and Between Environments and Breeding 
Populations in Coffea canephora 
Luis Felipe V. Ferrão, University of São Paulo (ESALQ/USP), PIRACICABA, Brazil, Romario G. Ferrão, Instituto Capixaba de 
Pesquisa,Assistência Técnica e Extensão Rural, Vitoria, Brazil, Maria A. G. Ferrão, INCAPER/EMBRAPA CAFÉ, Vitória-ES, 
Brazil, Aymbire Fonseca, Instituto Capixaba de Pesquisa e Assistência Técnica e Extensão Rural / Embrapa Café, Vitoria, Brazil, 
Matthew Stephens, University of Chicago, Chicago, IL and Antonio Augusto Franco Garcia, University of São Paulo 
(ESALQ/USP), Piracicaba - SP, Brazil 
Simulation and empirical results have shown that genomic predictions present sufficient accuracy to guarantee success in breeding programs. 
Although some crops have benefited from this contemporary approach, studies in the Coffea genus are still in their infancy. Until now, there is 
no evidence supporting how predictive models work across populations and environments or, even, their performance for different complex 
traits. Considering that predictive models are based on biological and statistical assumptions, it is expected that their performance varies 
depending on the true underlying genetic architecture of the phenotype. Real data from two experimental populations of Coffea canephora, 
evaluated in two environments (sites) and SNPs identified by Genotyping-by-Sequencing (GBS) were used to investigate the genotype-
phenotype relationship. Nine Bayesian models, with different prior distributions for the marker effects, and three regularized linear regression 
models were considered. The predictive abilities were assessed using a Replicated Training-Testing evaluation, with 30 repetitions. Correlation 
between predicted and observed values, mean squared prediction error and computational time were used to compare the model performances. In 
addition, SNP effects were investigated, in order to learn about underlying biology related to genomic regions affecting the phenotype and their 
interactions. For the four traits evaluated, minimal differences were observed across the models in terms of predictive accuracy. A slight 
advantage of Bayesian methods was observed, although they were more computationally-demanding. Predictions within-population were more 
accurate in average than between populations. Biological insights revealed genetic variant with specific signals within populations and 
environments, as well as, variant with generalist signals. As a consequence, these results have potential to reshape traditional breeding programs, 
including genomic predictions on the breeding schemes. Further, it opens important perspectives to investigate these SNPs in more details. 
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Comparison of Statistical Methods and Reliability of Genomic Prediction within and Between Environments and Breeding 
Populations in Coffea canephora 
Luis Felipe V. Ferrão, University of São Paulo (ESALQ/USP), PIRACICABA, Brazil, Romario G. Ferrão, Instituto Capixaba de 
Pesquisa,Assistência Técnica e Extensão Rural, Vitoria, Brazil, Maria A. G. Ferrão, INCAPER/EMBRAPA CAFÉ, Vitória-ES, 
Brazil, Aymbire Fonseca, Instituto Capixaba de Pesquisa e Assistência Técnica e Extensão Rural / Embrapa Café, Vitoria, Brazil, 
Matthew Stephens, University of Chicago, Chicago, IL and Antonio Augusto Franco Garcia, University of São Paulo - Brazil, 
Piracicaba, Brazil 
Simulation and empirical results have been shown that genomic predictions present sufficient accuracy to guarantee success in breeding 
programs. Although some crops have been benefited from this contemporary approach, studies in the Coffea genus are still in their infancy. Until 
the present, there is no evidence supporting how predictive models works across populations and environments or, even, their performance for 
different complex traits. Considering that predictive models are based on biological and statistical assumptions, it is expected that their 
performance varies depending on the true underlying genetic architecture of the phenotype. Real data from two experimental populations of 
Coffea canephora, evaluated in two environments (sites) and SNPs identified by Genotyping-by-Sequencing (GBS) were used to investigate the 
genotype-phenotype relationship. Nine Bayesian models, with different prior distributions for the marker effects, and three regularized linear 
regression models were considered. The predictive abilities were assessed using a Replicated Training-Testing evaluation, with 30 repetitions. 
Correlation between predicted and observed values, mean squared prediction error and computational time were used to compare the model 
performances. In addition, SNP effects were investigated, in order to learn about underlying biology related to genomic regions affecting the 
phenotype and their interactions. For the four traits evaluated, minimal differences were observed across the models in terms of predictive 
accuracy. A slight advantage of Bayesian methods was observed, although more computationally-demanding was required. Predictions within-
population, in average, were more accurate than between populations. Biological insights revealed genetic variant with specific signals within 



populations and environments, as well as, variant with generalist signals. As consequence, these results have potential to reshape traditional 
breeding programs, including genomic predictions on the breeding schemes. Further, it opens important perspectives to investigate these SNPs in 
more details. 
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Genetic Load in Cassava 
Ramu Punna1, Williams Esuma2, Robert Kawuki3, Ismail Rabbi4, Chiedozie Egesi5, Jessen V. Bredeson6, Rebecca Bart7, Janu 
Verma8, Edward S. Buckler9 and Fei Lu1, (1)Institute for Genomic Diversity, Cornell University, Ithaca, NY, (2)National Crops 
Resources Research Institute, Uganda, Kampala, Uganda, (3)National Crops Resources Research Institute, Kampala, Uganda, 
(4)International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, (5)National Root Crops Research Institute (NRCRI), 
Umuahia, Nigeria, (6)University of California, Berkeley, Berkeley, CA, (7)Donald Danforth Plant Science Center, St. Louis, MO, 
(8)Cornell University, Ithaca, NY, (9)USDA-ARS-Cornell University, Ithaca, NY 
Cassava (Manihot esculenta Crantz) is an important staple food crop for millions of people in Africa and South America. Cassava exposes to a 
constant mutational pressure due to accumulation of mutations in every generation. To characterize the deleterious mutations in the cassava 
genome, we constructed a cassava haplotype map using deep sequencing from 241 diverse accessions and identified over 30 million segregating 
variants. Domestication increased the genetic load in cultivated cassava. Due to limited recombination in cassava, deleterious mutations are 
ineffectively purged from the genome. Recent breeding efforts shielded the most damaging recessive mutations in the heterozygous state, thus, 
masking the harmful effects of deleterious alleles to maintain the yield. Purging of these deleterious alleles from the genome should be a key 
target for future cassava breeding. 
 
P0945: Genome Mapping, Tagging & Characterization: Other Plant Species 
Chromosome-Level Assembly of Farmer Preferred Cassava Varieties Using Single – Molecule Sequencing (SMRT) 
Technology and Chromosome-Conformation Capture 
Joel Kuon1, Mark Wilson2, Weihong Qi3, Rebecca Bart2, Ueli Grossniklaus4, Wilhelm Gruissem1 and Hervé Vanderschuren5, 
(1)Institute of Plant Sciences, ETH Zürich, Zürich, Switzerland, (2)Donald Danforth Plant Science Center, St. Louis, MO, 
(3)Functional Genomics Center, University Zurich, Zurich, Switzerland, (4)University of Zurich, Department of Plant and Microbal 
Biology, Zurich, Switzerland, (5)Gembloux Agro-Bio Tech, University of Liège, Liège, Belgium 
Cassava is an important food security crop for the poorest communities in sub-Saharan Africa. Due to the clonal propagation of cassava, genetic 
diversity is limited and narrow facilitating the spread of different diseases. Here we present a diploid aware, chromosome scale de novo genome 
assembly of farmer preferred cassava (Manihot esculenta) varieties. Through the combination of SMRT PacBio sequencing and high-throughput 
chromosome conformation capture sequencing (Hi-C), cassava genomes have been sequenced and assembled to a high degree of 
completeness. Starting with PacBio raw reads, we integrated the FALCON assembler and the Quiver genome finishing tool to produce 
assemblies each composed of approximately 5700 contigs with a contig N50 size of >200 Kb. The genomes were scaffolded with the composite 
genetic map of cassava released by the International Cassava Genetic Map Consortium (ICGMC). Finally, cis-chromosome associations were 
determined by Hi-C, yielding reconstructions of all 18 chromosomes into single scaffolds. The new high quality assemblies enable novel 
comparative insights into the genome evolution of cultivated African cassava varieties. 
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QTL Associated with Field Resistance to Cassava Brown Streak Disease in the Context of the Genetic Relationship Among 
Genotypes 
Morag E. Ferguson1, Esther A. Masumba1, Fortunus A. Kapinga2, Inosters Nzuki1, Bernadetha Kimatha3, Kasele Salum4, Heneriko 
Philbert Kulembeka4, Geoffrey Suleiman Mkamilo2, Jessica B. Lyons5, Jessen V. Bredeson5, Trushar Shah6, Manpreet S. Katari7, 
Edward Kanju8, Alexander A Myburg9, Albe van der Merwe10, Daniel S. Rokhsar11 and Steve Rounsley12, (1)International Institute 
of Tropical Agriculture (IITA), Nairobi, Kenya, (2)Naliendele Agricultural Research Institute (NARI), Mtwara, Tanzania, 
(3)Naliendele Agriculture Research Institute, Mtwara, Tanzania, United Republic of, (4)Ukiriguru Research Institute, Mwanza, 
Tanzania, (5)University of California, Berkeley, Berkeley, CA, (6)IITA, Nairobi, Kenya, (7)New York University, New York, NY, 
(8)International Institute of Tropical Agriculture (IITA), Dar es Salaam, Tanzania, (9)Department of Genetics, University of 
Pretoria, Pretoria, South Africa, (10)University of Pretoria, Pretoria, South Africa, (11)DOE Joint Genome Institute, Walnut Creek, 
CA, (12)Genus plc, DeForest, WI 
In Africa cassava mosaic disease (CMD) and cassava brown streak disease (CBSD) together cause over $1billion losses in production every year 
in the largely subsistence crop of cassava. These losses are predicted to escalate as CBSD spreads from East towards West Africa, the largest 
cassava producing region in Africa. Marker-assisted selection (MAS) for resistance to both diseases would enable pre-emptive breeding in West 
Africa in advance of the CBSD pandemic, and contribute efficiencies in breeding in East Africa. Field resistance to CBSD has been observed in 
landraces from Tanzania, possibly derived from an early breeding program at Amani (1930-40’s) which included interspecific crosses. QTL 
studies based on bi-parental crosses involving this germplasm, genotyped using genotyping-by-sequencing and phenotyped over two seasons in 
two locations in Tanzania have identified different QTL on chromosome 11 in two sources of CBSD resistance, namely ‘Namikonga’ and 
‘Kiroba’. Results are supported by the genetic relationships of germplasm based on whole genome shotgun sequencing and results of a GWAS 
study conducted in Uganda. CBSD resistance does not appear to come from wild species introgression but, at least the resistance from 
‘Namikonga’, appears to come from a West African landrace, ‘TMEB117’. Efforts are underway to convert results into practical MAS. 
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A High Density Genetic Map of Sweetpotato [Ipomoea batatas (L.) Lam] Based on High Throughput Sequence-Based 
Diversity Array Technology Markers (DArTseq) 



Dorcus C. Gemenet1, David Maria1, Mercy N. Kitavi2, Federico Diaz1, Reinhard Simon1, Nasser Yao3, Veronica Mosquera1, Rudy 
Cruz1, Sonia Frey1, Andrzej Kilian4, Craig Yencho5, Wolfgang Gruneberg1, Marc Ghislain2, Merideth Bonierbale1 and Awais 
Khan1, (1)International Potato Center (CIP), Lima, Peru, (2)International Potato Center (CIP), Nairobi, Kenya, (3)BecA-ILRI Hub, 
Nairobi, Kenya, (4)Diversity Arrays Technology Pty Ltd, Canberra, Australia, (5)North Carolina State University, Raleigh, NC 
Sweetpotato is a food security crop especially for the poorest of the world, a polyploid crop (2n=6x=90) with a highly heterozygous genome with 
an estimated size of 4.4Gb. Consequently, genome analysis is difficult and genomic tools for sweetpotato improvement are scarce. Toward 
closing this gap, we followed the two-way pseudo-testcross approach to develop a genetic linkage map in the hexaploid mapping population of 
292 progenies from a cross between a North-American-orange-flesh cultivar, “Beauregard” (female) and an African-white-flesh cultivar, 
“Tanzania” (male) using dominant markers, “SilicoDArTs”, from DArTseq platform in Australia. The female parental framework map was 
constructed using 3,733 single-dose and double single-dose markers, to which a further 1,013 double-dose markers are being added. The male 
parental framework map was constructed with 3,166 single-dose and double single-dose markers to which 938 double-dose markers are being 
added. The framework maps span 5,593.1 cM and 4,881.7cM with average distance between markers being 1.73 cM and 1.81 cM, respectively, 
for the female and male parental maps. A total of 94 linkage groups and 87 linkage groups were assembled for the female and male parental 
maps, respectively. The linkage groups will be assigned to homo(eo)logous groups once addition of double-dose markers to the linkage groups is 
completed. Increased quality of the sweetpotato genetic maps compared to previously published maps with regard to coverage and density 
promises high resolution QTL mapping and identification of markers tightly linked to disease resistance, nutrition, quality and yield-related 
traits, leading to accelerated and targeted breeding and gene discovery in sweetpotato. 
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Fingerprinting of the Global in trust Sweetpotato Collections 
N.A. Barkely1, Genoveva Rossel1, Ronald Robles1, Andrzej Killian2 and David Ellis1, (1)International Potato Center, Lima, Peru, 
(2)DArT, Camberra, Australia 
The International Potato Center (CIP) maintains the global sweetpotato collection in trust for humanity under the International Treaty for Plant 
Genetic Resources for Food and Agriculture (ITPGRFA). As part of the routine maintenance of the >5,250 accessions in the in vitro cultivated 
sweetpotato (Ipomoea batatas) collection, CIP has fingerprinted the entire collection to confirm the identity of the material that has been 
maintained in vitro for 25 years or more and also to use the fingerprint data as a long-term quality management tool. Initial fingerprints were 
obtained using 20 simple sequence repeat (SSR) markers. This SSR set yielded ~200 scorable alleles across the cultivated sweetpotato collection 
and although the SSR markers provided good discrimination of the diversity within the collection, a repeatable, high-throughput, sequenced-
based marker system was desired. Due to the lack of a reference genome for sweetpotato, the options were limited for a sequence-based marker 
system yet preliminary results with DArTseq provided favorable results. To date, over 3,000 unique accessions have been fingerprinted by 
DArTseq yielding ~50,000 scorable SNPs per genotype. Reproducibility within and between runs is high, as is discrimination between 
accessions. Dendograms of the accessions show clear delineation of the accessions based on country of origin with sweetpotato accessions 
originating from Peru and Ecuador forming one large clade which is clearly distinct from clades derived of accessions from Brazil, Paraguay, 
Argentina, and central America. Accessions of African origin are closely related to the material from Eastern South America as has been 
previously suggested. This work lays the foundation for future work to compare other ex situ sweetpotato collections from around the world to 
determine how many unique accessions exist, the extent of the diversity in the worldwide ex situ sweetpotato collections, and to compare the ex 
situ diversity with that still in the field (in situ) to aid in targeted future collection missions to ensure diversity is conserved long-term in 
genebanks. 
 
P0949: Genome Mapping, Tagging & Characterization: Other Plant Species 
Understanding the Effect of Sweetpotato Virus Disease Complexes on Gene Expression, and DNA-Histone Interactions 
Elizabeth Fiedler1, Lekha N. Paudel1, Marikis Alvarez1, Vasudevan Ayyappan1, Muthusamy Manoharan2, Sathish Kumar Ponniah3 
and Venu (Kal) Kalavacharla1, (1)Delaware State University, Dover, DE, (2)University of Arkansan-PIne Bluff, Pine Bluff, AR, 
(3)University of Arkansas at Pine Bluff, Pine Bluff, AR 
Sweetpotato (Ipomoea batatas) is the third most consumed root crop in the world, preceded only by yams and cassava. In many developing 
countries, sweetpotato is referred to as a “famine” crop, as it is often utilized in subsistence farming. It is also a great source of several vitamins 
and nutrients, like beta-carotene, which promotes healthy eye-development in young children. Sweetpotato yields are at risk for severe decline 
when the plants become infected with two or more viruses. On its own, a single virus strain, such as sweetpotato chlorotic stunt virus (SPCSV), 
may cause little to no damage to the infected plant. However, when the virus infects the plant alongside another virus, like the sweetpotato 
feathery mottle virus (SPFMV), the plant is severely impacted and tuber yield tends to decline. This synergistic interaction between these 
particular viruses is known as a disease complex, called sweetpotato virus disease (SPVD). This work investigates three different sweetpotato 
genotypes grown at Delaware State University’s Research Center. Between these genotypes, we plan to distinguish differences in viral content, 
gene expression, and DNA-histone interactions. Our goal is to develop a method for chromatin immunoprecipitation in sweetpotato and then 
examine storage root tissues from these sweetpotatoes in terms of gene expression and histone modification changes that are correlated with virus 
infection. Currently, we are comparing three sweetpotato varieties. In the future, we will compare sweetpotatoes from multiple generations 
arising from one initial plant. 
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High-Density Linkage Map Construction for Identifying Gene(s) Associated with Soil Rot Resistance in Sweetpotato 
Yuki Monden, Okayama University, Okayama, Japan 
Sweetpotato [Ipomoea batatas (L.) Lam)] is one of the most important crop species in the world with more than 104,000,000 tons in annual 
production (FAO). Owing to its carbohydrate content and yield, this crop is a vital source of nutrient especially in developing countries. 
Streptomyces ipomoea is the causative agent of a destructive disease called soil rot in sweetpotato. When the sweetpotato is invaded by this 
fungus, the underground portion blackens and starts to decay, round black specks appear on the tuberous root, and the plant decomposes. Thus, 



this disease is known for causing severe damage and yield reduction in sweetpotato. Unfortunately, most domestic cultivars are susceptible to 
this disease. Thus, the breeding of disease-resistant cultivars is desired. However, genetic linkage analysis in sweetpotato has been challenging 
because this crop has complex genomic architecture derived from highly heterozygous, hexaploids (2n =6x =90) and outcrossing nature. In 
recent study, genetic linkage maps were constructed using molecular markers based on retrotransposon insertion polymorphisms (Monden et al. 
2015). However, due to insufficient number of mapped markers in these maps, much efforts are needed for constructing higher-density linkage 
maps. In this study, we constructed higher-density linkage maps using several types of molecular markers such as single nucleotide 
polymorphism (SNP) and retrotransposon-based for identifying gene(s) or chromosomal regions associated with the soil rot resistance. 
 
P0951: Genome Mapping, Tagging & Characterization: Other Plant Species 
Identifying Sex Determination Loci and Developing Genomic Resources in the Highly Heterozygous White Guinea Yam 
(Dioscorea rotundata Poir.) 
Muluneh Tamiru Oli1, Satoshi Natsume1, Hiroki Takagi1, Benjamen H White2, Wilfried Haerty3, Sophien Kamoun4 and Ryohei 
Terauchi1, (1)Iwate Biotechnology Research Center, Kitakami, Japan, (2)The Earlham Institute, Norwich, United Kingdom, 
(3)Earlham Institute, Norwich, United Kingdom, (4)The Sainsbury Laboratory, Norwich, United Kingdom 
White Guinea yam (Dioscorea rotundata Poir.) is a staple crop of great agricultural, cultural and economic significance to Africa, the Americas, 
the Caribbean, South Pacific and Asia. While demand for yam in sub-Saharan Africa is high, there is a continuing decline in production due to 
pests, reduced soil fertility and disease. Despite the importance of this crop, there are currently limited genomics resources available for yam that 
could facilitate breeding initiatives, nor comprehensive phylogenetic or evolutionary studies. The breeding of the white Guinea yam is further 
impeded by its heterozygosity, long growth cycle, erratic flowering times, and dioecious (both female and male individuals) nature. The latter of 
which is a rare trait found in only 5 - 6% of angiosperms. To accelerate Guinea yam marker-assisted breeding, as part of an international 
collaboration, we have sequenced the 594 Mb genome, produced a chromosome anchored assembly and predicted a total of 26,198 genes. 
Phylogenetic analysis of 2,381 conserved genes has revealed Dioscorea not to form a monophyletic clade with the Poales, Arecales or 
Zingiberales, indicating an early divergence from the latter taxa in monocotyledons. Additionally, we have observed an expansion of B-lectin 
genes in Guinea yam genome, potentially involved in tuber defense. The genome and identification of sex loci in Guinea yam will serve as an 
invaluable resource for genome-assisted breeding in yam and presents a unique opportunity to study the evolution of sex in monocots. Most 
importantly whole genome re-sequencing of bulked segregants (QTL-seq) in F1 progeny segregating for male and female has led to the 
identification of a genomic region and candidate genes associated with female heterogametic (male=ZZ, female=ZW) sex determination.  
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Phenotypes, Genome Wide Markers, and Structured Genetic Populations: A Means to Understand Economically Important 
Traits in Beta vulgaris and to Inform the Process of Germplasm Enhancement 
Paul Galewski, Michigan State University, East Lansing, MI 
Populations are the operational unit of beet improvement and thus characterizing populations is critical for gene discovery and deployment of 
traits to growers. Several -omics technologies are being deployed to: 1) Catalog and compare the molecular variation found within Beta vulgaris 
crop types, 2) Generate genome wide markers from 22 varieties/ germplasm representing beet crop type diversity and important phenotypic 
characters, and 3) Partition the phenotypic variation resulting from divergent crosses between sugar beet and crop type against the respective 
genome squence. To date, 982,190 high-information-content SNPs have been identified that discriminate within and among crop types. 
Characterization of private variation (SNP/INDELS) found only within one population or crop type is producing evidence of global and local 
genome differentiation resulting from selection for end use and genetic drift within the breeding program. Global pairwise Fst for inter-crop type 
populations C896 and W357B was 0.29 versus and an Fst of 0.12 for populations of the same crop type C869 and L19. The MSR is an F7 inbred 
population derived from sugar crossed with table beet (C869 X W357B) and represents a large degree of phenotypic variability for economically 
important characters (i.e. percent sucrose, percent water, biomass accumulation). Locating these traits to genomic regions using genotype/ 
phenotype associations and leveraging additional data regarding local genome differentiation and gene expression to gain better resolution of the 
genetic architecture of these traits is providing a useful tool to identify genes for any phenotype of interest. 
 
P0953: Genome Mapping, Tagging & Characterization: Other Plant Species 
Genome-Wide Characterization and Functional Discovery Provides New Insights into the Landscape of Long Noncoding 
RNAs in Panax ginseng 
Murukarthick Jayakodi, Sampath Perumal, Yun Sun Lee, Sang-Choon Lee and Tae-Jin Yang, Seoul National University, Seoul, 
South Korea 
Long noncoding RNAs (lncRNAs) have been implicated with diverse biological roles including genome regulation, various developmental 
processes and diseases. However, a comprehensive identification and functional prediction of lncRNAs in plants is still fall behind. Through 
systematic pipeline using ~104 billion sequencing RNA reads from various tissues, stages of growth, and abiotic stress treatments of Panax 
ginseng, we catalogued 19,495 lncRNAs and identified more than 100 candidate lncRNAs involved in abiotic stress responses to drought, salt, 
cold, heat and methyl jasmonate (MeJA) and 2,607 candidates involved in specialized function in specific tissues and growth stages of P. 
ginseng. Gene Ontology enrichments for genes that showed expression correlation and RNA-RNA interaction with a set of lncRNAs participate 
in important biological processes that are crucial targets of research in P. ginseng. Although lncRNAs are less conserved, we have identified two 
new well-conserved lncRNAs in P. ginseng and found their potential roles in mitochondrial protection and respiration chain. Finally, single 
nucleotide polymorphism (SNPs) investigation between P. ginseng cultivars and Panax species revealed the cause of SNPs in functional 
variations and rapid divergence at interspecies level over intraspecies. Our study provides new insights into the functional perspectives of 
lncRNAs in ginseng. 
 
P0954: Genome Mapping, Tagging & Characterization: Other Plant Species 
Draft Sequence of Panax ginseng Allows Understanding of Its Genome Structure and Evolution 



Nam-Hoon Kim1, Murukarthick Jayakodi1, Sang-Choon Lee1, Woojong Jang1, Junki Lee1, Nomar Espinosa Waminal1, Binh 
Nguyen2, Beom-Soon Choi3, Yeisoo Yu4 and Tae-Jin Yang1, (1)Seoul National University, Seoul, South Korea, (2)Seoul National 
University, Seoul, Korea, The Republic of, (3)Phyzen Genomics Institute, Seoul, Korea, The Republic of, (4)Phyzen Genomics 
Institute, Seoul, South Korea 
Panax ginseng, belongs to Araliceaece family in Apiales order, is well-known medicinal plant in worldwide, however it covers lack of genomic 
information due to its complex genome structure and four years of long life cycle. To unravel genome of P. ginseng, we have conducted whole 
genome sequencing using Illumina sequencing technology since 2011. At present, 3.0 Gbp of draft sequences were generated with 570 kbp of 
N50 value using cultivar Chunpoong and 59,352 genes were annotated via transcriptome data of 77 various tissues. We have further investigated 
on the evidence of whole genome duplication (WGD) in P. ginseng through annotated genes and assembled genome sequence. The two rounds 
of WGD were observed, of which recent WGD in 2.2 MYA resulted to high sequence similarity between paralog genes or scaffolds, whereas, 
only genic region was conserved between paralogs of 28 MYA. The comparative analysis with Daucus carota, which is the phylogenetically 
closest crop (Apiales order) among sequenced plants, revealed collinearity and evolutionary history between two species. Our study will provide 
further understanding P. ginseng genome, genetic studies of Panax species and evolution of plant belongs to Apiales. This research was 
supported by “Cooperative Research Program for Agriculture Science & Technology Development (Project No. PJ01100801)”, Rural 
Development Administration, Republic of Korea. 
 
P0955: Genome Mapping, Tagging & Characterization: Other Plant Species 
Ten Bacterial Artificial Chromosome Sequences Reveal the Genome Characteristic and Structure of Panax ginseng 
Woojong Jang, Nam-Hoon Kim, Junki Lee, Murukarthick Jayakodi, Sang-Choon Lee and Tae-Jin Yang, Seoul National 
University, Seoul, South Korea 
Most plant genomes generally have plenty of repetitive elements and vestige of polyploidy which make the structure more complex. These 
complicated factors are giving a lot of difficulties on elucidate the exact genome structure. Panax ginseng is a well-known valuable medicinal 
plant with excellent pharmacological effects, however its complex genomic structure has not been elucidated. To understand its genome 
structure, we characterized ten bacterial artificial chromosome (BAC) sequences. Small-scale genome corresponding to total 1,163,364 base pair 
was generated through single molecule real-time sequencing platform producing long reads. Nine BAC sequences were immaculately assembled 
in complete form except the one that divided into two fragments. By careful analyzing assembled sequences, we have identified that the 87.4% 
region of BAC sequences were composed of diverse repetitive elements which have complex insertion patterns and the large fraction of those 
regions (46.9%) were occupied by Ty3/Gypsy family of long terminal repeat retrotransposons(LTR-RTs). Moreover, the six intact LTR-RTs 
which have not reported in previous studies were newly detected and confirmed the inner architectures. Eleven protein-coding genes were 
identified in the remaining 12.6 % unique regions. This results demonstrate that utilization of long reads is possible to overcome existing 
limitations that occur to the research plants with complex genome. The knowledge generated through this study provides various resources for 
understanding of ginseng genome and facilitates related analysis by serving the multiple approaches. This work was carried out with the support 
of "Cooperative Research Program for Agriculture Science & Technology Development(PJ01103001)" Rural Development Administration, 
Republic of Korea. 
 
P0956: Genome Mapping, Tagging & Characterization: Other Plant Species 
Identification of Transcript-Derived Sequences That Vary in Abundance during Cold Acclimation in Red Clover (Trifolium 
pratense L.) By SRAP-cDNA 
Solen Rocher, Josee Michaud, Yves Castonguay, Annick Bertrand and Annie Claessens, Agriculture and Agrifood Canada, 
Quebec, QC, Canada 
Red clover freezing tolerance (FT) is a major limitation to its persistence under cold-climate. We demonstrated that reed clover FT increases 
markedly in response to cold acclimation and can be improved by indoor recurrent phenotypic selection. The identification of genes associated to 
cold acclimation will help understanding the genetic basis of that trait, and could increase efficiency of breeding for superior FT in red clover.  
We used SRAP-cDNA to identify genes differentially expressed between a red clover cultivar, Christie (C0), and three populations obtained after 
five to seven recurrent selection cycles for superior FT within this cultivar (C5, C6 and C7). Twenty-five combinations of SRAP primers 
identified 63 differentially amplified sequences. Sequence analysis revealed homology of 39 differentially amplified sequences with known 
genes in NCBI databases. A subset of 17 candidate genes was selected for analysis of their expression before cold acclimation (in October) and 
during winter (monthly between November and March). Expression of these 17 genes was analysed by RT-qPCR in two red clover cultivars, 
Christie (C0) and Endure (E0) and in populations obtained after several cycles of recurrent selection within each cultivar (C5, C6, C7 and E5, E6, 
E7). The 17 genes showed differential expression during cold acclimation, and similar profiles were observed in the two genetic backgrounds. 
Significant differences of gene expression were observed between populations within each genetic background.  
Our results shows that differentially expressed genes can be identified by SRAP-cDNA, and that recurrent selection for superior FT affects the 
expression of genes during cold acclimation. 
 
P0957: Genome Mapping, Tagging & Characterization: Other Plant Species 
Differential Expression, Regulatory Divergence, and Sex Dimorphism Pervade the Shrub Willow (Salix spp.) Transcriptome 
Craig H. Carlson1, Yongwook Choi2, Agnes P. Chan2, Michelle J. Serapiglia3, Fred E. Gouker1, Stephen P. DiFazio4, Christopher 
D. Town2 and Lawrence B. Smart1, (1)Cornell University, Geneva, NY, (2)J. Craig Venter Institute, Rockville, MD, (3)USDA 
Sustainable Biofuels and Co-Products, Wyndmoor, PA, (4)West Virginia University, Morgantown, WV 
Recent genomic advances have provided the biomass feedstock community with new tools to improve traits related to biomass yield and wood 
chemical composition. In Salix, hybrid vigor is apparent in interspecific crosses and tends to be more pronounced in triploid progeny derived 
from the hybridization of tetraploid and diploid parents. Progeny and parents of full-sib intra- and interspecific F1 and F2 shrub willow families 
have been examined in order to define the basic architectures and inheritance patterns of transcriptome-wide expression. Our main objectives of 
this study were (1) to test for differential expression among segregating diploid, triploid, and tetraploid families with regards to contrasting sex, 



tissue type, and midparent expression, (2) to categorize transgressive gene expression into modes of inheritance, (3) to assess the magnitude of 
regulatory divergent expression, and (4) to correlate modules of co-expressed genes in parents and progeny with traits important for biomass 
yield. We show allele-specific expression is largely conserved in intraspecific families and highly divergent in interspecific families. Akin to the 
heterosis observed in the field, as the complexity of the cross increases, regulatory divergent expression increases. In addition, we utilize a full-
sib F2 S. purpurea mapping population, planted in a replicated field trial, to supplement expression work. Candidate genes that have been or have 
yet to be identified will be confirmed via allele-specific assays. These data will be used to develop predictive models of heterosis and 
complement the growing genomic resources available for the improvement of shrub willow bioenergy crops. 
 
P0958: Genome Mapping, Tagging & Characterization: Other Plant Species 
Developing Foundational Genomic Resources For High Throughput Phenotyping Of Pistachio 
William J. Palmer1, Ewelina Jacygrad1, John E. Preece2, Deborah Golino3 and Richard Michelmore1, (1)Genome Center, 
University of California Davis, Davis, CA, (2)Nat'l Clonal Germplasm Repository, Davis, CA, (3)Plant Pathology, University of 
California Davis, Davis, CA 
Over 99% of the $1.6 billion American pistachio industry occurs in the Central Valley of California. The environment here is highly consistent, 
yet growers observe considerable variation in tree size, form, and yield - sometimes necessitating costly removal and replanting of stunted 
individuals. In the absence of disease or environmental factors, it seems likely that this variation is due to genetic segregation. 
The majority of Central Valley orchards consist of vegetative clones of Pistacia vera. However, these are typically grafted onto an interspecific 
F1 rootstock, UCB-1. The UCB-1 rootstock parents, clones of individual P. atlantica and P. integerrima trees, are thought to be outbreeding and 
heterozygous. We expect that this diversity is driving rootstock (and overall) performance. Development of diagnostic markers for rootstock 
vigour would therefore be highly beneficial to the industry - allowing removal of seedlings with probable poor performance prior to planting.  
Genomic resources are currently limited for this valuable crop. We are therefore developing foundational resources to enable the development of 
predictive markers for commercially relevant traits. We have generated draft genome assemblies for P. vera, atlantica, and integerrima - together 
with an F1 linkage map generated from a mapping population of over nine hundred UCB-1 rootstock seedlings. To generate these data, we 
leveraged short read and long read technologies including PacBio RSII and 10x Chromium, as well as GBS and Skim-Seq sequencing strategies. 
Additionally, the UCB-1 mapping population has been phenotyped for numerous traits over several years. This will enable QTL analysis in the 
near future. 
 
P0959: Genome Mapping, Tagging & Characterization: Other Plant Species 
Development  of Stevia rebaudiana Production in Europe: Germplasm Evaluation and Molecular Markers Development for 
Breeding Purposes 
Cecile Hastoy1, Patrick Cosson2, Eric Sclaunich3, Pierre Jannot4, Philippe Boutie5, Sebastien Cavaignac3, Dominique Rolin2 and 
Valerie Schurdi-Levraud6, (1)Oviatis INRA, Lacaussade, France, (2)INRA, Villenave d'Ornon cedex, France, (3)Invenio, Sainte 
Livrade sur Lot, France, (4)Rouages SA, AGEN Cedex 9, France, (5)Oviatis SA, Lacaussade, France, (6)INRA - University of 
Bordeaux, VILLENAVE D'ORNON Cedex, France 
Stevia rebaudiana belongs to the Asteraceae family. Its leaves can accumulate high concentrations (up to 30%) of different glycosides derived 
from the tetracyclic diterpene steviol. These steviol glycosides have the characteristics of high sweetness and low calories. Leaf powder of Stevia 
or steviol glycosides extracts are used for several years in many countries. Recently, in 2011, using RebA extract from Stevia rebaudiana leaves 
was allowed for use as a food additive in EU countries. At that time, Stevia rebaudiana is mainly produced in China. But, the opening of this 
new market leads to the development of Stevia rebaudiana production in European countries. The main point is to be able to provide farmers 
with adapted cultivars. For that purpose, we gathered Stevia rebaudiana germplasm. A collection of 15 genotypes was studied in two 
environnements in the South West of France. Plants were evaluated for biomass traits and Steviol glycosides (SGs) content and quality. This first 
analyse revealed the potential of some genotypes in our field conditions. In the same time, due to a huge lack of sequence data SSR markers were 
developed to classify this germplasm. The polymorphism of the 42 selected microsatellite markers was assessed on a set of 26 genotypes from 
different geographical area including commercialized genotypes and other species belonging to Stevia genus. This allowed us to classify our 
genetic diversity. The development of SNP markers is ongoing to support our breeding program. 
 
P0960: Genome Mapping, Tagging & Characterization: Other Plant Species 
Developing a Molecular Pipeline to Identify Chenopodium Species in New England 
Erin Neff, Richard G. Smith and Thomas M. Davis, University of New Hampshire, Durham, NH 
Chenopodium quinoa is a highly nutritious and valuable South American crop that is also highly adaptable. However, quinoa is particularly 
susceptible to fungal foliar diseases, and downy mildew is especially destructive. This susceptibility is a major concern, as downy mildew has 
been identified on nearly every continent. In New England, there are a number of weedy relatives of quinoa that grow successfully in the midst of 
downy mildew. If these weedy Chenopodium species harbor some genetic resistance to downy mildew, they could potentially be bred with 
quinoa to transfer that resistance. Mildew-resistant quinoa might open the doors for similar breeding projects elsewhere, and it could provide a 
new crop for New England growers. However, the New England chenopods must first be examined. Chenopodium is a difficult genus, 
taxonomically, and its weedy members harbor a great deal of diversity and adaptability. This means that, historically, these species have been 
misidentified many times. For instance, common lambsquarters (Chenopodium album) is an agricultural weed, but the name has become a 
“catch-all” for at least three different species with different ploidy levels. One of the goals of this research is to develop a molecular pipeline for 
identifying Chenopodium species that can be used to clarify these taxonomic mysteries, as well as to pick potential breeding material for quinoa. 
We will describe our efforts to date in examining freshly collected samples as well as herbarium specimens using amplicon sequencing, RAPD 
PCR profiling, and flow cytometric determination of C value. 
 
P0961: Genome Mapping, Tagging & Characterization: Other Plant Species 
De Novo Assembly of an Ornamental Plant Genome - Penstemon barbatus 



Peng Jiang and Mark Rausher, Duke University, Durham, NC 
Penstemon is one of the most attractive ornamental plants in North America. A Penstemon reference genome would facilitate the development of 
novel cultivars with improved ornamental traits, disease resistance, and drought resistance. Penstemon is also a model plant for studying the 
evolution of pollination syndromes. Some Penstemon species are pollinated by bees, while others are pollinated by hummingbirds. The 
Penstemon barbatus genome will be used as a template genome to investigate evolution of pollination syndrome diversity. Generating de 
novo reference genome assemblies for large plant genome usually requires great effort and a large amount of data from several sequencing 
platforms. Furthermore, repetitive regions in plant genomes are always an obstacle for precise genome assembly. By using PacBio sequence data 
and Bionano optical mapping techniques, we present a de novo, high quality reference assembly for Penstemon barbatus, a hummingbird-
pollinated species, which demonstrates the usefulness of a long-read sequencing approach to efficiently create new reference assemblies for 
dicotyledon species. The Penstemon reference genome (1C=750 Mb) was created using 7 million PacBio RS II P6-C4 reads generated from 45 
SMRT cells, at a total cost of $14,772 (including library prep). PacBio raw reads were corrected, trimmed and assembled by using the Canu 1.3 
pipeline on 512Gb RAM high memory cluster. We generated 5,902 contigs using this method with a contig N50 size of 1.06 megabases. (update 
data soon) The high quality of this genome assembly illustrates how this methodology can be used to efficiently generate new dicotyledons 
reference genome assemblies at reasonably low cost without requiring data from multiple sequencing platforms. Using this genome as a 
reference, we are in the process of assembling the genome of the closely related, bee-pollinated species P. neomexicanus, using a single Illumina 
HiSeq 400 150bp paired-end lane (approximately 130 X coverage for $2,450, including library preparation).  
 
P0962: Genome Mapping, Tagging & Characterization: Other Plant Species 
A Phylogenomic Toolkit for Resolving One of the Most Recalcitrant Angiosperm Clades: Malpighiales 
Rafaela Jorge Trad1, Claudio B. C. Silva1, Zhenxiang Xi2, Maria C. E. Amaral1 and Charles C. Davis2, (1)University of Campinas, 
Campinas, Brazil, (2)Harvard University, Cambridge, MA 
Malpighiales are an extraordinarily diverse clade of plants, and remain one of the most recalcitrant nodes in the angiosperm Tree of Life. Species 
in the order comprise around 6% of angiosperm species and exhibit a range of morphologies, including thalloid aquatics (Podostemaceace), 
holoparasites (Rafflesiaceae), emergent mid-canopy trees (Clusiaceae s.l.), desert succulents (Euphorbiaceae), and mangroves (Rhizophoraceae). 
Despite their importance and the inclusion of numerous radiating clades spanning the Cretaceous-Tertiary time period, few large scale 
phylogenomic resources have been developed to resolve the order. The construction of well-resolved phylogenies is essential to addressing larger 
issues of biogeography, biome evolution, and species diversification within this clade. An approach that is increasingly gaining traction because 
of its balance of cost and data is sequence capture, which targets a subset of the genome, especially from low copy nuclear genes. As the focus of 
our study we chose one subclade within the family Calophyllaceae to develop a sequence capture probe set for Malpighiales, (Kielmeyera, 
Caraipa and Haploclathra). A preliminary phylogeny from this group using chloroplast and nuclear genes indicates that this is a recently 
evolved radiation and not amenable to resolution using traditional approaches. Our probe set was designed to target 425 low copy genes and 36 
ultraconserved-like elements. A total of 80 libraries were prepared, hybridized and sequenced on an Illumina NextSeq for 125x2 bp reads, 
generating a total of 125 Gbp. The data showed that the targeted loci were recovered and preliminary insights will be presented for the probe set. 
 
P0963: Genome Mapping, Tagging & Characterization: Other Plant Species 
The Genome of a Southern Hemisphere Seagrass Species (Zostera muelleri) 
Huey Tyng Lee1,2, Agnieszka Golicz1, Philipp E. Bayer2, Yuannian Jiao3,4, Andrew H. Paterson3, Haibao Tang5, Gaurav Sablok6, 
Rahul R. Krishnaraj1, Chon-Kit Kenneth Chan2, Jacqueline Batley1, Gary A. Kendrick2, Anthony W.D. Larkum6, Peter Ralph6 and 
David Edwards2, (1)University of Queensland, Brisbane, Australia, (2)University of Western Australia, Perth, Australia, (3)Plant 
Genome Mapping Laboratory, University of Georgia, Athens, GA, (4)Institute of Botany, The Chinese Academy of Sciences, 
Beijing, China, (5)Center for Genomics and Biotechnology, Haixia Institute of Science and Technology, Fuzhou, AZ, China, 
(6)University of Technology Sydney, Sydney, Australia 
Seagrasses are marine angiosperms that evolved from land plants but returned to the sea around 140 million years ago during the early evolution 
of monocotyledonous plants. They successfully adapted to abiotic stresses associated with growth in the marine environment, and today, 
seagrasses are distributed in coastal waters worldwide. Seagrass meadows are an important oceanic carbon sink and provide food and breeding 
grounds for diverse marine species. Here, we report the assembly and characterization of the Zostera muelleri genome, a southern hemisphere 
temperate species. Multiple genes were lost or modified in Z. muelleri compared with terrestrial or floating aquatic plants that are associated with 
their adaptation to life in the ocean. These include genes for hormone biosynthesis and signaling and cell wall catabolism. There is evidence of 
whole-genome duplication in Z. muelleri; however, an ancient pan-commelinid duplication event is absent, highlighting the early divergence of 
this species from the main monocot lineages. 
 
P0964: Genome Mapping, Tagging & Characterization: Other Plant Species 
Novel Class II DNA Transposon in Selaginella moellendorffii 
Stefan H. Cerbin, Michigan State University, East Lansing, MI 
Transposons are auto catalytic DNA sequences capable of moving in a genome. Currently identify and studying transposons using sequencing 
technologies has led to uncovering a diversity of Transposons and their impact on genomes. In analyzing the Selaginella moellendorffii genome, 
a new Class II DNA transposon has been discovered. The transposon, consists of a 6bp Target Site Duplication 
(TCTTCA/TCGTCA,GAAAAA/GAAAAA,GAAATC/GAAATC), ~100-150bp Tandem Inverted Repeat, and a single open reading frame 
encoding a transposase. Analysis of the transposase identified the catalytic domain DDE, and shows similarity to other transposons in animals. 
Genome analysis identified 72 copies, of which several are predicted to have a functional transposase. Low DDE similarity to Ginger DDE was 
found using Blast, E-value=0.018. Further characterization of the element shows lack of insertion preference near genes, p>0.001, which contrast 
to the small ~100Mb genome size of Selaginella moellendorffii. Using the transposase to search for similar elements uncovered multiple hits in 
fungi, fish, coral and anemone. This elements also currently appears restricted to the Selaginella genus in plants. This study shows the diversity 
and unique characteristics of a novel DNA element identified in Selaginella moellendorffii. 



 
P0965: Genome Mapping, Tagging & Characterization: General Comparative 
Comparative Genomic and Transcriptomic Analysis of lincRNA Evolution in Plants and Mammals Using Evolinc 
Andrew DL Nelson, School of Plant Sciences, University of Arizona, Tucson, AZ 
Long intergenic non-coding RNAs (lincRNAs) are an abundant and functionally diverse class within eukaryotic transcriptomes. Reported 
lincRNA repertoires in mammals vary, but are commonly in the thousands to tens of thousands of transcripts, accounting for ~90% of the 
genome. In addition to understanding function, there is particular interest in understanding how lincRNAs evolve. However, aside from 
mammals, and in particular humans and mice, lincRNA populations have been sparsely sampled. Here we examine the evolution of lincRNAs 
within three plant families, Brassicaceae, Fabaceae, and Poaceae, as well as class Mammalia. Within the three plant families, we first use an 
application we developed, Evolinc, to identify lincRNAs in six species for which there are no current lincRNA datasets. We then use these 
lincRNAs in conjunction with Evolinc to perform large-scale comparative genomic and transcriptomic analyses to uncover rates of lincRNA 
evolution within each family. We identify sets of lincRNAs that are transcriptionally conserved within each family, including some that display a 
conserved transcriptional response to stress, providing insight into function for these molecules. We also use Evolinc to examine the evolutionary 
history of the human telomerase RNA (TERC) across 28 mammalian genomes. Here we demonstrate that the locus encoding for this essential 
lincRNA is conserved across mammalia with the striking exception of mouse and rat. We uncover putative origins of the TERC locus in 
mammals, unexpected duplication events, as well as the loss and subsequent acquisition of a novel TERC locus in the lineage leading to mice. 
 
P0966: Genome Mapping, Tagging & Characterization: General Comparative 
Characterization of Linkage Maps Produced with a Minimum Spanning Tree Algorithm 
Charles F. Crane, USDA-ARS, West Lafayette, IN 
The Flipper deletion mapper, which implements a variant of Kruskal’s minimum spanning tree algorithm, was used to produce linkage maps in 
recombinant inbred populations of wheat, cotton, and 39 families of the soybean NAM (nested association mapping population), as well as the 
entire NAM population itself. Flipper had been improved to be able to deduplicate its input markers, i.e., to exclude markers that did not 
recombine with some other marker, and then to allow insertion of duplicate markers once the recombining markers had been ordered. About half 
of the markers mapped in single families could not be mapped in the combined NAM population because of too-high minimum recombination 
fraction, which is consistent with facile SNP appearance and disappearance by independent mutations in repetitive sequence. All but the whole-
NAM map exhibited frequent runs of recombining or cosegregating markers, and this impression was reinforced by simulation results and chi-
square tests based on the directly calculated probability that a marker recombines with a neighbor in the map. The probability that any marker 
recombined with the same number of neighbors in any two maps was greater than expected by chance alone, but fell far short of consistency 
among the maps. The whole-NAM map had very few perfectly cosegregating markers. The NAM markers came from a finished genome 
assembly, so it was possible to compare the distribution of recombinations to nucleotide distances in the assembly, to address whether the uneven 
recombination in the family maps was related to nucleotide distance, regionally (for example, gene) enhanced recombination, or sequence-
specific enhancement of recombination (hotspots). Preliminary results indicate that nucleotide distance and regional variation in recombination 
frequency on the scale of chromosome arms can fully account for the unevenness of recombination across the map, although it is difficult to 
eliminate a role for sequence specificity. 
 
P0967: Genome Mapping, Tagging & Characterization: General Comparative 
Performance Gains in Genome-Wide Association Studies for Longitudinal Traits via Modeling Time-Varied Effects 
Chao Ning, Huimin Kang and Jian-Feng Liu, China Agricultural University, Beijing, China 
Complex traits with multiple phenotypic values changing over time are called longitudinal traits. In traditional genome-wide association studies 
(GWAS) for longitudinal traits, a combined/averaged estimated breeding value (EBV) or deregressed proof (DRP) instead of multiple phenotypic 
measurements per se for each individual was frequently treated as response variable in statistical model. This can result in power losses or even 
inflate false positive rates (FPRs) in the detection due to failure of exploring time-dependent relationship among measurements. Aiming at 
overcoming such limitation, we developed two random regression-based models for functional GWAS on longitudinal traits, which could 
directly use original time-dependent records as response variable and fit the time-varied Quantitative Trait Nucleotide (QTN) effect. Simulation 
studies showed that our methods could control the FPRs and increase statistical powers in detecting QTN in comparison with traditional methods 
where EBVs, DRPs or estimated residuals were considered as response variables. Besides, our proposed models also achieved reliable powers in 
gene detection when implementing into two real datasets, a Chinese Holstein Cattle data and the Genetic Analysis Workshop 18 data. Our study 
herein offers an optimal way to enhance the power of gene detection and further understand genetic control of developmental processes for 
complex longitudinal traits. 
 
P0968: Genome Mapping, Tagging & Characterization: General Comparative 
A Novel Two-Enzyme Approach to Build High-Quality, de novo Genome Assemblies by Scaffolding Next-Generation 
Sequencing Data with BioNano’s Next-Generation Optical Maps 
Jian Wang, BioNano Genomics, San Diego, CA 
Combining next-generation sequencing (NGS) data and next-generation mapping (NGM) data from BioNano Genomics’ Irys System provides a 
workflow that is being adopted to produce affordable, high-quality and chromosome-scale de novo genome assemblies.  
We describe a novel workflow that utilizes two nicking endonucleases to increase the information density and improve contiguity through tiling 
of genome maps. We generated two sets of genome maps, each with a different nicking endonuclease and developed novel algorithms that use 
the NGS sequences as a bridge to merge single-enzyme genome maps into combined maps that contain the sequence motif patterns from both 
nicking enzymes. Since the genome maps were generated independently they serve as orthogonal sources of evidences to detect and correct 
assembly errors in input data. The complementarity of different data also greatly improves the contiguity of the merged genome map while 
doubling the information density, which substantially increase the ability to anchor short NGS sequences in the final scaffold.  



We first validated our approach in the well-studied human NA12878 genome. Compared to the published single-enzyme hybrid-scaffolds, the 
two-enzyme approach improved the scaffold contiguity by 300% and anchored 30% more sequence contigs in the final scaffolds and corrected 
50% more assembly errors in NGS sequences. We then benchmarked our pipeline in a variety of animal and plant genomes and showed that it 
performed robustly across those.  
This new approach can greatly expands the type of NGS data that can be integrated with BioNano genome maps to produce highly accurate and 
contiguous assemblies for complex genomes. 
 
P0969: Genome Mapping, Tagging & Characterization: General Comparative 
The Versatility of Next-Generation Mapping: An Encyclopedia of Genomes 
Saki Chan, Han Cao and Alex R. Hastie, BioNano Genomics, San Diego, CA 
Genomics is an important field which has found many applications related to medical diagnostics, production of reference genome assemblies, 
understanding trait inheritance, and more. Despite the obvious benefits genomics offers, its implementation is often impractical due to high costs 
and/or long turnaround time to generate results. Traditional and next-generation sequencing (NGS) techniques have been the standard in 
genomics, but sometimes sequencing is overkill and/or doesn’t provide all of the desired information. Irys next-generation mapping (NGM) 
provides a quick, cost-effective method to fill these gaps.  
NGM complements and in some cases can even replace the current methods. It can be used in conjunction with sequencing by scaffolding 
contigs, defining the structure between contigs and correcting errors in sequence assemblies – especially important with plant samples, which not 
only have long tandem repeats but are also often polyploid, making NGS assembly difficult. For some applications, NGM can potentially replace 
sequencing; for example, quick screening of patient samples for diseases such as cancer or congenital diseases can be done using NGM to detect 
disease-causing structural variation events for a fraction of the cost and time of NGS.  
In addition to having countless applications, the Irys System is compatible with many sample types. Here, we demonstrate its versatility, as it 
was used to map hundreds of genomes from a variety of sample sources, including blood, plant tissue, and whole animals. We present a catalog 
of examples of how Irys NGM was used to scaffold and finish reference genomes from birds, mammals, invertebrates, and plants. 
 
P0970: Genome Mapping, Tagging & Characterization: General Comparative 
Multiple Reference Genomes of Hot Pepper Reveal the Massive Evolution of Plant Disease Resistance Genes By 
Retroduplication 
Seungill Kim, Department of Plant Science, Plant Genomics and Breeding Institute, Seoul National University, Seoul, South Korea 
and Doil Choi, Department of Plant Science, Plant Genomics and Breeding Institute, Seoul, South Korea, Seoul, South Korea 
Transposons are one of the major evolutionary forces leading to new gene sequences and ultimately species diversification. However, the 
mechanisms by which transposons contribute to the evolution of the immune system are largely unexplored in plants. Here, we report high-
quality de novo genomes of two peppers (C. baccatum PBC81 and C. chinense PI159236) and the improved reference genome. Dynamic genome 
rearrangements were derived from translocation among chromosome 3, 5 and 9 between C. baccatum and the other peppers. Evolution analyses 
of LTR-retrotransposons indicated that exclusive accumulation of athila subgroup of gypsy family have led to genome expansion of C. 
baccatum. In-depth genome-wide comparison of genes and repeats of peppers unveiled that copy numbers of NLRs belonging to specific 
subgroups (CNL-G2) were excessively increased by LTR-retrotransposon-mediated retroduplication. Moreover, retroduplicated NLRs have 
generally existed and species-specifically expanded in plants. Our study revealed that retroduplication has played a key role for the emergence of 
functional disease resistance genes in Solanaceae family. 
 
P0971: Genome Mapping, Tagging & Characterization: General Comparative 
LTR Retrotransposons and TIR-flanked DNA Transposons Account for the Genome Expansion, Structure and 
Organization in the Palms 
Zenaida Magbanua, Philippine Genome Center, University of the Philippines, Quezon City, Philippines, Jose Fernan Reyes, 
Philippine Genome Center, Quezon City, Philippines and Cynthia Saloma, National Institute of Molecular Biology and 
Biotechnology, University of the Philippines, Quezon City, Philippines 
The coconut (Cocos nucifera) has been an important contributor to the Philippine economy. To elucidate the evolutionary processes that helped 
shaped its extant genome, and be able to further enlighten its varietal improvement and sustainability programs, we compared the repetitive 
element components of the different members of the palm family. Here we investigated the repeats in Elaeis guineensis (African oil palm), 
Elaeis oleifera (South American oil palm), Phoenix dactylifera (date palm) and coconut and analyzed how their genomes were formed by 
transposition of transposable elements. Of these palm family members, coconut possesses the largest genome size (~2.9 Gb) and our preliminary 
results suggest that this expansion is largely attributed to LTR retrotransposons and TIR-flanked DNA transposons. It is estimated that the palm 
common ancestor lived about 65 million years ago (Mya) and that coconut was the first to split which occurred just shortly after 65 Mya. 
Interestingly, a significantly huge Copia and Gypsy burst in coconut ensued at ~3.6 Mya accounting for approximately 19% of the sequence 
dataset. This activity was relatively recent in coconut compared to the other palms and greatly expanded the genome. The CACTA-EnSpm 
superfamily trails in abundance and given that this superfamily is generally associated with genes and genic regions, we hypothesize that these 
elements, along with the Copia and Gypsy retrotransposons significantly contributed to the genome structure and organization of coconut. 
 
P0972: Genome Mapping, Tagging & Characterization: Natural Populations 
Genome-Wide, Highly Accurate and Sensitive Structural Variation Detection in Plants and Animals by Next-Generation 
Mapping 
Alex R. Hastie, BioNano Genomics, San Diego, CA 
Establishing reference genomes for large, and complex genomes such as maize, rice, barley, wheat and other grass plants is now made possible 
by the combination of single molecule methodologies of BioNano Genomics next-generation mapping (NGM) and Pacific Biosciences 
sequencing as well as other long-range enabling technologies.. However, to fully reveal the level of structural diversity one needs to be able to 



compare multiple cultivars and organism at the whole genome level. This is being accomplished by NGM where genome wide structural 
variation in the form of insertions and deletion >1 kbp and inversion and large scale rearrangements can be identified in a highly efficient 
manner.  
We report on the structural relationship between different maize and barley cultivars, where we identify thousands of insertions and deletions and 
hundreds of large rearrangements. We show that these rearrangements affect genic regions and predict rearrangements that effect the expression 
of genes and alter protein coding regions. Taken together, NGM is not only a highly efficient method to compare the structure of plant and 
animal genomes (SV analysis) but it is the most comprehensive as a result of exploitation of the longest read lengths by available technologies 
that allow access into the “dark matter” of the genome. 
 
P0973: Genome Mapping, Tagging & Characterization: Natural Populations 
Genetic Diversity of an Important Native Species of Atlantic Rainforest in Natural Remnants and Forest Restorations Using 
Genotyping-By-Sequencing (GBS) 
João Paulo Gomes Viana1, Marcos V. B. M. Siqueira2, Carolina Grando1, Fabiano Lucas Araújo3, Ellida de Aguiar Silvestre1, 
Mariana Novello1, José Baldin Pinheiro4, Marcelo Mattos Cavallari5, Pedro Henrique Santin Brancalion4, Julian Catchen6 and Maria 
Imaculada Zucchi7, (1)University of Campinas, Campinas, Brazil, (2)Universidade do Sagrado Coracao, Bauru, Brazil, (3)Instituto 
Agronômico de Campinas, Campinas, Brazil, (4)University of Sao Paulo, Piracicaba, Brazil, (5)Embrapa - Pecuaria Sudeste, Sao 
Carlos, Brazil, (6)University of Illinois Urbana-Champaign, Urbana, IL, (7)APTA Regional Polo Centro-Sul, Piracicaba, Brazil 
Casearia sylvestris is a potentially medicinal species widely distributed through Latin America and Caribbean. It belongs to the Salicaceae 
family as well Salix purpurea and Populus trichocarpa, species with complete sequenced genome in nowadays. C. sylvestris has been used in 
forest restoration projects in Brazil because it is a pioneer species with fast establishment, but these forest restorations were not implemented 
using any information about genetic diversity. The aim of this study was understanding the genetic diversity and genetic structure in two C. 
sylvestris natural populations and two forest restorations. We performed GBS in 24 individuals each population and we built loci de novo using 
Stacks. At the next step, we analyzed the genetic diversity and structure using heterozygosities (HO and HE), allelic richness (AR), fixation index 
(FIS), DAPC and others. All these analyses were performed using the R packages: adegenet and hierfstat. Based on results it is possible to 
understand that there are no differences among the genetic diversity parameters in natural forests and restorations (HO = 0.1757 ± 0.0063, HE = 
0.2433 ± 0.0070, AR = 1.82 ± 0.02, FIS = 0.2278 ± 0.083). Moreover, there is not inter-population structure (FST = 0.00). Therefore, we suggest 
that may have gene flow among forest restorations and natural forest remnants because C. sylvestris is widely distributed and easy to establish in 
many environments. This situation can contribute with the planing of strategies of conservation for important species as C. sylvestris. 
 
P0974: Genome Mapping, Tagging & Characterization: Natural Populations 
Dissecting Genetic Mechanisms of Genome Divergence 
Jinyu Wang, Xianran Li and Jianming Yu, Iowa State University, Ames, IA 
Progress of sequencing technologies has generated a huge amount of genomic sequences, which provide a great opportunity to address 
fundamental questions about the genome itself. By investigating the Base Composition across SNPs (BCS) within species, we have discovered a 
conserved pattern, i.e., modern crops all have significantly higher [AT] value than their ancestors. This consistent pattern across multiple species 
implies BCS can well capture the overall genome divergence pattern assembled from millions of polymorphisms accumulated through evolution. 
We hypothesize that the genome divergence along history was not random and genetic component may contribute to the genome divergence. To 
test our hypothesis, 302 soybean genomes and 635 Arabidopsis genomes were analyzed. Motif enrichment analysis through searching genome 
region around the polymorphic sites reveals that both soybean and Arabidopsis SNPs are more likely arose from the solar UV signature motif. 
This indicates solar UV radiation is one of the major forces driving the genome divergence. Genome-wide scan results show that genes involved 
in UV damaged DNA repairing pathway are enriched nearby signals significantly associate with genome divergence. To further pinpoint the 
underlying genes of genome divergence, an appropriate set of Arabidopsis Near-Isogenic Lines (NILs) will be selected for functional assays. 
Research discoveries from this genetic mechanisms study will broadly enrich our understanding of genomics, genetics, and evolution. 
 
P0975: Genome Mapping, Tagging & Characterization: Natural Populations 
White Tailed Deer Genome Assembly Improvement: Moving Toward Named Chromosomes 
Theodore B Davis, Richard D. Morgan and Bradley W Langhorst, New England Biolabs, Ipswich, MA 
A updated assembly of a white-tailed deer (Odocoileus virginianus borealis) genome (2.6 Gbase) was generated from PacBio reads, Illumina 
reads, and BioNano optical maps. A protocol modified from the PacBio SMRTbell Template Prep Kit was used to generate 10-50 kb DNA 
libraries from muscle tissue and sequencing was performed on the PacBio RSII platform. DNA was also extracted from 30 mg of the same 
muscle sample, digested with Nt.BspQI and Nb.BssSI and optically mapped with 4 runs of BioNano Irys system. An NEBNext Ultra II DNA 
Library Prep Kit was used to generate a 250 bp, size-selected library from the same tissue and sequenced to ~ 150X coverage using 2 X 150 bp 
reads. Illumina reads were used to correct raw reads and assembled contigs at various points in the assembly process. Multiple combinations of 
assemblers (FALCON, CANU), correction (Quiver, PILON), and hybrid reassembly with optical data were attempted, and ultimately produced 
long assemblies ( N50 > 17 Mbase). A description of results from the various assembly workflows attempted will be presented. 
 
P0976: Genome Mapping, Tagging & Characterization: Natural Populations 
Characterization of Toxin Genes from a Scorpion with Mild Venom 
Tsunemi Yamashita, Arkansas Tech University, Russellville, AR, Douglas D. Rhoads, University of Arkansas, Cell and Molecular 
Biology Program, Fayetteville, AR and Jeff Pummill, University of Arkansas-Fayetteville, Fayetteville, AR 
Venomous animals have long fascinated and terrified humans. Among them, scorpions have been noted for their medically important venom. All 
scorpions are venomous, yet only the Buthid family is seen as markedly harmful to humans. Within the Buthids, some species are known to 
significantly affect humans, yet other species do not. Much of the previous work has focused upon venom toxin proteins and genes in known 
medically relevant species, with little attention to those scorpion species possessing mild venom. Scorpion species with mild venom may house 



components amenable for medical research. In our current research work, we investigate and characterize sodium channel toxin genes in C. 
vittatus, a species in the medically important genus, Centruroides. Here we present our research activities to investigate the variability and 
organization of sodium toxin genes from a genomic analysis. We report our findings from a MiSeq and a PacBio genomic analysis. Our initial 
data analysis showed an N50 of 2,062 and 42,022 with a genome size of 190 Mb and 175 Mb for the MiSeq and PacBio assemblies, respectively. 
We discuss these and other data from the two assemblies. 
 
P0977: Genome Mapping, Tagging & Characterization: Natural Populations 
The Genomic Basis of Edaphic Specialization in Streptanthus (Brassicaceae) 
Christopher J. Grassa1,2, Dylan O. Burge1, N. Ivalú Cacho3, Sharon Y. Strauss4, Charles C. Davis2 and Loren H. Rieseberg1, 
(1)University of British Columbia, Vancouver, BC, Canada, (2)Harvard University, Cambridge, MA, (3)Instituto de Biología-
UNAM, Delegación Coyoacán, MEXICO, D.F., Mexico, (4)UC Davis, Davis, CA 
The genus Streptanthus (Brassicaceae) is a group of approximately 35 herbaceous vascular plant species restricted to North America, with a 
center of diversity in the state of California. Streptanthus is known for highly specialized edaphic ecology, particularly to infertile serpentine 
soils. More than half of all Streptanthus species are totally endemic to serpentine, and serpentine tolerance likely evolved several times during 
the diversification of the genus. Here we present the reference genome of S. diversifolius, which will aid in discovering the genetic basis of 
edaphic specialization, especially the genetic basis of heavy metal tolerance and hyperaccumulation. Such insights may lead to improvements of 
closely related crops in the Brassicaceae, as well as industrial applications in phytoremediation and phytomining. 
 
P0978: Genome Mapping, Tagging & Characterization: Natural Populations 
Inconsistent Clines and Shifting Thresholds: The Genetics of Seasonal Adaptation in Mimulus guttatus 
Benjamin K. Blackman1 and Nicholas J. Kooyers1,2, (1)University of California, Berkeley, Berkeley, CA, (2)University of 
Virginia, Charlottesville, VA 
Diverse taxa have adapted to use day length as a cue to promote floral induction because it serves as a reliable indicator of seasonal timing. 
Indeed, many plants have obligate long-day responses, only initiating floral development when photoperiod exceeds a critical minimum day 
length. Across latitudinal or elevation gradients, the timing of the growth season shifts, resulting in spatially varying selective regimes that 
maintain variation in flowering time and its plasticity to photoperiod. We have investigated the geographic diversity of critical photoperiod, 
flowering time, and their genetic basis in annual populations of the common monkeyflower Mimulus guttatus. Although critical photoperiod is 
strongly correlated with elevation and growth season start date, flowering time in inductive conditions is instead correlated with season duration. 
That these two components of an integrated seasonal phenology can separately evolve not only indicates that different agents of selection drive 
their evolution, but also predicts that unique genetic architectures govern divergence of each trait. Genetic mapping by multiplex shotgun 
genotyping in multiple high x low elevation crosses confirms this prediction: critical photoperiod loci do not co-localize with flowering time loci. 
Surprisingly, the loci contributing to clinal divergence in critical photoperiod are nearly all transect-specific, in contrast to many recent 
demonstrations of convergence at the genetic level and contradicting a classic prediction about how plasticity evolves. Even when the same 
genomic region is implicated in critical photoperiod divergence along multiple elevation gradients, patterns of paralog-specific expression 
divergence at the underlying floral regulatory genes indicate region-specific genetic changes are involved. 
 
P0979: Genome Mapping, Tagging & Characterization: Natural Populations 
A Phylogeographic Approach to Assessing Plastid Genome Evolution in a Non-Photosynthetic Orchid Using Targeted 
Sequence Capture 
Craig F. Barrett, West Virginia University, Morgantown, WV and Chodon Sass, University of California, Berkeley, Berkeley, CA 
Studies of plastid genome (plastome) evolution have focused on single representatives of species, even in comparative investigations, yet few if 
any studies have addressed plastome evolution at the infraspecific level. Parasitic and mycoheterotrophic plants display accelerated rates of 
plastome evolution, often with drastic reduction in size and gene content due to relaxed selective constraints of photosynthesis. The leafless 
orchid genus Corallorhiza contains both partially and fully mycoheterotrophic species, and has thus become a model for understanding the 
relationship between plastome evolution, nutritional mode, and fungal host specificity. The C. striata complex, with three putative species (C. 
bentleyi; C. involuta; C. striata, with three varieties), displays the most evidence of plastome modification in the genus. However, plastomes in 
this complex have not been severely reduced as in other, well-studied parasites (e.g. holoparasitic Orobanchaceae), making it a useful system to 
address questions associated with the early stages of plastome degradation. For example, what is the degree of variation in plastome size and 
gene content among members of this complex? What is the tempo of plastome reduction? Do members of this complex follow a single trajectory 
of degradation, and is this similar to that observed in other parasites? Here we use genome skimming and targeted sequence capture via Agilent 
microarray to generate complete to nearly complete plastomes for 53 individuals across the geographic range of the C. striata complex, from 
Mexico to northern North America. Briefly, genome skimming was used to generate five annotated reference plastomes representing each 
putative taxonomic entity of the complex. Targeted sequence capture was then used to expand sampling of individuals, in a cost-effective 
manner. Plastome sizes vary widely from 124 kb to 141 kb among members of the complex, with the highest degree of reduction in the 
endangered C. bentleyi (eastern North America) and C. involuta (southern Mexico). Members of the complex show varying degrees of 
degradation of photosynthesis-related gene complexes. Based on patterns of deletions and pseudogenes, two distinct degradation pathways have 
occurred within the complex, in addition to that observed in the C. maculata complex. This suggests that C. bentleyi/C. involuta and C. striata 
sensu stricto represent two losses of photosynthesis from a putatively photosynthetic ancestor. Divergence times, rates of degradation, and 
ancestral plastome reconstructions are discussed in the context of phylogeographic history of the complex. Further, relative merits and challenges 
of targeted sequence capture are discussed for closely related taxa displaying rapid genome evolution. 
 
P0980: Genome Mapping, Tagging & Characterization: Natural Populations 
The Genus Brachypodium as a Tool to Study Polyploidy 



Sean Gordon1, Adam Session2, Joshua Levy3, Jerry Jenkins4, Shengqiang Shu2, Jeremy Schmutz4, Kerrie W. Barry2, Amy 
Cartwright3, Jane Grimwood4, Jeremy L. Phillips2, Pilar Catalan5, Bruno Contreras-Moreira6, Robert Hasterok7, John Doonan8, Luis 
Mur9, Vinh-Ha Dinh-Thi10, Boulos Chalhoub11, Daniel S. Rokhsar2 and John P. Vogel2, (1)DOE Joint Genome Institute, Walnut 
Creek, CA, (2)DOE Joint Genome Institute, Walnut Creek, CA, (3)jgi, Walnut Creek, CA, (4)HudsonAlpha Institute for 
Biotechnology, Huntsville, AL, (5)Department of Agriculture (Botany), High Polytechnic School of Huesca, University of 
Zaragoza, Huesca, Spain, (6)Fundación ARAID, Zaragoza, Spain, (7)Department of Plant Anatomy and Cytology, Faculty of 
Biology and Environmental Protection, University of Silesia, Katowice, Poland, (8)Aberystwyth University, Aberystwyth, United 
Kingdom, (9)Aberystwyth University, Aberystwyth,, Wales, (10)Unité de Recherches en Génomique Végétale (URGV-INRA), 
Évry, France, (11)UEVE-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. 
 
P0981: Genome Mapping, Tagging & Characterization: Natural Populations 
Genome-Wide Association Study of Cell Wall Traits and Digestibility in Switchgrass Diversity Panel 
Shiyu Chen, University of Wisconsin-Madison, Dept. of Agronomy, Madison, WI 
Biomass degradation of switchgrass (Panicum virgatum L.) for bioethanol production is inhibited by lignin and other hydroxycinnamates in 
secondary cell walls. Thus, understanding the genetic control of cell wall components and digestibility can facilitate improvement of switchgrass 
as a bioenergy crop. Our study deployed single nucleotide polymorphisms (SNPs) discovered using genome-wide exome-capture sequencing to 
conduct an association analysis on six cell wall and digestibility traits. Pathway analysis was conducted to decipher the metabolic pathways 
associated with cell wall traits in switchgrass. In total, 86 genes were significantly associated with the six traits, out of which 33 genes were 
highlighted based on functions of their homologs in other species in relation to plant cell development. Significant pathways were classified into 
functional groups including phenylpropanoid biosynthesis, signal transduction, circadian rhythm and other metabolic pathways. The genomic 
regions that contain these genes can be used to facilitate genomic selection for biomass quality in switchgrass. 
 
P0982: Genome Mapping, Tagging & Characterization: Aquaculture 
Comparative Genome Analysis of 52 Species Suggests Differential Associations of Repetitive Elements with Their Living 
Aquatic Environments 
Zihao Yuan, Shikai Liu and Zhanjiang Liu, Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, 
Auburn, AL 
Fish represent over half of vertebrate species and harbor diverse repetitive elements. Although many fish genomes have been sequenced, the 
repetitive elements and their roles remain largely unknown. In this study, we conducted extensive analyses of repetitive elements in the channel 
catfish (Ictaluru punctatus) and performed comparative analyses of repetitive elements with 51 other fish. In channel catfish, the repetitive 
elements account for 42.88% of the total genome and are composed of 72 subclasses with DNA/TcMAr-Tc1 and microsatellites being the two 
dominant types. Comparative analyses revealed that genomes of diadromous fish such as eels, salmon and some freshwater species such as 
catfish, cavefish are also abundant in DNA/TcMAr-Tc1 and microsatellites. Interestingly, Class II transposons tend to be more in freshwater 
teleost than those seawater living teleost (W=393, p-value=2.1e-05), suggesting the freshwater environments are more favorable for the Class II 
transposon proliferation. In contrast, the tandem repeats were observed to be more prevalent in the genomes of teleost living in sea than those 
freshwater teleost species (W=395, p-value=1.6e-05), indicating that salty environment can be more favorable for DNA polymerase slippage. 
Notably, the Class I transposons were observed to be the most abundant types in primitive species such as Cartilaginous and Cyclostomata, in 
dramatic contrast with their low presence in teleost (W=235, p-value=1.4e-04). In addition, the proportion of repetitive elements was found to be 
positively correlated with the genome size (r=0.6, p-value=1.28e-06). Our results extend understanding of repetitive elements, their composition, 
distribution and potential association with evolutionary adaptations to various environments. 
 
P0983: Genome Mapping, Tagging & Characterization: Aquaculture 
Gene Editing:  an Opportunity for Sustainable Aquaculture  
Anna Troedsson-Wargelius, Fernando Ayllon, Erik Kjærner-Semb, Lene Kleppe, Kai Ove Skaftnesmo, Tomasz Furmanek, Eva 
Andersson and Rolf B, Edvardsen, Institute of Marine Research, Bergen, Norway 
Recent biotechnological technologies have allowed the development of new approaches to apply genetic engineering to non-model organisms. 
New sequencing technologies allow fast and cost effective analysis of whole genomes, transcriptomes or epigenomes. Functional studies became 
now feasible for many following the introduction of the CRISPR-Cas9 methodology, which can specifically target and mutate genes in virtually 
any organism, allowing studies on the genetics of key traits. The recent publication of the Atlantic salmon reference genome further allows to 
elucidate the genetic and molecular mechanisms behind these traits.  



In the recent years several GWAS have revealed that single SNPs in the genomes of wild an cultivated salmonids can explain important traits 
such as time of maturity and disease resistance. Further studies need to aim at elucidating how single nucleotide exchanges can alter key traits for 
aquaculture including growth, reproduction and disease resistance. There is therefore a need to develop technologies which can induce single 
nucleotide changes. This can be achieved by the combination of gene editing and homologous recombination as has been shown in zebrafish and 
mammals. So far knock out by gene editing has been established in both rainbow trout and Atlantic salmon. However, both species have a long 
generation time so new approaches are very much desired. Double allelic knock in by homologous recombination already in the F0 will allow to 
boost up functional studies in these species. However, due to the current low efficiencies of homologous recombination this can be challenging. 
We have successfully established a methodology using pigmentation as a tracer for double allelic mutations in Atlantic salmon, this methodology 
can be further explored for knocking in traits of interest. 
Being able to substitute functional single bases in the genome of salmonids may thereby offer a non-transgenic alternative not only for salmon 
breeding enhancement, but to understand which are the functional mechanisms behind key sustainable traits such as disease resistance, welfare, 
food metabolism and reproduction.  
 
P0984: Genome Mapping, Tagging & Characterization: Aquaculture 
Seriola Genomics and the Knowledge Repository Serioladb.org 
Andrew J. Severin1, Catherine Purcell2, Margie Carter1, Rick Masonbrink1, Arun S. Seetharam1, John Hyde2 and Levi Baber3, 
(1)Iowa State University, Ames, IA, (2)Southwest Fisheries Science Center, National Marine Fisheries Service, La Jolla, CA, 
(3)Iowa State University, ames, IA 
Due to the high value of Seriola in the seafood industry, Seriola aquaculture is a great interest globally. Hatchery production of Seriola species is 
accelerating but has been hindered by a propensity for deformities and growth heterogeneity developed during larval and early juvenile stages 
that limit the production capacity and efficiency.  
To advance Seriola aquaculture, we are developing genomic resources for Seriola dorsalis and Seriola rivoliana. The starting point for this 
resource includes a draft genome assembly with gene annotations for S. dorsalis. In addition, we have resequenced 90 fish from three locations 
(Cedros Island, La Paz, and San Diego) and generated an F2 population to explore the genetic component in malformations in juvenile fish 
(swim bladder inflation, several head and jaw deformities and malformations in the operculum and branchiostegal structures).  
To consolidate this data into a single knowledge repository, we are creating an international web resource Serioladb.org. As yellowtail culture 
grows, the genetic tools on the website will be made available to producers and other groups working to improve culture for this and other 
Seriola species. This research may also serve a model for genetic resource development for aquaculture species or conservation dependent 
species with limited genomic resources, and may help reveal genomic regions and genes contributing to trait variation in wild populations. 
 
P0985: Genome Mapping, Tagging & Characterization: Aquaculture 
Not Too Hot, Not Too Cold: Influences of Temperature Preference on Fish Growth 
Sebastian Boltaña1, Nataly Sanhueza1, Andrea Aguilar1, Gabriel Arriagada1 and Cristian Gallardo-Escárate2, (1)Interdisciplinary 
Center for Aquaculture Research (INCAR), Department of Oceanography, University of Concepción, Concepcion, Chile, 
(2)Interdisciplinary Center for Aquaculture Research (INCAR), Department of Oceanography, University of Concepción, 
Concepción, Chile 
Most animals are under temperature variations as they move through the variable environment. For ectotherms, the temperature has a strong 
influence, which in contrast to endotherms, can not hold a constant body temperature via homeostatic mechanisms. While well studied at the 
species level, the underlying molecular processes are unknown and whether such relationships are affected by growth trajectory. We sequenced 
and assembled de novo transcriptomes of juvenile Salmo salar exposed developmentally to variable thermal environments and correlated the 
resulting expression profiles with the epigenomes morphometric variables, and behavioural traits from the same fish. This study examined these 
issues to determine the extent to which life history (thermal gradient environment versus constant temperature) interact to affect of thermal 
variance. Growth and metabolic genes were among the most upregulated, suggesting shifts in development and energy production for 
maintaining performance at variable temperatures. Furthermore, immune- and stress-responsive genes were upregulated, indicating a new 
complement of genes allowing of fish to better cope with variable temperatures. Other differentially expressed genes were involved with tissue 
development and temperature variation. Heat-shock protein genes were un-responsive (with exception some of muscle HSP90a), indicating that 
heat-stress responses are not effected by the thermal variation. However, the thermal constant group displayed a juxtaposed pattern of 
differentially expressed genes (upregulated-HSP), suggesting that heat-stress responses are triggered under un-variable thermal environments. 
Our results are the first to reveal the molecular processes that may enable aquatic ectotherms to adjust to a variable thermal environment that 
drives deeper effects on the fish develop. 
 
P0986: Genome Mapping, Tagging & Characterization: Aquaculture 
Uncovering Variation in Zebrafish: mRNA Expression Profiles By Sex and Strain 
Lindsay A. Holden and Kim H. Brown, Portland State University, Portland, OR 
Understanding variation in model systems is critical for applying laboratory-based evidence to the real-world. Zebrafish (Danio rerio) are a 
popular model system, but little is known about existing phenotypic differences between laboratory strains. Commonly used strains possess 
significant genomic divergence, so we tested whether strains exhibit differences in baseline mRNA expression. Using Agilent 4x44K mRNA 
expression arrays, we compared hepatic total mRNA expression in adult AB, TU, and WIK (n=3/sex/strain) zebrafish. Arrays were standardized 
using normalized expression and cyclic Loess correction. Pairwise comparisons between strains produced a list of 124 genes showing ≥ 2-fold 
increase in mRNA expression between the sexes in at least one strain (q < 0.01). Across strains, 52 genes are highly expressed in males and 72 
are highly expressed in females. 57 genes in AB, 4 in TU, and 15 in WIK were uniquely expressed between sexes. PANTHER molecular 
functional analysis associates these genes with catalytic (29.3%) or binding activity (22.8%). A single gene was identified to be differentially 
regulated in both males and females across strains. Endoplasmic reticulum lectin 1 (erlec1) is expressed equally between the sexes in TU, but is 
3.36-fold higher in male WIK vs female and 2.88-fold higher in female AB vs male. erlec1 is highly conserved, involved in stress-response 



pathways, and has documented genomic copy number variation in humans. The variation we uncovered in mRNA expression across sexes and 
strains should be exploited in the zebrafish model system as an accurate representation of the existing variation in natural populations. 
 
P0987: Genome Mapping, Tagging & Characterization: Aquaculture 
Development of an Efficient Genome Editing Method in Salmonid Species 
Sebastian Escobar, University of Chile, santiago, Chile, Cristian Bravo, FAVET-INBIOGEN., SANTIAGO, Chile, Duxan 
Arancibia, Pontificia Universidad Catolica, santiago, Chile, Pedro Zamorano, Universidad de Antofagasta, Antofagasta, Chile and 
Victor Martinez, FAVET-INBIOGEN-University of Chile, santiago, Chile 
CRISPR/Cas9 system has been used widely in animals and plants for an efficient genome editing, but still due to the biology of salmonids, it has 
been proved difficult to implement in practice. To this purpose, in our lab we are addressing key issues regarding the implementation of this 
method in order to understand disease resistance. We analyze the rates of transfection, viability and cell growth in different cell lines, optimizing 
the delivery system of DNA transfection (calfectin and lipofectamin) using a novel plasmid containing both, Cas9 and sgRNA in fish cell lines 
(SK, CHSE-214 and SHK-1).  
An eukaryotic expression plasmid encoding the protein spCas9 which included the sgRNA-GFP, was constructed. This was done by subcloning 
the U6 zebrafish promoter reported by (Shinya et al. 2003) into LCmCherryV2. Additionally, a stable fish line cell (CHSE-214) was genetically 
engineered to overexpress a citosolyc eGFP:Puromycin driven by the mammalian CMV promoter. In order to determine the efficiency of 
selection media and toxicity, fish cell culture was treated for two weeks with Puromicyn antibiotic in three different concentrations (0,2/0,5 and 1 
mg/ml). The results show that the mammalian CMV promoter is one of the best candidates driving the gene expression in fish line cell (not 
toxic). Moreover, we concluded that the CSH-214 (Salmon embryo derived from a Chinook salmon) and lipofectamin presented the best 
transfection efficiency rates at 72 hours post transfection.  
In summary, we demonstrate improved transfection of cell lines onto salmonid cell lines using nucleofection; we also propose a method for 
selection of transfected cells in selective medium containing puromicyn. This is the first approach for studies involving genome editing, which in 
turn may be a powerful biotechnology tool in the salmon industry.  
Funding: FONDECYT POSTDOC N°3160370 
 
P0988: Genome Mapping, Tagging & Characterization: Aquaculture 
Identification of Differentially Expressed Atlantic Salmon Mirnas Responding to Salmonid Alphavirus Infection; Genome 
Analysis and Target Gene Predictions Suggest Many DE MiRNAs Participate in Negative Feedback Networks in the Innate 
Immune System 
Nardos Tesfaye Woldemariam, Oslo and Akershus University college of applied sciences, Oslo, Norway, Oleg Agafonov, 
Bioinformatics Core Facility, IFI, University of Oslo, Oslo, Norway, Hilde Sindre, Norwegian Veterinary Institute, Oslo, Norway, 
Bjørn Høyheim, Department of Basic Sciences and Aquatic Medicine, Faculty of Veterinary Medicine and Biosciences, Norwegian 
University of Life Sciences, Oslo, Norway and Rune Andreassen, Oslo and Akershus University College of Applied Sciences, Oslo, 
Norway 
MicroRNAs (miRNAs) control multiple biological processes including the innate immune responses by negative post-transcriptional regulation 
of gene expression. In this study we aimed to identify miRNAs responding to salmonid alphavirus (SAV) infection. Furthermore, the genome 
sequences of the identified miRNAs were analysed to reveal putative cis-regulatory elements, and their putative target genes were predicted.  
Illumina small RNA sequencing and DESeq2 was used in the initial identification of differentially expressed miRNAs (DE miRNAs). RT-qPCR 
assays were applied to reveal expression of the individual DE miRNAs at different time points post infection with SAV isolates associated with 
different mortality (cardiac tissue samples, n=89). Viral load was measured by use of RT-qPCR. RNA hybrid was applied to predict target genes.  
Twenty DE miRNAs were identified. The expression of the majority of these increased post infection with maximum levels reached after the 
viral load were stabilized or decreased. Sixteen of the DE miRNAs were predicted to target 21 innate immune network genes (e.g. IRF3, IRF7, 
viperine, interferone γ). The upstream sequences of the miRNA genes revealed a high density of cis-regulatory sequences known as targets for 
transcription factors involved in immune responses. Our findings suggest that many DE miRNAs are participants in negative feedback networks 
and may prohibit excess inflammatory reactions.  
This is a first step in exploring miRNAs important in viral-host interaction in Atlantic salmon. Their predicted functions need to be validated and 
further studied in functional assays to fully understand their roles in immune homeostasis. 
 
P0989: Genome Mapping, Tagging & Characterization: Aquaculture 
Chromosomal Relationship Between Member Species of Genus Salmo 
Song Lin, SIMON FRASER UNIVERSITY, Burnaby, BC, Canada 
Whole genome duplication (WGD), which occurred in 95 Mya in the common ancestor of extant salmonids resulted in doubling the chromosome 
complement along with all the genes. Following the ancestral duplication event, chromosomal rearrangements including Robertsonian fusions 
and translocations are believed to be the primary means to achieve the re-diploidization of salmonid genomes, where the unstable polyploid 
genome begins to reduce to a more stable diploid form. To further elucidate the mechanism of this complex chromosomal relationship, we 
performed a comparative cytogenetic analysis of the chromosomal architecture between two sole members of the Salmo genus, Atlantic salmon 
(Salmo salar) and brown trout (Salmotrutta). To avoid interference from chromosomal variations detected in North American populations, the 
European subspecies of Atlantic salmon was chosen for this project. The karyotype complement of European Atlantic salmon comprises of 58 
chromosomes (8 pairs of metacentric and 21 pairs of acrocentric chromosomes) with the number of chromosome arms (NF) of 74, whereas 
brown trout has 80 chromosomes (11 pairs of metacentric and 29 pairs of acrocentric chromosomes) with a NF of 100. Through Fluorescent in-
situ hybridization (FISH) using BAC probes representing different sections of Atlantic salmon chromosomes, multiple ancestral fusions was 
observed in Atlantic salmon chromosomes, explaining the significant reduction in chromosomes seen in Atlantic salmon when comparing to the 
brown trout. 
 



P0990: Genome Mapping, Tagging & Characterization: Aquaculture 
Development of a High-Density Genomic Platform for Coho Salmon 
Victor Martinez, FAVET-INBIOGEN-University of Chile, santiago, Chile, Daniela Cichero, Aquagen, CHILE Blue Genomics., , 
Puerto Varas, Chile, Cristian Bravo, FAVET-INBIOGEN., SANTIAGO, Chile and Thomas Moen, AquaGen, Trondheim, Norway 
Coho salmon is one of the most important species for the Chilean aquaculture. However, there has been little development of genomic resources 
for the species. We used RNA-seq data from 20 individuals obtained from an extensive P. salmonis challenge experiment (more than 150 
families tested), as well as 20 individuals that were fully sequenced obtained from two breeding populations (9x genome coverage). The animals 
belong to the AquaGen breeding program that incorporates the most relevant commercial populations available in Chile. The SNP discovery was 
carried out using a reference (rainbow trout) and a reference-free approach based on the Brujin graph, and a reference mapping approach using a 
genome assembly obtained using different sequencing platforms and library preparations. SNPs were validated in silico through assessments of 
the overlap between SNP sets, as well as the levels of linkage disequilibrium between linked SNPs, and sytney between species. SNPs 
discovered in coding regions represent 15% of all the variants discovered. Overall, we select more than 200k SNPs after using stringent quality 
control criteria. The mean inbreeding appeared to be small in spite of the several generations that the stocks have been maintained under 
captivity. Overall the levels of LD obtained appeared to be sufficient in order to apply these SNPs in genomic selection and association analysis, 
using the array developed, which is currently been developed and validated. CORFO: 14ITE2-36675. FONDEF: ID14I10090. 
 
P0991: Genome Mapping, Tagging & Characterization: Aquaculture 
Transcriptional Response of Coho Salmon (Oncorhynchus kisutch) to the Intracellular Pathogen Piscirickettsia salmonis, 
Reveal Several Pathways Related with Disease Resistance 
Cristian Bravo, FAVET-INBIOGEN., SANTIAGO, Chile, Thomas Moen, AquaGen, Trondheim, Norway, Daniela Cichero, 
Aquagen, CHILE Blue Genomics., , Puerto Varas, Chile, Jacob S Torgersen, AQUAGEN, NORWAY, Trondheim, Norway and 
Victor Martinez, FAVET-INBIOGEN-University of Chile, santiago, Chile 
The coho salmon has been intensively cultured for 3 decades in Chile, and still the bacterium Piscirickettsia salmonis is one of the most serious 
problems faced by this aquaculture species. However, little is known about host-pathogen interactions, from a molecular point of view. In this 
study we sequenced mRNA from susceptible and resistant fish after an extensive challenge test with P. salmonis; the fish were classified as 
susceptible or resistant on the basis of bacterial loads. The heritabilities were relatively high ranging from 0.3 to 0.35. Illumina-reads from 20 
individuals were quality filtered and processed in order to produce a de novo, annotated, transcriptome. We found 6458 differentially expressed 
genes (DEG) (≥ 2 fold change, p-adj ≤ 0.01) using Deseq2. A remarkable relationship comparing up- and down-regulated genes were found in 
134 terms, which appear to be related with biological process such as immune responses. Several immune-related genes were down-regulated, 
including those related to MHC class II, MHC I, and bactericidal permeability. Others, such as chemokines, were up.-regulated, possibly in 
response to bacterial injury in susceptible fish. At the sequence level some of the genes appeared to be under selection. The results obtained with 
this information will be crucial for evaluating the host-pathogen interaction and in this manner evaluate the effects of genomic selection on the 
disease response and resistance. Corfo 14ITE2-3665; FONDEF: ID14I10090. 
 
P0992: Genome Mapping, Tagging & Characterization: Aquaculture 
Identification of Genomic Loci Associated with Maturation in Pacific Coho Salmon (Oncorhynchus kisutch) 
Michelle T.T. Crown1,2, Krzysztof P. Lubieniecki1, Kristen A. Christensen1, Ruth E. Withler3, Janine Supernault3, Robert H. 
Devlin2 and William S. Davidson1, (1)Simon Fraser University, Molecular Biology and Biochemistry Department, Burnaby, BC, 
Canada, (2)Fisheries and Oceans Canada, Centre for Aquaculture and Environmental Research, West Vancouver, BC, Canada, 
(3)Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, BC, Canada 
Reproductive success of salmon is influenced by multiple morphological features, physiological performance, and behavioural mating strategies. 
While certain male-specific traits such as sperm quality can provide a clear advantage to reproductive success, the role of precocious sexual 
maturation (smaller body size and absent secondary sexual characteristics) in evolutionary stable strategy is counterintuitive. The genetic basis of 
early maturation (termed jacking in Pacific salmon and grilsing in Atlantic salmon) was previously thought to polygenic. However, this was 
revised with the recent identification of vestigial-like-family-member-3 (vgll3) as the main locus for regulating maturation onset in Atlantic 
salmon. Our current study aims to identify loci associated with jacking and survival in Pacific Coho Salmon, Oncorhynchus kisutch. We 
conducted a genome-wide-association-study and mapping analysis on six families from a hatchery population (Inch Creek), three of which 
possessed a high proportion of jacks and three that had a low proportion. Using a Genotype-by-Sequencing approach, EcoT22I reduced 
representation libraries were generated for 654 individuals and sequenced on the Illumina HiSeq platform. Two female- and male-specific 
linkage maps were generated, where 3815 and 3415 SNP markers, respectively, were mapped onto 30 linkage groups. Preliminary data revealed 
significant markers associated with jacking on linkage groups 15 and 21 on both genetic maps. Alignment of early maturation markers to a draft 
Coho Salmon genome assembly suggests that the genomic loci involved is not the Vgll3. This suggests that the molecular mechanism 
determining age of male maturation is not fully conserved between Atlantic and Pacific Coho Salmon. 
 
P0993: Genome Mapping, Tagging & Characterization: Aquaculture 
In the Shadow: The Emerging Role of Long Non-Coding RNAs in the Immune Response of Atlantic Salmon 
Cristian Gallardo-Escárate1, Diego Valenzuela-Miranda2, Estefania Tarifeño3, Valentina Valenzuela-Muñoz2, Camille Détrée4, 
Gustavo Núñez-Acuña4, Sebastian Boltaña5, Ana T. Gonçalves4 and Steven Roberts6, (1)Interdisciplinary Center for Aquaculture 
Research (INCAR), Department of Oceanography, University of Concepción, Concepción, Chile, (2)Laboratory of Biotechnology 
and Aquatic Genomics, Interdisciplinary Center for Aquaculture Research. University of Concepción, Chile., Concepcion, Chile, 
(3)Laboratory of Biotechnology and Aquatic Genomics Interdisciplinary Center for Aquaculture Research (INCAR) University of 
Concepción, Concepción, Chile, Concepcion, Chile, (4)Laboratory of Biotechnology and Aquatic Genomics, Interdisciplinary 



Center for Aquaculture Research. University of Concepción, Chile., Concepción, Chile, (5)University of Concepción, Chile., 
Concepcion, Chile, (6)University of Washington, Seattle, WA 
The genomic era has increased the research effort to uncover how the genome of an organism, and specifically the transcriptome, is modulated 
after interplaying with pathogenic microorganisms and ectoparasites. Here, common and exclusives molecular signaling pathways have been 
disentangled, making significant contributions to cope infection diseases that impact the global aquaculture. However, the ever-increasing 
accessibility of sequencing technology has also evidenced functional roles of long non-coding RNAs (lncRNAs) related to several biological 
processes including immune response. The discovery of lncRNAs gives the opportunity to investigate the transcriptome dismissed as junk DNA 
and involved in fish immunity. This study reports a comprehensive transcriptome analysis of lncRNAs from Atlantic salmon (Salmo salar) 
infected with the most prevalent pathogens in the Chilean salmon aquaculture: the infectious salmon anemia virus (ISAv), the intracellular 
bacteria Piscirickettsia salmonis and the ectoparasite copepod Caligus rogercresseyi. Challenge trials were independently carried out according 
to protocols established for each pathogen, where head-kidney, gills, liver, brain, skin and spleen tissues were sampled and subsequently used for 
RNA purification. Directional cDNA libraries were constructed for Illumina sequencing, which profiled polyadenylated, coding, and noncoding 
transcripts, but not small RNAs. De novo assembly, lncRNAs discovery and differentially expressed transcripts were analyzed using CLC 
Genomics Workbench software and additional bioinformatics tools. The following findings were evidenced: (i) Most lncRNAs were regulated in 
response to ISAv, P. salmonis and C. rogercresseyi infection; (ii) The transcript subsets were uniquely modulated in each tissue evaluated; and 
(iii) A subset of lncRNAs was upregulated for each tissue and time analyzed, indicating potential markers for pathogen infection. These findings 
represent the first discovery for the widespread differential expression of lncRNAs in response to virus, bacteria and ectoparasite infections in 
no-model species, suggesting that lncRNAs could be involved in regulating the fish immune response. 
 
P0994: Genome Mapping, Tagging & Characterization: Aquaculture 
Novel Insights into the Response of Atlantic Salmon (Salmo salar) to Piscirickettsia salmonis: Interplay of Coding Genes and 
lncRNAs during Bacterial Infection 
Diego Valenzuela-Miranda and Cristian Gallardo, Laboratory of Biotechnology and Aquatic Genomics, Interdisciplinary Center 
for Aquaculture Research. University of Concepción, Chile., Concepcion, Chile 
Despite the high prevalence and impact to Chilean salmon aquaculture of the intracellular bacterium Piscirickettsia salmonis, the molecular 
underpinnings of host-pathogen interactions remain unclear. Herein, the interplay of coding and non-coding transcripts has been proposed as a 
key mechanism involved in immune response. Therefore, the aim of this study was to evidence how coding and non-coding transcripts are 
modulated during the infection process of Atlantic salmon with P. salmonis. For this, RNA-seq was conducted in brain, spleen, and head kidney 
samples, revealing different transcriptional profiles according to bacterial load. Additionally, while most of the regulated genes annotated for 
diverse biological processes during infection, a common response associated with clathrin-mediated endocytosis and iron homeostasis was 
present in all tissues. Interestingly, while endocytosis-promoting factors and clathrin inductions were upregulated, endocytic receptors were 
mainly downregulated. Furthermore, the regulation of genes related to iron homeostasis suggested an intracellular accumulation of iron, a 
process in which heme biosynthesis/degradation pathways might play an important role. Regarding the non-coding response, 918 putative long 
non-coding RNAs were identified, where 425 were newly characterized for S. salar. Finally, co-localization and co-expression analyses revealed 
a strong correlation between the modulations of long non-coding RNAs and genes associated with endocytosis and iron homeostasis. These 
results represent the first comprehensive study of putative interplaying mechanisms of coding and non-coding RNAs during bacterial infection in 
salmonids. 
 
P0995: Genome Mapping, Tagging & Characterization: Aquaculture 
Applying Transcriptomic Profiling to the Formulation of Sustainable Feeds for Atlantic Salmon (Salmo salar) 
Albert Caballero-Solares1, Xi Xue1, Christopher C. Parrish1, Richard G. Taylor2 and Matthew L. Rise1, (1)Department of Ocean 
Sciences, Memorial University of Newfoundland, St. John's, NF, Canada, (2)Cargill Innovation Center, Dirdal, Norway 
Dietary replacement of fish meal (FM) and oil (FO) by animal and plant alternatives can compromise growth performance of farmed Atlantic 
salmon. After a 14-week feeding trial, Atlantic salmon fed a diet based on animal by-product meal and vegetable oil showed lower growth rates 
compared to others fed an FM/FO-based diet. Interestingly, feeding a vegetable meal/oil-based diet resulted in growth rates similar to the 
FM/FO-based diet. To investigate the transcriptomic background of these differences in growth, a 44K microarray experiment was conducted on 
liver samples from these three dietary groups. The microarray experiment identified forty-one differentially expressed features (Rank Products, 
FDR<10%) that were annotated as metabolic and growth-relevant genes. Fifteen of these genes were selected for validation through real-time 
quantitative polymerase chain reaction (qPCR). Only two genes failed the qPCR validation, while eleven of them were confirmed as significantly 
affected by diet. To evaluate the potential of these genes as growth biomarkers, the qPCR data was subjected to a stepwise discriminant analysis. 
The multivariate analysis generated two powerful discriminant functions able to differentiate individuals among dietary groups with a 77% 
accuracy (cross-validated). Only four genes were included as predictive variables: fabp3a (lipid transport), adssl1c (nucleotide synthesis), sgk2a 
and htra1a (cell growth and proliferation). These genes are currently being utilized as molecular biomarkers for the development of a liver 
multiplex qPCR. This new platform will constitute a powerful tool for both academia and industry to characterize diet performance in reared 
Atlantic salmon. 
 
P0996: Genome Mapping, Tagging & Characterization: Aquaculture 
Genotype Imputation to Improve the Efficiency of Genomic Selection in Atlantic Salmon 
Ross D. Houston1, Hsin-Yuan Tsai2, Alastair Hamilton3, John Hickey4 and Oswald Matika2, (1)The Roslin Institute and R(D)SVS, 
University of Edinburgh, Edinburgh, United Kingdom, (2)The Roslin Institute and R(D)SVS, University of Edinburgh, Midlothian, 
United Kingdom, (3)Landcatch Natural Selection Ltd., Stirling, United Kingdom, (4)The Roslin Institute, University of Edinburgh, 
Midlothian, United Kingdom 
High density SNP arrays have enabled genomic selection in salmon selective breeding programmes. However, in sibling testing schemes, trait 
records are available on many thousands of fish closely related to the selection candidates. Therefore, routine high density SNP genotyping can 



be prohibitively expensive. To reduce genotyping costs, selected key animals (e.g. breeding programme parents) can be genotyped at high 
density, and the majority of individuals (e.g.performance tested fish and selection candidates) genotyped at much lower density, followed by 
imputation to high density.  
The main objectives of the current study were to assess the feasibility and accuracy of genotype imputation in salmon breeding. The accuracy of 
genotype imputation was assessed using medium (25 K) and high (78 K) density mapped SNP panels, by masking varying proportions of the 
genotypes and assessing the correlation between the imputed genotypes and the true genotypes. The efficacy of imputed genotype data for 
genomic prediction of key performance traits (sea lice resistance and body weight) was evaluated.  
Imputation accuracies of up to 0.9 were achieved using the simple two-generation pedigree dataset, and this was possible even with low density 
SNP data for the offspring. The performance of genomic prediction using imputed genotype data was comparable to using true genotype data, 
and both were superior to pedigree-based prediction. These results demonstrate that the genotype imputation approach used in this study can 
provide a cost-effective method for generating robust high density genome-wide SNP data for Atlantic salmon. Genotype imputation approaches 
are likely to form a critical component of efficient genomic selection programmes to improve economically important traits in aquaculture. 
 
P0997: Genome Mapping, Tagging & Characterization: Aquaculture 
Geographical Distribution and Phylogenetic Conservation of the vgll3 Locus in Atlantic Salmon and other Fish Species 
Erik Kjærner-Semb1, Rolf B Edvardsen1, Vidar Wennevik1, Paloma Moran2, Geir Dahle1, Philip McGinnity1, Anna Wargelius1 
and Fernando Ayllon1, (1)Institute of Marine Research, Bergen, Norway, (2)Universidad de Vigo, Vigo, Spain 
The vgll3 locus has been shown to contain genetic variants conferring the age at maturity in Atlantic salmon (Salmo salar). In addition, a SNP in 
the human VGLL3 locus has also been linked to time at puberty, suggesting a conserved regulatory mechanism for age at maturity in vertebrates. 
To investigate whether the vgll3 locus could be involved in a conserved mechanism regulating puberty in fish, we have studied the phylogenetic 
conservation of vgll3 in salmonids and other fish species. Although the exact causative mutations in salmon are not known, two missense SNPs 
(amino acid replacements) are probable candidates. All the assayed species but Atlantic salmon showed only the late maturity variant for one of 
the missense SNPs, while the other missense SNP showed more variation. We have studied the geographical distribution of the early and late 
maturity variants of these missense SNPs in populations of Atlantic salmon from Norway, Canada, Ireland, Spain and Russia, in addition to two 
landlocked populations from Norway and Sweden. Analysis of the geographical distribution of these missense SNPs showed that the early 
maturity variants were more prevalent in salmon from Norway and Ireland than those from Spain, Canada or Russia. Interestingly, only the 
variant for late maturation was found in the landlocked populations. These results indicate that the late maturation variants might be the ancestral 
state, while the early maturing variants have a more recent origin in salmon. While species evolutionary related to salmonids have only one vgll3 
gene, two copies are present in salmonids. This is most likely due to the salmonid specific whole genome duplication occurring ~80 million years 
ago providing the salmonids the genetic raw material for adaptation. 
 
P0998: Genome Mapping, Tagging & Characterization: Aquaculture 
Genotype Imputation in Atlantic Salmon: Impact on Refinement of GWAS and Assessment of Accuracy for Cost-Effective 
Genomic Selection 
Grazyella M. Yoshida, Universidade Estadual Paulista "Júlio de Mesquita Filho", Santiago, Chile, Roberto Carvalheiro, 
Universidade Estadual Paulista "Júlio de Mesquita Filho", Jaboticabal, Brazil, Jean P. Lhorente, Aquainnovo, Puerto Montt, Chile 
and José M. Yáñez, University of Chile, Santiago, Chile 
Genotype imputation can increase power and refine results from genome-wide association studies (GWAs). Moreover, the practical 
implementation of low cost genomic selection in livestock is based on imputed genotypes from low to high density single nucleotide 
polymorphisms (SNP) panels. This study aimed at: i) determining the impact of imputation from medium-density (50K) to high-density (150K) 
genotypes on the refinement of association signals from GWAs for economically important traits in Atlantic salmon; and ii) determining the 
accuracy of imputed genotypes from low-density (0.5K and 6K) to medium-density (50K) SNP panels for the implementation of cost effective 
genomic selection schemes in this species. For the first objective, imputations from 50K to 150K were carried out with FImpute v.2.2 software 
using 53 parents genotyped with 150K and 4.691 offsprings genotyped with 50K. GWAS for body weight (BW), average daily gain (ADG) and 
resistance against Piscirickettsia salmonis infection (SRS) were performed using high density imputed genotypes, polygenic models and Family-
based Score Test for Association methodology. For the second objective, five replicates were done for imputation from 0.5K and 6K to 50K, 
using a proportion of 10 and 90% of the animals in training and testing group, respectively. Genotypes imputed from 50K to 150K increased the 
power of GWAS analyses and identified novel and refined associations for BW, ADG and SRS. Accuracies of imputation from 0.5K and 6K up 
to 50K ranged from 0.81 to 0.98. Imputation strategies will allow the refinement of GWAs studies and the implementation of cost-effective 
genomic selection for Atlantic salmon. 
 
P0999: Genome Mapping, Tagging & Characterization: Aquaculture 
Identification of Differentially Expressed Atlantic Salmon miRNAs Responding to Salmonid Alphavirus infection; Genome 
Analysis and Target Gene Predictions Suggest Many DE miRNAs Participate in Negative Feedback Networks in the Innate 
Immune System 
Nardos Tesfaye Woldemariam, Oslo and Akershus University college of applied sciences, Oslo, Norway, Oleg Agafonov, 
Bioinformatics Core Facility, Oslo University Hospital, Oslo, Norway, Hilde Sindre, Norwegian Veterinary Institute, Oslo, 
Norway, Bjørn Høyheim, Norwegian University of Life Sciences, School of Veterinary Medicine, BasAm/Genetics, Oslo, Norway 
and Rune Andreassen, Oslo and Akershus University College of Applied Sciences, Oslo, Norway 
MicroRNAs (miRNAs) control multiple biological processes including the innate immune responses by negative post-transcriptional regulation 
of gene expression. In this study we aimed to identify miRNAs responding to salmonid alphavirus (SAV) infection. Furthermore, the genome 
sequences of the identified miRNAs were analysed to reveal putative cis-regulatory elements, and their putative target genes were predicted. 
Illumina small RNA sequencing and DESeq2 was used to identify differentially expressed miRNAs (DE miRNAs). RT-qPCR assays were 



applied to reveal expression of the individual DE miRNAs at different time points post infection with SAV isolates associated with different 
mortality (cardiac tissue samples, n=89). Viral load was measured by use of RT-qPCR. RNA hybrid was applied to predict target genes.  
Twenty DE miRNAs were identified. The expression of the majority of these increased post infection with maximum levels reached after the 
viral load were stabilized or decreased. Sixteen of the DE miRNAs were predicted to target 21 innate immune network genes (e.g. IRF3, IRF7, 
viperine, interferone g). The upstream sequences of the miRNA genes revealed a high density of cis-regulatory sequences known as targets for 
transcription factors involved in immune responses. Our findings suggest that many DE miRNAs are participants in negative feedback networks 
and may prohibit excess inflammatory reactions.  
This is a first step in exploring miRNAs important in viral-host interaction in Atlantic salmon. Their predicted functions need to be validated and 
further studied in functional assays to fully understand their roles in immune homeostasis.  
 
P1000: Genome Mapping, Tagging & Characterization: Aquaculture 
Influence of Dietary LC-PUFA on Atlantic Salmon Growth and the Hepatic Transcriptome 
Xi Xue1, Jennifer R. Hall1, Albert Caballero-Solares1, Richard G. Taylor2, Christopher C. Parrish1 and Matthew L. Rise1, 
(1)Department of Ocean Sciences, Memorial University of Newfoundland, St. John's, NF, Canada, (2)Cargill Innovation Center, 
Dirdal, Norway 
The minimal requirement of ω3 long-chain polyunsaturated fatty acids (ω3 LC-PUFA), namely docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA), for Atlantic salmon warrants careful investigation. We studied the influence of increasing levels of dietary DHA 
and EPA (0, 1 and 1.4% of the diet as formulated) on Atlantic salmon performance. After a 14-week feeding trial, Atlantic salmon fed diet 
ω3LC0 (i.e. 0% of DHA and EPA) showed significantly lower final weight and weight gain compared to those fed ω3LC1 and ω3LC1.4 diets. A 
44K microarray experiment was conducted to investigate the liver transcriptome response of fish fed these three dietary groups. Rank Products 
analysis (PFP<10%) showed that 55 and 77 differentially expressed microarray features were identified in salmon fed diets ω3LC1.4 and ω3LC1 
compared with those fed diet ω3LC0, respectively. The comparison between ω3LC1.4 and ω3LC1 revealed 134 differentially expressed 
features. Twenty-one microarray-identified genes were subjected to qPCR validation. Seven of these transcripts (33%), namely fadsd5, fas2, 
mgst1, glrx1, pdk2, lect-2a and lysc2, were shown by qPCR to be significantly affected by dietary DHA and EPA; eleven of the remaining 
transcripts studied by qPCR agreed with the microarray results in direction of change (i.e. up- or down-regulation). Interestingly the expression 
of three well-known anti-viral genes (irf3, mxb and itif5) all showed consistent down-regulation trends (not significant) in fish fed ω3LC1.4 
compared with fish fed both diets with lower dietary DHA and EPA. This research has provided new insights into the influence of dietary DHA 
and EPA on Atlantic salmon growth performance, metabolism and health. 
 
P1001: Genome Mapping, Tagging & Characterization: Aquaculture 
Using Pooled DNA of a Reference Population in Genomic Selection for a Disease Trait in Atlantic Salmon 
Anna K Sonesson, Nofima AS, AAs, Norway, Haavard Bakke, SalmoBreed AS, Bergen, Norway, Giorgio Malacrida, BMR 
Genomics, Padova, Italy, Luqman Aslam, Nofima As, AAs, Norway and Matthew Baranski, Nofima, Aas, Norway 
In aquaculture breeding, genomic selection is used for invasive traits that cannot be measured on selection candidates, e.g. fillet quality and 
disease resistance. The number of fish to genotype each generation is often large (e.g. 10-100 selection candidates per family and equally many 
sibs of the candidates as reference population from 100-600 families). Here, we will calculate accuracy of selection when SNP effects are 
estimated in pools of DNA from individuals with extreme phenotypes, and compare this accuracy to accuracy from individually genotyped 
reference individuals. Data comes from an Atlantic salmon population challenged for pancreas disease, with surviving/dead individuals. At the 
end of the challenge test of 5223 individuals, 856 individuals were selected to develop two pools of dead fish (173 and 204 individuals) and two 
pools of surviving fish (205 and 273 fish). Sequence libraries were prepared and sequenced to around 40x coverage. From the sequence 
information, genotypes were extracted. In addition, the same fish and sibs of these had individual genotypes from a SNP chip. 45812 SNPs 
overlapped between the sequence data set and SNP chip. These SNPs were used to estimate GBLUP breeding values in the pooled and individual 
data sets. The accuracy was 0.716 for the individually genotyped animals based on SNP effects estimated in the pooled data, and 0.737 when 
SNP effects were estimated in the individually genotyped data. This shows that pooling of individuals with extreme genotypes is a powerful 
means of saving genotyping costs in genomic selection for disease traits in Atlantic salmon. 
 
P1002: Genome Mapping, Tagging & Characterization: Aquaculture 
Gut Microbiota Diversity of Oncorhynchus mykiss Across the Cascade Divide 
Christina C. Yildirimer and Kim H. Brown, Portland State University, Portland, OR 
The Pacific Northwest is known for its once-abundant wild salmonid populations, but they have been declining for more than 50 years due to 
habitat destruction and commercial overexploitation. To compensate, federal and state agencies annually release hundreds of thousands of 
hatchery-reared fish into the wild.   Despite these measures, accumulating data indicates hatchery fish have lower fitness in natural environments 
compared to wild fish, and effects of early life in freshwater habitats appear to be a key factor influencing return rates of anadromous salmonids. 
Recently, mounting evidence indicates the richness and diversity of intestinal microbial species influence the development of the gut and immune 
system. Our research addresses the connection between intestinal microbiota of anadromous fish and its effect on their viability in the wild. We 
examined the gut microbiota of pre-migratory hatchery-reared steelhead (Oncorhynchus mykiss) to asses gut microbial diversity that could 
potentially lead to differences in return rates. Moreover, the Cascade Mountains serves as an allopatric border between two distinct lineages of 
steelhead that show significant differences in genomic and mitochondrial diversity; will differences in core microbiota of hatchery-reared fish 
correlate with this genetic phylogeny? The gut microbiota seeded in hatchery environments is likely not as suitable for digestion of wild 
foodstuffs and may negatively impact gut development, possibly impeding smoltification and migration. The identification of a core gut 
microbiota common to hatchery-raised steelhead is a first step in determining if hatchery environments and diets can be adjusted to better prepare 
hatchery stock for life in wild environments. 
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Functional Diets Modulate lncRNA-Coding Genes Interactions in the Intestine of Rainbow Trout Oncorhynchus mykiss 
Gustavo Núñez-Acuña1, Camille Détrée1, Ana T. Gonçalves1 and Cristian Gallardo-Escárate2, (1)Laboratory of Biotechnology and 
Aquatic Genomics, Interdisciplinary Center for Aquaculture Research. University of Concepción, Chile., Concepción, Chile, 
(2)Interdisciplinary Center for Aquaculture Research (INCAR), Department of Oceanography, University of Concepción, 
Concepción, Chile 
Along with the advent of functional genomics, there is a growing interest in inferring the function of non-coding regions from the transcriptome 
in non-model species. However, there are still numerous biological processes that have not been studied under this perspective, such as the 
intestinal immunity in farmed fish. The aim of this study was to infer long non-coding RNAs (lncRNAs) expression profiles in rainbow trout fed 
with functional diets based on pre- and probiotics. For 30 days fish were fed with one of the four diets (control, supplemented with prebiotic, 
probiotic, or with the mix of both), after which the intestines of freshwater-cultures juvenile fishes were extracted for RNA-sequencing. Then, 
lncRNAs were mined through a specific bioinformatics pipeline to evaluate the transcriptional activity in each condition. Correlation in 
expression levels and genome co-localization with known coding genes were also analyzed. 880 novel lncRNAs were thus found in the trout 
transcriptome, and 9,067 described lncRNAs were used to detect differentially expressed transcripts. Strong differences in gene expression were 
highlighted, specially in the probiotic diet which had twice the number of down-regulated lncRNAs in respect to the other treatments. Great 
differences were also found regarding correlation with coding genes, having high correlation index with genes related to distinct processes 
according to each diet. In contrast, genome co-localization of lncRNAs with coding genes were similar for all the diets. This study contributes 
with novel knowledge regarding lncRNAs function in salmon species. 
 
P1004: Genome Mapping, Tagging & Characterization: Aquaculture 
Sequencing and Functional Annotation of the Transcriptome of Oncorhynchus kisutch 
Daniela Reyes1, Eduardo Zavala1, Javier Moya2, Andrés Astreuly3 and Rodrigo Vidal1, (1)Universidad de Santiago de Chile, 
Santiago, Chile, (2)Fish Vet Group Spa, Puerto Montt, Chile, (3)Marine Farm S.A, Puerto Montt, Chile 
Oncorhynchus kisutch (Coho salmon), is an important anadromous aquaculture resource species and a valuable organism to ecological studies. 
However, compared with another salmonids species the genomics resources of coho salmon are rather scarce. Here, we develop a comprehensive 
transcriptome database of coho salmon using Illumina technology (HighSeq 2000). Over 394 million of reads were assembled producing 216,100 
contigs with an average length of 653.36 and N50 of 1,014. Over the 13% of total contigs assembled presented at least one type of SSR motif. 
Using different tools we annotated over the 60% of the contigs and assigned 19.21% of GO categories and 8.73% of KEGG metabolic pathways. 
These results represent a valuable resource in future genomic and genetic studies in coho salmon. 
 
P1005: Genome Mapping, Tagging & Characterization: Aquaculture 
Transcriptome Response to Hormonal Manipulation of Follicle-Enclosed Oocytes in Rainbow Trout 
Hao Ma, Guangtu Gao and Gregory M. Weber, USDA-ARS-NCCCWA, Kearneysville, WV 
Captive fish often display reproductive dysfunction associated with follicle maturation. Gonadotropins and the progestogen maturation-inducing 
hormones (MIH) are important regulators of follicle maturation; however, their actions including regulating follicle maturation are not fully 
understood. The investigation of the transcriptome response to treatment with these hormones was conducted to further elucidate the actions of 
these regulators. Follicle enclosed oocytes from rainbow trout competent to undergo the resumption of meiosis in response to the MIH were 
incubated in vitro for 24hrs with or without either MIH or salmon pituitary hormone extract (SPH). A total of 1,691, 4,239 and 691 differentially 
expressed transcripts (DETs) were identified from our transcriptome sequencing datasets for control vs freshly excised tissue, control vs MIH, 
and control vs SPH treatment comparisons respectively. There are 117 DETs shared by the three comparisons, of which 48 were associated with 
significantly enriched GO terms, mainly, metabolic process, inflammatory response, signal transduction, and transcription regulation. A total of 
356 DETs were specifically shared by both MIH and SPH treatments, among which 318 DETs demonstrated similar responses with each 
hormone. The responses of selected genes to hormone treatment were further confirmed by RT-qPCR analysis. The global changes in gene 
expression profiling revealed both disparate and overlapping actions of the hormone treatments which further elucidate the regulation of 
processes leading to the production of viable gametes. 
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MicroRNAs Associated with Muscle Growth and Fillet Quality in Rainbow Trout 
Bam D Paneru1, Rafet Al-Tobasei1, 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 
Selection for improved muscle growth and quality phenotypes requires an understanding of post-transcriptional, gene-regulation mechanisms. To 
investigate the role of microRNAs in muscle, post-transcriptional, gene regulation, RNA-Seq was used to identify differential expression in 
microRNAs and SNPs in microRNA target sites associated with 5 fish/muscle growth and quality traits: whole body weight (WBW), muscle 
yield, muscle crude-fat content, shear force and whiteness.  
Phenotypic data were collected from ~500 fish, representing 98 families (5 fish/family), from a USDA growth-selected line. Muscle microRNAs 
and protein-coding genes were sequenced from 22 families showing divergent phenotypes (4 high- versus 4 low-ranked families/trait).  
A total of 90 microRNAs were differentially expressed between high and low ranked families. PCR quantification of microRNA in 90 fish 
showed that variation in expression of muscle-important microRNAs, mir-1, mir-133, mir-206, mir-19, mir-99, mir-148, mir-20, and mir-181 
explained 6.7%-18.8%, 5.6%-16.5%, 6.6%-13.8%, and 6.5%-9% variation in muscle yield, WBW, fat-content and shear force, respectively. In 
addition, 160 SNPs, creating or destroying putative microRNA target sites, were identified in 128 protein-coding genes. SNPs had allelic 
imbalances (>2.0 as an amplification and <0.5 as loss of heterozygosity) between the low- and high-ranked families. For example, SNPs with 
allelic imbalances, creating target sites in myf2C (myocyte-specific enhancer factor 2c) gene for a novel microRNA, were associated with high 
muscle yield, shear and fat content.  
These findings suggest an essential role of microRNA in regulating muscle growth and fillet quality in rainbow trout. Additionally, genetic 
variation at microRNA targets will help develop genetic markers for selection. 



 
P1007: Genome Mapping, Tagging & Characterization: Aquaculture 
A New Single-Nucleotide Polymorphisms Database for Rainbow Trout Generated Through Whole Genome Resequencing of 
Selected Samples 
Guangtu Gao1, Sigbjørn Lien2, Torfinn Nome2, Thomas Moen3, Devon E. Pearse4, Gary H. Thorgaard5 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)AquaGen, Aas, Norway, (4)Fisheries Ecology Division, 
Southwest Fisheries Science Center, National Marine Fisheries Service, Santa Cruz, CA, (5)School of Biological Sciences and 
Center for Reproductive Biology, Washington State University, Pullman, WA 
Single-nucleotide polymorphisms (SNPs) are highly abundant markers, which are broadly distributed in animal genomes. For rainbow trout, SNP 
discovery has been done through sequencing of restriction-site associated DNA (RAD) libraries, reduced representation libraries (RRL), RNA 
sequencing, and whole-genome re-sequencing. Recently we have performed high coverage whole genome resequencing with 41 unrelated 
samples, representing a wide range of rainbow trout and steelhead populations, with 29 new samples from the US added to 12 samples that we 
previously used for SNP discovery from AquaGen (Norway). Of the 29 US samples, 11 were the Washington State University double-haploid 
lines and 18 represented wild populations with divergent migratory phenotypes. We then mapped the sequences to the new rainbow trout genome 
assembly which is based on the Swanson YY doubled haploid line. Variant calling was conducted with FreeBayes and SAMTools. SNPs were 
filtered based on their genome location, read depth on the locus, and read balance between the two alleles. Results from the two variant calling 
programs were compared and genotypes of the double haploid samples were used in detection and filtering of paralogous sequence variants 
(PSV). This new SNP database provides an important resource for new SNP array designs and whole genome association analyses. 
 
P1008: Genome Mapping, Tagging & Characterization: Aquaculture 
Antisense Long Non-Coding RNAs in Rainbow Trout: Discovery and Potential Role in Muscle Growth and Quality Traits 
Ali R. Ali1, Rafet Al-Tobasei1, 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 
Endogenous mRNA-antisense transcripts are involved in regulation of a wide range of biological processes, including muscle development and 
quality traits of terrestrial food animal species. Standard RNA-Seq can be used to identify sense-antisense transcripts. However, strand-specific 
RNA-Seq is required to resolve ambiguity in overlapping genes. To precisely identify antisense lncRNAs (AS-lncRNAs) in rainbow trout, two 
stranded RNA-Seq data sets from muscle and gill tissues were used. Applying a computational pipeline that we previously described (Al-Tobasei 
et al 2016), a total of 30,907 lncRNAs was identified; of these lncRNAs, 862 (2.79%) were transcribed from the opposite strands of protein-
coding genes in the rainbow trout genome. RNA-Seq was used to identify differential- and co-expression of AS-lncRNA-protein coding genes in 
association with 5 important growth and muscle quality traits: whole body weight (WBW), muscle yield, muscle crude fat content, shear force, 
and whiteness. Phenotypic data were collected from ~500 fish representing 98 families (5 fish/family) of a USDA growth-selected line. Muscle 
AS-lncRNAs and protein-coding genes were sequenced from 26 families showing divergent phenotypes (4 high- versus 4 low-ranked 
families/trait). AS-lncRNA and their sense genes coding for lipoprotein lipase and adipocyte plasma membrane-associated protein were 
upregulated in families showing higher WBW, fat content, muscle yield, and whiteness. Conversely, AS-lncRNA and its sense gene coding for 
response gene to complement 32 protein were downregulated in families showing increased WBW. This study highlights the role of AS-
lncRNAs in post-transcriptional gene regulation governing muscle growth and quality traits in salmonids. 
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Identification of Commercial Rainbow Trout Strains Using a SNP Panel 
Sixin Liu1, Yniv Palti1, Kyle E. Martin2, James E. Parsons2 and Caird E. Rexroad, III1, (1)USDA-ARS-NCCCWA, Kearneysville, 
WV, (2)Troutlodge, Inc., Sumner, WA 
Assessment of population genetic differentiation is critical for selective breeding of rainbow trout, and identification of fish strains is often 
required to address production issues arising on fish farms. The objectives of this study were: (1) to characterize the genetic differentiation of the 
eight Troutlodge breeding populations; and (2) to evaluate the accuracy of genetic assignment to identify Troutlodge fish using the SNP (single 
nucleotide polymorphism) panel previously developed for parentage assignment. A total of 1,732 breeders of the eight Troutlodge breeding 
populations were genotyped with the SNP panel. Both phylogenetic tree and structure analyses revealed that the odd year and even year 
populations of the same strain were closely related to each other, and the eight populations were clustered into two groups. Based on the results 
of self-assignment, 97.1% of the Troutlodge breeders were correctly assigned to the population of origin. To further evaluate the accuracy of 
genetic assignment, we also genotyped 280 egg production fish from three Troutlodge populations of known origin, 119 fish from two fish farms 
and 188 fish from four known non-Troutlodge strains. Both egg production fish and farmed fish were correctly assigned to the Troutlodge strain 
of origin. Furthermore, 185 (98.4%) out of the 188 fish from four non-Troutlodge strains could be excluded as Troutlodge fish. In conclusion, 
our previously developed SNP panel for parentage assignment is also useful for characterizing genetic differentiation and has sufficient power 
for genetic assignment of commercial rainbow trout strains used in this study. 
 
P1010: Genome Mapping, Tagging & Characterization: Aquaculture 
Identification of SNPs with Allelic Imbalances in Rainbow Trout Genetic Lines Showing Different Susceptibility to Infection 
with Flavobacterium psychrophilum 
Rafet Al-Tobasei1, Yniv Palti2, Gregory D. Wiens2 and Mohamed Salem1, (1)Middle Tennessee State University, Murfreesboro, 
TN, (2)USDA-ARS-NCCCWA, Kearneysville, WV 
RNA-Seq was used to identify coding/functional SNPs in fish from two genetic lines showing significant difference in susceptibility to 
Flavobacterium psychrophilum (Fp); the causative pathogen of the salmonid’s bacterial cold water disease (BCWD).  
Whole-body fish fry representing resistant and susceptible genetic lines were collected at day-1 and day-5 post-challenge with Fp- versus PBS-
injection. 16 RNA-Seq libraries (representing genetic-line X infection status X day of infection) were mapped to the rainbow trout genome. SNPs 



were predicted using GATK pipeline. A total of 246,506 SNPs were identified in all fish groups. About 57% of the SNPs were distributed in 
18,679 genes and the rest of the SNPs were intergenic. Pairwise comparison between the genetic lines and different infection statuses was used to 
identify SNPs with allelic imbalances at cut-off values of >2.0 as an amplification and <0.5 as loss of heterozygosity.  
In resistance verse susceptible lines (regardless of the infection status/day), there were 4,737 SNPs. In the PBS-injected resistance verse 
susceptible fish, there were 6,463 SNPs. In the Fp-infected resistance verse susceptible fish, there were 5,230 SNPs. In the day-1 versus day-5 
Fp-infected fish, there were 2,747 SNPs. In the Fp- verse PBS-injected fish, there were 2,535 SNPs.  
Genome distribution of the SNPs with allelic imbalances exhibited high density in several chromosomes, especially chromosome 9 and 28. The 
SNPs identified in this study were included in a new SNP-chip for genomic and genetic analyses in rainbow trout. The SNP-chip will be used to 
verify genetic markers predictive of resistance to BCWD. 
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Genome-Wide Association Analysis of Bacterial Cold Water Disease Resistance in Rainbow Trout Reveals the Potential for 
a Combined Approach between Genomic Selection and Marker Assisted Selection 
Yniv Palti1, Roger L. Vallejo1, Kyle E. Martin2, Jason P. Evenhuis1, Guangtu Gao1, Sixin Liu1, Gregory D. Wiens1, Timothy D. 
Leeds1 and James E. Parsons2, (1)USDA-ARS-NCCCWA, Kearneysville, WV, (2)Troutlodge, Inc., Sumner, WA 
Genomic selection (GS) incorporates dense SNP marker genotypes with phenotypic data from related animals to predict animal-specific genomic 
breeding value (GEBV). Marker assisted selection (MAS) uses DNA markers linked to positive alleles at a single locus with a major effect on 
the total genetic variation for the trait. The genotyping cost associated with the application of MAS is lower than GS, but to date, it has only been 
effective for traits with single major-effect genes such as IPNV resistance in Atlantic salmon. Here, using a commercial rainbow trout breeding 
population, we conducted genome-wide association study (GWAS) to identify loci that account for at least 1% of the genetic variation for 
bacterial cold water disease (BCWD) resistance in a laboratory disease-challenge model. Combining the results from two GWAS models 
(weighted ssGBLUP and BayesB) we identified seven chromosomal regions with moderate to major effect on four different chromosomes 
(Omy03, 05, 08 and 25). We then evaluated the accuracy of GEBV predictions comparing 8 SNP configurations (45K, 10K, 3K, 1K, 500, 300, 
200, and a panel of 70 SNPs flanking the moderate-major QTL identified by GWAS). As expected, reducing the SNP density reduced the 
accuracy of the genomic predictions, but the panel of the 70 QTL-flanking SNPs had an accuracy of 0.66, which was only slightly lower than the 
accuracy of 0.71 from the full dataset of ~45K SNPs and was equal to the accuracy from the 10K SNPs configuration. Using a panel of only 70 
QTL-flanking SNPs, we doubled the accuracy of the pedigree-based BLUP model predictions; however, further evaluation is required as we are 
currently uncertain of the extent of linkage disequilibrium between these SNPs and the BCWD resistance QTL from one generation to the next. 
 
P1012: Genome Mapping, Tagging & Characterization: Aquaculture 
Third Generation Sequencing: Unraveling the Genome and the Immunoglobulin Superfamily Genes in Catfish (Ictalurus 
punctatus) 
Sylvie M.A. Quiniou, USDA-ARS, Stoneville, MS, Eva Bengten, University of Mississippi Medical Center, Jackson, MS, 
Christophe Klopp, INRA, Castanet-Tolosan, France, Bryan M. Musungu, USDA-ARS, stoneville, MS and Mekki Boussaha, INRA 
UMR1313 Animal Genetics and Integrative Biology, Jouy en Josas, France 
The Immunoglobulin Superfamily (IgSF) gene regions have been amongst the most challenging ones to sequence and assemble due to the 
presence of multiple duplications and repetitive regions. The advent of third generation sequencing has enabled resolving most of these issues. 
We undertook sequencing of the major IgSF gene loci in catfish using Pacific Biosciences long read sequencing. First, we sequenced the genome 
of a meotic gynogenetic fish (CCBL1) for which we already had a BAC library and a physical map. Second, to ensure accuracy and contiguity of 
the large IgSF gene loci, we also sequenced 180 BACs, in parallel. The de novo genomic assembly produced a map of 1319 contigs with a N50 
of 4.4Mb and a L50 of 50. Currently approximately 92% of the genome is anchored by a high density linkage map. Reintegration of the genome 
with the physical map and its 43,000 associated BES should further increase the anchoring by several percentages. Through BAC sequencing we 
assembled the regions encoding the antigen receptors of adaptive immunity: Immunoglobulin Heavy chains, the σ, κ and λ Immunoglobulin 
Light chains, the α, β, δ, and γ T cell receptors, as well as the major histocompatibility I and II. In addition, we also assembled the loci encoding 
teleost specific innate immune regulatory receptor families such as the LITRs, NITRs, PIGRLs and NILTs. The genome assembly results and the 
structural organization of IgSF gene regions will be presented.  
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The Intestinal Immune Responses of Channel Catfish Against Live Attenuated Edwardsiella ictaluri Vaccines 
Nawar Al-Janabi, Hossam Abdelhamed, Jingjun Lu, Iman Ibrahim, Wes Baumgartner, Lesya Pinchuk, Mark Lawrence and Attila 
Karsi, Mississippi State University, Mississippi State, MS 
Edwardsiella ictaluri is a facultative intracellular pathogen causing gastrointestinal septicemia in catfish. E. ictaluri invades catfish intestine 
within 15 minutes and establishes a systemic infection. Despite the importance of intestinal route in E. ictaluri infections, intestinal immune 
responses against E. ictaluri are largely unknown. Recently, we developed two live attenuated vaccines protecting catfish against E. 
ictaluri infection. In this work, we report catfish intestinal immune responses against E. ictaluri wild-type and attenuated vaccine strains. To 
achieve our goal, intestinal ligated loops were constructed surgically in live catfish and loops were injected with E. ictaluri strains. 
Histopathological examination showed no significant tissue damage or inflammation in the intestinal tissue exposed to the vaccine strains. In 
contrast, massive expansion of lamina propria with congested and dilated blood vessels and intestinal inflammation was observed in the intestinal 
tissue exposed to wild-type E. ictaluri. Also, immunohistochemical staining revealed a moderate level of neutrophil and B cell infiltration in the 
vaccine injected intestinal tissue compared to that of wild-type injected intestinal tissue. We further assessed the expression levels of IL-1β, IL-8, 
TNF-α, CD4-1, and CD8-α in catfish intestine injected with E. ictaluri strains using quantitative real-time PCR. Vaccine exposed tissue showed 
significantly lower expression of TNF-α, CD4-1, and CD8-α compared to that of the wild-type exposed tissue. All these data suggest that our 
live attenuated vaccines are capable of priming immune responses in catfish without causing damage to the host. 
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A Genome-Wide Association Study Reveals A Region Associated With Body Weight In Catfish 
Ning Li1, Tao Zhou1, Xin Geng1, Yulin Jin2, Xiaozhu Wang1, Shikai Liu1 and Zhanjiang Liu1, (1)Auburn University; The Fish 
Molecular Genetics and Biotechnology Laboratory, Auburn, AL, (2)Auburn University, Auburn, AL 
Growth is perhaps the most important economic trait. Fast growing fish not only increase production, but also have a better survival rate. 
Growth-related traits have been known to be quantitative traits in many species, but how growth is controlled in catfish was not known. Catfish is 
the major aquaculture species in the United States, accounting for over 60% of the US aquaculture production. In this study, we conducted a 
genome-wide association study (GWAS) for catfish body weight using the 250K SNP array with 556 backcross progenies generated from 
backcross of male F1 hybrid (female channel catfish x male blue catfish) with female channel catfish. A genomic region (approximately 1 Mb) 
on linkage group 5 was found to be significantly associated with body weight. Several genes in the associated region are known to be involved in 
muscle and bone development, some of which were reported to be associated with obesity in humans and pigs, suggesting that the functions of 
these genes may be evolutionarily conserved in controlling body weight. The results provide a basis for application of marker-assisted selection 
in catfish. Additional fine mapping or functional studies should allow identification of the causative gene for fast growth in catfish, and 
elucidation of molecular mechanisms of regulation of growth in fish. 
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A Genome-Wide Association Study of Heat Stress-Associated SNPs in Catfish 
Yulin Jin1, Tao Zhou2, Xin Geng1, Shikai Liu1, Ailu Chen1, Jun Yao1, Chen Jiang1, Suxu Tan1, Baofeng Su1 and Zhanjiang Liu2, 
(1)Auburn University, Auburn, AL, (2)Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, Auburn, 
AL 
Heat tolerance is a complex and economically important trait for catfish genetic breeding programs. Ongoing global climate change will lead to a 
continuous rise in temperature, which may become a major stressor for fish living in natural or artificial systems. The hybrid catfish is expected 
to have a higher heat tolerance performance than that of the channel catfish (Ictalurus punctatus) because blue catfish (I. furcatus) has a more 
southern distribution than does channel catfish. To better understand the molecular basis of heat stress, a genome-wide association study 
(GWAS) was carried out using the 250K catfish SNP array with 192 interspecific backcross progenies derived from crossing female channel 
catfish with male F1 hybrid catfish (female channel catfish × male blue catfish). Three significant associated SNPs were detected by GWAS 
analysis. The SNP located on linkage group 14 explained 12.1% of phenotypic variation. The other two SNPs, located on linkage group 16, 
explained 11.3% and 11.5% of phenotypic variation, respectively. A total of 14 genes with heat stress related functions were detected within the 
significant associated regions. Among them, five genes—TRAF2, FBXW5, ANAPC2, UBR1 and KLHL29— have known functions in the protein 
degradation process through the ubiquitination pathway. Other genes related to heat stress included genes involved in protein biosynthesis 
(PRPF4 and SYNCRIP), protein folding (DNAJC25), molecule and iron transport (SLC25A46 and CLIC5), cytoskeletal reorganization 
(COL12A1) and energy metabolism (COX7A2, PLCB1 and PLCB4) processes. The results provided insights into potential genes and pathways 
involved in heat stress responses. 
 
P1016: Genome Mapping, Tagging & Characterization: Aquaculture 
Genome Biology of Maraena Whitefish (Coregonus maraena) for Preservation of Baltic Fish Biodiversity 
Tom Goldammer1, Ronald M. Brunner1, Alexander Rebl1, Frieder Hadelich1, Andreas Brietzke1, Andreas Borchel2, Simone 
Altmann1 and Mareen Nipkow1, (1)Leibniz Institute for Farm Animal Biology (FBN), Dummerstorf, Germany, (2)SLRC-Sea Lice 
Research Centre, Department of Biology, University of Bergen, Bergen, Norway 
Maraena whitefish (Coregonus maraena, Bloch, 1779) is a high-quality food fish belonging to the family Salmonidae with considerable 
economical relevance in the Baltic area. Due to men-caused habitat loss and some unsustainable restocking activities over the last decades, 
natural reproduction of whitefish populations of the Southern Baltic in the adjacent Odra river basin (about 124,000 km²) has almost come to a 
halt. The fish is registered as vulnerable species on the IUCN red list. Therefore, aquaculture of local maraena whitefish populations is 
fundamental for the successful conservation of genetic variability and thus sustainable fisheries as well as preservation of biodiversity. Robust 
fishes obtained from breeding lines build the basis for effective aquaculture. Doubtlessly, the utilization of genome sequencing techniques and 
the identification of genetic bioindicators can contribute to this aim. This, and unavailable gene or genome sequence information in databases for 
further research made the structural analysis of the maraena whitefish genome to a central goal of our research. In a comprehensive sequencing 
approach, we combined transcriptome sequencing (Roche 454 FLX Titanium), short-read genome sequencing (Illumina HighSeq) and long-read 
DNA sequencing (PacBio) of maraena whitefish. While genome sequence assembly is on its way, first results are presented and obstacles of this 
analysis are discussed. 
 
P1017: Genome Mapping, Tagging & Characterization: Aquaculture 
High Throughput SNP Genotyping of White Sturgeon: A Polyploid Species in Conservation and Aquaculture 
Nathan Campbell, Shawn Narum and Andrew P. Matala, Columbia River Inter-Tribal Fish Commission, Hagerman, ID 
Genotyping in thousands by sequencing (GT-seq) is a high throughput and cost effective technique for genotyping thousands of individual 
samples at several hundred loci using Illumina sequencing. This method was originally developed for genotyping diploid organisms but the 
stability of allele specific signal using this technique make it amenable for genotyping organisms of higher ploidy levels. Specifically, primers 
are designed such that neither allele is preferentially amplified and a sufficient amount of DNA is interrogated that the relative counts for each 
allele reflect genomic copy number. Still, accurate determination of nine different genotypic categories for any given SNP locus in the reportedly 
octoploid White sturgeon genome was a significant obstacle. During initial testing of GT-seq in this organism, SNP loci clustered into five 
categories rather than nine, simplifying genotyping and suggesting a tetraploid rather than octoploid genome structure. Here we describe the 
development of a panel of primers suitable for targeted SNP genotyping by GT-seq in White sturgeon (Acipenser transmontanus). We also 
present a modified GT-seq genotyping pipeline for use with polyploid organisms. 
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Cloning the Candidate Genes for Benedenia Disease Resistance in Japanese Yellowtail (Seriola quinqueradiata) 
Yusuke Takeuchi1, Masatoshi Nakamoto1, Akiyuki Ozaki2, Kazunori Yoshida3, Kazuo Araki2 and Takashi Sakamoto1, (1)Tokyo 
University of Marine Science and Technology, Tokyo, Japan, (2)National Research Institute of Aquaculture - National Research 
Development Agency, Mie, Japan, (3)Seikai National Fisheries Research Institute - National Research Development Agency, 
Nagasaki, Japan 
The production of cultured Japanese yellowtail approximately accounts for 60% of marine finfish aquaculture in Japan. Benedenia disease 
caused by infected with Benedenia seriolae is a serious parasitic disease for yellowtail in aquaculture, and it is very hard to remove parasites from 
their bodies. Therefore, as a drastic resolution, we have been trying to establish benedenia disease resistant strains and identify the genes 
associated with benedenia disease resistant (BD-R). In the previous study, QTL analysis against BD-R F1 families was shown the most 
significant BD-R QTLs on linkage group Squ2. This QTL region was covered with 7 BAC clones. The sequence of this region was obtained by 
next generation sequencing using BAC clones and assembled into 22 contigs. In this study, we determined approximately 520 kbps complete 
sequence of this QTL region by closing the gaps between the contigs. Candidate genes were predicted by GENSCAN and Augustus software in 
this region. Then those sequences of the predicted genes were searched against the database of NCBI by using BLAST search and characterized 
protein. And we tested the gene expression of those characterized proteins in skin by RT-PCR. We have performed RACE (Rapid amplification 
of cDNA ends) method in order to obtain the full-length cDNA sequence on some of the expressed genes. 
 
P1019: Genome Mapping, Tagging & Characterization: Aquaculture 
A High Quality Assembly of the Nile Tilapia (Oreochromis niloticus) Genome Provides Insights into the Structure of Two 
Sex Determination Regions 
Matthew A. Conte1, William J Gammerdinger1, David J. Penman2 and Thomas Kocher1, (1)University of Maryland, College Park, 
MD, (2)Institute of Aquaculture, University of Stirling, Stirling, United Kingdom 
Tilapias are the second most farmed fishes and an important source of protein around the world. Here we report a high-quality assembly of the 
tilapia genome to support research on traits relevant to aquaculture. We sequenced a homozygous clonal XX female tilapia (Oreochromis 
niloticus) to 44x coverage using PacBio sequencing. We developed 37 candidate assemblies using two different algorithms and a variety of 
parameter settings. We evaluated the quality of these assemblies using likelihood scores calculated from complementary datasets across several 
genomic scales. Principal component analysis was used to select an assembly with a contig NG50 of 3.3Mb. We used physical and genetic maps 
to anchor this assembly to linkage groups (LGs) and to identify 34 likely misassemblies. Each putative misassembly showed a signature 
consisting of high sequence variation in the aligned PacBio reads, as well as low physical coverage in a complementary 40kb-insert Illumina 
library. The sites of these misassemblies contained long (>50kbp) stretches of several different complex transposable element nested repeats. 
Several border large centromeric satellite repeats, which have now been partially assembled for the first time. The overall repeat landscape of the 
tilapia genome, particularly recent transposable element insertions, is now well represented. The final assembly has a contig NG50 of 3.1Mb, a 
total size of 1.01Gbp, and 868.6Mbp of anchored LGs. Finally, the new assembly provides insights into the structure of an ~9Mbp XY sex-
determination region on LG1 in O. niloticus, and a large (~50Mbp) WZ sex-determination region on LG3 in the related species O. aureus. 
 
P1020: Genome Mapping, Tagging & Characterization: Aquaculture 
Development and Application of a High Density SNP Array for Oysters 
Alejandro P. Gutierrez1, Frances Turner2, Tim P. Bean3, Karim Gharbi2 and Ross D. Houston1, (1)The Roslin Institute and 
R(D)SVS, University of Edinburgh, Midlothian, United Kingdom, (2)Edinburgh Genomics, University of Edinburgh, Edinburgh, 
United Kingdom, (3)CEFAS, Weymouth, United Kingdom 
Single nucleotide polymorphism (SNP) arrays have enabled high resolution genetic studies and the application of genomic selection in breeding 
programs for several livestock and aquaculture species. Pacific oyster (C. gigas) is one of the most important aquaculture species worldwide, 
with a production in 2014 of > 625 K tonnes. The European flat oyster (O. edulis) is farmed in smaller volumes, but is an important native 
species in several countries. Extensive genomic resources exist for oysters, but no high density SNP array is available. The goal of the current 
study was to create and characterize a high-density SNP array for these two oyster species. SNPs were discovered by whole genome sequencing 
of pooled samples from eight diverse C. gigas populations, and RAD Sequencing of 11 diverse O. edulis populations. Tens of millions of 
candidate SNPs were filtered to favour those with intermediate allele frequency, high coverage across populations, monomorphic flanking 
regions, even distribution across the genome, and SNP conversion probability score. The final array was tested on the SNP discovery samples 
(n=384), showing 25K validated SNPs for C.gigas and 11K validated SNPs for O.edulis; these being informative SNPs with high call rate and 
clear cluster separation. The first application of this combined-species oyster array is to map genes affecting resistance to Oyster Herpes Virus 
(OsHV-1 µvar) from a large-scale challenge of commercial C. gigas oyster families. 
 
P1021: Genome Mapping, Tagging & Characterization: Aquaculture 
Determination of Genetic Sex in Seriola ialandi ialandi Using Whole Genome Sequencing 
Victor Martinez1, Phillip Dettleff1, Sebastian Escobar2 and Pedro Zamorano3, (1)FAVET-INBIOGEN-University of Chile, 
santiago, Chile, (2)University of Chile, santiago, Chile, (3)Universidad de Antofagasta, Antofagasta, Chile 
Sex assignment is a critical issue in aquaculture for the development of broodstock populations. We used whole genome sequence of about 45 
individuals in order to assess to what extent is possible to assign sex using differential haplotypes between sexes, for specific regions of the 
genome. Whole genome assembly of a single male and female were carried out, using different library preparations with an expected genome 
coverage of 50x. The data was mapped to either genome assembly in order to retrieve specific sex sequences based on the expected sex 
determination mechanisms (WW (male) WZ (female)) as observed for the Seriola genus. Several regions appear to be specific for the female 
assembly. We further perform GWAS as well as Fst analysis, based on the expected alleles distribution observed in each sex. A single region of 
about 2 kb harboring two haplotypes in close proximity, that can fully predict the sex of the broodfish. We developed an HRM protocol that 
accurately predicted the phenotypic sex observed in a broodstock population. Furthermore, these findings closely match histological data. 



Overall, we have found two haplotypes that can precisely predict the genetic sex in this species. This data is being incorporated in the current 
development of the Seriola array and will be an important step towards the development of this resource for aquaculture. 
 
P1022: Genome Mapping, Tagging & Characterization: Aquaculture 
Progress on the Genome Characterisation of the Sydney Rock Oyster Saccostrea glomerata 
Daniel Powell1, Wayne O'Connor2, David Raftos3 and Abigail Elizur1, (1)University of the Sunshine Coast, Sippy Downs, 
Australia, (2)NSW Department of Industry, Department of Primary Industries, Taylors Beach, Australia, (3)Macquarie University, 
North Ryde, Australia 
The Sydney Rock oyster Saccostrea glomerata is endemic to Australia and New Zealand and, like the more common Pacific oyster, is 
considered a delicacy in restaurants around the world. For over a century, oyster farming has been the most valuable aquaculture industry in the 
state of New South Wales, Australia, where production of S. glomerata reached over AUD$34 million for 2014/2015. Pressures from disease and 
environmental stress are major challenges to oyster culture and, like many shellfish, the molecular mechanisms underpinning responses to these 
burdens have yet to be uncovered. Here we present a draft of an estimated 0.8 Gb haploid genome using approximately 300X coverage of 
illumina small insert paired-end libraries and three mate-pair libraries of 3, 6 and 10 Kb in size. Generation of a Chicago library and HiRise 
scaffolding from Dovetail Genomics was undertaken to overcome high levels of repetitiveness. The draft assembly has a total sequence length of 
788 Mb, a scaffold number of 10,108 with an N50 of 804 Kb. More than 94 % of the assembly resides in scaffolds larger than 50 Kb and over 70 
% of reads from six stranded RNA-Seq libraries mapped to the assembly. Ongoing efforts include refining gene models using previously 
generated transcriptome data. The draft genome will serve as a platform for genetic breeding programs, facilitating further research to improve 
important traits such as disease resistance, growth and reproductive performance. 
 
P1023: Genome Mapping, Tagging & Characterization: Aquaculture 
A Genomic Toolbox (Genome, Transcriptome and GBS) for the New Zealand Greenshell™ Mussel (Perna canaliculus) 
Rachael Ashby1,2, Hayley Baird2, Rudiger Brauning3, Rayna Anderson2, Tracey Van Stijn2, Kim Rutherford1, Chris Brown4, Neil 
Gemmell1 and Shannon Clarke3, (1)University of Otago, Department of Anatomy, Dunedin, New Zealand, (2)AgResearch Ltd, 
Invermay Agricultural Centre, Mosgiel, New Zealand, (3)AgResearch, Invermay Agricultural Centre, Mosgiel, New Zealand, 
(4)University of Otago, Department of Biochemistry, Dunedin, New Zealand 
Aquaculture is a growing industry globally, but a lack of genomic resources limits effective genetic selection in this sector. The Greenshell™ 
Mussel (GSM) is an endemic mollusc of economic importance for the New Zealand aquaculture industry. The GSM breeding program requires a 
panel of single nucleotide polymorphism (SNP) markers for assessment of genetic diversity and differentiation, parentage assignment, inbreeding 
estimation, genomic selection and genome wide association studies. However, mussels are highly heterozygous species, which reduces the 
accuracy of identifying SNPs without a reference genome. There are currently only 10 mollusca genomes publically available; only two are for 
mussel species and these are only partially assembled. We have tested and defined an optimal pipeline to assemble a draft genome of GSM using 
a combination of Illumina short reads and Illumina TruSeq Synthetic Long-Reads. This assembly is a massive improvement on currently 
available genomes for mussels (77% partial CEGMA genes compared with 43% in the published Mytilus galloprovincialis assembly). In 
addition, we have assembled the GSM transcriptome and used this to further scaffold our genome assembly. This is the first genome assembly 
for the Perna genus and the first transcriptome for GSM. The genome has been utilized to develop an optimised Genotyping-by-Sequencing 
(GBS) pipeline to enable and enhance the productivity of GSM and potentially other species.  
 
P1024: Genome Mapping, Tagging & Characterization: Aquaculture 
Development of a Genotyping-in-Thousand by Sequencing (GT-seq) Panel for Chilean Blue Mussel with Applications in 
Traceability 
Cristian Araneda1, M. Angelica Larrain2, Nathan Campbell3, Felipe Jilberto1, Qingchao Wang4 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, (4)Huazhong 
Agricultural University, College of Fisheries, Wuhan, China 
Genomics technology allows development of thousands of SNP markers in non-model species in a fast and affordable way. However, genotyping 
thousands of SNPs is unnecessary for many studies, and can be difficult, time consuming and expensive if only a small panel of markers is 
necessary to address research questions. GT-seq is a method for amplicon sequencing a relatively small number of SNP in many samples based 
in NGS technology. Here we developed a GT-seq panel of 90 SNPs for Mytilus chilensis and tested it in 576 samples of M. chilensis, M. 
galloprovincialis, M. edulis, M. trossulus, and mixed populations collected in Chile, California, Canada, China, Falkland Islands, Poland, and 
Spain. Initially 153 SNPs were evaluated for inclusion in the GT-seq panel. By evaluating results of a test plate, we selected loci with high 
genotyping rates (>75%) and concordance (>75%) with a previous genotyping method (Sequenon® or RAD-seq). Missing genotypes from 
RAD-seq data were the cause of most of the discrepancies between methods as opposed to discordant genotypes. The final GT-seq panel 
included 16 EST-SNPs and 74 RAD-SNPs. These SNPs were tested for species identification, assignment of individuals to geographical origin 
(only in Chilean samples), and temporal stability of allele frequencies in two Chilean populations. For species identification, 46 loci were 
included in the panel differentiating M. chilensis from other mussels. Also promising results were obtained in testing geographical origin with the 
90 SNP panel, but more SNPs are necessary to improve accuracy for fine scale applications of traceability. FONDECYT 1130302 
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Development of a Genomic Toolkit for Haliotis species  
Arun S. Seetharam1, Catherine Purcell2, Rick Masonbrink1, Andrew J. Severin1 and John Hyde2, (1)Iowa State University, Ames, 
IA, (2)Southwest Fisheries Science Center, National Marine Fisheries Service, La Jolla, CA 



Commercial abalone aquaculture has greatly expanded over the past decade, becoming a thriving global industry valued at over $100 million 
USD. Abalone is one of the few species where culture production dominates the global market as a result of increasing demand and declining 
natural stocks from overexploitation and disease. U.S. abalone production is also growing due to high market value and demand. Most farms 
operating in California utilize three native west coast species: red abalone (Haliotis rufescens), green abalone (H. fulgens), and pink abalone (H. 
corrugata). These species differ in commercially important traits that are key to culture expansion in California and improved production 
efficiency (e.g., growth rate, disease resistance, thermal tolerance). Despite previous genetic work, improvement to abalone production is limited 
by the available genomic data. Here, as a first step in developing genomic resource, we report draft genome assemblies for red, green, pink and 
black abalone (H. cracherodii) species. The initial assemblies were generated from paired end data with the estimated coverage of 63X, 64X, 
50X and 49X for red, green, pink and black respectively. Platanus (version 1.2.4) was used to generate contigs. We plan to use Dovetail Chicago 
libraries to assemble these contigs to scaffold, to further improve the genome assembly and to conduct comparative genomic analyses of these 
genomes. 
 
P1026: Genome Mapping, Tagging & Characterization: Canine and Feline 
What's Your Breed Puppy? Genomic Breed Definition for Dogs 
Tamer A. Mansour1, Joshua Stern2, Sara Thomasy3, Emily Brown1, Noa Safra1, Karen Vernau3, Jodi Westropp2, Claire Wade4, 
Stan Marks2, Chris Murphy3, C. Titus Brown1 and Danika Bannasch1, (1)Department of Population Health and Reproduction, 
School of Veterinary Medicine, University of California Davis, Davis, CA, (2)Department of Medicine and Epidemiology, School 
of Veterinary Medicine, University of California Davis, Davis, CA, (3)Department of Surgical and Radiological Sciences, School of 
Veterinary Medicine, University of California Davis, Davis, CA, (4)School of Life and Environmental Sciences, Faculty of 
Veterinary Science, University of Sydney, Sydney NSW, Australia 
Artificial selection of dog breeds has introduced breed specific characteristics and specific disease predispositions. Many of those phenotypes can 
be explained by fixed monogenic alleles or enrichment for few large-effect variants in each breed because of small founder populations. Classical 
array based GWAS studies to identify these causative mutations is challenging. Whole genome sequencing (WGS) and subsequent investigation 
of candidate genes could represent a more powerful approach to identify breed-specific mutations that are responsible for breed predisposition to 
diseases.  
In this study WGS of 100 dogs from 23 breeds enabled us to identify ~22 million high quality variants. Ten breeds that have at least 4 unrelated 
dogs were selected to identify their genomic profiles. These breeds are Labrador retriever, Toller, Golden retriever, Bulldog, Weimaraner, 
Whippet, Boxer, Newfoundland, Pug, and Rottweiler. Within each breed, pruned SNPs were used to estimate inbreeding coefficients (mean: 
0.169, range: -0.005 to 0.289) and pairwise Identity by Descent (maximum PI-HAT < 0.07). SNPs and indels were used independently to create 
breed-specific genomic profiles by calculating the frequencies of alternative alleles of high quality bi-allelic variants. Hierarchal clustering of 
genome-wide allele frequencies was able to delineate the underlying genetic relatedness of tested breeds. PLINK software was used to perform 
genome wide association analysis. For indels to fit PLINK input, they were converted into fake SNPs by homemade scripts. A false discovery 
rate of 0.05 was used to select significantly associated variants, which were then further filtered to select those with more than 50% difference in 
the allelic frequency between the tested breed and all other dogs. On average, there are ~500k and 100k breed-specific SNPs and indels 
respectively. About half of these variants occur within 5kbs of the boundaries of the Ensembl annotated transcripts. According to VEP tool, each 
breed has 148 and 1360 variants with expected high and moderate effects on their gene functions respectively. 
 
P1027: Genome Mapping, Tagging & Characterization: Canine and Feline 
Population History and Northern Recolonization in a Generalist Carnivore: The Scandinavian Red Fox 
Karin Noren and Johan Wallén, Stockholm University, Stockholm, Sweden 
Historical events are important factors influencing the present distribution and possibly also the ecological niche of many species and 
populations. The red fox (Vulpes vulpes) is a classical generalist species, distributed from deserts to Arctic tundra. Little is however known about 
the history of red foxes in Scandinavia, where red foxes are distributed from nemoral forest in the south to Arctic tundra in the north. The 
Scandinavian Peninsula was covered by ice during the last glacial maximum. Using mitochondrial and Y chromosome data, we investigate where 
red foxes survived the last ice age and how Scandinavia was recolonized when the ice sheet melted. We specifically test for the occurrence of a 
southern, eastern or cryptic, northern refugium and discuss its’ impact on present ecology. 
 
P1028: Genome Mapping, Tagging & Characterization: Canine and Feline 
Inbreeding Depression and Genetic Rescue in a Critically Endangered Carnivore 
Karin Noren, Stockholm University, Stockholm, Sweden 
Harmful effects arising from inbreeding is a long-standing observation that is well founded in theory. Empirical evidence in natural populations 
is however rare because of the challenges of assembling pedigrees supplemented with fitness traits. Furthermore, effects of gene flow on fitness 
and population growth (genetic rescue) in inbred populations is another aspect that is difficult to document under natural conditions. Here, we 
use a combination of genetically verified pedigree and analysis of fitness during a 15 years to investigate the occurrence of inbreeding depression 
and subsequent genetic rescue arising from immigration into a critically endangered and bottlenecked arctic fox (Vulpes lagopus) population in 
Sweden. Results show high levels of inbreeding and severe inbreeding depression affecting fundamental fitness traits during a period of isolation. 
Immigration by three unrelated males however reduce inbreeding levels significantly and first-generation outbred individuals display higher 
fitness than inbred individuals. During the same time period, the population undergo a pronounced increase in size. Based on this, we test the 
consequences of inbreeding and genetic rescue on individual fitness and population demography. 
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Analysis of Large Versus Small Dogs Reveals Three Genes on the Canine X Chromosome Associated with Body Weight, 
Muscling Trait and Back Fat Thickness in Dogs 



Jocelyn Plassais1, Maud Rimbault1, Falina J. Williams1, Jeffrey J. Schoenebeck2 and Elaine A. Ostrander1, (1)NIH-National 
Human Genome Research Institute, Bethesda, MD, (2)The Roslin Institute and Royal (Dick) School of Veterinary Studies, 
Midlothian, United Kingdom 
Domestic dog breeds display significant diversity in both body mass and skeletal size, resulting from intensive selective pressure during the 
formation and maintenance of modern breeds. While previous studies focused on the identification of alleles that contributes to small skeletal 
size, little is known about the underlying genetics controlling large sizes. We first performed a genome wide association study (GWAS) using the 
Illumina Canine HD 170,000 SNP array which compared large dog breeds, defined as having a Standard Breed Weight > 41kgs (90 lbs) and 
which included 165 dogs from 19 breeds to 690 dogs from 69 smaller breed (SBW<41kgs [90 lbs]). We identified two loci on the canine X 
chromosome that were strongly associated with large body size at 82-84 Mb and 101-104 Mb. Whole genome sequencing (WGS) data from 163 
dogs revealed two indels in the Insulin Receptor Substrate 4 (IRS4) at 82.2 Mb and two mutations (one SNP and one deletion of a single codon) 
in ImmunoGlobulin Superfamily member 1 gene (IGSF1) at 102.3 Mb. IRS4 and IGSF1 are members of the GH/IGF1 pathway whose roles 
include determination of skeletal size. We also found one SNP in the 5’UTR of Acyl-CoA Synthetase Long-chain family member 4 (ACSL4) as 
82.9 Mb, which controls the traits of muscling and back fat thickness. We show by Sanger sequencing of 27 wolves and 977 dogs from 105 
breeds of varying body size that strong and ancient contributions to increased mass and skeletal size derive from variants within IRS4, ACSL4 
and IGSF1. 
 
P1030: Genome Mapping, Tagging & Characterization: Canine and Feline 
Novel Dog Genome Content Revealed By Pseudo-De Novo Assembly of Unmapped Sequence Reads 
Lindsay A. Holden1, Mejhari Arumilli2, Marjo K. Hytönen2, Hannes Lohi2 and Kim H. Brown1, (1)Portland State University, 
Portland, OR, (2)University of Helsinki and Folkhälsan Institute of Genetics, Helsinki, Finland 
Dog breeds have distinct genetic backgrounds due to historical breeding practices targeted towards desired traits. Intense selective breeding for 
behavioral and physical characteristics unintentionally unmasked many genetic diseases. The dog reference genome is relied upon to understand 
the genomic components of heritable disease, yet is based on a single female Boxer, remains poorly annotated, and lacks most breed-specific 
variants. To examine variation not included in the reference genome, we evaluated whole genome sequence from 26 Border Collies. Raw 
sequence reads were trimmed on quality score and aligned to the reference genome. 7% of paired reads aligned discordantly and 1% of paired 
and orphaned reads did not align to the Boxer genome and were de novo assembled using MIRA. Primary assembly produced an average of 
454,934 contigs covering 143.5 Mb with an N50 of 301. All primary assembly contigs were assembled into a secondary assembly producing 
124,488 contigs covering 125.9 Mb of non-redundant sequence with an N50 of 1158. BLASTn of 1000 randomly selected secondary assembly 
contigs against NCBI's non-redundant nucleotide database showed that 28% of contigs have no known matches in sequenced species and 9% of 
contigs preferentially align to the human genome over the dog genome. This study reveals novel genomic content present in Border Collies that 
does not exist in the Boxer reference genome. Extending the dog genome by including information found in unmapped reads may prove critical 
in understanding the breed identity and the genetic component of diseases shared by humans and dogs. 
 
P1031: Genome Mapping, Tagging & Characterization: Canine and Feline 
Insights into 100+ Domestic Cat and Wild Felid Genomes 
Leslie A. Lyons, University of Missouri-Columbia, Columbia, MO 
The 99 Lives Cat Genome Sequencing Consortium was initiated in 2014 and has now reached its goal of over 100 high-quality genomes from 
domestic cats. Over 90% of genomes are 30x coverage, with a minimum of 20x coverage, and produced using only 100 – 150 bp paired-end 
reads from PCR-free libraries using Illumina HiSeq sequencing technology. The genome dataset is comprised of 114 domestic cats, including at 
least 22 breeds, a representative from the ten racial populations of cats, four parent-offspring trios, and a few affected sib-pairs. Over 20 
investigators have contributed sequences to the consortium, as well as three industry partners. Funding has been provided by various contributors 
for each investigator, the Winn Feline Foundation, the National Geographic Foundation, and industry. Nearly 50% of wild felid species are 
represented within the dataset including cats from the domestic cat, leopard cat, puma, lynx, caracal, and panthera lineages. The 99 Lives dataset 
has led to the discovery of DNA variants likely causal for congenita Myasthenic syndrome, progressive retinal atrophy, bobtailed tail, and a 
novel form of Niemann-Pick Type C in domestic cats, and a retinal degeneration in Black-footed cats and as well as several other traits that are 
yet unpublished. The dataset has allowed the identification of a vast array of variants in the cat genome that can support the development of a 
high-density DNA array. Goals are to include at least one representative from each cat breed and species, and to continue variant discovery for 
diseases and traits in the felids. 
 
P1032: Genome Mapping, Tagging & Characterization: Canine and Feline 
Rapid Interspecific Evolution of the Ampliconic Regions on Felid Sex Chromosomes 
Wesley A. Brashear, Terje Raudsepp and William J. Murphy, Texas A&M University, College Station, TX 
The ampliconic regions of mammalian sex chromosomes are among the most rapidly evolving in the genome. The highly repetitive nature of 
these regions makes them exceedingly difficult to sequence using modern short-read WGS approaches, and, as a result, has led to their absence 
from all but a handful of current genome assemblies. This is troubling as these regions have major implications in meiotic drive systems, male 
fertility, and inter-specific hybridization. We have used an integrated approach combining cDNA libraries, RNA-Seq, FISH, BAC clone 
sequencing, and bioinformatic analyses to examine sex chromosome evolution within the cat family Felidae. Using this multi-pronged approach 
we have sequenced several ampliconic regions of the domestic cat sex chromosomes; uncovering several multi-kilobase, gene-rich repeated 
units. We have also identified several novel, often massively amplified, gene families, and uncovered copy number variations of these genes, as 
well as variations in previously reported ampliconic genes, between species across the phylogeny of Felidae. These results will aid in the 
identification of regions responsible for hybrid male sterility – a common early barrier to nascent species hybridization and thus an important 
mechanism in the evolution of new species. 
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Cat Breed Formation and the Effect of Selection on Shaping the Genome 
Hasan Alhaddad1, Mona Abdi1, Leslie A. Lyons2 and Barbara Gandolfi2, (1)Kuwait University, Safat, Kuwait, (2)University of 
Missouri-Columbia, Columbia, MO 
The domestic cat has unique population history, especially when compared to other domesticated species and their breeds. The random bred 
population serves as a reservoir for the creation of cat breeds, where artificial selection on a single or few qualitative external traits is 
implemented to positively select for aesthetics, including traits such as coat color and fur length or body morphology. Some of these traits are 
associated with genes previously identified while others remain unknown. In this study, we aim to: (1) investigate the selection history of cat 
breeds, and (2) identify genomic regions under selection and variants associated with each sweep. To achieve these objectives, we used a SNP 
genotype dataset of 2161 cats (41 breeds) genotyped using the illumina Feline-infinium 63K SNP array. As a strategy for detecting regions under 
selection within each breed, we first confirmed that regions under selection contain the known breed defining traits (ex. the presence of a sweep 
in FGF5 on chr.B1 associated with longhair in Persian). Secondly, we will explore the novel regions under selection for new variants associated 
with unidentified phenotypes. The results presented for the current stage of the study include (1) summary statistics of the breeds and autosomal 
markers used, (2) population structure and relationships among breeds, and (3) a comprehensive map of the expected genomic areas under 
selection in the domestic cat and its breeds. The outcome of the study will ultimately clarify development history of cat breeds by comparing the 
locality and intensity of genomic selection patterns. 
 
P1034: Genome Mapping, Tagging & Characterization: Cattle 
BovineMine: Integrating Ruminant Genomes 
Christine G. Elsik, Deepak R. Unni, Darren E. Hagen, Colin M. Diesh and Aditi Tayal, Division of Animal Sciences, University of 
Missouri, Columbia, MO 
BovineMine (http://BovineGenome.org/bovinemine) is a data mining and warehousing system based on InterMine. BovineMine provides a 
simple report-like interface for genomic entities such as genes, transcripts, proteins and variants. Users can explore the data using predefined 
query templates, or can construct complex queries using the QueryBuilder tool. Query results are provided as tables that can be filtered, 
reorganized, expanded to include more information, and downloaded in various formats. The List and Genomic Regions tools allow users to 
upload lists of identifiers or chromosome coordinates, respectively, to create custom integrated datasets. Functions such as List Intersection are 
useful for meta-analyses.  
BovineMine data includes gene annotations (NCBI RefSeq, Ensembl, official gene set), protein annotations (UniProt), protein domain and 
families (InterPro), orthologs (OrthoDB, TreeFam, EnsemblCompara, HomoloGene), pathway information (Reactome, KEGG), interactions 
(BioGRID), GO annotations (GO Consortium, UniProt), QTL (AnimalQTLdb), tissue-specific gene expression (SRA), SNP (dbSNP), and 
computed SNP annotations. We have recently expanded BovineMine to include information for other ruminant species (sheep and goat). 
Researchers can use orthology to integrate information across the ruminants and leverage model organisms (human, mouse and rat) for pathways 
and interactions. 
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Comparative Assembly of Mammalian Genomes: Bovidae 
Samathmika Ravi1, Meeta Sunil2 and Subhashini Srinivasan2, (1)Institute of Bioinformatics and Applied Biotechnology, 
Bengaluru, India, (2)Institute of Bioinformatics and Applied Biotechnology, Bangalore, Karnataka, India 
Recent advances in DNA sequencing has democratized the field of genetics and genomics beyond a handful of model organisms. Creating a 
reference genome for every organism of economic interest is within reach. However, because of both the complexity of eukaryotic genomes and 
limitations of sequencing/assembly technologies, assembling genomes at chromosome level resolution, in the absence of extensive 
physical/genetic maps, remains a challenge. Here, we have attempted to generate near chromosome level resolution genome sequences for wild 
yak and water buffalo, from the respective draft assemblies available in the public repositories using high-resolution cattle genome by 
comparative assembly. We have been able to significantly improve the draft assembly of the genome of wild yak and water buffalo. For example, 
the L95 for yak is improved to 146 from 2536 and the N95 is increased to 30,88,584 from 1,80,302 with 5.1% Ns. For water buffalo, the L95 
was improved to 970 from 2284 and N95 raised to 4,76,155 from 1,99,060 with 3.6% Ns. Using the high levels of synteny between these three 
species, we have been able to place the yak scaffolds on respective cattle chromosomes. We will be discussing the challenges in improving the 
buffalo assembly and will be presenting a highly annotated genome for wild yak and water buffalo to aid association between desirable traits and 
respective genotypes to guide translation efforts. 
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Use of Whole Sequence GWAS to Improve Genomic Evaluation in Dairy Cattle 
Pascal Croiseau1, Thierry Tribout1, Didier Boichard1, Marie-Pierre Sanchez1 and Sébastien Fritz2, (1)INRA UMR1313 Animal 
Genetics and Integrative Biology, Jouy en Josas, France, (2)Allice, PARIS CEDEX 12, France 
The 1000 bull genomes reference population makes it possible to impute whole genome sequences for a large number of animals. Even if the 
imputation accuracy is still limited for rare variants, it becomes possible to directly pinpoint the causal mutations, or at least variants in very high 
linkage disequilibrium with them.  
However, sequence data (ie tens of millions of variants for several thousands of animals) cannot be used in routine genomic evaluation and only 
the most predictive part of them should be identified and used. In this study, we propose to construct virtual chips containing 50k variants 
(V50K) selected from the whole genome sequence, compatible with a routine use.  
About 3,000 bulls from each of the French Montbéliarde and Holstein breeds were studied for a panel of ten traits related to milk production and 
composition, fertility, and conformation. Each population was divided in training and validation sets. GWAS analyses were carried out at the 
sequence level on the training population using the GCTA software. V50K were then constructed considering different criteria: GWAS results, 
minor allele frequency, distribution of the variants on the genome, and functional annotations.  



GBLUP and BayesC approaches were applied on these V50K and compared with the results of the Illumina Bovine SNP50 Beadchip® (IB50K). 
GEBV accuracy was estimated through correlations between DYD and GEBV in the validation set. Most of the tested scenarios failed to improve 
accuracy of GEBV obtained with the IB50K. Nevertheless, a good choice of the variants can outperform results of the standard IB50K. 
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Identification of CpG Site SNPs Potentially Subject to Epigenetic Control via DNA Methylation 
Mariangela Bueno Cordeiro Maldonado1, Nelson Botelho de Rezende Neto2, Sheila Tiemi Nagamatsu3, Marcelo Falsarella 
Carazzolle3, Jesse L. Hoff4, Robert D. Schnabel4, Jeremy F. Taylor4 and Flavia Lombardi Lopes1, (1)School of Veterinary 
Medicine, São Paulo State University, Araçatuba, Brazil, (2)ABC Federal University, Santo Andre, Brazil, (3)Genomics and 
Expression Laboratory - University of Campinas (UNICAMP), Campinas, Brazil, (4)Division of Animal Sciences, University of 
Missouri, Columbia, MO 
DNA methylation is a key epigenetic regulator of gene expression in many cellular processes. Several studies have shown associations between 
methylation and transcription patterns. However, the association between genetic variation and DNA methylation patterns is not yet clear. 
Genetic variation in CpG dinucleotides can either create or disrupt opportunity for cytosine methylation and, thus, potentially change methylation 
patterns. The introduction or removal of CpG sites that are potentially DNA methylation sites, has been suggested as a mechanism by which 
single nucleotide polymorphisms (SNPs) can affect gene function genome-wide via epigenetic modifications (meSNPs). Using the variant 
annotations for SNPs identified in Run5 of the 1000 bull genomes project and the UMD3.1 bovine reference genome sequence assembly, we 
identified and classified 12,836,763 meSNPs according to the pattern of variation caused at the CpG site. We have also analyzed the genomic 
distribution of the meSNPs, with the majority being located in intergenic regions (68.10%) and then in introns (26.36%). The remaining meSNPs 
are distributed throughout the coding region of genes (1.27%), approximately 0.29% in UTRs, a small number localized to non-coding RNAs 
(0.11%), and 3.93% fell within proximal promoters. Overall, meSNPs represent 22.53% of 56,969,697 SNPs described in the database of which 
11.26% are located in CpG islands. These annotations are important for determining potential associations of meSNPs with phenotypes via 
methylation profiles and expression levels of target genes in cattle. 
Acknowledgments: São Paulo Research Foundation (FAPESP) #2015/20557-5 and #2016/07584-6 
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5’ AMPK Gene Family: Exploration of Conserved DNA Methylation 
Darla M Quijada, Fernando Betancourt, Sydney Friedman, Hannah Lachance, Sarah Perlee and Stephanie McKay, University of 
Vermont, Burlington, VT 
The AMPK gene family is responsible for cellular metabolism and energy regulation. Activation of these genes is caused by stress induced 
environmental and nutritional factors. The primary function of these genes is to provide energy-conserving measures when ATP levels are being 
depleted. Epigenetic modifications of DNA methylation have been associated with the regulation of this gene family. DNA methylation involves 
the addition of a methyl group onto the 5 carbon position of cytosines within CpG dinucleotides. The presence of methylation in the promoter 
region of a gene can prevent transcription and thus alter phenotypic effects. Of those seven genes that comprise the AMPK gene family, five 
genes were selected to undergo Combined Bisulfite Restriction Analysis (COBRA). Primers pairs for each of these five genes were generated 
with MethPrimer and used to amplify DNA extracted from the liver and muscle tissues of two breeds of cattle, Angus (n=6) and Charolais (n=6). 
The presence of DNA methylation was initially determined by combined bisulfite restriction analysis and positive results were confirmed with 
Sanger sequencing. Sequencing results showed conservation of DNA methylation in the bovine AMPK gene family and across bovine breeds 
and tissues. In order to determine the evolutionary pattern of conserved DNA methylation, our next step is to expand our samples to include 
additional breeds and species, including Bos indicus, Bison bison and Alces alces.  
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Application of Allflex Conservation Buffer in Illumina Genotyping 
Maarten de Groot, Tom Ras and Wim van Haeringen, VHLGenetics, Wageningen, Netherlands 
This experiment was designed to study if liquid conservation buffer used in the novel Tissue Sampling Technology (TST) from Allflex can be 
used for Illumina BeadChip genotyping. Ear punches were collected from 6 bovine samples, using both the Tissue Sampling Unit (TSU) as well 
as the Total Tagger Universal (TTU) collection system. The stability of the liquid conservation buffer was tested by genotyping samples on 
Illumina BeadChips, incubated at 0, 3, 15, 24, 48, 72, 168, 336, 720 h after sample collection. Additionally, a replenishment study was designed 
to test how often the liquid conservation buffer could be completely replenished before a significant call rate drop could be observed. Results 
from the stability study showed an average call rate of 0.993 for samples collected with the TSU system and 0.953 for samples collected with the 
TTU system, both exceeding the inclusion threshold call rate of 0.85. As an additional control, the identity of the individual animals was 
confirmed using the International Society of Animal Genetics (ISAG) recommended SNP panel. The replenishment study revealed a slight drop 
in the sample call rate after replenishing the conservation buffer for the fourth time for the TSU as well as the TTU samples. In routine analysis, 
this application allows for multiple experiments to be performed on the liquid conservation buffer, while maintaining the tissue samples for 
future use. The data collected in this study shows that the liquid conservation buffer used in the TST system can be used for Illumina BeadChip 
genotyping applications. 
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Whole Genome Bisulfite Sequencing of Three Tissues Related to the Bovine Reference Genome Sequence 
Yang Zhou1, Rick Tearle2, Emanuele Capra3, Marcello Del Corvo4, Bonnie Cantrell5, Benjamin D. Rosen6, Alessandra Stella7, John 
Williams8, Paolo Ajmone Marsan9, George E. Liu1 and Stephanie McKay5, (1)Animal Genomics and Improvement Laboratory, 
USDA-ARS, Beltsville, MD, (2)University of Adelaide, School of Animal and Veterinary Science, Roseworthy, Australia, 
(3)Institute of Agricultural Biology & Biotechnology - CNR, Lodi, Italy, (4)Parco Tecnologico Padano, Lodi, Italy, (5)University of 



Vermont, Burlington, VT, (6)ARS, USDA, Beltsville, MD, (7)Parco Tecnologico Padano Foundation, Lodi, Italy, (8)University of 
Adelaide,, Roseworthy Campus, Australia, (9)Inst. of Zootechnics, Università Cattolica del S. Cuore, Piacenza, Italy 
Phenotypic variation in economically important complex traits in cattle is regulated by genetics and environment, the latter by means of 
epigenetic mechanisms. Knowledge of the epigenetic contribution to phenotypic variation will require the bovine epigenetic landscape to be 
explored, which will rely upon high resolution sequencing data. Here, we used whole genome bisulfite sequencing (WGBS) to gain a single base 
pair resolution characterization of the methylome of liver, mammary gland and longissimi dorsi tissues from L1 Dominette 01449. An average of 
350 million sequence read pairs were generated from each tissue, of which over 80% mapped to the reference genome. Initially, data were 
assessed to determine the correlation of cytosines detected throughout the genome with cytosine density of the genome. Next, methylated and 
non-methylated CGs, as well as methylated CHG (H= A, C or T) and CHH were measured and annotated. Subsequently, uneven distribution 
patterns of methylation throughout the genome were investigated. Finally, methylation patterns were compared among tissues and the effect of 
differentially methylated cytosines on gene expression was examined. This in-depth characterization of the methylome provides an epigenetic 
reference which can be used to elucidate the epigenetic contribution to variation in economically important traits and diseases. 
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Low-Depth Genotyping-by-Sequencing (GBS) in a Bovine Population: Strategies to Maximize the Selection of High Quality 
Genotypes and Accuracy of Imputation 
Nathalie Bissonnette1, Jean-Simon Brouard1, Brian Boyle2 and Eveline M. Ibeagha-Awemu3, (1)Agriculture and Agri-Food 
Canada, Sherbrooke, QC, Canada, (2)Université Laval, Québec, QC, Canada, (3)Agriculture and Agri-Food Canada, Sherbrooke 
Research and Development Centre, Sherbrooke, QC, Canada 
Genotyping-by-sequencing (GBS) has emerged as a powerful and cost-effective approach for discovering and genotyping genetic variations. To 
achieve high levels of complexity reduction, an alternative GBS protocol including selective primers during the PCR amplification step has been 
proposed. In the present study, we compared this modified protocol to the conventional two-enzyme GBS protocol, using a small group of cows 
(n=48). Using 48-plex GBS libraries, we detected a total of 123,666 variants with the GBS selective-primer approach and 272,103 variants with 
the conventional GBS approach. Validating these data with genotypes obtained from mass spectrometry and Illumina’s bovine SNP50 array, we 
found that the genotypes produced by the conventional GBS method were accurate, whereas the selective-primer method failed to call 
heterozygotes with confidence. Our results indicate that high accuracy in genotype calling (>97%) can be obtained using low read-depth 
thresholds (3 to 5 reads) provided that markers are simultaneously filtered for genotype quality scores. We also show that factors such as the 
minimum call rate and the minor allele frequency positively influence the accuracy of imputation of missing GBS data. The highest accuracies 
(around 85%) of imputed GBS markers were obtained with the FIMPUTE program when GBS genotypes and SNP50 array genotypes were 
combined. The strategies presented here provide a framework for the analysis of GBS data and could be used to generate, at low cost, the large 
number of high quality molecular markers required to perform genome-wide association studies in animal populations. 
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Facilitation of the Bovine Epigenome in the Limbic System: An Atlas of the Bovine Brain 
Bonnie Cantrell1, Nathan Jebbett1, Robert C. Switzer III2, Eugene Delay1, Steven Zinn3, Sharon Aborn3, Jane O'Neil1, Rick 
Funston4, Robert Weaber5 and Stephanie McKay1, (1)University of Vermont, Burlington, VT, (2)NeuroScience Associates, Inc., 
Knoxville, TN, (3)University of Connecticut, Storrs, CT, (4)University of Nebraska, North Platte, NE, (5)Kansas State University, 
Manhattan, KS 
Economically important traits are often complex in nature and regulated by the central nervous system. Understanding the anatomical 
organization of the bovine brain can foster research in traits such as docility, feed efficiency, fertility, growth rate, and differential susceptibility 
to Bovine Spongiform Encephalopathy. Because there can be large variation in brain structures between species, a major limitation to research of 
the bovine brain is the lack of a complete Bos taurus brain atlas. To catalog the anatomy of the bovine brain at high resolution, the brain of a 
Holstein steer was fixed through perfusion in the maxillary artery with paraformaldehyde perfusion fixative and extracted from the skull for 
immersion fixation. The brain was sectioned into 60 micrometer coronal sections and every sixth section was stained with thionine or Weil-
myelin at NeuroScience Associates (Knoxville, TN). High resolution images were captured of the block face of the brain as it was being 
sectioned and after histological staining. These images were assembled into a 3D reconstruction for visualization and labeling of major areas of 
the brain. While this atlas will facilitate future research in brain regulation of many areas of bovine behavior and physiology, our immediate 
interest is to accurately dissect functionally distinct regions of the limbic system for whole genome bisulfite sequencing of cattle with extreme 
measures of docility.  
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Accurate genotypes on the Eureka™ Genotyping Solution with Bayesian clustering 
Ali Pirani, Vineet Joshi, Victor Missirian and Teresa A. Webster, Affymetrix Inc., Santa Clara, CA 
The Eureka™ Genotyping Solution is an affordable, low- to mid-plex, high-throughput genotyping assay that uses common next-generation 
sequencing (NGS) platforms for signal readout. It enables the detection of tens to thousands of genetic markers which are increasingly in demand 
for routine crop and animal agrigenomics testing.  
The Eureka™ NGS read counts are appropriately scaled, normalized, and transformed to process genotyping in a cluster-based framework. The 
BRLMM-P two-dimensional clustering algorithm, which was originally developed for genotyping single-nucleotide polymorphisms (SNPs) and 
insertion/deletions (indels) on mid- to high-plex microarrays, has been extended for application on NGS reads. The algorithm has successfully 
been implemented across panels designed to study many organisms, and it incorporates methods for accurately genotyping samples originating 
from normal and inbred populations.  
The Bayesian step in BRLMM-P gives it the flexibility to automatically adapt to cluster patterns exhibited by diploid and various levels of 
allopolyploidy. It adapts pre-positioned genotype cluster locations called “priors” to the sample data and computes three posterior cluster 
locations. Genotype cluster locations are defined by two-dimensional means and variances for AA, AB, and BB genotype cluster distributions. 



Priors can be generic, meaning the same pre-positioned location is provided for every SNP, or SNP-specific, meaning different pre-positioned 
locations are provided on a SNP-by-SNP basis.  
Eureka™ NGS read counts ratios, similar to microarray intensities, have shown to exhibit consistency across batches, resulting in repeatable 
spatial properties of genotype clusters. This allows SNP-specific-priors, developed under controlled environments, to generalize. The process of 
prior development and genotype performance improvement is discussed. 
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Cattle Genoimics and Adaptation to Climate Change 
Dawn A Koltes1, Sarah K Chewning1, Jeremy G Powell1, Laura M Meyer1, John Tucker2, Donald S Hubbell, III2 and James E. 
Koltes1, (1)Department of Animal Science, University of Arkansas, Fayetteville, AR, (2)Division of Agriculture , University of 
Arkansas, Batesville, AR 
Tall fescue grass is grazed by >8.5 million cattle in the southern US. A fungal endophyte in fescue confers heat and drought tolerance, but 
produces ergot alkaloid mycotoxins (i.e. ergot valine) that increase susceptibility to heat stress in cattle. Ergot alkaloid toxicity causes 
vasoconstriction, reduced serum prolactin concentrations, increased body temperature and reduced animal growth and reproductive performance. 
The objective of this study is to identify new biomarkers of heat and toxic fescue stress. A total of 100 fall-calving cows were selected for 
allocation to pasture treatments (N=50 toxic; N=50 non-toxic), with ergot valine levels monitored monthly. Within pasture, two different sire 
breeds (Hereford and Charolais) were phenotyped during cold (March) and hot (August) ambient temperatures. Phenotypes collected included: 
hair shedding, body weight, body condition score (BCS), respiration rate, caudal vein blood pressure, and rectal temperature. Blood samples 
were collected to measure prolactin, metabolites, minerals, general immune cells and RNA. Samples were also collected to assess microbiomes. 
During the final week of the study, iButton thermosensors recorded vaginal temperatures every 5 minutes during greatest heat stress. Significant 
differences due to pasture treatment were observed for body weight (p<0.02), BCS (p<0.05), respiration rate (p<0.002) and blood pressure 
(p<0.02). Phenotypic differences were observed due to ambient temperature for body weight, BCS, respiration rate, and rectal temperature 
(p<0.0001) with significant pasture by ambient temperature interactions for rectal temperature and respiration rate (p<0.0001) and BCS 
(p<0.007). Additional analyses to identify biomarkers associated with heat and fescue toxin stress are underway. 
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Genome-Wide Methylation Profiles Changes Associated with Stress Exposure in Cattle 
Marcello Del Corvo1, Silvia Bongiorni2, Bruno Stefanon3, Licia Colli4, Alessandra Stella1, Paolo Ajmone Marsan5 and Alessio 
Valentini6, (1)PTP Science Park, Lodi, Italy, (2)Dept. of Ecology and Biology, University of Tuscia, Viterbo, Italy, (3)Department 
of Agricultural and Environmental Science - University of Udine, Udine, Italy, (4)Inst. of Zootechnics, Università Cattolica del S. 
Cuore, Piacenza, Italy, (5)Research Center on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy, (6)University of Tuscia, 
Viterbo, Italy 
Stress has a detrimental impact on dairy cattle health, welfare and productivity. Its impact on gene expression, metabolism and immune response 
has been investigated but little is known on the epigenetic mechanisms mediating the effect of stress at the cellular and organism level.  
To assess how different levels of stress exposure affect epigenetic regulation mechanisms in cattle, we investigated genome-wide DNA 
methylation in 20 Italian Red Pied dairy cows falling in the plus- and minus-variant tails of the distribution of milk cortisol concentration (MC), 
a neuroendocrine biomarker of stress in dairy cows, measured in 180 animals belonging to the same farm in the framework of the Gen2Phen 
Italian project. The ‘low-’ and ‘high-cortisol’groups of animals had MC<370 pg/ml and>810 pg/ml, respectively. Their methylome was analysed 
by Reduced Representation Bisulfite Sequencing which provides single-base resolution methylation profiles across the whole genome.  
To date, 20 animals (10 low- and 10 high-MC) have been sequenced and an average of 22.5 million reads were produced per sample, with 
varying mapping efficiency (18.0-33.6%). The two groups showed similar proportion of methylation at CpG sites, while they differed at non-
CpG sites.  
Significant methylation changes were observed in 970 regions and 109 genes. KEGG pathway analyses indicated that these genes were mainly 
involved in glucocorticoids metabolism, stress responses,cellular defense and calcium signaling pathways.  
These preliminary results suggest that stress response in livestock is mediated by epigenetic regulation, provide target biomarkers to assess the 
effect of stress-mitigation management procedures and candidate genes for the selection of stress-tolerant animals. 
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Estimation of Variance Components for Methane Emission in Dairy Cattle 
Enoc Meji-Melchor1, Sergio I. Roman-Ponce2, Felipe de Jesús Ruiz3, Everardo González Padilla4, Carlos Vásquez Pelaez4, Garcia 
Ruiz Adriana5 and Vicente Murillo Vega Eliezer6, (1)FMVZ, UNAM México, CIUDAD DE MEXICO, Mexico, (2)Centro 
Nacional de Investigación en Fisiología y Mejoramiento Animal INIFAP., Ajuchitlán, Queretaro, Mexico, (3)CENID FyMA 
INIFAP, Queretaro, Mexico, (4)Universidad Nacional Autónoma de México, MEXICO, Mexico, (5)CENID FyMA INIFAP, 
QUERETARO, Mexico, (6)INIFAP, Melchor Ocampo # 234 Desp. 313, Mexico 
Recently several studies had been conducted to estimate the production of methane (CH4) and other greenhouse gases. Several authors have 
proposed mitigation strategies to reduce CH4 emissions. Some of them are: to reduce the number of ruminant animals, to increase the number of 
non-ruminant animals, genetic selection for low emission, modulation of methanogenic rumen microorganisms, dietary manipulation and 
nutritional development of breeds with lower rate of CH4 emissions. The available information on genetic parameters of CH4 emissions in dairy 
cattle is limited. The aim of this study was to estimate variance components for production and emission of methane in dairy cattle. Data from 
313 dairy cows in four production systems in Mexico were used. CH4 measurement was carried out for 20 days at the time of milking as 
described by Garnsworthy et al (2012). DNA samples were obtained from hair follicle to obtain SNP genotypes. After quality control and 
identification of markers on both platforms the number of markers available was 20,776 SNP. The estimation of variance components was 
performed by mixed models and an animal model with the genomic relationships matrix. Analyses were implemented in the ASREMlL-R 3.0 
(Gilmour et al. 2009). The heritability estimated for CH4 emission was 0.30 ± 0.21. Similar results had been reports previously (Haas et al., 2011 



and Pickering et al2015). The information suggests that it is possible to propose the implementation of breeding programs as a strategy for 
climate change mitigation. 
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Genomic Regions Associated with Fertility Traits in Mexican Holstein Cattle 
Felipe de Jesús Ruiz1, Garcia Ruiz Adriana2 and Román Ponce Sergio Ivan1, (1)CENID FyMA INIFAP, Ajuchitlán, Mexico, 
(2)CENID FyMA INIFAP, QUERETARO, Mexico 
Genome Wide Association Studies (GWAS) are tools that allow the detection of genes or quantitative traits loci (QTL) related to economically 
important and functional traits in livestock production. The aim of this study was to identify significant SNP associated with fertility traits (days 
at first service (D1S) and calving interval (CI)) in Mexican Holstein cattle, and to search if these markers are referenced in the UMD_3.1 
database.  
Phenotypes were genetic breeding values for D1S and CI. After the quality control analysis, a total of 978 individuals and 15,724 SNP 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. Regions with more than two SNP with a p<0.0001, were assumed significant.  
Two regions were related with D1S and were located in chromosomes 3 (Positions 11129475, 11563040 and 11740431) and 25 (Positions 
1184038, 1205232, 2691937 and 4157331), but these regions were not previously associated with fertility traits. For CI, also two regions were 
significant and these were located in chromosomes 3 (Positions 70120751 and 84094824) and 10 (Positions 26852413, 31364551 and 
44733798). The significant region in chromosome 3, has been previously related with the fertility index of Danish and Swedish Holstein cattle 
and the SNP with position 31364551 in chromosome 10, has been located inside a reported QTL which is related to No-return rate in German 
Holstein cattle.  
Work funded by Project INIFAP-SIGI-MEXICO No. 11402733072. 
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GWAS for Production Traits in the Mexican Holstein Population Using High Density Arrays 
Marina Duran-Aguilar1, Maria G. Strillacci2, Román Ponce Sergio Ivan3, Felipe de Jesús Ruiz4, Everardo González Padilla5, 
Carlos Vásquez Pelaez5, Adriana García6 and Alessandro Bagnato2, (1)Universidad Nacional Autonoma de Mexico, Queretaro, 
Mexico, (2)Università degli Studi Milano - Dept. DiMeVet, Milano, Italy, (3)CENID FyMA INIFAP, Ajuchitlán, Mexico, 
(4)CENID FyMA INIFAP, Queretaro, Mexico, (5)Universidad Nacional Autónoma de México, MEXICO, Mexico, (6)CENID-
Fisiología INIFAP, Ajuchitlán, Mexico 
Milk production is an important part of modern agriculture and genomics have been heavily implemented to improve its efficiency worldwide. A 
GWAS was performed for production traits in Mexican Holstein cattle (Milk Yield, Fat %, Fat yield, Protein % and protein Yield)  
The GWAS was accomplished with a correlation/trend test implemented in SVS software using only SNPs with an imputation accuracy value of 
at least 80%. A total of 911 Mexican Holstein cattle with 541,915 SNPs each were used. Haplotype blocks were also computed by SVS software 
and their frequencies were obtained with the expectation maximization algorithm. Gene ontology and pathways analyses were performed using 
the DAVID Bioinformatics Resources 6.8 (http://david.abcc.ncifcrf.gov/) with the false discovery rate correction.  
A total of 551, 114, 111, 94 and 86 SNPs on 6, 11, 13, 6 and 10 autosomes showed genome-wide significance association with fat percentage fat 
yield, milk, protein percentage and protein yield, respectively, with 55, 21, 19, 21 and 4 annotated genes for the same characteristics. When these 
results were compared with a previous work with 45,195 SNPs in the same population, 147 more SNPs per trait were found significant on 
average.  
We acknowledge the Council of Dairy Cattle Breeding and Holstein de Mexico A.C. for sharing genomic data. This work received funding from 
CONACYT, México (project “IDENTIFICACIÓN DE VARIACIONES ESTRUCTURALES Y REGIONES GENÓMICAS ASOCIADAS A 
RESISTENCIA A MASTITIS EN BOVINOS PRODUCTORES DE LECHE”, 176039). 
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Large-Scale Analysis of Pedigree and Sperm-Typing Data Reveals PRDM9 Allele-Specific Recombination Maps in Cattle 
Botong Shen1, Yang Zhou2,3, Jicai Jiang1, Abinash Padhi1, Ki-Eun Park1, Bhanu Telugu1, Hong Chen3, George E. Liu2, John B. 
Cole2 and Li Ma1, (1)Department of Animal and Avian Sciences, University of Maryland, College Park, MD, (2)Animal Genomics 
and Improvement Laboratory, USDA-ARS, Beltsville, MD, (3)College of Animal Science and Technology, Northwest A&F 
University, Shaanxi, China 
Meiotic recombination is a major driving force in promoting genetic and phenotypic variations in sexually reproducing organisms. Although 
PRDM9 is known to modulate the binding-specificity and location of recombination hotspots in humans and mice, its role, especially in 
domesticated animals like cattle, is largely uncharacterized. Using large-scale pedigree data and sperm-typing techniques, here we report PRDM9 
allele-specific recombination maps and hotspots across the cattle genome, dominant effects of PRDM9 alleles on recombination patterns, and 
strong associations between these hotspots and unique mutations at functional sites in the PRDM9 zinc fingers. Comparing recombination maps 
built from sperms and pedigree data of a single bull, we identified two regions with slightly different recombination rate, although the genome-
wide recombination rate is the same between sperm and pedigree. Our results provided an example for the construction of recombination maps 
for domesticated animals and enhanced our understanding of the impacts of PRDM9 on meiotic recombination. 
 
P1050: Genome Mapping, Tagging & Characterization: Cattle 
Small Non Coding RNA from Frozen Bull Sperm Cells: A Biomarker Panel of Male Fertility 
Eli Sellem1, Sylvain Marthey2, Hélène Kiefer3, Chrystelle Le Danvic1, Aurelie Bonnet1, Jean Philippe Perrier3, Luc Jouneau3, 
Andrea Rau2, Helene Jammes3 and Laurent Schibler1, (1)Allice R&D Department, Paris, France, (2)UMR GABI, INRA, Université 
Paris Saclay, Jouy en Josas, France, (3)UMR BDR, INRA, ENVA, Université Paris Saclay, Jouy en Josas, France 



New sperm function in embryo development have emerged recently, relying on their small noncoding RNAs (sncRNAs) content. Indeed, 
involvement of sperm-borne miRNAs in mouse epigenetic inheritance has been evidenced and paternal sncRNAs have been shown to be 
dispensable for fertilization but crucial for the development of zygotes and 2 cells-embryos. Our study was conducted to unravel the sncRNA 
content from bull frozen sperm cells and identify miRNA associated with fertility. Total RNA was extracted from 40 ejaculates originating from 
Holstein and Montbeliard bulls with contrasting fertility, using a novel enhanced protocol. The two quality controls were done on RNA to 
measure RNAs quantities (Qubit technology) and check whether a reference miRNA (miR125) could be detected by RTqPCR. NGS sequencing 
libraries were prepared using small RNA (<200 nucleotides) and sequenced at modest depth (40 million 50 bp single reads, Illumina HiSeq; 
Exiqon). Two thirds of the reads could be annotated as miRNA (16%), rRNA (13%), tRNA (7.5%), long non coding RNA (7.2%), as 
mitochondrial RNA (6.5%) and mRNA (17%). The remaining unknown sequences are consistent in terms of size with piRNA, which are known 
to be expressed spermatocytes, spermatids and sperm cells. By the use of miRDeep2 software, 3196 miRNA expressed in all samples have been 
identified, including 583 known and 2613 putative miRNAs. Statistical analysis carried out using the DESeq2 package, emphasized 47 
differentially expressed miRNA between fertility groups. This study highlights the potential of sperm cells’ sncRNA as biomarkers for bull 
fertility. 
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DNA CpG Methylation in High and Low Motile Sperm Populations in Bos taurus 
Emanuele Capra1, Barbara Lazzari2, Federica Turri1, Paola Cremonesi1, Antonia Portela3, Paolo Ajmone Marsan4, Alessandra 
Stella2 and Flavia Pizzi1, (1)Institute of Agricultural Biology & Biotechnology - CNR, Lodi, Italy, (2)PTP Science Park, Lodi, Italy, 
(3)Federal University of Cearà, Fortaleza, Brazil, (4)Research Center on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy 
Fertility is a major factor affecting economic efficiency in both milk and beef cattle production. Male fertility defects affect the ability of 
spermatozoa to fertilize and contribute to normal embryo development. Sperm epigenetics is an emerging area of study supported by 
observations that reported that abnormal sperm DNA methylation patterns are associated with infertility. Here, we explore cytosine-guanine 
dinucleotides (CpGs) methylation in Bos taurus high (HM) and low motile (LM) sperm populations separated by Percoll gradient.Two sperm 
populations (HM and LM) obtained from four bulls were evaluated for kinetic parameters by computer assisted sperm analysis (CASA). For each 
bull DNA methylation patterns were obtained on wide genomic regions by combining a methyl CpG DNA enrichment method and bisulfite 
genome sequencing. An average of 24.5 million sequence read pairs were generated per sample, over 87% of which were successfully mapped to 
the reference genome. The average level of methylated cytosine in CpG contest was about 94 %. Comparison between CpG island methylation in 
HM and LM sperm allowed to identify 297 genes overlapping regions that were differentially methylated (FDR <0.05). The characterization of 
the epigenome in Bos taurus sperm populations provides a first step towards the understanding of the effect of methylation on sperm fertility, 
also allowing to pinpoint key genes potentially associated to this trait. 
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Understanding Chromosome Pairing and Crossovers in Beefalo Spermatocytes 
Anna M. Rodriguez, Kimberly M. Davenport and Brenda M. Murdoch, University of Idaho, Moscow, ID 
With the demand of an increasing population and changing climate, there is a need to produce efficient and adaptable livestock. In an effort to 
achieve this, hybrid mating of Bos taurus to Bos indicus and Bos taurus to Bison bison have been used. However, producing viable and fertile 
offspring from hybrid crosses is a major concern. To better understand how chromosomes pair and crossover in hybrid animals, 700 
spermatocytes from B. taurus x B. bison (beefalo) were examined and compared to 500 spermatocytes from B. taurus (cattle). 
Immunofluorescent staining was used to identify chromosome synapsis (SYCP3) and crossovers (MLH1) in pachytene stage spermatocytes. 
Despite both species having 30 chromosomes, beefalo exhibit on average ~15% fewer crossovers per cell when compared to cattle (41 MLH1, 49 
MLH1), respectively. Importantly, one crossover per chromosome arm is required to ensure proper chromosome segregation and ~12% of 
beefalo spermatocytes had at least one pair of chromosomes fail to crossover. Furthermore, ~12% of cells exhibited the structural defect of a 
circular/fused chromosome. The consequence of improper chromosome segregation in spermatocytes is ultimately cell death; as defective 
spermatocytes will not develop into mature spermatozoa. Hybrid animals may provide specific attributes and adaptability to ensure sustainability 
and profitability in a changing industry. However, the effective use of hybrid animals requires a greater understanding of chromosomal 
compatibility to improve fertility and offspring viability. This research will provide valuable insight relating to chromosome pairing, synapsis, 
and crossovers in spermatocytes of beefalo, an important strategy towards progress of livestock production. 
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Predicting Chromatin State in Bovine Pluripotent Cells 
Michelle M. Halstead1, Yanina Bogliotti1 and Pablo J. Ross2, (1)University of California, Davis, Davis, CA, (2)Animal Science, 
University of California Davis, Davis, CA 
Despite cattle’s similarity to human preimplantation development, the open chromatin landscape structure that underlies bovine pluripotency has 
remained relatively uncharacterized. The initially repressive chromatin landscape present in differentiated gametes must undergo extensive 
remodeling after fertilization to become open and permissive of transcription – a state characteristic of pluripotency. To determine nucleosome-
free regions (NFR) that may be key to pluripotency, two pluripotent cell types – in vitro produced blastocysts (BL) and embryonic stem cells 
(ESC) – were subjected to ATAC-seq (Assay for Transposase-Accessible Chromatin). Pluripotent-specific NFR were enriched for motifs 
associated with pluripotency, such as SOX2, OCT4, NANOG, GATA2 and GATA4, and frequently occurred in promoters. Genes with 
pluripotent-specific NFR within their promoters were more likely to be expressed, and were highly associated with gene expression and mRNA 
processing. Through integration of chromatin accessibility, gene expression, and histone modification data, chromatin state was predicted 
genome-wide. These results provide insight into the putative regulatory roles of and how they may be implicated in the pluripotent state both in 
embryos and in culture. 
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Identification of CNVs (Copy Number Variants) Associated to Multiple Reproduction and Dairy Production Traits in Gyr 
(Bos indicus) Cattle 
Adriana S. Carmo1, Tatiane, C. S. Chud2, Gerson, A. O. Junior3, John B. Cole4, Derek M. Bickhart5, Marta F. M. Guimarães6, João 
C. C. Panetto6, Marco Antonio Machado6 and Marcos Vinicius Barbosa da Silva6, (1)Federal University of Goias, Goiania, Brazil, 
(2)UNESP Jaboticabal, Jaboticabal, Brazil, (3)University of Sao Paulo, Pirassununga, Brazil, (4)Animal Genomics and 
Improvement Laboratory, USDA-ARS, Beltsville, MD, (5)Dairy Forage Research Center, USDA-ARS, Madison, WI, 
(6)EMBRAPA Dairy Cattle, Juiz de Fora, Brazil 
In the last decade, several different methods have been developed to identify genomic regions involved with dairy cattle fertility and productive 
traits. The aim of this study was to investigate common CNVs sassociated with those traits in Gyr cattle (Bos primigenius indicus). A total of 462 
Gyr bulls were genotyped using the Illumina BovineHD Genotyping BeadChip. The de-regressed PTAs for age at first calving (AFC), milk, fat, 
protein and total solids yield at 305 days, fat, protein and total solids percentage, were used as pseudo-phenotypes for genome-wide association 
studies. The copy number analysis module implemented in SNP & Variation Suite v8.3 (Golden Helix, Inc., Bozeman), under the multivariate 
option, was used to segment chromosomes with a significance level of p = 0.01 for full pairwise permutations (n = 1,000). A single CNV 
regression was employed to identify CNVs associated with each one of the traits. It was considered as significant CNVs, those which presented 
FDR-corrected significance level of p-value < 0.05. A total of 32 CNVs were detected to affect at least one trait, with 21 regions affecting at least 
three traits. A genomic region located on chromosome 2 affect all traits, except AFC (BTAU2:4934647). This specific region overlap two QTLs 
already described in QTLdb as associated with dairy traits (milk fat yield (EBV) - QTL 9943 and milk protein percentage - QTL 3531) 
suggesting this region as an important candidate for functional exploration and selection in indicine breeds. 
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Genomic Regions Associated to the Mexican Performance Index for Holstein Cattle 
Garcia Ruiz Adriana, CENID FyMA INIFAP, QUERETARO, Mexico, Felipe de Jesús Ruiz, CENID FyMA INIFAP, Queretaro, 
Mexico and Román Ponce Sergio Ivan, CENID FyMA INIFAP, Oaxaca, Mexico 
Dairy selection has focused on increasing milk yield in the final decades of the last century affecting negatively some traits. As a result, 
performance indices have been proposed in many populations and powerful techniques as Genome Wide Association Studies (GWAS) have been 
used to detect genes or quantitative traits loci (QTL) to improve genetic selection. The aim of this study was to identify significant SNP 
associated with the Mexican Performance Index (INVAC), and to investigate if the significant SNP have been previously reported in the 
UMD_3.1 database. The phenotypes were breeding values for INVAC which includes milk yield, mil components and conformation final score. 
After the quality control analysis, a total of 21,152 SNP and 1,895 animals were included. GWAS were performed with a mixed model and 
regression analysis, accounting for the genomic kinship matrix, using the GenABEL package. SNP with a p<0.0001 were assumed significant 
and searched in the QTL database. Chromosomes and position of the significant SNP found are: 3:28061335, 4:59710881, 5:41565285, 
7:38458456, 10:95629821, 12:60863971, 13:29718368, 14:(1801116, 2217163, 2239085, 2386688, 2826632, 2909929, 4176618, 4364952, 
5462752), 15:77142114, 16:16475491, 20:70333233, 20:71067704, 20:71094690, 22:7022169, 31:143626961. Contiguous significant SNP were 
only located on chromosome 14 and two regions were differentiated, one from 1801116-2909929 and the other from 4176618-5462752. The first 
one has been associated to milk yield, fat and protein yields and percentages, somatic cell score, body condition and conception rate and the 
second one, has been related with milk yield, fat and protein percentages in dairy cattle. 
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Genome Wide Association Study for Bovine Milk Cholesterol Content 
Duy Ngoc Do1,2, Flavio Schenkel3, Filippo Miglior3,4, Xin Zhao2 and Eveline M. Ibeagha-Awemu5, (1)Agriculture and Agri-Food 
Canada, Sherbrooke, QC, Canada, (2)McGill University, Ste-Anne-De-Bellevue, QC, Canada, (3)Centre for the Genetic 
Improvement of Livestock, Department of Animal Biosciences, University of Guelph, Guelph, ON, Canada, (4)Canadian Dairy 
Network & University of Guelph, Guelph, ON, Canada, (5)Agriculture and Agri-Food Canada, Sherbrooke Research and 
Development Centre, Sherbrooke, QC, Canada 
Being considered a risk factor for several human diseases, cholesterol (CHL) has received enormous attention in recent years. Milk fat is the 
second contributor to daily dietary CHL intake. Therefore reducing CHL content in milk (fat) might be important to lower dietary CHL intake. 
This study aimed to identify single nucleotide polymorphisms (SNPs), candidate genes and biological pathways involved in regulating CHL 
content in milk via a genome wide association study (GWAS) and pathway analyses. Cholesterol contents (mg/100 g milk fat) of 1,528 cows 
were measured using gas chromatography. DNA from hair samples of cows was used for 50k SNP genotyping. After quality control, GWAS was 
performed with 1,486 cows and 44,364 SNPs using a univariate linear mixed model. The most important QTL for CHL was 2.5-2.7 Mb region 
on chromosome (Bta) 5 where the two most significant SNPs (BTB-02053074, P = 2.32e-05 and BTB-00214293, P = 1.50e-05) are located. 
Other important QTL regions were found on Bta 6 (55 and 90 Mb), 8 (88 Mb), 10 (71 Mb) and 21 (14 and 20 Mb). Important positional 
candidate genes included milk fat globule-EGF factor 8 protein (MFGE8), albumin (ALB) and several members of solute carrier family (SLC4A1, 
SLC1A3 and SLC16A7). Validation of identified QTL and further analyses, including a GWAS with more data (animals and genotypes), 
positional candidate genes enrichment, and confirmation of potential candidate genes may uncover bio-markers for selection of reduced milk 
CHL content and further improve the understanding of the genetic mechanisms underlying milk CHL content. 
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GWAS for Productive and Udder Traits Using CNV in Brown Swiss Dairy Cattle 
Raphaelle T.M.M. Prinsen1, Maria G. Strillacci2, Attilio Rossoni3, Birgit Gredler4 and Alessandro Bagnato2, (1)Università degli 
Studi di Milano - DIMEVET, Milano, Italy, (2)Università degli Studi Milano - Dept. DiMeVet, Milano, Italy, (3)Associazione 
Nazionale Allevatori Razza Bruna, Bussolengo, Italy, (4)Qualitas AG, Zug, Switzerland 
CNVs are DNA sequences of 0.5 bp, up to several Mb long, which can vary in copy number in comparison with a reference genome. 



The objective of this study was to perform a GWAS with udder traits (Fore Udder Attachment-FUA, Rear Udder Height-RUH, Rear Udder 
Width-RUW, Udder Composite-UDC), Somatic Cell Score (SCS), and production traits (Milk, protein and Fat Yield – MY, FY, PY) using CNV 
previously mapped in 1,410 samples of Brown Swiss with the Illumina Bovine HD SNP chip.  
Analyses were performed using SVS 8.4.4 software using the CNAM algorithm for CNV detection and a correlation-trend test model for the 
GWAS. Genes within significant associated CNVRs were annotated with a GO analysis using DAVID 6.7 on the Ensembl v.86 autosomal 
UMD3.1 gene set.  
The quality control filtered out 294 samples and a total of 25,030 CNVs were identified in 1,116 individuals. After summarizing the CNVs in 
non-redundant CNV regions (CNVRs) a total of 398 CNVRs were identified, comprising 30 gains, 344 losses and 24 complex CNVRs (i.e. 
containing both losses and gains), covering 3.92% of the bovine autosomes.  
The GWAS disclosed 11, 22 and 12 CNVRs significantly associated with MY FY and PY respectively. For the type traits, there were 22 CNVRs 
significantly associated with FUA, 1 with RUH, 17 with RUW, and 4 with UDD. No CNVR were found in association with SCS.  
The associated regions overlap with 22 different genes annotated on the Bos taurus genome assembly (UMD3.1). 
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Identification of Lactation-Related cis-Regulatory Regions in the Bovine Genome 
Hannah S Lyman1, Keith Bradnam2, Jessica Elswood3, Kuljeet Singh4, Adrian Molenaar5, Ian Korf1, Danielle Lemay1 and 
Monique Rijnkels3, (1)University of California Davis - Genome Center, Davis, CA, (2)Institue of Cancer Research, London, United 
Kingdom, (3)Texas A&M University, College Station, TX, (4)AgResearch Ltd, Ruakura Research Center, Hamilton, New Zealand, 
(5)AgResearch Ltd, Grassland Research Center, Palmerston North, New Zealand 
Assay for transposase-accessible chromatin (ATAC)-seq allows the unbiased in vivo mapping of cis-regulatory elements. RNA sequencing 
(RNA-Seq) enables the analysis of the genes that are expressed to produce milk. Combining these approaches allows us to investigate the 
regulatory regions that orchestrate the transcriptional changes that mark the transition to the lactating state. In the current study, we isolated 
mammary epithelial organoids from biopsies taken from the glands of the same 15 dairy cows before their first pregnancy (approximately 14 
months of age) and at peak lactation (40–60 days lactation) for RNA-seq and ATACseq. Over 8,000 genes were differentially expressed between 
virgin and lactation with 111 genes that were isoform-specific. We identified a single significant instance of transcription start site (TSS) 
switching, though many more genes were found to be using more than one TSS in both the virgin and lactating gland. ATAC-Seq was optimized 
and libraries were generated for virgin and peak lactation samples. We are now integrating genomic, epigenetic, and transcriptomic data to 
identify lactation-related cis-regulatory regions in the bovine genome. 
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Methylation Analysis in Monocytes at Postpartum Period in Dairy Cattle 
Helene Jammes1, Maxime Gasselin2, Jean Philippe Perrier1, François Piumi2, Luc Jouneau1, Hala Al Adhami3, Audrey Prézelin2, 
Marion Boutinaud4, Christine Leroux5, José Pires5, Michael Weber3, Bruno Pount6, Jackie Jzawadzki7 and Hélène Kiefer1, (1)UMR 
BDR, INRA, ENVA, Université Paris Saclay, Jouy en Josas, France, (2)INRA, Jouy en Josas, France, (3)CNRS, ILLKIRCH, 
France, (4)INRA, Saint Gilles, France, (5)INRA, Saint-Genes-Champanelle, France, (6)Auriva-Elevage, BRINDAS, France, 
(7)Pilardière group, Saint-Mars-la-Réorthe, France 
Epigenetic modifications such as DNA methylation play a role in regulating gene expression and consequently in biological processes, such as 
those involved in health and disease. In dairy cows, profound changes occur during the post calving period, leading to immunosuppression and 
increased susceptibility to diseases. In order to monitor the postpartum health status of cows, one challenge is to describe the methylome of a 
purified subpopulation of immune cells, such as monocytes, and to determine its alterations/modifications in response to environmental or 
physiological changes. In this study, genome-wide DNA methylation profiles were obtained from purified monocytes (n=11), Peripheral Blood 
Mononuclear Cells (PBMC; n=4) sampled at D15 after calving and fibroblasts (n=2) using Reduced Representation Bisulfite Sequencing 
(RRBS). After sequencing and mapping to the reference genome (UMD3.1 assembly), 34.6% to 40.2% of uniquely mapped reads were obtained. 
Only CpGs covered between 10X and 500X (CpG10-500), were analyzed, which represented 55 ± 9.8 % of total CpGs with no significant 
differences between libraries. The chromosomic distribution of CpG10-500 was independent of the chromosome length (pvalue=0.48) but 
significantly associated with the coding gene content (pvalue=0.0001076). The global CpG10-500 methylation scores varied between cell types 
(fibroblasts: 47% ± 0.1, monocytes: 54.5% ± 2.9 and PBMC: 54.1% ± 1.8), and 19417 monocyte-specific Differentially Methylated Cytosines 
(DMCs) corresponding to 1572 DMRs were identified. This study therefore highlights CpGs and regions displaying a specific methylation 
pattern in monocytes, which could be targeted by epigenetic changes induced by environmental conditions (husbandry, nutrition, infection 
challenges…). 
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Selection for Residual Feed Intake Will Not Unfavorably Impact Reproductive Performance in Dairy Cows 
Eleonor M. Bart1, Mark D. Hanigan1, Diane M. Spurlock2, Mike J. VandeHaar3, Scott E. Speidel4 and Rebecca Cockrum1, 
(1)Virginia Polytechnic Institute and State University, Blacksburg, VA, (2)Iowa State University, Ames, IA, (3)Michigan State 
University, East Lansing, MI, MI, (4)Colorado State University, Fort Collins, CO 
For residual feed intake (RFI) to be used as an alternative measure of feed efficiency, it must not have an unfavorable genetic relationship with 
fertility. Therefore, the objectives are to estimate heritability for RFI and reproductive parameters and determine the genetic relationship between 
RFI and reproductive traits in Holstein cows. Daily measurements of DMI, milk yield, weekly milk composition, and monthly body weight were 
used to calculate RFI on 1,513 Holstein cows at Virginia Tech and Iowa State University. Measures of reproductive performance included 
number of services (NS; n = 1,337), previous days dry (DD; n = 816), days open (DO; n = 860), and days to first calving (DFC; n = 572). 
Genetic correlations and heritability estimates were calculated in ASReml using a sire model. Random and fixed effects included herd, birth 
season, age, calving season, and dam. There were 190 unique sires with an average of 5 progeny per sire. As expected, heritability estimates were 
moderate (0.21 ± 0.07) for RFI and low for all reproductive traits (h2 ≤ 0.09 ± 0.04). Genetic correlations suggest that selection for RFI will 



indirectly select for lower NS (rg = 0.22 ± 0.17, P = 0.011) and DO (rg = 0.21 ± 0.17, P = 0.010). No genetic relationship was detected for DD 
(rg = 0.16 ± 0.17, P = 0.21) or DFC (rg = -0.041 ± 0.13, P = 0.36). Overall, results suggest that selection for decreased RFI will not have an 
unfavorable impact on reproductive performance in dairy cows. 
 
P1061: Genome Mapping, Tagging & Characterization: Cattle 
Long Noncoding RNAs Identified by RNAseq-Based Whole Transcriptome Analysis in the Jejunum of Pre-Weaned Calves 
Rosemarie Weikard1, Frieder Hadlich1, Harald M. Hammon1, Dörte Frieten2, Caroline Gerbert3, Christian Koch3, Georg Dusel2 
and Christa Kuehn1, (1)Leibniz Institute for Farm Animal Biology (FBN), Dummerstorf, Germany, (2)University of Applied 
Sciences, Bingen, Germany, (3)Educational and Research Centre for Animal Husbandry, Münchweiler, Germany 
The functional annotation of the bovine genome is still incopmplete compared to that of model organisms or human. However, whole 
transcriptome sequencing (RNAseq) provides the tool for an accurate and holistic identification of novel, previously unknown functionally 
relevant loci in the genome. Particularly, long noncoding RNAs (lncRNAs) are emerging as important regulatory component of mechanisms 
involved in chromatin modification or epigenetic regulation. Our study monitored the whole transcriptome of the jejunum in male German 
Holstein calves fed two different diets (6 animals per group). The calves were slaughtered at about 81 days after birth and epithelial sections of 
the jejunum were collected and snap frozen in liquid nitrogen. Total RNA isolated from jejunum samples was used to prepare indexed, stranded 
sequencing libraries. After paired-end sequencing (2x 80 bp, Illumina HiSeq2500) and quality control of the sequencing data the reads were 
aligned to the bovine genome. The transcripts were assembled with an annotation-guided approach enabling discovery of yet unannotated genes 
and transcripts. About 88% of reads (from an average of 56.8 million paired-end reads obtained per sample) mapped to the bovine genome. In 
addition to known protein coding genes varying between 18,395 and 20,904 per sample, 16,378 novel transcripts were identified in the jejunal 
transcriptomes of the calves. To annotate lncRNAs from unknown RNAseq-assembled transcripts, the bioinformatic tool FEELnc is applied, 
which identifies novel lncRNAs and mRNA isoforms and also classifies lncRNAs into intergenic lncRNAs (lincRNAs) and genic sense or 
antisense lncRNAs. 
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Increase in Dietary Energy of Milk Replacer Increases Rumen Microbiome Diversity in Heifer Calves 
Connor E. Owens, Eleonor Bart, A. J. Geiger, C. L. M. Parsons, R. M. Akers and Rebecca Cockrum, Virginia Polytechnic Institute 
and State University, Blacksburg, VA 
The diversity of the rumen microbiome of a calf can affect their ability to convert feed into energy. The objectives of this study were to 1) 
characterize the rumen microbiome of pre-weaned and post-weaned Holstein heifer calves and 2) determine the effect of differing energy levels 
on rumen microbial composition. Holstein heifer calves (n = 12) were randomly assigned to 1 of 2 milk replacer diets: a restricted (R; 20% CP, 
20% Fat; n = 6) or enhanced diet (E; 28% CP, 25% Fat; n = 6). Calves were euthanized and rumen fluid samples were collected at pre-weaning 
(8 wks; n = 6) or post-weaning (10 wks; n = 6). Libraries were constructed from extracted DNA and DNASeq was conducted using a paired-end 
analysis at 100 bp using Illumina HiSeq 2500. Operational taxonomic unit (OTU) clustering analysis was conducted using the 16s rRNA 
Greengenes reference. A PERMANOVA analysis was conducted in R to determine OTU populations for age and treatment. There was no 
difference in microbiome composition between pre-weaning and post-weaning calves (P = 0.761). Microbiome composition differed between E 
and R calves (P < 0.001). Bacteroidetes and Firmicutes represented the most abundant phyla for both E and R calves. Enhanced calves had 
49.4% Bacteriodetes and 36.4% Firmicutes; whereas, R calves had 31.6% Bacteriodetes and 41.1% Firmicutes. Overall, change in dietary energy 
of milk replacer influences calf rumen microbial profiles. 
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Application of Genomics in Tropical Dairy Systems: Matching Appropriate Dairy Breeds to Smallholder Production 
Systems in Tanzania 
Denis Fidalis Mujibi1, Morris Agaba1, Yi Zhang2, James Rao3, Evans Kiptoo Cheruiyot4 and Raphael Mrode5, (1)Nelson Mandela 
African Institution of Science and Technology, Arusha, Tanzania, United Republic of, (2)Department of Animal Genetics, Breeding 
and Reproduction, Beijing, China, (3)International Livestock Research Institute, ILRI, Nairobi, Kenya, (4)Faculty of Veterinary 
Medicine, Department of Animal Production, Nairobi, Kenya, (5)Scotland’s Rural College, Easter Bush, United Kingdom 
Anecdotal evidence and previous research suggests that the optimal level of Taurine inheritance in crossbred animals lies between 50% and 75% 
when considering total productivity in tropical systems. While increasing the exotic percentage of cattle results in more milk, the cumulative 
benefits relative to farmer socio-economic status, input level and production environment are not clear. We set out to assess insitu the 
relationship between breed composition and productivity for various smallholder production systems in Tanzania.  
We surveyed 654 smallholder dairy households over a one year period and grouped them into production clusters. Based on supplementary 
feeding, milk productivity and sale as well as household wealth status four clusters were described: low-feed-low-output subsistence, medium-
feed-low-output subsistence, maize germ intensive semi-commercial and feed intensive commercial systems. About 800 crossbred cows were 
genotyped at approximately 150,000 SNP loci and their breed composition determined. Percentage dairyness (proportion of genes from 
international dairy breeds) was estimated using admixture analysis using Holstein, Friesian, Norwegian Red, Jersey, Guernsey, Ndama, Gir and 
Zebu as references. A fixed regression model using the G matrix was used to analyze milk test day yield accounting for year-month-test-date, 
parity, age, breed type and the production clusters as fixed effects in the model with random effects of animals and permanent environment 
effects.  
Results indicated that farmers practicing in the low-feed-low-output subsistence systems had the lowest milk yields and some kept animals with 
dairyness below 34%. These farmers would be best served with cows having no more than 65% Norwegian Red - Friesian genes. In all 
management groups, except in the feed intensive commercially oriented systems, the best performing animals had higher proportion of 
Norwegian Red-Friesian genes. These results also seemed to suggest that dairyness between 75 to 85% is the most appropriate for these systems. 
For farmers in the feed intensive system, animals with a Holstein genetic background with at least 75% dairy composition were the best 
performing.  



These results indicate that matching breed type to production system is central to maximizing productivity. The outcome observed will serve as a 
basis to inform the development of the dairy sector in Eastern Africa. 
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Genome-Wide Scan for Selection Signatures in Zebu and Taurine Cattle Reveals Regions Associated with Adaptive and 
Production Traits 
Zewdu Edea Bedada, Chungbuk National University, Chungcheongbuk-do, South Korea, Hailu Dadi, Addis Ababa Science and 
Technology University, Addis Ababa, Ethiopia, Dessie Tadelle, International Livestock Research Institute, Addis Ababa, Ethiopia, 
Tad S. Sonstegard, Acceligen Inc. Animal Ag. Subsidary of Recombinetics, St. Paul, MN, Tae Hyung Kim, TheragenEtex Bio 
Institute, Suwon, Korea, The Republic of and Kwan-Suk Kim, Chungbuk National University, Cheongju, South Korea 
Over the course of their evolutionary history, modern cattle breeds have been exposed to a wider range of ecological stressors and human guided 
selective breeding. Natural environmental selective pressures have likely shaped the genome of African cattle populations adapted to marginal 
and heterogeneous landscapes. On the other hand, temperate Bos taurus cattle breeds have been continuously selected for economically 
importance traits. To identify genomic regions under divergent selection for ecological and production traits, we performed a genome-level scan 
using 68,007 autosomal SNPs derived from indicine breeds in Ethiopian cattle populations (n = 272), Nellore (n = 99), Bangladeshi zebu (n = 
52), taurine reference populations, Holstein, (n = 21) and Hanwoo, (n = 22) based on a population differentiation (FST) test. We identified 
potential candidate genes involved in thermo-tolerance (DNAJB5/Hsp40, DNAJB6, and HSPA13), parasite loads and resistance (BBS9, 
FAM177A1, SRP54, PSMA6, PLD4, and CDCA4), fertility (INHBC, STAT6, ID3, and MSRB3), disease/immune response (ARG2, AKIRIN2 and 
TRIM24), body stature (LYN, CHCHD7, and SDR16C5, and POLR2), and growth and meat traits (TG, ASAP1, MEF2A, and HERC3). The 
identified genes are involved in different pathways (vasopressive-regulated water reabsorption, metabolism, melanogenesis, and thyroid and 
hormone synthesis). The results from the present study can be used as a basis for further understanding and exploitation of the molecular basis of 
adaptive and production traits. 
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Tracking Zebu Introgression in Mediterranean Cattle Breeds 
Paolo Ajmone Marsan1, Hussain Mahdi Bahbahani2, Ciani Elena3, Mariasilvia D'Andrea4, Jared E. Decker5, Souheil Gaouar6, 
Vincenzo Landi7, Rosaria Lucchini8, Gabriele Marras9, Ivica Medjugorac10, Fabio Marroni11,12, Salvatore Mastrangelo13, Ezequiel 
Luis Nicolazzi9, Fabio Pilla14, Dominique Rocha15, Mojca Simcic16, Jeremy F. Taylor5 and Alessio Valentini17, (1)Research Center 
on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy, (2)Kuwait University, Kuwait, Kuwait, (3)Università degli Studi di 
Bari "Aldo Moro", Bari, Italy, (4)Department of Agricultural, Environmental and Food Sciences - University of Campobasso, 
Campobasso, Italy, (5)Division of Animal Sciences, University of Missouri, Columbia, MO, (6)Département de Génétique 
Moléculaire Appliquée. Université des Sciences et de la Technologie d'Oran Mohamed Boudiaf, El Mnaouer, Oran, Algeria, Oran, 
Algeria, (7)University of Cordoba, Cordoba, Spain, (8)Istituto Zooprofilattico Sperimentale delle Venezie, Trento, Italy, (9)Parco 
Tecnologico Padano, Lodi, Italy, (10)Ludwig Maximilian University of Munich, München, Germany, (11)IGA Istituto di Genomica 
Applicata, Udine, Italy, (12)University of Udine, Udine, Italy, (13)Dipartimento Scienze Agrarie e Forestali, University of Palermo, 
Italy, Palermo, Italy, (14)Universita degli Studi del Molise, Campobasso, Italy, (15)INRA UMR1313 Animal Genetics and 
Integrative Biology, Jouy-en-Josas, France, (16)Biotechnical Faculty - University of Ljubljana, Ljubljana, Slovenia, (17)University 
of Tuscia, Viterbo, Italy 
A recent work investigating genetic origin, admixture and population history of primitive European cattle highlighted, by using genome-wide 
single nucleotide polymorphisms, zebu gene flow in the Balkan and Italian Podolic cattle populations. Haemoglobin protein polymorphism 
analysis in Italian breeds highlighted the presence of zebuine markers in both Italian Podolic and Alpine Grey cattle. Based on the above 
evidences, we here specifically look for genomic regions of zebuine ancestry in a different dataset of 50K genotypes from Mediterranean breeds 
including 29 Marismena (Spain); 30 Bazadaise and 30 Gasconne (France); 24 Alpine Grey, 97 Piemontese, 51 Chianina, 5 Marchigiana, 121 
Romagnola, 24 Podolica, 24 Modenese, 30 Reggiana, 30 Cinisara and 30 Modicana (Italy); 24 Guelmoise (Algeria); 24 Cika (Slovenia), 43 
Illyrian Mountain Buša (Albania). Additional taurine and zebuine breeds from previously published studies are also included in the analyses. 
Special emphasis in genetic analyses is also given to the identification of genomic regions potentially associated with a phenotypic trait observed 
in several taurine breeds as well as in some zebuine breeds, characterized by calves having a fawn coat at birth, while turning to various shades 
of grey in adult animals. The obtained results contribute to a better characterization of history and genetic structure of Mediterranean cattle 
breeds. 
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Identification of cis-eQTLs Associated with Feed Efficiency in Nellore Cattle 
Pâmela Almeida Alexandre1, Gianluca Mazzoni2, Haja N. Kadarmideen2 and Heidge Fukumasu1, (1)University of São Paulo, 
Pirassununga, Brazil, (2)University of Copenhagen, Frederiksberg C, Denmark 
The search for genomic regions associated with feed efficiency (FE) in beef cattle has been the focus of many researches in the past years by 
trying to associate SNPs in the DNA with the phenotypic trait. Recently, a new approach called “functional genomic selection” seeks to identify 
variants most likely to be the cause of phenotypic change, to improve the portability of genomic predictions between breeds and across 
populations. With this aim, we combined data from liver gene expression (RNAseq) and 80k genotype (GeneSeek GGP Bos Indicus HD®, 
Illumina) of 14 Nellore bulls identified as extremes of FE, on a cis-eQTL analysis. Only SNPs with MAF>0.4 and at least 3 samples in at least 2 
genotypes were tested, considering a 2Mb window surrounding 100 candidate genes for FE that were identified in our previous work. Gene 
expression was estimated by HTseq counts, using Bos taurus UMD3.1 as reference genome, and then normalized by library size. Data were 
analyzed considering a standard additive linear model and an ANOVA model that account for both additive and dominance effects, using Matrix 



eQTL package in R. After chromosome wise Bonferroni correction, 4 eQTLs were detected on chromosomes 4, 21, 23 and 28. Cis-acting SNPs 
can play a regulatory role in expression of genes related to FE and need to be validated in a bigger population. 
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Deep Analysis of Unmapped Reads From Liver Transcriptome of Nellore Cattle 
Heidge Fukumasu and Pâmela Almeida Alexandre, University of São Paulo, Pirassununga, Brazil 
The bovine reference genome is estimated to be 3000 Mb, organized in 29 pairs of autosomes and two sex chromosomes. It was sequenced from 
DNA samples of a Bos taurus cow known as Dominette. However, Nellore is the most prevalent breed of beef cattle in Brazil originated from 
India (Bos indicus). We performed an experiment in Nellore cattle and through hepatic RNA-seq we determined the main biological processes 
involved in feed efficiency. Although we achieve our objectives, part of the data generated by RNA-seq wasn’t used since the reads didn’t 
mapped to the reference genome, being excluded of further analyses. Thus, here we aimed to deeply analyze the unmapped reads from the liver 
transcriptome of Nellore cattle. A mean of 28 million reads was obtained and 16% were not mapped to the reference genome. RNA-seq denovo 
assembly of unmapped reads resulted in 30,777 transcripts with mean identity to protein sequences of 91%. The unmapped reads were assembled 
mainly to: human, bovine, mouse, rat and other vertebrate species. Interestingly, we found transcripts from 11 viruses, 6 bacteria and 1 
protozoan. A transcript from Shigella flexneri were detected, a cellulosic bacterium found in rumen. Also, we found a transcript from Theileria 
parva, the causative agent of East Coast fever, a costly disease in Africa affecting bovines. This result probably occurred because of similarity of 
Babesia bovis and T.parva. As seen, a deep analysis of unmapped reads could also reveal further information that should be considered when 
analyzing RNA-seq data. 
 
P1068: Genome Mapping, Tagging & Characterization: Cattle 
Genomic Regions Associated with Heifer Pregnancy in Nellore Beef Cattle 
Gerson A. Oliveira Junior, University of São Paulo, Pirassununga, Brazil, Daniel J. A. Santos, Unesp, Brazil, Jaboticabal, Brazil, 
Solomon A. Boison, The Norwegian Institute of Food, Fisheries and Aquaculture Research, Copenhagen, Denmark, Ricardo 
Ventura, Beef Improvement Opportunities, Guelph, ON, Canada, José B. S. Ferraz, University of Sao Paulo, Pirassununga, Brazil 
and Dorian J. Garrick, Department of Animal Science, Iowa State University, Ames, IA 
Considering the economic importance of sexual precocity in beef cattle production system, the objective of this study was to develop strategies 
for improving the trait heifer pregnancy (HP) in a population of Nelore cattle (Bos primigenius indicus). The phenotype was measured in 1,337 
animals, which were daughters of 78 sires, coming from three different herds in Brazil. The animals were genotyped by the GeneSeek Genomic 
Profiler (GGP-HDi), keeping 64,800 after quality control analyses. Genotypic information of 42 sires were also available, and non-genotyped 
sires with more than 5 genotyped progenies in the dataset were imputed for the same marker density of the heifers. A Genome-wide Association 
Study (GWAS) was used to identify potential genomic windows (1 Mb) that explained at least 1% of the total genetic variance of the trait. 
Haplotype blocks that span these potential QTL regions were fitted as classificatory effects in a BayesB model, aiming to estimate the effect of 
each allele of the heterozygous sires for these regions. The estimated effects of the two paternally-inherited haplotype alleles were then 
contrasted considering significance level of p <0.10. The GWAS results pointed to genomic windows on chromosomes 5, 14 and 18 that 
accounted for more than 1% of the total genetic variance. A total of 15 haplotype alleles performed better than its alternative copy, suggesting a 
favorable effect on the HP. These haplotype alleles could be selected to improve the early pregnancy rates in Nelore heifers. 
 
P1069: Genome Mapping, Tagging & Characterization: Cattle 
Population Structure and Phylogeny of the Russian Cattle Breeds Determined By Whole Genome Genotyping 
Nikolay S. Yudin1, Andrey Yurchenko2, Ruslan Aitnazarov1, Alexandra Plysnina1 and Denis Larkin3,4, (1)The Federal Research 
Center Institute of Cytology And Genetics The Siberian Branch of The Russian Academy of Sciences, Novosibirsk, Russian 
Federation, (2)The Federal Research Center Institute of Cytology And Genetics The Siberian Branch of The Russian Academy of 
Sciences The Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia, (3)Federal Research Center Institute of 
Cytology and Genetics, The Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russian Federation, (4)Royal 
Veterenary College, University of London, London, United Kingdom 
This study focused on revealing the genetic structure and history of the Russian native cattle breeds. Samples were collected from 18 breeds 
(Bestuzhevskaya, Black-Pied, Buryatian cattle, Kazakh Whitehead, Kalmykian, Kostromskaya, Kholmogorsakaya, Tagilskaya, Ukrainian 
Whitehead, Yakutian cattle, Yaroslavskaya, Red-Stepped, Alatauskaya, Red Gorbatovskaya, Istobenskaya, Yurinskaya, Red-Pied, Ukrainian 
Grey). The number of samples varied from two to 39 animals with the average of 20 per breed. Genotyping was performed either on the 150K 
GGP Bovine array (Neogen) or the Illumina 50K Bovine array. We performed the phylogenetic analysis of the breeds for the genotypes shared 
between the arrays, identified the most genetically distinct breeds within our set as well estimated the effective population sizes (Ne) for the 
breeds. The admixture analysis allowed for the identification of the optimal number of populations (K) and the groups of related breeds. 
Comparison of our data with those obtained for 134 world breeds performed by Decker et al. (2014), suggested close relations between majority 
of breeds from Russia and the breeds of the European origin. However, the Yakutian, Kalmykian and Buryatian cattle formed a cluster close to 
Asian breeds. Known historical relations between the Alatauskaya and Kostromskaya breeds as well as between the Kazakh Whitehead and 
Hereford breeds were confirmed. This work is a first step toward revealing the population structure, history, and signatures of selection within 
the native Russian cattle made to facilitate application of genomic technologies to improve breeding procedures and to increase the effectiveness 
of genomic selection for livestock in Russia. 
 
P1070: Genome Mapping, Tagging & Characterization: Cattle 
The Water Buffalo Gene Expression Atlas 
Rachel Young1, Lucas Lefèvre1, Stephen J Bush1, John Williams2, Suresh B Gokhale3, Satish Kumar4, Stephen C. Bishop1, Alan L. 
Archibald5 and David A. Hume1, (1)The Roslin Institute and R(D)SVS, University of Edinburgh, Midlothian, United Kingdom, 



(2)University of Adelaide,, Roseworthy Campus, Australia, (3)BAIF Development Research Foundation, Pune, India, (4)Centre for 
Cellular and Molecular Biology, Hyderabad, India, (5)The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, 
United Kingdom 
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 have generated 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 
(riverine) water buffalo (Mediterranean, Pandharpuri and Bhadawari breeds). RNA was isolated from a subset of tissues and stranded libraries 
generated for RNA-Seq at high depth for ten key tissues and at medium depth for the remaining thirty tissues. Whole genome sequence data were 
also generated from each animal. The RNA-Seq data were quantified and co-expressed genes visualised using the network analysis tool, Miru. 
Co-expression of unannotated genes with genes of known function will be used to infer their function. The atlas data are also being used to 
analyse alternative splicing, candidate expressed SNPs and allelic expression imbalance and compared to other ruminant species. The sample 
metadata have been loaded into BioSamples and the sequence data are being deposited in ENA. This will be a valuable resource for the 
international Functional Annotation of Animal Genomes (FAANG) initiative. Potential variation identified between domestic breeds will form 
the basis for the development of predictive marker-assisted selection and breed improvement in the buffalo industry. 
 
P1071: Genome Mapping, Tagging & Characterization: Cattle 
Frequency of Leukochimerism in Holstein and Jersey Twinsets 
Amanda Young and Brian W. Kirkpatrick, University of Wisconsin-Madison, Madison, WI 
This study was conducted to test breed difference in the frequency of leukochimerism in twins. Leukochimerism was considered evidence of 
placental vascular anastomosis formation and its frequency was compared between Holstein and Jersey breeds. SNP assay data was used to 
quantify leukochimerism. Hair and blood samples were collected from 85 Jersey twinsets and 80 Holstein twinsets ranging in age for one day to 
eight years. A subset of twinsets were re-sampled five to ten months after initial sampling to assess whether leukochimerism changed with age. 
DNA was extracted from white blood cells (potentially chimeric) and hair follicles (not chimeric) and genotyped for nineteen SNPs selected for 
high minor allele frequency in both breeds. The genotyping assays provided quantitative data that was used to assess chimerism in blood-derived 
DNA. Jersey and Holstein did not differ in proportion of non-chimeric twinsets at 20.1% and 15.7%, respectively (p>0.05), providing no 
evidence for genetic variation in anastomosis. Degree of chimerism for members of a twin set was also evaluated with regard to representation of 
self versus co-twin in the blood-derived DNA. For twinsets where the more chimeric twin was 45% or greater co-twin in its blood-derived DNA, 
there was a strong inverse relationship (P<0.001) between percent co-twin in the blood-derived DNA of members of a twinset. These results 
suggest that variation in chimerism in members of a twinset may be a function of degree of anastomosis and differences in timing of the 
migration of hematopoietic stem cells between members of the twinset. 
 
P1072: Genome Mapping, Tagging & Characterization: Cattle 
Identification and Quantification of Novel RNA Isoforms in Horn Cancer of Bos indicus by Comprehensive RNA-Seq 
Subhash Jakhesara, Prakash Koringa and Chaitanya Joshi, Anand Agricultural University, Anand, India 
Horn cancer (HC) is a squamous cell carcinoma of horn, commonly observed in Bos indicus of the Asian countries. To elucidate the complexity 
of alternative splicing present in the horn cancer, high throughput sequencing and analysis of HC and matching normal horn tissue was carried 
out. A total of 535,067 and 849,077 reads were analyzed after stringent quality filtering for HN and HC, respectively. We found 13,020 and 
12,728 known isoforms were detected in HC and horn normal. Additionally, 130 gene isoforms were found to be differentially expressed 
between both the conditions. We also identified 4,786 novel splice variants comprising 2432, 2055 and 298 splice variants present uniquely in 
HC, uniquely in horn normal and in both condition, respectively. Pathway analysis and gene ontology of isoforms with differential expression 
revealed deregulation of cancer pathways, angiogenesis, epithelial cell differentiation and cell death. Based on pathway clustering and in-silico 
verification, selected 102 novel splice variants were further analysed with respect to change in protein sequence. Blastp of translated protein 
sequences revealed insertion/deletion of amino acids, premature stop codon and loss of functional domains. Finally, we selected and confirmed 
expression of 14 novel splicing events by RT-qPCR. Future studies targeted at in depth characterization of these potential candidate splice 
variants might be helpful in development of relevant biomarkers for early diagnosis of HC. We have confirmed presence and expression of 
selected splice variants in additional horn cancer and normal samples through quantitative real time PCR. As, these variations are not yet 
characterized in systemic way in such a detail, findings of this study provides important insights and serves as a milestone for further 
characterization of these variations and their association with the horn cancer. 
 
P1073: Genome Mapping, Tagging & Characterization: Cattle 
Enhancement of QTL-Mapping and Genomic Prediction for Bovine Respiratory Disease Using Sequence Imputation and 
Feature Selection 
Jesse L. Hoff1, Jared E. Decker1, Robert D. Schnabel1, Christopher M. Seabury2, Holly L. Neibergs3, Robert Hagevoort4, Jeremy F. 
Taylor1 and the Bovine Respiratory Disease Complex Coordinated Agricultural Project Research Team5, (1)Division of Animal 
Sciences, University of Missouri, Columbia, MO, (2)Texas A&M University, College Station, TX, (3)Washington State University, 
Pullman, WA, (4)New Mexico State University, Clovis, NM, (5)University of Missouri, Columbia, MO 
Genomic selection and GWAS have proven successful for livestock research and breeding. Expanding the application of genomics to novel traits 
with high economic importance such as disease resistance holds great promise. It is important to maximize the utility of data from research 
studies designed to create predictions for these traits, as routine retraining may prove difficult. Here we take two approaches to improve Bovine 
Respiratory Disease (BRD) genomic predictions: imputation to sequence and feature selection. From the original study of BRD, BovineHD 
genotypes for 2703 case-control Holstein animals observed in two states were imputed to the 1000 Bull Genome Project reference set, resulting 
in 11 million imputed variants with minor allele frequency >5%. Using these imputed data, our estimate genomic heritability rose from 13.6% to 
14.4%. There was also a substantial increase in the resolution of the genomic regions detected as harboring QTL. In genomic predictions using 



BSLMM models implemented in GEMMA, the imputed data did not result in a substantial improvement in the accuracy of predictions. To 
address this issue, we applied a feature selection approach in which we selected two sets of variants: those in regions with differentially 
expressed genes from a BRD challenge experiment using RNA-Seq and variants in QTL regions identified in the imputed variant GWAS. 
Including only these variants in the model improved phenotype prediction by 50% from an 11% correlation between breeding values and 
phenotypes to a 17% correlation. Training using data from one state represented in the study and predicting in the other resulted in poor 
accuracies, but improved substantially with the use of feature selection. These methods hold great promise for applying genomic selection to 
livestock populations, particularly for difficult to measure traits. 
 
P1074: Genome Mapping, Tagging & Characterization: Cattle 
GWAS for Response to Vaccination to Bovine Respiratory Disease Complex in Angus Cattle 
Luke Kramer1, Mary Sue Mayes1, Jamie Williams1, Elyn Fritz-Waters1, Amelia Woolums2, Christopher Chase3, Julia F. Ridpath4 
and James M. Reecy1, (1)Department of Animal Science, Iowa State University, Ames, IA, (2)Mississippi State University, 
Starkville, MS, (3)Department of Veterinary and Biomedical Sciences, South Dakota State University, Brookings, SD, (4)NADC-
ARS-USDA, Ames, IA 
Bovine Respiratory Disease Complex (BRDC) results in losses greater than $800 million each yeah for the US cattle industry. Despite much 
research, effective treatments remain illusive and BRDC remains a major concern for producers. In this study, calves had antibody titer levels 
collected across multiple time points to measure response to vaccination against four viruses associated with BRDC (BVDV1, BVDV2, BRSV, 
BHV1). Five response traits were calculated for each virus (Initial Vaccination, Booster Vaccination, Booster Response, Initial Titer, Final Titer), 
while two additional traits (Pre-vaccination and Maternal Antibody Decay) were measured for BVDV1 and BVDV2 only. GWAS was performed 
on all measurement traits to identify regions of the genome associated with these traits. More than 1,400 individuals were imputed to 77k density 
(BovineGGPHD beadchip), and analyzed with BayesB with a pi of 0.975 (identification of the most effective 1,917 markers). Seven 1-mb SNP 
windows with the posterior probability of having non-zero genetic variance greater than 90% were identified as being associated with final 
antibody measurements. These windows accounted for 0.12% to 0.24% genetic variation. Other identified windows accounted for up to 3.5% of 
the estimated genetic variance. Response trait heritabilities ranged from 0.22 to 0.58. Final Titer score was also analyzed categorically (non-zero 
vs. zero titer score), resulting in heritabilities of 0.62 (BVDV1), 0.53 (BVDV2), and 0.59 (BHV1). Individuals with BRSV measurements had all 
non-zero titer scores and so could not be categorically analyzed. Although no single window accounts for large amounts of genetic variation, 
high heritabilities show the potential to select for animals with increased responses to vaccination. 
 
P1075: Genome Mapping, Tagging & Characterization: Cattle 
Differential Expression of miRNA-423-5p in Serum from Cattle Challenged with Bovine Viral Diarrhea Virus 
Tasia M. Taxis, USDA/ARS, Ames, IA, Fernando V. Bauermann, South Dakota State University, Brookings, SD, Julia F. Ridpath, 
NADC-ARS-USDA, Ames, IA and Eduardo Casas, USDA, ARS, National Animal Disease Center, Ames, IA 
Bovine viral diarrhea virus (BVDV) is an RNA virus that causes respiratory disease in cattle. MicroRNAs have been proposed as indicators of 
exposure to respiratory pathogens. However, microRNA profiles in cattle exposed to BVDV are currently nonexistent and few studies have been 
reported; therefore, the objective of this study was to identify microRNAs in cattle that were challenged with a non-cytopathic field strain of 
BVDV. Five colostrum deprived neonate Holstein calves were challenged with BVDV (treatment) and 4 were mock challenged (control). Serum 
from all calves was collected at 4 time points: (1) baseline, collected prior to challenge; (2) acute response, collected 4 days post challenge; (3) 
recovery response, collected 9 days post challenge; and (4) post response, collected 16 days post challenge. Due to limiting animal space in a 
biosafety level 2 facility, the experiment consisted of two phases. RNA was extracted from sera, and small non-coding RNAs were obtained 
using next-generation sequencing. A total of 905,861 sequences were identified as microRNAs. Bta-miR-423-5p was identified (P = 0.007) as 
being differentially expressed between challenged and control animals across time points. In treatment animals, bta-miR-423-5p peaked from 
baseline levels during acute response then steadily declined, while the number of sequences among control animals steadily declined until after 
recovery response. Other studies have identified the differential expression of bta-miR-423-5p between cattle challenged with mycoplasma and 
control animals. Further studies are needed to establish if bta-miR-423-5p could potentially be used as a biomarker for exposure to BVDV.  
 
P1076: Genome Mapping, Tagging & Characterization: Equine 
Fine-Scale Recombination Map for the Domestic Horse 
SK Beeson1, JR Mickelson1, RJ Schaefer2 and Molly E McCue1, (1)University of Minnesota, St. Paul, MN, (2)University of 
Minnesota, Minneapolis, MN 
Recombination events have been shown in eukaryotes to cluster along chromosomes in small regions called ‘hotspots’. In humans and mice, total 
genetic map length and local recombination landscapes vary by gender as well as across populations, suggesting that selective pressures play a 
role in recombination rate distribution across the genome. To create a gender- and breed-averaged recombination map for the horse, 513 horses 
genotyped for ~1.8 million SNPs on the MNEq2M array were divided into 20 groups of 20 random individuals to estimate population 
recombination rates (4Ner) using the rhomap program included in the LDhat package. Chromosomes were split into intervals of 2000 SNPs with 
a 200-SNP overlap between adjacent windows, and each analysis was run for 10 million iterations with a 100,000 burn-in period. To create 
breed-specific maps this procedure was performed in breeds in which 20 or more individuals had been genotyped. These rate estimates were used 
to predict recombination hotspots both across breeds and within individual breeds using the LDhot program. To convert recombination rates to 
centimorgans, the effective population size (Ne) of each population was calculated through approximate Bayesian computation using 1 million 
simulated datasets with known contemporary Ne. Our data show clear differences in local recombination rates across breeds and will therefore be 
useful in improving imputation accuracy between genotyping arrays. We also seek to identify sequence motifs in hotspot regions as well as 
regions with low recombination to gain insight into the control of recombination initiation in the horse. 
 
P1077: Genome Mapping, Tagging & Characterization: Equine 
Evaluation of a Set of 101 SNP Markers for DNA Typing in the Domestic Horse 



Heather M. Holl1, Julie Vanhnasy2, Robin Everts2, Katie Hoefs-Martin1, Deborah Cook1, Samantha A. Brooks1, Meredith 
Carpenter1, Carlos Bustamante1 and Christa Lafayette1, (1)Etalon Inc., Menlo Park, CA, (2)Agena Bioscience, Inc., San Diego, CA 
Genetic markers are important resources for individual identification and parentage assessment. Short tandem repeats (STRs) have been the 
traditional DNA marker of choice in many species. However, technological advances have led to single nucleotide polymorphisms (SNPs) 
becoming an attractive alternative. SNPs can be highly multiplexed and automatically scored, which allows for easier standardization and sharing 
among different laboratories. We obtained a publicly available data set of 729 horses representing 32 diverse horse breeds genotyped on the 
Equine SNP50 in order to select SNP markers for DNA typing. A proposed set of 101 SNPs was analyzed for typing suitability. The overall 
MAF of the panel across all 32 breeds was 0.376 (range 0.304-0.419). A set of 395 horses representing 35 breeds was used to evaluate marker 
performance on known families. There were 112 parent-offspring pairs and 102 full trios. No horses shared identical genotypes across all 
markers, indicating the selected set is sufficient for individual identification. The number of opposing homozygous genotypes was calculated for 
all pairwise comparisons. Relationships were classified using ISAG rules, with 0-1 excluding markers considered an accepted parent-offspring 
pair, 2-3 excluding markers considered doubtful, and 4+ excluding markers rejecting parentage. False positives included 6 grandparent-grand-
offspring and 9 sibling pairs. There were 11 parent-offspring pairs classified as doubtful and 2 were rejected. Our developed marker set is both 
present on current generation SNP chips and can be highly multiplexed in standalone panels, and thus is a promising resource for SNP based 
DNA typing. 
 
P1078: Genome Mapping, Tagging & Characterization: Equine 
Protein-Coding Gene Sequences Quantify Progress Toward the New Equine Reference Genome Assembly 
Michael S. DePriest1, James N. MacLeod2 and Theodore S. Kalbfleisch1, (1)University of Louisville, Louisville, KY, 
(2)Department of Veterinary Science, University of Kentucky, Lexington, KY 
The current version of the equine reference genome (EquCab2) was assembled entirely from Sanger sequence reads and published in 2009. Due 
to limited sequence read coverage and technological issues with Sanger data, some functional genes that are highly conserved in other mammals 
are not present in EquCab2. In our continuing effort to improve the equine reference genome’s utility, we have applied new sequence data from 
the reference horse (Twilight) to map and annotate protein-coding genes missing from EquCab2. The new genomic assembly, along with RNA-
Seq data, incorporates many of these genes into chromosomes. In addition, we report major improvements to the N50 and L50 statistics, as well 
as a significantly reduced number of ambiguous nucleotides. Finally, we have identified a number of small, unassembled contigs in our assembly 
as either contaminant sequences or structural variants found in Twilight. These improvements to the equine reference genome will be valuable 
for subsequent genomic and transcriptomic studies of the horse. 
 
P1079: Genome Mapping, Tagging & Characterization: Equine 
A Novel Method for Comprehensive Equine MHC Class I Immunotyping from RNAseq-Derived White Blood Cell 
Transcriptome 
Ulrike Thom, Wiebke Demasius, Rosemarie Weikard and Christa Kuehn, Leibniz Institute for Farm Animal Biology (FBN), 
Dummerstorf, Germany 
Investigation of MHC variability is essential for monitoring genetic diversity within/between breeds or populations as well as for association 
studies on immune response phenotypes. In addition, knowledge about MHC compatibility is essential for tissue transplantation. While there are 
more than 2000 classical MHC class I alleles described in humans, respective data bases for non-model organisms are only poorly populated. 
MHC class I immunotyping in horse or cattle is complicated due to the fact that in both species individuals can vary in the number of MHC class 
I genes present and expressed in their genomes. Recently, we developed a novel method for RNAseq derived holistic, non-targeted MHC class I 
typing. We now extended this method also to the equine transcriptome taking advantage of publicly available whole blood transcriptome data. 
We successfully describe a number of novel MHC class I alleles in addition to alleles already deposited in the MHC data base. The new alleles 
were tested for open reading frames and homology to sequences in public data bases. A total of 13 classical and 5 non-classical novel alleles 
were identified and confirmed by analyzing repetitive samples of four individuals. RNAseq-based PCR-template free MHC class I 
immunotyping provides the opportunity to comprehensively describe equine MHC diversity. 
 
P1080: Genome Mapping, Tagging & Characterization: Equine 
Unraveling Gene Function Using Gene Co-Expression Networks in the Domestic Horse 
RJ Schaefer1, EM Norton2, JR Mickelson2 and ME McCue2, (1)University of Minnesota, Minneapolis, MN, (2)University of 
Minnesota, St. Paul, MN 
Despite their success, the causal genes and functional mechanism underlying Genome Wide Association (GWA) studies, in many cases, remain 
unknown. GWA studies for complex traits are limited by poor resolution in SNP boundaries as well as potentially dozens of different effective 
loci being associated with a trait of interest. To mitigate these issues, we have systematically integrated several sources of high-dimensional 
genomic data in order to better describe and inter-relate putative loci associated with traits of interest. Here, we utilize these genomic tools to 
functionally annotate loci previously linked to Equine Metabolic Syndrome (EMS).  
We built gene co-expression networks using tissue specific RNA-Seq measured from 11 different organs or tissues. Networks encompass 
patterns of gene co-expression providing a high level, functional view of the transcriptional landscape of the horse. Differential expression 
analysis between extreme phenotype scores quantifying EMS identifies 529 genes among muscle and adipose tissues indicating these tissues are 
biologically active for our trait. In muscle/adipose networks, there were 6.5X and 8.3X enrichment for co-expression among genes within 
AgriGO terms indicating networks capture biologically relevant information. Functional analysis for EMS was performed by directly extracting 
co-expression interactions among genes near significant SNPs. We characterized 183 loci associated with EMS in Welsh Ponies and Morgans 
finding 21 significantly co-expressed genes in networks of which 3 had previous AgriGO annotations related to muscular function. Future work 
will focus on building disease specific, differential co-expression networks targeting specific changes in transcription between EMS and healthy 
individuals. 
 



P1081: Genome Mapping, Tagging & Characterization: Equine 
Genomic Structure of Native Iranian Arabian Horses 
Raheleh Sadeghi, Donald Miller and Douglas Antczak, Cornell University, Ithaca, NY 
The Arabian horse originated in the Middle East, where it remains prized for its beauty, endurance, and intelligence. Arabians have been 
exported to many countries of the world, where they are used in long distance and flat racing events, and in show competitions. Outside the 
Middle East, notable populations of Arabians have been bred in Russia, Poland, England, the USA, and Brazil, and international movement of 
horses and shipping of semen has created a cosmopolitan pedigree. In contrast, there has been relatively little exchange of Arabian horses 
between Iran and the rest of the world for several decades. Since 1952 the Iranian Equestrian Federation has maintained a studbook for native, or 
Asil (purebred), Arabians. Here we analyzed pedigrees of 4384 Asil horses born between 1952 and 2015. The population has an estimated 707 
founders, an average inbreeding level of 4.67%, and an effective population size of 183 based on increase in inbreeding by maximum generation. 
We selected 75 horses from this population for genomic analysis using the Equine 670k Affymetrix SNP chip. The horses were chosen to 
minimize relatedness to one another and to be representative of the Iranian Asil Arabian population. This study is designed to characterize the 
genetic makeup of the Iranian Asil Arabians, and also to determine the relationship between the Iranian Asil horses and Arabian horses with 
international pedigrees. 
 
P1082: Genome Mapping, Tagging & Characterization: Equine 
An Equine Long Non-Coding RNA Database Complimenting the Most Recent Equine Transcriptome 
Erica Scott, School of Veterinary Medicine, UC Davis, Davis, CA 
To date, efforts to resolve the transcribed sequences in the equine genome have primarily focused on protein-coding RNA and their promoters. 
Transcribed intergenic regions, although detected via total RNA sequencing (RNA-seq), has yet to be characterized in the horse. The most recent 
equine transcriptome based on RNA-seq was a prime opportunity for the development of a concurrent long non-coding RNA (lncRNA) 
database. This preliminary lncRNA dataset was developed from the eight tissues used in above equine transcriptome. The lncRNA used in this 
annotation are filtered using a modified pipeline from human lncRNA annotation, which removes transcripts based on size, expression, protein 
coding capability and distances to the start or stop of genes. An additional filter involved local de novo assembly of the equine transcriptome in 
regions characterized specifically in the horse as “complex loci”. These regions have conflicting annotations by various equine transcriptomes 
and have been reconstructed de novo to obtain the most accurate sequence at that locus. Preliminary data, post filtering by expression, length and 
overlap with genes from the recent equine annotation as well as NCBI and ENSEMBL databases has resulted in a lncRNA database with 24,189 
transcripts, with a mean expression of 7 transcripts per million (TPM) across all eight tissues. This database will serve as a baseline for lncRNA 
annotation and begin to describe the reads assigned to the intergenic space in RNA-seq experiments. 
 
P1083: Genome Mapping, Tagging & Characterization: Equine 
EquCab3 Viewed through the Lens of Comparative Genomics for Non-Caballene Species 
Kalpani DeSilva1, Ernest Bailey2 and Theodore S. Kalbfleisch1, (1)University of Louisville, Louisville, KY, (2)Maxwell H. Gluck 
Equine Research Center, Veterinary Science Department, University of Kentucky, Lexington, KY 
Comparative genomics is a powerful approach that helps us to gain an understanding of what genomic change evolution has allowed to occur 
between species, what genomic sequence has been conserved, and what variation has been tolerated in those conserved regions. Work on a new 
reference genome for the horse, EquCab3, is nearing completion. Here we present data on the fraction of reads that map for three horses, and 
three non-caballene Equids: a kiang, a grevyi zebra, and a Somali ass. These mappings demonstrate that not only have we improved the mapping 
fractions of reads for the horses, but for the other equids as well, thereby improving the amount of information that may be gained in a 
comparative genomics study. This should be a benefit not only for closely related equids, but for projects such as FAANG that will be including 
horses in their comparative genomic analyses. 
 
P1084: Genome Mapping, Tagging & Characterization: Equine 
Natural History of CXCL16 in Horses: Evidence for Caballine, Non-Caballine Hybridization 
Ernest Bailey1, Ted Kalbfleisch2, John Eberth1, Udeni B. R. Balasuriya1 and Michael DePriest2, (1)University of Kentucky, 
Lexington, KY, (2)University of Louisville, Louisville, KY 
Two alleles were identified for the scavenger receptor protein gene, CXCL16. One (susceptibility or S) serves as a receptor for equine arteritis 
virus (EAV) infection of equine cells while the other (resistance or R) does not. The two alleles differed by 4 non-synonymous mutations in the 
first exon of the gene with susceptibility dominant to resistance. DNA sequences were compared to the horse reference sequence (Ecab 2.0) for 
the 2kb region surrounding CXCL16 exon 1 for 9 horses (Equus caballus) (2 R/R, 2 R/S and 5 S/S) and 4 non-caballines [2 asses (E. africanus 
asinus, E. africanus somaliensis), 1 kiang (E. kiang) and 1 Grevy zebra (E. grevyi) ; all S/S]. High homology was observed for sequences within 
a 947 bp region for 7 susceptible horses (R/S & S/S) and 4 non-caballine equids. Within this region we observed 13 SNPs common to the 
susceptible haplotype of horses and all 4 non-caballine equids. This same region also contained 2 SNPs only common to the non-caballine equids 
and 1 SNP common only to the susceptible horses. The haplotype associated with the resistance was distinct from the susceptibility haplotype 
and represented by Ecab 2.0. These results suggest a hypothesis for cross-hybridization of caballine and non-caballine species between 400,000 
and 600,000 years ago. This would be a remarkable hybridization event considering that the divergence of caballine and non-caballine equids is 
thought to have taken place over 4.5 million years ago. This suggests cross-hybridization within a genus is a novel way for species to acquire 
new genes and futher suggests that the co-existence of related species may be an important resource for adaptation and evolution. 
 
P1085: Genome Mapping, Tagging & Characterization: Equine 
Massive Expansion of Testis-Specific Transcripts in Equid Sex Chromosomes 
Terje Raudsepp1, Martin Nielsen2, Sharmila Ghosh1, Bhanu P Chowdhary1,3 and Jan E Janečka4, (1)Texas A&M University, 
College Station, TX, (2)University of Kentucky, Lexington, KY, (3)Qatar University, Doha, Qatar, (4)Duquesne University, 
Biological Sciences, Pittsburgh, PA 



Hemizygosity of mammalian males for the X and the Y chromosomes has exposed these genomic regions to evolutionary forces favoring the 
accumulation of male benefit genes, i.e., genes that improve male fertility. This is evidenced by the discovery of testis- and species-specific 
ampliconic genes in the Y chromosomes of several species and more recently, in the X chromosomes of men and mice. We sequenced, 
assembled de novo and annotated the male specific region of the horse Y chromosome (eMSY). We identified 8 testis-specific ampliconic genes 
corresponding to at least 63 transcription units. Of particular interest was Equine Testis Specific Transcript in Y 7 (ETSTY7). The transcript has 
3 exons and 15 copies, all of which map to a single BAC clone on the boundary of eMSY and the Y heterochromatin (Y-HC). Using short PCR 
products of ETSTY7 as probes for FISH we showed that the entire Y-HC and the Xq-HC are comprised of ETSTY7 sequences. Thus, the sex 
chromosome regions previously thought be heterochromatic, are comprised of ampliconic testis-expressed sequences. A different pattern of 
ETSTY7 sequence distribution was observed in other equids: it is exclusive to Xq-HC in the donkey, but located in Y-HC, Xq-HC and certain 
autosomal telomeres in 2 zebra species. BLAST analysis of ETSTY7 revealed homology with Parascaris spp. Studies of ETSTY7 in parasite 
tissues and developmental stages are in progress to determine whether the observed sequence homology is due to parasite genome sequence 
contamination with the host DNA, or the result of true horizontal transmission. 
 
P1086: Genome Mapping, Tagging & Characterization: Equine 
Characterization of Extracellular Vesicle RNA-Cargo of Equine Mesenchymal Stromal Cells: Which Role in Tissue 
Regeneration? 
Stefano Capomaccio1, Luisa Pascucci2, Cinzia Bazzucchi2, Marco Pepe1, Mauro Coletti1, Rodolfo Gialletti1, Stefano Petrini3, 
Fabrizio Passamonti1, Franco Moriconi1, Maurizio Silvestrelli1 and Katia Cappelli1, (1)University of Perugia - Department of 
Veterinary Medicine - Sport Horse Research Centre, Perugia, Italy, (2)University of Perugia - Department of Veterinary Medicine, 
Perugia, Italy, (3)Istituto Zooprofilattico Sperimentale Umbria e Marche, Perugia, Italy 
Equine adipose-derived Mesenchymal Stromal Cells (E-Ad-MSCs) are extensively studied for their anti-inflammatory and pro-regenerative 
properties observed at muscular-skeletal structure level. Their biological effects seem linked, at least in part, to the release of nanometric 
extracellular vesicles (EVs) containing trophic factors, cytokines and coding and regulatory RNAs. This study aimed at investigating RNA 
content within EVs produced by E-Ad-MSC to explore their regenerative potential and to open new perspectives in cell-free therapeutic 
procedures.  
EVs were obtained from 4 horses via ultracentrifugation of the E-Ad-MSC conditioned medium. Resulting pellet was used for electron 
microscopy analysis (TEM and SEM) and small RNA sequencing via Illumina technology.  
TEM an SEM analyses reveled a mixture of shedding vesicles and exosomes as demonstrated by CD90 and Flotillin-1 reactivity with size ranged 
from 30 to 300 nm.  
Unique reads and the last Ensembl gene annotation (86) were used to characterize the exosome cargo: standard bioinformatics analyses 
(trimming, mapping and counting) were applied. One of the most abundant species of RNA cargo is represented by snoRNAs, a conserved group 
of small non-coding RNAs recently considered regulatory with miRNA-like functionality.  
These data represent a key step in the characterization of E-Ad-MSC secretome and shed light on the mechanisms of action cells-derived 
vesicles: not annotated sequences and non coding RNAs with new regulatory roles are the most abundant part of the cargo underlining the 
complex nature of their information content. 
 
P1087: Genome Mapping, Tagging & Characterization: Equine 
Generation of an Equine Tissue Biobank for Functional Annotation 
Erin Burns1, Matthew Bordbari1, Michael J. Mienaltowski2, Verena Affolter1, Marietta Barro1, Francesca Gianino1, Giuliana 
Gianino1, Elena Giulotto3, Katherine Hilburger1, Theodore S. Kalbfleisch4, Scott Katzman1, Tosso Leeb5, Maura Mack1, Eliane J. 
Müller6, James N. MacLeod7, Brittni Ming-Whitfield1, Carolina Ramirez Alanis1, Terje Raudsepp8, Erica Scott9, Savanna Vig1, 
Huaijun Zhou10, Jessica L. Petersen11, Rebecca R. Bellone12 and Carrie J. Finno1, (1)University of California - Davis, Davis, CA, 
(2)University of California Davis, Davis, CA, (3)University of Pavia, Pavia, Italy, (4)University of Louisville, Louisville, KY, 
(5)Institute of Genetics, University of Bern, Bern, Switzerland, (6)University of Bern, Bern, Switzerland, (7)Department of 
Veterinary Science, University of Kentucky, Lexington, KY, (8)Texas A&M University, College Station, TX, (9)School of 
Veterinary Medicine, UC Davis, Davis, CA, (10)University of California, Davis, Davis, CA, (11)University of Nebraska, Lincoln, 
NE, (12)University of California-Davis, Davis, CA 
The Functional Annotation of the ANimal Genome (FAANG) project aims to identify functional regulatory elements in animal genomes in both 
sexes and across multiple stages of development. For the horse, a biobank of tissues and cells was created including 86 tissues and three cell 
types from two adult mares. Both mares were deemed healthy after undergoing clinical evaluations including full physical examinations, 
lameness, ophthalmologic and neurologic evaluations and complete blood counts, and serum biochemistries were performed. At necropsy, in 
addition to tissue samples, multiple aliquots of serum, whole blood, plasma, cerebrospinal fluid, synovial fluid and gastrointestinal contents from 
all regions of the gastrointestinal tract and urogenital tract were collected. Keratinocytes, fibroblasts and melanocytes were cultured. All tissues 
were grossly and histologically evaluated by a board-certified veterinary pathologist. Biobank samples were collected adjacent to the site 
evaluated for histopathology, thereby providing histological correlation of the cellular makeup for each tissue. Each sample was then preserved 
in liquid nitrogen or fixed for Chromatin Immuno-Precipitation SEQuencing (ChIP-seq). Nuclei extraction was performed on 16 tissues for 
DNase-I hypersensitivity Sequencing (DNAse-Seq). Eight tissues (cerebral cortex, left ventricle of the heart, hoof lamina, liver, lung, ovary, 
spleen, and longissimus dorsi skeletal muscle) were prioritized for initial RNA sequencing (RNA-seq) and ChIP-seq. As a larger collaborative 
effort, 15 other laboratories have identified a tissue of interest to support for the initial RNA-seq effort. This extensive biobank will be used to 
create a tissue-specific atlas of gene expression and regulation in the horse. 
 
P1088: Genome Mapping, Tagging & Characterization: Equine 
Expression Signatures of Equid Lymphocyte Subsets Defined By Single Cell Sequencing 
Xu Wang, Donald Miller, Andrew Clark and Douglas Antczak, Cornell University, Ithaca, NY 



Peripheral blood lymphocytes (PBL) from horse (E. caballus) and donkey (E. asinus) were analyzed in the 10X GenomicsTM CHROMIUMTM 
Single Cell 3’ Solution pipeline followed by library sequencing using a NextSeq500 instrument. From an input number of 3000 cells for each 
species single cell sequence was obtained for 1781 cells from horse (59%) and 1462 cells from donkey (49%). Counts of reads per cell were 
68.3k for horse and 79.3k for donkey, with 90% of the reads mapping to the reference sequence for horse and 46% of reads mapping to Ensembl 
predicted gene models. Corresponding figures for donkey were 88% and 53%. The 10X GenomicsTM software provided visualization of data, 
quantification of expression in individual cells, and clustering that grouped cells with similar expression profiles. By examining differentially 
expressed genes we were able to identify clusters that correspond to the major B cell, CD4 T-cell, and CD8 T-cell subpopulations of horse and 
donkey PBL. The percentages of cells in the subpopulations correlated well with the same subsets defined using monoclonal antibodies. The 
single cell sequencing approach facilitates identification of heterogeneity of expression in complex cell populations that cannot be distinguished 
using conventional light microscopy or separated using immunological techniques, and thus should have many applications in domestic animal 
genomics. Quantitative analysis of expression in our samples is underway. 
 
P1089: Genome Mapping, Tagging & Characterization: Equine 
The Association Between Endocrine Disrupting Chemicals and Equine Metabolic Syndrome 
Sian Ann Durward-Akhurst1, NE Schultz1, EM Norton1, Ray Geor2, JR Mickelson1 and ME McCue1, (1)University of Minnesota, 
St. Paul, MN, (2)Massey University, Palmerston North, New Zealand 
Our group demonstrated that 49% of Equine Metabolic Syndrome (EMS) phenotype variability is explained by shared environment; however 
only 4-18% is explained by diet, exercise and season, suggesting other environmental factors play a role in EMS. Endocrine Disrupting 
Chemicals (EDCs) are associated with metabolic syndrome and other endocrine abnormalities in humans. Preliminary data demonstrated that 
horses from farms <31 miles of EDC disposal sites (SF) were more likely to have had laminitis and had higher post oral-sugar-challenge insulin 
concentrations (INS-OST) suggesting EDC exposure as an EMS risk factor.  
We sought to determine if plasma EDC concentration is correlated with metabolic measurements in 301 horses from 32 farms with bioassays 
measuring aryl hydrocarbon receptor (AHR-EDC) and estrogen receptor (ER-EDC) activation by EDCs. Mean (range) AHR-EDC and ER-EDC 
concentrations were 0.223 (0.02-2.47) and 279.66 (4.35-15,000) pg/ml plasma. EDCs were below the detection limit in approximately half of the 
horses. AICc statistics were used to determine the best linear multivariable regression model for EDC association with 9 EMS phenotypic 
variables. AHR-EDC was associated with glucose (p=0.042), triglyceride (p=0.011), and leptin (p=0.047) concentrations. ER-EDC was 
associated with glucose after an oral sugar test (OST) (p=0.010), glucose (p=0.003), insulin (p=0.004), and insulin-OST (p=0.002. Nine SNPs 
within exons 9-11 of AHR are being genotyped to determine if a gene-by-environment interaction plays a role in EMS. Overall, the results 
suggest that some unexplained environmental variance in individuals with EMS is due to EDC exposure mediated through the AHR and ER. 
 
P1090: Genome Mapping, Tagging & Characterization: Equine 
Genome Wide Association Study Reveals a Risk Locus for Equine Metabolic Syndrome in the Arabian Horse 
Samantha L. Lewis, Heather M. Holl, Martha F. Mallicote, Maureen T. Long and Samantha A. Brooks, University of Florida, 
Gainesville, FL 
Obesity is the leading risk factor for equine metabolic syndrome (EMS), a condition primarily characterized by hyperinsulinemia and severe 
laminitis. Early identification of at-risk individuals is crucial for implementation of preventative measures as effective treatments for EMS are 
limited. A genome-wide association study (GWAS) using Arabian horses with severe laminitis secondary to EMS (with or without concurrent 
PPID) revealed significant genetic markers near a single candidate gene (FAM174A) hypothesized to play a role in cholesterol homeostasis. The 
best marker, BIEC2-263524 (chr14:69276814 T>C) correlated with elevated insulin values and increased frequency of laminitis (p=0.0024, 
p=0.0001). In a second population, the BIEC2-263524 marker maintained its associations with elevated insulin values (p=0.0083) and higher 
body condition scores (BCS) (p=0.0045). Screening of the predicted FAM174A coding regions by sequencing identified a polymorphic 
homopolymer in the 3’ untranslated region (UTR) that correlated with elevated insulin values in the GWAS population (p=0.0008) and with 
elevated insulin, increased BCS, and triglycerides in the second population (p=0.0082, p=0.0116 and p=0.200). The BIEC-263524 –C and the 
FAM174A 3’UTR -11(G) polymorphisms correlated at a 98% frequency, indicating strong linkage disequilibrium across this 150 kb haplotype. 
Assays for these markers could diagnose horses with a genetic predisposition to develop obesity and secondary laminitis. Additionally, additional 
work describing the function of FAM174A may improve our understanding of the etiology of this troubling illness in the horse, and warrants 
investigation of this locus for a role in homologous metabolic disorders of other species. 
 
P1091: Genome Mapping, Tagging & Characterization: Equine 
Depot-Specific Transcriptomic Analysis of Equine Adipose Tissue 
AM Kemper, ME McCue and JR Mickelson, University of Minnesota, St. Paul, MN 
Adipose tissue is an important and dynamic endocrine organ critical for regulating metabolism in both health and disease. Depot-specific gene 
expression and brown fat-like adipose tissue is poorly understood in horses. In adult humans, brown fat is found in suprascapular 
and retroperitoneal depots which have unique gene signatures. These depots are analogous to nuchal and retroperitoneal depots in the horse, To 
evaluate metabolic differences between equine adipose tissue depots, and to determine if adult horses have brown-fat like adipose tissue, we 
collected nuchal, shoulder, tail head, visceral, omental, and retroperitoneal adipose samples from six horses of varying age, breed, and sex. To 
quantify the differences in gene expression in the depots, an average of ~19 million paired-end RNA sequencing reads per sample were generated 
on an Illumina HiSeq sequencer. Limma-voom identified 4,588 differentially expressed (DE) genes between nuchal fat and the other depots, 
2,917 DE genes between retroperitoneal fat and the other depots, and 4,142 DE genes between nuchal and retroperitoneal. Growth and 
differentiation pathways predominated in all comparisons, but in opposite directions, with upregulation in retroperitoneal relative to the other 
tissues. Nuchal fat directly compared to retroperitoneal tissue revealed primarily differentiation and brown fat upstream regulators. ZIC1, a 
specific marker for brown fat, has a 275x fold change in nuchal tissue relative to other tissues. Several HOX genes, responsible for cranial-caudal 
patterning during development, are downregulated up to 150x in nuchal vs other tissues. These data show clear functional stratification of the 
equine adipose tissue transcriptome. 
 



P1092: Genome Mapping, Tagging & Characterization: Equine 
Investigation of Computationally Predicted Structural Polymorphisms in Gaited Horses 
Laura Patterson Rosa1, Mohammed Al Abri2, Elizabeth A. Staiger3 and Samantha A. Brooks1, (1)University of Florida, 
Gainesville, FL, (2)Sultan Qaboos University, Muscat, Oman, (3)Cornell University, Ithaca, NY 
Improved understanding of variation in genome structure is crucial to provide insight into genomic influence on phenotypic traits. In a previously 
conducted analysis, six re-sequenced horse genomes were inspected for single nucleotide polymorphisms (SNPs), insertions and deletions 
(INDELs), copy number variations (CNVs) and structural variations (SVs). SVs, specifically inversions, are usually hard to detect but have been 
linked to major phenotypical variations in the horse. For example, the Tobiano white spotting pattern is caused by a paracentric inversion on the 
Equus caballus chromosome 3, likely disrupting a promoter region of the KIT gene. INDELs are the second most common form of genomic 
variation. An example of an INDEL is the deletion in MYO5A gene which causes Lavender Foal Syndrome.  
Further analysis of the data provided by the previous study demonstrated that regions of the genome under selection in the three gaited horse 
breeds possessed unique genes ontology (GO) terms for biological processes in locomotion. Notably one of the hits - a computationally predicted 
insertion fragment - is similar between two of these horses, but is not present in the other four horses nor in Twilight, the horse reference 
genome.  
With about 14,075 annotated SVs and an average of 357,000 homozygous alternative INDELs amongst the six re-sequenced horses, such 
diversity has the capacity to be a major source of phenotypic variation in the horse. Further investigations will assess gene-disrupting SVs and 
INDELs in the equine genome and its associations with phenotypic effects. 
 
P1093: Genome Mapping, Tagging & Characterization: Equine 
Validation of Genetic Variants Predictive of Pacing in Standardbred Horse 
Annette M McCoy1, Jennie Cook1 and Molly E McCue2, (1)University of Illinois, Urbana, IL, (2)University of Minnesota, St. 
Paul, MN 
A recently described mutation in DMRT3 is thought to be permissive for the ability to perform alternative gaits in the horse. However, this 
mutation is nearly fixed in the Standardbred breed, despite the fact that not all Standardbreds can perform the alternative pacing gait. This 
suggests that modifying genetic variants must exist within this breed that determine pacing ability. We previously identified seven novel SNPs 
that were highly predictive of gait within a discovery population of 659 Standardbred racehorses. The aim of this study was to validate this 
predictive model in an independent population of Standardbreds.  
One hundred sixty-six Standardbred horses with race records (n = 82 trotters, n = 84 pacers) were genotyped using a custom high-throughput 
Sequenom assay. The genotypes at the 7 SNPs of interest were evaluated according to the conditional inference tree model developed in our 
discovery population. Two horses did not genotype at all 7 SNPs and could not be classified. Of the remaining 164 horses, gait (pacer/trotter) 
was correctly predicted for 162 (98.8%). Both misclassified horses were pacers.  
While this prediction model appears highly accurate for gait in Standardbreds, it will need to be tested in other gaited breeds to determine if its 
predictive value is specific to Standardbreds, to breeds that pace, or if it is universally applicable. Future work will address the question of 
whether one or more of the predictive SNPs plays a functional role in the ability to pace, or if they are simply tagging functional variants. 
 
P1094: Genome Mapping, Tagging & Characterization: Equine 
The Search for Genetic Determinants Influencing Standardbred Performance 
Nicole M Tate1, Annette M McCoy2, Samantha K Beeson1, Rebecca K Splan3, James R Mickelson1 and Molly E McCue1, 
(1)University of Minnesota, St. Paul, MN, (2)University of Illinois at Urbana-Champaign, Urbana, IL, (3)Sul Ross State University, 
Alpine, TX 
Racehorse performance can be influenced by many factors including: training, the driver/jockey, nutrition, track condition and genetics. In 
humans, more than 200 variants have been associated with performance. The objective of this study is to use genome-wide association (GWAS) 
to identify regions of interest and variants that influence performance in Standardbred racehorses. Variants identified could influence the 
musculoskeletal, cardiovascular, respiratory, and nervous systems. Preliminary data was obtained using 293 Standardbred horses genotyped on 
the Illumina Equine SNP70 bead chip in a genome-wide association study (GWAS) for the fastest time over a mile. The Standardbreds were 
divided by gait; 165 were pacers and 127 were trotters. Each horse was genotyped for 73,716 single nucleotide polymorphisms (SNPs) and after 
quality control conducted in PLINK, 50,585 SNPs remained. A GWAS was performed using PLINK and qqman in R version 3.3.1 was used to 
visualize the manhattan plot. In the pacers, SNPs on 3 chromosomes reached genome-wide significance (p=9.88x10-07) and in the trotters, SNPs 
on one chromosome reached genome-wide significance for association with the fastest time over a mile. A second genome wide association 
study will be performed using 661 Standardbreds genotyped on either the 74K SNP array (329 horses) or the 670K SNP array (332 horses) and 
imputed to 1,924,259 SNP markers using BEAGLE4. Of the 661 Standardbreds genotyped, 384 are pacers and 277 are trotters. Any SNPs 
reaching genome-wide significance will be used to identify regions of interest that likely harbor performance related alleles. 
 
P1095: Genome Mapping, Tagging & Characterization: Equine 
Identification of Candidate Genes for Recurrent Exertional Rhabdomyolysis in Thoroughbreds and Standardbreds 
SK Beeson1, James R Mickelson1, M.M. Binns2, S. Blott3, P. Caputo4, C.M. Isgren5, A. Moore6, R.J. Piercy7, J. Swinburne3, M. 
Vaudin3 and Molly E McCue1, (1)University of Minnesota, St. Paul, MN, (2)Equine Analysis Systems, LLC, Midway, KY, 
(3)Animal Health Trust, Kentford, United Kingdom, (4)Paul Caputo, DVM, Parkland, FL, (5)Norwegian University of Life 
Sciences, Olso, Norway, (6)Moore Equine Services, Ontario, ON, Canada, (7)The Royal Veterinary College, London, England 
5-10% of Thoroughbred (TB) and 6% of Standardbred (STDB) racehorses suffer from painful cramping and muscle damage following exercise 
(recurrent exertional rhabdomyolysis [RER]). Gender, temperament, diet, and activity level influence expression of the clinical phenotype, and 
heritability ranges from 0.34-0.42% in TBs and 0.39-0.45% in STDBs. The objective of this project is to identify variants associated with RER. 
In both breeds, total phenotypic variance is explained by <1% of the SNPs tested. These SNPs were further partitioned based on estimated effect 
sizes. In the TB, SNPs of small, moderate, and large effect account for 45%, 35%, and 20% of the phenotypic variance, respectively. Similarly, 



in STDBs, small, moderate, and large effect SNPs explain 47%, 30%, and 23% variance, respectively. Genome-wide association studies 
(GWAS) identified seven genomic regions of interest (ROIs) significantly associated with RER in TB (n=491) and STDB (n=476) horses: two in 
TBs, four in STDBs, and one shared locus. Of the 274 genes within these ROIs, 34 were computationally predicted to be candidate genes for 
rhabdomyolysis in humans. Variants in each ROI were identified using whole genome sequences from 10 RER and 10 controls in each breed. 
189,610 total variants were discovered in the ROIs, with an average of 7.5 variants per kb. Of these variants, 47.5% were within genes, and 1.1% 
had putative functional effects. Variants will be prioritized based on segregation between RER and control horses and predicted functional effect. 
High-priority variants will be used to create an assay for genotyping in the entire GWAS population. 
 
P1096: Genome Mapping, Tagging & Characterization: Equine 
Identification of Genomic Signatures of Selection Associated with Cranial Morphology and Conformation in Arabian 
Horses 
Felipe Avila, James R Mickelson and Molly E McCue, University of Minnesota, St. Paul, MN 
The most identifiable feature of Arabian horses is their finely chiseled head. Moreover, some individuals have 5 lumbar vertebrae instead of 6, 
and 17 pairs of ribs instead of the usual 18. Because of that, Arabians have a shorter back and a more horizontal pelvis, which increases their 
capacity to carry weight and contributes to their unique pattern of locomotion.  
The objectives of this study were to 1) identify genomic regions undergoing selection in Arabians; 2) investigate haplotype structure and ancestry 
within the breed; 3) identify candidate genes for cranial and body morphology. For that, 36 Arabians were genotyped at 2 million SNP markers 
across the genome. Regions harboring signatures of selection were identified using EHH and two FST-based statistics (di and hapFLK); local 
haplotype sharing among individuals was calculated with hapQTL.  
A total of 361 genes were retrieved within signatures of selection from 28 autosomes using BioMart. Candidate genes were prioritized using 
Endeavour-GW and functional and enrichment analyses were performed using DAVID and FunRich3. A statistical overrepresentation of genes 
present in pathways involved in skull and spinal cord development (such as Wnt and Notch pathways) was detected. Genes associated with 
cellular migration and development of osseous tissue were also identified. Examples include ATF2, ALX1, and NKD1. 
WGS data from 14 Arabians will be used for the annotation of biologically relevant alleles within these candidate genes and to investigate their 
association with the Arabian’s distinctive cranial morphology and body conformation. 
 
P1097: Genome Mapping, Tagging & Characterization: Equine 
Genome Wide Association Study of Juvenile Idiopathic Epilepsy (JIE) in Egyptian Arabian Foals 
Brittni Ming-Whitfield, Kalie Weich, Erin Burns, Monica Aleman and Carrie J. Finno, University of California - Davis, Davis, 
CA 
Juvenile Idiopathic epilepsy (JIE) is a disorder in Egyptian Arabian foals that causes seizures during the first year of life. Potential life 
threatening complications include head injury and aspiration pneumonia. The disorder is heritable but the genetic mutation is unknown. The aim 
of this study was to identify single nucleotide polymorphism (SNP) markers significantly associated with the JIE phenotype. A genome wide 
association study using the Axiom® Equine genotyping array with 670,000 SNP markers was performed on 48 Egyptian Arabian foal samples. 
JIE-affected foals (n=9) included foals with electroencephalographic (EEG) evidence of seizure activity, JIE-suspect foals (n=6) included foals 
with reported seizure activity by the owner but not confirmed by EEG and unaffected horses (n=33) included Egyptian Arabian horses over the 
age of 1 year with no history of juvenile seizures. A genome-wide efficient mixed model program (GEMMA) with sex as a covariate was used to 
analyze the data based on an elevated genomic inflation (λ=1.49) in the population, after excluding suspect foals (n=6) and obligate carriers 
(n=4) from the original sampling. Genome-wide significance was determined using a Bonferroni correction on the 445843 SNPs passing quality 
control. Population stratification was minimized using GEMMA analysis (λ=1.04) Two SNPs were identified on chromosome 1 
(p=2.383932 and p=5.908369). This region is currently being prioritized for underlying putative functional variants in two JIE affected horses 
that have undergone whole genome sequencing. 
 
P1098: Genome Mapping, Tagging & Characterization: Equine 
Identification of a Genetic Locus Associated with Height and Fasting Insulin in Welsh Ponies and Morgan Horses 
Felipe Avila, EM Norton, NE Schultz, James R Mickelson and Molly E McCue, University of Minnesota, St. Paul, MN 
Ponies have higher fasting insulin concentrations and are more insulin resistant than horses. In humans and mice, genetic alleles resulting in 
small skeletal size have also been associated with alterations in insulin and glucose metabolism. We hypothesized genetic that loci affecting 
height in ponies have pleiotrophic effects on metabolic traits. Pearson’s correlation coefficient identified an inverse relationship between wither 
height and fasting insulin in 298 Welsh ponies (WP) (-0.26; 95% CI -0.36 to -0.15; p-value: <6.4e-06). Using genome-wide association studies 
were performed for height and fasting insulin in 232 WP and 286 Morgan horses, a locus on chromosome 6 was significantly associated with 
height and fasting insulin in the WP, but not in Morgans. HMGA2 was identified as a potential candidate gene, due to a recently identified 
C.83G>A variant associated with height in Shetland ponies. To date, we have genotyped 250 WP and 60 Morgans for this variant and identified 
an allelic frequency of 0.802 and 0.375, respectively for the A allele. Correlations were identified for the additive effect of the A allele on height 
[0.59; 95% CI -0.66 to -0.51; p-value: <2.2e-16 (WP) and 0.69; 95% CI -0.81 to -0.59; p-value: 7.4e-10 (Morgan)] and baseline insulin values 
[0.22; 95% CI 0.10 to 0.34; p-value 3.5e-04.22 (WP) and 0.46; 95% CI 0.23 to 0.64; p-value: 2.1e-04 (Morgan)]. These data suggest that the 
variant in HMGA2 may have an effect on both height and insulin, which has important implications for equine metabolic syndrome 
susceptibility. 
 
P1099: Genome Mapping, Tagging & Characterization: Equine 
Genomic Investigation of Equine Recurrent Uveitis in Appaloosa Horses 
Maura Mack1, SK Beeson2, Heather Kaese3, James R Mickelson2, Mark Rutherford2, Lynne Sandmeyer4, Bianca Bauer4, Mary 
Lassaline1, Ann Dwyer5, Molly E McCue2 and Rebecca R. Bellone1, (1)University of California-Davis, Davis, CA, (2)University of 



Minnesota, St. Paul, MN, (3)Eye Care for Animals, Lee’s Summit, MO, (4)University of Saskatchewan, Saskatoon, SK, Canada, 
(5)Genesee Valley Equine Clinic, Scottsville, NY 
Equine recurrent uveitis (ERU), the leading cause of blindness in horses, is characterized by bouts of inflammation in the ocular uveal tract. 
Appaloosas are more likely to develop ERU and go blind than any other breed, suggesting that genetics plays a vital role. Appaloosas are best 
known for their white spotting patterns, caused by the leopard complex spotting locus (LP). Markers linked to LP on ECA1 and MHC on ECA20 
were previously associated with increased risk for ERU. The goals of this study are to determine the extent to which genetics contributes to this 
disease and further investigate the previously associated loci while identifying additional loci. 
A genome wide association study was performed using the Illumina Equine SNP70 BeadChip in 93 horses. To correct for relatedness, 
heritability estimates and association testing were performed using several additive mixed model approaches. Heritability of ERU was high, h2= 
0.7-0.99 (p= 3.47X10-5). While not reaching genome-wide significance, three mixed models identified loci on ECA1, ECA12, and ECA29 for 
further analysis (p=2.28X10-5, p=3.17X10-5, p=4.66X10-5 respectively). Using LP as a covariate provided further support for the loci on ECA12 
and ECA29.  
Overall, the results of this analysis suggest that ERU is highly heritable, LP has a direct effect on ERU risk, and other loci are involved. The 
variance detected in our heritability estimates suggests that estimates may be biased upward due to the relatively small sample size. Testing 
additional samples and markers should give a more refined estimate and greater support for loci warranting further investigation. 
 
P1100: Genome Mapping, Tagging & Characterization: Equine 
Impact of Paternal Inheritance of an Allele for Type I Polysaccharide Storage Myopathy on Exertional Rhabdomyolysis and 
Muscle Glycogen Concentration 
Nicole Wanner1, Zoë Williams2, Jessica L. Petersen3, Carrie J. Finno4, Jill Heyden2 and Stephanie J. Valberg2, (1)University of 
Minnesota College of Veterinary Medicine, St. Paul, MN, (2)Michigan State University, East Lansing, MI, (3)University of 
Nebraska, Lincoln, NE, (4)University of California - Davis, Davis, CA 
Polysaccharide storage myopathy (PSSM1) is a form of exertional rhabdomyolysis caused by a dominant gain of function mutation in glycogen 
synthase 1. Penetrance is impacted by genotype, environment and, we hypothesized, genomic imprinting. The first objective was to 
retrospectively determine the frequency of paternal and maternal inheritance of the R309H mutation in symptomatic Quarter Horses (QH). Forty-
eight registered PN QHs with exertional rhabdomyolysis were identified from our database and sire genotype was determined from AQHA 
records. The P allele was inherited significantly less often from the sire (12/48; 25%) than the dam (36/48; 75%) in symptomatic horses. The 
second objective was to prospectively determine if inheritance of a paternal P allele from an asymptomatic heterozygous (PN) stallion impacted 
signs of exertional rhabdomyolysis and glycogen storage in PN and normal (NN) offspring. While none of the stallion’s offspring exhibited 
rhabdomyolysis during a 15-minute exercise challenge, the PN offspring had higher indicators of subclinical muscle damage than NN offspring 
after exercise (plasma creatine kinase; PN 624.1 ± 78.9; NN 465.1 ± 86.8 u/l). In addition, muscle glycogen concentrations (PN 171.6 ± 37.8; 
NN 122.7 ± 22.6 mmol/kg) and muscle histopathology scores (two-fold) were significantly higher in PN than NN offspring. We concluded that 
signs of exertional rhabdomyolysis occur less frequently with paternal inheritance of the P allele, suggesting differential allelic expression due to 
genomic imprinting could affect PSSM1 penetrance. Clinically, inheritance of a P allele is not benign as it resulted in subclinical muscle damage 
and excessive muscle glycogen storage. 
 
P1101: Genome Mapping, Tagging & Characterization: Goat 
Linkage Disequilibrium Analysis Across 126 Goat Breeds of the Adaptmap Consortium 
Francesca Bertolini1, Max F. Rothschild1 and ADAPTmap Consortium2, (1)Iowa State University, Ames, IA, (2)PTP Science 
Park, Lodi, Italy 
The knowledge of linkage disequilibrium (LD) between markers in livestock is an important piece of information to understand the genomic 
structure and selection background of a breed, and is useful for association and genomic selection studies. In this work, we explored pairwise-LD 
of 3,197 goat animals from 126 breeds distributed worldwide using 46,654 filtered autosomal SNPs. LD test was performed using Plink 1.9 with 
low stringency in term of number of SNPs analyzed and distances (10,000 SNPs and 10Mb respectively) but considering R2 values≥0.8. 
Analyzing the whole dataset, 704 SNPs are in pairwise LD with at least one SNP. Chromosomes 1, 6 and 18 contain the highest number of high-
LD SNPs, while chromosomes 9, 28 and 29 contain a minor number of high-LD SNPs. The analyses breed by breed with more than 9 animals, 
demonstrate a wide difference in term of number of SNPs in LD, from the lowest level in breeds located in Turkey and Egypt (Barki, Kilis, 
Nubian, Oasis, and Saidi <1,000 SNPs) to the highest level in breeds located in Ireland and the Netherlands (Bilberry and Landrace >30,000 
SNPs). The analyses breed by breed showed that chromosomes 1, 2 and 6 are those with the highest number of SNPs in LD for the highest 
percentage of breeds. These observations provide insight into different genomic architecture of goats worldwide and suggest that chromosomes 
1, 6 and 18 are major chromosomes for further investigations using GWAS and population genomic approaches, and to investigate genes within 
this high LD regions. 
 
P1102: Genome Mapping, Tagging & Characterization: Goat 
Transcriptomics of Innate Immune Response in the Domestic Goat and Comparative Analysis with Other Ruminants 
Charity Muriuki1, Emily Clark1, Mike Coffey2, Morris Agaba3 and David A. Hume1, (1)The Roslin Institute and R(D)SVS, 
University of Edinburgh, Edinburgh, United Kingdom, (2)Scotland Rural College (SRUC), Edinburgh, United Kingdom, (3)Nelson 
Mandela African Institution of Science and Technology, Arusha, Tanzania, United Republic of 
Goats are common with small-scale farmers and play an important role in livestock economics. Despite being genetically similar, ruminants vary 
in susceptibility to similar pathogens but the underlying molecular mechanisms remain largely unknown. By studying innate immune signatures 
in the goat and comparing to other ruminants, we will begin to elucidate the molecular basis of disease response.  
We collected 12 tissues from 4 male, 5-day old (alpine x toggenburg x saanen) dairy goats to study gene expression profiles using RNAseq. 
TruSeq 75bp paired-end libraries are being generated on the Illumina platform, at 25 million reads depth, for comparison with sheep and water 
buffalo. In parallel, we have performed whole genome resequencing on each goat at 30X coverage. We are also differentiating bone-marrow 



derived macrophages and stimulating these with lipopolysaccharide, to mimic pathogen challenge. We will compare expression of macrophage 
specific transcripts in goat with equivalent datasets from cattle, water buffalo and sheep. We intend to transfer these techniques to build capacity 
in Africa and using goats from UK and Africa, we will investigate mechanisms of response to infection, breed and ecotype specific variation.  
The data obtained will contribute to characterization of macrophage specific genes in goat, highlight key immune signatures across tissues and 
improve annotation of the reference assembly (ASM170441v1). In addition, understanding molecular mechanisms of variation in disease 
resistance across ruminants will provide a valuable resource for study of functional ruminant genomics, and enhance breeding strategies being 
implemented to meet the rising demand for livestock products across the globe. 
 
P1103: Genome Mapping, Tagging & Characterization: Goat 
Goats Singly Heterozygous for PRNP S146 or K222 Substitutions Each Show Extended Scrapie Incubation Time Beyond 
Common Commercial Productive Lifetime 
Stephen N. White1, Mehmet Ulas Cinar2, David A. Schneider1, Daniel F. Waldron3 and Katherine I. O'Rourke4, (1)USDA, ARS, 
Animal Disease Research Unit, Pullman, WA, (2)Erciyes University, Kayseri, Turkey, (3)Texas Agrilife Research, San Angelo, 
TX, (4)Washington State University, Pullman, WA 
Scrapie is the transmissible spongiform encephalopathy of sheep and goats, and scrapie eradication efforts are underway in many countries. 
Goats may serve as a scrapie reservoir and to date there has been no experimental inoculation confirming strong, lifelong genetic resistance in 
goats. Goats bearing S146 or K222 amino acid substitutions in the prion protein have been present in scrapie-exposed herds but significantly 
underrepresented in disease cases. Furthermore, both variant proteins give low cell-free protein conversion efficiency to the disease form, PrPSc. 
To ensure consistent exposure, we performed oral scrapie challenge of goats singly heterozygous for either S146 or K222. All controls 
homozygous for the most common haplotype showed clinical scrapie by an average of 24 months post-inoculation; in contrast, none of the S146 
and K222 heterozygotes have scrapie-positive lymphoid biopsy tests or confirmed scrapie at incubation times now approaching 7 years or longer 
(P<0.0001). Recent reports identified natural scrapie in less than five S146 and K222 heterozygotes, suggesting heterozygotes will not have truly 
complete resistance. However, scrapie incubation times are now as long as or longer than many commercial operations keep goats for production 
purposes, so S146 or K222 may reduce the probability of clinical scrapie during commercial goat productive life spans. These results also 
suggest much longer relevant trace-back histories for goats of these genotypes in scrapie-eradication programs. Finally, these data support 
additional consideration of potential scrapie resistance in homozygotes for these alleles, since to our knowledge there have never been natural 
scrapie positives in homozygotes for either allele. 
 
P1104: Genome Mapping, Tagging & Characterization: Goat 
Maternal Origins and Historical Dynamics of Ethiopian Indigenous Goats Based on Mitochondrial DNA Variation 
Getinet Mekuriaw Tarekegn, Biosciences eastern and central Africa (BecA), Nairobi, Kenya 
We analyzed mtDNA d-loop of 309 individuals representing 13 populations of Ethiopian indigenous goats to investigate the maternal genetic 
variation and historical demographic profiles. We observed 174 variable sites that generated 231 haplotypes which defined two haplogroups with 
a high maternal genetic diversity. A combined analysis involving reference haplotypes representing six globally defined haplogroups revealed the 
two haplogroups to be A and G. The analysis also revealed three haplotypes from the two haplogroups that were shared between Ethiopia, Egypt, 
Kenya and Saudi Arabia, revealing a common history while indicating the introduction of goats into East Africa from Egypt and the Arabian 
Peninsula. Bayesian coalescent-based analysis showed an earlier expansion for haplogroup A in East Africa. The lack of phylogeographic 
structure and a low level of population differentiation (overall FST= 0.0245) suggest extensive past and present gene flow amongst indigenous 
goats mediated by human socio-cultural and economic interactions. 
 
P1105: Genome Mapping, Tagging & Characterization: Goat 
Genomic Selection: Does It Hold a Future for Genetic Improvement of Indigenous Goats in Uganda 
Robert Mukiibi, Department of Agriculture, Food and Nutritional Sciences (AFNS), University of Alberta, Alberta, Canada, Katali 
K. Benda, Makerere University, Kampala, Uganda, Charles Masembe, Makerere Uiversity, Hill Road, Uganda and Robert Onzima, 
Animal Breeding and Genomics Centre, Wageningen University and Research (WUR), Wageningen, Netherlands 
Goats are among the most reared ruminants in Uganda for mainly meat production. Indigenous goat breeds, are currently of low productivity 
compared to exotic. However, they are known to possess very important traits such as resistance to diseases and adaptability to local 
environmental challenges among others. To meet the increasing demand for goat products locally, regionally and internationally, there is need for 
selective breeding of better performing indigenous goats to allow for gradual improvement of different traits of economic importance to the goat 
industry. Improvement programs in Uganda are curtailed by the lack of recording of important phenotypes and pedigree information necessary 
for predicting genetic potentials of selection candidates. The availability of large SNP chips for most of the livestock species of economic 
importance is making genomic selection the tool of choice for genetic improvement of traits that are difficult or expensive to measure. It involves 
use of both phenotypes and SNP marker genotype information on a reference (training) population to develop genomic breeding value (GEBV) 
prediction equations. The developed prediction equations are then used to estimate GEBVs of selection candidates from which goats with the 
highest GEBVs are selected as parents. The fact, that this process of selection does not require phenotype or pedigree information on the 
selection candidates makes it a suitable tool for genetic improvement of Uganda’s goats without investing heavily in phenotype or pedigree 
recording. This review provides an overview of genomic selection, its relevance and applicability to improving Ugandan indigenous goat breeds. 
 
P1106: Genome Mapping, Tagging & Characterization: Goat 
Poor Genetic Structure in Local Goat Breeds from Central and Southern Continental Italy 
Francesca Maria Sarti1, Francesco Panella1, Giuseppe Martino2, Fabio Pilla3, Mariasilvia D'Andrea3, Emiliano Lasagna1, Simone 
Ceccobelli1, Elisa Pieragostini4, Ciani Elena5 and Italian Goat Consortium6, (1)Department of Agricultural, Food and 
Environmental Sciences - University of Perugia., Perugia, Italy, (2)Faculty of Bioscience and Technology for Food, Agriculture and 
Environment - University of Teramo, Teramo, Italy, (3)Department of Agricultural, Environmental and Food Sciences - University 



of Campobasso, Campobasso, Italy, (4)Department of Emergency and Organ Transplant, Division of Veterinary Clinics and Animal 
Production, University of Bari “Aldo Moro”, Bari, Italy, (5)Università degli Studi di Bari "Aldo Moro", Bari, Italy, (6)Italy 
As a follow-up activity within the frame of the Italian Goat Consortium (http://www.goatit.eu), a total of 190 samples from 8 small population 
size goat breeds from central and southern continental Italy, i.e. Bianca (24), Capestrina (22), Facciuta (24), Fulva (22), Garganica (24), Ciociara 
Grigia (24), Montefalcone (23) and Teramana (24), was genotyped using the Illumina Goat 60K SNP BeadChip. After pruning (--mind 0.1 --
geno 0.02 --maf 0.01), 48,655 loci and 187 animals were left. Unsupervised Bayesian clustering highlighted, at K=2, no significant sub-
structuring, with the exception of six Garganica animals, that were found to have rather high inbreeding coefficients (inbreeding bias). At K=3, 
the Teramana animals partly clustered in a separate group (N=11), partly fell in the general group (N=8), the remaining animals presenting 
signals of admixture between these two clusters (N=5). At the best K value (K=4), identified using the ADMIXTURE cross-validation 
procedure, a further cluster appeared, represented by few Bianca, few Capestrina and very few Grigia animals. The latter three breeds are all 
from the same region (Lazio), hence the observed results may suggest that recent short-range admixture practices may have influenced the 
current genetic make-up of these breeds. MDS analysis corroborated the above results. Meta-analysis of our genotypic dataset with data available 
from previous studies will allow to get better insights on the generally weak genetic structure observed in this study, likely arising from extensive 
remote and recent admixture practices and/or a common ancestral genetic stock. 
 
P1107: Genome Mapping, Tagging & Characterization: Insects 
Comparative Genomics of Drosophila melanogaster using BioNano Optical Maps 
Carrie R. Evans1, Emma M. Grooms1, Evan Michael Long2, Logan Brase1 and Joshua A. Udall1, (1)Brigham Young University, 
Provo, UT, (2)Brigham Young University, Orem, UT 
Drosophila melanogaster has been a model organism for genetic and genomic study. With the use of the BioNano Irys system, we are able to 
construct a physical genome map of multiple strains of Drosophila melanogaster. By fluorescently imaging nicked and labeled high molecular 
weight DNA, the images are assembled into a physical map. The physical maps were mapped to sequence-based maps to verify chromosome 
integrity and identify structural variations. This same method also allowed for the identification of regions of the genomes that may have been 
incorrectly assembled previously. These structural variants will be used to enhance our understanding of the evolutionary history of Drosophila 
melanogaster through the genome comparisons of BioNano and DNA sequence data. 
 
P1108: Genome Mapping, Tagging & Characterization: Insects 
Transcriptome Profiling of Sacbrood Virus-Infected Korean Honey Bees 
Igojo Kang and Chanseok Shin, Seoul National University, Seoul, Korea, The Republic of 
Recently, colony collapse disorder (CCD) of honeybees is a worldwide phenomenon and causes significant economic losses. Although Sacbrood 
virus (SBV) has been pointed out as the main cause of CCD in Korean honeybees (Apis cerana), an effective method for prevention and 
treatment of the disease has not been developed yet. In this study, we performed transcriptome profiling of Apis ceranaand analyzed the genes 
expressed during SBV infection. Using our approach to identify candidate genes associated with symptoms of SBV infection, we investigated the 
pathogenic mechanism of SBV disease. On the basis of our results, we expect to provide significant clues for prevention and treatment of SBV 
disease.  
This work is supported by a National Research Foundation of Korea (NRF) grant, funded by the Korean government (MEST; No. 
2016R1A2B4010472). 
 
P1109: Genome Mapping, Tagging & Characterization: Insects 
Genome Assembly and Annotation of the Io Moth, Automeris io (Lepidoptera: Saturniidae) 
Deborah A. Triant, University of Florida, Gainesville, FL 
The lepidopteran family Saturniidae is a diverse group of moths that belong to the superfamily Bombycoidea. These moths are characteristically 
large in size, sexually dimorphic and brightly colored with some having well-developed eyespots on their wings. Saturniids are also one of the 
two primary silk-producing families within the Bombycoidea. Despite their evolutionary and economic value, the family lacks a reference 
genome sequence and many of the silk-producing genes identified in closely related taxa have yet to be identified within the family. Here, we 
report a preliminary PacBio genome assembly and annotation for the Io moth, Automeris io. This assembly will have important implications in 
identifying genes and regulatory pathways critical to silk production and wing coloration. Additionally, it could help resolve conflicting 
evolutionary patterns that have been challenging with smaller phylogenetic datasets. 
 
P1110: Genome Mapping, Tagging & Characterization: Insects 
Identification, Characterization and Expression Profiling of Micrornas in Spodoptera frugiperda after Challenge with 
Soybean Peptidase Inhibitors 
Thais Paula Souza1, Renata O. Dias2, Marcelo Brandao3 and Marcio C Silva-Filho2, (1)University of Sao Paulo, Piracicaba, Brazil, 
(2)Laboratório de Biologia Molecular de Plantas, ESALQ, USP., Piracicaba, Brazil, (3)Universidade Estadual de Campinas - 
Unicamp, Campinas, Brazil 
MicroRNAs (miRNAs) represent a major class of posttranscriptional regulators, which play key roles in biological and physiological processes. 
In the current study, we characterized miRNAs from the fall armyworm, Spodoptera frugiperda, one of the major Lepidoptera pest. The RNA 
was extracted from the fall armyworm midgut reared in artificial diet with or without soybean peptidase inhibitors (SPIs). Using small RNA 
sequencing, a total of 136 miRNAs were predicted, including 63 novel miRNAs and 73 newly miRNAs homologs to known miRNAs in other 
species. Out of the newly described miRNAs, 13 were homologs of other insect species and 37 were specifically similar to Bombyx mori 
(Lepidoptera). In addition, we used RT-qPCR analysis to validate the expression of five novel and five conserved miRNAs. These miRNAs 
regulate mainly mRNAs related to metabolic process and catalytic activity. We obtained significantly different expression between miRNAs 
from larvae midgut reared on an artificial diet with and without soybean peptidase inhibitors (SPIs). We identified 20 miRNAs that were 



expressed only in larvae feed with SPI. These miRNAs probably are involved at signaling cascade of serine peptidases response from S. 
frugiperda to the SPI ingestion. 
 
P1111: Genome Mapping, Tagging & Characterization: Insects 
Comparative Genomics of Three Tetranychus Mites with Different Feeding Habits 
Stephane Rombauts1, Zaichao Zhang2, Phuong Cao1, Vladimir Zhurov3, Wannes Dermauw4, Thomas Van Leeuwen4, Toni 
Gabaldon5, René Feyereisen6, Miodrag Grbic7, Richard M. Clark8, Pierre Rouzé1 and Yves Van de Peer9, (1)VIB Ghent University, 
Department of Plant Biotechnology and Bioinformatics, Ghent, Belgium, (2)VIB Ghent University, Department of Plant 
Biotechnology and Bioinformatics, Gent, Belgium, (3)Department of Biology, University of Western Ontario, LONDON, ON, 
Canada, (4)University Ghent, GHENT, Belgium, (5)Center for Genomic Regulation, Barcelona, Spain, (6)INRA, Sophia Antipolis 
cedex, France, (7)Department of Biology, University of Western Ontario, London, ON, Canada, (8)University of Utah, Salt Lake 
City, UT, (9)VIB - Ghent University, Zwijnaarde, Belgium 
Different organisms, even closely related can show quite different behavior when it comes to feeding.  
Here we present the sequence and analysis of the genome of 3 mites of the genus Tetranychus, that are either polyphage, allophage or 
monophage. The genome of Tetratnychus urticae was already published earlier (2011), and was reported as a polyphage feeding on over 1000 
different plants, among which some highly toxic ones. The allophage mite that was analyzed is Tetranychus evansi, feeding exclusively on 
solanacae. This species is also an invasive species originating from South America and gaining terrain in southern Europe. Tetratnuchus 
lintearius, is a pan-european species exclusively feeding on gorse (Ulex europaeus).  
The aim of our project was to identify if there were genomic clues that could explain these behavior. Sequencing and genome annotation of the 3 
mites revealed a high level of synteny, with large arrays of genes occurring in the same order across all 3 genomes. This high level of synteny 
allows us to focus on genome areas that seem different in terms of gene content.  
Furthermore, as the feeding behavior is most contrasting, special focus has been given to those genes related to detoxification and olfactory 
genes. The latter set of genes is among the largely expanded gene families in T.urticae, suggesting a sensory aspect in their abilities to identify 
food. 
 
P1112: Genome Mapping, Tagging & Characterization: Insects 
High-Throughput Resequencing of Bactrocera cucurbitae for the Identification of the Gene Causing the Sexually Dimorphic 
Pupal Color Morph White Pupae 
Sheina Sim, University of Hawaii-Manoa, Honolulu, HI and Scott Geib, USDA-ARS, Hilo, HI 
The melon fly Bactrocera cucurbitae (Coquillette), is a destructive agricultural pest and is among one of the many species that is the target of 
expensive population eradication and suppression efforts within state and federal departments of agriculture. Area-wide integrated pest 
management programs control some species such as the Mediterranean fruit fly and the Mexican fruit fly through the release of sterile males 
known as the sterile insect technique (SIT). This method is not currently employed for B. cucurbitae in the United States though a genetic sexing 
strain (GSS) with a sexually dimorphic pupal color morph that can be used for mass-rearing and release does exist for the melon fly. In the 
advent of its release, a diagnostic tool will be necessary to differentiate between wild and SIT melon fly to prevent unnecessary and costly 
quarantines. The purpose of this project was to identify SNP loci tightly linked to the causative mutation of the genetic sexing trait white pupae 
(wp) in the genetic sexing strain of B. cucurbitae. To do so, a QTL map was generated using a mapping population and SNPs obtained through 
double-digest restriction associated DNA sequencing (ddRAD-seq). Primers were then designed which flank the most tightly linked SNPs as 
well as non-linked loci which demonstrated a tight association to the GSS colony and targets were successful in differentiating between GSS 
colony and wild flies. Tightly linked loci were further interrogated using low-coverage resequencing to identify the putative genes governing the 
pupal color trait. This data can used to develop a genetic assay for differentiating between recaptured sterile insect released males and wild 
males, will be useful for the improvement of the melon fly GSS colony, and can be used to identify an orthologous gene in other species to create 
novel genetic sexing strains. 
 
P1113: Genome Mapping, Tagging & Characterization: Insects 
A High-Quality Genome Assembly of SMRT Sequences Reveals Long-Range Haplotype Structure in the Diploid Mosquito 
Aedes aegypti 
Sarah B Kingan1, Paul Peluso1, Ben Matthews2, Leslie Vosshall2, Richard Hall1 and Jonas Korlach1, (1)Pacific Biosciences, Menlo 
Park, CA, (2)HHMI-Rockefeller University, New York, NY 
Aedes aegypti is a tropical and subtropical mosquito vector for Zika, yellow fever, dengue fever, chikungunya, and other diseases. The outbreak 
of Zika in the Americas, which can cause microcephaly in the fetus of infected women, adds urgency to the need for a high-quality reference 
genome in order to better understand the organism’s biology and its role in transmitting human disease. We describe the first diploid assembly of 
an insect genome, using SMRT sequencing and the open-source assembler FALCON-Unzip. This assembly has high contiguity (contig N50 1.3 
Mb), is more complete than previous assemblies (Length 1.45 Gb with 87% BUSCO genes complete), and is high quality (mean base >QV30). 
Long-range haplotype structure, in some cases encompassing more than 4 Mb of extremely divergent homologous sequence, is resolved using a 
combination of the FALCON-Unzip assembler, genome annotation, coverage depth, and pairwise nucleotide alignments. 
 
P1114: Genome Mapping, Tagging & Characterization: Poultry 
Given the Continued Intense Interest in and Need for Improvement of the Chicken Genome Reference (Gallus_gallus-5.0) 
We Have Built a New Preliminary Version of the Chicken Genome (Temporarily Termed Gallus_gallus-6.0) Using Single 
Molecule Real-Time Tech 
Wesley Warren, Washington University School of Medicine-McDonnell Genome Institute, Saint Louis, MO 



Given the continued intense interest in and need for improvement of the chicken genome reference (Gallus_gallus-5.0) we have built a new 
preliminary version of the chicken genome (temporarily termed Gallus_gallus-6.0) using single molecule real-time technology (SMRT). The 
assembled contigs were ordered and oriented (i.e. scaffolded) using a new proximity-based chromatin map to allocate sequences to all 
autosomes. We sequenced the same Red Jungle fowl reference DNA to ~80x coverage and generated the chromatin proximity map from this 
same source. Total assembled bases were 1.05Gb, with an N50 contig and scaffold lengths of 16Mb and 90Mb, respectively. Of the 1.05 Gb 
genome, 94% of the sequence anchored to 39 scaffolds (chromosomes). In addition to sequences for previously ‘missing’ chromosomes we also 
have significantly improved the representation of the W chromosome using targeted BAC selection, sequencing, and local assembly. The W 
chromosome assembled to ~7Mb revealed islands of euchromatin sequence containing 28 genes with no acquired genes and interestingly with 
none showing exclusive expression in the ovary. Currently we are working to develop chromosome formatted files, resolve assembly error, 
integrate finished BACs and number the previously missing autosomes to provide the community a more complete and accurate reference. 
 
P1115: Genome Mapping, Tagging & Characterization: Poultry 
The Open Chromatin Landscape of the Chicken Genome 
Colin Kern1, Perot Saelao1, Ying Wang1, James L. Chitwood2, Ian Korf3, Mary E. Delany2, Hans Cheng4, Pablo J. Ross5 and 
Huaijun Zhou1, (1)University of California, Davis, Davis, CA, (2)Animal Science, University of California, Davis, CA, (3)The 
Genome Center, University of California, Davis, Davis, CA, (4)USDA, ARS, ADOL, East Lansing, MI, (5)Animal Science, 
University of California Davis, Davis, CA 
By performing DNase-seq assays from two biological replicates and eight tissues, we have constructed the first comprehensive view of the open 
chromatin regions in the chicken genome, including identifying tissue-specific regions. A total of 259,149 DNase I hypersensitivity sites (DHSs) 
from adipose, cerebellum, cortex, hypothalamus, liver, lung, muscle, and spleen covers 4.1% of the genome, compared with 6.3% in mouse using 
comparable ENCODE data. However less than 2% of the genome is covered by DHSs in any single tissue, indicating that the open chromatin 
landscape is highly variable between tissues. Additionally, 33.1% of all DHSs are expressed in only a single tissue, with the highest rate of 
tissue-specific DHSs in liver, lung, spleen, and hypothalamus. 36.8% of the identified DHSs are found in promoter regions and 21.9% in 
intergenic regions. We examined the conservation of our chicken DHSs with mouse DHSs from the ENCODE project. While only 4.0% of DHSs 
could be mapped to syntenic locations on the mouse genome, 63.3% of those matched DHS locations in mouse, with the majority of conserved 
DHSs in promoter regions. Still, overall only 2.5% of chicken DHSs are preserved in mouse, demonstrating the importance of profiling the open 
chromatin regions on a per-species basis rather than using a small set of model organisms. We have made the full set of chicken DHSs, 
sequencing data, and analysis pipeline code publicly available, which works not only with DNase-seq data, but also with ATAC-seq data. 
 
P1116: Genome Mapping, Tagging & Characterization: Poultry 
Insight to Feralization from Genomes and Social Media 
Eben Gering1, Martin Johnsson2, Dominic Wright2, Levi Storks1 and Thomas Getty1, (1)Michigan State University, East Lansing, 
MI, (2)Linköping University, Linköping, Sweden 
Domestic animals that escape captivity experience radical changes in selection regimes, but their evolutionary responses have not been well 
studied. Here we highlight three findings from ongoing assessments of the origins, variability, and recent evolution of feral chickens (Gallus 
gallus) on Kauai Island, Hawaii:  
a) Recent admixture between domestic breeds and Red Junglefowl (a wild, conspecific relative) has enhanced the genetic and phenotypic 
variation available to selection on Kauai  
b) Feral genomes evince recent adaptation at loci that are distinct from previously-identified "domestication genes." These candidate "feralisation 
genes" have important consequences for sexual and reproductive traits. 
c) Kauai's feral G. gallus have transitioned from the ancestral, seasonal breeding pattern to year-round reproduction. This may stem from genetic 
introgression from layer breeds, and likely abetted recent population growth.  
Our analyses were enhanced by data extracted from social media. We therefore also discuss possibilities and pitfalls of this novel approach to 
eco-evolutionary sensing. Together, our findings from genomic and social media analyses yield several new insights concerining feral population 
biology. Chiefly, we find that recombination between ancestral and artificially-selected traits can be advantageous during feralization. 
 
P1117: Genome Mapping, Tagging & Characterization: Poultry 
Chicken Annotation in Ensembl 
Thibaut Hourlier, Konstantinos Billis, Carlos García Girón, Daniel N. Murphy, Rishi Nag, Fergal J. Martin, Bronwen Aken and 
Paul Flicek, European Molecular Biology Laboratory - EBI, Cambridge, United Kingdom 
Chicken is a model organism and farmed animal, with its meat and egg providing an important source of protein for people all around the world. 
The International Chicken Genome Consortium recently produced an improved reference assembly Gallus_gallus-5.0 (GCA_000002315.3). We 
have made this available in the Ensembl browser, with data and tools to facilitate research on chicken.  
Improvements to the chicken assembly include fewer gaps, longer sequences, more assembled chromosomes, and a better representation of 
repeat regions. We generated 18,346 protein-coding gene models with the Ensembl Annotation System using publicly available data sets. Two 
thirds of these models are supported by species specific data coming from cDNAs, Illumina RNA-Seq and PacBio Iso-Seq. We used RNA-Seq 
data from 21 tissue samples and Iso-Seq data from two tissue samples to annotate untranslated regions (UTRs), alternate transcript isoforms, and 
4,636 long intergenic non coding RNAs. Furthermore, we updated the chicken gene names, gene-trees and orthologues, and cross-references to 
external databases. We also updated our sauropsid and vertebrate multiple whole genome alignments to include the new genome assembly.  
These data are available in Ensembl (version e87) and are accessible through our website, www.ensembl.org, our REST API, 
http://rest.ensembl.org, BioMart (http://www.ensembl.org/biomart ) and our public MySQL server, ensembldb.ensembl.org.  
We support the upload and visualisation of data in multiple file format such as BAM or GFF. For groups who wish to share their datasets and 
view them alongside Ensembl data, we have developed a TrackHubRegistry (http://trackhubregistry.org/) to enable discovery of publicly 
accessible track data hubs. 



 
P1118: Genome Mapping, Tagging & Characterization: Poultry 
Runs of Homozygosity in a Broiler Chicken Reference Population 
Gabriel C. M. Moreira1, Thaís Fernanda Godoy2, Clarissa Boschiero3, Mauricio Egidio Cantao4, Monica Correa Ledur4, James M. 
Reecy5, Ana Silvia Alves M. T. Moura6 and Luiz L. Coutinho2, (1)University of Sao Paulo / Iowa State University, Ames, IA, 
(2)University of São Paulo/ESALQ, Piracicaba, SP, Brazil, (3)University of São Paulo/ESALQ, Piracicaba, Brazil, (4)Embrapa 
Swine and Poultry, Concordia, Brazil, (5)Department of Animal Science, Iowa State University, Ames, IA, (6)São Paulo State 
University/FMVZ, Botucatu, Brazil 
Understanding the genetic architecture of carcass traits is important for breeders and poultry production. The aim of this study was to identify 
genomic regions under selection in a Brazilian broiler chicken line. A total of 1,462 chickens from the broiler TT Reference Population were 
genotyped with the 600K genotyping array (Affymetrix®). This population was under selection over several generations for different traits such 
as growth, development and body weight. After genotype quality control, DishQC≥0.82, sample call rate≥90%, SNP call rate≥98%, MAF≥2%, 
HWE p-value (P<0,000001) and SNPs located in autosomal chromosomes, there were 1,408 samples and 355,680 SNPs for further analysis. 
Runs of homozygosity (ROH) were identified using PLINK with ≥250 SNPs, density of 50 kb/SNP, allowed gap of 5,000 kb, 3 heterozygous 
calls allowed within a run and 0.99 of allele matching for overlapping ROH. All the genes that resided within ROH were analyzed using DAVID 
to identify over-enriched biological terms. The total of 6,250 ROH were identified across the 28 autosomal chromosomes with an average size of 
36.11 Kb (SD 56.13 Kb) and a maximum size of 833.07 Kb. A total of 11,955 genes were analyzed and the top five significant biological terms 
were: intracellular signaling cascade, regulation of cell death, regulation of cell proliferation, regulation of apoptosis and regulation of 
programmed cell death. Thus, there appear to be regions of the genome under positive selection related to growth and development, which will 
help provide a better understanding of the genetic architecture of these traits in chickens. 
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RNA-Seq Analysis of Heterosis Using Chicken Hybrids and Inbred Parental Lines 
Zhu Zhuo1, Behnam Abasht1 and Susan J. Lamont2, (1)Department of Animal and Food Sciences, University of Delaware, 
Newark, DE, (2)Iowa State University, Department of Animal Science, Ames, IA 
The superior performance of hybrids to parents, termed heterosis, has been utilized in animal and plant breeding programs for more than a 
century, but the understanding of the genetic basis and molecular mechanisms of heterosis remains inadequate and requires further study. RNA-
seq provides a novel way to investigate the phenomenon of heterosis at the genome-wide level, because gene expression can be considered as an 
intermediate phenotype that conveys the genetic information to observable phenotypes. We compared embryonic gene expression between the 
chicken hybrids and their inbred parental lines using RNA-seq in order to understand the gene expression basis of heterosis for embryonic weight 
in chickens. Two genetically distinct and highly inbred chicken lines, Fayoumi and Leghorn, were crossed reciprocally to obtain F1 hybrid fertile 
eggs. The polyadenylated RNA of brain and liver from Day 12 embryos was converted to cDNA and sequenced on an Illumina HiSeq sequencer. 
The resultant reads were mapped to the reference genome assembly Gallus gallus 5.0 and the differentially expressed genes were identified, 
pairwise, among the hybrids and the parental lines. Preliminary results showed the majority of the differentially expressed genes presented a 
dominant expression pattern. Additive and overdominant patterns were second and third in frequency, respectively. Future analysis will focus on 
categorizing of the gene expression patterns in hybrids compared to parental lines and the functional relevance of genes in each category. 
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Disentangling Genetic Exchanges Between Gallus gallus and Gallus sonneratii in Order to Better Understand the 
Domestication of Chickens 
Marie Suez1, Mahendra Mariadassou1, Pierre Nicolas1, Diane Esquerré2, Alain Vignal3, Frédéric Hospital4, Xavier Rognon5, Agathe 
Vieaud4, Tatiana Zerjal4 and Michèle Tixier-Boichard4, (1)MAIAGE, INRA, 78350, Jouy-en-Josas, France, (2)INRA GeT-PlaGe 
Genomics Facility - GenPhySe, 31326, Castanet Tolosan, France, (3)GenPhySe, INRA, ENVT, ENSAT, 31326, Castanet Tolosan, 
France, (4)GABI, INRA, AgroParisTech, Université Paris-Saclay, 78350, Jouy-en-Josas, France, (5)GABI, AgroParisTech, INRA, 
Université Paris-Saclay, 75005, Paris, France 
The red junglefowl (Gallus gallus) is considered as the main ancestor of the domestic chicken, but the genus Gallus includes three other species: 
Gallus sonneratii, Gallus lafayetii and Gallus varius . Deep genome sequencing (25-30X paired-end) was undertaken for the 4 species (18 
individuals in total) in order to analyze the genetic diversity within the genus Gallus and to better understand the genetic make-up of domestic 
chickens. G. gallus samples were obtained in the wild and in zoological gardens, whereas birds from the 3 other species were sampled in 
zoological gardens only. A set of 18 domestic chickens with a wide geographic origin (Europe, Africa, Asia, South America) was also 
sequenced. Phylogenetic trees were established on the basis of three types of genomic data: autosomal chromosomes (Tree-a), W chromosome 
(Tree-w), mitochondrial DNA (Tree-mt). Surprisingly, the position of G. sonneratii differed markedly between trees: it was clearly separated 
from G. gallus, either wild or domestic, in Tree-a, whereas it was intermingled with G. gallus in Tree-w and Tree-mt. The same situation 
occurred for other G. sonneratii in literature data, except for one from the zoological garden of New Delhi. In addition, 9.6% of autosomes of G. 
sonneratii exhibited introgression of rather large regions from G. gallus. The likely explanation of this result is an introgression from one or a 
few G. gallus female(s) into G. sonneratii flocks maintained in zoological gardens, around the 1700s. This event should be taken into account in 
further studies of the genetic make-up of domestic chickens. 
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RNA-Seq Analysis of Chicken Primordial Germ Cells (PGCs) for Identification of Sexually Dimorphic Gene Expression and 
Downstream Metabolic Pathways 



Sohita Ojha, University of Arkansas, Fayetteville, AR, Nhung Nguyen, Baylor college of Medicine, Houston, TX, David P. 
Froman, Oregon State University, Corvallis, OR, Carl J. Schmidt, University of Delaware, Newark, DE and Douglas D. Rhoads, 
University of Arkansas, Cell and Molecular Biology Program, Fayetteville, AR 
We are using RNA-seq to analyze the transcriptomes of chicken PGCs cultured in feeder-less culture medium. We are interested in finding genes 
differentially expressed in undifferentiated PGCs that distinguish genders and if particular gene networks might underlie differential growth 
patterns observed between male and female PGCs in-vitro. Our analyses also included PGCs from layers and broilers. High throughput Illumina 
sequencing reads were used to generate RPKM (Reads Per Kilobase per Million) values and analyzed using ArrayStar (DNAStar ver 13) and 
fRNAkenstein tools in CyVerse. We identified autosomal, W-linked, Z-linked, and unannotated genes which show sexually dimorphic 
expression in both breeds. For example, the FOXN1 gene is expressed 2-fold higher in female PGCs. FOXN1 is a member of the Forkhead 
family of transcription factors some of which have been shown to be differentially expressed in a sex-specific manner in chicken gonads. Our 
data suggest that this differential expression appears to also exist prior to gonadogenesis. Similarly, LOC1008596602 is W linked gene with no 
known function that is expressed 3 fold higher in male PGCs vs female. We are interested in detecting the downstream pathways connecting the 
functional role of these differentially expressed genes between the sexes and between the two different types of chickens. 
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Allele-Specific Expression Analysis Does Not Support Sex Chromosome Inactivation on the Chicken Z Chromosome 
Qiong Wang1, Judith E. Mank2 and Lujiang Qu1, (1)Department of Animal Genetics and Breeding, National Engineering 
Laboratory for Animal Breeding, College of Animal Science and Technology, China Agricultural University, Beijing, China, 
(2)University College London, Department of Genetics, Evolution and Environment, London, United Kingdom 
Heterogametic sex chromosomes have evolved many times independently, and in some cases, are accompanied by chromosome-wide 
transcriptional mechanisms to correct for dosage differences between males and females. Dosage compensation in birds is incomplete, with 
greater expression of Z-linked genes in males (ZZ) than females (ZW). However, recent reports have shown that the Z chromosome is expressed 
less in males than would be expected from two copies of the chromosome, and recent data from cell-based approaches on a limited number of 
loci have suggested that one Z chromosome is partially inactivated in males, in a mechanism homologous to that in therian mammals. In the 
present study, we use controlled crosses and allele-specific expression in three tissues to test for the presence of Z inactivation in males, which 
would be expected to bias transcription to the active gene copy. We show that for the vast majority of genes on the Z chromosome, males express 
both parental alleles at statistically similar levels, indicating no Z chromosome inactivation in male chickens. For those Z chromosome loci with 
detectable ASE in males, we show that the most likely cause is cis-regulatory variation, rather than Z chromosome inactivation. Taken together, 
our results indicate that unlike the X chromosome in mammals, Z inactivation does not affect an appreciable number of loci in chicken. 
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Distribution of Kinases in Chicken Tissue 
Bindu Nanduri1, Sedona Koenders2 and Mariola J Edelmann2, (1)Mississippi State University, Mississippi State, MS, 
(2)University of Florida, Gainesville, FL 
Chicken is an important agricultural species as it is one of the most important sources of animal food worldwide. Phosphorylation is an important 
post-translational modification controlled by kinases, and it regulates essential cellular processes, therefore various anomalies in this 
modification have been implicated in animal diseases. However, kinases have never been systematically studied in chicken. Therefore, 
annotation of kinases in chicken is necessary for studying chicken health/disease. Here we utilized high-throughput proteomics combined with 
bioinformatics analysis to identify tissue-specific expression of this important class of enzymes. Specifically, we used kinase domain mapping as 
well as Chickspress database available at University of Arizona (http://geneatlas.arl.arizona.edu), which incorporates NCBI and Ensembl gene 
models along with the protein expression data obtained from specimens of multiple tissues and both genders. Moreover, we compared sequences 
of several previously annotated orthologues to study the conservation of ATP-binding domains in chicken kinases. Our results confirmed that 
chicken proteome contains multiple kinases, some of which have not been previously correctly annotated in NCBI, and that their distribution in 
tissues is unique. 
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Multi-Trait Genome-Wide Association Studies Identifies Genetic Variants and Candidate Genes for Longitudinal Body 
Weights in Chicken 
Congjiao Sun, Guiyun Xu and Ning Yang, China Agricultural University, Beijing, China 
This study aimed at revealing the genetic architecture underlying the dynamic body weight of hens along with the life circle. Here, we 
constructed the experiment population of 1,534 F2 hens derived from reciprocal crosses between White Leghorn (WL) and Dongxiang chickens 
(DX). We measured the body weight (BW) at thirty time points from hatching to 72 weeks of age, average daily gains (ADG) from fortnightly 
body weight. The best nonlinear model was chosen to describe the weight-age data, and the whole growth process was divided into three stages 
(Stage 1 :0-8 wks, Stage 2 :9-20 wks, Stage 3 :21-72 wks) at the growth inflection point and age at first egg. Three growth stages were 
mainly determined by variants in chromosome 1 (GGA1), chromosome 4 (GGA4) and chromosome 27 (GGA27). We identified a narrow region 
spanning from 75.4 to 76.2 Mb of chromosome 4 (GGA4) to be strongly associated with chicken growth during weeks 8-20. In addition, A total 
of nine annotated candidate genes had interesting biological functions related to bone development (RB1, BST1), muscle development (LDB2, 
LCORL), body size (NCAPG), skeletal muscle development (FOXO1), Copper transport (ATP7B), adipogenesis (NGFR, GIP). The rs318027552 
(GGA1) with a candidate gene ATP7B was found to be significantly associated with the whole stage except BW0 and accounted for 4.61~9.05% 
of the phenotypic variance for Stage 1. Our study was the first analysis of longitudinal body weight data using multiple phenotypes. 
Identification of the promising region as well as potential candidate genes could be helpful to future marker-assisted selection and genomic 
selection in chickens. 
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Sequence Imputation in One Genomic Window Reveals Putative Candidate Genes for Abdominal Fat in Chickens 
Gabriel C. M. Moreira1, Thaís Fernanda Godoy2, Clarissa Boschiero3, Aline S.M. Cesar4, Ana Silvia Alves M. T. Moura5, Dorian 
J. Garrick6, James M. Reecy6, Monica Correa Ledur7 and Luiz L. Coutinho2, (1)University of Sao Paulo / Iowa State University, 
Ames, IA, (2)University of São Paulo/ESALQ, Piracicaba, SP, Brazil, (3)University of São Paulo/ESALQ, Piracicaba, Brazil, 
(4)University of São Paulo/ESALQ and Iowa State University, Piracicaba, Brazil, (5)São Paulo State University/FMVZ, Botucatu, 
Brazil, (6)Department of Animal Science, Iowa State University, Ames, IA, (7)Embrapa Swine and Poultry, Concordia, Brazil 
Abdominal fat content is an economically important trait in commercial chickens. The aims of this study were to identify the genomic window 
that explains the highest percentage of genetic variance, perform imputation in this window and identify putative candidate genes for abdominal 
fat weight in chickens. A total of 497 42 days-old chickens from the EMBRAPA F2 Chicken Resource Population developed for QTL studies 
were genotyped with the 600K SNP genotyping array (Affymetrix®) and abdominal fat weights (AbF) were measured in these birds. After 
genotyping quality control, DishQC≥0.82, sample call rate≥90%, SNP call rate ≥98%, MAF≥2% and SNPs located in autosomal chromosomes, 
there were 480 samples and 371,557 SNPs remaining for further analyses. GWAS analyses were performed with GenSel software using BayesB 
method (π=0.9988) to identify genomic windows associated with AbFg. Imputation to sequence was performed with FImpute software (default 
parameters) using the parental whole-resequencing data as the reference population. The genomic window that explained the highest percentage 
of genetic variance (3.12%) was on GGA1 at 52-54 Mb and SNPs near to TIMP3, FBXO7, TOM1 and LARGE genes exibithed the highest effects 
within the window. A total of 18,292 SNPs with a MAF≥2% were imputed which represents an increase in SNP density from 0.30 SNPs/Kb to 
9.45 SNPs/Kb in this window. TIMP3 and LARGE play an important role in lipid metabolism and after imputation, 207 and 3,290 SNPs were 
annotated in these genes respectively. This study identified candidate genes and genetic variants that potentially regulate AbF in chickens. 
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Identification of Copy Number Variations Associated with Ascites Phenotype in Broilers 
Alia Parveen1, Byung-Whi Kong2 and Douglas D. Rhoads1, (1)University of Arkansas, Cell and Molecular Biology Program, 
Fayetteville, AR, (2)University of Arkansas, Fayetteville, AR 
We have been mapping chromosomal regions associated with resistance or susceptibility to pulmonary hypertension syndrome or ascites, using 
three experimental lines divergently selected for ascites phenotype. Previous Genome Wide Association Studies (GWAS) based on Single 
Nucleotide Polymorphisms (SNPs) have identified regions on chromosomes 2, 9 and Z. Despite several GWAS and further genotyping we have 
not identified any major genes for ascites phenotype. We have now begun a screen for differentially represented Copy Number Variations 
(CNVs) in ascites resistant and susceptible birds from the relaxed, REL, line. DNA samples from resistant and susceptible birds were purified, 
quantified and pooled in two pools of 10 DNAs from each phenotype for both genders. Eight pools (2pools x 2phenotypes x 2genders) were 
generated, each pool was submitted for bar-coded library generation, and 2x125 paired end reads on Illumina HiSeq 2500 and with 25X genome 
coverage. The sequence reads were mapped onto Galgal5 using Bowtie for initial CNV mapping cn.mops (R package). Further mapping to 
chromosome Z was done using NGen and ArrayStar (DNAStar ver 13). CNVs reports were used to identify genes affected and pathway analysis 
using KEGG and NCBI. The regions we have identified will need to be further validated using, qPCR assays in a larger catalog of DNAs. 
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Looking at the Genetic Structure of Mexican Chicken Population 
Maria G. Strillacci1, Maria C. Cozzi1, Vicente Murillo Vega Eliezer2, Silvia Cerolini3, Román Ponce Sergio Ivan4, Felipe de Jesús 
Ruiz5 and Alessandro Bagnato1, (1)Università degli Studi Milano - Dept. DiMeVet, Milano, Italy, (2)INIFAP, Melchor Ocampo # 
234 Desp. 313, Mexico, (3)Università degli Studi di Milano - DIMEVET, Milano, Italy, (4)CENID FyMA INIFAP, Ajuchitlán, 
Mexico, (5)CENID FyMA INIFAP, Queretaro, Mexico 
Genetic variation enables both adaptive evolutionary changes and artificial selection. Genetic makeup of populations is the result of a long-term 
process of selection and adaptation to specific environments and ecosystems.  
The aim of this study was to characterize the genetic variability of Mexican chicken’s population to reveal any underlying population structure 
carrying out a phylogenetic analysis, using individuals of indigenous unselected Mexican population.  
A total of 213 chickens were sampling in different rural production units located in 25 states of Mexico. Genotypes were obtained using the 
Affymetrix Axiom® 600K Chicken Genotyping Array, containing 580,954 SNPs, distributed across the genome with an average spacing of 1.7 
Kb.  
Identity by Descent (IBD) estimation and the Principal Components Analysis (PCA) were performed using SVS Golden Helix 8.4 software. The 
ADMIXTURE v. 1.3.0 software was used to infer the most probable number of ancestral populations based on the SNP genotype data. Neighbor-
Joining (NJ) tree, constructed based on the allele sharing distance (DAs) as the genetic distance between not-related individuals, was created. 
Run of homozygosity (ROH) analysis was performed for each individual, using the SVS software.  
ADMIXTURE analyses identified three ancestors and the proportion of each of them has been determined in each individuals. The results of the 
NJ analysis resulted consistent with those obtained by the PCA. A total of 5,331 ROH were identified in this study. The average ROH length was 
longer compared to those estimated in another study in Italian chicken native breeds. Mexican chicken population showed the lowest average 
ROH length value (~1.9 Mb). 
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Genomic Variability in Mexican Chicken Population Using Copy Number Variation 
Erica Gorla1, Maria C. Cozzi2, Román Ponce Sergio Ivan3, Felipe de Jesús Ruiz4, Vicente Murillo Vega Eliezer5, Silvia Cerolini6, 
Alessandro Bagnato2 and Maria G. Strillacci2, (1)Università degli Studi di Milano - Dept. DiMeVet, Milano, Italy, (2)Università 
degli Studi Milano - Dept. DiMeVet, Milano, Italy, (3)CENID FyMA INIFAP, Ajuchitlán, Mexico, (4)CENID FyMA INIFAP, 
Queretaro, Mexico, (5)INIFAP, Melchor Ocampo # 234 Desp. 313, Mexico, (6)Università degli Studi di Milano - DIMEVET, 
Milano, Italy 



Copy number variations are polymorphisms, which influence phenotypic variation and are an important source of genetic variation in 
populations. In Mexico, the backyard poultry population is not divided into breeds, but it is the widespread Creole chicken (Gallus gallus 
domesticus), an undefined cross among different breeds brought to Mexico from Europe and under natural selection for almost 500 years. The 
aim of this study was to investigate genomic variation in the Mexican chicken population using CNVs.  
A total of 256 DNA samples genotyped with Axiom® Genome-Wide Chicken Genotyping Array were used in the analyses. After stringent 
quality control the individual-based CNV calling, based on log-R ratio (LRR) and B-allele frequency (BAF) values, was performed by the 
Hidden Markov Model (HMM) of PennCNV software on autosomes. CNV were summarized to CNV regions (CNVRs) at a population level (i.e. 
overlapping CNVs), using BEDTools.  
The HMM detected a total of 1924 CNVs in the genome of 256 samples, which comprised 1538 gains and 386 losses and resulting at population 
level in 1216 CNV regions, of which 959 gains, 226 losses and 31 complex CNVRs (i.e. containing both losses and gains), covering a total of 47 
Mb of sequence length corresponding to 5,12 % of the chicken galGal4 assembly autosome. A comparison among CNV lengths was performed. 
The highest number of gain CNVRs are those with a length of 10–100 Kb, while the loss CNVRs have generally a length of 1–10 and the 
complex CNVR have mainly a length of 10-100 Kb. 
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Secret of Lower Viability in Rumpless Chicken –Lack of Burse of Fabricius, Observed in a Chinese Rumpless Chicken (Piao 
Chicken) 
Xianwei Shi1, Xin Wang1, Wenyuan Chan1, Yang Li1 and Xiangdong Yang2, (1)Animal Science Department, College of Animal 
Science and Technology, Yunnan Agricultral University, Kunming, China, (2)Kunming Yunling Grand Breeding and Feed 
Company, Kunming, China 
Rumpless chicken generally shows lower viability especially at an early age, but the reason remains vague. We noticed a lack of burse of 
Fabricius in a part of rumpless chicks through anatomizing young birds with severe diarrhea at age 1- 15 days in Piao Chicken, the only 
recognized rumpless chicken breed in China. Young rumpless chicken showed lower viability, typically with severe diarrhea compared to 
herdmate rump chicks under the same raising condition. Sick rumpless chicks lack bursa of Fabricius – an important immune organ especially 
for young birds. In order to ascertain genetic mechanism of the missing organ, we designed a crossing experiment using 8 heterozygote rumpless 
male Piao chicken and 96 HY-line hens to produce 253 hybrids. All hybrids were dissected at day 3 to observe caudal bone and burse of 
Fabricius. In a total of 253 hybrids, there are 136 normal, 75 rumpless, 42 partial rumpless chicken. Ratio of normal chicken and sum of rumpless 
and partial rumples is closely to 1:1 (136:117). Bursa of Fabricius were observed in all of the normal and partial rumpless chicken, while among 
75 rumpless chicken, 63 of them possess bursa of Fabricius whereas 12 of them missed the organ. Using Case-control design, Sequencing and 
genotyping of related gene including IRX1/IRX2, Gallinacin4/5/14 and BPI were analyzed between hybrids with burse of Fabricius and without 
burse of Fabricius groups. Significant association of genotypes/haplotypes of IRX1 and Gallinacin 14 with missing of bursa of Fabricius as well 
as disease susceptibility was found in this study. 
 
P1130: Genome Mapping, Tagging & Characterization: Poultry 
The Genetic Foundation of a Newly Identified Sex-Linked Mutant of Chicken Tail 
Qiong Wang1, Jinsong Pi2, Ailuan Pan2, Jie Shen2 and Lujiang Qu1, (1)Department of Animal Genetics and Breeding, National 
Engineering Laboratory for Animal Breeding, College of Animal Science and Technology, China Agricultural University, Beijing, 
China, (2)Institute of Animal Husbandry and Veterinary Science, Hubei Academy of Agricultural Sciences/Hubei Key Laboratory 
of Animal Embryonic Engineering and Molecular Breeding, Wuhan, China 
Hongshan chicken is an indigenous breed in Hubei Province of China, characterized by yellow beak, shank and feather. There are two distinctly 
different types of tail traits in Hongshan chicken. Tails of a part of chickens were pendulous, we called them rumplessness, and the others were 
normal as other chicken breeds. Unlike some types of rumplessness found in other regions, which were caused by the reduction of coccygeal 
vertebra number, our X-ray examination showed the rumpless individuals of Hongshan chicken possess normal coccygeal vertebra. We 
speculated that their tail appearance may be effected by the feather development, according to tissue section observation.  
To research the genetic mechanism of rumplessness in Hongshan chicken, we have designed some crossing experiments. Results indicated that 
the rumplessness is a Z-linked dominant character. At the same time, we performed genome-wide association study (GWAS) on 48 rumpless 
(case) and 48 normal (control) chickens with 600K Affymetrix Axiom Chicken Genotyping Array, to identify the genomic regions responsible 
for rumplessness. We observed a series of SNPs in gene leucine rich repeat and Ig domain containing 2 (LINGO2) on Z chromosome have 
significant association with the trait of rumplessness. But this result has not been validated by verification experiment, which was already under 
way.  
We also have obtained resequencing data of two types of Hongshan chicken, some potential structure variations will be detected next. 
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Down-Regulation in the Chicken Thymus Transcriptome in Response to Heat Stress and Lipopolysaccharide 
Melissa S. Monson1, Angelica G. Van Goor1, Christopher M. Ashwell2, Michael 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 
Exposure to high temperatures can suppress innate and adaptive immune responses. In chickens, heat stress can reduce phagocytic activity of 
macrophages, decrease circulating antibody levels and lead to atrophy of immune tissues, like the thymus. Understanding thymic responses to 
heat stress, and the interaction of heat with the pro-inflammatory stimulus lipopolysaccharide (LPS), can provide insights on how to maintain T 
lymphocyte-mediated disease resistance in chickens. In this study, transcriptome responses were characterized by RNA-sequencing (RNA-seq) 
of thymus samples collected from 22-day-old chickens exposed to acute heat stress and/or LPS. Four treatments (thermoneutral + saline, heat + 
saline, thermoneutral + LPS, and heat + LPS) were examined using two genetic lines (an inbred Fayoumi line and an outbred broiler line). 
Indexed cDNA libraries (n = 3-4 libraries/treatment/line) were sequenced on the HiSeq 2500. Approximately 500 million of the resulting single-



end reads were mapped to the chicken genome (Galgal 4). Differential expression analyses identified over 1,300 genes with significant 
differences between treatments or genetic lines. Although expression changes in the Fayoumi were minimal, all treatments had a predominantly 
down-regulatory effect on the broiler transcriptome. Functional analyses identified reduced expression of genes involved in Wnt signaling, 
lymphogenesis, and cell movement, potentially indicating an inflammatory response and a T lymphocyte decline in all treatments. These thymic 
transcriptome responses could contribute to the immunosuppressive effects of heat stress and provide targets for future investigations of disease 
resistance. USDA-NIFA-AFRI Climate Change Award #2011-67003-30228; the USDA National Institute of Food and Agriculture, Hatch 
project #5358. 
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Transcriptome Analysis of Host Response to Heat Stress in Two Genetically Distinct Chicken Inbred Lines 
Ying Wang1, Perot Saelao1, Colin Kern1, Kelly Chanthavixay1, Sihua Jin1, Rodrigo A. Gallardo2, Terra R. Kelly2, Susan J. Lamont3 
and Huaijun Zhou1, (1)University of California, Davis, Davis, CA, (2)University of California, Davis, School of Veterinary 
Medicine, Population Health and Reproduction, Davis, CA, (3)Iowa State University, Department of Animal Science, Ames, IA 
Heat stress results in reduced productivity, anorexia and mortality in chickens. The objective of the study was to identify genes and signal 
pathways associated with heat stress in both breast muscle and hypothalamus through RNA-Seq analysis using two highly inbred chicken lines 
(Leghorn and Fayoumi). At 14d of age, birds were exposed to 38°C with 50% humidity for 4 hours, then 35°C till the conclusion of the 
experiment. Non-treated individuals were kept at 29.4°C throughout the experiment. For the heat stress group, birds were inoculated at 21d with 
Newcastle disease virus (NDV) La Sota strain to investigate the effects of heat stress and NDV infection. Physiological response in blood 
measured at four stages: Pre-heat and at 4h, 7d and 10d post heat treatment (ph), using the i-STAT device suggested differences in response 
between Fayoumi and Leghorn lines. Breast muscle and hypothalamus were harvested on both 4 hph and 10dph and were used to identify 
differentially expressed genes (DEG) with a FDR < 0.05. Preliminary analysis identified 10 and 49 DEGs at 4 hph, 205 and 56 DEGs at 10dph in 
breast muscle; 3 and 4 DEGs at 4hph and 91 and 201 DEGs at 10dph in hypothalamus in Fayoumi and Leghorn, respectively. GO terms such as 
amino acid metabolic process in heat treated Leghorn breast muscle and response to heat in Fayoumi hypothalamus had been enriched. Further 
analysis will explore more candidate genes associated with thermal tolerance, which can be used for potential genetic improvement of heat stress 
in poultry. 
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Chicken Hepatic Response to Chronic Heat Stress Using Integrated Transcriptome and Metabolome Analysis 
Sara F. Jastrebski1, Susan J. Lamont2 and Carl J. Schmidt1, (1)University of Delaware, Newark, DE, (2)Iowa State University, 
Department of Animal Science, Ames, IA 
The liver plays a central role in metabolism and is important in maintaining homeostasis throughout the body. This study integrated 
transcriptomic and metabolomic data to understand how the liver responds under chronic heat stress. Chickens from a rapidly growing broiler 
line were heat stressed for 8 hours per day for one week and liver samples were collected at 28 days post hatch. Transcriptome analysis reveals 
changes in genes responsible for cell cycle regulation, DNA replication, and DNA repair. Integrating the metabolome and transcriptome data 
highlighted multiple pathways affected by heat stress including glucose, amino acid, and lipid metabolism along with glutathione production and 
beta-oxidation.  
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Transcriptional Response to Thermal Stress in Turkey Muscle 
Natalie E. Barnes1, Gale M. Strasburg2, Sandra G. Velleman3 and Kent M. Reed1, (1)University of Minnesota, St. Paul, MN, 
(2)Michigan State University, East Lansing, MI, (3)The Ohio State University, Wooster, OH 
Thermal stress in poultry causes decreased growth, decreased meat quality, and increased mortality. Young birds and fast growing lines are 
particularly susceptible to thermal stress. To better understand the response of poultry to thermal stress this study used RNA-Seq to characterize 
the transcriptional changes in the breast muscle of young turkeys. Therefore, 1-day old poults from the fast growing F-line (selected only for 
16wk body weight) and it’s random-bred control (RBC2 line) were brooded for 3 days at one of three temperatures: control (35°C), hot (39°C), 
and cold (31°C). Twenty-eight libraries were created from muscle and sequenced at an average of 18 million reads per library. Reads were 
mapped to the current turkey genome assembly and annotation. Read counts were analyzed for differential expression among treatment groups 
(by both temperature and line). No generalizable response to hot or cold stress, common in both lines of turkey, was observed. Instead, there 
were line-specific responses to deviation from the control temperature. The F-line responded to thermal stress primarily by up-regulating genes 
associated with transcriptional control and protein ubiquitination. The RBC2 line responded primarily by down regulating lipid metabolism 
genes. These differences in response to thermal challenge were further highlighted by comparisons between lines at each temperature. The 
control brooding temperature (35°C) had the fewest differentially expressed genes between lines relative to the experimental temperature treated 
groups. These comparisons identify important metabolic pathways underlying the response of turkey muscle to thermal challenge. 
 
P1135: Genome Mapping, Tagging & Characterization: Poultry 
Duplication of Chicken defensin7 Gene Generated By Gene Conversion and Homologous Recombination 
Mi Ok Lee, Texas A&M University, college station, TX and James Womack, Texas A&M University, College Station, TX 
Defensins constitute an evolutionary conserved family of cationic antimicrobial peptides that play a key role in host innate immune responses to 
infection. Defensin genes generally reside in complex genomic regions that are prone to structural variation and defensin genes exhibit extensive 
copy number variation in humans and in other species. Copy number variation of defensin genes was examined in inbred lines of Leghorn and 
Fayoumi chickens and a duplication of defensin7 was discovered in the Fayoumi breed. Analysis of junction sequences confirmed the occurrence 
of a simple tandem duplication of defensin7 with sequence identity at the junction, suggesting non-allelic homologous recombination between 
defensin7 and defensin6. The duplication event generated two chimeric promoters which are best explained by gene conversion followed by 
homologous recombination. Expression of defensin7 was not elevated in animals with two genes despite both genes being transcribed in the 



tissues examined. Computational prediction of promoter regions revealed the presence of several putative transcription factor binding sites 
generated by the duplication event. These data provide insight into the evolution and possible function of large gene families and specifically, the 
defensins. 
 
P1136: Genome Mapping, Tagging & Characterization: Poultry 
Transcriptome Analysis Reveals Distinct Immune Responses to Newcastle Disease Virus in Spleen Between Resistant and 
Susceptible Chicken Lines 
Jibin Zhang1, Michael G. Kaiser1, Melissa S. Herrmann1, Rodrigo A. Gallardo2, David A. Bunn3, Terra R. Kelly2, Jack C.M. 
Dekkers1, Huaijun Zhou4 and Susan J. Lamont1, (1)Iowa State University, Department of Animal Science, Ames, IA, (2)University 
of California, Davis, School of Veterinary Medicine, Population Health and Reproduction, Davis, CA, (3)University of California, 
Davis, Department of Animal Science, Davis, CA, (4)University of California, Davis, Davis, CA 
Velogenic Newcastle disease virus (NDV) causes global economic losses in the poultry industry. Although proper vaccination does prevent 
outbreaks of ND, genetic selection for enhanced resistance to NDV offers a complementary approach to disease prevention. Understanding the 
gene expression changes induced by ND infection will help to elucidate mechanisms of host resistance and susceptibility.  
Two distinct and highly inbred chicken lines - Fayoumi and Leghorn - were studied as relatively ND-resistant and susceptible models, 
respectively. Equal numbers of birds from each line were inoculated with LaSota strain NDV (or saline control) through nasal and ocular routes 
at 21 days of age. Viral load in lachrymal fluid was measured at 2 days post inoculation (dpi) and 6dpi. Gene expression in spleen was analyzed 
by RNA-seq at the same ages.  
For a comparison between the challenged and control birds, the Fayoumi line showed much fewer differentially expressed (DE) genes at both 
2dpi and 6dpi (false discovery rate < 0.1), than the Leghorn chickens. In both chicken lines, one module in co-expression analysis by WGCNA 
showed a high positive correlation (r=0.75) with viral titer in the chickens’ lachrymal fluid, and genes in this module showed top clustering in 
antiviral and innate immune response in functional annotation analysis. Ingenuity Pathway Analysis predicted the most dramatic upregulation of 
pathways involved in immune function in challenged Leghorn at 2dpi, such as T helper cell differentiation pathway. The identified DE genes and 
pathways provide potential targets for genetic selection of chickens with enhanced resistance to NDV. 
 
P1137: Genome Mapping, Tagging & Characterization: Poultry 
Management of Bacterial Chondronecrosis with Osteomyelitis: Impact of Non- Pathogenic and Pathogenic Bacterial 
Isolates on Lameness in Birds 
Nnamdi Simon Ekesi1, Adnan Al-Rubaye2, Abdulkarim Shwani1, Nima Khodambashi3, Robert F Wideman4 and Douglas D. 
Rhoads5, (1)University of Arkansas, Cell and Molecular Biology program, Fayetteville, AR, (2)University of Arkansas/Fayetteville, 
Fayetteville, AR, (3)Ferdowsi University of Mashhad, Mashhad,, Iran (Islamic Republic of), (4)University of Arkansas, 
Fayetteville, AR, (5)University of Arkansas, Cell and Molecular Biology Program, Fayetteville, AR 
Lameness in poultry negatively impacts the quality and cost of poultry production with annual losses of millions of dollars. In broiler chickens, 
bacterial chondronecrosis with osteomyelitis (BCO) is a common cause of lameness. We have used a wire flooring model to induce lameness, 
and identified Staphylococcus agnetis (commonly associated with mastitis in cows) as a causative agent of BCO. Administration of a chicken S. 
agnetis isolate in drinking water at 20 days of age can induce high incidence of BCO in birds on wire flooring. Our hypothesis is that rearing 
chicks on wire flooring leads to stress-induced bacterial translocation across the intestinal epithelium into the blood. Eventually, S. agnetis and 
other pathogenic species appear to colonize the predisposed proximal femoral and tibial growth plates inducing necrosis and lameness by 40-56 
days. Recently, we have identified Staphylococcus hyicus (another species associated with mastitis) from BCO infections. We have been 
analyzing the genomes of S. agnetis and S. hyicus to attempt to dissect the genomic determinants for pathogenesis in BCO. Defining the likely 
route of transmission to broilers, and genomic analyses will contribute substantially to the development of measures for mitigating BCO losses in 
poultry. We are investigating the pathogenesis and phylogenomic relationships between our poultry isolates and isolates obtained from 
commercial broiler operations. We’ve been working to identify which species are more virulent, and whether non-pathogenic related species 
could protect against lameness. Additionally, we have tested prebiotics and probiotics for reducing lameness. This work has revealed that the 
spread of the bacterium within a flock may be through either the gastrointestinal tract or through the pulmonary epithelia. Our ultimate goal is to 
develop methods for management to reduce pathogen colonization and transmission.  
Broiler; lameness; bacteria; pathogen; genome; leg 
 
P1138: Genome Mapping, Tagging & Characterization: Poultry 
Hepatic Gene Expression Analysis of Wooden Breast Disease in Chickens 
Emma Fare1, Marie Mutryn2, Zhu Zhuo3, William Lee4 and Behnam Abasht3, (1)Department of Biological Sciences, University of 
Delaware, Newark, DE, (2)Department of Animal Science, University of Delaware, Newark, DE, (3)Department of Animal and 
Food Sciences, University of Delaware, Newark, DE, (4)Maple Leaf Farms, Leesburg, IN 
Wooden Breast Disease (WBD) is a myopathy of fast growing commercial broiler chickens, the most obvious symptom being palpably hard 
breast muscle (pectoralis major) tissue. The affected breast muscle is both visually and texturally unappealing to consumers, causing economic 
loss to the poultry industry. Recent research on WBD has focused on understanding the molecular contributors of breast muscle damage, fibrosis, 
and lipidosis resulting from WBD. The current study was conducted to explore the differentially expressed (DE) genes in the liver of chickens 
affected by the Wooden Breast myopathy. Live birds, from a purebred line of commercial broiler chickens, were clinically examined by manual 
palpation of breast muscle at 47 days of age. Liver tissue samples from 4 affected and 4 unaffected birds were used in high throughput mRNA 
sequencing (RNA-seq) using Illumina HiSeq 2500 platform. After aligning sequence reads to the chicken reference genome (Galgal4) using 
TopHat, differential gene and transcript expression analysis was performed using Cuffdiff. The 113 significant differentially expressed genes 
were used for functional annotation clustering with DAVID Bioinformatics Resources. In affected birds, 71 of these genes were upregulated and 
42 were downregulated. The most prominent differentially expressed gene pathways included transmembrane, extracellular matrix receptor 



interaction, and oxidoreductase. In conclusion, this study shows breast muscle is not the sole tissue affected by WBD, indicating further 
physiological complexities involved in the occurrence of this muscle abnormality in commercial chickens. 
 
P1139: Genome Mapping, Tagging & Characterization: Poultry 
Discovery and Characterisation of Novel Avian Leukosis Virus Subgroup-E (ALVE) Insertions in Commercial Chickens 
Using Next Generation Sequencing Data 
Andrew S Mason, The Roslin Institute, Midlothian, United Kingdom, Ashlee R Lund, Hy-line, Dallas Center, IA, Samantha J 
Lycett, The Roslin Institute, Easter Bush, United Kingdom, Paul M. Hocking, The Roslin Institute, The University of Edinburgh, 
Midlothian, United Kingdom, Janet E. Fulton, Hy-Line International, Dallas Center, IA and David W. Burt, Roslin Institute Univ of 
Edinburgh, Edinburgh, United Kingdom 
Endogenous retroviruses (ERVs) elicit prolonged genomic and immunological stress on their host organism. In chickens, the most prevalent 
group of ERVs are Avian Leukosis Virus subgroup-E (ALVE) insertions. The impacts of ALVEs are wide ranging, from influencing feather 
colour to negatively effecting productivity traits such as total egg count and muscle growth rate. Furthermore, ALVEs are known to modulate 
immune response to exogenous ALV, contrastingly through both cell-entry-receptor interference and the induction of persistent viremia. 
Traditional ALVE identification methods are laborious, but the availability of next generation sequencing (NGS) data enables improved 
characterisation of ALVE abundance and diversity.  
Here we present an ALVE identification pipeline which makes use of existing NGS datasets (rather than requiring additional targeted sequencing 
experiments), and common NGS analysis software. Eight commercial layer lines were analysed with this pipeline, resulting in identification of 
twenty-one ALVEs, five of which were novel. White Leghorn lines had the fewest ALVEs (2-4), whereas the brown egg layer breeds had 5-10 
insertions, including all novel ALVEs. KASP (Kompetitive Allele-Specific PCR) assays were developed for each identified ALVE and used for 
genotyping of multiple generations of the commercial elite layer lines. Each ALVE insertion identified was sequenced and the retrotransposition, 
recombination and viral expression potential was assessed. In addition, a phenotypic revertant at the ALVE21-associated slow feathering (K) 
locus was identified, enabling further characterisation of this commercially important locus.  
This work was part of a BBSRC CASE studentship in association with Hy-Line International. 
 
P1140: Genome Mapping, Tagging & Characterization: Poultry 
Integration of Genomes and Transcriptomes Traces Evolutionary Trajectories Underlying Remould of Ingenious Red 
Jungle Fowls into Today's Diversified Dynamos 
Yali Hou1, Furong Qi1, Xue Bai1, Tong Ren1, Xiquan Zhang2 and Xuemei Lu1, (1)Beijing Institute of Genomics, Chinese Academy 
of Sciences, Beijing, China, (2)South China Agricultural University, Guangdong, China 
Domestication has been served as a fascinating model to posit evolutionary theory. Taking chicken as an important model organism, which has 
been subjected to intensive human remould hence remarkable diversity in behavior, morphology and physiology, we systematically provided 
detailed glimpses into the genetic legacy of domestication and centuries of breeding practices. Based on the whole-genome genetic variations, we 
scrutinized the comprehensive population characteristics underlying selective and non-selective forces among contemporary chickens, revealing 
intensive introgressions including feralization that violate the canonical assumption of reproductive isolation and warrant future studies. We 
provided the first molecular evidence of chicken domestication time. We disclosed a deleterious genetic load of domestication in terms of 
accumulation of deleterious mutants attributing to the Hill-Robertson effect or relaxed selection. Putative selective sweep analysis revealed that 
domesticated chickens have dominated remarkable alterations in nervous system, leading to distinguished behavior modifications of reduced fear 
response, shrunk explorative tendency and activity, degraded circadian rhythm, as well as impaired learning and memory capability. 
Additionally, we also identified the genetic basis of degenerated vision prowess, accelerated growth, enlarged body size, increased lipid deposit 
and fertility, highlighting a comprehensive mechanism by which genetic variations shape phenotypic diversity. We carefully scrutinized the 
complicated propagation of selective genes to transcriptional alterations, elucidating a tight affinity in a regulatory network pattern and a specific 
regulation of alternative splicing underlying domestication and artificial selection, in spite of partially direct guidance. Through a systematic 
survey of the selective genes across five domesticated species, we recapitulated a comprehensive mechanism combining convergent evolution 
and complex genetic regulatory network underlying convergent behavior modification across species. This study systematically traced the 
genomic and transcriptomic dynamics and functional changing patterns underlying chicken domestication and selection, provided promising 
insight into the putative genetic architectures of complex traits and system-wide evidence for the propagation of selective sweeps on the 
transcriptomes. As well, our analyses provided valuable theories to the mechanism of domesticated phenotypes underlying convergent evolution 
across different species. 
 
P1141: Genome Mapping, Tagging & Characterization: Sheep 
Genome Wide Transcript and Methylation Changes in the Sheep Seasonal Clock 
Matthew M. Hindle, The Roslin Institute, Edinburgh, 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 yearly 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 the bioinformatics 
analysis of a photoperiod controlled environment experiment in sheep, measuring genome wide transcription (RNASeq) and DNA methylation 
(RRBS) within two 24 hour time series, in short and long photoperiods. We applied regression, clustering and circadian analysis to reveal 
photoperiod and time dependent changes in gene expression. We observed seasonal phase peak adjustments in clock controlled genes together 
with genome wide changes in expression and DNA methylation.  
Funded by BBSRC grant BB/N015347/1 
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Rambouillet Sheep Genomic Resources 



Yue Liu1, R. Alan Harris1, Xiang Qin1, Stephen Richards1, Jeffrey Rogers1, Yi Han1, Vanessa Vee1, Min Wang1, Qingchang Meng1, 
Michael P. Heaton2, Dr. Timothy P.L. Smith3, Brian Dalrymple4, Stephen N. White5, Brenda M. Murdoch6, James W. Kijas7, Noelle 
Cockett8, Donna M. Muzny1, Richard A. Gibbs1 and Kim C. Worley1, (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)USDA, ARS, Animal Disease Research Unit, Pullman, WA, (6)University of Idaho, 
Moscow, ID, (7)CSIRO Animal, Health and Food Science, St Lucia, Australia, (8)Utah State University, Logan, UT 
High quality reference genomes are fundamental resources for biology. We report here a new sheep reference genome for the Rambouillet breed 
generated using the latest methods for producing and de novo assembling long reads. High quality annotation will be enabled by assays of the 
FAANG quality samples that have been collected from the reference animal.  
A total of 200 Gb of sequence was generated from a single ewe, Benz2616, using the Pacific Biosciences (PacBio) technology. The data have a 
12.6 kb N50 and 8.9 kb mean subread length. We used both Falcon and Celera Assembler to error correct and assemble the error corrected reads 
and selected the more complete product of the Celera Assembler for further processing. The preliminary assembly has a contig N50 of 2.2 Mb, a 
total length of 2.85 Gb, 365 contigs contain half of the genome sequence, and the longest contig is 16.3 Mb. The majority (89%) of 338,551 EST 
sequences align to the genome, with most (90%) having nearly complete alignments, aligning over more than 95% of their length. This version 
of the genome is more complete and has more contiguous alignment to these expressed sequences than the Texel breed Oar4.0 reference. Base 
quality of this assembly is high, with error rates less than 1% following assembly polishing using Arrow. The preliminary contigs have been 
scaffolded using Hi-C data and the Lachesis software, producing chromosome scale scaffolds. Further scaffold refinement is ongoing.  
To provide the highest quality annotation of this high quality assembly, we have collected samples from over 100 tissues from the reference 
animal for additional FAANG assays. This was a large effort involving over 35 people in the sample collection, advance planning and 
coordination. In addition to the PacBio genome sequence and Hi-C data for the genome assembly, PacBio IsoSeq, miRNAseq, ATAC-Seq and 
other assays are planned. 
 
P1143: Genome Mapping, Tagging & Characterization: Sheep 
SheepGenomesDB Approaches It’s 1000th Sheep Genome in Run2 
James Kijas1, Rudiger Brauning2, Shannon Clarke2, Alan McCulloch2, Noelle Cockett3, Gary Saunders4, Marina Naval Sanchez1, 
Sean McWilliam1 and Hans D. Daetwyler5,6, (1)CSIRO Agriculture, Brisbane, Australia, (2)AgResearch, Invermay Agricultural 
Centre, Mosgiel, New Zealand, (3)Utah State University, Logan, UT, (4)EMBL-EBI, Cambridge, United Kingdom, (5)Department 
of Economic Development, Jobs, Transport & Resources, Bundoora, Australia, (6)La Trobe University, Bundoora, Australia 
The SheepGenomesDB project has assembled publically available sheep genomes into a single analytical workflow for the purpose of variant 
detection. Run 1 captured nearly 500 sheep genomes, and applied a harmonised pipeline for raw read filtering, mapping and variant detection. 
This generated nearly 100 million unfiltered variants which were pruned to define a high confidence set. Both variant collections (raw and high 
quality) are available via the European Variation Archive (EVA), with the high quality variants annotated against OARv3.1 using the Ensembl 
Variant Effect Predictor (VEP). The EVA interface provides visualization, gene centric queries and full download functionality to support a 
range of user community applications. Data is also available from EVA via API. Run2 is underway, expanding the breadth of diversity 
represented and number of genomes to almost 1000. We present summary statistics from the workflow, and highlight applications to imputation, 
analysis of domestication, disease mutation identification and linkages with the emerging FAANG project. 
 
P1144: Genome Mapping, Tagging & Characterization: Sheep 
Functional Annotation of the Sheep Genome 
Emily L. Clark, Stephen J. Bush, Mary B. McCulloch, Iseabail L. Farquhar, C. Bruce Whitelaw, Mick Watson, Kim M. Summers, 
Alan L. Archibald and David A. Hume, The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom 
Sheep are an important source of meat, milk and fibre globally. To support functional annotation of the sheep genome we have produced a high-
resolution atlas of gene expression from a comprehensive set of tissues and cell types from Scottish Blackface x Texel crossbred individuals. 
RNA-Seq libraries were generated by Edinburgh Genomics from tissues and cells representing all the major organ systems from adult sheep and 
from several juvenile, neonatal and prenatal developmental time points. The dataset includes 352 medium depth mRNA-Seq libraries and 74 high 
depth total RNA-Seq libraries. The raw reads have been mapped using two pipelines, an alignment free method, Kallisto, and a conventional 
alignment based HiSat2-Stringtie pipeline. Of the protein coding genes currently annotated by Ensembl in the Oar_v3.1 reference genome, 96% 
are captured in the sheep atlas dataset. We have assigned gene names to hundreds of previously unannotated genes and are visualising the data as 
gene-gene network graphs in Miru (http://kajeka.com) to assign putative function to many of these genes. The sample metadata have been loaded 
into BioSamples and the sequence data are being deposited in the ENA. We intend to make the data available via the BioGPS gene annotation 
portal (http://biogps.org) in which the pattern of expression for each gene can be visualized across a range of tissues. The Sheep Gene Expression 
Atlas has the potential to inform future improvements in productivity, efficiency and health in sheep and other ruminants and is a valuable 
resource for the international Functional Annotation of Animal Genomes (FAANG) initiative. 
 
P1145: Genome Mapping, Tagging & Characterization: Sheep 
Genomic Regions Associated with Entropion in Domestic Sheep Using the Ovine High-Density BeadChip 
Michelle R. Mousel1,2 and Stephen N. White1,2, (1)USDA, ARS, Animal Disease Research Unit, Pullman, WA, (2)Washington 
State University, Pullman, WA 
Entropion is an inward rolling of the eyelid allowing direct contact between the eyelashes and cornea, causing abrasions which may lead to 
infections and blindness if not treated. In domestic sheep, entropion has a wide range of frequency (0-80%) worldwide, was found to be heritable 
(0.08-0.21) and appears to be recessive in inheritance. Currently producers must cull afflicted sheep and their parents to eliminate this condition 
from their flocks. Identification of genomic regions or genes associated with entropion could facilitate development of genetic markers to allow 
producers to make informed selection decisions to reduce entropion through selective breeding. Therefore, a genome-wide association scan was 
conducted with 473 Columbia, Polypay, and Rambouillet sheep genotyped using the Illumina OvineSNP600 BeadChip. Entropion status was 



recorded within 48 hours of birth and overall prevalence in this group of sheep was 6.1%. Data was analyzed using a mixed model in EMMAX 
that accounted for relatedness, breed, and SNP minor allele. Six genome-wide significant (P<1x10-8) SNP were identified on chromosomes 2, 3, 
15, and 20 as well as nine SNP that were genome-wide suggestive (P<1x10-7) on chromosomes 2, 3, 7, 14, 15, and 22. Previously, locations on 
chromosome 2, 3, and 15 were found to be associated with entropion by Mousel et al., 2015 and/or Hadfield et al., 2016. We are evaluating these 
regions to identify underlying causal mutations. 
 
P1146: Genome Mapping, Tagging & Characterization: Sheep 
The Rambouillet Sheep Reference Genome Project 
Yue Liu1, R. Alan Harris1, Xiang Qin1, Stephen Richards1, Jeffrey Rogers1, Yi Han1, Vanessa Vee1, Qingchang Meng1, Michael P. 
Heaton2, Timothy P.L. Smith3, Brian Dalrymple4, James W. Kijas5, Noelle Cockett6, Donna M. Muzny1, Richard A. Gibbs1 and 
Kim C. Worley1, (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 
High quality reference genomes are fundamental resources for biology. We report here a new sheep reference genome for the Rambouillet breed 
generated using the latest methods for producing and de novo assembling long reads. High quality annotation will be enabled by assays of the 
FAANG quality samples that have been collected from the reference animal.  
A total of 200 Gb of sequence was generated from a single ewe, Benz2616, using the Pacific Biosciences (PacBio) technology. The data have a 
12.6 kb N50 and 8.9 kb mean subread length. We used both Falcon and Celera Assembler to error correct and assemble the error corrected reads 
and selected the more complete product of the Celera Assembler for further processing. The preliminary assembly has a contig N50 of 2.2 Mb, a 
total length of 2.85 Gb, 365 contigs contain half of the genome sequence, and the longest contig is 16.3 Mb. The majority (89%) of 338,551 EST 
sequences align to the genome, with most (90%) having nearly complete alignments, aligning over more than 95% of their length. This version 
of the genome is more complete and has more contiguous alignment to these expressed sequences than the Texel breed Oar4.0 reference. Base 
quality of this assembly is high, with error rates les than 1% following assembly polishing using Arrow. The preliminary contigs have been 
scaffolded using Hi-C data and the Lachesis software, producing chromosome scale scaffolds. Further scaffold refinement is ongoing.  
To provide the highest quality annotation of this high quality assembly, we have collected samples from over 100 tissues from the reference 
animal for additional FAANG assays. This was a large effort involving over 35 people in the sample collection, advance planning and 
coordination. In addition to the PacBio genome sequence and Hi-C data for the genome assembly, PacBio IsoSeq, miRNAseq, ATAC-Seq and 
other assays are planned. 
 
P1147: Genome Mapping, Tagging & Characterization: Sheep 
Using an Online Genome Resource to Identify Myostatin Variation in U.S. Sheep 
Michael P. Heaton, USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE, Timothy P.L. Smith, USDA, 
ARS, USMARC, Clay Center, NE and Theodore S. Kalbfleisch, University of Louisville, Louisville, KY 
We created a public, searchable DNA sequence resource for sheep that contained approximately 14x whole genome sequence of 96 rams. The 
animals represent 10 popular U.S. breeds and share minimal pedigree relationships, making the resource suitable for viewing gene variants in the 
user-friendly Integrated Genome Viewer (IGV) environment. To illustrate its use, the DNA sequence reads were viewed for myostatin, a gene 
encoding a negative regulator of skeletal muscle growth. Two putative functional variants were observed, both of which had been reported 
previously. One variant creates a binding site for a miRNA in the 3’UTR that reduces the abundance of myostatin protein. The other variant 
changes a glutamate (E) residue to glycine (G) at position 34. By viewing these variants in IGV, it was simple to estimate their frequencies in 
these 96 rams. The 3’UTR variant allele was homozygous in 9 of 10 Texel rams, while G34 carriers were present in Dorset, Navajo Churro, 
Rambouillet, and USMARC composite breeds. In addition, one Dorset ram was homozygous for the G34 allele. The strict evolutionary 
conservation of the E34 allele throughout the Amniota clade of tetrapods, combined with the multi-breed distribution of the putative reduced 
function G34 allele in sheep, is consistent with the hypothesis that the G34 allele could interfere with myostatin function and positively affect 
muscle growth in U.S. sheep. This study provides a new resource for discovering potentially functional variants, and making initial rapid in silico 
estimates of allele frequency among U.S. breeds. 
 
P1148: Genome Mapping, Tagging & Characterization: Sheep 
Estimation of the Effective Population Size in Sheep Based on Recombination Rate By the LD Method 
Yuanyuan Zhang, China Agricultural University, Beijing, China; Pennsylvania state University, State College, PA, Wansheng Liu, 
Department of Animal Science, Penn State University, University Park, PA and Xuemei Deng, China Agricultrual University, 
Beijing, China 
Effective population size (Ne) is a key parameter in population genetics and is widely applied in determining the rate of genetic drift and loss of 
genetic variability. It is crucial to consider in animal breeding, selection and conservation. The linkage disequilibrium (LD) method performs 
better in the Ne estimation when genome-wide SNPs applied. Ne estimated by the LD method is also related to the recombination rate that was 
not taken into account in most studies. Genome-wide SNP data of three commercial sheep breeds, including Texel, Merino and Suffolk, were 
downloaded from the ISGC database (http://www.sheephapmap.org/). Chromosome-specific recombination rates were estimated for all 
autosomes from estimated LD between SNP pairs <500 kb apart and the known map length of chromosome. For each chromosome the pairwise 
r2 was calculated for all pairs of SNP in sliding windows of 500 kb with a 250 kb overlap. The average recombination rate for each window was 
estimated from the average LD within that window by fitting the model of relationship between recombination rate and r2. The average 
recombination rates were scaled over the entire chromosome and adjusted to the known map length of the corresponding chromosome before 
applying for the Ne estimation. We found that the decay in LD over distance between SNPs within sheep populations is consistent with the recent 
population decrease. However, our estimated Ne for these sheep populations were about 40% higher than the previously report, possibly because 
we used the estimated recombination rate, not the theoretical value of 100 Mb = 1 Morgan. 
 



P1149: Genome Mapping, Tagging & Characterization: Sheep 
Accelerating Genetic Improvement in Sheep by Increased Pedigree Accuracy 
Heather Koshinsky1, Ali Pirani2, Victor Missirian2, Vineet Joshi2, Qian Wan3, Mark Stapleton3 and John D. Curry4, (1)Affymetrix, 
now a part of Thermo Fisher Scientific, Santa Clara, CA, (2)Affymetrix Inc., Santa Clara, CA, (3)Affymetrix, Santa Clara, CA, 
(4)Affymetrix, Hercules, CA 
Genetic management is a key driver for increased revenue in agri-genomics production systems. The amount of genetic information required for 
a decision depends on the application. At the low end is genotypes on a few hundred markers for a targeted SNP parentage and the associated 
reduction in pedigree errors and more efficient herd improvement. Correct parentage assignment increases the success of any breeding program 
by facilitating linkage of production performance to the correct families to improve estimates of breeding values. At the high end is full genome 
sequence for high value individuals.  
Eureka™ Ovine Parentage Panel is a comprehensive parentage panel for sheep and provides superior power to accurately verify parentage. It 
provides an affordable next-generation sequencing (NGS)-based panel for both parentage testing and traceability in diverse sheep breeds. The 
availability of over 3,000 barcodes enables processing of over 3,000 samples in a single sequencing run for fast turnaround time. Thus this 
genotyping panel may be used as a tool in an ovine breeding and production system that has the potential to increase overall revenue. 
 
P1150: Genome Mapping, Tagging & Characterization: Sheep 
Understanding the Ramification of Recombination Variation in Sheep 
Kimberly M. Davenport and Brenda M. Murdoch, University of Idaho, Moscow, ID 
Meiotic recombination is an important process during gamete formation that ensures proper chromosome segregation and controls genetic 
variation. It is clear from previous studies that at least one recombination event per chromosome arm is necessary to avoid mis-segregation. In 
addition, placement of recombination is not random, showing some preferences called “hotspots.” According to previous studies using linkage 
maps, recombination rates can vary as much as 10% in domestic sheep breeds, and is reported to be lower in bighorn sheep. However, global 
recombination rates determined from linkage maps or haplotype phasing underestimate the number of global recombination events per meiotic 
cell due to chromosomal independent assortment. To better understand and account for recombination differences between breeds of sheep, we 
used a cytological approach to quantify recombination events in spermatocytes. Testicular tissue samples were taken from mature Targhee, 
Suffolk, and Icelandic rams, and spermatocytes were spread and fixed on slides. In total, we examined over 2,200 spermatocytes and 
approximately 150,000 recombination events. Immunofluorescent staining was performed to identify the synaptonemal complexes (SYCP3) and 
recombination events (MLH1) of pachytene stage prophase cells. The total number of recombination per meiotic cell was quantified and 
compared between the three breeds using an ANOVA with a subsequent Tukey-Kramer test. Interestingly, Targhee rams have significantly 
higher (p < 0.01) recombination than Suffolk and Icelandic rams. This research gives us the tools to better understand chromosomal inheritance 
that consequently improves the accuracy of genetic predictions and contributes valuable information towards the sustainability of the sheep 
industry. 
 
P1151: Genome Mapping, Tagging & Characterization: Sheep 
Single Tissue Epigenetic Characterization in Sheep Foetuses 
Emanuele Capra1, Paola Toschi2, Marcello Del Corvo3, Barbara Lazzari3, Pier Augusto Scapolo2, Pasqualino Loi2, John Williams4, 
Alessandra Stella3 and Paolo Ajmone Marsan5, (1)Institute of Agricultural Biology & Biotechnology - CNR, Lodi, Italy, 
(2)University of Teramo, Teramo, Italy, (3)PTP Science Park, Lodi, Italy, (4)Davies Research Centre, University of Adelaide, 
South Australia, Australia, (5)Research Center on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy 
Environmental and nutritional signals during early life might affect fetal development with possible effects on important productive traits in 
livestock. Environmental and nutritional stressors are translated into epigenetic changes. DNA methylation and histone modification in 
regulatory and growth-related genes contribute to fetal programming for adult life. As a first and preliminary single organ epigenetic screen, we 
have carefully dissected embryonic ectodermic tissues (neurons, forebrain), mesenchymal cells (primarily fibroblasts, somites), and foregut 
endoderm cells (liver), from day 28 sheep foetuses collected after natural mating (day of mating: d0). The isolated tissues were snap frozen in 
liquid nitrogen and analysed for distribution of methylation of CpGs using whole-genome bisulfite sequencing (WGBS). Liver cells presented a 
lower methylation level than primordial neurons and fibroblasts. Patterns of methylation among the three tissues showed high conservation of 
hypo-methylated CpG islands, and a consistent level of methylation in regulative genetic elements. The three tissues differed in 398 differentially 
methylated regions (DMRs) overlapping CpG islands. DMRs interested several genes that showed a significant pathway enrichment for synaptic 
transmission, sensory perception of pain, behavioural response to nicotine, cardiac muscle tissue and heart growth, body morphogenesis, 
regulation of bone mineralization, cell senescence and cell aging. Numerous findings indicate that environmental and nutritional stressors affect 
productive traits, and even wellbeing in farm animals, through epigenetic changes in growth and developmental genes. Our work provides a 
“reference” epigenetic status of genes potentially involved in the maintenance and regulation of developmental differentiation that might be 
negatively affected by environmental and nutritional stressors. 
 
P1152: Genome Mapping, Tagging & Characterization: Sheep 
Association Analysis of Potassium-Chloride Cotransporter Variants and Sheep Erythrocyte Potassium 
Ryan D. Oliveira1, Michelle R. Mousel2, Margaret A. Highland2, J. Bret Taylor3, Donald P. Knowles4 and Stephen N. White2, 
(1)Washington State University College of Veterinary Medicine, Department of Veterinary Microbiology and Pathology, Pullman, 
WA, (2)USDA, ARS, Animal Disease Research Unit, Pullman, WA, (3)USDA, ARS, Range Sheep Production Efficiency 
Research, Dubois, ID, (4)Washington State University, Pullman, WA 
Sheep exhibit a dimorphism in erythrocyte potassium content with large differences between “low” and “high” potassium phenotypes, and this 
dimorphism shows evidence for Mendelian inheritance. In addition, the low potassium characteristic has been associated with fine wool 
production. While the exact basis for this dimorphism has not been completely elucidated, the phenotypes have been associated with activity 
level differences in erythrocytic potassium-chloride cotransporters (KCC). KCC are electrolyte transport proteins involved in regulation of cell 



volume. They are encoded by multiple genes, and the KCC1 and KCC3 proteins are found on sheep erythrocytes. However, no studies to date 
have attempted to characterize the specific mutation responsible. We hypothesized that common variants in the genes encoding KCC1 
(SLC12A4) and KCC3 (SLC12A6) account for known differences in sheep erythrocytic potassium levels. We genotyped 124 Rambouillet, 
Polypay, and Suffolk sheep with divergent erythrocyte potassium concentrations and examined association between the SNP variants and 
erythrocyte potassium content while accounting for breed. To date, no significant differences in potassium concentration have been found for 
examined SNP variants. However, work is ongoing to identify the mutation responsible for the sheep erythrocyte potassium dimorphism. 
 
P1153: Genome Mapping, Tagging & Characterization: Sheep 
Genome-Wide Identification of Active Enhancers in Sheep Alveolar Macrophages 
Alisha T. Massa1, Michelle R. Mousel1,2, Brenda M. Murdoch3 and Stephen N. White1,2, (1)Washington State University, Pullman, 
WA, (2)USDA, ARS, Animal Disease Research Unit, Pullman, WA, (3)University of Idaho, Moscow, ID 
Lung macrophages provide a first line of defense for the cell-mediated innate immune system against many inhaled pathogens. Annotation of 
regulatory elements within these cells allows advanced understanding of gene regulation. Acetylation of lysine 27 on histone protein three 
(H3K27ac) is one of the most dynamic marks, denoting active enhancer regions of the genome. Changes in H3K27ac correspond to changes in 
gene expression that control cellular differentiation. In this study, alveolar macrophages were harvested from the lungs of a healthy, one-year-
old, mixed-breed sheep. Chromatin immunoprecipitation with high throughput sequencing (ChIP-seq) was performed for histone modification 
mark H3K27ac. Approximately 50,000 peaks were identified in the immunoprecipitation data set over control input DNA. Peaks with a false 
discovery rate of less than 1% included 10,199 peaks with an average enrichment of twenty-fold. This is comparable to published data from 
humans and other mammalian species for active enhancer marks. Average peak length was 1900 base pairs, which is consistent with expected 
values of approximately 200-2000 base pairs for mammalian enhancers. However, sequence motif discovery in sheep suggested many are unique 
when compared with known enhancer motifs in humans, indicative of sequence divergence between species. To our knowledge, this is the first 
report on ChIP-seq for histone marks in sheep immune cells. These data provide a basis for regulatory landscape comparison among sheep cell 
types and for cross-species comparative regulome analysis in macrophages and immune cells.  
 
P1154: Genome Mapping, Tagging & Characterization: Sheep 
A Metagenomic Analysis of the Effect of Residual Feed Intake on Ovine Rumen Metabolism 
Rocky D. Patil1, Gavin Conant2, Yue Hao2, Rebecca R. Cockrum3, Kathleen J. Austin4, Katie Burch5, Hyuk Jin Lee6, Taylor 
Maurer7, Tasia M. Taxis8, William R. Lamberson8, Huan Truong9, Sarah Wolff1, Anna Wright1, Courtney Shearer10, Melinda J. 
Ellison11 and Kristi Cammack12, (1)University of Missouri - Columbia, Columbia, MO, (2)Informatics Institute, University of 
Missouri, Columbia, MO, (3)Virginia Polytechnic Institute and State University, Blacksburg, VA, (4)Department of Animal 
Science, University of Wyoming, Laramie, WY, (5)Department of Psychology, Truman State University, Kirksville, MO, 
(6)Division of Biological Sciences, University of Missouri, Columbia, MO, (7)Department of Biology, Kenyon College, Gambier, 
OH, (8)Division of Animal Sciences, University of Missouri, Columbia, MO, (9)University of Missouri - Columbia, Columia, MO, 
(10)Clemson University, Clemson, SC, (11)University of Idaho, Moscow, ID, (12)South Dakota State University, Brookings, SD 
Ruminant animals have a symbiotic relationship with microorganisms in their rumens whereby these microbes degrade complex plant-derived 
compounds which cannot be degraded by any known animal-encoded enzyme into simpler metabolites accessible to the host’s metabolism. 
Using a shotgun metagenomics approach, we obtained microbial reads from the rumens of sixteen sheep that differed in their residual feed intake 
(RFI: eight animals with low and eight with high RFI). Our hypothesis was that the metabolic networks of the microbes from low and high RFI 
animals would differ in predictable ways. Metagenomic reads from each sheep were mapped onto a database-derived microbial metabolic 
network, which was linked to the sheep metabolic network by interface metabolites (metabolites transferred from microbes to host). Somewhat 
surprising, no single enzyme was identified as significantly differentially abundant between the low and high RFI animals. However, when the 
metabolic network as a whole was analyzed, it was clear that microbes from the low RFI animals were using a suite of enzymes closer in network 
space to the host’s reactions than were the high RFI (inefficient) animals. Likewise, the low RFI animals showed significantly greater diversity 
both in microbial taxa and in microbial enzymes than did their high RFI counterparts. We conclude that efficient animals have induced in their 
rumens a microbial ecosystem that is both more efficient and better matched to the host metabolism than is that of the inefficient animals. 
 
P1155: Genome Mapping, Tagging & Characterization: Sheep 
Identifying Candidate Genes for Mastitis Resistance Using Ovine Transcriptome 
Androniki Psifidi1, Stephen J. Bush1, Emily L. Clark1, David A. Hume1 and Georgios Banos2, (1)The Roslin Institute and 
R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom, (2)The Roslin Institute and Scotlands' Rural College, Edinburgh, 
United Kingdom 
Mastitis is the most prevalent disease in dairy sheep with major economic and welfare implications. Mastitis resistance in cattle and dairy sheep 
is known to be heritable, and selective breeding offers one route of control. A mastitis-specific DNA array was available based on previous 
discovery of common Quantitative Trait Loci (QTLs) in distinct dairy sheep populations. Using this array, we performed Genome-Wide 
Association Studies of four mastitis traits in 609 Greek Chios dairy ewes. Five QTLs were detected. To identify possible protein-coding genes 
associated with the detected QTLs, we used two sources of transcriptomic data; an expression atlas derived from cross-bred meat sheep (Scottish 
Blackface x Texel) based upon the large-scale mRNA sequencing of multiple tissues and cell lines, and a comparative study of transcription in 
the milk somatic cells of two Spanish dairy breeds (Churra and Assaf). The sheep atlas dataset contains expression profiles from sheep bone 
marrow derived macrophages (BMDMs) grown in macrophage colony-stimulating factor (CSF1; which is highly-expressed in lactating 
mammary gland) and stimulated with bacterial lipopolysaccharide (LPS, a model for response to gram-negative pathogens. Within the QTL 
regions, 14 genes were inducible by LPS, highly expressed in milk somatic cells and had expression levels associated with somatic cell 
count. Half of these genes were also previously associated with mastitis resistance in dairy cattle. The results suggest that variation in 
macrophage response to pathogen-associated molecules underlies susceptibility to mastitis in dairy animals.  
 



P1156: Genome Mapping, Tagging & Characterization: Sheep 
Whole-Genome Sequencing of Cashmere Goats Identify Genes Related to Fleece Traits 
Xiaokai Li1, Rui Su2, Yanjun Zhang3, Jinquan LI2, Yang Dong4 and Wen Wang5,6, (1)College of Animal Science, Inner Mongolia 
Agricultural University, Hohhot, China, (2)Inner Mongolia Agricultural University China, HOHHOT, China, (3)Inner Mongolia 
Agricultural University, China, Hohhot, China, (4)Kunming Institute of Zoology, Chinese Academy of Science, Kunming, China, 
(5)Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming, China, (6)Kumming Institute of Zoology, kunming, 
China 
Inner Mongolia (including three subtypes: Erlangshan, Alashan, and Aerbasi) and Liaoning Cashmere goats are well-known indigenous breeds in 
China, characterized by superior fiber quality and high cashmere yield respectively. Here, we sequenced genomes of 54 Inner Mongolia and 19 
Liaoning cashmere goats to identify the genes that related to fleece traits. A total of 4,356,754 SNPs and 194,273 Indels were identified in the 
Cashmere goats population by aligning the filtered reads against CHIR_2.0 of the goat genome. The expected heterozygosity (He), observed 
heterozygosity (Ho) and inbreeding coefficients (Fis) of each Cashmere goat breed were also obtained, respectively. Higher inbreeding 
coefficients were observed in Erlangshan and Alashan subtypes, the values are 0.2466 and 0.2507, respectively. An empirical genome-wide 
distribution of Fst (F-statistics) was constructed based on haplotype-based test to detect selective signals between Liaoning and Inner Mongolia 
cashmere goats. Interestingly, we highlighted several genes including BMP7, DVL1, KIF3A and CFDP that show signatures of selection are 
likely associated with fleece traits. All of these will provide a foundation for better understanding the genetic variation associated with fleece 
traits and aid in protection of native genetic resources. 
 
P1157: Genome Mapping, Tagging & Characterization: Sheep 
Ancient DNA Characterization of Sheep Remains from the Medieval Site of Siponto (Southern Italy) 
Licia Colli1,2, Elisa Eufemi1,2, Marco Milanesi1,3, Marcello Del Corvo1, Mario Barbato1, Riccardo Negrini1,4, Caterina Laganara5, 
Jacopo De Grossi Mazzorin6, Paolo Ajmone Marsan1,2 and Elena Ciani7, (1)Inst. of Zootechnics, Università Cattolica del S. Cuore, 
Piacenza, Italy, (2)Research Center on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy, (3)Faculdade de Ciências 
Agrárias e Veterinárias, UNESP - Univ. Estadual Paulista, Araçatuba (SP), Brazil, (4)Associazione Italiana Allevatori, Rome, Italy, 
(5)Dip. di Scienze dell'Antichità e del Tardoantico, Università degli Studi di Bari "Aldo Moro", Bari, Italy, (6)Facoltà di Beni 
Culturali, Università del Salento, Lecce, Italy, (7)Università degli Studi di Bari "Aldo Moro", Bari, Italy 
The archeological site of Siponto is located on the shore of the Gulf of Manfredonia (Apulia, Southern Italy). The site hosts the remains of a 
town abandoned around the mid XIIIth century after an earthquake. Excavation campaigns carried out from 2000 to 2009 revealed several ovine 
bones located in different buildings of the last housing phase of the ancient town. Such remains significantly predate the hypothetical 
introduction of Spanish merino rams claimed by King Alphonse I of Napoli (mid XVth century) and may represent the ancestral gene pool of 
local southern Italian sheep populations before the beginning of the so-called “merinization” process. To explore such intriguing hypothesis and 
characterize the molecular variation of this ancient sheep population, a DNA extraction was carried out on 33 bone and teeth remains from the 
site of Siponto, following stringent protocols for ancient samples within the dedicated lab facility of the BioDNA Research Centre. For ten 
samples, 311 base pairs of the mitochondrial (mtDNA) control region were characterized through PCR amplification, cloning and direct 
sequencing. Further, the four best-performing DNA samples were used to construct genomic libraries for a subsequent high-throughput 
sequencing. MtDNA data highlighted the presence of eight different haplotypes belonging to haplogroup B, the most frequent in Europe. Ancient 
DNA-specific bioinformatics pipelines were applied to analyze the resulting high-throughput sequencing data, allowing to retrieve ~0.3% of 
endogenous sheep DNA. A preliminary variant calling investigation identified 2,550 variants, eight of which are predicted to have a major 
impact on protein structure and functioning. 
 
P1158: Genome Mapping, Tagging & Characterization: Sheep 
Mitochondrial Genetic Diversity of Saiga tatarica tatarica (Saiga antelop) in Kazakhstan 
Masahide Nishibori1, Sayed Abdel-Maksoud Osman2, Polat Kazymbet3, Meirat Bakhtin3, Meldelokiv Alyan4, Maratbek Zh 
Suleimenov4, Akhmedenov M. Kazhmrat5, Sarsenova B. Bibigul5 and Yoshio Yamamoto1, (1)Hiroshima University, 
Higashihiroshima, Hiroshima, Japan, (2)Minia University, Minia, Egypt, (3)Astana Medical University, Astana, Kazakhstan, 
(4)Institute of Zoology, Almaty, Kazakhstan, (5)West Kazakhstan Agrarian-Technical University, Uralsk, Kazakhstan 
The Saiga antelpe (Saiga tatarica; Bovidae, Mammalis) has two subspecies; Saiga tatarica tatarica that distributed in the dry-steppe and semi-
desert regions in three populations in Kazakhstan and one population in Russia, and the other is Saiga tatarica mongolia in Monger that has 
evolved one of the most extraordinary nose among mammals. Recently near half of the global population of the critically endangered Saiga 
tatarica was dead in a mass die-off in Kazakhstan. It seems likely that some diseases, pathogens, low genetic diversity or environmental factors 
are part of the story, however, the real cause of Saiga death has not solved completely. Therefore, a complete mitochondrial D-loop sequence was 
used to estimate the genetic diversity in Saiga. Fifteen samples [West (n=7) and South (n=8) Kazakhstan] were collected from two populations of 
Saiga. A 944 bp of mitochondrial complete D-loop was sequenced in 15 Kazakhstan Saiga. The sequence alignment indicated 108 variable sites 
and 14 haplotype. Moreover, mitochondrial D-loop lineages were observed between the two populations including the reported sequence of 
Saiga. The Saiga with the two populations was mixed in three lineages. In conclusions, the results of the present study showed that Kazakhstan 
Saiga had high genetic diversity based on mitochondrial D-loop analysis compared with previous studies conducted in China and other regions. 
Because Saiga is listed on the International Union for Conservation of Nature’s Red List of Threatened Species of the highest categories 
(Critically Endangered) so this study using the precious genetic stocks to conserve Saiga species is very important. 
 
P1159: Genome Mapping, Tagging & Characterization: Sheep 
Whole Genome Structural Analysis of Caribbean Hair Sheep Reveals Quantitative Link to West African Ancestry 
Gordon Spangler, Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD 



Hair sheep of Caribbean origin have become an important part of the U.S. sheep industry. Lack of wool eliminates a number of health concerns 
and drastically reduces the cost of production. More importantly, Caribbean hair sheep demonstrate robust performance even in the presence of 
drug resistant gastrointestinal nematodes, a rising concern to the industry. Despite the growing importance of hair sheep in the Americas their 
genetic origins have remained speculative. Prior to this report no genetic studies were able to identify a unique geographical origin of hair sheep 
in the New World. Our study clarifies the African and European ancestry of Caribbean hair sheep. Whole genome structural analysis was 
conducted on four established breeds of hair sheep from the Caribbean region. Using breeds representing Africa and Europe we establish an 
objective measure indicating Caribbean hair sheep are derived from Iberian and West African origins. Caribbean hair sheep result from West 
African introgression into established ecotypes of Iberian descent. Genotypes from 47,750 autosomal single nucleotide polymorphism markers 
scored in 290 animals were used to characterize the population structure of the St Croix, Barbados Blackbelly, Morada Nova, and Santa Ines. 
Principal components, admixture, and phylogenetic analyses results correlate with historical patterns of colonization and trade. These patterns 
support co-migration of these sheep with humans. 
 
P1160: Genome Mapping, Tagging & Characterization: Swine 
Genome to Phenome Integration in the Context of Boar Sperm microRNAs 
Vanmathy Kasimanickam, Washington State University, Pullman, WA 
Sperm contain microRNAs (miRNAs), which may have roles in epigenetic control. Regarding phylogenetic relationships among various swine 
breeds, Yorkshire and Landrace, are considered phenotypically and genetically very similar, but distinctly different from Duroc. The objective of 
the present study was to compare abundance of boar sperm miRNAs in these three breeds. Overall, 252 prioritized miRNAs were investigated 
using real-time PCR; relative expression of miRNAs in sperm was similar in Yorkshire and Landrace boars, but significantly different compared 
to Duroc. Seventeen miRNAs (hsa-miR-196a-5p, hsa-miR-514a-3p, hsa-miR-938, hsa-miR-372-3p, hsa-miR-558, hsa-miR-579-3p, hsa-miR-
595, hsa-miR-648, hsa-miR-524-3p, hsa-miR-512-3p, hsa-miR-429, hsa-miR-639, hsa-miR-551a, hsa-miR-624-5p, hsa-miR-585-3p, hsa-miR-
508-3p and hsa-miR-626) were down-regulated (P < 0.05; fold regulation ≤ -2) in Yorkshire and Landrace sperm, compared to Duroc sperm. 
Furthermore, three miRNAs (hsa-miR-9-5p, hsa-miR-150-5p, and hsa-miR-99a-5p) were significantly up-regulated in Yorkshire and Landrace 
sperm compared to Duroc sperm, However, 240 miRNAs were not significantly different (within +2 fold) between Yorkshire and Landrace 
sperm. We concluded that miRNAs in sperm were not significantly different between Yorkshire and Landrace boars, but there were significant 
differences between those two breeds and Duroc boars. Furthermore, integrated target genes for selected down-regulated miRNAs (identified via 
an in-silico method) appeared to participate in spermatogenesis and sperm functions. 
 
P1161: Genome Mapping, Tagging & Characterization: Swine 
High-Quality, Highly Contiguous Re-Assembly of the Pig Genome 
Amanda Warr1, Richard Hall2, Kristi Spittle Kim2, Sergey Koren3, Adam Phillippy3, Derek M. Bickhart4, Benjamin D. Rosen5, 
Steven G. Schroeder6, David A. Hume7, Richard Talbot1, William Chow8, Kirstin Howe8, Dan Nonneman9, Gary A. Rohrer9, Mick 
Watson1, Timothy P.L. Smith9 and Alan L. Archibald1, (1)The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, 
United Kingdom, (2)Pacific Biosciences, Menlo Park, CA, (3)National Human Genome Research Institute, National Institutes of 
Health, Bethesda, MD, (4)Dairy Forage Research Center, USDA-ARS, Madison, WI, (5)ARS, USDA, Beltsville, MD, (6)Animal 
Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD, (7)The Roslin Institute and R(D)SVS, University of 
Edinburgh, Midlothian, United Kingdom, (8)The Wellcome Trust Sanger Institute, Hinxton, United Kingdom, (9)USDA, ARS, 
USMARC, Clay Center, NE 
Many applications of high throughput sequencing rely on the availability of an accurate reference genome. Errors in the reference genome 
assembly increase the number of false-positives in downstream analyses. Recently, we have shown that over 33% of the current pig reference 
genome, Sscrofa10.2, is either misassembled or otherwise unreliable for genomic analyses. Additionally, ~10% of the bases in the assembly are 
Ns in gaps of an arbitrary size. Thousands of highly fragmented contigs remain unplaced and many genes are known to be missing from the 
assembly. Here we present a new assembly of the pig genome, Sscrofa11, assembled using 65X PacBio sequencing from T.J. Tabasco, the same 
Duroc sow used in the assembly of Sscrofa10.2. The PacBio reads were assembled using the Falcon assembly pipeline resulting in 3,206 contigs 
with an initial contig N50 of 14.5Mb. We used Sscrofa10.2 as a template to scaffold the PacBio contigs, under the assumption that its gross 
structure is correct, and used PBJelly to fill gaps. Additional gaps were filled using large, sequenced BACs from the original assembly. 
Following gap filling, the assembly has substantially improved contiguity and contains more sequence than the Sscrofa10.2 assembly. Arrow and 
Pilon were used to polish the assembly. The contig N50 is now 58.5Mb with 103 gaps remaining. By comparing regions of the two assemblies 
we show that regions with structural abnormalities we identified in Sscrofa10.2 are resolved in the new PacBio assembly. 
 
P1162: Genome Mapping, Tagging & Characterization: Swine 
Swine Transcriptome Characterization By Combined Iso-Seq and RNA-Seq for Annotating the Emerging Long Read-Based 
Reference Genome 
Haibo Liu1,2, Nancy Manchanda3,4, Hamid Beiki1, Tseng Elizabeth5, Dan Nonneman6, Timothy P.L. Smith6 and Christopher K. 
Tuggle7,8, (1)Department of Animal Science, Iowa State University, Ames, IA, (2)Bioinformatics and Computation Biology 
Program, Iowa State University, Ames, IA, (3)Genetics, Development and Cell Biology Department, Iowa State University, Ames, 
IA, (4)Bioinformatics and Computational Biology Program, Iowa State University, Ames, IA, (5)Pacific Biosciences, Menlo Park, 
CA, (6)USDA, ARS, USMARC, Clay Center, NE, (7)Iowa State University, Department of Animal Science, Ames, IA, 
(8)Bioinformatics and Computational Biology, Iowa State University, Ames, IA 
PacBio long-read sequencing technology is increasingly popular in genome sequence assembly and transcriptome cataloguing. Recently, a new-
generation pig reference genome was assembled based on long reads from this technology. To finely annotate this genome assembly, 
transcriptomes of nine tissues from the same pig for the genome assembly were deeply sequenced by using PacBio IsoSeq and Illumina RNA-
seq. PacBio Iso-Seq “full-length” cDNA reads were error corrected with preprocessed RNA-seq reads by combining the SMRTAnalysis Tools 



with Proovread. 300 K to 400 K of high-quality, error–corrected cDNA reads from each tissue, with length of 0.5 to 10 kb, were further 
combined, clustered and collapsed to remove redundancy. Meanwhile, preprocessed RNA-seq reads from these tissues were collectively de novo 
assembled using Trinity. Noise and artifacts in both sets of transcriptomes were filtered out based on sequence characteristics associated with 
such artifacts. On average, ~85% and ~70% of the error-corrected reads from each tissue could be uniquely mapped back to the new pig 
reference genome and Sscrofa10.2, respectively. Both sets of transcriptomes are being compared and integrated and will be utilized to annotate 
the new swine reference genome. Allele-specific expression, tissue-specific expression and tissue-specific alternative splicing will be 
investigated. Through these efforts, we learned valuable lessons from library construction, error correction and noise removal, and helpful 
recommendations for such efforts will be given. In summary, we systematically catalogued the transcriptomes of nine porcine tissues, which will 
be used to annotate the new reference genome along with other extant evidence. 
 
P1163: Genome Mapping, Tagging & Characterization: Swine 
Identifying Tissue Specific Gene Expression Using RNAseq Data from Multiple Porcine Tissues 
Jianzhen Huang1, Martine Schroyen1, Nguyen T. Yet2, Nicholas K. Gabler1, Dan Nettleton2, Jack C.M. Dekkers1 and Christopher 
K. Tuggle1, (1)Iowa State University, Department of Animal Science, Ames, IA, (2)Department of Statistics, Iowa State University, 
Ames, IA 
We are interested in the functional components of genome that control expression in specific porcine tissues, including chromatin features 
correlated with tissue specific gene expression. We used the transcriptional changes in 4 different tissues (muscle, liver, spleen and ileum) of 
healthy adult Yorkshire pigs (n=6) collected using RNA-seq to predict tissue-specific expression. In this study, an average of 21,555,094 clean 
paired sequence reads per sample were generated by sequencing, with more than 77% of the reads successfully mapped to the reference 
sequence.  
We used two criteria to predict tissue-specificity: a) genes with read counts only in one tissue and at least two times the median (2xMedian), and 
b) genes with 20-1000 times higher expression in that tissue, and expression at least 5xMedian. In total, we found 350, 287, 17 and 92 genes 
were specifically expressed in liver, muscle, spleen and ileum, respectively. In addition to verifying basic epigenetic and genomic features of the 
human orthologs of these genes in these tissues (NIH Roadmap), we performed clustering, DAVID and Pathway Analysis, which showed strong 
connections of these genes with relevant tissue physiology.  
To confirm the RNA-Seq results, 12 genes in muscle, 13 in liver and 11 in ileum were selected from the above gene lists for qRT-PCR analysis. 
The qRT-PCR experiment showed that all the tested genes had a similar expression pattern as shown in RNA-seq data. This study provides a 
resource for further genomic research into tissue-specific expression and contributes to a better understanding of biological diversity across pig 
tissues. 
 
P1164: Genome Mapping, Tagging & Characterization: Swine 
Evaluation of Gene Effects from Genome-Wide Association Studies Using a Bayesian Semi-Parametric Model with Dirichlet 
Process Prior in an Indigenous Chinese Pig Breed 
Juan Jiang1, Haiming Ma2, Jun He1, Xi He1, Shirui Zhang1, Xiaoqing Wang1 and Xiao-Lin Wu1, (1)Hunan Agricultural University, 
Changsha, China, (2)Hunan Agricultural University, changsha, China 
GWAS (genome-wide association studies) using SNP data often estimated gene effects based on single bi-allelic SNP loci, assuming that each 
effect size was either fixed or followed a normal distribution. In reality, however, a causative locus may consisted of multiple-alleles and its 
genetic variation may not be well captured by a single bi-allelic SNP which itself does not exactly represent the functional mutation but is only a 
linked marker. In the present study, causative gene effects were estimated using a Bayesian parametric random-effect model (BP-REM) and a 
Bayesian semi-parametric model with Dirichlet process prior (BSM-DPP), based on either single SNPs or haplotypes defined for a varying 
number of SNPs, in Ning Xiang pigs (a Chinese indigenous swine breed). The experiment population consisted of 302 Ning Xiang pigs, each 
genotyped by the GGP (GeneSeek Genomic Profile) PorcineHD chip (i.e., 68,516 SNPs). The mean (standard deviation) of minor allele 
frequencies of the 68, 516 SNPs were 0.1195 (0.1558). The 95% confidence interval of identity disequilibrium based on these SNPs was 
estimated to be between 0.0030 and 0.0164. The phenotypes were simulated to be genetically determined by five additive major genes located on 
distinct chromosomes, each of between 2 to 10 alleles. For simplicity, additive polygenic effects were assumed to have been taken accounted of 
and hence were not considered. The heritability due to the five major genes were set up to be 5-10%. The results showed that both model 
performed almost similarly well when estimating the effect of the bi-allele gene, whether fitted on single SNPs or haplotypes, but they both 
performed poorly with large deviations when estimating the effects of genes with > 2 alleles if fitting on single SNPs. With haplotypes, BSM-
DPP performed slightly better than BPRM, particularly for genes with many (e.g., 10) alleles. Additional salient features of BSMD are that it 
relaxed the normality assumption for effect sizes of haplotypes and estimated their effects in clusters.  
 
P1165: Genome Mapping, Tagging & Characterization: Swine 
Whole-Genome Bisulfite Sequencing of Early Porcine Embryonic Muscle Reveals Distinct DNA Methylation Profiles 
Between Landrace and Wuzhishan Miniature Pig 
Xumeng Zhang, Sun Yat-sen University, Guangzhou, China 
DNA methylation is a crucial epigenetic modification in muscle development. Here, we performed the first whole-genome bisulfite sequencing 
of Landrace (LR) and Wuzhishan (WZS) pig longissimus dorsi muscle during early embryonic development. We provided a genome-wide 
landscape of DNA methylomes and their relationship with gene expression. LR showed higher methylation level across chromosomes especially 
in chromosome 16, 18 and X. CG methylation pattern of WZS and LR can be separated by cluster analysis. WZS showed lower methylation 
level in first exon and downstream elements at 18 and 28 dpc, while no significant difference was found at 21 dpc. Moreover, WZS and LR 
showed significant differences in CHG and CHH methylation level at all stages. From 18-21 dpc, the number of down-methylated genes 
increased and the number of up-methylated genes decreased. From 21-28 dpc, the number of up and down-methylated genes were all decreased. 
Few common genes were found in up and down-stream region between breeds. In genebody region, more common genes were found in 
upmethylated genes with less GO enrichment of biological processes. By comparing RNA-seq and qPCR with WBS data, most muscle 



related genes showed negative relation between mRNA expression and DNA methylation, while some expression level of genes such and 
MYOD1 show no strong relationship with DNA methylation. The integrated analysis provided valuable data for future epigenetic 
and transcriptomic studies of early porcine embryonic muscle development that may help uncover the molecular basis underling 
muscle development distinctions between breeds. 
 
P1166: Genome Mapping, Tagging & Characterization: Swine 
Proteiomics Analysis Indicated that Mitochondrial Energy Metabolism in Skeletal Muscle Tissue was Negatively Correlated 
with Feed Efficiency in Pigs 
Xinyun Li, Liangliang Fu, Yueyuan Xu, Lu Jing, Ye Hou, Yu Luan, Shaixian Zhang and Shuhong Zhao, Key Laboratory of 
Agricultural Animal Genetics, Breeding, and Reproduction of the Ministry of Education & Key Laboratory of Swine Genetics and 
Breeding of Ministry of Agriculture, Huazhong Agricultural University, Wuhan, China 
Feed efficiency (FE) is a highly important economic trait in pig production. Investigating the molecular mechanism of FE is essential for trait 
improvement. In this study, we firstly measured the FE trait of 236 Large White pigs. Then, transcriptome and proteinomics of skeletal muscle 
tissue of three pigs with extremely high FE and three pigs with extremely low FE were investigated using RNA-seq and iTRAQ approaches, 
respectively. According to the RNA-seq results, 99 differentially expressed genes were identified between high- and low-FE pigs. In high-FE 
pigs, the down-regulated genes were mainly involved in mitochondrial energy metabolism and the up-regulated genes were mainly involved in 
myogensis. We also identified 15 differentially expressed miRNAs between high- and low-FE pigs. Functional study indicated that these 
miRNAs could participate energy metabolism through targeting the differentially expressed genes. For iTRAQ assay, 1,780 proteins were 
identified in the muscle tissue. Among them, 74 proteins were up-regulated and 50 proteins were down-regulated in the high-FE pigs. Functional 
annotation also indicated that mitochondrial energy metabolism was highly important for FE pigs. All 25 differentially expressed proteins located 
in the mitochondria were down-regulated in high-FE pigs. Moreover, we deduced that glucose utilization was more efficient in the muscle tissue 
of high-FE pigs based on differentially expressed proteins. Pathway analysis indicated that AMPK-PGC-1αand glucose–pyruvate–TCA–
oxidative phosphorylation energy metabolism signal pathways were participated into regulation of FE in pigs. Therefore, we concluded that 
mitochondrial energy metabolism in the muscle tissue was negatively correlated with FE in pigs. 
 
P1167: Genome Mapping, Tagging & Characterization: Swine 
A Whole-Genome Association Scan Detects Several Genetic Regions Influencing Semen Quality Traits in the Boar’s Sperm 
Alex Clop, Center for Research in Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, Bellaterra (Barcelona), Spain 
Boar’s semen quality is crucial for the efficiency of artificial insemination centers and the genetic progress in pig breeding. With the ultimate aim 
to develop a genetic test for the early prediction of semen quality traits in pigs, we carried out a genome-wide association scan (GWAS) for 53 
sperm parameters including motility, abnormalities, viability and acrosome integrity, on 180 Pietrain boars. The boars were genotyped with the 
Axiom® Porcine Genotyping Array (Affymetrix) and 467,914 single nucleotide polymorphisms (SNPs) were used for the analysis. Single-SNP 
association analyses were performed under an additive genetic model with the Genome-wide Efficient Mixed-Model Association (GEMMA) 
software. We identified 44 genome-wide significant hits confirmed by at least 4 SNPs, for abnormalities of the head (17 regions), neck (3) and 
tail (3), acrosome integrity (5), viability (5) and motility (11). These hits mapped to 12 chromosomes and to unmapped scaffolds. The most 
significant hit affected acrosome integrity and mapped to chromosome 3:81.4-103.2 Mbp. (most significant SNP - rs322712738 - q-val = 
7.06x10-11). This hit harbors PSME4, a gene that is involved in nucleosome removal during spermatogenesis. In addition, we co-mapped the 
GWAS results with the list of transcripts detected in a RNA-seq experiment that we carried on boar sperm. In total, 652 genes present in the boar 
sperm transcriptome co-map with our sperm GWAS hits. These results suggest that the genetic architecture of boar sperm parameters might 
allow the development of a DNA test for the prediction of semen quality in piglets. 
 
P1168: Genome Mapping, Tagging & Characterization: Swine 
Variation in Gene Expression in the Hypothalamic Arcuate Nucleus of Gilts with Differences in Pubertal Status and 
Subjected to Dietary Energy Restriction 
Hiruni R Wijesena1, Clay A Lents2, Brittney N Keel2, Jennifer F Thorson2, Gary Sullivan1, Stephen D. Kachman1 and Daniel C. 
Ciobanu1, (1)University of Nebraska - Lincoln, Lincoln, NE, (2)USDA, ARS, USMARC, Clay Center, NE 
One of the earliest indicators of sow reproductive longevity is the age at which a gilt expresses puberty. Genetic variants and nutrition could 
contribute to differences in puberty onset and reproductive longevity. Some of the regulatory sequence variants responsible for the differences in 
gene expression could influence age at puberty. Gene expression profiles of the micro-dissected hypothalamic arcuate nucleus were analyzed in 
early (<155 d) and late pubertal gilts (>180 d) subjected to standard and energy restricted diets (n=37). Ninety-three percent of the RNA 
sequencing reads obtained by Ion proton technology were successfully aligned to the swine reference genome using Tuxedo pipeline and were 
quantified by HTSeq. Seventy differentially expressed genes were uncovered between early and late groups using DESeq2 R package (Padj <0.1). 
Among them, expression in late pubertal gilts was higher in genes associated with embryo implantation and pregnancy (HMX3), oxytocin 
signalling pathway (CDKN1A) and arginine vasopressin family (AVPR2). We previously reported non-synonymous SNPs from another member 
(AVPR1A) of the arginine vasopressin family to be associated with age at puberty. In the late puberty group there were 42 genes differentially 
expressed between standard and energy restricted diets. Among them, genes involved in ion transport, insulin secretion, and carbohydrate 
digestion (ATP1B3) and regulation of the response to lipopolysaccharides (IL12RB2) were highly expressed in gilts that received a standard diet. 
These genes could be candidates responsible for the variations in puberty onset and indirectly in reproductive longevity.  
USDA is an equal opportunity provider and employer. Support NIFA AFRI 2013-68004-20370. 
 
P1169: Genome Mapping, Tagging & Characterization: Swine 
Tonsil Transcriptome Response to Infection with One of Two PRRS Virus Isolates 
Qian Dong1, Joan K. Lunney2, Elyn Fritz-Waters1, Nguyen T. Yet3, Raymond R. R. Rowland4, Andrew Hess1, James M. Reecy1 
and Jack C.M. Dekkers5, (1)Department of Animal Science, Iowa State University, Ames, IA, (2)APDL, BARC, ARS, USDA, 



Beltsville, MD, (3)Department of Statistics, Iowa State University, Ames, IA, (4)Department of Diagnostic Medicine/Pathobiology, 
College of Veterinary Medicine, Kansas State University, Manhattan, KS, (5)Iowa State University, Department of Animal Science, 
Ames, IA 
Porcine reproductive and respiratory syndrome (PRRS) is the most costly swine disease. Tonsil is a primary tissue for PRRS virus (PRRSV) 
persistence. To investigate the effect of tonsil viral level and PRRSV isolate on gene expression in the tonsil, RNA-seq was performed on tonsil 
samples with high and low tonsil virus levels (TV) 42 days post infection (dpi) with a highly pathogenic PRRS isolate, NVSL-97-7985 (NVSL), 
or a contemporary one, KS-2006-72109 (KS06). For our analyses, 15 NVSL-high TV, 13 NVSL-low TV, 12 KS06-high TV, and 10 KS06-low 
TV were chosen from two PRRSV infection trials of ~200 commercial nursery pigs from the same genetic source. In total, 11,909 expressed 
genes were identified in the tonsil, of which 105 were differentially expressed genes (DEGs) (q<0.1) between the high and low TV, 258 between 
the two isolate infections, and 7 for the interaction between isolate and TV. Using PANTHER, 18 DEGs between the two isolate infections were 
involved in the integrin signaling pathway (p=7.5E-11) that controls cell survival and cell cycle progression. Overrepresented (p<0.05) gene 
ontology-biological process terms among DEGs between the two isolate infections included cell-matrix adhesion, cell-cell adhesion, ectoderm 
development, cellular component morphogenesis, immune system process, and signal transduction. The term immune system process was also 
overrepresented (p=6.0E-03) among DEGs between the high and low TV. These results contribute to understanding the mechanisms involved in 
tonsil pathology induced by PRRSV infection in pigs. Support: Genome Canada, USDA-ARS, USDA-NIFA grant 2013-68004-20362 and 
National Pork Board grants #12-061 and #14-223. 
 
P1170: Genome Mapping, Tagging & Characterization: Swine 
Porcine Periweaning Failure to Thrive Syndrome (PFTS): Is There a Genetic Component? 
Francesca Bertolini1, Tianfu Yang2, Yanyun Huang3, John Harding3, Max F. Rothschild1 and Graham S Plastow4, (1)Iowa State 
University, Ames, IA, (2)University of Alberta, Edmonton, AB, Canada, (3)Department of Large Animal Clinical Sciences, 
Western College of Veterinary Medicine, University of Saskatchewan, Saskatoon, SK, Canada, (4)Livestock Gentec, Department of 
Agricultural, Food & Nutritional Sciences, University of Alberta, Edmonton, AB, Canada 
Porcine Periweaning Failure to Thrive Syndrome (PFTS) affects young pigs around 2-3 weeks post-weaning and it is characterized by anorexia, 
lethargy and progressive debilitation that frequently leads to death. A genetic basis of this syndrome has been recently hypothesized but until 
now only one GWAS analysis has been reported, with a moderate suggestive association with the disease. In this experiment, 107 pigs were 
collected in North America within 2-3 weeks after weaning from commercial farms. A total of 70 met the PFTS case definition (cases) while 37 
were aged-matched penmates (control). Cases and controls were balanced across the farms using a 2:1 ratio. All animals were genotyped with the 
80K porcine SNP chip and 53,810 filtered autosomal SNPs were considered for the analyses. Population structure analysis was performed, 
showing that the samples have a similar genetic background even between cases and controls. Then, three analyses were performed comparing 
cases and controls. These included Fst analysis, considering single SNPs and the average Fst calculated in 500Kb overlapping windows and 
logistic regression analysis. Only moderate suggestive associations were found. A total of four regions not identified previously on chromosome 
1, 3 and 11 were concordant for at least two types of analyses and contain some genes that are involved in behavior, energy homeostasis, caloric 
intake and growth and mature size. With these limited analyses we could not confirm major regions of difference for PFTS but we identified the 
presence of novel genomic regions that may be moderately associated with this syndrome. 
 
P1171: Genome Mapping, Tagging & Characterization: Swine 
Copy Number Variant Analysis of Porcine Endogenous Retrovirus (PERV) in the Genome of Vietnamese Native Pigs 
Masaaki Taniguchi1, Shinya Ishihara2, Luu Quang Minh3, Aisaku Arakawa1, Takeshige Otoi4, Kazuhiro Kikuchi2 and Satoshi 
Mikawa1, (1)Institute of Livestock and Grassland Science, NARO, Tsukuba, Japan, (2)Institute of Agrobiological Sciences, NARO, 
Tsukuba, Japan, (3)National Institute of Animal Science, Hanoi, Viet Nam, (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 have been a few studies examined copy number variation in 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 native pigs in Vietnam, where it is expected to be one of 
pig domestication centers. Fifteen native pig breeds from far and wide areas of the country were used to obtain genomic DNAs. We previously 
elucidated that two of native pig breeds tended to show weaker PCR amplification of pol gene in PERV-A, B and C compared to those of the 
other breeds. Additionally, six breeds showed fewer env gene in PERV-A and B. Interestingly, env gene in PERV-C was not detected in all 
breeds. In this study, we carried out measurements of PERV copy number using a real-time PCR-based method targeting pol, gag and env genes 
in PERV-A, B and C normalized by β-actin gene. The results of this study suggested several Vietnamese native pig breeds showed fewer copies 
of infectious PERV-A and B than average copy numbers. We anticipate that in the future those breeds may be a candidate for medical model. 
Detail of the latest findings will be represented in the poster session. 
 
P1172: Genome Mapping, Tagging & Characterization: Swine 
Genome-Wide Analysis of Genetic Introgression on Vietnamese Native Pigs 
Aisaku Arakawa1, Shinya Ishihara2, Masaaki Taniguchi1, Shihei Touma3, Naohiko Okumura4, Luu Quang Minh5, Nguyen Van 
Ba5, Takeshige Otoi6, Kazuhiro Kikuchi2 and Satoshi Mikawa1, (1)Institute of Livestock and Grassland Science, NARO, Tsukuba, 
Japan, (2)Institute of Agrobiological Sciences, NARO, Tsukuba, Japan, (3)Okinawa prefectural Livestock Research Center, 
Nakijin, Japan, (4)JATAFF, Tsukuba, Ibaraki, Japan, (5)National Institute of Animal Science, Hanoi, Viet Nam, (6)Tokushima 
University, Tokushima, Japan 
As the expanding demand of pork in Vietnam, highly productive western pig breeds have been introduced to improve the pork production. The 
introduction of exogenous genetic source has been facilitated by a crossbreeding of the western breeds with local Vietnamese pig breeds. In this 
study, we aimed to investigate a degree of the genetic introgression from the western breeds to the Vietnamese native breeds by evaluating 
introgression signature of western breeds. We collected pig genomic DNA samples from geographically separated fifteen areas in Vietnam (six 



in the north mountain areas, three in the suburbs of Hanoi, one in the west mountain area, and five in south areas). We also used eight western 
breeds (Berkshire, Hampshire, Large White, Yorkshire, Landrace, Chester White, Duroc and Pietrain), two eastern breeds (Meishan and Jinhua), 
and two Asian wild boars (Japan and Ryukyu). We applied genome-wide approach using PorcineSNP60 Beadchip. The admixture analysis 
revealed that the pigs from the three areas have been already crossed with several western breeds. The results of pairwise shared haplotypes from 
the Beagle fastIBD function showed that the pigs of the three areas would have the genomic signatures shared with Large-White, Landrace, 
Duroc and Pietrain. However, the pigs from the other four areas in Vietnam were hardy found the genomic signatures of the Western breeds. On 
the other hand, we found little genomic signatures from two eastern breeds or the wild boars in all examined Vietnamese pigs. 
 
P1173: Genome Mapping, Tagging & Characterization: Other Animal Species 
Application of Molecular Cytogenetic Tools in Camelids: Characterization of an Autosomal Translocation in an Infertile 
Llama 
Felipe Avila, University of Minnesota, St. Paul, MN, Malorie P. Baily, Texas A&M University, College Station, TX, College 
Station, TX, Pranab J Das, National Research Centre on Yak (ICAR), Dirang, India, Michelle Kutzler, Department of Animal and 
Rangeland SciencesOregon State University, Corvallis, OR and Terje Raudsepp, Texas A&M University, College Station, TX 
Balanced autosomal translocations have been associated with reduced fertility and infertility in humans, mice and livestock species. Such 
translocations typically do not affect the health or viability of the carrier, but disturb chromosome pairing and segregation during gametogenesis, 
resulting in the formation of both genetically balanced and unbalanced gametes. Here we describe the case of a 10-year old male llama (Lama 
glama) referred for chromosome analysis due to infertility. Clinical examination showed that 75% of his sperm had morphologic defects 
(midpiece defects, nuclear and acrosomal vacuoles), whereas the testes and accessory glands appeared normal upon ultrasound. Conventional 
cytogenetic analysis revealed an abnormal 73,XY karyotype with an autosomal translocation (normal diploid number in camelids is 2n=74). The 
derivative chromosome, as determined by G-banding, was submetacentric with size and morphology similar to chrX. Molecular cytogenetic 
analysis using probes specific to chrX and chrY showed that both sex chromosomes were normal. Further FISH analysis with a set of camelid 
autosome-specific probes revealed that the short arm of the derivative chromosome corresponded to chr20, and the long arm to chr12. Camelid 
chr20 is homologous to human chr6p and carries the MHC, whereas camelid chr12 corresponds to parts of human chrs12 and 22. Subsequent 
studies are needed to identify the genes affected by the translocation and whether any of the genes have functions in spermatogenesis. This first 
case of a translocation ever reported in a camelid species demonstrates effective use of the molecular cytogenetic tools only recently available for 
these species. 
 
P1174: Genome Mapping, Tagging & Characterization: Other Animal Species 
Samples of Camel DNA: Sources, Quality, and Quantity 
Hasan Alhaddad1, Bader Alhajeri1, Tasneem Maraqa1, Suha Alabdulghafour1 and Faisal Almathen2, (1)Kuwait University, Safat, 
Kuwait, (2)King Faisal University, Al-Hasa, Saudi Arabia 
Camels have unique morphological and behavioral adaptations that make them culturally valuable. We are currently building a DNA sample 
archive for the dromedary, with associated phenotypic information, which we are using for genetic studies. With this archive in mind, the main 
objectives of this study is to determine which, out of blood, saliva, and tail-hair, provide us with the best source camel DNA—insofar as being: 
(1) easy to collect and store (long-term), and (2) giving consistent and sufficient DNA quality and quantity, necessary for genetic analyses. 
Blood, saliva, and tail-hair root samples were collected from three unrelated female camels, of the same age, from three widely recognized (non-
racing) dromedary camel breeds (Wadh, Sufur, and Mejaheem). DNA was extracted from: (1) 20, 40, 60, 80, and 100 µl blood samples, (2) 1, 2, 
3, 4, and 5 buccal swabs, and (3) 10, 20, 30, 40, and 50 tail hair roots. The quality and quantity of extracted DNA from each sample was 
determined using gel electrophoresis and a Nanodrop spectrophotometer respectively. DNA yield, quality, and consistency across extraction 
replicates, were found best in blood, tail hair, and buccal swabs, respectively. Based on the results of this study, since the tail hair root samples 
were the easiest to collect and store, and provided adequate DNA quantity and quality (for genetic studies), it was selected as the main source of 
DNA in the Cdrom archive. 
 
P1175: Genome Mapping, Tagging & Characterization: Other Animal Species 
Exploring the Full Genome Sequence of Milk and Racing Camels from Arabian Peninsula 
Hussain Mahdi Bahbahani, Kuwait University, Kuwait, Kuwait and Faisal Almathen, King Faisal University, Al-Hasa, Saudi 
Arabia 
The dromedary camels (Camelus dromedarius) are even-toed ungulates populating the Northern and Eastern part of Africa, Arabian Peninsula 
and the Southwestern part of Asia. They are single hump species highly adapted to the harsh desert environment (high temperature and scarcity 
of water). In addition of their initial use as packing animals they are currently considered as a source of milk, meat as well as used in racing and 
beauty contests. Here, we report the analysis of the full genome sequence of six dromedaries from the Arabian Peninsula (4 milk-producing and 
2 racing) to evaluate their genetic diversity and relationships, and to identify genetically differentiated regions (FST) between the two types. The 
sequence reads were mapped on ~ 97% of the reference dromedary genome (GenBank accession code: JDVD00000000) with an average depth 
of coverage of 12X. The average number of single nucleotide polymorphism (SNP) and insertion/deletion (Indel) in racing camels, 2.33 million 
and 345 thousands respectively, are higher than in milk-producing camels, 2.3 million and 341 thousands respectively. Racing camels also show 
slightly higher degree of homozygosity than milk-producing camels. Principle component analysis clearly differentiated racing and milk-
producing camels. Moreover, 65 candidate regions are identified that show genetic differentiation between the two types. Analysis of more 
samples from each type may further validate the candidate regions and variants of differentiation identified here. 
 
P1176: Genome Mapping, Tagging & Characterization: Other Animal Species 
Exploring the Full Genome Sequence of Dromedary Camels from the Arabian Penninsula 
Hussain Mahdi Bahbahani, Kuwait University, Kuwait city, Kuwait and Faisal Almathen, King Faisal University, Al-Hasa, Saudi 
Arabia 



The dromedary camels (Camelus dromedarius) are even-toed ungulates populating the Northern and Eastern part of Africa, Arabian Peninsula 
and the Southwestern part of Asia. They are single hump species highly adapted to the harsh desert environment (high temperature and scarcity 
of water). In addition of their initial use as packing animals they are currently considered as a source of milk, meat as well as used in racing and 
beauty contests. Here, we report the analysis of the full genome sequence of six dromedaries from the Arabian Peninsula (4 milk-producing and 
2 racing) to evaluate their genetic diversity and relationships, and to identify genetically differentiated regions (FST) between the two types. The 
sequence reads were mapped on ~ 97% of the reference dromedary genome (GenBank accession code: JDVD00000000) with an average depth 
of coverage of 12X. The average number of single nucleotide polymorphism (SNP) and insertion/deletion (Indel) in racing camels, 2.33 million 
and 313 thousands respectively, are higher than in milk-producing camels, 2.3 million and 309 thousands respectively. Among the identified 
SNPs, 50,158 and 71,482 are specific to milk-producing and racing camels, respectively. Racing camels also show slightly higher degree of 
homozygosity than milk-producing camels. Principle component analysis clearly differentiated racing and milk-producing camels. Moreover, 65 
candidate regions are identified that show genetic differentiation between the two types. Analysis of more samples from each type may further 
validate the candidate regions and variants of differentiation identified here. 
 
P1177: Genome Mapping, Tagging & Characterization: Other Animal Species 
Genetic Structure of Camelus dromedarius Populations through Genome-Wide RAD Sequencing 
Ciani Elena1, Angela Doskocil2, Saitou Naruya3, Youcef Cherifi4, Asmaa Mohammed Aly Abushady5, Habib Yahyaoui6, Sabir 
Nurtazin7, Pamela A. Burger2 and International Camel Consortium for Genetic Improvement and Conservation2, (1)University of 
Bari "Aldo Moro", Bari, Italy, (2)Research Institute of Wildlife Ecology, Vetmeduni, Vienna, Austria, (3)National Institute of 
Genetics, Mishima, Japan, (4)Département de Génétique Moléculaire Appliquée. Université des Sciences et de la Technologie 
d'Oran Mohamed Boudiaf, El Mnaouer, Oran, Algeria, (5)Departement of Genetics, Faculty of Agriculture, Ain Shams University, 
Cairo, Egypt, (6)Laboratoire Elevage et Faune Sauvage, Institut des Régions Arides, Medenine, Tunisia, (7)Department of 
Biodiversity and Bioresources, Al-Farabi Kazakh National University, Almaty, Kazakhstan 
The development of cost-effective high-throughput SNP technologies for most of our livestock species has tremendously advanced genomic 
research for a (sustainable) food production. Despite its worldwide relevance the dromedary (Camelus dromedarius) has been relatively left out 
from the livestock ”genomic revolution”, until recently with the release of two reference draft genomes assembled at scaffold level. However, no 
complete chromosome assembled genome and no genome-wide screening tools are yet available. We adopted a double-digest genome-wide 
Restriction site Associated DNA (ddRAD) sequencing approach, a method that combines traditional DNA shearing via endonucleases with the 
Illumina Next Generation Sequencing technology to simultaneously genotype tens to hundreds of thousands of single nucleotide polymorphism 
(SNP) markers in hundreds of individuals. The technology has the major advantages of not requiring substantial prior knowledge of both genome 
sequence and variability, while achieving per-site and per-individual costs below that of current SNP chip technology. A total of 120 animals 
from a wide geographic sampling area were screened with 200k genomic regions for each animal, at a theoretical coverage of 6X. From an initial 
set of 88K SNPs, we obtained 53K SNP genotypes after stringent filtering for a minor allele frequency (MAF) of 0.05 and locus missingness of 
0.25 using PLINK. Similar to previous studies using microsatellite data on a global sample set, we could not find clear population structure, 
neither using STRUCTURE nor principal component analysis implemented in ADEGENET. However, we detected admixture and introgression 
of Bactrian camels in dromedaries from Kazakhstan and Iran. Further demographic analysis and selection tests are still on-going. This population 
genomic study will hopefully open the way to a larger collaborative effort for a more comprehensive characterization of the relationship between 
genetic and phenotypic diversity in the Camelus dromedarius species. 
 
P1178: Genome Mapping, Tagging & Characterization: Other Animal Species 
SamplEase and CDROM Archive: Windows to Study the Dromedary Camelus dromedarius (Artiodactyla: Camelidae) and 
Related Camelids 
Hasan Alhaddad and Bader Alhajeri, Kuwait University, Safat, Kuwait 
Establishing an easily accessible electronic database is a time consuming endeavor faced by researchers from most scientific disciplines 
(particularly in disciplines that rely on the analysis of large datasets). We have developed SamplEase - an iOS application to ease the process of 
collecting samples in a fieldwork setting. This application facilitates the acquisition of basic data for each specimen—including photographs, GIS 
information, and labels. Although SamplEase was developed with camelids in mind, it can be used with any taxonomic group, and can be of 
great utility to researchers of various fields (particularly ecologists, geneticists, and animal breeders). One of the main goals of developing this 
application is to ease the process of establishing global collaborations through the process of sharing samples and associated data. We are 
currently in the initial stages of using SampleEase and Cdrom (an accompanying archive of camel samples) to establish a regional database that 
surveys the molecular and morphological variation. With each camel sample stored in Cdrom, we include all available information about the 
breed, pedigree, external characteristics, and medical history. We opted to use tail hair follicles as a source of DNA due to (1) its ease of 
collection and storage, (2) the willingness of breeders to provide such samples, and (3) the fact that it provides sufficient quality and quantity of 
DNA to perform molecular analyses. Our choice of hair follicles as the main DNA source for the Cdrom archive was determined empirically, via 
comparison with DNA samples obtained from saliva and blood. 
 
P1179: Genome Mapping, Tagging & Characterization: Other Animal Species 
Candidate Genes for Color Phenotypes in the Dromedary Camel (Camelus dromedarius) 
Caitlin Castaneda, Texas A&M University, College Station, TX 
The color of skin and hair depends on the synthesis, relative amounts and distribution of eumelanin and pheomelanin. The process is regulated by 
a dozen of major and hundreds of modifier genes. Among the main regulators are the melanocortin 1 receptor (MC1R) and its antagonist, the 
agouti signaling protein (ASIP). Mutations in these genes have been associated with various color phenotypes in many species, though not yet in 
camels. Here we sequenced the coding regions of MC1R and ASIP in black, white and wild type dromedaries and identified a missense mutation 
in MC1R and a nonsense mutation in ASIP. TaqMan genotyping assays were designed for the two mutations and analyzed in a population of 145 
dromedaries comprised of 26 black, 36 white and 83 wild type animals. All black dromedaries were homozygous for the wild-type MC1R and for 



the nonsense mutation in ASIP, suggesting the latter being causative for the black color. Heterozygosity or homozygosity for a missense mutation 
c.901C>T in MC1R was significantly (P <0.0001) associated with the white coat color suggesting a possible dominant negative effect. Notably, 
the same mutation is associated with white color also in Peruvian alpacas. As anticipated, the majority of beige/red/brown dromedaries were 
homozygous for the wild type MC1R, though additional mutations in this or other genes might modify the amount/intensity and distribution of 
pigment, and require further studies. The findings contribute to coat color genomics in camelids and lay a foundation for the development of 
molecular tests. 
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Genetic Structure and Breed Relationships of the Domestic Rabbit, Oryctolagus cuniculus 
Jordan Orosco1, Sara E Kalla2, Jose A. Salome Correa3, Nathan B. Sutter3, Allison Seebald4, Molly A. Fisher5 and Eve Waters6, 
(1)La Sierra University, pomona, CA, (2)Clinical Sciences, Cornell University, Ithaca, NY, (3)La Sierra University, Riverside, CA, 
(4)Cornell University, Ithaca, NY, (5)University of Georgia, Athens, GA, (6)Virginia Tech, Blacksburg, VA 
The domestication and artificial selection of the rabbit has led to the advent of sub-populations known as breeds. As a matter of breed club 
policy, members of breeds are reproductively isolated. Breeds differ greatly by coat color and pattern, body size and “arch” body shape along the 
back line. With the goal of describing rabbit breed phylogenetic relationships, we have genotyped 3,552 SNPs in a sample of 261 rabbits 
representing 42 breeds. Our sample includes most of the common breeds found in North America, including large-bodied and small-bodied 
breeds, commercial breeds like the New Zealand, Satin and Californian, and six lop breeds. We did inverse-PCR to generate libraries enriched 
for CSINE3A retrotransposon flanking sequences. The libraries were sequenced at approximately 90-plex in four Illumina Hi-Seq lanes. 
Flanking sequences were masked for repeats then aligned for SNP discovery and genotyping using the Genome Analysis Toolkit. Using PLINK, 
the 7,696 SNPs genotyped in at least 90% of samples were further filtered to 3,552 SNPs in which 1) no SNP pair had LD above r2 > 0.2, and 2) 
each SNP’s minor allele occurred on at least two chromosomes. We investigated rabbit breed relationships via STRUCTURE and principal 
components analysis of the genotypes. We find three major groups of breeds that share ancestry based on 1) commercial body type, 2) lop 
heritage, and 3) small body size. 
 
P1181: Genome Mapping, Tagging & Characterization: Other Animal Species 
VicPac3.0: A New and Improved Alpaca Reference Genome 
Mark F. Richardson, Deakin University, Geelong, Australia 
The development of reliable whole genome sequence maps is key for understanding not only the genome architecture of a species, but it is a 
critical component to reveal the genetic blueprint of diseases, congenital disorders and traits of biological significance. Here we provide a 
summary of our recent work improving the previous VicPac2.0 reference genome. Through a combined approach utilizing hybrid genome 
assembly of 5x PacBio and 100x Illumina reads, together with a meta-assembly including the previous VicPac reference genomes we have 
generated a substantially more contiguous and accurate sequence assembly. We have improved the annotation of genes and gene models through 
the addition of RNA-Seq data, annotated gene promoters and regulatory regions with methylome data and chromosomally anchored sequences 
with an improved radiation hybrid map and cytogenetic (FISH) data. We also provide our future directions and plan for the new VicPac3.0 
reference assembly and present a new website to consolidate camelid comparative genomics. 
 
P1182: Genome Mapping, Tagging & Characterization: Other Animal Species 
Draft Genome of the North American Bullfrog (Rana [Lithobates] catesbeiana) 
S. Austin Hammond1, René L. Warren2, Benjamin P. Vandervalk2, Erdi Kucuk1, Hamza Khan1, Ewan A. Gibb1, Nik Veldhoen3, 
Caren C. Helbing3 and Inanc Birol2, (1)Genome Sciences Centre, BC Cancer Agency, Vancouver, BC, Canada, (2)BC Cancer 
Agency Genome Sciences Centre, Vancouver, BC, Canada, (3)Dept. Biochemistry and Microbiology, University of Victoria, 
Victoria, BC, Canada 
Frogs play important ecological roles, including insect control and as food sources, and several species are important model organisms for 
scientific research with aims to study embryogenesis, body development and endocrine signaling. The globally-distributed Ranidae (true frogs) 
are the largest frog family, and have substantial evolutionary distance from the model laboratory frogs Xenopus tropicalis and Xenopus laevis. 
Consequently, the extensive Xenopus genomic resources are of limited utility to studying Ranids and other frog species. More widely-applicable 
amphibian genomic data is urgently needed as more than two-thirds of known species are currently threatened or are undergoing population 
declines.  
Here, we report on the first genome sequence of a Ranid species, an adult male North American bullfrog. We assembled high-depth Illumina 
reads (88-fold coverage), into a 5.8 Gbp (NG50 = 57.7 kbp) draft genome using ABySS v1.9.0. The assembly is scaffolded with LINKS and 
RAILS using pseudo-long-reads from targeted de novo assembler Kollector and Illumina TruSeq, as well as reads from long fragment (MPET) 
libraries. Our assembly indicates that the bullfrog genome is more than three times larger than the X. tropicalis genome, and almost twice as large 
as that of X. laevis. We predicted over 22 thousand protein-coding genes using the MAKER2 pipeline and identified the genomic loci of more 
than 6 thousand candidate long noncoding RNAs (lncRNAs) from a composite reference bullfrog transcriptome. Our draft bullfrog genome will 
serve as a useful resource for the amphibian research community, and will facilitate large-scale genomic analyses and comparative genomic 
experiments. 
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Assessment of Genetic Structure of Snakehead, Parachanna obscura for Sustainable Aquaculture 
Oyebola Olusegun, University of ibadan, Ibadan, Ibadan, Nigeria 
Parachanna obscura has potentials for aquaculture. Understanding of genetic structure of aquaculture species would enhance sustainable 
identification, culture and development. Hence, genetic structure of Parachanna obscura from river, lake and brackish water environments was 
assessed.   



River (R), Lake (L) and Brackish (B) water samples of P. obscurawere subjected to genetic analysis using morphometric and molecular tools. 
Phenotypic values (PV) of 14 morphometric attributes (measured in %standard length) and Coefficient of variability (CV) of PV were 
determined. Heterogeneity of PV were taken at CV > 10%. Values were compared across samples of R, L and B to determine phenotype traits of 
significant difference. Muscle tissues of subsamples from R, L and B were subjected to molecular analysis using 12.5% Sodium Dodecyl 
Sulphate Polyacrylamide Gel Electrophoresis-SDS PAGE.  
Result revealed that 28.57% phenotypes of B and R were heterogenous compared to 35.71% in R. Meanwhile, R, L and B were significantly 
different (p<0.05) at three phenotypic loci (PAL, BDMIN, and PvFL). Values in PAL followed L < R < B; BDMIN followed R < B < L While PvFL 
followed R < B < L. SDS-PAGE revealed that 100% L and B samples reflected an allele at 35kDa locus while 100% R samples did not, thus 
indicating that L and B were genotypically similar while R was separated from L and B.  
The results indicated genetic diversity of Parachanna obscura. Sustainable culture of the species will requires detailed genomic 
mapping/sequencing and assessment of aquacultural relevance of its strains. 
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Metagenome and Microbiome Analyses in the Reniform Nematode 
Venkateswara R. Sripathi1, Seloame T. Nyaku1, Kathy Lawrence2 and Govind C. Sharma1, (1)Alabama A&M University, 
Normal, AL, (2)Auburn University, Auburn, AL 
Cotton is a major fiber crop grown extensively in the Southern United States. However, cotton yields are largely determined by the infestation of 
Reniform Nematode in the field. Notable progress has been made in understanding the RN genome and its transcriptome. However, role of the 
microbiome, its diversity and gene expression in successful establishment of plant-parasitic interaction has not been pursued. Plant-parasitic 
nematodes that reside in the root zone have a complex relationship with the soil microflora. Therefore, metagenomic analysis of nematode and 
associated bacterial populations in rhizosphere region of the plant can provide invaluable information about the resident bacterial community and 
their functional and enzymatic contributions critical to host access, bioenergy and biomass degradation and consumption. This study aimed at 
analyzing microbial diversity from the soil, and microbiome and transcriptome analysis in the gut of the RN. Metagenomic and 16S rRNA gene 
libraries were constructed and sequenced on Illumina platform and the data collected was analyzed using CLC microbial genomics module. Our 
transcriptome analysis in the female RN identified 14 parasitism genes that are found in the gut region, suggesting the role of microbiome in 
plant-parasitic interaction and feeding. Our preliminary metagenome analysis of female reniform nematode identified over 10 pathways involved 
in amino acid and carbohydrate metabolism. Bacterial diversity (alpha, beta and gamma diversity) associated with the nematode was analyzed 
and identified proteobacteria as most dominant phylum. This study will further aid in identifying potential symbiotic relationships between RN 
and its microbiome in complementing each other. 


