
PO0001: Gene Editing/CRISPR 
Development of a CRISPR/Cas9 Large DNA Fragment Targeting Technique for Plant Genomes. 
Carine Satgé1, Céline Chantry-Darmon1, Margaux-Alison Fustier1, Nicolas Milon2, Arnaud Bellec1, William Marande1, Stephane 
Cauet1, Caroline Callot1, Pauline Duriez3, Stéphane Muños3, Aurelien Bancaud2 and Helene Berges4, (1)French Plant Genomic 
Center CNRGV - INRA, Castanet-Tolosan, France, (2)CNRS, LAAS, 7 avenue du colonel Roche, 31400 Toulouse, Toulouse, 
France, (3)Laboratoire des Interactions Plantes Micro-organismes (LIPM) - INRA/CNRS, Castanet-Tolosan, France, (4)French 
Plant Genomic Center (CNRGV), INRA, Castanet-Tolosan, France 
In the context of a need of improvement and adaptation of plants, genomic exploration is one of the strategic approaches of choice. This 
knowledge facilitates the identification of genes, which can play a role in biotic or abiotic resistance, in yield or in quality process. However, the 
exploration of plant genomes remains challenging due to the complexity of plant genomes in terms of size, repetitive elements content and 
various levels of ploidy. Moreover, because of a high intra-species variability, a quality reference sequence is not enough to obtain a precise and 
reliable information of a genomic region linked to a trait of interest in a specific genotype.  
New strategies for efficiently targeting large regions of interest in complex genomes are really needed to be able to link a phenotype to a 
genotype.  
Here we report a new sequence capture approach for large DNA fragments in eukaryote genomes based on the programmable endonuclease 
function of the CRISPR/Cas9 system. We improved and adapted the first steps of the CATCH method (Cas9-Assisted Targeting of 
CHromosomal segments as described by Jiang et al., 2015) to capture specific loci from 30 kb to 700 kb from the model plant Medicago 
truncatula and a 120 kb region from a larger and more complex genome, the sunflower Helianthus annuus.  
Using long reads sequencing approaches, we obtained between 10-fold to 400-fold enrichment depending of the analyzed target. The first results 
showed high-quality assemblies demonstrating the reliability of this new method to sequence large genomic region of interest. 
 
PE0002: Gene Editing/CRISPR 
Genome Editing in Agriculture – Communication of Ethical, Legal, Socio-Economical and Natural Scientific Aspects in 
German-Speaking Countries 
Henrike Perner, Max Planck Institute of Molecular Plant Physiology/Plant2030, Potsdam (OT) Golm, Germany and Matthias Arlt, 
Max Planck Institute of Molecular Plant Physiology, Potsdam (OT) Golm, Germany 
Genome editing in agriculture, especially in plant science, is discussed very controversially in Europe and in particular in German-speaking 
countries. The goal of the three-year project ELSA-GEA (“Ethical, Legal and Socioeconomic Aspects of Genome Editing in Agriculture”) is to 
support a scientific-based dialog between the different stakeholder groups. For this purpose, a transdisciplinary project consortium has formed by 
natural scientists, lawyers, philosophers, biologists, agriculturalists, economists, ethicist and science communicators.  
They address the main aspects of a) international legal situation on biosafety, fundamental rights of biosecurity and consumer protection, b) 
product declaration concerning genome edited organisms, c) benefits and costs across the agricultural process chain, d) impact assessment of 
genome editing using systematic reviews of scientific publications, and e) stakeholder engagement including a stakeholder analysis.  
Here we describe the communication concept, the stakeholder landscape and the communicative tools applied in our project.  
The communication concept of the project has three main columns: 1) high level publications within the respective scientific community, 2) 
stakeholder workshops, and 3) the project website www.dialog-gea.de.  
Target audiences of the project website are the different stakeholder groups, including scientists, practitioner, politicians and opinion leaders, 
who can also act as mediators to the interested public. The website provides information and opinions on genome editing in general and holds 
project results using a language that can be understood by visitors with different expertises. Short videos depict the diverse opinions of 
stakeholders associated with Genome Editing in agriculture.  
With our work, we want to support a science-based public discussion and provide facts-based information to an interested society. 
 
PO0003: Gene Editing/CRISPR 
Rapidly Identify CRISPR/Cas9 Targeted Deletions 
Chau-Ti Ting and Jia-Syuan Chen, National Taiwan University, Taipei, Taiwan 
CRISPR/Cas9-mediated genome editing has been widely applied in numerous organisms. In general, targeted gene knockout was achieved either 
by generating deletions during non-homologous end joining (NHEJ) or replacement of a mutant allele through homologous recombination (HR). 
However, these approaches are either labor-intensive in molecular screening or with extreme low efficiency. Using double gRNAs-mediated 
gene knockout on the miniature locus in Drosophila, we found that the majority of the mutants carry small deletions at both targeted sites. Based 
on this preliminary data, we propose a double knock-out approach to simultaneously target a phenotypic marker gene and the gene of interest. 
This approach enables a quick and effective phenotypic screen before molecular characterization. To test if this approach is feasible, we apply 
double knock-out on white and an unlinked locus. The results showed that flies with mutations at white also contain deletions at the target locus, 
suggesting that this marker-assisted screening can serve as an effective approach to generate targeted mutations by NHEJ. 
 
PE0004: Gene Editing/CRISPR 
Streamlining CRISPR Gene Editing: From Reagents to Mutation Detection 
Kyle David Luttgeharm and Steve Siembieda, Agilent Technologies, Ankeny, IA 
CRISPR gene editing is rapidly advancing as the technology becomes cheaper and more streamlined to use. Because of this, better ways to 
analyze both pre CRISPR gene editing experimental components and mutated cells post mutagenesis are needed to avoid loss of precious cell 
lines. Data will highlight how the 5200 Fragment Analyzer allows for rapid quality control analysis of in vitro transcribed sgRNAs and mRNAs, 
long ssDNA products used for homology directed repair, and mutation frequency of pooled and individual cells resulting from non-homologous 
end joining repair. With its high resolution and sensitivity, the 5200 Fragment Analyzer can be used to detect minute levels of degradation 
following IVT RNA production along with discrimination of dsDNA from ssDNA during the creation of long ssDNA. Many labs use sequencing 
to screen mutations, to overcome this costly step we propose using a heteroduplexing and enzymatic mismatch cleavage assays to rapidly screen 



for mutated lines. After cell line modification, the 5200 Fragment Analyzer can efficiently separate enzymatic mismatch cleavage fragments and 
automatically calculate percent mutated of the total alleles thus eliminating the challenges associated with traditional agarose gel electrophoresis. 
Having a single automated high-throughput instrument capable of performing multiple quality control steps and mutation detection analysis 
greatly increases the efficiency of generating and subsequent detection of CRISPR mutant populations. 
 
PO0005: Gene Editing/CRISPR 
SuRE: An Unbiased, Genome-Wide Survey of Regulatory Elements that Provides Targets for CRISPR Gene Editing 
Lotte Westerhof, Rudi Ariaans and Ferdinand Los, Hudson River Biotechnology, Wageningen, Netherlands 
SuRE, "survey of regulatory elements", is a novel platform technology that allows unbiased identification of gene regulatory elements. These 
elements can serve as unique and sophisticated targets for molecular plant breeding through e.g. CRISPR and TILLING, and as novel, strong 
endogenous promoters to drive transgene expression.  
With SuRE, a plasmid library is constructed, consisting of random 500bp genomic fragments inserted upstream of unique 20-bp barcodes, and 
then characterized. The SuRE library is transfected into protoplasts, and barcode expression is quantified by high-throughput sequencing. The 
genomic sequences associated with the expressed barcodes are then mapped onto a reference genome. Over 50-fold genome coverage can be 
reached, allowing mapping of autonomous promoter and enhancer activity in the form of a peak pattern to a reference genome.  
Here, we report on the first phase of translating SuRE from validated biomedical applications to new agricultural applications. We demonstrate 
that we could scale several technical barriers and that the SuRE platform technology can be successfully applied to plant genomes, starting with 
tomato. 
 
PE0006: Gene Editing/CRISPR 
DNA Free CRISPR/Cas9 Genome Editing in a Range of Plants and Fungi 
Lucy Hyde and Keith J. Edwards, University of Bristol, Bristol, United Kingdom 
CRISPR/Cas9 is a revolutionary genome editing technique, used to knock-out or modify targeted genes at a precise 20 bp location in the 
genome. The technique has now been used to successfully generate mutants in important agricultural crops such as wheat, rice, maize, soybean, 
potato and tomato.  
However, the use of CRISPR/Cas9 is currently limited in crop breeding. To date, transformation of important agricultural species has largely 
involved the use of DNA plasmids, which involves the random integration of foreign DNA into the genome and may also increase the prevalence 
of off-target effects due to the constitutive expression of Cas9 and sgRNA. Ribonucleoproteins (RNPs) are an alternative delivery system for the 
introduction of Cas9 and sgRNA into cells. The use of RNPs may be preferable to the use of DNA vectors in commercial breeding, as the 
method does not result in the introduction of foreign DNA into genomes and has also been shown to reduce the prevalence of off-target effects. 
To date, RNPs have been shown to be effective in protoplasts (single cells) of plant species such as Arabidopsis and rice, but very few mutant 
plants have been generated using CRISPR/Cas9 RNPs.  
We are working on a variety of projects to establish transformation methods to deliver Cas9/sgRNA RNPs into a range of species including 
wheat, Arabidopsis, Selaginella and various fungi. This will involve the production and purification of active Cas9 protein and sgRNA, and 
delivery of pre-formed RNPs via agrobacterium and biolistics methods. 
 
PO0007: Gene Editing/CRISPR 
CRISPR/Cas9 Mediated Editing of Chalk5 Gene in Rice (Oryza sativa L. spp. japonica cv. Nipponbare) 
Bal Krishna Maharjan1, Sathish Kumar Ponniah1, Vibha Srivastava2 and Muthusamy Manoharan1, (1)University of Arkansas at 
Pine Bluff, Pine Bluff, AR, (2)University of Arkansas, Fayetteville, AR 
Chalkiness is a major problem in rice that determines quality and price in the market. Chalkiness is determined by multiple quantitative trait loci 
(QTLs) in different chromosomes of rice genome. Among them, Chalk5 (LOC_AP014961.1) is one of the major genes in chromosome 5 that 
contributes to chalkiness in the endosperm of rice grains. The objective of this study is to edit Chalk5 gene in rice using CRISPR/Cas9 to reduce 
chalkiness. ORF2, CACT and RY/G sites in the Chalk5 locus are known for their role in increasing chalkiness in rice. Two vectors, one with two 
guide RNA (gRNA) and another with three gRNAs, were constructed for editing the specific sites. Agrobacterium mediated transformation was 
carried out to develop T0 plants: 26 and 29 independent events of 2 spacers and 3 spacers were developed respectively. PCR was carried out to 
confirm the presence of M13/Ubiquitin, Cas9, Hygromycin, and gRNAs in T0 plants. The editing was confirmed in T0 plants in the spacer 
regions using Sanger sequencing. Editing was observed in 21 independent events containing 2 spacers (80.76%) and 24 independent events 
containing 3 spacers (82.76%). The null segregants are being analyzed for the InDel mutations in the targeted genes. 
 
PE0008: Gene Editing/CRISPR 
Testing Non-Transgenic CRISPR Technology for Wheat Improvement 
Kali M Brandt, Hilary Gunn, Nathalia Moretti, Adam Heesacker and Robert Zemetra, Crop Science Oregon State University, 
Corvallis, OR 
CRISPR-Cas9 is fast becoming the gene modification method of choice for researchers in many disciplines, and has opened up a world of crop 
improvement possibilities that were previously unachievable due to a lack of traits in existing germplasm, tightly-linked undesirable traits, and/or 
extensive breeding times. Many important traits in wheat are attainable with simple indels, which do not currently exist in usable germplasm, but 
would be possible to incorporate using CRISPR technology. The caveat is the need to achieve editing with no off-target effects and no 
incorporation of foreign DNA. Here we present the protocols, obstacles, and results for implementing non-transgenic CRISPR transformation in 
a wheat breeding program. Step one is to choose a gene with a known sequence and a location within that gene for the CRISPR system to target. 
Step two is to test cleavage of the target sequence in vitro. Step three is test cleavage of the target sequence in vivo using Ribonucleoprotein 
(RNP) complexes delivered into protoplasts. This step is often overlooked, but is critical in order to avoid wasting time and resources on gene 
targets located in inaccessible chromatin regions, as we discovered with our first gene target. Step four is to transform immature embryos using 



RNP complexes via particle bombardment. And finally, step five is to use tissue culture to recover modified plants and confirm transformation 
using Sanger sequencing. 
 
PO0009: Gene Editing/CRISPR 
Gene Editing for Improving Yield and Yield-Related Traits in Winter Wheat 
Ragupathi Nagarajan1, Wei Wang2, Qianli Pan2, Carol Powers1, Brett F. Carver1, Eduard Akhunov2 and Liuling Yan1, 
(1)Oklahoma State University, Stillwater, OK, (2)Kansas State University, Department of Plant Pathology, Manhattan, KS 
Winter wheat occupies 70-80% of the total wheat in the U.S. and worldwide.Traditional breeding programs gradually improved the yield and 
quality of winter wheat heretofore by selecting among naturally occuring allelic variants. CRISPR/CAS9 technology has shown immense 
potential in creating novel alleles for yield-related phenotypes in wheat, but most of the studies are performed in spring wheat cultivars (e.g., 
Bobwhite) with no vernalization requirement and with relatively higher efficiency in transformation. In this study, we established a functional 
platform and pipeline for the CRISPR/CAS9-based gene editing and transgenic system using the biolistic methodin locally adapted and 
contemporary winter wheat cultivars. Different target sites in several yield-related wheat genes were tested for gene editing in wheat protoplasts, 
and the selected guide-RNAs were further used for genetic transformation with winter wheat cultivars. Initial screening of the transgenic plants 
showed successful gene editing, and these plants are now in different growth stages. Progenies of these transgenic plants will be screened for 
loss-of-function mutations and their phenotypes will be analyzed. While locally adapted wheat cultivars are used to modify specific genes, the 
resulting mutant genotypes will be introgressed into novel cultivars without the integration of a transgene or DNA from the vectors. 
 
PE0010: Gene Editing/CRISPR 
Homology Directed Repair of CRISPR/Cas9 Induced DNA Breaks in Sugarcane 
Tufan Mehmet Oz1,2, Ratna Karan1, Aldo Merotto1 and Fredy Altpeter1,2, (1)Agronomy Department, Plant Molecular and Cellular 
Biology Program, Genetics Institute University of Florida - IFAS, Gainesville, FL, (2)DOE Center for Advanced Bioenergy and 
Bioproducts Innovation, University of Florida - IFAS, Gainesville, FL 
Genome editing tools such as CRISPR/Cas9 have been employed in several crop genomes. They enable precise targeting and introduction of 
double stranded DNA breaks in vivo. Subsequent cellular repair mechanisms, predominantly non-homologous end joining (NHEJ), act as critical 
steps to endogenous gene editing or correction. However, there is very limited control over these mechanisms, which generate an abundance of 
random insertions and deletions (indels). Frameshift mutations associated with these indels of unspecified size and sequence might result in loss 
of function phenotypes of agronomic importance. Gain of function mutations, on the other hand, generally require precise nucleotide 
substitutions in the target locus. This can be accomplished with the aid of a homologous repair template and involves the cellular homology 
directed repair (HDR) mechanism. We will present data that supported efficient HDR mediated precision editing of multiple alleles of the 
acetolactate synthase (ALS) gene in the highly polyploid sugarcane and conferred herbicide resistance. 
 
PO0011: Gene Editing/CRISPR 
Functional Characterization of a Rare Silicon Transport Allele in Soybean using a CRISPR/Cas9 Multiplexing Approach 
Gunvant Patil, University of Minnesota, St Paul, MN, Rupesh Deshmukh, University Laval, Quebec City, QC, Canada and Robert 
M. Stupar, Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 
Silicon (Si), the second most abundant elements in the Earth's crust, is widely recognized as beneficial for plant growth. Si plays a prophylactic 
role in abiotic and biotic stresses. In the present study, a diverse set of 150 soybean genotypes were screened for Si uptake and subsequently used 
for genome-wide association (GWA) analysis. Because of the limited variation for Si uptake, GWA failed to identify genomic loci regulating the 
trait. However, a Korean cultivar ‘Hikmok sorip' was found to accumulate up to 3% Si (dry weight), doubling the level found in the other 
genotypes (1.5%). Using a bi-parental mapping population derived from ‘Majesta’ x ‘Hikmok sorip’, a highly significant QTL (Hisil) on 
chromosome 16 contributing over 67% of phenotypic variation was identified. Employing functional annotation of predicted gene models in the 
Hisil region and whole genome sequence (WGS) of parental lines, three transporter gene homologs (Hisil genes) with sequence variations were 
identified as the most promising candidates. The haplotype analysis performed using WGS of over 1000 genotypes revealed five more lines 
having alleles and high Si uptake similar to ‘Hikmok sorip’. Solute transport kinetics analysed in a Xenopus oocyte assay suggested Si-efflux 
transport activity for all three Hisil genes. In addition, heterologous expression of Hisil gene (Lsi2c) in transgenic Arabidopsis significantly 
improved Si transport in leaves. For functional validation of the three Si transporter genes and to pinpoint the causal variation within the gene(s), 
we initiated a CRISPR/Cas9 genome editing approach. We designed two CRISPR/Cas9 constructs that expresses three gRNAs, targeting Hisil 
genes and 6 other genes associated with Si transport. To rapidly assess the CRISPR/Cas9 mutation, hairy root transformation was performed. 
Molecular assays and sequencing of individual hairy roots identified both small and relatively large deletions at the target sites. 
 
PE0012: Gene Editing/CRISPR 
Integration, Abundance, and Transmission of Mutations and Transgenes in a Series of CRISPR/Cas9 Soybean Lines 
Jean-Michel Michno1, Kamaldeep S. Virdi2, Junqi Liu2, Adrian O. Stec2, Yer Xiong2 and Robert M. Stupar2, (1)United States 
Department of Agriculture, Agricultural Research Service, Saint Paul, MN, (2)Department of Agronomy and Plant Genetics, 
University of Minnesota, St. Paul, MN 
As with many plant species, current genome editing strategies in soybean are initiated by stably transforming a gene that encodes an engineered 
nuclease into the genome. Expression of the transgene results in a double-stranded break and repair at the targeted locus, oftentimes resulting in 
mutation(s) at the intended site. As soybean is a self-pollinating species with 20 chromosome pairs, the transgene(s) in the T0 plant are generally 
expected to be unlinked to the targeted mutation(s), and the transgene(s)/mutation(s) should independently assort into the T1 generation, resulting 
in Mendellian combinations of transgene presence/absence and allelic states within the segregating family. This prediction, however, is not 
always consistent with observed results. In this study, we investigated inheritance patterns among three different CRISPR/Cas9 transgenes and 
their respective induced mutations in segregating soybean families. Next-generation resequencing of four T0 plants and four T1 progeny plants, 
followed by broader assessments of the segregating families, revealed both expected and unexpected patterns of inheritance among the different 



lineages. These unexpected patterns included: (1) A family with nearly complete transmission of the CRISPR/Cas9 transgene in the T1 
generation, presumably caused by the integration of multiple unlinked transgenes; (2) A family in which the transgene integrated directly into 
two paralogous CRISPR target break sites, leading to a complete co-segregation of the transgenes and knockout mutations of the target genes; (3) 
A family in which mutations were observed and transmitted, but without evidence of transgene integration nor transmission. These patterns and 
the mechanisms that drive them are discussed. 
 
PO0013: Gene Editing/CRISPR 
CRISPR/Cas9 Editing of SWEET Genes in Citrus for Understanding Their Roles in Huanglongbing 
Susceptibility/Resistance 
Saroj Parajuli, University of Florida, IFAS-GCREC, Wimauma, FL, Heqiang Huo, University of Florida, Apopka, FL, Yi Li, 
University of Connecticut, Storrs, CT, Fred G. Gmitter, University of Florida, IFAS-CREC, Lake Alfred, FL and Zhanao Deng, 
University of Florida, Wimauma, FL 
Huanglongbing (HLB), or citrus greening, is a devastating bacterial disease of citrus. There is an urgent need to develop a long-term, effective 
genetic solution to the threat of this disease to the citrus industries in the United States and other countries where HLB occurs. Genetic resistance 
to HLB has not been identified in citrus; various transgenic and gene editing approaches are being explored to achieve HLB resistance in citrus. 
Several disease susceptibility genes have been identified in plants. Among them are the sugar transporter genes (SWEET). In rice, 
SWEET11,SWEET13 and SWEET14 genes are involved in rice susceptibility to Xanthomonas oryzae oryzae (Xoo). Knocking-out of these genes 
increased rice resistance to Xoo. Gene expression studies in citrus suggest that SWEET genes may be involved in citrus susceptibility to HLB. To 
understand the roles of citrus SWEET genes in HLB susceptibility, we targeted two SWEET genes in two citrus genotypes (‘Duncan’ grapefruit 
and ‘Carrizo’ citrange) and edited them using the CRISPR/Cas9 system. Six types of indels were observed in transgenic ‘Duncan’ and ‘Carrizo’ 
lines, ranging from insertion of a single nucleotide to deletion of up to 23 nucleotides at the targeted sites. Most of the introduced mutations are 
either addition or deletion of a single nucleotide. Deep sequencing of the targeted regions revealed that the mutation ranged from 2% to 100% in 
the SWEET gene edited plants. These gene-edited plants will be very valuable for further assessment of the roles of SWEET genes in citrus 
susceptibility or resistance to HLB. 
 
PE0014: Gene Editing/CRISPR 
Editing the Lettuce Genome to Test R-Gene x Effector Interactions 
Brett R Pike, Genome Center, University of California Davis, Davis, CA and Richard Michelmore, Genome Center, University of 
California, Davis, CA 
The Salinas Valley produces a large majority of the lettuce consumed in this country, mostly grown in a monoculture that requires weekly sprays 
to control disease. Wild lettuce is a rich source of novel resistance genes; however, introgressing relevant genes without linked undesirable 
alleels is laborious and time-consuming. Targeted mutagenesis with Cas9 offers the possiblity of rapidly and precisely deploying 'gene stacks' to 
reduce reliance on agrichemicals. As R-genes occur in clusters of highly similar paralogs, traditional association mapping may return dozens of 
candidates. 
 
PO0015: Gene Editing/CRISPR 
A Reference Sequence for Genome Engineering of Nicotiana benthamiana 
Peter Waterhouse1, Fatima Naim2, Hyungtaek Jung2, Michal Lorenc2, Satomi Hayashi2, James Dale3, Aureliano Bombarely4, 
Giovanni Giuliano5 and Julia Bally6, (1)Centre for Tropical Crops & Biocommodities, Queensland University of Technology, 
Brisbane, Australia, (2)QUT, Brisbane, Australia, (3)Centre for Tropical Crops and Biocommodities, Brisbane, Australia, 
(4)Virginia Tech, Department of Horticulture, Blacksburg, VA, (5)ENEA, Rome, Italy, (6)Centre for Tropical Crops and 
Biocommodities, QUT, Brisbane, Australia 
We have generated a reference quality genome sequence assembly for the Laboratory (LAB) strain of Nicotiana benthamiana and a nanovirus 
donor DNA delivery system for homology-dependent editing. The genome sequences of a number of wild ecotypes of the species, collected from 
different locations within Australia, have been also assembled and compared. Many of the genes that are functional in the wild strains of 
N.benthamiana are defective in the LAB strain. For example, the MYB genes controlling anthocyanin production( Burgundy1, 2, and 3) are 
defective in the LAB strain but efficacious in two of the wild isolates. This discovery provides us with an elegant system for visualising 
CRISPRCas9-mediated NHEJ and HR-directed genome editing. The LAB strain of N.benthamiana has been used extensively to study the 
initiation, execution and intercellular mobility of RNAinterference (RNAi). Using the reference quality genome assembly for the LAB strain to 
guide us, we have recently generated mutants in many of the RNAi pathway genes, using CRISPR-Cas. The characteristics of these plants are 
providing insights into the natural and unique features of LAB and wild N.benthamiana. 
 
PE0016: Gene Editing/CRISPR 
Improvement of Carotenoid Accumulation in Tomato Fruits by using CRISPR-Cas9 Cytidine Deaminase Fusion 
Johan Hunziker1, Keiji Nishida2, Akihiko Kondo2, T Ariizumi1 and Hiroshi Ezura3, (1)University of Tsukuba, Tsukuba, Japan, 
(2)Kobe University, Kobe, Japan, (3)University of Tsukuba, Ibaraki, Japan 
Tomato is one of the major crops over the world for its commercially value and health benefit. Due to the facility of cultivation and full genome 
sequenced of the dwarf tomato Micro-Tom, tomato has been selected as the reference of Solanaceae. Several EMS-induced mutation libraries of 
the Micro-Tom has also been produced, contributing to a large resource for tomato genetic studies (Watanabe et al. 2007).  
It has been demonstrated that tomato fruits have a large number of beneficial compounds for human consumption, such as carotenoids, vitamins 
and other antioxidant molecules. In part due to these characteristics, tomato has been selected as plant model for fresh fruit development. The 
tomato fruit is known as a good source of lycopene, vitamin C, ß-carotene, folate, and potassium (Willcox et al., 2003). Carotenoids play an 
important role in human nutrition because of their pro-vitamin A activity and antioxidant activity. They also have many industrial applications as 
food and feed additives, in cosmetics and pharmaceuticals, such as colorant and antioxidant.  



Several mutations have been found affecting the accumulation of carotenoid in tomato fruit, such as old gold crimson (ogc), Beta (B) or hp 
mutants (Mustilli et al., 1999; Levin et al., 2003, 2004; Lieberman et al., 2004). These mutations have been widely used in traditional breeding, 
but introgression of several mutations by crossing takes time.  
The aim of this study is to develops with single base editing technology by Target-AID and CRISPR-Cas 9, new cultivars with a higher 
carotenoid content by targeting multiples genes at the same time. 
 
PO0017: Gene Editing/CRISPR 
Agrobacterium-Mediated Editing of Flavanone 3-Hydroxylase Gene Modifies Flower Colors in Petunia 
Geung-Joo Lee, Luhua Tu, Ji-Young Jang, Saminathan Subburaj, Kayoun Lee and Yongsam Jeon, Chungnam National University, 
Daejeon, South Korea 
Recently our study proved a CRISPR/CAS9 system as an alternative tool in breeding of flower color in petunia. Here another delivery system of 
the RNP using an agrobacterium transgenic approach shows modification of the flower color which is different from the protoplast-originated 
regenerated mutants. In this trial we used recently developed CRISPR/Cas9 binary vector system called pBAtc harboring single guide RNA 
(sgRNA) (19–20 bp) and CaMV 35S to drive spCAS9. In vitro-grown petunia leaves (P. hybrida ‘midnight’) were used for Agrobacterium 
tumefaciens-mediated transgenic co-culture procedure implemented in basta selection plates. Mutations in F3H target sites induced by pBAtC-
delivered RNA-guided endonuclease ribonucleoproteins (RNPs) with different sgRNAs targeting F3H gene in the transgenic plants were 
examined by high resolution melt (HRM) curve assay and confirmed by targeted deep sequencing. The HRM assay successfully screened initial 
mutants with unique melting curve due to sequence variants. The highest mutation rate was found in sg2-target site in F3H gene with >95 % in 
one of T1 regenerated plants, which contains 2 bp deletion in the target gene, leading to mutation of inframe stop codon in a domain of the F3H 
gene. The inheritable mutations resulted in different colors in the regenerated petunia, depending on homozygous or heterozygous mutation type. 
 
PE0018: Gene Editing/CRISPR 
Implementation of Reporters for the Quantification of Genome Engineering Outcomes 
Ward Decaestecker and Thomas Jacobs, VIB - UGent, Zwijnaarde, Belgium 
CRISPR can be used to introduce double-stranded DNA breaks at predefined locations in DNA. These breaks are repaired via two major DNA-
repair pathways in cells, namely Non-Homologous End Joining (NHEJ) and Homologous Recombination (HR). In plants, NHEJ is the 
predominant DNA-repair pathway. However, there are multiple biotechnology applications that would benefit from an increased rate of HR. In 
my PhD research project, I am developing and testing different DNA-repair reporter systems. These system allows us to easily quantify the 
genome engineering outcomes and screen for factors that increase the frequency of HR. In tobacco BY-2 cells, a reporter system based on the 
BFP to GFP conversion, is tested for visualization of small indel mutations. Next to this, we are targeting the protoporphyrinogen oxidase (PPO) 
gene of Arabidopsis thaliana that confers tolerance to PPO inhibitors. Large insertions can be quantified by the Traffic Light Reporter (TLR) 
system in BY-2 cell suspension cultures. The TLR system consists of a truncated GFP fused to an out-of-frame mCherry. HR is visualised by the 
expression of GFP, while NHEJ mutations in the -1 frame lead to the expression of mCherry. At the same time, we are trying to establish a rapid, 
screenable marker for HR in Arabidopsis, by tagging oleosin 1 (OLE1) with a fluorescent marker (mRuby3), mimicking the commonly used 
FAST screening system for transgenic plants. Implementation of these reporters will allow us to more rapidly evaluate the efficiency of making 
small edits or larger insertions via HR and allow for an easy, visual selection of HR events. 
 
PO0019: Gene Editing/CRISPR 
Zinc Finger Protein 422 is Required for Mouse Myoblast Differentiation and Skeletal Muscle Regeneration 
Yaping Nie, School of Life Science, Sun Yat-Sen University, Guangzhou, China 
Skeletal muscle is a heterogeneous and highly complex tissue having multiple functions in the vertebrate body.The embryonic development, 
regeneration and function of skeletal muscle are dependent upon highly coordinated expression of many genes. Differentiation of myoblasts is 
essential in the development and regeneration of skeletal muscles toform multinucleated, contractile muscle fibers. However, the process of 
myoblast differentiation inmammals is complicated and requires to be further investigated.In this study, we found Zinc finger protein 422 
(Zfp422), a transcription factor, was required for mouse myoblast differentiation and skeletal muscle regeneration. Zfp422 is predominantly 
expressed in the nuclei of myoblasts and is gradually up-regulated after differentiation. Knockout of Zfp422 by CRISPR-cas9 in C2C12 
decreased the expression of myosin heavy chain in differentiated myoblasts and completely prevented myoblast fusion, suggesting an essential 
role of Zfp422 in the morphological changes of myoblast differentiation program. The results of RNA-seq of Zfp422-KO myoblast showed that 
the expression of 66 genes associated with muscle development had been significantly influenced. Moreover, conditional knockout (CKO) of 
Zfp422 in mouse skeletal muscle resulted in impaired myotube formation during muscle regeneration after injury, the average diameter of newly 
formed myofiber was much smaller than the control mice. Remarkably, 45 days after injury, while the skeletal muscle of control mice had fully 
recovered, there were still central nuclei in the myofiber of conditional knockout mice, indicating its regenerative capacity had been severely 
reduced. 
 
PE0020: Gene Editing/CRISPR 
The ABCs of CRISPR in Tephritidae: Developing Methods for Inducing Heritable Mutations in the Genera Anastrepha, 
Bactrocera, and Ceratitis 
Sheina Sim1, Angela N. Kauwe1, Rocio E. Y. Ruano2, Pedro Rendon3 and Scott Geib1, (1)USDA-ARS, Hilo, HI, (2)Programa 
Moscamed Guatemala, Guatemala City, Guatemala, (3)IAEA Technical Cooperation- Latin America and Carribean Section, 
Guatemala City, Guatemala 
Tephritid fruit flies are destructive agricultural pests that are the targets of expensive population eradication and suppression e�orts. Genetic pest 
management is one of the strategies for reducing or eliminating tephritid populations, relying upon the genetic manipulation of insects to render 
them sterile or capable of transmitting deleterious traits through gene drive. Currently, radiation, chemical mutagenesis, and transgenic 
techniques are employed to generate agents for genetic pest management, but new methods must be explored and developed for all tephritid pest 



species. Targeted mutagenesis induced by non-homologous end join repair of CRISPR/Cas9 nuclease has been demonstrated to be an e�cient 
method for creating knock-out mutants and can be utilized to create germline mutations in Tephritidae. Here, we present detailed methods to 
knockout the white gene in three tephritid species in the genera Anastrepha, Bactrocera, and Ceratitis, including the first demonstration of 
CRISPR/Cas9 induced mutations in the genus Anastrepha. Lastly, we discuss the variables in tephritid systems that directed method 
development as well as recommendations for performing injections in remote containment facilities with little molecular biology capabilities. 
These methods and recommendations combined can serve as a guide for others to use in pursuit of developing CRISPR/Cas9 methods in 
tephritid systems. 
 
PO0021: Other Category 
OrthoQuery: A Tripal Database Module to Assess and Visualize Gene Family Evolution 
Sumaira Zaman1, Sean Buehler2, Emily Grau3, Stephen P. Ficklin4 and Jill L. Wegrzyn2, (1)Department of Computer Science and 
Engineering, University of Connecticut, Storrs, CT, (2)Department of Ecology and Evolutionary Biology, University of 
Connecticut, Storrs, CT, (3)University of Connecticut, Storrs, CT, (4)Dept of Horticulture, Washington State University, Pullman, 
WA 
The abundance of transcriptomic resources for non-model organisms has enabled researchers to study comparative genomics on a larger scale. 
Generation of orthologous gene families facilitate comparative genomics by examining gene family evolution events related to selection 
pressures. Applications developed to study gene homology among species do not allow users to query data directly from external databases 
hosting resources that are not associated with a reference genome. Furthermore, real time computation of orthogroups for user selected subsets 
paired with interactive visualizations is lacking. OrthoQuery, a web-based Tripal module, provides a semi-automated analytical framework to 
enable comparisons among curated proteins and interactive visualizations in context of the resulting species tree. OrthoFinder, optimized with 
Diamond, is leveraged for protein level comparisons, and the Tripal database framework, coupled with Galaxy integration, supports various 
workflows and visualization options. OrthoQuery processes unigenes and stores a pre-computed set of orthogroups based on available species’ 
resources in the local database. The module provides researchers with options to navigate the resulting species tree, identify ancestral/species-
specific groups of genes, and associate orthogroups with functional annotations. We demonstrate OrthoQuery’s application when studying 
conifer genomes. Although the development of this module is intended for forest tree research, any of the other 30+ clade or organism specific 
databases supported Tripal will have access to OrthoQuery as part of Tripal’s open source project. This robust and flexible Tripal module aims to 
enable researchers in conducting comparative genomics analysis for user selected species, with an emphasis on pre-processing transcriptomic 
resources to include non-model organisms. 
 
PE0022: Other Category 
Training the Next Generation of Students in an Interdisciplinary Environment: The MU Bioinformatics and Plant Sciences 
(BIPS) Program 
Makenzie E. Mabry, Division of Biological Sciences, University of Missouri, Columbia, MO 
Identifying the need for interdisciplinary researchers, but acknowledging that we do not train students to be successful in a cross disciplinary 
environment, has led us to develop an innovative new program at the University of Missouri called the BioInformatics and Plant Science (BIPS) 
program. Over the last decade, biology and computer science have become more integrated than ever before and the need to train students in both 
fields is increasing. BIPS is aimed at undergraduate researchers working in either of these fields wishing to learn the terminology and 
methodology of the other. While this program is still in its first semester, we have paired students from computer science and plant science with 
the goal of developing and completing a joint project using both of their skill sets. Upon reading responses about what the students want from 
this program, we have redirected the aims of this program to 1) challenge students to present what their partner does, 2) introduce them to 
potential careers where working together is important, and 3) develop workshops in both biology and computer science to gain hands on skills 
and experience for the students. 
 
PO0023: Other Category 
Estimation of Realized Rates of Genetic Gain and Indicators for Breeding Program Assessment 
Jessica Rutkoski, International Rice Research Institute, Los Baños, Philippines 
Routine estimation of the rate of genetic gain (ΔGt) realized by a breeding program has been proposed as a means to monitor its effectiveness. 
Several methods of realized ΔGt estimation have been utilized in other studies, but none have been objectively evaluated in a plant breeding 
context. Stochastic simulations of 80 rice (Oryza sativa) breeding programs over 28 years were done to generate data used to evaluate five 
methods of realized ΔGt estimation in terms of error, precision, efficiency and correlation between true and predicted annual mean breeding 
values. Two indicators of ΔGt, the expected ΔGt and the average number of equivalent complete generations (EqCg), were described and 
evaluated. At best, estimates of realized ΔGt were over or underestimated by 15% and 27% when considering all 28 years and the past 15 years 
of breeding respectively. The best methods were the control population, estimated breeding value, and ERA trial methods. Among these, 
correlations between true and estimated ΔGt were at best 0.59, indicating that these methods cannot very accurately rank breeding programs in 
terms of realizedΔGt. The expected ΔGt and the average EqCg were shown to be useful indicators for determining if non-zero ΔGt is expected. 
Determining which of the three best realized estimation methods evaluated, if any, would be appropriate for any given breeding program should 
be done with careful consideration of the objectives, resources, seed stocks, and structure of the data available. 
 
PE0024: Other Category 
Korea National Marine Organism Genome Project 
Jeongyeo Lee, Korea Research Institute of Bioscience& Biotechnology, Daejon, South Korea, Kun-Hyang Park, Korea Research 
Institute of Bioscience and Biotechnology, Daejeon, South Korea and HyeRan Kim, KRIBB-Plant Systems Engineering Center, 
Daejeon, South Korea 



In NGS era, sequencing a genome is cheap, fast and easy task, and genome assembly, at least draft level, also become a standard procedure 
adapted in many biology labs to address biological questions in an organism they study. However it is still considered a very difficult and time 
consuming task to make a reference or highly contiguous and accurate genome assembly. Having a contiguous and highly accurate genome is 
more and more important for downstream analyses such as genome-wide gene/repeat annotation, detection of structural variations, variants 
analysis, and functional gene study. Many plant de novo assemblies recently reported were based on short-read technology and the assemblies are 
generally very fragmented due to the repetitive nature of the plant genome or high level of heterozygosity or both. On the other hand, cost is still 
higher than short-read sequencing, long-read technology (PacBio and Nanopore) or single molecule sequencing provides > 15 kb read length and 
is proven to assemble genome with large contiguous sequence contigs in several plant and animal genomes. Salicornia is an annual flowering 
plant known as an extreme halophyte living in salt marshes and beach areas. The genome and transcriptome information of Salicornia is expected 
to provide the genetic basis of salt stress tolerance and determine genes associated to slat stress. Currently three chloroplast genomes have been 
sequenced (S. bigelovii, brachiate and europaea) but not much know about nuclear genome yet other than high heterozygosity. As a part of 
understanding Salicornia genome, we sequenced Salicornia europaea with Illumina (at ~100x), PacBio (~70x) and nanopore (~70x) technology. 
Short-read, long-read assembly as well as hybrid assembly will be performed to possibly generate high-quality genome information. Sequencing, 
assembly strategy and assessment of highly heterozygous S. europaea genome will be discussed in this presentation. 
 
PO0025: Other Category 
Android Apps for Phenotyping 
Trevor W. Rife and Jesse Poland, Department of Plant Pathology, 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. Verify can be used to manipulate lists for breeders. Intercross is used to track crossing in breeding programs. 
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. 
 
PE0026: Other Category 
SHiNeMaS : A Database and its Web Interfaces dedicated to Seed Lots History, Phenotyping and Cultural Practices 
Yannick De Oliveira, Laura Burlot, Isabelle Goldringer, Darkawi Madi, Pierre Rivière, Delphine Steinbach, Gaelle Van Frank and 
Mathieu Thomas, INRA, Gif sur Yvette, France 
In 2005, a collaboration started between the French National Institute for Agricultural Research (INRA) and the french farmers' seed network 
Réseau Semences Paysannes (RSP) on bread wheat.  
The aims are: (1) to study on-farm management of crop diversity; (2) to develop population-varieties adapted to organic and low inputs 
agricultures in the context of a participatory plant breeding program involving farmers, farmers' organisation faciltators and researchers. 
In this project, researchers and farmers' organizations needed to map the history and life cycle of the population-varieties using the network 
formalism. All this information needed to be centralized and stored in a database. 
Thus, we developed SHiNeMaS (Seeds History and Network Management System) a database with its web interface, dedicated to the 
management of the history of seed lots and related data like phenotyping, environment and cultural practices. SHiNeMaS is freely available and 
distributed under GNU Affero GPL Licence : https://sourcesup.renater.fr/projects/shinemas/ 
 
PO0027: Other Category 
Divergence of Duplicate Genes in Exon–Intron Structure 
Xuehao Fu, Hongyan Shan, Peipei Wang, Meimei Wang, Haifeng Zhao, Hongzhi Kong and Guixia Xu, Institute of Botany, 
Chinese Academy of Sciences, Beijing, China 
Gene duplication plays key roles in organism and genome evolution. Understanding how duplicate genes evolve and diverge through time is 
critical for elucidating the mechanisms underlying the origins of new characters and new organisms. Previous studies have shown that, at least in 
plants, some duplicate genes have diverged in the exon-intron organization, suggestive of structural divergence. However, because the species 
and gene pairs sampled were very limited, it is yet unclear whether this phenomenon is widespread. In this study, by conducting a genome-wide 
study on closely related duplicate genes from four representative species of plants (Arabidopsis thaliana), animals (Drosophila melanogaster), 
fungi (Saccharomyces cerevisiae), and protists (Paramecium tetraurelia), we found that structural divergence occurred prevalently in every 
examined species. Exon/intron gain/loss, exonization/pseudoexonization, and intra-exonic insertion/deletion, are detected to be responsible for 
structural divergence, the occurrence of which increases with evolutionary time. The fact that the Pearson correlation coefficient and Euclidean 
distance of expression patterns between a pair of genes is respectively lower and higher in diverged than in undiverged duplicates suggests that 
structural divergence may be coupled with expression divergence. Using dN/dS value as a measurement of functional constraint, we found that 
duplicate genes with structural changes have higher dN/dS values, indicative of weaker functional constraint on these genes. This is in 
concordance with their lower expression levels. Moreover, compared with paralogs with similar evolutionary times, orthologs have accumulated 
significantly fewer structural changes, whereas the amounts of amino acid replacements accumulated did not show clear differences. This finding 
suggests that structural divergences have played a more important role during the evolution of duplicate than nonduplicate genes. 



 
PE0028: Other Category 
Genome360: Building a Genomics Community within Manitoba 
Simon Potter, Genome Prairie, Winnipeg, MB, Canada 
Manitoba is home to a diverse economy poised to advance genomic and phenomic research in many sectors including health, food, agriculture, 
pest control, and environmental monitoring. However, each sector isn’t large enough to support the acquisition and development of state-of-the-
art sequencing technology by itself. Genome360, an initiative of the not-for-profit Genome Prairie, is an applied program to develop practical 
Next Generation Sequencing (NGS) strategies and a central support network community to facilitate large-scale application of emerging genomic 
technologies by Manitoba industry and its academic partners. This collaboration between universities, Genome Prairie, industry and laboratory 
end-users will apply genomics to urgent economic issues in the varied Manitoba industrial sectors beginning with agriculture and environmental 
monitoring. The project will result in rapid gains in development and uptake of genomics-based solutions for crop selection and improvement, 
early disease detection in crops and livestock and improved crop health and productivity through increased uptake of more accurate diagnostic 
and selection strategies. The Genome360 community will help new users evaluate applications and provide a forum for discussion and 
collaborative experimentation using NGS disruptive technologies. Genome360 will become the focal point for the selection, creation, adoption 
and maintenance of standard genomics methods and technologies for the improvement of Manitoba's ag-biotech industry. From the outset, this 
program will repatriate testing, generating cost savings (6:1 ROI), building local capacity and reducing test turnaround times compared to 
traditional outsourcing to major Genomics centres across Canada. 
 
PO0029: Other Category 
You May Say I’m a Dreamer ……. 
Jacqueline D. Campbell1, Ethalinda Cannon2, Lisa Harper3, Sook Jung1, Monica Poelchau4 and Dorrie Main1, (1)Washington State 
University, Pullman, WA, (2)Corn Insects and Crop Genetics Research Unit, USDA-ARS, Ames, IA, (3)USDA-ARS Corn Insects 
and Crop Genetics Research, Ames, IA, (4)National Agricultural Library, Fort Collins, CO 
Imagine with just a few online clicks, every piece of biological data is available to researchers from easy-to-find and well-organized resources; 
that data is accurately described and the experimental procedures, samples and time points are all completely documented and accessible. The 
AgBioData consortium can imagine this and feel strongly that outcomes of publicly funded research can and should be FAIR (Findable, 
Accessible, Interoperable, Reusable). The AgBioData consortium (https://www.agbiodata.org; Harper et al. 2018), formed in 2015 consists of 
over 150 database scientists from 30 plus genomic, genetic and breeding (GGB) databases and allied resources. Collectively the AgBioData 
member databases served 27 million pages and 950,000 users in 2017, and between 2012-2017, they were cited in over 24,000 publications. The 
databases cover an extensive range of crops, livestock and model organisms, including corn, wheat, legumes, fruit and nuts, vegetables, 
arabidopsis, insects, cattle, chicken, fish, horse, pig, and sheep. To get one step closer to the goal of making every piece of biological data 
available to researchers from easy-to-find and well-organized resources, we need to continue to work together to adopt a common set of 
metadata, and associate more data with ontologies; make it easy to share data; share curation practices; and provide solutions for long-term 
funding for all genomic, genetic and breeding databases. AgBioData is a model for how databases can work together to be more resource-
efficient and use a collective voice to lead efforts for better data management and database resource availability. 
 
PE0030: Other Category 
Field Crops Breeding for Resistance to Biotic and Abiotic Stresses at ICARDA: Achievements and Prospects 
Michael Baum, ICARDA, Rabat, Morocco and W. Tadesse 
Crop production is highly affected by biotic and abiotic stresses at global level in general and in the Centeral and West Asia and North Africa 
(CWANA) and Sub Saharan Africa (SSA) regions in particular. Associated to climate change, heat and drought stresses are increasingly 
important resulting in reduction of photosynthesis, pollen viability, grain number and weight, and hence lowering yield and quality of major 
cereals and legumes crops. The crop breeding program at ICARDA uses conventional and molecular approaches such as FIGS, mega 
environments, shuttle breeding, doubled haploids, marker assisted selection, speed breeding and key location phenotyping to identify sources of 
resistance, develop elite genotypes with high yield potential and resistance to the major biotic and abiotic stresses. ICARDA distribute yearly 
more than 1000 of such genotypes to its partners through international nurseries. In the last 5 years alone, a total of more than 100 heat and 
drought tolerant varieties of ICARDA origin have been released by NARS in the CWANA and SSA regions. Marker Trait Association (MTA) 
have been identified for different crops. MTA studies for heat stress in wheat at Wad Medani, Sudan has led to the identification of 
Ex_c12812_20324622 (4A) and wsnp_Ex_c2526_4715978 (5A) SNP marker which are significantly associated with yield under heat stress. 
Wheat genotypes carrying the cytosine base at the wsnp_Ex_c12812_20324622 and wsnp_Ex_c2526_4715978 markers out-yielded the ones 
carrying the alternative bases by 15% while genotypes carrying the cytosine base at only one of the two markers increased their yield by 7.9-
10%, suggesting the importance of using these markers for MAS in breeding programs to increase yield under heat stress.  
Key words: Crop breeding, Climate change, drought, heat  
 
PO0031: Other Category 
Marcci: A Unique Graduate Training Program for Plant Breeders in Sub-Sahara Africa (SSA) 
Paul T Gibson, Richard Edema, Patrick O Ongom and Isaac Onziga Dramadri, Makerere University Regional Centre for Crop 
Improvement, Kampala, Uganda 
Makerere University’s Regional Centre for Crop Improvement (MaRCCI), a World Bank regional Center of Excellence for graduate training 
(PhD/MSc) of African plant breeders, is a unique, competency-based program, hosted in Uganda at Makerere’s research farm of the College of 
Agriculture and Environmental Sciences. A cohort system and rural setting enhance focus, group cohesion and peer-learning. Two semesters of 
intense coursework align topics within and across courses, providing the solid scientific background (with soft-skills) that prepares practical 
breeders to develop improved varieties for SSA. Content is enhanced through short-courses and learning resources supported by ISU’s Plant 
Breeding E-learning in Africa, and cooperation with international universities, advanced research institutes (eg. CGIAR, BeCA, Danforth Center) 



and the global initiative, Excellence in Breeding. Students’ outlook is broadened by guest lectures from globally respected scientists. MaRCCI’s 
in-house cultivar development programs for cowpea and sorghum provide applied learning in practical field skills, development of demand-led 
product profiles, digital data collection using barcoding, databased record and program management, advanced statistical analysis, 
bioinformatics, molecularly-informed breeding, and pipeline optimization. Since 2008, training has included 152 MSc and 71 PhD students, 
including 40% women. Students have come from 20 SSA countries, with thesis projects in close cooperation with Uganda’s National 
Agricultural Research Organization addressing constraints of 20 crops important to regional food security. Completion and in-region retention 
rates are above 95%, with strong commendation from alumni, employers, and developmental partners. These newly trained plant breeders are 
prepared to use the latest technology and approaches to address the ever-increasing complexity of global food systems. 
 
PE0032: Other Category 
Makerere University Regional Centre for Crop Improvement (MaRCCI) - a World Bank Center of Excellence for Eastern 
& Southern Africa 
Richard Edema, Paul T Gibson, Patrick O Ongom and Isaac Onziga Dramadri, Makerere University Regional Centre for Crop 
Improvement, Kampala, Uganda 
The Makerere University Regional Center for Crop Improvement (MaRCCI) is an initiative implemented under the auspices of the African 
Higher Education Centres of Excellence (ACE II) supported by Government of Uganda through a Development Facility from the World Bank. 
The specific goal is to strengthen and expand two regional graduate (MSc and PhD) programs in Plant Breeding, Biotechnology and Seed 
Systems. The expected outcomes of the MaRCCI effort include stronger regional Masters and PhD programs in Plant Breeding, Biotechnology 
and Seed Systems, improved curriculum and delivery, at least 70 highly trained PhD and MSc plant scientists, targeted research that is relevant to 
the region’s agriculture, and a strengthened training and research capacity that serves the wider Eastern and Southern Africa region.  
Since 2008, more than 127 MSc and 57 PhD graduate students have completed training, of which 40% are female. The students have come from 
over 20 SSA countries. Thesis projects focus on issues constraining improvement of key staple crops to regional food security. Several of the 
thesis projects are done in close cooperation with the National Agricultural Research Institutes and the CG- Centers. Completion and in-region 
retention rates are above 95%. The program has received strong commendation from alumni, employers, and development partners. The program 
has a strong staff development program which identifies top students from the MSc program and are supported for PhDs in a number of premier 
US universities. The Center Advisory Board has a globally distinguished members that constantly provides strategic direction. 
 
PO0033: Other Category 
The Genomics Education Alliance: Working Together to Facilitate Undergraduate Research in Genomics 
Sarah C R Elgin, Washington University in St Louis, St. Louis, MO, Douglas L. Chalker, Washington University in St Louis, St 
Louis, MO, Wilson Leung, Washington University in St. Louis, St. Louis, MO, Anne G. Rosenwald, Georgetown University, 
Washington, DC, Jason Williams, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY and Genomics Education Alliance 
The Genomics Education Alliance (GEA), a recently funded NSF Research Coordination Network in Undergraduate Biology Education, aims to 
bring together existing genomics education networks and interested faculty to make genomics accessible to undergraduate students from any 
college or university. GEA will identify and curate common analysis tools, associated curricular and assessment materials, and faculty training 
strategies to enable Course-based Undergraduate Research Experiences (CUREs) in genomics / bioinformatics. Vetted resources and training 
materials will be made available online through the QUBES platform (https://qubeshub.org/community/groups/gea), enabling a cost-effective 
system for maintaining up-to-date curriculum and training materials for a field that is constantly changing. Current members of GEA include the 
Genomics Education Partnership (GEP; http://gep.wustl.edu), GCAT-SEEK (https://gcat-seek.weebly.com), the Dolan DNA Learning Center 
(CSHL) (https://www.dnalc.org), Genome Solver (https://qubeshub.org/community/groups/genomesolver), and others. Faculty will be able to 
utilize the resources provided by the GEA to ameliorate the technical barriers and reduce the time and effort required to develop and maintain 
courses in genomics and bioinformatics. Undergraduate students can gain a basic introduction to genomics, improve their understanding of the 
research process, and develop their research skills in analyzing large datasets. Furthermore, massively parallel undergraduates can enable 
researchers to undertake large-scale projects (such as human-curated genome annotation) that cannot be accomplished in any other way. The 
GEA is currently looking for additional members to join our efforts, and we welcome your input on the most important genome analysis tools 
and curriculum materials to support. GEA is supported by NSF RCN-UBE grant #1827130. 
 
PE0034: Other Category 
The Genomics Education Partnership: Collaborating With Science Partners to Engage Undergraduates in Genomics 
Research 
Wilson Leung1, Sarah C. R. Elgin1, Anne G. Rosenwald2, Laura K. Reed3 and the Genomics Education Partnership, (1)Washington 
University in St. Louis, St. Louis, MO, (2)Georgetown University, Washington, DC, (3)The University of Alabama, Tuscaloosa, 
AL 
The Genomics Education Partnership (GEP; http://gep.wustl.edu) provides course-based research experiences in genomics/bioinformatics for 
undergraduate students. The consortium consists of faculty members from over 100 institutions, with more than 1300 students participating 
annually. GEP collaborates with Science Partners on research questions that would benefit from high quality gene annotations. GEP provides the 
technical and pedagogical infrastructure to engage undergraduates in this research, enabling Science Partners to provide broader impact for their 
scientific work, and to complete studies that cannot be done easily by a single research lab. Currently, GEP students are annotating the genes in 
several Drosophila and parasitoid wasps species. Gene annotations require students to evaluate and integrate multiple lines of evidence, 
including alignments against protein sequences from an informant genome (e.g., D. melanogaster), computational gene predictions, and RNA-
Seq data. Each gene is annotated by at least two students working independently, with results reconciled by a third student for quality control. 
Science Partners can leverage these high quality gene annotations to address research questions such as the evolution of chromosomal domains or 
biological pathways across multiple species. Our most recent scientific paper, co-authored by 31 GEP faculty and 239 students, examined the 
expansion of the D. ananassae Muller F element. Assessment results show that GEP faculty and students find their participation in the GEP 



research projects to be rewarding. The GEP is looking for new Science Partners, and we urge you to consider the possibility of engaging 
"massively parallel undergraduates" in your research projects. Supported by NSF IUSE-1431407 to SCRE. 
 
PO0035: Methods: Bioinformatics 
The DivSeek Canada Initiative: Out of the Starting Gate 
Richard M Bruskiewich1,2, Carolyn T. Caron3, Lacey Sanderson Kucheran3, Gaofeng Jia4, Lester W. Young5, S. Evan Staton6, 
Jean-Sébastien Légaré7, Zi Wang8, Kenneth Huellas-Bruskiewicz9, Andrew Warfield8, Emily Marden10, Kirstin Bett3, Helen M. 
Booker3, Sylvie Cloutier11, Frank M. You11 and Loren H. Rieseberg2,12, (1)Crop Informatics / STAR Informatics / Delphinai 
Corporation, Sooke, BC, Canada, (2)Dept. of Botany/University of British Columbia, Vancouver, BC, Canada, (3)Dept of Plant 
Sciences/University of Saskatchewan, Saskatoon, SK, Canada, (4)Crop Development Centre, Department of Plant Sciences, 
University of Saskatchewan, Saskatoon, SK, Canada, (5)University of Saskatchewan, Saskatoon, SK, Canada, (6)Department of 
Botany/University of British Columbia, Vancouver, BC, Canada, (7)University of British Columbia, Vancouver, BC, Canada, 
(8)Dept. of Computing Science/University of British Columbia, Vancouver, BC, Canada, (9)School of Interactive Arts & 
Technology, Simon Fraser University Surrey, Surrey, BC, Canada, (10)Peter A. Allard School of Law/University of British 
Columbia, Vancouver, BC, Canada, (11)Agriculture and Agri-Food Canada, Ottawa, ON, Canada, (12)Biodiversity Research 
Centre, Vancouver, BC, Canada 
Funding for the DivSeek Canada initiative was announced by UBC (December 2017) and by Genome Canada (January 2018), with actual project 
start-up realized last April. Following early months of project team recruitment and technology assessment, a project start-up workshop was 
hosted last July courtesy of the project flax and lentil research teams at the University of Saskatchewan, and included invited experts from 
Agriculture and Agri-Foods Canada (including the Canadian PGR Genebank), the Global Institute for Food Security (GIFS), international 
agriculture and the private sector.  
The outcome of this workshop was an initial six month plan of activities to develop a prototype - on Compute Canada infrastructure – of an 
initial front end plant breeding “consumer” workflow using on available metadata (“crop ontology”) germplasm (plant genetic resources 
“passport”), phenotypic, genomic and genotypic datasets for the three pilot crops – sunflower, lentil and flax. Where not already readily 
available, additional integrated association genetic maps were targeted for generation using tools for genome wide association sequence (GWAS) 
data analysis.  
In this presentation, we will provide an update of scientific and informatics progress to date, within this two year pilot project. 
 
PE0036: Methods: Bioinformatics 
Germinate and the Crop Trust Crop Wild Relatives Project 
Paul Shaw1, Sebastian Raubach1, Benjamin Kilian2, Hannes Dempewolf3, David Marshall1, Iain Milne1, Gordon Stephen1 and The 
Crop Wild Relatives Pre-Breeding Partners, (1)The James Hutton Institute, Dundee, United Kingdom, (2)The Global Crop 
Diversity Trust (GDCT), Bonn, Germany, (3)Global Crop Diversity Trust, Bonn, Germany 
The Crop Wild Relatives (CWR) Project coordinated by the Crop Trust (https://www.cwrdiversity.org/) and supported by the Government of 
Norway is managing pre-breeding projects for 19 crops. These projects aim to bring back useful traits from wild relatives into their domesticated 
counterparts. Through thousands of crosses and backcrosses between domesticated species and their wild relatives, the project partners are 
generating huge volumes of characterisation, evaluation, genotypic and phenotypic data which needs to be made easily available to plant 
breeders and scientists. This data is collected across several countries and under various environmental conditions.  
Collecting and managing the data is difficult. Analysing the data can pose an even greater challenge. This, however, must be addressed if pre-
breeding is going to contribute to the development of sturdier crops which are better adapted for changing environments.  
Germinate allows these pre-breeding projects to present their experimental data in a common platform which is continually evolving with both 
data and the features that it makes available to users. We are developing a community of Germinate databases which contribute to this global 
initiative. The use of the Germinate platform means that this data will be available quickly and in meaningful ways for plant breeders and 
scientists.  
We are now developing Germinate instances in alfalfa, barley, chickpea, cowpea eggplant, finger millet, grass pea, lentil, pearl millet, pigeon 
pea, rice, sorghum, sunflower and wheat and will present our Germinate infrastructure which holds pre-breeding data for these species.  
https://ics.hutton.ac.uk/get-germinate 
 
PO0037: Methods: Bioinformatics 
C3-Biodiversidad Consortium: A Cyberinfrastructure to Accelerate the Understanding and Preservation of the Colombian 
Biodiversity 
Jose De Vega1, Monica C. Munoz-Torres2, Jorge Duitama3, Narcis Fernandez-Fuentes4, Graham J Etherington1, Robert P. Davey1 
and C3-Biodiversidad Consortium, (1)Earlham Institute, Norwich, United Kingdom, (2)Lawrence Berkeley National Laboratory, 
Berkeley, CA, (3)Universidad de los Andes, Bogotá, Colombia, (4)Aberystwyth University, Aberystwyth, United Kingdom 
Over the next few years, enabled by the recent peace agreement, large amounts of data about the Colombian biodiversity will be collected, and 
the capacity to share and analyse this information needs to keep pace with the generation. A greater understanding of Colombia’s biodiversity is 
not only important to conserve and promote it, but also to drive the economic growth and social equality in the country. A scientific 
cyberinfrastructure enables data-driven scientific discovery by democratising equitable, fair, and coordinated access to computational resources 
and relevant datasets. From its basic premise, a scientific cyberinfrastructure is designed to facilitate remote collaborations and virtual 
organisations.  
C3-Biodiversidad aims to promote a research cyberinfrastructure in Colombia for the analysis of the natural and agricultural biodiversity. C3 
Biodiversidad was created in Bogota on June 2018 by 16 leading Colombian institutions with the support of Colciencias-Colombia BIO, Earlham 



Institute, BRIDGE Colombia and GROW Colombia. C3-Biodiversidad is open to any stakeholder interested in the development of a scientific 
cyberinfrastructure in Colombia.  
The objectives of C3-Biodiversidad are (1) improving the provisioning and availability of physical infrastructure in Colombia, (2) promoting 
training in scientific data analysis for users and providers, (3) influencing and monitoting a national policy for research data, and (4) securing and 
promoting the engage of diverse stakeholders in research planning. We think this four priorities are also key for other developing countries. 
Similar consortia are encouraged to be created and also embrace an “adopt, if not adapt, if not develop” approach, as well as to link to 
international initiatives whenever appropriate. 
 
PE0038: Methods: Bioinformatics 
Big Meets FAIR - Concepts, Implementations and Applications for Plant Genomics and Phenomics Data at the IPK 
Gatersleben 
Matthias Lange1, Daniel Arend1, Astrid Junker1, Patrick König1, Nils Stein2 and Uwe Scholz1, (1)Leibniz Institute of Plant 
Genetics and Crop Plant Research (IPK) Gatersleben, Stadt Seeland, Germany, (2)Leibniz Institute of Plant Genetics and Crop 
Plant Research, Gatersleben, Germany 
As the host of the largest European gene bank for cultivated plants, the IPK Gatersleben offers a rich basis for research of plant biodiversity at 
the structural and functional level. Using high-throughput technologies such as sequencing and phenotyping, millions of data points were 
collected and stored in the IPK research data infrastructure. We present methods, applications and new perspectives to harness these digital 
resources and demonstrate the impact of a FAIR-aware data management by the BRIDGE biodiversity informatics project for a molecular 
characterization of more than 22.000 barley accessions from IPK and partner Genebanks [1]. 
The data acquisition is featured by a universal laboratory information management system (LIMS), which stores structured, unstructured, binary 
data and metadata from the experiments in a central database and a scalable file storage backend [2]. The minimal metadata are adopted from the 
MIAPPE, the MCPD or DataCite standards. We support SQL as generic queries language by expose condensed, read-only views to the LIMS 
data schema. In order to support real-time enabled query response, we combined traditional relational tables and indexes, query caches, 
partitioning technology and in-memory columnar backend storage technologies. Canned queries that stored most common queries are 
implemented as RESTful API endpoints. In particular, the IPK implements parts of the Breeding API as well as proprietary APIs endpoints, e.g. 
to generate ISA-TAB/MIAPPE compliant exports or to feed web applications [3]. This enables a novel analytical access to the biodiversity of 
Genbanks. The BRIDGE web portal [4] is an exemplar that provides an explorative access to genotyping, phenotyping and data as well as well as 
comprehensive visualizations and exploration of analysis results of the mentioned BRIDGE project. 
Raw and analysed data is published as DOI-citable data records, which are stored in the e!DAL-PGP repository [5]. For each dataset a landing 
page is generated that is annotated by a machine readable, JSON-LD encoded, DataCite and BioSchema compliant set of technical metadata. For 
some data sets, MIAPPE-compliant metadata is provided as ISA-TAB formatted files. This infrastructure implements the infrastructure-to-data 
(I2D) approach. It keeps the data at the point of origin, but ensures its FAIR aware publication. 
The presented case studies show the enormous potential of FAIRification of IPK Gatersleben, but also the great demands on resources, 
organizational policies for the implementation of sustainable digital resources and the necessity of global authorities to homogenize and control 
individual actors. In particular, IPKs role as collaborator in national and international infrastructure programs, like de.NBI, ELIXIR, Emphasis, 
DivSeek, IPPN etc. have brought enormous progress in supplying a sustainable research data management toward to a global data re-use and 
value creation workflows. 
[1] S. Milner et al. Genebank genomics highlights the diversity of a global barley collection. Nature Genetics, 2018. 
[2] D. Arend et al. Data management experiences and best practices from the perspective of a plant research institute. Data integration in the life 
sciences: 10th international conference, Lisbon, Portugal, 2014. 
[3] https://fair-ipk.ipk-gatersleben.de/ 
[4] https://bridge.ipk-gatersleben.de/ 
[5] D. Arend et al. PGP repository: a plant phenomics and genomics data publication infrastructure. Database, 2016 
 
PO0039: Methods: Bioinformatics 
Strategies for Incorporation of Bioinformatics into Life Science Curricula 
Anne G. Rosenwald, Georgetown University, Washington, DC 
The Network for Integrating Bioinformatics into Life Sciences Education (NIBLSE) was initiated in 2014 with the overall goal of establishing 
bioinformatics as a crucial part of undergraduate life sciences education. In order to do so, we have created a network of educators and 
researchers sharing this vision. Specific objectives include  
• how best to prepare students for bioinformatics instruction 
• how best to integrate bioinformatics at all levels of the life sciences curriculum 
• how to assess the outcomes 
• how to prepare faculty trained in the life sciences to teach bioinformatics 
To accomplish these goals, NIBLSE first conducted a survey of more than 1200 life science educators to understand the extent to which faculty 
are teaching bioinformatics currently and what aspects of bioinformatics they believe to be important to convey to their students. A paper 
outlining the community-refined core competencies in bioinformatics was recently published (Sayres et al., 2018 PLoS One). Efforts are 
currently underway to establish assessment tools that align with these core competencies.  
As part of the survey, faculty were also asked about the barriers they encounter in teaching bioinformatics to their students; the most frequent 
response was faculty lack of training in the discipline (Williams et al., in preparation). NIBLSE will advertise training opportunities on its 
website (https://qubeshub.org/community/groups/niblse). In addition, faculty also commented that it was difficult to find appropriate curriculum 
to use with their students. To that end, a set of resources is being gathered (the NIBLSE Learning Resource Collection). This resource acts as a 
clearinghouse of vetted materials, tagged with the appropriate level for instruction.  



We encourage the education community to join NIBLSE to help us further our goals. We are in the process of establishing an implementation 
group, to pilot integration of bioinformatics into curriculum and we seek interested faculty to join. NIBLSE is supported by an RCN-UBE grant 
from the National Science Foundation (DBI 1539900). 
 
PE0040: Methods: Bioinformatics 
A Living Bioinformatics Workbook 
Sivanandan Chudalayandi, Arun S. Seetharam, Rick Masonbrink, Maryam Sayadi and Andrew J. Severin, Iowa State University, 
Ames, IA 
Bioinformatics and biological data analysis are an important aspect of biological research. Researchers in the genomic era routinely ask larger 
questions that require dealing with large amounts of DNA and protein data. In addition, researchers must have some familiarity with medium to 
large scale computing. For some one getting started in Bioinformatics, one of the best ways to learn is through solving real world problems. With 
this in mind, we have created a GitHub repository of worked out bioinformatics examples that we call the bioinformatics workbook and can be 
found at (https://isugenomics.github.io/bioinformatics-workbook/). This workbook serves as an online knowledge repository for scientists. We 
cover bioinformatics analysis work flows for a variety of problems, such as sequence alignment, assembly, comparative genomics, data 
visualization etc. We work through a specific problem, e.g., RNAseq, from raw data (downloaded from NCBI) to the processed results. 
Additionally, for the beginner we have also included introductory lessons in the Unix command line and tips and tricks for common 
bioinformatic data wrangling problems. Keeping in mind that novel techniques of analysis are developed frequently, we envision our workbook 
as an open source living book that is updated frequently and we are open to peer contributions. 
 
PO0041: Methods: Bioinformatics 
Evaluation of the Connectivity between Common International Trait Ontologies and Domestically used Traits 
Daisuke Horyu, Institute of Crop Science, NARO, Tsukuba, Ibaraki, Japan and Takeshi Hayashi, Institute of Crop Science, 
NARO, Tsukuba, Japan 
In the case of managing information concerned with traits in the computer systems, the ontologies that define the concepts of traits and organize 
these concepts into hierarchical systems are needed. Some trait ontologies, such as Plant Trait Ontology (TO) and Crop Ontology (CO) are 
already developed as international projects. However, these ontologies collect relatively general concepts; therefore, we must find relations 
between our domestically used traits and concepts in the trait ontologies when we try to integrate these ontologies into our database systems. For 
this reason, we have investigated the connectivity between these trait ontologies and domestically used traits. 66 traits included in seed and 
seedling characteristics classification survey report of wheat in Japan are used in the evaluation. CO have crop specific hierarchy for each crop, 
hence concepts in CO tend to be more detailed concepts. If we can find homologue or similar concepts in CO, we connected the traits to CO 
concepts. 41 of 66 traits have homologue or similar concepts in CO. Remaining 25 traits are connected to TO concepts. This result shows the 
possibility to integrate existing trait ontologies into domestic breeding databases. 
 
PE0042: Methods: Bioinformatics 
G-OnRamp: Create Genome Browsers for Collaborative Eukaryotic Genome Annotations 
Luke Sargent, Oregon Health & Science University, Portland, OR 
G-OnRamp (http://gonramp.org) is a collaboration between two successful and long-running projects — the Genomics Education Partnership 
(GEP; http://gep.wustl.edu) and the Galaxy Project (https://galaxyproject.org). G-OnRamp provides researchers with an integrated, web-based, 
scalable environment for interactive annotation of eukaryotic genomes using large genomic datasets. It also provides educators with a platform to 
help undergraduates develop “big data” science skills through eukaryotic genome annotation.  
GEP is a consortium of faculty from over 100 colleges/universities that provides Course-based Undergraduate Research Experiences (CUREs) in 
bioinformatics/genomics for students at all levels. GEP faculty currently use the gene annotation of multiple Drosophila and parasitoid wasps 
species to introduce genomics and research thinking to undergraduates. Galaxy is a popular open-source, web-based scientific gateway for 
accessible, reproducible, and transparent analyses of large biomedical datasets. G-OnRamp extends Galaxy with tools and workflows that create 
UCSC Assembly Hubs and Apollo/JBrowse genome browsers with evidence tracks for sequence similarity to proteins and transcripts from an 
informant genome, ab initio gene predictions, RNA-Seq data, and repeats. G-OnRamp also provides tools for creating Apollo instances from 
JBrowse genome browsers and for managing Apollo user accounts, thereby enabling multiple users to collaborate on a genome annotation 
project in research and educational settings. Users can optionally upload UCSC Assembly Hubs and JBrowse genome browsers to the CyVerse 
Data Store for statically-hosted, external visualization. Users can deploy G-OnRamp on the Cloud (Amazon EC2) using CloudLaunch, or locally 
using a virtual appliance. For researchers, G-OnRamp provides a dedicated, customizable analysis platform for public or private deployments. 
For educators, G-OnRamp provides a platform to design CUREs based on their favorite eukaryotic species (e.g., parasitoid wasps) and research 
questions (e.g., evolution of a chromosomal domain, genes involved in a pathway).  
G-OnRamp training workshops have attracted 65 participants from 40+ institutions across the world, generating 18 genome browsers for 
genomes that range from 70MB to 3.9GB in size, with 13 genomes featuring RNA seq data (https://bit.ly/2AqDLg8). Future plans for G-
OnRamp include developing additional tools for validating and integrating annotations, plus adding new evidence tracks (e.g., ChIP-seq). 
Supported by NIH 1R25GM119157. 
 
PO0043: Methods: Bioinformatics 
Galaxy Tools for Comparative Gene Family Analysis in Plant Genomics 
Eric K. Wafula1, Greg Von Kuster2, Joshua P. Der3, Loren A Honaas4, Saravanaraj Ayyampalayam5, Norman Wickett6, Jim 
Leebens-Mack5 and Claude W. dePamphilis1, (1)The Pennsylvania State University, University Park, PA, (2)Penn State University, 
University Park, PA, (3)California State University, Fullerton, Fullerton, CA, (4)USDA-ARS Tree Fruit Research Lab, Wenatchee, 
WA, (5)University of Georgia, Athens, GA, (6)Chicago Botanic Garden, Glencoe, IL 



Galaxy PlantTribes is a collection of automated modular analysis pipelines that utilize objective classifications of complete protein sequences 
from sequenced genomes for comparative and evolutionary analyses of genome-scale gene families and transcriptomes. It post-processes de novo 
assembly transcripts into putative coding sequences and their corresponding amino acid translations, estimates paralogous/orthologous pairwise 
synonymous/non-synonymous substitution rates for a set of gene sequences, classifies gene sequences into pre-computed orthologous plant gene 
family clusters, and builds gene family multiple sequence alignments and their corresponding phylogenies. A user provides de novo assembly 
transcripts and Galaxy PlantTribes produces: (1) predicted coding sequences and their corresponding translations, (2) a table of pairwise 
synonymous/non-synonymous substitution rates for either orthologous or paralogous transcript pairs, (3) results of significant duplication 
components in the distribution of Ks (synonymous substitutions) values, (4) a summary table for transcripts classified into orthologous plant gene 
family clusters with their corresponding functional annotations, (4) gene family amino acid and nucleotide fasta sequences, (6) multiple sequence 
alignments, and (5) inferred maximum likelihood phylogenies. Optionally, a user can provide an external gene family scaffold and/or externally 
predicted coding sequences derived from a transcriptome assembly or gene predictions from a sequenced genome. Galaxy PlantTribes is freely 
available on the Galaxy main portal (https://usegalaxy.org/). In addition, the standalone version of the pipeline is available for download on 
GitHub (https://github.com/dePamphilis/PlantTribes) as a command-line interface for batch processing of many datasets. 
 
PE0044: Methods: Bioinformatics 
Involving the Research Community in Biocuration of Genes and Pathways 
Sushma Naithani, Parul Gupta, Justin Preece and Pankaj Jaiswal, Department of Botany & Plant Pathology, Oregon State 
University, Corvallis, OR 
Researchers and database users can play a crucial role in advancing public genomic resources and benefit from an active engagement. Acquiring 
Big Data literacy and biocuration skills are important incentives for researchers, and especially could help young researchers to think more 
critically about their research projects, train in using relevant tools and resources, and engage with the broader scientific community. Plant 
Reactome (http://plantreactome.gramene.org) curators tested strategies for introducing researchers to pathway curation tools, harnessing 
biologists’ expertise in curating plant pathways, and developing a network of community biocurators. Here, we summarize the strategy, 
workflow and outcomes of our onsite and online efforts towards involving researchers and database users in plant genes and pathway curation. 
 
PO0045: Methods: Bioinformatics 
JBrowse - Modernizing a JavaScript Genome Browser for the Next Generation of Bioinformatics 
Scott Cain1, Robert Buels2, Colin M. Diesh3, Eric Yao4, Garrett Stevens5, Shihab Dider5, Andrew Duncan6, Lincoln Stein7 and Ian 
Holmes8, (1)Ontario Institute for Cancer Research, San Diego, CA, (2)Boyce Thompson Institute for Plant Research, Cambridge, 
MA, (3)Division of Animal Sciences, University of Missouri, Columbia, MO, (4)Department of Bioengineering, Berkeley, CA, 
Berkeley, CA, (5)University of California at Berkeley, Berkeley, CA, (6)Ontario Institute for Cancer Research, Toronto, ON, 
Canada, (7)Ontario Institute of Cancer Research, Toronto, ON, Canada, (8)Department of Bioengineering, Berkeley, CA 
JBrowse is a widely used HTML5 genome browser with a thriving ecosystem of third-party contributed plugins. As one of the first JavaScript 
client genome browsers with a web API that can work directly from a static set of files, JBrowse can be run using any web server, including very 
lightweight web servers. The JBrowse code base has seen continued development to add new support for modernized ES6 and webpack based 
bundling, new data formats such as CRAM, BigBed, and CSI index formats, search dialogs, iframe-free embedding, and the JBrowse Desktop 
program. We have also developed JBrowse connect which is a backend server that can perform dynamic analysis that enables new workflows 
that are not possible purely client side. 
 
PE0046: Methods: Bioinformatics 
Annotating Variants and Displaying Multiple Alignments on Your Assemblies Using the UCSC Genome Browser 
Brian Lee, UC Santa Cruz, Santa Cruz, CA 
Researchers can display their new assemblies on the UCSC Genome Browser using Assembly Hubs, which involve remotely hosted binary 
indexed genomic data ("big" files). These assembly hubs can be further annotated by researchers with Gene Prediction Tracks with the 
bigGenePred file format (https://genome.ucsc.edu/goldenpath/help/bigGenePred.html) and with Multiple Alignment Tracks using the bigMaf file 
format (https://genome.ucsc.edu/goldenpath/help/bigMaf.html). With Gene Prediction tracks, the UCSC Genome Browser Variant Annotation 
Integrator tool can intersect with user-supplied Personal Genome SNP (pgSNP) or Variant Call Format (VCF) data to reach conclusions about 
variant data. To increase discoverability and sharing of data, Public Sessions can also be created. 
 
PO0047: Methods: Bioinformatics 
Large-Scale Genotypic and Phenotypic Data Support for Tripal: Chado Optimization by utilizing Modern PostgreSQL 
Functionality 
Lacey-Anne Sanderson, Reynold Tan, Carolyn T. Caron and Kirstin Bett, Dept of Plant Sciences/University of Saskatchewan, 
Saskatoon, SK, Canada 
Modern breeding programs demand large-scale phenotypic and genotypic data to assist with selections. We are presenting two extension 
modules for Tripal, an open-source toolkit for developing biological data web portals, to manage and display large-scale genotypic and 
phenotypic data. The ND Genotypes module (https://github.com/UofS-Pulse-Binfo/nd_genotypes) extends the GMOD Chado schema, provides 
support for meta-data of genotypic calls, and improves performance such that summary charts and tables can be generated dynamically. Support 
is provided for uploading of a variety of file formats, including the common Variant Call Format (VCF). Researchers may download the data for 
further analysis with the option of various software-friendly formats. Similarly, the Analyzed Phenotypes module (https://github.com/UofS-
Pulse-Binfo/analyzedphenotypes) extends the Chado schema and dynamically produces phenotype distribution charts for the user to compare 
phenotypic measurements between site-years. At present, both of these modules have been tested with 5 billion data points with an undetected 
reduction in performance. The utility and performance of these extension modules has been benchmarked on our own breeder-focused web portal 
for legumes, KnowPulse (http://knowpulse.usask.ca). 



 
PE0048: Methods: Bioinformatics 
Execution of Scientific Workflows for Tripal-Based Community Databases 
Stephen P. Ficklin1, Shawna Spoor2, Connor Wytko2, Ming Chen3, Abdullah Almsaeed3, Bradford Condon4, Heidi Hough2, Nic 
Herndon5, Nick Mills6, Margaret Staton3, Jill L. Wegrzyn5, F. Alex Feltus7 and Dorrie Main2, (1)Dept of Horticulture, Washington 
State University, Pullman, WA, (2)Washington State University, Pullman, WA, (3)University of Tennessee, Knoxville, Knoxville, 
TN, (4)University of Tennessee, Knoxville, TN, (5)Department of Ecology and Evolutionary Biology, University of Connecticut, 
Storrs, CT, (6)Electrical & Computer Engineering, Clemson University, Clemson, SC, (7)Dept of Genetics and Biochemistry, 
Clemson University, Clemson, SC 
Tripal is an open source toolkit for the construction of biological community databases that facilitate display and searching of genomic, genetic 
and breeding data. Advances in technology have seen the size of datasets and the need for more complicated analytical workflows grow. 
Therefore, it is an increasingly complex task the for the community databases to meet the computational demands of their users. The Tripal 
Galaxy extension module allows Tripal-based sites to use the Galaxy project workflow software to provide complex analytical tools for their 
end-users. The module provides an easy to use web interfaces for execution of complex analyses using the same look-and-feel as the site but 
powered by Galaxy behind-the-scenes. The module can be used in two ways. First, it can automatically generate a simple step-by-step web form 
for workflows on an existing Galaxy server, within an easy to understand graphical user interface. Second, site developers with programming 
experience can use the Application Programming Interface (API) to interact with Galaxy. Either approach gives end-users executable workflows 
within the Tripal site and site administrators additional administrative controls, and usage statistics. In addition, Aurora Galaxy Tools, is an R 
Markdown framework that can be included with Galaxy workflows to produce reports that summarize analysis results. It outputs reports as 
HTML documents with rich visualizations. A workflow developer can use Aurora Galaxy Tools to create workflows which when integrated with 
Tripal provides meaningful analysis reports. 
 
PO0049: Methods: Bioinformatics 
Expression Data Integration: Challenges and Opportunities 
Oliver Kötting, Jana Sponarova, Stefan Bleuler and Philip Zimmermann, NEBION AG, Zürich, Switzerland 
A multitude of studies and associated data files have been published since the advent of genome-wide analyses. Re-analysis and meta-analysis of 
these data is a promising way to generate novel insight and ideas – beyond the primary purpose of those studies. A prerequisite to conduct such 
analyses, however, is proper data integration, which typically faces significant challenges including (i) heterogeneity in technology and quality, 
(ii) insufficient or flawed data descriptions, and (iii) usually cumbersome data access.  
To generate a large gene expression database suitable for meta-analyses, comprising extensive and flexible drill-down possibilities, a variety of 
measures need to be applied. The curation and integration of public studies on a large scale requires the use of controlled vocabularies for the 
different dimensions, such as tissues, genotypes, developmental stages, treatments, etc., thus allowing for a deep level of curation. Furthermore, 
stringent quality-control procedures ensure the integration of only high-quality samples and experiments. The resulting integrated and curated 
gene expression database empowers researchers to perform compendium-wide meta-analyses, advancing their research and accelerating 
scientific discoveries. 
 
PE0050: Methods: Bioinformatics 
High Dimensional Multi-Trait Mixed Effect Models in the Era of Big Data 
Akio Onogi, National Agriculture and Food Research Organization, Tsukuba, Japan; JST PRESTO, Kawaguchi, Japan 
Recently high dimensional data are easily taken in plant and animal breeding via, for example, high throughput phenotyping and omics analysis. 
On the other hand, mixed effect models have played a central role in plant and animal breeding to remove environmental noises and to infer 
genetic merits. Thus, mixed effect models that can treat high dimensional phenotype data will be one of good methods to utilize such big data in 
breeding. Here potentials of high dimensional multivariate mixed effect models were investigated using simulation data. Selfing crops 
phenotyped for 100 traits were assumed. The number of lines was 200 and the SNP genotypes were simulated using a coalescent simulator. In 
the model considered, the genetic covariance matrix was constructed by the Kronecker product between 100 by 100 between-trait covariance and 
the 200 by 200 additive genetic relationship matrices. The residual covariance matrix was also constructed by the Kronecker product between 
100 by 100 between-trait covariance and an identity matrices. Heritability was assumed to be 0.5 for all the traits. Parameters were inferred using 
a Bayesian method. The correlation coefficient between the estimated and true additive effects (breeding values) was 0.89 and showed little bias. 
The correlation coefficient between the estimated and true genetic variances, i.e., diagonals of the between-trait covariance matrix, was 0.81, 
whereas that for the genetic covariances (off-diagonals of the between-trait covariance matrix) was 0.62. These results suggest the utility of 
mixed effect models in high dimensional phenotype data, and further investigations are planned. 
 
PO0051: Methods: Bioinformatics 
End-to-End Targeted GBS Long Indel Solution 
Haktan Suren1, Krishna Reddy Gujjula1, Prasad Siddavatam1, Jason Wall1, Rick Conrad1 and Jeanette Schmidt2, (1)Thermo Fisher 
Scientific, Austin, TX, (2)Thermo Fisher Scientific, Santa Clara, CA 
AgriSeq™ targeted genotyping-by-sequencing (GBS) is successfully being used as a high throughput, customizable and cost effective 
genotyping solution in animal and plant breeding studies, parentage testing and genetic purity. One of the powers of this technology is its 
capability to support different types of markers including single nucleotide polymorphisms (SNPs), multiple nucleotide polymorphisms (MNPs), 
insertions and deletions (InDels), and other structural variants (e.g. inversions, duplications). InDels markers longer than 100bp can be a 
challenge for amplicon based GBS. The inclusion of these marker type require a different strategy during the panel design and genotype calling. 
We employed a three amplicon strategy to facilitate genotype calls from both the alleles and developed a new pipeline to automate the generation 
of present/absent calls. We successfully developed a custom canine SNP genotyping panel with 16 long InDels and evaluated the performance 
with known true genotype samples.  



The robustness of this technology has been demonstrated across 384 samples using 16 canine long indel markers whose length ranges from 62bp 
to 6Mbp. Overall, 90% call rate across samples and 100% concordance calls with true genotypes were observed. We found that primer design 
and down-stream analysis were not impacted by the indel size.  
High call rate across multiple samples with varying indel size indicates the reproducibility and flexibility of the method. AgriSeq™ targeted GBS 
offers customers end to end solution for genotyping diverse marker types simultaneously using same workflow.  
For Research Use Only. Not for use in diagnostic procedures. 
 
PE0052: Methods: Bioinformatics 
NextCorrect: A Novel Method and Software Tool for Fast and Accurate Error Correction on Long-Read Sequencing Data 
Jiang HU, Grandomics Biosciences, Beijing, China 
The third-generation long-read sequencing platforms, such as the PacBio single-molecule real-time (SMRT) sequencing and Oxford nanopore 
sequencing (ONT), can overcome the challenges that are inherent to short-read based sequencing platforms and help resolve complex and 
repetitive genomic regions. However, the high error rate of both sequencing technologies requires software tools that can efficiently correct the 
sequencing errors from long reads. These tools are essential to produce a high quality sequence assembly by correcting the sequence errors at the 
initial assembly step as well as at the consensus generation step from assembled contigs. Because most existing tools are developed based on the 
characteristics of PacBio long reads, they are not effective for correcting errors from the noisy sequences produced by the ONT platform, which 
has a different sequencing error profiles than PacBio reads. Thus, we developed a new tool, NextCorrect, which can correct errors effective in 
noisy long sequence reads generated by both the PacBio and ONT platforms, by combining FalconSense and Partial Order Alignment (POA) 
algorithms. Compared with other existing error correcting tools for long sequence reads, NextCorrect can produce high quality (length and 
accuracy) error corrected reads at higher speed. By incorporating the string graph construction module of Canu, Falcon or Wtdbg, the continuity 
and completeness of BUSCO gene of assembly improved substantially when error corrected reads form NextCorrect were used, compared with 
error corrected reads from other error-correction software tools. In conclusion, NextCorrect allows fast and accurate error correction on long 
reads from the PacBio and ONT platform, and facilitates the generation of high-quality genome assemblies. 
 
PO0053: Methods: Bioinformatics 
Overcoming Memory Requirements for Genome Assembly Using Solid-State, Non-Volatile Memory Express Drives 
Roger A Moraga Martinez, Tea Break Bioinformatics Limited, Palmerston North, New Zealand 
The advent of Second and Third-Generation sequencing technologies has proved a boon for the study of non-model organisms, allowing 
researchers to generate large volumes of genomic data at very accessible prices. Despite advances in Bioinformatics workflows to analyze this 
kind of data, genome assembly remains a computationally expensive process, requiring considerable amounts of CPU hours and large amounts of 
memory. Traditionally, access to powerful compute nodes with sufficient memory has been the only way to overcome this problem. However, 
this kind of access can prove a substantial barrier of entry due to cost and accessibility. Here we present a possible solution to sidestep this 
problem, by using fast Solid-State Drives (SSDs) as Virtual Memory under Linux. We compare the assembly process for a test dataset of 
vertebrate Illumina pair-end data, using several assemblers under two conditions: one having enough physical RAM to complete all steps without 
using swap access; and one with memory limited to an amount easily accessible on standard desktop computers, to force the programs to employ 
Virtual Memory during their memory-intensive steps. Different assemblers have different speed requirements during all their steps of data 
processing, and not all data has to be accessible at the same time, or at the speed physical memory provides. Computationally expensive steps 
tend to be comparatively light from the Input/Output (I/O) point of view, and the access speed provided by even consumer-grade SSDs can be 
enough to fulfill the needs of the software. Finally, even though runtimes of I/O intensive steps can increase up to 10 times when using SSD-
based Virtual Memory, the overall runtime increase will merely double or triple. Given the considerable difference in cost between a desktop 
computer equipped with a NVMe SSD and a more powerful workstation equipped with large amounts of RAM, this might be an attractive option 
for smaller research projects even with the extended runtimes. 
 
PE0054: Methods: Bioinformatics 
Hybrid Scaffolding of Bionano Genomics DLS Assemblies provides High Contiguity and Corrects Errors in Sequence 
Assemblies 
Joyce Lee, Bionano Genomics, San Diego, CA 
High quality genome assembly of novel genomes has gained momentum in recent years as a result of the advancement of new technologies. To 
disambiguate homologous regions of these novel genomes, long reads and linked reads are used to assemble contigs. Scaffolding these sequences 
into chromosome arm or full chromosome length can only be accomplished using Bionano Genomics long read mapping or one of the Hi-C 
based methods. In comparing the assemblies of these scaffolding technologies, we demonstrate that Bionano can correct sequence errors and 
orientation errors generated by other technologies.  
Chromosome assemblies can often be achieved by using Bionano’s new DLS chemistry and/or by combining with the NLRS chemistry. Bionano 
Genomics, with its physically intact molecules that have N50 length on average >200kbp, is unique and can generate megabase-long contiguous 
assemblies with the well understood overlap layout consensus algorithms. These assemblies are then used to scaffold sequences into 
chromosome or chromosome arm length assemblies by the Bionano Hybrid Scaffold pipeline. Alternatively, Hi-C based methods leverage 
crosslinking of DNA that is in close proximity in vivo through chromatin folding, which is then sequenced using short read sequencing. Since the 
long range interaction in Hi-C is based on cells at different stages of dynamic biological connections and is encoded by short reads, significant 
inference is required to reconstruct the interaction information.  
In comparing Hi-C scaffolds with Bionano DLE Maps, many discrepancies were found. Inverted and rearranged segments of various sizes were 
identified when aligning the Hi-C scaffolds to the Bionano DLE Maps. Aligning pre Hi-C scaffolded sequences with BNG DLE maps also shows 
that most of the divergent breakpoints were at ends of the pre Hi-C scaffolded contigs, suggesting that orientation and arrangement discrepancies 
were introduced during Hi-C scaffolding. Since the Bionano method leveraged native intact molecules, spanning breakpoints of these segments 
by Bionano molecules suggests mis-orientations in the Hi-C scaffolds. At regions of discrepancies, a third long read sequencing technology also 
agrees with BNG structure, further supporting the accuracy of the Bionano assembly.  



In conclusion, Bionano is a rapid, cost effective and highly accurate method for chromosome level de novo assembly that can complement other 
genomic methods. Bionano’s high-quality de novo assemblies have been a major part of most published genome finishing projects in recent 
years. 
 
PO0055: Methods: Bioinformatics 
Lep-MAP3: Robust Linkage Mapping Even for Low Coverage Data 
Pasi M Rastas, University of Helsinki, Institute of Biotechnology, Helsinki, Finland 
Linkage map shows positions of genetic markers along chromosomes based on how often they are inherited together. The information to build 
linkage maps can be obtained from a genotype data of simple cross(es) of parents and their offspring. Physical and linkage positions are highly 
correlated (and their relation is often visualised using Marey maps), making linkage mapping one of the best tools to detect errors in de novo 
genome assemblies. Linkage maps also anchor assembled contigs to and within chromosomes. Other uses of linkage maps include, e.g. family-
based linkage and association studies, quantitative trait locus (QTL) mapping and analysis of genome synteny.  
The number of markers and individuals affect linkage mapping resolution. A mapping cross of ten individuals can detect many assembly errors. 
With more individuals and markers, even more local errors can be detected and more contigs can be anchored. As the marker density increases, 
resulting map will have multiple markers at most positions. This will anchor contigs more reliable by locally pinpointing each recombination and 
even the shortest contigs. However, the tools that are currently available for linkage mapping are not well suited for very large number of 
markers nor individuals.  
Here we present linkage mapping software Lep-MAP3, capable of analysing large datasets. It is fast (O(mn^2)) and has small memory (O(mn)) 
footprint (for m individuals and n markers). It can simultaneously analyse multiple families and requires little manual work and data curation. It 
can analyse low-coverage whole genome sequencing datasets on millions of markers and thousands of individuals. Such cost-efficient data 
enables comprehensive validation and anchoring of genome assemblies.  
We demonstrate that Lep-MAP3 obtains very good performance already on 5x sequencing coverage and outperforms the fastest available 
software on accuracy and often on speed. We also construct de novo linkage maps with millions of markers on real low coverage whole-genome 
sequencing data.  
We will also discuss how to automatically combine physical maps (genome assemblies) and linkage maps. Lep-MAP3 is freely available with 
the source code under GNU general public license from http://sourceforge.net/projects/lep-map3. 
 
PE0056: Methods: Bioinformatics 
CLfinder-OrthNet: Encoding Evolutionary History of a Gene Locus as Network Topology 
Dong-Ha Oh and Maheshi Dassanayake, Louisiana State University, Baton Rouge, LA 
The CLfinder-OrthNet pipeline (1) detects co-linearity among multiple closely-related genomes, (2) finds orthologous gene groups, and (3) 
encodes the evolutionary history of each ortholog group into an Ortholog Network (OrthNet). OrthNets connect orthologs with edges 
representing either the presence or absence of co-linearity between them. Each OrthNet encodes in its network topology the evolutionary history 
of an orthologous gene group, including different modes of gene duplication, deletion, transposition, and combinations of them, occurred in a 
lineage or multiple lineages. Orthologous gene groups with the same evolutionary history can be retrieved by searching OrthNets with a network 
topology query.  
As a proof-of-concept, we applied CLfinder-OrthNet to characterize gene transposition-duplication (tr-d) events among six Brassicaceae 
genomes, including those of Arabidopsis thaliana and two extremophytes, Eutrema salsugineum and Schrenkiella parvula. We identified subsets 
of lineage-specific tr-d events with signatures of selective retention and sub-functionalization in all six genomes. These included lineage-specific 
tr-d of genes that may be critical for the local adaptation of extremophytes, such as orthologs of SALT TOLERANCE 32 and ZINC 
TRANSPORTER 3.  
CLfinder-OrthNet offers a flexible toolset for systematic comparative studies of closely-related genomes. Beside the detection of all orthologs 
showing the same evolutionary history, the application includes but not limited to: (1) improving orthology inference assisted by co-linearity, (2) 
identification of gene duplication or transposition events co-occurring with certain phenotypic traits among closely-related genomes, and (3) 
detection of truncated, split, and chimeric gene models based on co-linearity.  
CLfinder-OrthNet is available at https://github.com/ohdongha/CL_finder 
 
PO0057: Methods: Bioinformatics 
Machine Learning Based Prediction and Analysis of Meiotic Crossovers 
Aalt D.J. van Dijk, Bioinformatics and Biometris, Wageningen University, Wageningen, Netherlands 
A better understanding of genomic features influencing the location of meiotic crossovers in plant species is both of fundamental importance and 
of practical relevance for plant breeding. Using crossover positions with sufficiently high resolution from four plant species [Arabidopsis 
thaliana, Solanum lycopersicum (tomato), Zea mays (maize) and Oryza sativa(rice)] we have trained machine�learning models to predict the 
susceptibility to crossover formation. Our results show that crossover occurrence within these plant genomes can be predicted by DNA sequence 
and shape features. Some features related to genome content and to genomic accessibility are consistently related to crossovers in various 
species; other features are found as predictive only in specific species. This demonstrates that machine learning can be used to obtain insight into 
underlying determinants of meiotic crossovers. 
 
PE0058: Methods: Bioinformatics 
Development of a Pipeline for Whole-Genome Mutational Analysis and Its Application on Heavy-Ion Mutagenesis 
Kotaro Ishii1, Yusuke Kazama1, Tomonari Hirano2, Tsuyoshi Takeshita3, Shigeyuki Kawano3 and Tomoko Abe1, (1)RIKEN 
Nishina Center for Accelerator-Based Science, Saitama, Japan, (2)University of Miyazaki, Miyazaki, Japan, (3)Future Center 
Initiative, University of Tokyo, Chiba, Japan 



Whole-genome mutational analysis is now possible but a time-consuming process due to the number of false positives provided by mutation-
detecting programs. To overcome this issue, we developed AMAP (automated mutation analysis pipeline), which integrates a set of well-
validated programs for detection of mutations (SAMtools, GATK, Pindel, BreakDancer and CNVnator). AMAP can detect all types of mutations 
and automatically distinguishes false-positive mutations by comparing lists of candidate mutations between sequenced mutants.  
Heavy-ion irradiation is a powerful tool that possesses high linear energy transfer (LET). As several studies have indicated that the value of LET 
affects DNA lesion formation, we assumed that the mutation type can be altered by selecting an appropriate LET value. By using AMAP, we 
quantitatively demonstrated differences in the mutation type induced by irradiation with two representative ions, Ar ions (LET: 290 keV µm−1) 
and C ions (LET: 30.0 keV µm−1) in Arabidopsis thaliana. Ar ions caused chromosomal rearrangements or large deletions (≥100 bp) 4.4 times 
more frequently than C ions. Conversely, C ions induced single-base substitutions and small indels (<100 bp) 2.0 times more frequently than Ar 
ions.  
AMAP can also be applied on non-model organisms. A microalgae, Parachlorella kessleri can accumulate high levels of both starch and lipids 
that can be used for the production of bioethanol and biodiesel, respectively. We conducted whole-genome mutational analysis on a heavy-ion 
induced mutant which exhibited high lipid accumulation under nitrogen starvation conditions. By using AMAP, three candidates of the causal 
mutation were identified. 
 
PO0059: Methods: Bioinformatics 
Development of a Haplotype-Based GWAS Method 
Kosuke Hamazaki and Hiroyoshi Iwata, The University of Tokyo, Tokyo, Japan 
Genome-wide association study (GWAS) is now widely used in plant genomics, and has identified novel genes related to important agronomic 
traits. However, there are still some obstacles to find a candidate gene. One example is a difficulty in detecting rare alleles by GWAS. This 
problem is closely linked to the complex gene composition with haplotypes, because genes related to important agronomic traits often consist of 
multiple rare alleles. In this study, we developed a haplotype-based GWAS method for an effective detection of rare alleles.  
Here, we applied a SNP-set test's approach to the haplotype-based GWAS method. First, we estimated haplotype blocks using PLINK 1.90. 
Then, we regarded these haplotype blocks as SNP-sets, and performed a SNP-set test with functions implemented in R.  
To evaluate the effectiveness of our method, we analyzed 209 accessions of Oryza sativa ssp. indica with marker genotype data from "the 3,000 
rice genomes project" with about 404,000 SNPs. Phenotypic values were simulated from marker genotype so as to satisfy conditions that 
haplotypes with multiple rare alleles mainly contribute to those phenotypic values. Then we compared our haplotype-based GWAS to 
conventional methods with simulated data. We performed the simulation with 100 replicates, and evaluated these results by AUC and other 
summary statistics.  
As a result, our novel haplotype-based GWAS method was able to detect haplotypes which were not able to be detected by the single-SNP 
GWAS. In addition, the method succeeded in controlling false positives compared to other conventional haplotype-based methods. 
 
PE0060: Methods: Bioinformatics 
Constructing Genomic Relationship Matrices for Autopolyploid Species using High-Throughput Sequencing Data 
Timothy P. Bilton1,2, Matthew R. Schofield2, Michael A. Black3 and Ken G. Dodds1, (1)AgResearch, Invermay Agricultural 
Centre, Mosgiel, New Zealand, (2)University of Otago, Department of Mathematics and Statistics, Dunedin, New Zealand, 
(3)University of Otago, Department of Biochemistry, Dunedin, New Zealand 
Genomic relationship matrices (GRMs) play an important role in a number of genetic applications, such as genomic selection, parentage analysis 
and population structure inference. The theory of GRMs has been extensively studied and applied in diploid species, but is not well developed for 
polyploids where computing genetic relatedness is complicated by the presence of additional genetic phenomena that are absent in diploids (e.g., 
double reduction). Additionally, many species today are being sequenced using high-throughput sequencing methods (e.g., genotyping-by-
sequencing, restriction site-associated DNA sequencing, exome capture sequencing). These methods provide an efficient, low-cost approach for 
genotyping large numbers of individuals, but are subject to errors from miscalled bases (i.e., sequencing errors) and incorrect genotype inference 
due to low sequencing depth. In the diploid case, heterozygous genotypes may be called homozygous (i.e., allelic drop-out) due to low 
sequencing depth and this has been shown to result in under-estimation of self-relatedness. We extend two relatedness estimators developed for 
diploids to autopolyploid species and provide an adjustment to these estimators to account for the errors present in sequencing data. The 
properties and performance of these estimators are examined using simulated and real data. Lastly, we highlight some advantages and 
disadvantages of each estimator and scope for future research. 
 
PO0061: Methods: Bioinformatics 
A Fast and Efficient Long-Read Genome Assembly Approach for Large and Complex Genomes 
Yuxuan Yuan1, Robyn Anderson1, Philipp E. Bayer2, Jenny HueyTyng Lee3, Chon-Kit Kenneth Chan2 and David Edwards2, 
(1)University of Western Australia, Perth, Western Australia, Australia, (2)University of Western Australia, Perth, Australia, 
(3)Justus Liebig University, Giessen, Germany 
Recent advances in long read sequencing have the potential to produce more complete genome assemblies using sequence reads which can span 
repetitive regions. However, overlap based assembly methods routinely used for this data require significant computational time and resources. 
We have developed a novel approach to accelerate long read genome assembly. During benchmarking, we assembled the wheat Chinese Spring 
(CS) genome and the sunflower genome using publicly available PacBio reads. For wheat, the maximum RAM used was 300 GB and the 
computation time was 42,000 CPU-hours (running in parallel, equivalent to 168 wall hours on a 250 CPU system). For Sunflower, the maximum 
RAM used was 150 GB and the computational time was 12,000 CPU-hours. The approach opens applications for the assembly of other large and 
complex genomes with much reduced computational requirements. 
 
PE0062: Methods: Bioinformatics 
Development of New Computational Methods for Assembling High-Quality Genomes 



Huilong Du and Chengzhi Liang, Institute of Genetics and Developmental Biology, CAS, Beijing, China 
A high-quality reference genome is critical for comparative and evolutionary genomic studies. By integrating single-molecule sequencing and 
mapping data, genetic map or HiC data, as well as sequenced large-insert DNA libraries, we de novo assembled high-quality genomes in rice, 
wheat, Tartary Buckwheat and other species. Through comparative genomic analyses, we identified a large number of structural variations 
between two rice subspecies and in a rice population. We studied the evolutionary model of the wheat A genome, and the gene gain/loss events 
occurred in wheat genomes. We studied the whole-genome duplication and gene family expansion in Tartary Buckwheat which contributed to 
the adaptation to the unfavorable environments.  
Further, we developed a novel method for assembling the complex regions using single-molecule sequencing data, which significantly improved 
the contiguity of the assembled sequences with reduced errors. The method enables the assembly of chromosome-scale contigs by integrating 
genome maps and Hi-C data. We assembled the Tartary buckwheat Pinku1 genome into 12 scaffolds with a contig N50 size of 27.85 Mb. 
Compared with the published assemblies, we also increased the contig N50 from 1.3 Mb to 61.2 Mb in maize B73 assembly and from 8.3 Mb to 
54.4 Mb in human HX1 assembly. We fixed several incorrectly positioned sequences in the B73 RefGen_v4 assembly. Comparisons between 
our assembly of HX1 and the human GRCh38 reference genome showed that many gaps in GRCh38 could be filled, and that GRCh38 contained 
some potential errors that could be fixed. The method proves to be a powerful tool for assembling high-quality genomes. 
 
PO0063: Methods: Bioinformatics 
GEMmaker, a Nextflow Workflow for Large Scale RNA-Seq Processing 
John A. Hadish1,2, Tyler D. Biggs2, Connor Wytko3, Ben Shealy4, Melissa C. Smith4, F. Alex Feltus5 and Stephen P. Ficklin1,2, 
(1)Molecular Plant Sciences Program, Washington State University, Pullman, WA, (2)Dept of Horticulture, Washington State 
University, Pullman, WA, (3)Dept of Electrical Engineering & Computer Science, Washington State University, Pullman, WA, 
(4)Dept of Electrical and Computer Engineering, Clemson University, Clemson, SC, (5)Dept of Genetics and Biochemistry, 
Clemson University, Clemson, SC 
Processing thousands of RNA-seq data sets can be cumbersome due to data storage challenges, execution on high performance computing 
(HPC), installation of a multitude of software and organization of data through the workflow. GEMmaker is an open-source, freely available 
Nextflow workflow that simplifies gene expression-level quantification and construction of gene expression matrices (GEMs) for Illumina RNA-
seq data intended for differential gene expression (DGE) analysis or construction of gene co-expression networks. GEMmaker can automatically 
download a set of RNA-seq data from NCBI's Sequence Read Archive (SRA), or use local data files. The workflow supports several popular 
tools including trimmomatic, fastqp, FastQC, hisat2, Salmon, Kallisto, and MultiQC, samtools and includes custom scripts for data preparation. 
A Docker image accompanies GEMmaker, easing the burden for software installation on HPC systems. In addition, GEMmaker generates 
metadata files mapping common annotation terms to controlled vocabulary. 
 
PE0064: Methods: Bioinformatics 
Integrating of Transcriptomic and Metabolic Model Analyses using KBase 
Sunita Kumari1, Vivek Kumar1, Samuel M. D. Seaver2, Doreen Ware1, Christopher Henry2, Robert W. Cottingham3 and Adam 
Arkin4, (1)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (2)Argonne National Laboratory, Argonne, IL, (3)Oak Ridge 
National Laboratory, Oak Ridge, TN, (4)Lawrence Berkeley National Laboratory, Berkeley, CA 
The U.S Department of Energy Systems Biology Knowledgebase (KBase, http://kbase.us) is an open, web-accessible computational environment 
for systems biology research focused on microbes, plants and their communities. It provides a range of integrated biological data types and 
associated analysis tools (apps) that include gene expression analysis, metabolic modeling, comparative genomics, microbial genome assembly, 
annotation and community analysis.  
RNA-seq analysis is emerging as one of the most powerful approaches for assessing differential gene expression. RNA-seq uses next-generation 
sequencing to account for all transcripts in one or more biological samples at a particular time. For example, RNA-seq analysis in KBase can be 
used to estimate differential expression and then use this to inform metabolic models and to perform functional analysis of genes with similar 
expression patterns.  
KBase provides a set of apps that allow users to run tools from the popular Tuxedo RNA-seq suite to generate the normalized full and differential 
expression matrix of reads obtained from Illumina sequencing platforms based on the reference prokaryotic and eukaryotic genome.  
KBase also includes analyses of gene expression profiles including clustering of expression profiles based on different algorithms, and 
comparison of reaction fluxes with gene expression values to identify metabolic pathways that are consistent or not with expression 
measurements.  
All of these analyses are available within the KBase computational environment that includes the KBase Software Development Kit for 
developers in the KBase user community to add new apps to the system, and a user interface that supports the creation of dynamic workflow 
documents called Narratives that enable experimental and computational biologists to work together to share and publish data, approaches, 
workflows, and conclusions, leading to transparent and reproducible computational experiments. 
 
PO0065: Methods: Bioinformatics 
Artificial Neural Network as an Alternative Genome-Wide Association Method 
Brian L. Sayre1, Benjamin D. Rosen2, John B. Cole2 and Curtis P. VanTassell2, (1)Virginia State University, Petersburg, VA, 
(2)Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD 
Identification of genes or causative mutations in multi-factorial economically important traits or diseases has been a difficult problem. A number 
of limitations to traditional genome-wide association (GWA) analysis have been identified. Recently, many new approaches have been 
developed to expand the information included in the analysis with improved outcomes. Artificial neural networks are an expansion of machine 
learning that develop weighted outcomes without input bias. We have developed an artificial neural network method to analyze single nucleotide 
polymorphism (SNP) data for GWA. Dairy cattle SNP data (n=20,405 animals; SNPs=60,720/animal) were analyzed for 5 phenotypes (milk 
yield, fat yield, protein yield, fat percentage and protein percentage). The artificial neural network developed for SNP analysis (NN-SNP) was a 



feed-forward design with an input for each SNP, three hidden layers and a regression output layer. The NN-SNP was trained on 75% of the data 
with the remaining 25% used for evaluation. Comparisons were made between traditional GWA and NN-SNP methods for correlation of 
predicted and observed trait phenotypes. Weights associated with magnitudes of individual SNP effects from NN-SNP analysis were highly 
correlated with traditional GWA analysis estimates of substitution effects. In addition, predicted phenotypes were compared with observed 
values as a “reality check” of predictive accuracy of the NN-SNP. As expected from traditional GWA, NN-SNP strongly identified the region 
around DGAT (BTA14) for fat percentage and similar SNP data patterns for all other phenotypes. Additionally, a strong response for fat 
percentage was identified on BTA5 that was not as evident with traditional GWA. Further analyses are on-going to further optimize and 
characterize the NN-SNP method. The development of an artificial neural network approach to GWA has great potential for expanded analyses 
that can include many different data types and approaches. 
 
PE0066: Methods: Bioinformatics 
SequelQC: Analyzing PacBio Sequel Raw Sequence Quality 
David E. Hufnagel, Matthew B. Hufford and Arun S. Seetharam, Iowa State University, Ames, IA 
PacBio sequencing is an incredibly valuable third generation DNA sequencing method due to its very long read lengths, ability to detect 
methylated bases, and its real-time sequencing methodology. It is widely being used in many genome assembly projects and are rapidly being 
adopted for various other applications such as metagenomics and variant discovery. However, there is no tractable external program that exists 
for analyzing the quality of PacBio Sequel raw sequence data. Here we present SequelQC, a program quickly processes PacBio Sequel raw 
sequence data from multiple SMRTcells producing multiple statistics and publication quality plots describing the quality of the data including 
N50, read length and count statistics, PSR, and ZOR. The program is implemented with the combination of BASH, Python and R programming 
languages, without any library dependencies, thus making it one of the easiest tool to install and run. 
 
PO0067: Methods: Bioinformatics 
TGFam-Finder: An Optimal Solution for Target-Gene Family Annotation in Eukaryotic Genomes 
Doil Choi, Dept of Plant Science Seoul National University, Seoul, South Korea and Seungill Kim, Seoul National University, 
Seoul, Korea, Republic of (South) 
Whole genome annotation errors that omit essential protein-coding genes hinder further research. We developed Target Gene Family Finder 
(TGFam-Finder), an optimal tool for structural annotation of protein-coding genes containing target domain(s) of interest in eukaryotic genomes. 
Large-scale re-annotation of 100 publicly available eukaryotic genomes led to the discovery of essential genes that were missed in previous 
annotations. An average of 117 (346%) and 148 (45%) additional FAR1 and NLR genes were newly identified in 50 plant genomes. 
Furthermore, 117 (47%) additional C2H2 zinc finger genes were detected in 50 animal genomes including human and mouse. Accuracy of the 
newly annotated genes was validated by RT-PCR and cDNA sequencing in human, mouse and rice. In the human genome, 26 newly annotated 
genes were identical with known functional genes. TGFam-Finder along with the new gene models provide an optimized platform for unbiased 
functional and comparative genomics and comprehensive evolutionary study in eukaryotes. 
 
PE0068: Methods: Bioinformatics 
A Deep Learning Approach toward Annotating de novo Transcriptome Assemblies 
Matt Stata, University of Toronto, Toronto, ON, Canada 
The genomes of higher eukaryotic organisms, particularly plants, are often large and costly to sequence. For many research applications with 
non-model species, working with transcriptomes represents a much more cost-effective alternative. However, in the absence of a reference 
genome, de novo assembly of RNA-seq data represents a considerable computational challenge: differences in gene expression can lead to 
transcript abundance levels that vary by several orders of magnitude, complicating detection of sequencing errors, while alternative splice 
isoforms are very difficult to correctly resolve. Usually the result is a large number of variant assemblies for each genetic locus, which 
significantly complicates downstream applications such as ortholog clustering, phylogenetic analysis, and quantification of gene expression.  
For a human viewer, it is usually easy to distinguish whether a pair of aligned transcript assemblies represent variants of the same locus or 
genuinely different homologous loci, based on visually apparent features such as uniformity of SNPs across the alignment. However, the sheer 
volume of such comparisons makes a manual approach impossible. Artificial neural networks have been applied to image and sequence analysis 
and classification with great success and thus are naturally suited to this problem.  
Using a hybrid approach that combines a convolutional neural network (specialized for image analysis) with a long short-term memory (LSTM) 
type of recombinant neural network (specialized for sequence analysis) it is possible to assign to each pair of sequences in a de novo 
transcriptome assembly a probability from 0 (certainty that the sequences represent different loci) to 1 (certainty that the sequences are variant 
assemblies of the same locus). Using this information we can organize the transcriptome data into clusters which each represent putative variants 
of a single locus and choose a single, best isoform per locus from each for further analysis. We can thus substantially reduce the complexity and 
noise present in de novo transcriptome assemblies, improving the clarity of virtually any type of downstream analysis. 
 
PO0069: Methods: Bioinformatics 
Web-Based Deep Segmentation Tools for Phenotyping 
Jialin Yuan1, Zheng Zhou2, Michael Nagle1, Ekaterina Peremyslova1, Ali Behnoudfar1, Nihar A. Doshi1, Ritesh Mewalal1, 
Cathleen Ma1, Anna Carlina Magnuson1, Yuan Jiang1, Steven H. Strauss1 and Fuxin Li1, (1)Oregon State University, Corvallis, OR, 
(2)Tencent Inc., ShenZhen, China 
As Genome Wide Association Studies (GWAS) are now used extensively to identify genetic variants, effective and automatic phenotyping of 
complex traits has become an important limiting factor to GWAS discovery. We designed a web-based image annotation GUI (graphical user 
interface), which eliminates the need for software installations and platform dependencies in the task of annotating objects and parts from an 
image at pixel-level accuracy. Our annotation GUI utilizes the state-of-the-art deep interactive object selection algorithm, where the user only 
needs to draw a few “scribbles” away from boundaries, and the system intelligently computes a boundary-accurate annotation of each object. 



Users have the capability of repeatedly refining those boundary annotations until satisfaction. The GUI development makes obtaining complex 
pixel-level annotations significantly easier and faster than traditional tools. It also allows a hierarchy of part levels and the capacity to specify a 
ruler that maps image pixels to measurement metrics.  
With the training examples collected from the annotation GUI, we implemented and trained a Deep Neural Network (DNN) for semantic 
segmentation of regenerating plant organs (e.g. callus, shoot, leaf). Segmentation results are then used to generate statistics that can be used as 
traits in the GWAS studies. In a pilot analysis of the regeneration capacity in Populus trichocarpa, the effectiveness of the proposed approach was 
verified by comparing such automatic trait generation approaches to the human-scored ordinal trait data. Results showed high rates of correct 
pixel assignments, that the automatic traits are substantially better in revealing links between genetic markers and regeneration related 
phenotypes, showing the potential for much greater genetic discovery. 
 
PE0070: Methods: Bioinformatics 
OMMA Enables Population-Scale Analysis of Complex Genomic Features and Phylogenomic Relationships from 
Nanochannel-Based Optical Maps 
Alden K. Leung, The Chinese University of Hong Kong, Shatin, Hong Kong and Ting-Fung Chan, The Chinese University of 
Hong Kong, Hong Kong, Hong Kong 
Optical mapping is an emerging technology that complements sequencing-based methods in genome analysis. It is widely used in improving 
genome assemblies and detecting structural variations by providing long-range information. Current standards in optical mapping analysis 
involve assembling optical maps into contigs and aligning them to a reference, which is limited to pairwise comparison and becomes bias-prone 
when analyzing multiple samples. Here we present a new method, OMMA (Optical Maps in Multiple Alignment), that extends optical mapping 
to the study of complex genomic features by simultaneously interrogating optical maps across many samples in a reference-independent manner. 
OMMA captures and characterizes complex genomic features, e.g. multiple haplotypes, copy-number variations, and subtelomeric structures 
when applying to 154 human samples across the 26 populations sequenced in the 1000 Genomes Project. For small genomes such as pathogenic 
bacteria, OMMA accurately reconstructs the phylogenomic relationships and identifies functional elements across 21 Acinetobacter baumannii 
strains. With the increasing data throughput of optical mapping system, the use of this technology in comparative genome analysis across many 
samples will become feasible. OMMA is a timely solution that can address such computational need. The OMMA software is available at 
https://github.com/TF-Chan-Lab/OMTools. 
 
PO0071: Methods: Bioinformatics 
Corrected PacBio Iso-Seq CCS for Plant Genome Annotation 
Shengqiang Shu1, Mike Frizzell2, David M. Goodstein1, Jeremy Schmutz2 and Daniel Rokhsar1, (1)DOE Joint Genome Institute, 
Walnut Creek, CA, (2)HudsonAlpha Institute for Biotechnology, Huntsville, AL 
Increasing PacBio Iso-Seq sequence run time from 10h to 20h boosted transcript quality for longer reads as mapping identity is increased and 
indels decreased. After aligning CCS (circular consensus sequence) reads to corresponding genome assembly, base errors and small indels can be 
corrected. After correction, CCS reads are clustered when all introns if any are matching. The clustered reads can be classified as full length 
transcripts based on member mapping quality and sequencing metadata (seen 5’, 3’ and poly(A) tail). When clustered reads as full length 
transcripts are used in plant genome annotation, gene structure quality is improved. False positive alternative transcripts from short read 
assemblies can be removed and gene boundary overextension can be corrected.  
 
PE0072: Methods: Bioinformatics 
Ploidyverse: Community-Driven Tool Development for Polyploid Genomics 
Paul D Blischak1, David C. Gerard2, Roeland E. Voorrips3, Peter M. Bourke3, Tim Millar4, Ivone de Bem Oliveira5, Rodrigo 
Rampazo Amadeu6, Luis F. V. Ferrao5, Patricio R. Munoz5, Antonio Augusto Franco Garcia7, Gabriel R A Margarido8 and Lindsay 
V. Clark9, (1)University of Arizona, Tucson, AZ, (2)American University, Washington, DC, (3)Wageningen University & 
Research, Plant Breeding, Wageningen, Netherlands, (4)The New Zealand Institute for Plant & Food Research LTD, Christchurch, 
New Zealand, (5)University of Florida, Gainesville, FL, (6)University of São Paulo, Piracicaba, SP, Brazil, (7)University of São 
Paulo (ESALQ/USP), Piracicaba - SP, Brazil, (8)University of Sao Paulo, Piracicaba, Brazil, (9)Dept of Crop Sciences, University 
of Illinois, Urbana, IL 
Polyploidy, i.e. possessing more than two copies of the genome, is increasingly recognized as an important mechanism affecting the evolution of 
many eukaryotic lineages. Though most common in plants, extant polyploidy is also observed in nematodes, fungi, arthropods, fish and 
amphibians. Despite growing interest in understanding the role of polyploidy in the generation and maintenance of genetic variation and 
biodiversity, especially in the context of plant breeding and agriculture, most tools for analyzing genomic data focus on diploids, ignoring many 
of the challenges accompanying polyploid organisms. To enable analyses of polyploid and mixed-ploidy data, we developed the Ploidyverse, a 
community-driven project seeking to integrate genomic analysis through standardized data formats and user-contributed software packages. The 
goals of the Ploidyverse are (1) to develop/utilize standardized data formats that adequately capture the duplicated nature of polyploid genomes, 
(2) to provide guidelines for user-contributed tools as well as a suite of tests to ensure compatibility among different pieces of software, and (3) 
to foster a community of researchers focused on developing and distributing high-quality software for the analysis of mixed-ploidy genomic data. 
To facilitate these goals, we have leveraged the collaborative infrastructure of GitHub to maintain version-controlled, open-source materials for 
all documents and code that make up the core of the Ploidyverse. As the number of collaborators and tools in the Ploidyverse grows, it will 
provide essential resources for researchers studying polyploidy, and will greatly improve our ability to to make inferences from genomic data in 
many crops and polyploid animals. 
 
PO0073: Methods: Bioinformatics 
Exploring the Use of Nanopore cDNA Sequencing for Haplotype Phasing in F1 Hybrids and Polyploid Plant Species 
Kin H Lau and C. Robin Buell, Department of Plant Biology, Michigan State University, East Lansing, MI 



Genome assembly is impeded by heterozygosity and polyploidy in the target organism. As such, traditional genome assembly strategies have 
often incorporated the use of homozygous, diploid reference genotypes and collapsing of heterozygous regions during assembly. However, the 
biological consequences of a sequence polymorphism can be completely altered by cis-linked variants. Thus, accurate prediction of the effects of 
genic variants requires the identification of haplotypes at the gene-level. Recent technological advances such as linked short reads and long 
sequencing reads have dramatically improved haplotyping in heterozygous, diploid individuals, but no simple solutions are available yet for 
heterozygous polyploids. Here, we explore the use of nanopore (Oxford Nanopore Technologies) cDNA sequencing for gene-level haplotyping. 
Tests using a maize F1 hybrid with known parental SNP signatures revealed gene-length haplotypes despite the high error rate inherent to 
nanopore reads. Progress in quantitating and deconvoluting complete haplotypes in not only F1 hybrid maize but also in more complex 
polyploids including tetraploid potato and hexaploid sweetpotato will be presented. 
 
PE0074: Methods: Bioinformatics 
PlantSEED in KBase 
Samuel M. D. Seaver1, Claudia Lerma-Ortiz2, Neal Conrad1, Avinash Sreedasyam3, Alyssa Carrell4, Collin Timm5, Dave Weston4, 
Andrew Hanson2 and Christopher Henry1, (1)Argonne National Laboratory, Argonne, IL, (2)University of Florida, Gainesville, FL, 
(3)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (4)Oak Ridge National Laboratory, Oak Ridge, TN, (5)John Hopkins 
University Applied Physics Laboratory, Laurel, MD 
The rapidly growing sequencing of different plant species requires reliable means of comparing systemic metabolic responses between species 
grown under the same conditions. A set of primary metabolic enzymes were annotated for Arabidopsis as part of PlantSEED, and subsequently 
curated further to the extent that a fully functional and compartmentalized model of plant primary metabolism can be re-produced for any plant 
species. Here we announced that PlantSEED is now available in the U.S. Department of Energy Systems Biology Knowledgebase (KBase). 
KBase is an open-source software and data platform designed to meet the grand challenge of systems biology - predicting and designing 
biological function from the biomolecular (small scale) to the ecological (large scale). KBase enables researchers to collaboratively generate, 
test, compare, and share hypotheses about biological functions and combine experimental data from different plants. We demonstrate the public 
availability of the PlantSEED approach in KBase via two means: 1) We utilize the integration of RNA-seq data made available for several 
species in Phytozome Gene Atlas. We are able to highlight several metabolic subsystems which exhibit the smallest and largest variation 
amongst species in response to different sources of nitrogen. 2) We explore the nitrogen cycling in a mutualistic plant-microbe interaction 
between a diazotroph and peat moss and we highlight the contribution of inorganic nitrogen to Sphagnum biomass. Both approaches are also 
available as KBase Narratives for users to explore further. 
 
PO0075: Methods: Bioinformatics 
Accurate Prediction of Regulatory Maps in Plant Using DAP-Seq, ATAC-Seq and Single Cell Sequencing Data. 
Song Li, Virginia Tech, Blacksburg, VA 
Recent advances in genomic technologies such as DNA Affinity Purification Sequencing (DAP-seq) and Assay for Transposase-Accessible 
Chromatin using Sequencing (ATAC-seq) have generated large-scale, regulatory genomic data for the multiple plant species. To predict 
condition specific gene regulatory networks using these data, we developed the Condition Specific Regulatory network inference engine 
(ConSReg), which combines heterogeneous genomic data using sparse linear model followed by feature selection and stability selection. Using 
Arabidopsis as a model system, we constructed comprehensive and accurate maps of gene regulation under more than 50 experimental 
conditions. Our results show that ConSReg accurately predicted gene expressions with an average auROC of 0.84 across these testing datasets. 
Including ATAC-seq information significantly improves the performance of ConSReg across all tested datasets. We applied ConSReg to 
Arabidopsis single cell RNA-seq data of two root cell types (endoderims and cortext) and identified five regulators in two root cell types. Three 
out of the five regulators are supported by existing publications. Finally, we tested our approach in a rice gene expression dataset and were able 
to identify both known and novel regulatory motifs that control drought response in the rice genome. Our results demonstrated that integrating 
heterogeneous genomic data can provide novel insights into the regulation of condition-specific and single cell-specific gene expression. 
 
PE0076: Methods: Bioinformatics 
ThaliaDB, a Tool for Data Management and Genetic Diversity Data Exploration 
Delphine Steinbach1, Mélanie PD. Polart-Donat1, Alice B. Beaugrand2, Delphine M. Madur1, Cyril B. Bauland1, Yannick De 
Oliveira3, Stephane N. Nicolas1, Laurence M. Moreau1 and Alain C. Charcosset4, (1)INRA GQE-Le Moulon, Gif sur Yvette, 
France, (2)INRA GQE-Le Moulon (left unit in august 2018), Gif sur Yvette, France, (3)INRA, Gif sur Yvette, France, (4)INRA 
GQE - Le Moulon, Gif sur Yvette, France 
Diversity and association genetics studies lead to manipulate a large number of individual, lines, clones and/or populations. Moreover, 
emergence of high-throughput technologies for both genotyping and phenotyping generates a large amount of data. These data need to be stored 
and managed in order to make requests and to organize datasets to be able to perform genetic diversity data exploration and association genetics 
analysis. The new version of ThaliaDB, is developed for scientists to facilitate their data management and analysis. The database holds genetic 
resources data (germplasm/accessions), seed lots, samples, markers and genotyping and elaborate phenotyping datasets (field environments). It is 
well adapted for data, useful to apply GWAS or genomic selection methods. It can manage high-throughput results coming from different 
projects and experiments and propose several views and options to explore these data and to give access to them for reuse. This Web tool offers 
to users a Select (Data view) mode and an Admin (Data administration and loading) mode. Data confidentiality is maintained using user accounts 
and specific levels of rights can be set on data. It enables data extraction in CSV format. A version exists today in our lab with maize data 
produced from projects of A. Charcosset’s GQMS team and theirs partners.  
New improvements were made in 2018, i- to add the possibility to manage population structure data and genealogy data. It is also now possible 
to add images to germplasms, and to locate these germplasms and the different groups of classification on a world map.  
Perspectives are to improve the tool to export data in several formats useful for data analysis and data sharing (FAIR principles) with external 
informations systems and to add a new module to search on traits with their ontology terms (CropOntology). The tool is currently deployed for 



maize (more than 53 experiments loaded until today), in test for tomato data and perspectives are to test it for wheat and poplar. The software is 
currently in improvement with funding of Amaizing, french Investment for the future, project. It is developed in Python under Framework 
Django, running under PostGreSQL and MongoDb databases management systems. Contact: delphine.steinbach@inra.fr for more information 
and collaboration. 
 
PO0077: Methods: Bioinformatics 
Optimizing Orphan Gene Prediction: Case Study using Arabidopsis thaliana Genome 
Arun S. Seetharam, Zebulun W Arendsee and Eve Syrkin Wurtele, Iowa State University, Ames, IA 
Predicting genes in the newly sequenced genomes is primarily done using homology based methods or by using ab intio gene predictors that are 
trained using handful of genes either from same organisms or from closely related organisms. Although, this approach predicts the conserved 
genes and the genes with canonical structures, it leaves out a very important group of genes that contributes for the species specific traits known 
as orphan genes. Here we present a systematic study by comparing various approaches to predict genes and show that using raw RNA-seq data to 
infer genes is the best way to optimize orphan gene prediction. 
 
PE0078: Methods: Bioinformatics 
Comparative Analysis of Two Cross-Species Transcriptomic Approaches Using Arabidopsis Halleri and Its Heavy Metal 
Related Extreme Traits 
Bjoern Pietzenuk, Ruhr-University Bochum, Bochum, Germany 
Björn Pietzenuk (1),Justin Anderson (1),Vasantika Suryawanshi (1,2), Ute Krämer (1)  
(1) Ruhr University Bochum, Bochum, Germany; (2) University of Southern California, Los Angeles, CA, USA  
Since the introduction of RNA-sequencing techniques different methods, programs and workflows were established to determine differential 
expressed genes (DEG) between conditions, treatments and genotypes. Thereby, processing of such data and analysis became much easier over 
time. However, the comparative analysis of gene expression across species is a challenging ever since. Different approaches were tested, 
depending on the availability of reference data e.g. transcriptome or genome data and gene annotation. However, to this date a comparative study 
of these approaches and the validation of their results is missing. Aim of this project is to compare the results of two DEG workflows, which uses 
different mapping approaches and to identify putative novel DEGs. Here we use Arabidopsis halleri, a perennial outcrossing diploid (2n = 16), 
which tolerates about 76-fold higher zinc and 8-fold higher cadmium concentrations in soil than the close relative model plant A. thaliana. 
However, metal hyperaccumulation and tolerance naturally evolved uniquely in A. halleri following the divergence from A. lyrata. The recently 
published genome assembly of the Japanese A. halleri ssp. gemmifera suggests a similar genome size and gene number, as well as a high level of 
coding sequence similarity to other species of the Arabidopsis genus. This makes A. halleri interesting for cross-species comparative 
transcriptomics studies. A previous microarray study concluded on the altered expression of some metal homeostasis genes in A. halleri and A. 
thaliana.However, this approach has limitations in detecting differential expressed genes wherefore we performed RNA-sequencing of the 
European A. halleri subsp. halleri and its two close relatives A. lyrataand A. thaliana. This data was used to compare the detection of 
significantly differential expressed genes by using two different mapping approaches: a) mapping the reads to the corresponding reference 
genome using the splice-aware mapper tophat2 and b) mapping the translated reads to the A. thalianaproteome. Here we introduce our two 
workflows for cross species transcriptomics and present our recent findings on the comparative cross-species transcriptomic analysis. 
 
PO0079: Methods: Bioinformatics 
PIPE4: Ultra-Fast PPI Predictor for Comprehensive Inter- and Cross-Species Interactomes 
Bahram Samanfar1, Kevin Dick2, Brad Barnes3, Elroy Cober4, Stephen Molnar4, Frank Dehne5, Ashkan Golshani2 and James 
Green3, (1)Agriculture and Agri Food Canada, Ottawa Research and Development Centre, Ottawa, ON, Canada, (2)Carleton 
University, Ottawa, ON, Canada, (3)Department of Systems and Computer Engineering, Carleton University, Ottawa, ON, Canada, 
(4)Agriculture and Agri Food Canada, Ottawa Research and Development Centre, Ottawa, Ottawa, ON, Canada, (5)Department of 
Computer Sciences, Carleton University, Ottawa, ON, Canada 
Soybean is one of the major Canadian grain crops and its production is expanding in Canada. In particular, the majority of the increase is in short 
season areas (Western Canada and Northern Regions) where the Soybean Cyst Nematode (SCN) is an emerging issue.  
The Protein-protein Interaction Prediction Engine (PIPE) is a highly efficient sequence-based computational tool used to predict protein-protein 
interactions (PPI) in many organisms, including soybean. PPIs are essential molecular interactions that define the biology of a cell, its 
development and its responses to various stimuli. Theoretically, if a gene interacts with groups of genes involved in one specific pathway, that 
gene might also be involved in that specific pathway (“guilt by association”). Our knowledge of global PPI networks in complex organisms such 
as human and plants is restricted by technical limitations of current methods.  
The need for larger-scale and increasingly complex PPI prediction tasks demands that state-of-the-art predictors be highly efficient and adapted 
to inter- and cross-species predictions. Here, PIPE4 was used to predict the comprehensive interactomes for two prediction schemas: 1) cross-
species predictions, where Arabidopsis thaliana is used as a proxy to predict the first comprehensive Glycine max interactome; and 2) a 
combined schema involving both cross- and inter-species predictions, where both Arabidopsis thaliana and Caenorhabditis elegans are used as 
proxy species to predict the interactome between Glycine max (the soybean legume) and Heterodera glycines (SCN).  
With increasingly accurate and efficient PPI predictors applicable to complex prediction schemas, researchers can now generate comprehensive 
interactomes that were originally prohibitive. For example, generating the H. glycines-G. max interactome can offer unprecedented insight into 
the molecular mechanisms between these species, generating novel therapeutic leads related to the host-pathogen interactions. These 
interactomes may have far-reaching agricultural and economic impact for diverse goals including Molecular Breeding and Marker Assisted 
Selection. 
 
PE0080: Methods: Bioinformatics 
Genome-Wide Search for Disease Resistance Genes in Model Plant Arabidopsis and Cereal Crops 



Rong-Cai Yang, University of Alberta, Edmonton, AB, Canada 
The objective of this presentation is to describe a strategy of tapping into the rich, little-exploited Arabidopsis genomic resources, thereby 
accelerating discovery of novel candidate genes with resistance to diseases in cereal crops wheat and barley whose genomes are much larger, 
more complex and less well-characterized. Specifically, we take advantage of the availability of phenotyping data for 21 defense-related traits 
and ~12.8 million SNP markers recently released by the 1001 Arabidopsis genomes project. The variant annotated SnpEff VCF file includes 
1135 accessions (inbred lines) genotyped for 12,883,854 SNPs. This huge VCF file is read in parts (chunks) by a R program which also converts 
the VCF format for genotype coding into the usual numerical format (0, 1 and 2) for subsequent statistical analyses. The 21 phenotypes consist of 
12 quantitative (continuously varying) traits and nine binary (e.g. disease presence or absence) traits, representing a range of responses of 
Arabidopsis against three different types of plant pests: two bacteria (Pseudomonas syringae and P. viridiflava), a fungus (Peronospora 
parasitica) and an herbivorous insect (Myzus persicae). Genome-wide scan for SNP-phenotype associations is first done by a simple single-
marker model and then confirmed by more advanced linear mixed models (LMMs) that account for potentially different genetic architectures 
(i.e., different distributions with different types of mixtures of major and minor genic effects across the genome) for different diseases. Those 
SNPs that are significantly associated with two or more pest-resistance phenotypes are aligned to the candidate genes predicted homologous to 
the genes with resistance to diseases in cereal crops (barley, maize, rice and wheat) as inferred from the GWAS results in T3 and CerealsDB 
databases. This homology-based strategy may help overcome challenges of the usual map-based approaches to gene discovery including 
prohibitive costs with intensive phenotyping and genotyping and tedious fine-scale search for physical positions of resistance genes. 
 
PO0081: Methods: Bioinformatics 
Crossword: A Data-Driven Simulation Language for the Design of Genetic-Mapping Experiments and Breeding Strategies 
Walid Korani, University of Georgia, Athens, GA and Justin N Vaughn, USDA ARS, Athens, GA 
Quantitative genetic simulations can save time and resources by optimizing the logistics of an experiment. Current tools are difficult to use by 
those unfamiliar with programming, and these tools rarely address the actual genetic structure of the population under study. Here, we introduce 
crossword, which utilizes the widely available re-sequencing and genomics data to create more realistic simulations and to reduce user burden. 
The software was written in R, to simplify installation and implementation. Because crossword is a domain-specific language, it allows complex 
and unique simulations to be performed, but the language is supported by a graphical interface that guides users through functions and options. 
We first show crossword’s utility in QTL-seq design, where its output accurately reflects empirical data. By introducing the concept of levels to 
reflect family relatedness, crossword can simulate a broad range of breeding programs and crops. Using levels, we further illustrate crossword’s 
capabilities by examining the effect of family size and number of selfing generations on phenotyping accuracy and genomic selection. 
Additionally, we explore the ramifications of large phenotypic difference among parents in a QTL mapping cross, a scenario that is common in 
crop genetics but often difficult to simulate. 
 
PE0082: Methods: Bioinformatics 
Assessing Genome Assembly Quality Using the LTR Assembly Index (LAI) 
Shujun Ou1, Jinfeng Chen2 and Ning Jiang1, (1)Michigan State University, East Lansing, MI, (2)University of California, 
Riverside, Riverside, CA 
Assembling a plant genome is challenging due to the abundance of repetitive sequences, yet no standard is available to evaluate the assembly of 
repeat space. LTR retrotransposons (LTR-RTs) are the predominant interspersed repeat that is poorly assembled in draft genomes. Here, we 
propose a reference-free genome metric called LTR Assembly Index (LAI) that evaluates assembly continuity using LTR-RTs. After correcting 
for LTR-RT amplification dynamics, we show that LAI is independent of genome size, genomic LTR-RT content, and gene space evaluation 
metrics (i.e., BUSCO and CEGMA). By comparing genomic sequences produced by various sequencing techniques, we reveal the significant 
gain of assembly continuity by using long-read-based techniques over short-read-based methods. Moreover, LAI can facilitate iterative assembly 
improvement with assembler selection and identify low-quality genomic regions. To apply LAI, intact LTR-RTs and total LTR-RTs should 
contribute at least 0.1% and 5% to the genome size, respectively. The LAI program is freely available on GitHub: 
https://github.com/oushujun/LTR_retriever. 
 
PO0083: Methods: Bioinformatics 
TAMA: Software for Iso-Seq Transcriptome Annotation 
Richard Kuo, Roslin Institute, University of Edinburgh, Edinburgh, United Kingdom, Jacqueline Smith, Roslin Institute, 
Edinburgh, United Kingdom, Alan L. Archibald, The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, United 
Kingdom and David W. Burt, University of Queensland, Brisbane, QLD, Australia 
Long read transcriptome sequencing, such as Iso-Seq, can provide accurate transcript/gene models that surpass even reference genome 
annotations. However, due to the properties of Iso-Seq data, the processing methods are completely different than conventional short read 
analysis. The Transcriptome Annotation by Modular Algorithms (TAMA) tool has been built specifically to handle the unique properties of Iso-
Seq and other long read transcriptome sequencing data.  
TAMA currently contains two main tools: TAMA Collapse and TAMA Merge. There is an additional pipeline for predicting non-sense mediated 
decay (NMD) transcripts and identifying open reading frames (ORF). TAMA Collapse takes mapped reads as input and provides a high quality 
non-redundant transcript model set as an output which can be directly used as a transcriptome annotation. TAMA Merge manages the merging of 
different transcriptomes from different source types such as RNAseq based transcriptomes and public reference transcriptomes.  
The core philosophy behind TAMA is to provide the user with as much control over the tool behavior as possible and to provide detailed reports 
of the data and how the algorithms functioned with each run. The modular nature of the tools means that they can be used in different 
combinations to solve different analyses problems or look at different aspects of the data.  
TAMA is also rapidly growing with feature updates and new tools to fit increasing demand for long read transcriptome analyses. Tool/feature 
requests can be submitted via the github repository (github.com/GenomeRIK/tama) or by emailing GenomeRIK@gmail.com. 
 



PE0084: Methods: Bioinformatics 
psRNATarget V2: A High-Performance Plant Small RNA Target Analysis Server 
Xinbin Dai, Zhaohong Zhuang and Patrick X. Zhao, Noble Research Institute, Ardmore, OK 
The psRNATarget (http://plantgrn.noble.org/psRNATarget/) was developed to identify the targets of Plant regulatory small RNAs (sRNAs), 
which include most microRNAs (miRNAs) and a subset of small interfering RNAs (siRNAs), such as the phased siRNAs (phasiRNAs) that share 
same mechanisms in post-translational gene silencing and translational inhibition. It predicts the targets of a given sRNA by (i) analyzing the 
complementary matching between the sRNA sequence and target mRNA sequence using a predefined scoring schema, and (ii) by evaluating 
target site accessibility.  
In the psRNATarget V2, we developed a new scoring schema that is capable of discovering miRNA-mRNA interactions at higher 'recall rates' 
without significantly increasing total prediction output, thus significantly enhanced its analytical performance. We also provided interfaces to 
enable users to further customize the scoring schema to search both canonical and non-canonical targets. The psRNATarget V2 enables 
transmitting and analyzing 'big' data through (a) the implementation of multi-threading chunked file uploading, which can be paused and 
resumed, using HTML5 APIs and (b) the allocation of significantly more computing nodes to its back-end Linux cluster. The psRNATarget V2 
has clear, compelling and user-friendly interfaces that enhance user experiences and present data clearly and concisely. 
 
PO0085: Methods: Bioinformatics 
GenSAS v6.0: A Web-Based Platform for Structural and Functional Annotation of Model and Non-Model Organisms 
Jodi L. Humann1, Taein Lee2, Stephen P. Ficklin3, Chun-Huai Cheng2, Heidi Hough1, Sook Jung1, Jill L. Wegrzyn4, David B. 
Neale5 and Dorrie Main1, (1)Washington State University, Pullman, WA, (2)Washington State University, Pullman, Pullman, WA, 
(3)Dept of Horticulture, Washington State University, Pullman, WA, (4)Department of Ecology and Evolutionary Biology, 
University of Connecticut, Storrs, CT, (5)Department of Plant Sciences, University of California, Davis, Davis, CA 
The Genome Sequence Annotation Server v6.0 (GenSAS, www.gensas.org) is a web-based annotation platform that combines several common 
annotation tools into one easy-to-use, integrated resource. The annotation process is carried out in user-friendly interfaces with embedded 
instructions and only requires a user account and internet access. GenSAS has annotation tools for eukaryotes and prokaryotes and supports 
model and non-model organisms. GenSAS allows users to upload Illumina RNA-Seq reads (or specify datasets from the NCBI SRA database), 
align the reads to the genome using HISAT2 or TopHat2, and use the aligned data to train the gene model prediction programs AUGUSTUS and 
BRAKER2, which allows for more accurate gene models for eukaryotic genomes, especially non-model organisms. JBrowse and Apollo are 
integrated into GenSAS allowing for structural annotation results to be easily viewed and manual annotation curation to be performed. Users can 
share GenSAS projects with other users and manual curation can easily be a collaborative project. GenSAS also has a functional annotation step 
to assign protein functions and identify functional domains to the official gene set. After the annotation process is complete, the final step of the 
GenSAS pipeline is to generate the required files for publication and allows the user to run BUSCO on the predicted proteins to assess he 
completeness of the annotation. 
 
PE0086: Methods: Bioinformatics 
The Germinate 3 Plant Resources Data Platform 
Sebastian Raubach, Gordon Stephen, Iain Milne, David Marshall and Paul Shaw, The James Hutton Institute, Dundee, United 
Kingdom 
Germinate is an open source plant database infrastructure and application programming platform on which complex data from genetic resources 
collections can be stored, queried, and visualized using common, reusable, programming components. Germinate utilises modern web and 
database standards to provide a standard architecture and high-performance web-based user interface and analytics functionality across a wide 
variety of data types. Germinate is fully compliant with the Multi-Crop Passport Descriptors (MCPD V.2.1) developed by the Food and 
Agriculture Organisation (FAO). The single point of access for all background data on genetic resources collections that Germinate implements 
provides a valuable digital curation resource as well as offering essential continuity on how new data is recorded and archived.  
Germinate not only acts as storage for experimental data but also offers connections to visual analytics tools such as Helium for pedigree 
visualization and Flapjack for graphical genotyping. We have prioritised the development of tools to allow the export of data in formats suitable 
for analysis in statistical analysis tools such as R.  
Germinate has been developed as an extensible platform, with an aim of offering an off-the-shelf solution for the storage of genetic resources 
data and has been used in several projects across a wide variety of species including barley, wheat, potato, maize and eggplant. Because 
Germinate is open source, where the necessary skills exist, increased functionality may be added to the platform as required. Development of 
Germinate components are made immediately available to all users of the software.  
https://ics.hutton.ac.uk/get-germinate 
 
PO0087: Methods: Bioinformatics 
Isophase: Haplotyping Using Full-Length Transcript Sequencing in a F1 Maize Hybrid Reveals Allele-Specific Expression 
Elizabeth Tseng1, Bo Wang2, Kevin Eng3, Primo Baybayan3 and Doreen Ware2, (1)PacBio, Menlo Park, CA, (2)Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY, (3)Pacific Biosciences, Menlo Park, CA 
An important need in analyzing complex genomes is the ability to separate and phase haplotypes. While whole genome assembly can deliver this 
information, it cannot reveal whether there is allele-specific gene or isoform expression. Full-length transcript sequencing using long read 
technology has enabled researchers to characterize alternative splicing events and improve genome annotation. The PacBio Iso-Seq method, 
which can produce high-quality transcript sequences of 10 kb and longer, has been used to annotate many important plant and animal genomes. 
However, the general Iso-Seq algorithm ignores SNP-level information, focusing instead on identifying alternative splicing differences. We 
present an algorithm called IsoPhase that post-processes Iso-Seq data for transcript-based haplotyping. 



For each gene, IsoPhase gathers the associated full-length reads, each representing a single transcribed molecule. It then calls SNPs and is able to 
infer the haplotype of the reads due to the full-length nature of the sequencing. The reads are sufficiently high-quality (usually >99%), thus 
requiring minimal error correction. 
We applied IsoPhase to a maize Iso-Seq dataset consisting of two homozygous parents and two F1 cross hybrids. We validated the majority of 
the SNPs called with IsoPhase against matching short read data and identified cases of allele-specific, gene-level and isoform-level expression. 
We investigated causes of SNP calling errors in both short and long read data, which are often associated with multi-mapping and highly similar 
genes. Finally, we explored the computational challenges with extending haplotyping to tetraploid species using both simulated and real Iso-Seq 
data. 
 
PE0088: Methods: Bioinformatics 
Rice Information GataWay (RIGW) and CRISPR-P Genome Editing Tools in Plants 
Jia-Ming Song1, Hao Liu1, Yang Lei1, Kabin Xie1, Jianwei Zhang2 and Ling-Ling Chen3, (1)Huazhong Agricultural University, 
Wuhan, China, (2)Arizona Genomics Institute, University of Arizona, Tucson, AZ, (3)Huazhong Agriculture University, Wuhan, 
China 
We established a comprehensive bioinformatics platform, Rice Information GataWay (RIGW), to provide GBrowse-based view of two Oryza 
sativa ‘xian’ rice reference genomes Zhenshan 97 (ZS97) and Minghui 63 (MH63) and other omics data. RIGW offered homologs among ‘xian’ 
and ‘geng’ rice, and other plant species. User-friendly web interfaces were also provided to show the predicted PPIs in rice, the metabolic 
pathways in ZS97/MH63, CRISPR-Cas single guide RNA design tool and GO enrichment in RIGW. All the genomic sequences and annotation 
could be freely accessed, and useful links to other public databases were offered. RIGW is freely available at http://rice.hzau.edu.cn/. 
CRISPR-P provides web services for computer-aided design of sgRNA with minimal off-target potentials, which supports sgRNA design for 
most of the sequenced plant genomes. CRISPR-P supports to design guide sequences for various CRISPR-Cas systems including Cpf1 and 
various Cas9 endonucleases. A comprehensive analysis of the guide sequence is provided, including GC content, restriction endonuclease site, 
microhomology sequence flanking the targeting site (microhomology score), and the secondary structure of sgRNA. Identification of sgRNA 
from custom sequences is also provided. CRISPR-P is freely available at http://cbi.hzau.edu.cn/CRISPR2/. 
 
PO0089: Methods: Bioinformatics 
TOMATOMICS: Integrated Web Database for Omics Data and Knowledge-Based Functional Annotation in Tomato 
Shun Ohki1, Misao Senbokuya1, Misa Saito1, Maasa Kanno1, Hajime Ohyanagi1,2, Koh Aoki3 and Kentaro Yano1, (1)School of 
Agriculture, Meiji University, Kawasaki, Japan, (2)King Abdullah University of Science and Technology, Thuwal, Saudi Arabia, 
(3)Graduate School of Life and Environmental Sciences, Osaka Prefecture University, Sakai, Japan 
To facilitate basic and applied research on tomato, comprehensive experimental resources and omics information have been developed and made 
it available. For instance, mutant lines and cDNA clones from Micro-Tom are representative experimental resources. ESTs and full-length 
cDNAs (FL-cDNA) data from Micro-Tom are continuing to accumulate. In conjunction with the reference genome sequence of Heinz1706 from 
Sol Genomics Network, the experimental resources have facilitated comprehensive analyses. We have maintained TOMATOMICS 
(http://bioinf.mind.meiji.ac.jp/tomatomics/) to assist in exploiting the experimental resources and omics information. In the TOMATOMICS, 
experimental resources information and Tomato omics data are provided in an integrative manner. Public RNA-Seq data were also integrated as 
evidence for transcription. Recently TOMATOMICS has been updated to easy to search and browse about NBRP Micro-tom FL-cDNA clones.  
To enhance the usability of the transcriptional evidence, we inferred gene structure by using the Heinz1706 RNA-Seq data and Micro-Tom FL-
cDNAs. The FL-cDNA sequences were mapped onto the reference genome, then the result was merged with the ITAG2.4. The merged 
information was used as a supervisor in assemble of RNA-Seq reads into transcripts. The transcripts were applied for prediction of open reading 
frames, 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. Now Structural annotation TMCS version1.2.1 is provided in the TOMATOMICS. Currently, working on upgrade a TMCS, 
Since SL3.0 and ITAG3.2 were released by Sol Genomics Network. 
 
PE0090: Methods: Bioinformatics 
Establishment of Comprehensive Fruit Softening Browser on Fruit Softening Related Genes 
Kikwang Oh, Hoyong Chung, Hyunbae Lee, Sathishkumar Natarajan, Dawood Dudekula, Sridhar Srinivasan, Mohamed Alameen, 
Mohammed Sameer and Junhyung Park, 3BIGS CO., LTD., Hwaseong-si, South Korea 
Fruit maturation is a developmental process and more complex modifications were occurred in cell wall components. Its highly associated with 
fruit ripening color, texture, taste and flavor. To date, softening related genes such as polygalacturonase (PG), pectate lyase (PL), pectin 
methylesterase (PME), β-galactosidase (β-Gal), rhamnogalacturonan (RG), xyloglucan-endotransglycosylase (XET) and expansin has been 
studied. Among these enzymes, PG and PL which are an important hydrolytic enzyme involved in pectin degradation have been extensively 
studied and considered to be the most powerful enzyme regulating fruit softening. However, the exact mechanisms and specific modifications of 
the cell wall during fruit softening need to be studied. In recent advancements of Next Generation Technology (NGS), we have customized 
browser platforms for supporting fruit softening research to investigate such differences at the genome level in relation to genes which involved 
in fruit ripening and softening. In this study, we have developed a comprehensive fruit softening browser (FSB) that consists of fruit softening 
related gene resources, support to perform network analysis, gene orthologues, comparative analysis with their family species, provides genome 
browser support, blast search and cross linked with public platforms (genomic and transcriptomic datasets). This FSB is particularly useful for 
individuals who are new to NGS and will be valuable platform for understanding the mechanisms of the softening-related genes in fruit biology. 
 
PO0091: Methods: Bioinformatics 
Building a Pangenome of Lettuce 



Sagayamary Sagayaradj1,2, Sebastian Reyes-Chin-Wo3, Dean Lavelle4 and Richard Michelmore4, (1)BASF Vegetable Seeds, West 
Sacramento, CA, (2)UC Davis, Davis, CA, (3)Genome Center, University of California, Davis, Davis, CA, (4)Genome Center, 
University of California, Davis, CA 
Pangenome analysis becomes inevitable as an increasing number of genomes are sequenced from the same species. Lettuce (Lactuca sativa L.) is 
a commercially important crop with an annual farm-gate value of more than $3.1 billion in the United States. Multiple genomes of cultivated (L. 
sativa) and wild Lactuca species (L. serriola, L. saligna, L. virosa) have been sequenced and are in various stages of assembly. Comparisons to 
the pseudo-chromosome assemblies of L. sativa and L. serriola have identified several conserved and divergent genomic regions between the 
two genomes. Current variant detection has been limited to the single reference genome. To overcome this constraint we are developing a graph-
based Lactuca pan-genome resource incorporating multiple de novo Lactuca assemblies. Publicly available pangenome toolkits are currently 
being evaluated for their ability to accommodate the large genome (2.7 Gb) and high repeat content of cultivated lettuce. Completion of the 
pangenome will provide a new toolkit for syntenic inferences across multiple genotypes and species and facilitate map-based cloning of 
agriculturally important genes required for lettuce improvement. Pangenome analysis will allow the mapping of introgressed segments and 
understanding of structural and functional differences specific to a line. 
 
PE0092: Methods: Bioinformatics 
MtSSPdb: The Medicago truncatula Small Signaling Peptide Database 
Clarissa Boschiero1, Xinbin Dai1, Peter K. Lundquist1, Sonali Roy1, Thomas Christian de Bang2, Shulan Zhang1, Zhaohong 
Zhuang1, Ivone Torres-Jerez1, Michael K. Udvardi1, Wolf R. Scheible1 and Patrick X. Zhao1, (1)Noble Research Institute, 
Ardmore, OK, (2)University of Copenhagen, Frederiksberg C, Denmark 
Small Signaling Peptides (SSPs) are emerging as an important class of regulatory molecules in plants, play important roles plant developmental 
processes, nutrient acquisition, and stress responses. Medicago truncatula is a premier model legume species, which is closely related to the most 
important forage species, alfalfa and to food legumes such as soybean and common bean.  
We developed MtSSPdb database (http://mtsspdb.noble.org/) which hosts comprehensive genomics and transcriptomics data, with a focus on 
SSP-encoding genes, in M. truncatula. The MtSSPdb consists of three important components: (1) re-annotated gene models and annotations of 
M. truncatula genes, including our newly reported 4,425 putative and known SSP genes and related family information. It is worth mentioning 
that we also included a peptide library, currently consisting of 155 synthetic peptides representing 101 SSP candidates. These peptides were 
tested for 58 root-related traits on M. truncatula, Arabidopsis thaliana and Panicum virgatum. (2) SSP Gene Expression Atlas (SSP-GEA), 
which hosts 13 RNA-seq experiments including macronutrient deficiencies, nodule development, hormone, salt stress, symbiotic interactions, 
and plant tissues. (3) A series of analytic tools, such as differential gene expression, co-expression, GO enrichment, and KEGG enrichment 
pathway analysis, SSP prediction tool and BLAST.  
The MtSSPdb is the first database in plants to integrate comprehensive SSP information and large-scale gene expression data, and to provide a 
detailed synthetic peptide library tested for multiple root-related traits. In near future, we aim to expand this database into other important plant 
models, including (but are not limited to) A. thaliana and Brachypodium distachyon. 
 
PO0093: Methods: Bioinformatics 
SoyKB and KBCommons Framework for Enabling Multi-omics Research Applications 
Shuai Zeng, University of Missouri, Columbia, MO 
Advancement of next generation sequencing and high-throughput technologies has resulted in generation of multi-level of ‘OMICS’ data for 
many organisms. However, these data are often individually scattered across different repositories based on data type, making it difficult to 
integrate them. We have addressed this issue through our in-house developed Soybean Knowledge Base (SoyKB) framework, a comprehensive 
web-based resource. It acts as a centralized repository for soybean multi-omics data, and is equipped with an array of bioinformatics analytical 
and graphical visualization tools. It is available at http://soykb.org and has proven to be a great success with more than 500 registered users. 
Users working on other biological organisms including plants, animals and biomedical diseases have similar needs and the developed framework 
can be expanded to make the visualization and analysis tools function for other organisms, without having to reinvent the wheel. To achieve this 
we have developed KBCommons, a platform that automates the process of establishing the database and making the tools for other organisms 
available via a dedicated web resource. It provides information for six entities including genes/proteins, microRNAs/sRNAs, metabolites, SNP, 
traits as well as plant introduction or strains/populations. It also incorporates several multi-omics datasets including transcriptomics, proteomics, 
metabolomics, epigenomics, molecular breeding and other types. We have currently expanded KBCommons framework and tools to Zea mays , 
Arabidopsis, Mus musculus and Homo sapiens. We have integrated various genomics dataset for maize including RNAseq B73 mutants and 
Tassel meristem from our collaborators. It provides a suite of tools such as the gene/metabolite pathway viewer, Protein Bio-Viewer, heatmaps, 
scatter plots and hierarchical clustering. It also provides access to PGen, Pegasus analytics workflows developed for genomics variations 
analysis. It also has suite of tools for differential expression analysis of transcriptomics and other multi-omics datasets including venn diagrams, 
volcano plots, function enrichment and gene modules. 
 
PE0094: Methods: Bioinformatics 
Automatic Genome Annotation Looping over Species 
Mario Stanke, University of Greifswald, Greifswald, Germany and Katharina J. Hoff, Ernst-Moritz-Arndt Universität Greifswald, 
Greifswald, Germany 
RNA-Seq spliced alignments are needed both for training of statistical gene finders and for increasing the accuracy of their prediction. For a 
species that ought to be (re-)annotated, the sequence read archive (SRA) often contains large data from hundreds or thousands of sequencing 
runs. However, the read data is very heterogeneous with highly varying alignability and percentage of spliced reads. Further, experiments from 
different tissues or conditions cover different subsets of the set of all transcripts. 
We present results from the tool VARUS that uses an online algorithm to decide from which run to download and align (further) data in order to 
achieve a high usefulness for annotation with a small amount of data. It prefers runs whose reads align with a high average number of splices and 



whose expression profiles complement each other. VARUS does not use meta data that indicates tissue or condition, but rather the coverage 
distribution of genome regions to infer, how well further data from a run would cover yet poorly covered regions. We thereby find the same 
number of true introns with a much smaller number of downloaded reads than when manually selecting a set of sequencing runs to download and 
align completely. 
VARUS enables us further to have an annotation loop, where we need for each species only a genome assembly file and the binomial species 
name. VARUS creates a BAM file of spliced alignments, the BRAKER pipeline then trains GeneMark and AUGUSTUS, and the species-
specifically trained AUGUSTUS uses the spliced alignments for annotating each genome. 
 
PO0095: Methods: Bioinformatics 
An Interface for Genomic Prediction Analyses in SAS, JMP and R 
Luciano C. Silva, JMP Life Science Division of SAS Institute, Cary, NC 
Nowadays it has become clear that genomic prediction is a tremendous and valuable tool for helping to boost genetic gains in both plant and 
animal breeding programs. A key component for the success of the genomic prediction is the capability to train a series of predictive models that 
can deliver high enough accuracy when predicting the breeding values of unphenotyped individuals. With the rapid advances in computational 
power and newly designed predictive algorithms many statistical packages are now available for prediction. There is, however, a variety of 
computer environments on which these packages are available, to mention a few, SAS, JMP, R, Python, and son, and not all algorithms are 
implanted in all environments. In one hand, Analysts love to test as many algorithms as possible and pick the best ones, which may change 
depending on species, traits, and other factors. On the other hand, the frequent need for data manipulation to adjust the input format when 
switching over packages is time consuming and prone to error. We implemented a user-friendly interface for genomic prediction that allows the 
interchange of input data and results between SAS, JMP, and R. In this interface, many frequentist and Bayesian methods can be trained and 
tested using cross validation techniques, and the results be straightforwardly used in additional user interfaces designed specifically for cross 
evaluation and progeny simulation in the JMP Genomics software. 
 
PE0096: Methods: Bioinformatics 
RaGOO: Fast Reference-Guided Ordering and Orienting of Genome Assembly Contigs 
Michael Alonge1, Sebastian Soyk2, Sara Goodwin2, Srividya Ramakrishnan1, Fritz J. Sedlazeck3, Zach Lippman2 and Michael 
Schatz1,2, (1)Johns Hopkins University, Baltimore, MD, (2)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (3)Baylor 
College of Medicine, Human Genome Sequencing Center, Houston, TX 
As the number of reference quality genome assemblies continues to grow, there is an increasing demand for methods to coalesce the contigs from 
draft assemblies into pseudochromosomes. Most current methods make use of genomic maps or chromatin conformation data (Hi-C), however 
these data are expensive and analysis methods often fail to accurately order and orient a high percentage of assembly contigs. Other approaches 
utilize contig alignments to a reference genome for ordering and orienting, however these tools rely on slow aligners, and are not robust to 
repetitive contigs. Here, we present RaGOO, a reference-guided contig ordering and orienting tool that leverages the speed and sensitivity of 
Minimap2 to accurately construct pseudochromosomes. RaGOO also provides the option to correct chimeric contigs. Finally, with the 
pseudochromosomes constructed, RaGOO identifies structural variants, including structural variations spanning sequencing gaps that are not 
reported by alternative methods. We first show that RaGOO accurately and quickly orders and orients contigs from a S. lycopersicum genome 
assembly. We then demonstrate the utility of this speed and accuracy with a pan-genome analysis of over 100 Arabidopsis thaliana accessions by 
comparing structural variants detected after ordering and orientation. 
 
PO0097: Methods: Bioinformatics 
RNA-Seq Dataset Comparability and Discovery of Low-Abundance but Differentially Expressed Transcripts Across Diverse 
Samples 
Naga Bhushana Rao Karampudi, Ai Kitazumi, Jake Gendron and Benildo G. de los Reyes, Department of Plant and Soil Science, 
Texas Tech University, Lubbock, TX 
RNA-Seq data is highly dispersed in experiments involving inter-genotypic comparisons such as those across IR29, Pokkali and their 
recombinant inbred progenies. In this work we demonstrate how to directly compare two diverse parental genotypes of rice (i.e., cv IR29 
belonging to the indica group and cv. Pokkali belonging to the Aus sub-group) and several of their recombinant inbred progenies in terms of their 
responses to dehydration stress. Because of the inherent genomic variation and wide phenotypic contrasts across this ‘parents-to-recombinant 
offspring’ comparative panel, the dynamic range in expression were unusually extreme, preventing an efficient extraction of biologically 
meaningful similarities and differences across genotypes and time-points. Using the dehydration stress response of Rice from different parental 
genotypes and their recombinant inter-genotypic offspring and their temporal RNA-Seq comprise the comparative panel upon which we use 
propensity normalization and show how it can enhance the discovery of low-abundance but differentially expressed transcripts from regulatory 
genes, and how it can improve the comparability of highly dispersed RNA-Seq datasets across diverse genotypes. The analysis pipeline 
following the propensity normalization is simple and straight forward, in which the transformed data can be stratified into quartiles of equal sized 
bins which can be selected while avoiding confounding. Transcriptome data with large number of genes form enough number of quartiles which 
in turn help to select large enough data for analysis. We also show how the Log Fold Change methodology fairs against propensity normalization 
based analysis of transcriptome data besides evaluating their efficiency in the RNA-Seq data analysis.  
 
PE0098: Methods: Bioinformatics 
Improvements to Genotype Calling in Polyploids Using the polyRAD R Package 
Lindsay V. Clark, Alexander E. Lipka and Erik J. Sacks, Dept of Crop Sciences, University of Illinois, Urbana, IL 
Genotype calling from sequencing data can be problematic in polyploid organisms due to uncertainty in allele dosage in heterozygotes, in 
addition to erroneous calling of heterozygotes as homozygotes due to undersampling of alleles. Bayesian methods have been used to ameliorate 
this uncertainty by setting prior probabilities for genotypes based on expected frequencies in the population being studied, estimating genotype 



likelihoods based on sequence read depth, then using priors and likelihoods to estimate genotype posterior probabilities. Moreover, rather than 
using only the most probable genotypes in downstream analysis, continuous numeric genotypes can be utilized to reflect genotype uncertainty, 
and have been demonstrated to increase power in GWAS and genomic selection. Here we present improvements to the R package polyRAD, 
which implements Bayesian genotype calling algorithms and can output discrete or continuous genotypes. By utilizing population structure 
and/or linkage disequlibrium, these algorithms use information from high-depth markers to improve genotyping accuracy at low-depth markers, 
and represent a major advantage of polyRAD over other genotype callers. Because priors in polyRAD are highly informative, imputation of zero-
read genotypes using other software is unnecessary. Additionally, genotype likelihoods are now estimated using a beta-binomial distribution to 
account for varying contamination rates and other issues that can cause messy data. Computational speed is optimized using vectorization and 
compiled functions, and utilities are available to split datasets into chunks that can be processed on a personal computer. Autopolyploid, 
allopolyploid, and variable inheritance modes are supported. polyRAD is part of the Ploidyverse suite of interoperable software for polyploid 
genomics. 
 
PO0099: Methods: Bioinformatics 
Impact of Genotype Calling Methodologies on GWAS Sensitivity in Polyploids 
Joyce Njuguna1, Lindsay V. Clark1, Xiaoli Jin2, Karen Koefoed Petersen3, Kossonou Anzoua4, Larisa Bagmet5, Pavel Chebukin5, 
Elena Dzyubenko5, Nicolay Dzyubenko5, Bimal K. Ghimire6, Kweon Heo7, Douglas A. Johnson8, Uffe Jørgensen9, Jens B. 
Kjeldsen9, Hironori Nagano10, Andrey Sabitov5, Toshihiko Yamada11, Ji Hye Yoo12, Chang Yeon Yu12 and Erik J. Sacks1, (1)Dept 
of Crop Sciences, University of Illinois, Urbana, IL, (2)Zheijiang University, Hangzhou, China, (3)Aarhus University, Årslev, 
Denmark, (4)Hokkaido University, Sapporo, Hokkaido, Japan, (5)Vavilov All-Russian Institute of Plant Genetic Resources, St. 
Petersburg, Russian Federation, (6)Konkuk University, Gwangjin-gu, South Korea, (7)Kangwon National University, Chuncheon, 
South Korea, (8)USDA-ARS Forage and Range Research Lab -Utah State University, Logan, UT, (9)Aarhus University, Tjele, 
Denmark, (10)Hokkaido University, Hokkido, Japan, (11)Field Science Center for Northern Biosphere, Hokkaido University, 
Sapporo, Japan, (12)Kangwon National University, Chuncheon, Korea, Republic of (South) 
Discovery and analysis of the genetic variants underlying agriculturally important traits is key to molecular breeding and improvement of 
polyploid crops. Reduced representation approaches have provided fast and cost efficient genotyping using next generation sequencing (NGS). 
However, accurate genotype calling from NGS data is challenging particularly in polyploid species where there is uncertainty in allele copy 
number in heterozygotes due to the genome multiplicity, complex inheritance patterns and low sequencing depth. Recently developed Bayesian 
statistical methods can increase the accuracy of genotype calling by using genotype likelihoods, while incorporating population level data to 
obtain measures of uncertainty associated with genotypes. We assess the accuracy and variability of three Bayesian algorithms implemented in 
polyRAD, EBG and updog, and demonstrate the impact of their allele dosage estimation on genome wide association analysis (GWAS). We 
compare the performance of these Bayesian genotype callers to naive genotype calling approaches using the Genome Analysis Toolkit (GATK). 
We implemented the genotype calling on a dataset from a diversity panel of Miscanthus sacchariflorus, and performed association analysis of 
flowering time and tillering which are key yield related traits. We demonstrate that these Bayesian genotype calling approaches increase power 
for GWAS, hence facilitating the discovery of genes that underlie agriculturally important traits and accelerating crop breeding. 
 
PE0100: Methods: Bioinformatics 
Performance of Gene Expression Analyses using de novo Assembled Transcripts in Polyploid Species 
Lingyun Chen, Department of Plant and Microbial Biology, University of Minnesota, St Paul, MN, Diego F. Morales-Briones, 
University of MinnesotaDepartment of Plant and Microbial Biology, University of Minnesota, Saint Paul, MN, Courtney N. 
Passow, Department of Ecology Evolution and Behavior, University of Minnesota, St Paul, MN and Ya Yang, Department of Plant 
and Microbial Biology, University of Minnesota, Saint Paul, MN 
Despite of recent advance in gene expression analyses using de novo assembled transcripts, quality of such analyses in species experienced 
recent polyploidization is yet unexplored. Five plant species with various polyploidy history were used for differential gene expression (DGE) 
analyses. DGE analyses using putative genes inferred by Trinity performed similar to or better than Corset and Grouper in precision, but lower in 
sensitivity. In species that lack polyploidy event in the past few million years, DGE analyses using de novo assembled transcriptome identified 
50–76% of the differentially expressed genes recovered by mapping reads to the reference genes. However, in species with more recent 
polyploidy event, the percentage decreased to 7–30%. In addition, 7–89% of differentially expressed genes from de novo assembly are 
contaminations. Gene co-expression network analyses using de novo assemblies vs. mapping to the reference genes recovered the same module 
that significantly correlated with treatment in one of the five species tested. 
 
PO0101: Methods: Bioinformatics 
Investigation of Strategies to Improve Annotation and Assembly of Conifer Genomes 
Alyssa M. Ferreira1, Sumaira Zaman2, Madison Caballero1 and Jill L. Wegrzyn1, (1)Department of Ecology and Evolutionary 
Biology, University of Connecticut, Storrs, CT, (2)Department of Computer Science and Engineering, University of Connecticut, 
Storrs, CT 
High quality conifer reference genomes can contribute to paper/pulp production, biofuels research, reforestation efforts, and overall forest health. 
The current draft conifer genomes, available for six species, remain challenging to both assemble and annotate due to their immense size (> 
18Gbp), repeat content (> 85%), pseudogene prevalence (>5%), and long introns (up to 850Kbp). Despite these large genomes, the total number 
of genes is estimated to be between 30,000 and 40,000. Existing genome annotation programs are capable of processing large genomes, however, 
they produce fragmented gene models and do not effectively distinguish between genes and pseudogenes. These programs will often generate 
upwards of 100,000 potential gene models. We have improved the quality of the annotations by reducing fragmentation through a combination of 
protein and transcript evidence alignments with ab initio predictions. This investigation focused on three species: loblolly pine (Pinus taeda), 
Douglas fir (Pseudotsuga menziesii), and sugar pine (Pinus lambertiana). This study examined the impact of different types of aligned evidence 
(Illumina RNA-Seq reads, de novo assembled short read sourced transcripts, and longer PacBio Iso-Seq sourced transcripts). This evidence was 



compared with semi-supervised predictions provided by the Braker annotation pipeline as well as previous annotations from MAKER. A variety 
of informatic methods were employed to resolve fragmentation that ranged from overlap analysis with Bedtools to applications such as 
EVidenceModeler (EVM) that weight evidence from multiple sources. The final set of genes and the associated methods will provide guidelines 
on refining preliminary annotations from genome annotation applications. 
 
PE0102: Methods: Bioinformatics 
Comparative Genomic Analysis Suggests White Spruce Widespread Adaptation Using Ubiquitin and AP2 Transcription 
Factors 
Kristina Gagalova, Genome Science Center, Vancouver, BC, Canada 
Spruce (gen. Picea) is a coniferous evergreen family primarily found in the Northern hemisphere. These species dominate the natural landscape 
across Canada and play an important role in the lumber industry. We have sequenced and assembled draft genomes for three spruce species: 
White spruce - WS77111 (P. glauca), Sitka spruce - Q903 (P. sitchensis), and their ingress, British Columbia interior spruce - PG29. Despite the 
considerable improvements in de novo genome assembly algorithms for large genomes, these assemblies are highly fragmented due to the 
challenge of resolving the over 70% of their genomes contained in repeat elements. These incomplete and fragmented assemblies can lead to 
errors in gene identification and standard pipelines for genome annotation struggle to generate complete gene predictions. To compensate for 
this, we used orthogonal transcriptome resources to select contigs likely to contain complete genes, and then used MAKER-P with gene models 
specifically tailored to each spruce genome. We have annotated 39,008 genes in PG29, 24,072 in WS77111 and 25,670 in Q903 and respectively 
52.5%, 80.2%, 78.1% of those were annotation with a Pfam domain. WS77111 showed an enrichment for Ubiquitin family and AP2 
transcription factor domains which may suggest an expansion in those gene families. WS77111 is the most widespread species among the threes 
sequenced here and gene families expansion may indicate molecular functions involved in the environment adaptation. The genomic comparison 
between spruce trees native to different regions of Canada will help inform breeding programs to design new strategies for more resilient trees 
selection. 
 
PO0103: Methods: Bioinformatics 
Transcriptome Changes during Leaf Senescence in Populus 
Haiwei Lu, Vindhya Amarasinghe and Steven H. Strauss, Oregon State University, Corvallis, OR 
Leaf senescence is the programmed death of foliage that is essential to plant reproduction and survival in temperate environments. In this study, 
we examined transcriptome changes during leaf senescence under natural conditions in Populus trichocarpa using RNA-seq. Using RNA from 
leaf samples collected at the end of each month from May to October in 2012, 2015, and 2016, we built and sequenced a total of 58 RNA-seq 
libraries, each representing one time point and containing three biological replicates. We applied the HISAT-StringTie-Ballgown/DESeq2 
pipeline enabled by KBase to map and quantify the short reads and identify differentially expressed genes. We found that each library had at least 
18 million reads mapped to the reference genome. Pair-wise comparisons revealed extensive changes in gene expression. For example, of 32,328 
Populus gene models analyzed using DESeq2, we found that 14,962 (46%) were differentially expressed between May 2015 and Oct 2015, and 
9,202 (29%) were differentially expressed between July 2015 and Sept 2015 (FDR p-value < 0.05). Co-expression network analysis is underway 
using WGCNA, which is available on KBase. 
 
PE0104: Methods: Bioinformatics 
Sweet Genomes: Sequencing, Assembling, and Annotating Two Maples 
Susan L McEvoy, University of Connecticut, Storrs, CT 
Acer negundo (box elder) and Acer saccharum (sugar maple) represent the first two members of the genus, Acer, to be characterized at the 
genome level. Box elder is widely spread across North America and is commonly used as a fast growing ornamental and shade tree in urban 
areas. Sugar maple is found in the Eastern and Central U.S. and is commercially valuable for both its wood and sap. Sugar maple populations are 
currently declining in much of their natural range due to abiotic stressors, while box elder has proved more resilient to similar impacts. This 
resource will contribute to the relatively small collection of hardwood genomes sequenced and annotated to date, and provide a basis for 
investigations of their adaptive potential across their natural range. The sequencing design consists of deep long read coverage (90x) from Pacific 
Biosciences SEQUEL and short reads (150bp PE) with a single insert size from Illumina HiSeq. These diploid, highly heterozygous trees have 
moderate genomes relative to sequenced plants, and which we are currently estimating at 670Mbp and 400Mbp, respectively. The emphasis on 
long reads in the sequencing design is intended to circumvent some of the challenges associated with this complexity. The final genome 
assemblies result from assessments of multiple software packages and scaffolding methods. Annotation of these genomes will involve a 
combination of existing and novel approaches intended to evaluate gene prediction methods. This will leverage extensive tissue-specific RNA-
Seq data generated for both species. 
 
PO0105: Methods: Bioinformatics 
Construction of Linkage Maps in Octoploid Strawberry using GBS-Driven SNPs for Genome Improvement and Molecular 
Breeding. 
Jinkwan Jo1, Jungeol Yum1, Jinhee Kim2, Dosun Kim2 and Byoung-Cheorl Kang1, (1)Seoul National University, Seoul, South 
Korea, (2)National Institute of Horticultural and Herbal Science, Wanju-gun, Jeollabuk-do, South Korea 
The cultivated strawberry, Fragaria × ananassa, is an allo-octoploid species (2n = 8x = 56) with an estimated genome size of 708-720 Mb. 
Although strawberry is one of the important vegetable crops in Korea, the complex structure of the strawberry genome prevented molecular 
breeding in strawberry. Recently, advances of genomics in Fragaria have been made in diploid F. vesca and octoploid F. ananassa. In this 
study, we constructed linkage maps of cultivated strawberry using single nucleotide polymorphism (SNP) markers derived from genotyping-by-
sequencing (GBS). Three F. ananassa inbred lines were used for development of two F2 mapping populations: ‘Benihoppe 8-9’ × ‘Chandler 
S27-10’ (‘T137’) and ‘Benihoppe 8-10’ × ‘Sachinoka 14-9’ (‘L80’). We detected SNPs by aligning GBS reads of parental lines to F. × ananassa 
genome assembly (unpublished). A total of 36,550 SNPs and 54,856 were obtained for ‘T137’ and ‘L80’ populations respectively. The linkage 



map of ‘T137’ population was consisted of 56 linkage groups containing 1,169 high-quality SNPs and the total map length was 3,630 cM. The 
linakge map of ‘L80’ population was consisted of 36 linkage groups containing 683 high-quality SNPs and the total map length was 2,027 cM. 
This SNP-based linkage maps will be helpful for the scaffold order of strawberry genome and and molecular breeding of strawberry. 
 
PE0106: Methods: Bioinformatics 
An Integrated in-silico Approach to Explore Citrus and HLB Host-Pathogen Interactions 
Rakesh Kaundal and Cristian D Loaiza, Utah State University, Logan, UT 
In the recent years, citrus greening disease (or HLB) have become one of the biggest threats for Citrus production worldwide. There are no 
known methods for curing HLB. Efforts to control the disease are therefore more focused on prevention. Investigating host-pathogen interactions 
are critical in identifying potential genomic targets that can help in developing novel therapeutic methods and in understanding disease severity 
and epidemiology for enhanced management of HLB.  
Methods for computational detection of protein-protein interactions such as generalized interolog, domain-based and GO similarity prediction, 
were applied to dig into the interactome between Citrus clementina and its pathogen (Candidatus liberibacter asiaticus psy62 strain or CLas). A 
total of 290,686 unique interactions from 19,811 host and 776 pathogen proteins were identified after filtering, from which an interaction 
network was built. GO enrichment analysis showed significant terms such as binding-like and hydrolase activity among others that are related 
with HLB. Other downstream analysis such as proteins hubs discovery and pathways analysis were performed. Many of these novel interacting 
proteins identified by our bioinformatics approach has been reported in previous studies related to HLB infection, including pathogen protein 
sahA involved in salicylate hydrolaxe production.  
The identification of such inter-species protein-protein interacting pairs is fundamental to underline the mechanism of a disease. We hope our 
genome-scale analysis of Citrus-CLas interactome and identification of potential gene targets found interacting with critical HLB proteins will be 
helpful in implementing strategies to mitigate the actual situation about citrus greening disease. These bioinformatics methods could be 
implemented in other agriculturally important crops. 
 
PO0107: Methods: Bioinformatics 
The Banana Tracking Tool (BTracT) for Breeding Better Bananas 
Margaret Karanja, IITA, Nairobi, Kenya 
Banana is a key staple food in East Africa and a major subsistence crop worldwide. Globally, only 20% of the total production is exported 
whereas the rest is consumed locally. Complex ploidy and sterility issues, seed generation and subsequent meiotic events sums up the key 
challenges in Banana breeding. Therefore, logistical controlling and tracking crossing and tissue culture activities is critical. BTracT is designed 
to fulfill that need.  
BTracT is fully integrated with Musabase.org, a central repository of banana breeding information that enables data sharing and communications 
within the scientific community. This integration ensures seamless data flow to and from Musabase.  
BTracT uses mobile frameworks to record crossing activity in the field and tissue culture in the laboratory by providing a real-time data 
collection using barcodes and visualization. The system allows management, analysis and interpretation results in all stages of the crop 
improvement cycle within Musabase.  
This tool is built on workflows mapped with extensive input from the breeding programs. Its development is based on user feedbacks. BTracT is 
an open source tool accessible through (https://github.com/mkaranja/BTracT) its code integration to musabase through 
https://github.com/solgenomics 
 
PE0108: Methods: Bioinformatics 
Bias in Disease Resistance Gene Studies Due to Repeatmasking 
Philipp E. Bayer, David Edwards and Jacqueline Batley, University of Western Australia, Perth, Australia 
Most gene prediction pipelines start with repeatmasking, a process in which repetitive and transposable elements are masked from the genome 
assembly in order to reduce the number of false-positive gene models. Here we show that some of the repeats stored in the commonly used repeat 
database Repbase are fused with disease resistance domains. We show how repeatmasking is the likely cause of a drastic reduction of disease 
resistance gene content in two recently published genomes (Brassica napus and B. rapa), and describe potential solutions to this problem. 
 
PO0109: Methods: Bioinformatics 
Statistical Supercomputing Improves Surveillance of Pathogens and Antimicrobial Resistance 
Steven M. Lakin, Colorado State University, Fort Collins, CO and Zaid Abdo, Colorado State University, Ft. Collins, CO 
Antimicrobial resistance (AMR) is an imminent threat to global public health, affecting millions of people. Recent work suggests that AMR 
genetic reservoirs exist in a complex, dynamic system involving bacteria and viruses commonly found in natural-, human-, and animal-related 
environments. Human morbidity and mortality have been associated with transfer of genetic elements from these environmental reservoirs to 
critical human and animal systems, including hospitals and the food supply chain. Prevention of AMR development, spread, and therefore 
mortality relies on our knowledge of its transfer and spatial distribution within these critical environments. To this end, multiple countries have 
performed wide-scale AMR genetic surveillance, and the resulting data are available on public international repositories.  
These AMR surveillance efforts often included non-selective, next-generation sequencing of DNA, an approach called metagenomics. However, 
while metagenomic data is easy to generate, the current analytic methods for metagenomics are lacking in their ability to detect AMR genes. 
These methods identify only 5-35% of the total metagenomic data, yet these data are currently used to draw conclusions about AMR and identify 
interventional targets for AMR mitigation. By relying on a small portion of the available data, there is a high probability of drawing incorrect or 
incomplete inferences, which could result in missed opportunities for the prevention of AMR transfer to human-critical populations.  
To solve this problem, we have developed a state-of-the-art machine learning software for identifying AMR genes from metagenomic data to 
improve the sensitivity of AMR detection. This software, called WarpNL, utilizes a transdisciplinary method for encoding DNA sequences, 
called Gallager Low-Density Parity-Check (LDPC) codes. LDPC codes, drawn from the field of information theory, allow for a higher tolerance 
of genetic mutation during AMR identification, therefore increasing sensitivity of AMR detection. Additionally, WarpNL leverages advanced 



Bayesian statistics and supercomputing hardware to provide unprecedented speed and accuracy of AMR surveillance when compared to other 
state-of-the-art methods.  
WarpNL can therefore re-analyze the publicly available metagenomic data from international repositories to characterize the global spatial 
distribution and transfer of AMR. We plan to use the Summit supercomputer at Oak Ridge National Laboratory to complete this big data 
analysis. The resulting patterns will be assessed to identify interventional targets to reduce the impact of AMR on global public health. In a world 
on the verge of a post-antibiotic era, this project stands to uncover novel lines of research and pharmaceutical targets that could save thousands of 
people from the threat of drug-resistant infection. 
 
PE0110: Methods: Bioinformatics 
Implementation of a New Data Enrichment Analysis Tool in the Animal QTL Database 
Zhiliang Hu, Carissa Park and James M. Reecy, Iowa State University, Ames, IA 
The development of Animal QTLdb over the past decade has provided a valuable resource for researchers to utilize a wealth of quantitative trait 
locus (QTL) and SNP association data to help elucidate potential genetic mechanisms that underlie traits of interest. The increasing growth of 
reported livestock animal QTL/association data in recent years provides new opportunities for data mining, meta-analysis, and big data analysis. 
We report here a new data enrichment analysis tool recently implemented in the QTLdb, which allows users to identify regions of the genome 
and to determine if they may be over-represented in reported QTL/associations for traits of interest, similar to GO-enrichment testing of gene 
expression data. For example, an analysis of 3,827 “milk yield” QTL/associations representing seven related traits on 30 cattle chromosomes 
indicated that the data are “enriched” on chromosome 14. While the initial implementation of the enrichment tool demonstrates its utility, there 
are additional opportunities whereby this utility can be expanded by including more factors/parameters for more complex networked information 
analysis. 
 
PO0111: Methods: Bioinformatics 
Evolutionary Rate Change and the Transformation from Additive to Ultrametric: Modal Similarity of Orthologs in Fish 
and Flower Phylogenomics 
Daniella Santos Munoz, Eric Lam and David Sankoff, University of Ottawa, Ottawa, ON, Canada 
Branch lengths in a phylogeny may be in units of elapsed time, so that the nodes have dates associated with them, or in units of evolutionary 
change, such as the number of mutations that have accrued between the two endpoints of a branch. Methods to account for mutational change in 
terms of an additive tree are generally incompatible with the ultrametric requirement of time-based tree representations because of changes in 
mutation rate. An alternative would be to adapt an additive tree by stretching or compressing branches in some principled way so that it assumes 
an ultrametric shape. This is the approach we will take here, exploring three published techniques, and these suggest which branches have seen 
increased or decreased rates: Farris Transform, Nonparametric Rate Smoothing, and Penalized Likelihood. We spell out these techniques and 
apply them to the ray-finned fishes, and the plant families Solanaceae and Malvaceae. The Nonparametric Rate Smoothing and its more sensitive 
version, Penalized Likelihood, produced similar, highly interpretable ultrametrics, while the Farris Transform tended to simply adjust terminal 
branches to achieve an ultrametric. 
 
PE0112: Methods: Bioinformatics 
Integrated Browser System and Visualization of Various Genomic Data Results for Marine Genome Project 
Sathishkumar Natarajan, Hyunbae Lee, Hoyong Chung, Kikwang Oh, Dawood Dudekula, Sridhar Srinivasan, Mohamed 
Alameen, Mohammed Sameer and Junhyung Park, 3BIGS CO., LTD., Hwaseong-si, South Korea 
In recent years, the sequencing platform has been a tremendous upgrade in the genomics research area. There are many tools and automated 
pipelines were developed for processing next generation sequencing (NGS) data’s either denovo/reference approach and can be used to perform 
downstream analysis. The understanding NGS outputs still remains for challenge and which case the pain for researchers who are not familiar 
with bioinformatics background and computer programing. Here, we introduce a comprehensive web browser system (by designing database and 
GUI based on genomic data) for visualizing NGS outputs (RNA-seq) and easy access integration with other platforms without any programming 
knowledge. In addition, our platform provides user-friendly web interference to visualize NGS outputs such as preprocessing statistics (sequence 
summary, adaptor, barcodes, quality, GC content), denovo/reference mapping statistics, differential gene expressions (DEGs), Gene Ontology 
(GO), analyzing Pathway information’s. Also its integrated with existing platforms to support genomic data visualization (Ensembl), gene to 
diseases relationship, protein-protein interaction network, and target identification (miRNA, transcriptional factor target). These advanced 
genomic browser and application systems are will be help to researchers for visualizing their NGS outcomes interactively with custom options 
and understanding various type of genomic data results. 
 
PO0113: Methods: Bioinformatics 
Population Genetics of Color Polymorphism in the Strawberry Poison Frog, in Collaboration with NCGAS 
Sheri Sanders1, Bhavya Papudeshi2, Carrie Ganote2 and Tom Doak2, (1)National Center for Genome Analysis Support, Pervasive 
Technology Institute, Bloomington, IN, (2)Indiana University, Bloomington, IN 
The National Center for Genome Analysis Support (NCGAS) provides training and computational resources in an effort to train biologists to 
approach historically-difficult, non-model problems with large biological data sets. For example, the strawberry poison frog, Oophaga pumilio, 
provides an impressive example of color polymorphism among terrestrial vertebrates. Island and adjacent mainland populations throughout the 
Bocas del Toro archipelago of Panama possess distinct phenotypes, with each population generally consisting of a single color morph. However, 
little genetic differentiation has been found within or among most populations when using haplotype networks and phylogenies generated from 
nuclear, mitochondrial, and microsatellite data, despite these distinct phenotypic difference between populations. Incomplete lineage sorting may 
underlay these findings or the lack of separation may be an artifact of sparse sampling of populations across the archipelago. In order to gain 
more depth of genomic information, this study leveraged RADseq to define genome wide SNP data and infer estimates of genetic relationships 
throughout the archipelago and mainland using a species tree approach. With 246 samples from 30 sites, this project required advanced data 



handling on a resource with large enough memory to analyze the data. NCGAS provided the computation resources and training on the Linux 
environment and data management. Further assistance was provided in designing the analysis and problem solving - leading to a high level of 
independence and competency of the graduate student researcher. This data will be combined with pigmentation data and ancestral character 
state reconstructions to explore evolutionary processes responsible for generating phenotypic divergence. 
 
PE0114: Methods: Bioinformatics 
Comparative Genome Analysis of High Light Tolerant Chlorella Strains 
Heiko Schoof and Lena Altrogge, INRES Crop Bioinformatics, University of Bonn, Bonn, Germany 
Different green algae Chlorella strains from Arctic regions, temperate latitudes, and subtropical climate were reported to grow optimally even at 
light intensities above 1,500 µmol photons m-2s-1. We performed genome annotation of four Chlorella strains with the genome annotation 
pipeline BRAKER1 and observed differences between the high light sensitive strain C. vulgaris 211-11b and the high light tolerant strains in 
gene counts and gene density. Groups of orthologous genes revealed close phylogenetic relationship among the analysed Chlorella strains 
whereas fewer conserved orthologs and more strain specific genes were identified in the reference genome of Chlamydomonas reinhardtii. While 
40% of all orthologs were conserved in all Chlorella strains, we observed a large proportion (30%) of orthologous groups specific to high light 
tolerant strains revealing considerable differences in the genomes of high light tolerant strains compared to the high light sensitive strain. We 
analysed gene families expanded only in high light tolerant species and integrate transcriptomic data with phylogenomic analyses. 
 
PO0115: Methods: Bioinformatics 
The Barcode Long Island Project as an Introduction to Scientific Research 
John Halloran, Connetquot HS, Bohemia, NY 
Authentic research experiences for high school students have been shown to improve critical thinking skills and increase student engagement in 
STEM fields. For teachers, implementing these experiences can be daunting, with numerous obstacles to successful student experiences. For the 
past five years, I have used Barcode Long Island (BLI) as a gateway program to teach students how to design, implement and complete a 
research project. Through this approach, students have experienced the process of scientific research while improving their critical thinking 
skills. Their research has led to the discovery of novel GenBank sequences, the detection of invasive species, and increased enrollment in 
advanced classes and internships. 
 
PE0116: Methods: Bioinformatics 
Bims (Breeding Information Management System) in Tripal for Efficient Management and Analysis of Breeding Data 
Sook Jung1, Taein Lee2, Chun-Huai Cheng2, Ksenija Gasic3, B. Todd Campbell4 and Dorrie Main1, (1)Washington State 
University, Pullman, WA, (2)Washington State University, Pullman, Pullman, WA, (3)Clemson University, Clemson, SC, 
(4)USDA-ARS, Florence, SC 
Breeding programs produce large amount of data that require efficient management systems to keep track of performance, pedigree, geographical 
and image-based data as well as genotyping data. The integration of breeding data with publicly available genomic and genetic data, as well as 
the integration of each breeder’s own genotypic and phenotypic data in a database enhances genetic understanding of important traits and 
maximizes the marker-assisted breeding utility by breeders and allied scientists. We report the progress on BIMS in Tripal which we have 
implemented in in Genome Database for Rosaceae, CottonGEN, Cool Season Food Legume Database and Genome Database for Vaccinium. 
BIMS is a Drupal module and designed to work with Chado schema. BIMS uses Dojo Toolkit, a javascript library designed for rapidly creating 
JavaScript/Ajax-based websites and cross-platform applications. BIMS allows individual breeders to integrate their phenotypic and genotypic 
data with public genomic and genetic data and at the same time have complete control of their own breeding data and access to tools such as data 
import/export, data analysis and a data archive. BIMS incorporates the use of an Android App called Field Book, an open-source software for 
phones and tablets, which will allow breeders to replace hard-copy field books, thus alleviating the possibility of transcription errors while 
providing faster access to the collected data. The use of Field Book and BIMS promotes the use and development of standard trait descriptors and 
metadata as well. The current functionality includes manage breeding, data import, search and download and statistical analysis. 
 
PO0117: Methods: Bioinformatics 
Annotare; Arrayexpress and Expression Atlas: Submission, Archival and Visualisation of Functional Genomics Data at the 
EBI 
Nancy George, Nuno Fonseca, Anja Fullgrabe, Laura Huerta, Haider Iqbal, Monica Jianu, Jon Manning, Pablo Moreno, Alfonso 
Munoz-Pomer, Lingyun Zhao, Alvis Brazma and Irene Papatheodorou, European Bioinformatics Institute, Hinxton, United 
Kingdom 
To serve the functional genomics community, we have developed a number of web-based services, from data submission via Annotare to 
analysing and visualising gene expression data in Expression Atlas. 
Annotare (www.ebi.ac.uk/fg/annotare) is a simple; intuitive web submission-tool for functional genomics datasets. The newly introduced 
template selection page allows users to tailor their submissions to their material and technology types. Once selected, these display the minimal 
technical information and metadata required to recreate the experiment, promoting data reanalysis and reproducibility. Metadata is mapped 
where possible to Experimental Factor Ontology (EFO) terms for search expansion and data retrieval. Upload of raw and processed data is 
provided either by direct upload or via FTP and Aspera. Upon submission, datasets are given a stable; citable accession; reviewed by curators 
and uploaded to ArrayExpress – a functional genomics data archive. The archive (www.ebi.ac.uk/arrayexpress) displays each dataset as a self-
contained entity providing the experiment information; sample metadata and links to raw and processed under a single accession. Raw 
sequencing data is stored at the European Nucleotide Archive whilst raw microarray and processed data is stored at ArrayExpress. Submitter 
identity can be hidden for double-blind review and data is kept private until public release or publication via personal and reviewer logins. 
Related datasets within ArrayExpress and EBI databases can also be crosslinked to each other. For data discovery, searching is simplified using 



ontology expansion and refined using our advanced search features, allowing users to search within the sample metadata as well as the whole 
dataset. 
Expression Atlas (www.ebi.ac.uk/gxa) and its newest component: Single Cell Expression Atlas (www.ebi.ac.uk/gxa/sc) are added-value 
databases where bulk and single-cell RNA-seq data are collected; annotated and reanalysed in a consistent manner via our standardised pipeline 
iRAP (https://nunofonseca.github.io/irap). Expression studies are derived from archives including ArrayExpress; GEO and ENA. Eligible 
datasets are curated to ensure accurate and comprehensive metadata that is then mapped to Experimental Factor Ontology terms. Comparison 
groups are identified based on experimental variables. Studies are displayed either as baseline i.e. constitutive gene expression or differential i.e 
changes in gene expression as a result of a perturbation. Currently we have analysed over 3,450 experiments from over 45 species; including 
landmark studies such as BLUEPRINT, GTEx, ENCODE, CCLE, HipSci and PCAWG and selected protein expression datasets. Expression 
Atlas functionality includes transcript information; visualisation of gene expression in Ensembl and Gramene genome browsers and Gene 
Omnibus pathway and InterPro domain enrichment analysis. All data is freely available for download via Expression Atlas and analysis results 
can also be obtained via the RNASeq-er API. 
 
PE0118: Methods: Cellular Processes and Regulatory Networks 
A Proteomics-Based Approach to Analyze the Localization, Composition, and Dynamics of Endogenous Protein Complexes 
Dan Szymanski, Purdue University, W. Lafayette, IN 
Protein complexes assemble in cells to carry out activities that could never be achieved by a single polypeptide. Oligomeric protein machines 
coordinate gene expresssion, control metabolic flux, and direct intracellular transport and cell wall secretion. Furthermore, the activity of protein 
complexes change, to enable the plant to respond to developmental or environmental cues. However, despite the importance and ubiquity of 
protein oligomerization in biological systems, broad knowledge about protein complex composition and regulation in general is lacking. There is 
a strong need to develop new technologies that enable systems-level analyses of protein complexes. Here we describe the use of label-free 
protein correlation profiling of cell fractions that are separated using multiple orthogonal chromatographyic separations. The profile data are 
being used to broadly analyze the abundance, localization, and oligomerization states of tens of thousands of proteins. The method is robust, and 
has been used to analyze protein complexes in leaves (Arabidopsis and soybean), developing rice aleurone, and cotton fibers. One goal of this 
project is to discover how cellular pathways and protein complexes respond to metabolic stress, and this method identified a small number of 
soluble- and membrane-associated complexes that dramatically rearrange in response to metabolic stress. The method has also been used to 
predict proteiin complex composition in Arabidopsis leaves and the rice aleurone based on the principle of co-elution of stable protein complex 
subunits. These protein complex composition predictions and their validation using known complexes, coIP, and proteomic profiling of a 
predicted complex subunit will be described. 
 
PO0119: Methods: Cellular Processes and Regulatory Networks 
Stepwise Construction of Gene Regulatory Pathways Using Microarray Data with CID and PCID 
Li-yu Daisy Liu, Department of Agronomy, National Taiwan University, Taipei, Taiwan 
In the past two decades, the biologists are able to identify gene signatures associated with the phenotypes through monitoring gene expressions 
using high-throughput biotechnologies. The gene signatures have been successfully applied to drug development, disease prevention, crop 
improvement, etc. However, ignoring the interactions among genes has weaken the prediction power of gene signatures in real applications. The 
gene regulatory network, in which genes are present by nodes and the associations between genes are present by edges, are typically constructed 
to analyze and visualize the gene interactions. Particularly, we proposed to measure the strength of (direct or indirect) associations by the 
coefficient of intrinsic dependence (CID) to capture possible nonlinear gene relationships. While encountering pathways analysis in a larger 
scale, the stepwise gene (variable) selection may help to identify relevant genes with correct order from upstream to downstream in a pathway. In 
this study, we propose to perform the stepwise pathway analysis on microarray expression data using the CID along with the partial coefficient of 
intrinsic dependence (pCID). The proposed method aims to reduce the high false-positive rates using the CID along in stepwise variable 
selections. The method will be examined using the simulated networks, and the well-known CBF-COR pathway under cold stress using 
Arabidopsis microarray data. It will also be practiced on construction of bHLH gene regulatory pathways under abiotic stresses using rice 
microarray data. We expect the proposed method can efficiently decipher the gene regulatory pathways and achieve higher prediction power in 
real applications. 
 
PE0120: Methods: Cellular Processes and Regulatory Networks 
ABA Perception and Signal Transduction in Response to Pseudocercospora musae in Musa acuminata 
Michelle Guitton Cotta, University of Brasília, Brasília, Brazil 
Sigatoka leaf spot, caused by the fungal pathogen Pseudocercospora musae, is considered an important constraint to production in banana (Musa 
spp.). Abscisic acid (ABA), a phytohormone conserved in land plants, coordinates several components of the plant response to biotic and abiotic 
stresses. A mechanism for the first step in ABA signal transduction has been proposed, involving intracellular ABA receptors 
(PYR/PYL/RCARs) interacting with PP2Cs phosphatases and SnRK2 protein kinases, regulating a tripartite protein system. The goal of this 
study was to characterize genes of this ABA tripartite system in Musa acuminata with differential expression in leaves during infection with P. 
musae. For this, M. acuminata genotypes Calcutta 4 (C4) (resistant) and Cavendish Grande Naine (GN) (susceptible) were inoculated with P. 
musae conidia and maintained under controlled growth conditions. RNA-Seq data was generated using an Illumina Hiseq 4000 platform and 
325.264.847 high quality reads mapped to 30.790 genes in the reference M. acuminata DH Pahang genome. A total of 1.621 genes showed 
differential expression profiles under infection. Considering the 124 genes of the core ABA network, seven (3 PYLs, 3 PP2C and 1 SnRK2) were 
differentially expressed in C4 between non-infected controls and infected plants 3 days after infection (DAI). Moreover, 13 genes (4 PYLs, 8 
PP2Cs and 1 SnRK2) showed different expression when comparing 3 and 12 DAI in this genotype. Results suggest that a number of key-genes 
of ABA perception and signal transduction may be involved in the resistance response to P. musae and relevant in breeding for disease 
resistance. 
 
PO0121: Methods: Cellular Processes and Regulatory Networks 



Differential Expression Analysis for the Erythroid Differentiation of Friend F5-5 Cells By RNA-Seq 
Hidehito Takayama1, Marina Yuki2 and Hideho Uchiyama2, (1)Mitsubishi Chemical, Yokohama, Japan, (2)Yokohama City 
University, Yokohama, Japan 
Cytokines are pivotal proteins, which regulate cell differentiation through multiple regulatory networks. Activin is one of the member of TGF-β 
family, and it can induce mesoderm and endoderm in early vertebrate embryos and pluripotent stem cells. It also triggers hemoglobin production 
in F5-5 Friend mouse erythroleukemia (MEL) cells. MicroRNA is non-coding 18-25 nt in length and often involved in transcriptional and 
translational regulation upon cell differentiation. Several microRNAs, such as miR-23a, miR-27a, miR-144/451, miR-150 and miR-221/222, 
have been shown to have significant roles in hemoglobin synthesis of K562 human erythroleukemia cells and differentiation of CD34+ 
hematopoietic progenitor cells. However, little is known about the involvement of microRNAs in MEL cell differentiation. F5-5 cells were 
maintained in RPMI1640 medium supplemented with 10% FBS in 5% CO2 humidified incubator at 37oC, and then activin A has added to induce 
hemoglobin synthesis. We carried out transcriptome analysis of F5-5 cells by RNA-seq in order to decipher underling biological events behind 
activin signaling at the molecular level. Differential expression analysis of F5-5 cells revealed that several proteins and non-coding RNAs were 
associated in the erythroid differentiation. Furthermore, we will discuss potential roles of microRNAs in the differentiation of F5-5 cells. 
 
PE0122: Methods: Cellular Processes and Regulatory Networks 
Landscape of Repetitive Elements in Somatically Excluded Chromosomes of the Sea Lamprey (Petromyzon marinus) 
Vladimir Timoshevskiy, Nataliya Timoshevskaya and Jeramiah J. Smith, University of Kentucky, Lexington, KY 
The sea lamprey is one of few vertebrate species that reproducibly eliminates large fractions of its genome during normal embryonic 
development. These elimination events result in the loss of ~20% of the lamprey’s genome from all somatic cell lineages. This germline-specific 
DNA is lost in the form of large fragments, including entire chromosomes. However, reconstruction of eliminated regions has proven challenging 
due to the complexity of the lamprey karyotype and the exceedingly high repeat content of the genome.  
We applied integrative approach aimed at further characterization of the large-scale structure of eliminated segments, including:  
1) developing DNA-probes that selectively labels eliminated chromosomes by laser capture microdissection;  
2) in silico identification of germline-enriched repeats;  
3) determining the chromosomal location of specific repetitive sequences in germline metaphases using multicolor FISH;  
4) verification of specificity to eliminated chromosomes by hybridization with lagging anaphases in whole embryos and somatic line 
chromosome spreads.  
Our integrative approach allowed us identify 6 repetitive elements that are found exclusively on the eliminated chromosomes and resulted in the 
identification of 12 chromosomes that programmatically eliminated during early embryogenesis. Based on hybridization patterns of these repeats 
on meiotic spreads we developed cytogenetic map of chromosomes that are excluded from the somatic genome of the sea lamprey. The fidelity 
of germline-specific repetitive elements and their distinctive patterning in elimination anaphases is taken as evidence that these sequences might 
contribute to the specific targeting of chromosomes for elimination and in molecular interactions that mediate their decelerated poleward 
movement in chromosome elimination anaphases. 
 
PO0123: Methods: Cellular Processes and Regulatory Networks 
Understanding the Role of Polycomb-Group Proteins during Programmed Genome Rearrangement in Sea Lamprey 
Cody Saraceno and Jeramiah J. Smith, University of Kentucky, Lexington, KY 
Unlike most vertebrates, and indeed most organisms, sea lamprey possess two distinct genomes; a germline genome and a distinct somatic 
genome. This “dual-genome” state is brought about during early embryogenesis via a process termed programmed genome rearrangement (PGR) 
whereby an estimated 20% of the genome is physically eliminated from somatic progenitor cells, resulting in a situation wherein germ cells 
possess the full suite of genes and all other cell types possess a defined fraction of the germline genome. Prior to removal from the cell, 
eliminated material is packaged into discreet subcellular structures (micronuclei) that are enriched for several epigenetic modifications, 
suggesting that changes in the epigenome may play a functional role is this process. Enrichment analysis (ChEA 2016) found that a subset of 
lamprey germline-specific orthologs in mouse ESCs are targeted by members of the polycomb repressive complex, a conserved set of proteins 
that are required to maintain the stable repression of target genes through successive rounds of cell division during development. Additionally, 
these same genes are marked by “poised” promoters in mouse primordial germ cells. In order to gain insight into whether polycomb group genes 
play a direct functional role during PGR in sea lamprey, we performed CRISPR/Cas9 mediated knockouts of several genes that comprise the core 
machinery of the polycomb complexes. Here, we show that knockouts of two polycomb genes, SUZ12 and EZH2, results in embryos with 
significantly higher frequencies of interphase nuclei that possess associated micronuclei. In addition, the number of micronuclei observed per 
nucleus is also increased, suggesting that these genes may play a role in packaging the eliminated material, or facilitating the clearance of 
micronuclei from rearranging cells. 
 
PE0124: Methods: Cellular Processes and Regulatory Networks 
A Proteomics-Based Approach to Analyze the Localization, Composition, and Dynamics of Endogenous Protein Complexes 
Dan Szymanski1, Youngwoo Lee1, Zach McBride1, Thomas W. Okita2, Donglai Chen1 and Jun Xie1, (1)Purdue University, W. 
Lafayette, IN, (2)Washington State University, Pullman, WA 
Protein complexes assemble in cells to carry out activities that could never be achieved by a single polypeptide. Oligomeric protein machines 
coordinate information flow, control metabolic flux, and direct intracellular transport and cell wall secretion. Furthermore, the activities of 
protein complexes change to enable the plant to respond to developmental or environmental cues. However, despite the importance and ubiquity 
of protein oligomerization in biological systems, broad knowledge about protein complex composition and regulation in general is lacking. There 
is a strong need to develop new technologies that enable systems-level analyses of protein complexes. Here we describe the use of label-free 
protein correlation profiling of cell fractions that are separated using multiple orthogonal chromatographic separations. The profile data are being 
used to broadly analyze the abundance, localization, and oligomerization states of tens of thousands of proteins. The method is robust, and has 
been used to analyze soluble and membrane-associated protein complexes in leaves (Arabidopsis and soybean), developing rice aleurone, and 
purified cotton fibers. One goal of this project is to discover how cellular pathways and protein complexes respond to metabolic stress, and this 



method identified a small number of protein complexes that dramatically rearrange in response to metabolic stress. The method has also been 
used to predict protein complex composition in Arabidopsis leaves and the rice aleurone based on the principle of co-elution of stable protein 
complex subunits. These protein complex composition predictions and their validation using known complexes, coIP, and proteomic profiling of 
a predicted complex subunit will be described. 
 
PO0125: Methods: Cytology 
Localization of DNA Sequences on the Chromosomes Derived From Bienertia sinuspersici Genome Sequencing Project 
Yoon-Jung Hwang1, Jung Sun Kim2 and So Youn Won2, (1)Sahmyook University, Seoul, South Korea, (2)National Institute of 
Agricultural Sciences, RDA, Jeonju, South Korea 
Bienertia sinuspersici Akhani, a flowering plant of the family Chenopodiaceae, can be found surrounding the Persian Gulf in Iran, Iraq, the 
United Arab Emirates, Saudi Arabia, Qatar, and Kuwait. B. sinuspersici has unique mechanisms of C4 photosynthesis by chlorenchyma of 
bivalent forms in single photosynthetic cells. It is a plant with high photosynthetic efficiency due to the enzymes in the chlorenchyma cells. 
Recently, the Rural Development Administration (RDA) in Korea has conducted a genome-sequencing project on B. sinuspersici. Genome 
sequencing and full-length gene prediction were performed by using PacBio Single Molecule Real Time (SMRT) sequencing and PacBio Iso-Seq 
technology, respectively. A 53.77 X depth coverage achieved 18,792,719 numbers of reads. There was a total of 44,089 number of contigs that 
were assembled, having 10,539,932 bp as the longest contig length observed. A total size of 3.6 Gb assembled contigs was achieved by using 
Falcon-Unzip Assembler. The cytogenetic analysis confirmed that B. sinuspersici has 2n=2x=18 and consists 9 pairs of metacentrics. After 
staining with DAPI, it was found that AT-rich regions are abundantly distributed in the centromeric regions. The chromosome distribution 
patterns of the main repetitive sequences in B. sinuspersici were also analyzed. The signals of LTR/Gypsy were widely dispersed in 
pericentromeric regions but were absent in the centromere and end of chromosomes. The LINE/R1 signals were distributed throughout the 
chromosomes but were also absent at the end of chromosomes. Satellite DNA with 814 copies was observed in a pair of the short arm of the 
chromosome. The major repeat groups that were not classified in the sequence database were observed to be distributed throughout the 
chromosomes. The gathered data from this study may be utilized to better understand the genetic constitution of this species. 
(This work was supported by the Cooperative Research Program for Agriculture Science & Technology Development (project No. PJ01095307) 
of the Rural Development Administration Republic of Korea) 
 
PE0126: Methods: Functional Analysis 
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) is a web tool for browsing reference gene expression, which provides access to 
curated data from several other public databases, with expression levels in forty tissues measured by four well-established gene-expression 
quantification technologies. "RefEx" contains the data from three kinds of organisms, human, mouse, and rat, obtained from normal tissues and 
cell lines (556 tissues/cell lines in total) measured by four different methods(EST, GeneChip, CAGE, RNA-seq), All data are acquired from 
public database including those from FANTOM5 project.  
Along with an extensive collection of gene expression data above "RefEx" enables the comparison of the gene expression status in each 
tissue/cell with the difference among the measurement methods. You can search the data simply by gene name, or gene ontology and family 
name to obtain the data for certain group of genes. Furthermore, you can select "tissue/cell-specific genes", namely marker genes representing 
characteristics of the tissue/cell calculated by applying a uniform method to all the accumulated public data by clicking tissue icons in "RefEx" 
top page.  
The search/select result shows the comparison of the relative expression levels among tissues and among the four measurement methods, and the 
relative expression amount is reflected as a heat-map in the 3D model of the human body. You can also compare annotation information (Gene 
Ontology, etc.) on functions assigned to genes in the search results. These functions support new knowledge discoveries and hypothesis 
buildings.  
Using "RefEx", researchers can confirm the expression level of the genes of interest in many tissues or cells under normal condition, without 
bench-top experiments. It is also useful as a tool to know the relationship of genes found in functional analysis to elucidate biological phenomena 
and interpret research results leading to the development of medicines etc. Thus "RefEx" is expected to contribute a wide variety of life science 
and medical research as a powerful web tool for gene expression analysis.  
The RefEx paper published in Scientific Data. https://doi.org/10.1038/sdata.2017.105 
 
PO0127: Methods: Functional Analysis 
The Whole is Not the Sum of its Parts: Simultaneous Biotic and Abiotic Stresses in Arachis stenosperma 
Ana Zotta Mota, EMBRAPA, BRASILIA, Brazil, Etienne Danchin, INRA, Antibes, France, Ana C. M. Brasileiro, EMBRAPA 
Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil, Maria Fátima Grossi de Sa, Embrapa Genetic Resources and 
Biotechnology, Brasília, Brazil and Patricia Messenberg Guimarães, Embrapa Recursos Genéticos e Biotecnologia, Brasilia, Brazil 
Drought, heat, salinity and pathogen infection are some of the stresses to which plants are continuously exposed. To date, most of the studies 
have focused in plant responses to one stress at a time, biotic or abiotic. However, it was recently revealed that the responses to combinatory 
biotic and abiotic stresses are different to those to the same stresses separately. Root-Knot nematodes and drought are two major causes of loss in 
agricultural production and have been extensively studied. Yet, no previous work has analysed the response to both stresses simultaneously. The 
present work analysed the wild species, A. stenosperma, highly resistant to Root-Knot nematode Meloidogyne arenaria and moderately tolerant 
to drought, to identify genes differentially regulated upon biotic, abiotic and both stresses combined. RNA-Seq libraries were sequenced using 
Illumina HiSeq-4000, in triplicates, from roots: (i) control, (ii) nematode infection, (ii) drought and (iv) combined stresses. We mapped all reads 
to the closest available genome (Arachis duranensis) and estimated read counts for each library. We found 93, 768 and 400 genes differentially 
expressed upon nematode infection, drought and combined stresses, respectively, when compared to the control. Roots submitted to drought 
produced the highest number of specific DEGs (515), while combined stresses and the nematode infection produced respectively 152 and 85 



exclusive genes, with only three DEGs common to all the conditions. Most of the enriched Gene Ontology (GO) terms appeared in the drought 
condition with no common terms among the three libraries, indicating specialized stress responses. 
 
PE0128: Methods: Functional Analysis 
Large-Scale Phenomics Analysis of a T-DNA Tagged Mutant Population 
Hshin-Ping Wu1, Fu-Jin Wei1,2, Su-May Yu3,4, Tuan-hua Ho1,4 and Yue-ie C. Hsing1,5, (1)Institute of Plant and Microbial Biology, 
Academia Sinica, Taipei, Taiwan, (2)Forestry and Forest Products Research Institute, Forest Research and Management 
Organization, Tsukuba, Japan, (3)Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan, (4)Agricultural Biotechnology 
Center and Department of Life Sciences, National Chung Hsing University, Taichung, Taiwan, (5)Department of Agronomy, 
National Taiwan University, Taipei, Taiwan 
The whole genome sequence of the major crop, rice (Oryza sativa L.), has been released since 2005, but the functions of plenty of annotated 
genes are still unknown. In order to understand more gene functions, we constructed an activation tagging vector to generate about 127,000 T-
DNA insertion lines and to widely knout out and activate about 33,000 non-transposable element genes in a local japonica rice variety, Tainung 
67 (TNG67), since 2002.  
Briefly, we planted and propagated about 93,000 mutant lines in the quarantine field, observed and recorded 71 agronomic traits from 78,769 
lines and sequenced the flanking sequence tags (FSTs) from 59,590 lines. For sharing our data, we provided the FSTs information in a Genome 
Browser and recently we released the putative phenotypic data in our published paper (https://doi.org/10.1093/gigascience/gix055) and the 
Taiwan Rice Insertional Mutants website (TRIM, http://trim.sinica.edu.tw/).  
In the TRIM website, users can search the rice locus, the chromosome position, the mutant line number and the gene-of-interest in the Genome 
Browser, or search the trait-of-interest in a list of phenotypic traits. Furthermore, if there are seeds available (about 72.7% of all mutant lines), 
users may order the well-preserved T2 seeds of the line-of-interest through our website. 
 
PO0129: Methods: Functional Analysis 
Overexpression of Arabidopsis LNG1 in Tobacco Alters Leaf Shape by Increasing Longitudinal Cell Elongation 
Young Koung Lee, Wonkwang University, Iksan, South Korea and In-Jung Kim, Faculty of Biotechnology, Jeju National 
University, Jeju-si, Jeju Special Self-Governing Province, South Korea 
The LNG1 (LONGIFOLIA) gene in Arabidopsis is a novel component that regulates leaf shape by polar cell elongation independent of ROT3 
(ROTUNDAFOLIA3). Tobacco lacks an ortholog of Arabidopsis LNG1. To understand the functional conservation of LNG1 between 
Arabidopsis and tobacco, we generated a phylogenic tree using available LNG1 orthologous genes, and showed conservation across the entire 
plant kingdom. We further examined the effects of overexpressing Arabidopsis LNG1 in tobacco. We generated tobacco overexpression lines 
harboring AtLNG1 in sense and antisense driven by the 35s CAMV promoter. Independent AtLNG1-overexpressing tobacco lines had enhanced 
leaf petiole and leaf blade phenotypes compared with wild-type tobacco lines. RT-PCR analysis confirmed that these phenotypic changes were 
caused by LNG1 in the transgenic tobacco plant. In addition to phenotypic differences, the transgenic tobacco, on a cellular level, showed that 
epidermal cells have a longer cell shape in the leaf-length direction than did wild-type tobacco. Moreover, the palisade cells of the transgenic 
tobacco were also elongated in the leaf-length direction, but do not exhibit increased cell number. The long leaf blade in the AtLNG1-
overexpressing line was due to increased cell size rather than increased cell number. Based on phylogenic analysis, LNG-related gene family 
members were identified in both monocot and dicot plant species. Even though tobacco does not contain an ortholog of LNG1, the results show 
that Arabidopsis LNG1 may have a conserved functional role in shaping leaf morphology in both Arabidopsis and tobacco. 
 
PE0130: Methods: Functional Analysis 
ManiNetCluster: A Manifold Learning Approach to Reveal the Functional Linkages across Multiple Gene Networks 
Ian Blaby1, Nam Nguyen2 and Daifeng Wang2, (1)Brookhaven National Laboratory, Upton, NY, (2)Stony Brook University, Stony 
Brook, NY 
The coordination of genome encoded function is a critical and complex process in biological systems, especially across phenotypes or states 
(e.g., time, disease, organism). Understanding how the complexity of genome-encoded function relates to these states remains a challenge. To 
address this, we have developed a novel computational method based on manifold learning and comparative analysis, ManiNetCluster, which 
simultaneously aligns and clusters multiple molecular networks to systematically reveal novel functional links across multiple datasets. 
Specifically, ManiNetCluster employs manifold learning to match local and nonlinear structures among the networks of different states to 
identify cross-network linkages. By applying ManiNetCluster to gene expression datasets, we found that our tool significantly better aligns the 
orthologous genes than existing state-of-the-art methods. Secondly, we demonstrated the value of our tool in providing novel functional insights. 
We applied ManiNetCluster to a series of transcriptomes measured in the green alga Chlamydomonas reinhardtii and identified a series of 
function links between various metabolic processes between the light and dark periods of a diurnally cycling culture. For example, we found a 
number of genes putatively regulating processes across each lighting regime. We are presently applying ManiNetCluster to bioenergy crops with 
the aim of establishing gene network conservation vs. organismal specificity as well as gene function inferences in these organisms. 
ManiNetCluster is available as an R package together with a tutorial at https://github.com/namtk/ManiNetCluster . 
 
PO0131: Methods: Functional Analysis 
Proteome Changes during Kernel Development in Wheat 
Sintayehu D. Daba, Uma Aryal and Mohsen Mohammadi, Purdue University, West Lafayette, IN 
Background: Grain yield is the top priority in any cereal breeding program. The final yield is the result of the combined action of genes 
operating at the different plant growth period, particularly tillering, spike formation, and kernel development periods. Proteome maps during the 
crop growth stage provide a powerful tool to investigate the mechanism yield development. This study characterizes the dynamics of protein 
abundance in the samples taken at four stages.  



Methodology: We applied label-free proteomic analysis on kernel sampled at three development stages (5DAA, 10DAA, and 15DAA) in 
comparison with ovary sample. The kernel development was also quantified in five development stages (5DAA, 10DAA, 15DAA, 20DAA, and 
25DAA).  
Results: Fresh and dry weights increased consistently. The moisture content droped sharply, particularly on the 10th day and beyond. The first 10 
days after anthesis was a period of increase in grain size and then period after 10DAA marked accumulation of storage proteins such as glutenin 
and gliadin, as evidenced by proteome results. The results from 3D-plot of principal components of proteome intensity data indicated the 
repeatability of quantitation procedure across the three biological replicates. The comparison of ovary and 15DAA samples showed that 76% of 
the proteins highly expressed at 15DAA were related to storage proteins.  
Conclusion: The results indicate that process of kernel development in wheat involves an initial kernel size increase in the first 10DAA, which is 
followed by extensive accumulation of photoassimilates displacing moisture.  
 
PE0132: Methods: Functional Analysis 
Quantification of Gene Expression while taking into account RNA Alternative Splicing 
Meiping Zhang1, Yun-Hua Liu1, Chin-Sheng Chang1, Hui Zhi1, Shichen Wang2, Wenwei Xu3, C. Wayne Smith1 and Hong-Bin 
Zhang1, (1)Department of Soil and Crop Sciences, Texas A&M University, College Station, TX, (2)Genomics and Bioinformatics 
Service, Texas A&M AgriLife, College Station, TX, (3)Texas A&M AgriLife Research, Lubbock, TX 
M.Z. & Y.-H.L. equally contributed to this work.  
Gene expression has been widely used for functional genomics research, especially gene cloning, functional analysis, regulation, pathway 
inference and network construction. However, the gene expressions quantified with different methods have been frequently inconsistent, thus 
challenging the results and conclusions from such research. Here we have addressed this issue by taking into account RNA alternative splicing. 
We confirmed that RNA alternative splicing that may lead to one to hundreds of transcripts that may be translated into different proteins having 
different biological functions is prevalent in plants and varies dramatically among tissues and within a bi-parental population. RNA alternative 
splicing substantially influenced the accurate qualification of gene expression. When a gene was subjected to RNA alternative splicing, it was 
impossible or difficult to properly quantify the expression of a transcript of the gene or its overall expression using quantitative real-time PCR 
(qPCR), Northern hybridization, microarray, or serial analysis of gene expression. The results showed that of the genes analyzed, the expressions 
of at least 53% could not be properly quantified by qPCR. Shot-gun RNA-seq was the most proper to quantify the expression of a transcript or a 
gene in such cases. Moreover, the expressions of individual transcripts quantified by shot-gun RNA-seq were highly reproducible (r = 0.90 – 
0.98) between biological replicates. Therefore, shot-gun or full-length RNA-seq should be the method of choice to properly quantify the 
expression of a transcript or a gene. These findings also strongly indicate that it is necessary to investigate the functions of a gene using its 
transcript(s). For detail, see Genomics, 2018 (https://doi.org/10.1016/j.ygeno.2018.10.009). 
 
PO0133: Methods: Functional Analysis 
High Throughput Reverse Genetic Tools for Knock-out of the Phytic Acid Pathway Genes in Brassica napus 
Niharika Sashidhar, Hans J. Harloff and Christian Jung, Christian Albrechts University of Kiel, Kiel, Germany 
Brassica napus L. (oilseed rape) is an important oil crop in the temperate regions. After oil extraction, the seeds are used as a feed for livestock 
due to their rich protein and balanced amino acid content. However, the meal is not utilized efficiently because of the presence of high quantities 
of anti-nutritive substances. One of those is phytic acid, accounting for 2-4% in oilseed rape cultivars. Phytic acid is an important source of 
inorganic phosphate for plants and is involved in many biological functions. It is still not known to what extent it is required to maintain the basic 
physiological functions. Identification of low phytic acid mutants may not only provide valuable information for understanding the biological 
function of the genes involved in the phytic acid pathway, but also result in improved seed quality. However, mutational analyses in oil seed rape 
is challenging due to polyploidization. Since gene functions are often encoded by several paralogs more than one gene has to be knocked out to 
study the underlying effect. In this project, we adopted two different strategies for the mutational analysis. One approach is TILLING by 
sequencing and the other is genome engineering by using CRISPR-Cas9. We chose most of the functional paralogs of 7 crucial gene families 
(ITPK, MIPS, MIK, IPMK, PGK2, MRP5, IPPK1) of the pathway. We were able to establish a high throughput mutant screening by sequencing, 
which resulted in an average mutation density of 1/18 kb in all the targeted genes. Furthermore, by targeting the conserved regions of 2 
subfamilies of the ITPK gene family we obtained gene editing in the spring rapeseed cultivar Haydn by using hypocotyl transformation. The 
obtained mutants are currently analyzed for their phytic acid content.  
 
PE0134: Methods: Functional Analysis 
CAM Biodesign: Engineering Crassulacean Acid Metabolism into Arabidopsis to Improve Water-Use Efficiency 
Sung Don Lim1, Won Cheol Yim2 and John C. Cushman2, (1)Kangwon National University, Gangwon-do, South Korea, 
(2)University of Nevada, Reno, Reno, NV 
Crassulacean acid metabolism (CAM) is a specialized photosynthetic mode to increase a water-use efficiency (WUE) that exploits a temporal 
CO2 pump with nocturnal CO2 uptake and concentration to reduce photorespiration to improve the adaptability of plants to hotter and drier 
climates. CAM species, with their inverted stomatal behavior, display water demands that are typically 4- to 7-fold less than of comparable C4 
and C3 photosynthesis species, respectively. Thus, introducing the CAM pathway into C3 photosynthesis plants (CAM Biodesign) is expected to 
confer enhanced photosynthetic performance and WUE. Detailed functional analysis of the individual genes encoding C4 enzymes in common 
ice plant including McβCA2, McPPCK1, McPPC1, McNAD(P)-MDHs, McNAD(P)-MEs, McPPDK, and McPPDK-RP of both the carboxylation 
and decarboxylation modules and cognate circadian clock-controlled promoters are required to reconstitute the appropriate temporal expression 
of the CAM pathway enzymes in the C3 model Arabidopsis. Furthermore, developing an effective multi-gene assembly tool for the large number 
of C4 enzyme gene cassettes is necessary to ensure proper expression of each CAM gene cassette in the target species. Current steps achieved to 
date for CAM Biodesign will be summarized including subcellular localization and phenotypic analysis of individual ice plant C4 enzyme genes, 
mesophyll-specific, circadian clock-controlled promoter mining, vector set construction for multi-gene circuit assembly, and the phenotypic 
effects of engineering a four-component carboxylation module in Arabidopsis. 
 



PO0135: Methods: Functional Analysis 
Computer Vision Solutions for Deciphering Genome-to-Phenome Relationships in Plant Breeding 
Todd DeZwaan, LemnaTec Corporation, RTP, NC 
Phenotyping is central to the human experience of the natural world. Phenotyping drove the domestication events that are hallmarks of the 
Neolithic revolution, and underlies the yield improvements recognized by modern agriculture. Gregor Mendel phenotyped traits in pea plants to 
formulate the Laws of Inheritance describing equal segregation, independent assortment, and dominance of alleles. Increasingly sophisticated 
phenotyping tools are needed to recognize the trait-improvement potential of genome-wide association studies in areas such as phenotypic 
differentiation of complex traits, phenotypic plasticity across environments, and phenotypic validation of genomic predictions. LemnaTec fulfills 
this need by developing computer vision tools for high-resolution plant phenotyping in controlled-environments and fields. LemnaTec integrates 
industrial sensors and illumination with powerful analytical software and robotic automation to deliver high-quality digital phenotypic data for 
agricultural research and product development. LemnaTec multi-sensor systems measure parameters in 2D images and 3D laser scans across the 
wavelength spectrum including the visible range, near-infrared, hyperspectral, and PAM fluorescence. The results enable breeders to derive a 
comprehensive digital phenotype that describes plant growth, development, color, geometry, stress response, disease status, and much more. 
LemnaTec delivers a wide range of solutions for controlled-environment studies including instruments that offer complete control over 
temperature, humidity, CO2 concentration, and light quality and intensity. Controlled-environment phenotyping enables year-round, high-
throughput trait discovery under precise low-noise conditions. LemnaTec also delivers solutions for high-resolution non-destructive multi-sensor 
field phenotyping from both fixed gantries and lightweight mobile imaging modules that can be transported and deployed across multiple field 
locations. Finally, LemnaTec offers a soil-based solution for root phenotyping that delivers root traits used by breeders to improve plant health 
and productivity. As a soil-based system it enables studies that are not possible with artificial substrates and hydroponic systems including root – 
root interactions, root – substrate interactions, effects of soil compaction, and effects of soil-borne microbes. This wide range of solutions 
provides breeders with the phenomic tools they need to keep pace with the trait improvement gains offered by genome-wide association studies. 
 
PE0136: Methods: High-throughput Methods 
Riptide™ High Throughput NGS Library Prep for Genotyping in Populations 
Azeem Siddique1, Keith Brown1, Nils Homer2, Gaia Suckow3, Steve Head3 and Phil Ordhoukhanian3, (1)iGenomX, Carlsbad, CA, 
(2)Fulcrum Genomics, Somerville, MA, (3)The Scripps Research Institute, La Jolla, CA 
High throughput genotyping technologies are required for large scale population genetics. Evolutionary biology, human disease research and 
large-scale agricultural breeding programs all migrate toward technologies that can provide more information at a reduced cost. The trend in 
technology has gone from PCR based SNP assays, to microarrays, and is now shifting toward high throughput genotyping by sequencing (GBS). 
The Riptide™ NGS Library preparation allows for up to 960 individually barcoded samples to be prepped in a few hours. When combined with 
low pass sequencing and imputation-based analysis, the result is an order of magnitude increase in information with a reduced cost. Here we 
present data on 96 Zea maize samples consisting of 4 parent populations and 92 Recombinant Inbred Lines (RILs). For each sample, hundreds of 
thousands to millions of haplotype markers, including SNVs and structural variants, are accurately detected. Each sample resulted in a minimum 
of 95% complete coverage of direct and imputed markers for each RIL. The approach can be applied to any species, regardless of genome size or 
GC content. In this study, a median of >1M markers were genotyped for an estimated cost of library construction and sequencing at < $25 per 
sample at list price on an Illumina HiSeq 4000 sequencer. 
 
PO0137: Methods: High-throughput Methods 
EasySeq NGS Targeted Capture Kits, a Proven Method for High-Throughput Micro-Haplotyping 
Walter van der Vliet, NimaGen, Nijmegen, Netherlands 
Currently, Marker Assisted Breeding (MAB) is often supported by TaqMan® or KASP genotyping assays to identify single nucleotide 
polymorphisms (SNPs). These methods are cost-effective and can be applied in a high throughput setting. However because breeding is taking 
place in more and more complex traits, breeding companies do have a need for assays where multiple SNPs can be analyzed simultaneously. As 
a result, microarrays are often applied, but as the microarray has a fixed design and is not easily modified, it makes sense to look for better tools.  
Because of the strength of an Next Generation Sequencing (NGS) based method and user-friendliness of this platform, the EasySeq NGS 
Targeted Capture kit is applied, using tailor-made Molecular Inversion Probes (smMIP) derived from the potato genome.  
The application of the EasySeq NGS Targeted Capture kit is expected to deliver new opportunities in finding chromosomal loci that play a 
role in complex potato traits (such as starch content, sugar content, and pest resistance).  
Initially this technology is applied in research, but the perspective is that this technology in the future will be used also in the standard MAB 
operations. This allows for high throughput screening, up to multiple thousands of samples per year. An improved lab efficiency of the workflow 
and the throughput capabilities fit the needs of the company, making EasySeq NGS Targeted Capture kits a cost effective workflow. 
 
PE0138: Methods: High-throughput Methods 
Gentyane: A Service Platform for High Throughput Genotyping and Sequencing  
Charles Poncet1, Elodie Belmonte2, Veronique Gautier3 and Michaela West2, (1)INRA, Clermont-Ferrand, France, (2)Gentyane 
INRA GDEC, Clermont Ferrand, France, (3)INRA Clermont-Ferrand Gentyane, CLERMONT-FERRAND, France 
Gentyane is a French platform offering services in the field of high throughput genomics. Our goal is to offer various panels of advanced 
technologies:  
• Sequencing: PacBio Sequel, 
• SNP genotyping: Affymetrix Axiom on GeneTitan; Kaspar on Fluidigm Biomark and LightCycler480, 
• High throughput DNA extraction on I7 Beckman, 
• Optical mapping with the Saphyr Bionanogenomics. 
Gentyane is part of the GDEC (Genetics Diversity and Ecophysiology of Cereals) joint institute INRA-UCA in Clermont-Ferrand, France. Its 
scientific objectives are: (1) to support research activities carried out in the different teams of the GDEC institute, focused on wheat genomics; 



(2) to perform genotyping and sequencing services to collaborators from either public or private sector; (3) to offer the latest technologies in 
sequencing and genotyping.  
The team is composed of 4 engineers and 3 technicians who are experts in genotyping and sequencing. The platform is certified ISO9001: 2015 
and NF X 50-900 which ensures traceability and quality. 
 
PO0139: Methods: High-throughput Methods 
QuickExtract - Fast & Easy DNA Extractions for End-Point Genotyping PCR Applications 
Julie Kramer1, Dietrich Koester2, Hank Daum1, Heiko Hauser3 and Luke Linz4, (1)LGC, Biosearch Technologies, Middleton, WI, 
(2)LGC, Berlin, Germany, (3)LGC, Biosearch Technologies, Berlin, Germany, (4)LGC, Biosearch Technologies, Alexandria, MN 
The screening of large populations and the associated challenges in automation, chemistry and cost are major scientific but also business drivers 
in plant breeding. Genotyping methods such as KASP or based on BHQ probes are widespread, but require a previous, time-consuming, labour- 
and cost-intensive lysis of the plant cells and subsequent extraction of the DNA.  
QuickExtract™ DNA Extraction Solution provides a fast, simple, and inexpensive method for preparing genomic DNA for endpoint PCR 
amplification without the use of toxic chemicals. DNA extraction requires only heat treatment to lyse the sample material, release the DNA, and 
degrade compounds inhibitory to amplification. Following heat treatment, the sample DNA is ready for PCR in less than 15 min. The procedure 
is convenient and can be easily scaled to process hundreds of samples in multiwell plates, using robotic automation systems.  
The grinding of plant samples such as leaves or seeds is an important step in the extraction of DNA and has a direct impact on extraction 
specifications like DNA quantity, quality and molecular weight.  
Successful genotyping also often depends on a variety of different factors, such as the plant species to be investigated, the sample material, the 
lysis conditions or dilutions and incubations. This study investigates the influence of grinding on the quality of genotyping results of 6 different 
plant species and plant samples in total. Also genotyping methods such as KASP or BHQ probes were tested. 
 
PE0140: Methods: High-throughput Methods 
A Customizable High-Throughput Genotyping Technology That Permits Fast, Easy, and Inexpensive Alteration of Marker 
Content 
Christopher Adams, Thermo Fisher Scientific, Austin, TX 
Attractive and valuable high-throughput genotyping solutions for parentage and breeding applications require the ability to simultaneously 
interrogate hundreds to thousands of genetic loci both easily and economically. One disadvantage of many high-throughput genotyping 
technologies is the lengthy lead times and considerable cost associated with changing the genomic marker content (targeted loci) in any particular 
assay. The Applied Biosystems™ AgriSeq™ targeted genotyping-by-sequencing (GBS) solution for plant and animal genotyping does not suffer 
from this problem because the technology relies on a pool of PCR oligonucleotides that can be quickly, easily and inexpensively changed to 
accommodate always improving knowledge of genomic function. If and when the need arises to alter the content of a marker panel all that is 
required is the design and synthesis of additional PCR primers which are then simply spiked into existing assay pools. In addition, AgriSeq 
genotyping panels can be ordered in plate format in which primer pairs for marker-containing amplicons are individually aliquoted enabling the 
user to drop unneeded amplicons or re-formulate primer pools (panels) in any combination desired. Furthermore, individual panels targeting 
specific species can mixed together, creating a multi-species panel, while still enabling species-specific genotyping. For example, a mixture of 
three mid-density panels for multiple species not only allowed for accurate species-specific genotyping, but also enabled the accurate assignment 
of species to unknown gDNA samples being tested. This unparalleled flexibility in a highly multiplexed genotyping platform provides users 
unlimited avenues for customizing their genotyping workflows  
For Research Use Only. Not for use in diagnostic procedures. 
 
PO0141: Methods: High-throughput Methods 
Reducing the Cost on Plant Genotyping By Low Coverage Sequencing  
Charles D. Johnson1, Shichen Wang1, Matthew Stull1, Emma Schulze1, Marcel Brun1, Garrett Bennett2, Mark McKown2 and 
Richard P Metz1, (1)Genomics and Bioinformatics Service, Texas A&M AgriLife, College Station, TX, (2)PerkinElmer , Inc., 
Waltham, MA 
One of the major hindrances to broadly using genome-wide marker assisted breeding has been the cost. Array based, and reduced representation 
sequencing methods are widely used but have their drawbacks. We have created a novel agriculture focused genotyping method using the latest 
in machine learning, laboratory process optimization, and massive sample multiplexing, reducing the costs of whole genome sequencing-based 
genotyping dramatically. A key aspect is a reduction in the amount of data needed per individual from 30X down to as low as 0.1X coverage. 
The shared information contained across individuals is used to impute genotype information lost due to a reduction in coverage. This allows for 
an accurate genotyping for large populations at a significant cost savings. In addition to developing a novel method to utilize sparse information, 
we will also be presenting a lab automation, library preparation, and sequencing process that reduces both the cost of library preparation and per 
sample sequencing costs. We tested the pipeline by evaluating its accuracy on data from the 3000 Rice Genome Project, where we attained 
detection rates above 99% of sites with 93% SNP calls and 90% accuracy when provided with at least 196 samples with 1X average coverage. 
These results, based on a very heterogeneous population, show the applicability of this approach for crops with similar genome size and 
complexity, and for experiments with a more related population. 
 
PE0142: Methods: High-throughput Methods 
High Quality Consistent Genotypes on Applied Biosystems™ Eureka™ Genotyping Panels of Varying Sizes 
Victor V. Missirian, John D. Curry and Ali Pirani, Thermo Fisher Scientific, Santa Clara, CA 
The Applied Biosystems™ Eureka™ Genotyping Solution is a low cost, high-throughput targeted genotyping by sequencing platform that 
supports the detection of tens to thousands of genetic markers (SNPs and insertions/deletions). It has been successfully used for a variety of 
applications (parentage, sex validation, genomic evaluation, carrier diseases) both in crops and animals.  



After sample processing, Eureka™ NGS read counts are obtained for each sample, at each genetic marker. These counts are appropriately scaled, 
normalized, and transformed, before calling genotypes in a cluster-based Bayesian framework (BRLMM-P). The process can rapidly and reliably 
enable high quality genotyping results across a wide range of panel sizes.  
We demonstrate on four Eureka panels of varying size—two in the low range (tens - 500 markers) and two in the high range (500 - 3000 
markers)—that as panel size increases, we continue to obtain high sample pass rate, call rate, and concordance to known genotypes.  
For Research Use Only. Not for use in diagnostic procedures. 
 
PO0143: Methods: High-throughput Methods 
Data Visualization Toolkit for Targeted Genotyping-by-Sequencing (GBS) 
Prasad Siddavatam1, Haktan Suren1, Krishna Reddy Gujjula1 and Jeanette Schmidt2, (1)Thermo Fisher Scientific, Austin, TX, 
(2)Thermo Fisher Scientific, Santa Clara, CA 
Traditionally, high-throughput genotyping has been carried out by array based technologies or simplex PCR techniques. AgriSeqTM GBS with 
Ion Torrent next generation sequencing (NGS) technology offers a faster, flexible, multiplexing, customizable, cost-effective alternative solution 
to study fifty to five thousand markers. However, the data formats and complexity of NGS can make the scientific interpretation challenging. For 
the wider adoption and usability, we need a better way of summarizing and presenting the data for easier interpretation. Unfortunately, there are 
no tools available to comprehensively visualize the genotyping outputs. We have developed a unified software tool to provide run summary 
metrics, genotype matrix table, genotypes in TOP/BOTTOM format, and additional features to view and compare the genotype calls.  
Preliminary toolkit consists of the following features:  
1. Genotype Summary - A summary report of the sequencing run with the high-level metrics of the sample call rates. 
2. GBSmatrix – Actual genotype alleles are displayed in a sample-by-marker matrix of all the samples from a single sequencing run. 
3. GenotypeTB (TOP/BOTTOM) - By default, AgriSeqTM reports genotype calls based on the positive strand alleles. To compare different 
genotyping technologies and calculate concordances, genotype calls are converted and displayed in TOP/BOTTOM format. 
The plugin enables researchers to visualize, interpret and troubleshoot the genotyping results better. In doing so, the tool helps them leveraging 
the informative power of NGS applied to targeted GBS. The data visualization toolkit will be distributed as an Ion Torrent Software Suite Plug-
In.  
(For Research Use Only. Not for use in diagnostic procedures). 
 
PE0144: Methods: High-throughput Methods 
Rapid High MW DNA Extraction from Plant, Insect, Cell, and Tissue Samples for Long-Read Sequencing Using Nanobind 
Magnetic Disks 
Kelvin Liu1, Michelle Kim1, Renee Fedak1, Duncan Kilburn1, Jefrrey Burke1, Heather Ferrao2, Brendan Galvin3, Keith Bjornson3, 
Rachael Workman4 and Winston Timp4, (1)Circulomics Inc, Baltimore, MD, (2)PacBio, Menlo Park, CA, (3)Pacific Biosciences, 
Menlo Park, CA, (4)Johns Hopkins University Biomedical Engineering, Baltimore, MD 
Long-read sequencing technologies from PacBio and Oxford Nanopore are rapidly becoming the de facto methods for de novo assembly, 
phasing, and structural variant analysis. However, a major bottleneck in these methods is the ability to rapidly obtain high purity, high molecular 
weight (HMW) DNA.  
We present novel methods for rapid HMW DNA extraction and library preparation using our Nanobind magnetic disks. Inexpensive heat shrink 
film is used to create magnetic disks (1-5 millimeter diameter) covered with a high density of micro- and nanostructured silica that protects DNA 
from damage and enables high extraction yield and high purity. Extraction is performed using a simple bind, wash, and elute process that can 
obtain HMW (300+ kb) and megabase (1+ Mb) DNA in less than 1 hour and is easily automated.  
HMW DNA extraction and sequencing results from a variety of sample types including plants, insect, cell, and tissue samples are presented. 
PacBio SMRT sequencing on Sequel System typically results in subread length N50s of 30-35 kb with yields up to 11 Gb. Sequencing on Oxford 
Nanopore MinION/GridION typically results in read length N50s of 30-50 kb with yields surpassing 10 Gb. Megabase length reads are 
demonstrated using the Oxford Nanopore Rapid Sequencing Kit.  
In addition to DNA extraction, Nanobind can also be used for tunable size selection up to 10 kb with >80% recovery of high MW DNA and 
>99% removal of short DNA. The gentle purification and high recovery ensure a greater number of long-reads >100 kb. 
 
PO0145: Methods: High-throughput Methods 
MVP and HIBLUP for Efficient Genome-Wide Association Study and Genomic Prediction/Selection 
Lilin Yin1, Haohao Zhang2, Xinyun Li1, Xiaohui Yuan2, Shuhong Zhao1 and Xiaolei Liu1, (1)Key Laboratory of Agricultural 
Animal Genetics, Breeding, and Reproduction, Ministry of Education, Huazhong Agricultural University, Wuhan, China, (2)School 
of Computer Science and Technology, Wuhan University of Technology, Wuhan, China 
Genome-Wide Association Study (GWAS) and Genomic Prediction/Selection (GP/GS) have been widely used for detecting candidate genes that 
affect agricultural economic traits and predicting genetic value of each individual, as well as risk of human diseases. With the rapid decreasing of 
genotyping cost, big data has been used in GWAS and GP/GS. In order to meet the computation challenges, here we present MVP and HIBLUP 
for efficient GWAS and GP/GS, respectively. 
MVP can accept genotype data in Plink binary, VCF, and Hapmap formats, and it implements efficient algorithms for population structure 
evaluation, parallel-accelerated association tests by general linear model, mixed linear model, and FarmCPU model, and provides high-quality 
customer design figures of GWAS related information. The MVP source code, user manual, and example datasets are freely available at 
https://github.com/XiaoleiLiuBio/MVP. 
A series of statistical models under BLUP (Best Linear Unbiased Prediction) framework were developed based on the information provided by 
different species with different reproduction modes, such as Genomic BLUP and Single Step BLUP. Here we introduce HIBLUP, an R package 
that provides estimated genetic value of each individual by maximizing the usage of information from pedigree records, genome, and phenotypic 
observations, as well as all process-related functions, such as construction of relationship matrix and estimation of variance components. Our 



experience indicates that a combination of HE Regression algorithm and Average Information (HI) algorithm provides efficient and robust 
variance component estimation. We also discussed the computational complexity of the BLUP procedures and the optimized the design for 
efficient handling of practical human, plant, and animal data, respectively, and we believe that HIBLUP will facilitate the research for human 
geneticist and as well as plant animal breeders. 
 
PE0146: Methods: High-throughput Methods 
Methods for Robust Bayesian Analyses of Complex Genetic Experiments 
Anthony Greenberg, Bayesic Research, Ithaca, NY 
Breeding programs rely on rich experimental designs to estimate or predict breeding values and advance their populations towards selection 
goals. Typically, multiple traits at several locations, across multiple years and conditions, are measured on replicated genotypes. Bayesian 
inference methods can be profitably employed to analyze such data sets, particularly if occasionally unfavorable trial conditions lead to partial 
data loss, presence of outlier observations, or imbalance in replication. Recent advances in numerical methods and computer infrastructure put 
Bayesian inference within reach of most public and private sector breeding programs. Although experimental designs may be complicated and 
vary from program to program, each organization usually employs a consistent approach. Thus, we need a set of methods and software tools that 
are customizable, yet can be deployed at a given institution and produce reliable results across years without significant adjustments. 
Unfortunately, current model fitting methods are based on the Metropolis-Hastings algorithm which has severe limitations in this setting. This set 
of fitting methods relies on proposal distributions that require careful tuning. The simpler to implement variant of this approach, Gibbs sampling, 
does not require such adjustments, but can be numerically unstable and exhibits convergence problems even when fitting relatively simple 
models. Worse, these problems are influenced by parameter estimates themselves, in addition to the structure of the experimental design, and 
thus require constant supervision by experts.  
A different approach, Hamiltonian Monte Carlo, has been in use for many years in some specialized settings. While it also requires a careful 
choice of tuning parameters, recent developments have produced methods to derive these adjustments automatically. I have implemented these 
approaches to analyze genetic experiments. I will show that they produce numerically robust estimates, with fast and reliable convergence. I will 
illustrate their application to simulated data, with comparisons to the widely-used Gibbs sampling. Software based on these methods will be 
publicly available. I hope it will empower even resource-limited organizations to deploy state-of-the-art statistical methods and thus accelerate 
progress in breeding programs world-wide. 
 
PO0147: Methods: High-throughput Methods 
Functional QTL Mapping and Genomic Prediction of 3D Height Measured from a Robotic Field Scanalyzer in Wheat 
Danilo H Lyra1, Nicolas Virlet2, Kirsty L. Hassall1, Luzie U. Wingen3, Simon Griffiths3, Malcolm Hawkesford2 and Gancho T. 
Slavov1, (1)Department of Computational & Analytical Sciences, Rothamsted Research, Harpenden, United Kingdom, 
(2)Department of Plant Sciences, Rothamsted Research, Harpenden, United Kingdom, (3)John Innes Centre, Norwich, United 
Kingdom 
Both fundamental and applied genetic studies increasingly rely on high-throughput phenotyping platforms. We used data from the Field 
Scanalyzer (LemnaTec GmbH) at Rothamsted Research (UK) to perform quantitative trait loci (QTL) scans and genomic prediction in the 
Chinese Spring × Paragon wheat recombinant inbred line population (N = 198 lines, M = 2100 SNPs), comparing several analytical approaches 
(i.e., interval/composite mapping and prediction of single-timepoint phenotypes vs functional mapping and GBLUP prediction of 
smoothed/dimension-reduced data). We identified four significant QTL (on chromosomes 2B, 5A, 5B, and 7A), with both empirical and 
simulation analyses demonstrating superior statistical power of functional mapping approaches compared to conventional single-timepoint 
analyses. Similarly, using smoothed (B-splines) and dimension-reduced (first principal component) phenotypic data (from 26 timepoints) 
significantly improved the predictive abilities (r = 0.41 and 0.33, respectively) compared to the timepoint with the highest r and the last timepoint 
(r = 0.36 and 0.16, respectively). In addition, the inclusion of significant QTLs as fixed-effect covariates in the GBLUP model resulted in 
substantial improvements in predictive ability. Although the statistical power of QTL detection, predictive ability, and genomic heritability 
increased with the number of timepoints analysed (i.e., 5, 10, and 26), the gains beyond 10 timepoints had relatively small practical significance. 
These results will inform the development of an integrated, semi-automated analytical pipeline with potentially broad applicability. 
 
PE0148: Methods: High-throughput Methods 
Comparison of 'TaqMan', 'KASP' and 'rhAmp' Genotyping Platforms for SNP Call Efficiency in Hexaploid Wheat 
Habtamu Ayalew Tamir1, Daniel Tsang2, Shuyu Liu3, Chenggen Chu4, Junzhou Wang2, Caifu Chen5 and Xuefeng Ma6, (1)Noble 
Research Institute, LLC, Ardmore, OK, (2)Integrated DNA Technologies, Redwood City, CA, (3)Texas A&M AgriLife Research, 
Amarillo, TX, (4)Texas A&M AgriLife, Amarillo, TX, (5)Integrated DNA Technologies Inc., Drive Redwood City, CA, (6)Noble 
Research Institute, LLC., Ardmore, OK 
Advances in high-throughput genotyping enable the generation of genome-scale data much more easily and at lower cost than ever before. 
However, smaller-scale and cost-effective high-throughput single-nucleotide polymorphism (SNP) genotyping technologies are still under 
development. In this study, we compared the performances of TaqMan, KASP and rhAmp SNP genotyping platforms in terms of their assay 
design flexibility, assay design success rate, allele call rate, ease of experiment run and cost per sample. Fifty SNP markers closely linked to 
genes governing various agronomic traits of wheat were used to genotype 94 wheat lines. Assay design success rates were 32/50, 49/50, and 
49/50 for TaqMan, KASP, and rhAmp, respectively. Differences in allele call rate among the three platforms were not statistically significant. 
rhAmp had genotype call rates of 97%, while TaqMan and KASP had call rates of 98% each. rhAmp showed significantly better (p < 0.001) 
allelic discrimination than KASP and TaqMan; however, TaqMan showed the most compact cluster. Based on the current market, rhAmp was 
the least expensive technology followed by KASP. In conclusion, rhAmp provides a reliable and cost-effective option for targeted genotyping 
and marker-assisted selection in crop genetic improvement. 
 
PO0149: Methods: High-throughput Methods 



Peanut Seed Imaging using the OptiCount Seed Counter 
Roshan Kulkarni1, Paul Otyama1, Ethalinda Cannon2, Alan Gaul1, Greagory MacDonald3 and Steven Cannon4, (1)Iowa State 
University, Ames, IA, (2)Corn Insects and Crop Genetics Research Unit, USDA-ARS, Ames, IA, (3)University of Florida, 
Gainsville, FL, (4)USDA–Agricultural Research Service, Corn Insects and Crop Genetics Research Unit, Ames, IA 
In-depth phenotypic characterization is desirable for extracting extensive phenotypic variations and for accurate associations of phenotype to a 
genotype. In this study we demonstrate the use of the OptiCount seed counter for the high quality and high throughput imaging of peanut seeds. 
Seeds from around 800 accessions, representing the U.S. peanut core collection, were imaged using an OptiCount machine (Process Vision 
LLC), with calibrated and programmed for taking measurements on seeds. Seed phenotypic characters including seed length, seed thickness, seed 
volume, percentage splits, percentage oblongs, seed weight, thousand seed weight and seed color were obtained for all the accessions. Some 
parameters such as seed shape were calculated from the axis ratios obtained from the OptiCount. Seed color and color variation were captured, 
using red, green, and blue pixel values. We plan to use phenotypic data obtained from this study to complement genotyping for association 
studies such as GWAS.  
 
PE0150: Methods: High-throughput Methods 
Incorporating High-Throughput Phenotyping into Breeding using Reduced-Rank and Penalized Selection Indices 
Marco A Lopez-Cruz, Michigan State University, East Lansing, MI, José Crossa, International Maize and Wheat Improvement 
Center (CIMMYT), Mexico City, Mexico, Susanne Dreisigacker, International Maize and Wheat Improvement Center (CIMMYT), 
Texcoco, Mexico and Gustavo de los Campos, Department of Epidemiology and Biostatistics, Michigan State University, East 
Lansing, MI 
High-throughput phenotyping (HTP, e.g., crop-imaging, milk-spectrometry) has been adopted at a fast pace in agriculture, including animal and 
crop production. Most of the phenotypes measured using HTP are high-dimensional (with potentially hundreds or thousands of phenotypes being 
measured by sensing devices). HTP data can be used to breed for economically and environmentally relevant traits; however, there is no well-
established approach for incorporating HTP data into breeding schemes. In genetics, the problem of predicting genetic merit for a selection goal 
(e.g., grain yield, drought resistance) given a set of measured phenotypes is typically done using a selection index (SI). However, this 
methodology was developed for problems involving a small number of measured phenotypes. The naïve application of the SI methodology to 
high dimensional phenotypes can lead to serious over-fitting and sub-optimal selection accuracy. To address this problem, we develop theory and 
methods for implementing regularized SIs. We present methods for principal-component-based SI (PC-SI, a form or reduced-rank regression) 
and for penalized SIs (PSI). We will present the underlying theory, introduce algorithms for estimating PC-SI and PSI, and demonstrate, using 
extensive crop-imaging data from CIMMYT’s Global Wheat Program, the use of regularized SIs for breeding for wheat yield under various 
environmental conditions. Our empirical results show that regularizing SI provides consistently higher accuracy of indirect selection across 
environments than what can be achieved using either canonical (i.e., non-regularized) SIs or vegetation indices that are commonly used to assess 
crops using image data. 
 
PO0151: Methods: High-throughput Methods 
Genome-Phenome Wide Association Study (GPWAS): A Model Coupling High Dimensional Phenotypes to Identify Genes 
Controlling Pleiotropic Phenotypic Variation in Maize (Zea mays) 
Zhikai Liang, University of Nebraska-Lincoln, Lincoln, NE, Yumou Qiu, Iowa State University, Ames, IA and James C Schnable, 
Department of Agronomy and Horticulture, University of Nebraska-Lincoln, Lincoln, NE 
Although numerous computational biology tools are employed to provide evidence on supporting in silico functional annotated of genes, at 
present only a small percentage of genes possess validated functional roles. Genome-Wide Association Studies (GWAS) attempt to link 
phenotypic variation with genetic variants across the genome. However, the number of plant phenotypes which have been characterized in the 
same association populations, and the number of environments in which those populations have been grown and phenotyped is rapidly growing. 
High throughput phenotyping technology will accelerate this trend, as it will become possible to measure many more distinct plant traits from the 
same set of raw plant sensor data (e.g. images, LIDAR point clouds). These rich, high dimensional trait datasets enable another method to test 
associations between specific genes and variation in target traits. Here we employ and evaluate the Genome-Phenome Wide Association Study 
(GPWAS) model, which operates on the principle of reversing the relationship in the variables of a conventional GWAS. GPWAS 
simultaneously selects an optimum combination of phenotypes to explain maximum variants of a single gene in a population level and uses 
permutation testing to evaluate the statistical significance of this association. Using published maize whole genome resequencing data from 
Maize HapMap3 with simulated phenotypes set of 100 phenotypes, we demonstrate that GPWAS model can provide additional power relative to 
FDR when analyzing large sets of phenotypic data include many traits with low heritability. Utilizing a set of 260 real world phenotypic trait 
datasets collected from the Buckler-Goodman 282 maize association panel, we found that genes detected by GPWAS were enriched in many 
more GO (Gene Ontology) terms and with greater statistical significance than genes detected by conventional GWAS models. GPWAS displayed 
more power to detect a set of pleiotropic loci which were previously identified in another study using data from an independent population than 
either of two conventional GWAS models evaluated. Genes identified by GPWAS model also appear to experience stronger purifying selection 
and less structural variation than genes identified by conventional GWAS. In aggregate, these results suggest that genes identified as influencing 
phenotype by GPWAS are more likely to have plant functionally constrained roles in determining phenotype. 
 
PE0152: Methods: High-throughput Methods 
A Universal Probe Set for Targeted Sequencing of 353 Nuclear Genes from Any Flowering Plant Designed Using k-Medoids 
Clustering 
Matthew G Johnson1, Lisa Pokorny2, Steven Dodsworth3, Jan T. Kim2, Alison Devault4, Ilia J Leitch5, William Baker2 and 
Norman Wickett6, (1)Department of Biological Sciences, Texas Tech University, Lubbock, TX, (2)Royal Botanic Gardens, Kew, 
Richmond, United Kingdom, (3)University of Bedfordshire, Luton, United Kingdom, (4)Arbor Biosciences, Ann Arbor, MI, 
(5)Jodrell Laboratory, Richmond, United Kingdom, (6)Chicago Botanic Garden, Glencoe, IL 



Sequencing of target enriched libraries is an efficient and cost-effective method for obtaining DNA sequence data from hundreds of nuclear loci 
for phylogenetic reconstruction. Much of the cost associated with developing targeted sequencing approaches is preliminary data needed for 
identifying orthologous loci for probe design. In plants, identifying orthologous loci has proven difficult due to a large number of whole genome 
duplication events, especially in the angiosperms. We used alignments of over 600 angiosperms for 353 putatively single-copy protein coding 
genes to design targeted sequencing probes that would be useful for phylogenetics in any flowering plant. To select between 5 and 15 sequences 
for each locus to use for probe design, we employed a k-medoids clustering approach which more efficiently represented angiosperm sequence 
diversity compared to using only published genomes. To test our approximately 80,000 probe sequences, we captured sequences from 42 species 
representing nearly all orders of angiosperms. We recovered exon sequence for 100 or more loci in all species, which was not affected by 
similarity to the taxa selected as medoids in probe design. These results suggest the probe design is effective in any group of flowering plants and 
would be useful for studies in phylogenetics of lineages at any taxonomic level. 
 
PO0153: Methods: High-throughput Methods 
Genome-Wide Analysis of Retrotransposon Insertions in the Domestication of Soybean 
Jasen Jackson, Rahul Shaju, Austin Tracey and Howard M. Laten, Loyola University Chicago, Chicago, IL 
Retrotransposons predominate the genomic landscape of virtually all plants and animals. These elements are ubiquitous because of their ability to 
rapidly amplify in genomes. Because of their highly repetitive nature, these elements have been proposed as drivers of the phenotypic diversity 
that has aided the development of domesticated crops. The primary goal of this project is to gain a better understanding of the role that 
retrotransposon insertions have played in the evolution and domestication of soybean (Glycine max) by characterizing genome-wide insertional 
polymorphisms among and between wild and domesticated cultivars. To this end, we have developed a transposon-anchored PCR protocol which 
amplifies genomic regions flanking target retrotransposon families and subjects the amplicon libraries to Illumina sequencing. To analyze the 
Illumina output, we have developed a bioinformatics pipeline that efficiently processes, filters and compares each amplicon library and aligns 
non-redundant reads to a reference genome in Genbank. To date, we have performed a large-scale comparison of insertions across 25 different 
soybean cultivars and 8 wild G. soja accessions for the Gmr30 family. This approach should provide a more complete evaluation of the roles that 
retrotransposons have played in domestication, and may ultimately guide the development of strategies to enhance the creation of stress-resistant 
crops. 
 
PE0154: Methods: High-throughput Methods 
CREAMD (Core Root Excavation using Compressed-air) COFE (Core Root Feature Extraction) for High Throughput Root 
Phenotyping for Field Grown Plants 
Stefan Hey1, Zihao Zheng2, Zaki Jubery1, Lisa Coffey3, Frank Hochholdinger4, Baskar Ganapathysubramanian1 and Patrick S. 
Schnable3, (1)Iowa State University, Ames, IA, (2)Interdepartmental Genetics and Genomics Graduate Program, Iowa State 
University, Ames, IA, (3)Department of Agronomy, Iowa State University, Ames, IA, (4)INRES Crop Functional Genomics, 
University of Bonn, Bonn, Germany 
Unveiling the genetic control of RSA (root system architecture) in crops via large-scale GWAS (genome-wide association study) requires high-
throughput pipelines for root collection and phenotyping. Classic root washing and scoring methods are time consuming and resource intensive. 
To increase throughput, we developed a high throughput pipeline for root phenotyping of field grown plants. CREAMD (Core Root Excavation 
using Compressed-air), uses the AirSpade®, a pneumatic tool to apply compressed air for root excavation and cleaning. Subsequently, COFE 
(Core Root Feature Extraction), a semi-automated software, was used to extract traits from high resolution 2D root images. We extracted six 
traits based on systematic heritability testing. Roots were imaged from two different views (North and West based on their orientation in the 
field). More than 5000 roots of maize and a sorghum were excavated from diversity panels. Phenotypic values obtained via CREAMD are 
comparable to those obtained via classic root washing methods, while significantly reducing time and resource requirements. 
 
PO0155: Methods: High-throughput Methods 
Isolation and Cultivation of Microbes in Soil Using a Novel High-Throughput Microfabricated Array 
Bob Barrett, General Automation Lab Technoliges, San Carlos, CA 
Genetic profiling technologies such as next generation sequencing have shone a spotlight on the importance of microbiological biodiversity in a 
variety of areas such as robustness of ecosystems to environmental stresses, agricultural crop production, human health and food safety. 
Identification of novel microorganisms which can augment, facilitate or control the presence and function of beneficial or pathogenic microbes 
represents a major area of both academic and industrial importance. 
One shortcoming in using molecular methods alone to identify novel or enabling microbes is that studies are deductive, and the ability to perform 
basic biology on candidate microorganisms is hampered by an inability to culture these candidates in isolation. Inability to isolate candidates 
prevents both the testing of hypotheses around the mechanism of action of target microbes, but also in recovering the microbes for use in 
identified beneficial scenarios. 
Here we describe a system that has been developed to address these issues. In this system we can isolate and culture microorganisms from a 
range of diverse sample types such as soil. Using a fabricated array of microwells, single bacterial cells are distributed and cultured in isolation, 
facilitating the recovery of low abundance and diverse microorganisms. 
The overall workflow for the system will be described, and data will be shown demonstrating the ability to identify low abundance 
organisms in control mixtures, as well as identification of low abundance micro-organisms in complex environmental samples such as soil. 
 
PE0156: Methods: High-throughput Methods 
Accelerating Genetic Gains in Crop Breeding in Sub-Saharan Africa and Southern Asia by Improving Access and 
Affordability to High Throughput Genotyping 
Eng Hwa Ng, Excellence in Breeding, Los Baños, Philippines 



High Throughput Genotyping (HTPG) Project is a new initiative funded by Bill and Melinda Gates Foundation to provide low cost genotyping 
to all CGIAR and NARs users via outsourcing. The project is led by ICRISAT and it is one of the flagship projects under module 3 (genotyping 
and sequencing) of the newly conceived Excellence in Breeding Platform (EiB). Under the HTPG service agreement, more than 40 public 
institutions globally (16+ species) are listed as key users for the SNPLine genotyping platform. Primary objective of the project is to broker 
access of the latest genotyping platform to a wide user group at a reduced cost via sample aggregation. For $1.50 to $2.00 per sample, user can 
have DNA extraction, DNA QC, 10 KASP marker genotyping and post-genotyping data curation within a two weeks turnaround time. The 
project is also working closely with various stakeholders within the EiB platform to integrate genotyping results with breeding management 
systems and molecular database. The aim is to enable timely and seamless decision making in breeding programs to accelerate the rate of genetic 
gain. HTPG project is unique in the sense that it brings together all the latest developments in molecular markers globally under one unified 
platform and enables timely access to all parties, private sectors included, to facilitate greater interdisciplinary collaboration for a stronger 
breeding networks. In 2019, HTPG project will revise its existing pricing structure to provide more competitive options for users seeking greater 
flexibility in marker selection and at a higher density than the existing 10 SNPs setup, specifically targeting applications such as QC and 
background recovery in breeding programs. Building on the current HTPG mode of operation, a higher density genotyping service agreement 
(1000- 5000 density) is under negotiation and expected to become available in 2019. 
 
PO0157: Methods: Markers 
CropSNPdb: A Database of SNP Array Data for Brassica Crops and Hexaploid Bread Wheat 
Armin Scheben1, Brent Verpaalen1, Cynthia Lawley2, Kenneth Chon-Kit Chan3, Philipp E. Bayer1, Jacqueline Batley1 and David 
Edwards1, (1)University of Western Australia, Perth, Australia, (2)GinkgoFish, Carson City, NV, (3)Australian Genome Research 
Facility, Melbourne, VIC, Australia 
High-throughput SNP arrays can generate reproducible sets of informative markers and have been broadly adopted. Although there are many 
public repositories for sequencing data, which is routinely uploaded associated with publication of the related analysis, there are no formal 
repositories for crop SNP array data. To make this data more accessible, we have developed CropSNPdb 
(http://snpdb.appliedbioinformatics.com.au), a database for SNP genotyping data produced by the Illumina Infinium™ Wheat 90K and Brassica 
60K arrays. We currently host data from SNP array datasets covering 526 Brassica lines and 309 hexaploid bread wheat (Triticum aestivum) 
lines, and provide search, download and upload utilities for users. CropSNPdb provides a useful repository for these data which can be applied 
for a range of genomics and molecular crop breeding activities. 
 
PE0158: Methods: Markers 
Genotyping By Random Amplicon Sequencing-Direct, GRAS-Di 
Hiroyuki Enoki, Yoshie Takeuchi and Kazuyo Suzuki, Toyota Motor Corporation, Aichi, Japan 
We developed new genotyping technology, Genotyping by Random Amplicon Sequencing-Direct (GRAS-Di). This technology consisted of 
sample preparation using high concentration random primer, NGS and data analysis. The sample preparation was very simple. It was only two 
steps PCR for NGS library without primer design, enzyme digestion, fragmentation, size selection, ligation, and normalization. Rice BIL 
population was used for evaluation of genotyping ability of GRAS-Di, with HiSeq2500 for 96 samples/lane. The number of reads for each 
amplicon was highly reproducibility, r>0.99 with repetition. Over ten thousand SNPs were detected among the BIL population. The amplicons 
and SNPs were distributed uniformly rice genome. The ratio of missing value was very low, 1.5%. The reproducibility of SNP was 99.9% with 
repetition. If there was no reference sequence, genotype data could be detected by windows software "GRAS-Di" using original algorism based 
on amplicon analysis. Theoretically, the technology is also applicable to highly polyploidy species. In sugarcane, we identified smut resistance 
genes by GRAS-Di. In strawberry, we constructed pseudomolecule by GRAS-Di and NRGene's DeNovoMagic. We performed the applicability, 
and GRAS-Di was applicable for over sixty species, including wheat, cow, pig, chicken, tuna and human. l sequence adaptors with index were 
designed and provided over 400,000 multiplex sequencing. We think that GRAS-Di would be very powerful technology for genome wide 
genotyping in many species. Some companies that we signed are providing contract-based analysis businesses in Japan and abroad. 
 
PO0159: Methods: Markers 
Genetic Linkage Mapping at Higher Ploidy Levels using polymapR 
Peter M. Bourke1, Geert van Geest1, Roeland E. Voorrips1, Johannes Jansen2, Twan Kranenburg1, Arwa Shahin3, Richard G.F. 
Visser1, Paul Arens1, Marinus J.M. Smulders1 and Chris Maliepaard1, (1)Wageningen University & Research, Plant Breeding, 
Wageningen, Netherlands, (2)Wageningen University & Research, Biometris, Wageningen, Netherlands, (3)Royal van Zanten 
Company, Rijsenhout, Netherlands 
Despite the fact that higher ploidy levels (> 2 chromosome copies) are common among domesticated plant species, methodologies and tools to 
perform routine genetic analyses in these species remain comparatively under-developed. polymapR is a novel R package for genetic linkage map 
construction in polyploid species, facilitating genomics-assisted breeding in polyploid crops. Using dosage-scored SNP marker data as input, 
polymapR can generate integrated and phased linkage maps for a range of commonly-encountered ploidy levels (3x, 4x and 6x). Such phased 
maps (where the distribution of marker alleles across parental chromosomes is known) can greatly facilitate downstream applications such as 
QTL analysis. So far polymapR has been used to generate high-density linkage maps in a number of polyploid crops such as tetraploid potato 
(Solanum tuberosum), tetraploid rose (Rosa x hybrida) and hexaploid chrysanthemum (Chrysanthemum x morifolium). The package is freely 
available for download from CRAN at http://cran.r-project.org/package=polymapR.  
References 
Bourke, P.M, van Geest, G., Voorrips, R.E. et al. (2018) polymapR – linkage analysis and genetic map construction from F1 populations of 
outcrossing polyploids. Bioinformatics, 10.1093/bioinformatics/bty371 
 
PE0160: Methods: Markers 



Evaluating Accuracy of DNA Pool Construction Based on White Blood Cell Counts Versus Two Common DNA 
Quantification Methods 
Amy Abrams1, John W. Keele2, Tara G. McDaneld2, Carol G. Chitko-McKown2, Michael G. Gonda1 and Larry A. Kuehn2, 
(1)South Dakota State University, Brookings, SD, (2)USDA-ARS, U.S. Meat Animal Research Center, Clay Center, NE 
Pooling samples prior to DNA extraction could further mitigate the cost of genotyping if these methods can accurately generate equal 
representation within pools. The objective of this study was to determine accuracy of pool construction based on white blood cell counts 
compared to two common DNA quantification methods. Ten individual bovine blood samples were collected, and then pooled with two 
individuals represented in each pool. Pools were constructed based on equal amounts of whole blood volume, white blood cell counts, 
spectrophotometer determined DNA concentrations, spectrofluorometer determined DNA concentrations, and equal volumes of extracted DNA, 
for a total of 25 pools. Pools and each individual sample were genotyped using the Bovine GGP 50K SNP array. Representation of individuals in 
each pool was estimated by non-negative least squares. Each pool was tested against all 10 individuals to ensure that only the two individual 
animals represented in the pool had nonzero representation. Square root of mean square differences between observed and expected sample 
representations (mean and range of pools) were 0.013 and (0.008, 0.018) for white blood cell counts, 0.036 (0.016, 0.050) for spectrofluorometer 
DNA representation, and 0.022 (0.009, 0.044) for spectrophotometer DNA representation. White blood cell count was more predictive of sample 
representation than DNA concentration. Pools constructed using white blood cell count had more equal representation of DNA from each 
individual than pools constructed using DNA concentration. Constructing pools using white blood cell counts may reduce DNA extraction cost 
associated with genotyping. 
 
PO0161: Methods: Markers 
High Density Marker Maps and Inflated Map Distance: Does It Matter for Detection and Characteristics of QTL?  
David W. Still, California State Univ. Agricultural Research Institute, Pomona, CA and Youngsook You, California State 
Polytechnic University, Pomona, Pomona, CA 
GBS data creates an abundance of potential markers, most of which are filtered and not used to create linkage maps. After multiple steps of 
filtering, imputation and further filtering of site SNPs and genotypes, the map length is often inflated from expected values. We are interested in 
determining if maps of inflated length lead to different abilities to detect QTLs or change the attributes of the QTL, e.g., percent of variation 
detected, significance level, or location. Using two intraspecific recombinant inbred line maps of lettuce, we compare maps of differing lengths. 
In each population, a map consistent with published data (expected map length) are compared against maps that are 2- to 3-fold higher than the 
expected map length, as determined from published data. We found that for large effect QTL, the map location, effect and percent variation 
explained by the QTL did not differ between maps of expected length and maps of inflated lengths. However, the inflated map detected small 
effect QTL that were not present in the expected length maps. While sequence-based genotyping is widely used, and more crops have been 
sequenced, these data are readily mapped to the physical map. Thus, new approaches to detecting QTL from sequenced-based genotyping may be 
developed to facilitate marker assisted breeding, and importantly, identification of genes underlying the QTL. 
 
PE0162: Methods: Microarrays 
GenoScore: All-Platform, All-Species Automatic SNP Scoring 
Michel Ragot1, Jean-Claude Franc2, Michel Lhermine2 and Francois Brunetti2, (1)DeltaGee / Nouvelle France Genetics, 
Minnetonka, MN, (2)DeltaGee, Ajaccio, France 
GenoScore is a fully automated, platform-agnostic SNP scoring tool. It currently handles data from all diploid and allopolyploid species. It is 
based on new and unique mathematical algorithms. It was designed to facilitate SNP scoring while ensuring the highest possible output quality. 
Therefore it does not require any parametrization besides the ploidy level of the organism under analysis. The software also provides a scoring 
quality indicator, allowing users to identify which markers they may want to validate manually. 
 
PO0163: Methods: Other Genome Methodology 
The MagicTip™ Method of DNA Isolation: DNA Extraction Without the Laboratory 
Seth Lewin, MatMaCorp, Lincoln, NE 
DNA isolation has been in practice for many decades and the procedures have evolved as technology has advanced. Although these 
advancements have led to many methods that already exist, all these methods have been primarily confined to the laboratory setting. The 
MagicTip™ method of DNA isolation is a rapid procedure that can be employed in any setting, by anyone regardless of laboratory skills. This 
method utilizes a DNA-binding substrate (the MagicTip™) to separate the bound DNA from cellular debris, thus resulting in clean genomic 
DNA for use in further applications. Traditional methods of DNA isolation such as chloroform-phenol extraction and the use of column-based 
kits both require a centrifuge and pipets to accomplish the procedure. Ion exchange and magnetic bead-based procedures also require specialized 
equipment. All these methods require someone with technical laboratory skills to safely and properly execute the procedure. In this study, the 
MagicTip™ DNA isolation method is compared to several traditional methods of DNA isolation. Genomic DNA is isolated from bovine blood 
and bovine muscle tissue by chloroform-phenol, spin column, simple lysate and MagicTip™ isolation methods. The resulting DNA elutant is 
then used as a template in PCR, Taq-man assay, and C-SAND™ assay. The results suggest that the MagicTip™ method of DNA isolation yields 
DNA of quality consistent with traditional methods without the use of the materials and skills needed in a traditional laboratory setting. This in 
turn allows the user to perform DNA isolation in a field setting; reducing the need to refrigerate and stabilize samples for transportation back to a 
laboratory.  
 
PE0164: Methods: Other Genome Methodology 
Isolating Plant DNA Without Standard Laboratory Tools 
Cody A. Janssen, MatMaCorp, Lincoln, NE 
Current methods of plant DNA isolation can be time consuming and labor intensive requiring laboratory equipment and technical skills. 
Mechanical methods of plant DNA isolation often require liquid nitrogen or the use of a bead and shaker system to lyse the plant cells. Column 



based kits require a centrifuge or vacuum manifold to isolate the DNA from the cell debris. Some of the above methods require lengthy 
incubations, multiple centrifugation steps, pipetting steps and the technical knowledge of the protocol. All these methods also require laboratory 
equipment or hazardous materials that are not easy to acquire making field use impractical or dangerous. A recently developed method uses a 
substrate (MagicTip™) simply placed in the cell lysate to bind DNA before being removed into a buffer where the DNA is then eluted in a 5-
minute procedure. DNA isolation kit buffers are supplied in dropper bottles eliminating the need for pipets allowing the protocol to be performed 
in a field setting. To test the efficacy of DNA template eluted using the MagicTip™ DNA isolation method, we compared the performance of 
this template alongside template produced using other isolation methods in a polymerase chain reaction (PCR), TaqMan® assay, and C-SAND™ 
assay. Tomato leaf samples (four 2mm punches) had DNA isolated using a MagicTip™ DNA isolation kit, a commercially available spin column 
kit, and a second commercially available kit requiring liquid nitrogen. The results suggest that the DNA isolated using the MagicTip™ method is 
of similar quality to the other methods tested. The ease of use and portability of the MagicTip™ DNA isolation method allows for high quality 
DNA to be generated quickly in the lab or in the field. 
 
PO0165: Methods: Other Genome Methodology 
Optical Mapping for De-Novo Genome Assembly and Plant Comparative Genomics  
Marzia Rossato1, Luca Marcolungo1, Emanuela Consentino1 and Massimo Delledonne2, (1)University of Verona, VERONA, Italy, 
(2)Department of Biotechnology, University of Verona, Verona, Italy 
Short-reads sequencing approaches are unable to properly resolve low complexity genomic regions, balanced structural variations and to phase 
haplotypes of highly homologous segments in polyploid genomes. Thanks to the analysis of individual long (>100Kb) DNA molecules, optical 
mapping has the potential to overcome these issues that currently hamper comprehensive genome analysis.  
We will present an array of results demonstrating the ability of optical mapping to accurately reconstruct chromosomal segments during de-novo 
genome assembly and to identify large structural variants in genetic diversity studies. These include the de-novo assembly of the Solanum 
melongena and of the micro-algae Chlorella vulgaris. Integration of optical maps to draft assemblies consistently improved contig N50 from 
640Kb to 3.7Mb and 1.7Mb to 2.8Mb, respectively, and reduced the number of sequences up to 50 folds. In addition to improving the contiguity, 
optical mapping served to identify assembly errors such as false joins, inversions, and translocations within the draft assembly. In addition, using 
Vitis vinifera cv. Nebbiolo as test study, we will present the potential of optical mapping in identifying clone-specific structural variations, a 
‘hidden’ diversity largely understudied so far but heavily contributing to phenotypic differences. Direct comparison of maps highlighted several 
deletions/insertions present in a reciprocal manner in two clones, but previously unrecognized using short-read data.  
Overall, recent technical improvements in optical mapping, as well as reduction of error rate and costs, can potentially increase the use of this 
technology and thus facilitate our understanding of genome structural diversity and heritable agronomic traits. 
 
PE0166: Methods: Other Genome Methodology 
Optical Maps to Improve Our Understanding of Genome Complexity 
William Marande1, Sandrine Arribat1, Stéphane Muños2, Benjamin K. Blackman3, Helene Berges4, Ray H. B. Watson5, Melis 
Akman3, Pauline Duriez2, Joël Piquemal6 and Alex R. Hastie7, (1)French Plant Genomic Center CNRGV - INRA, Castanet-
Tolosan, France, (2)Laboratoire des Interactions Plantes Micro-organismes (LIPM) - INRA/CNRS, Castanet-Tolosan, France, 
(3)University of California, Berkeley, Berkeley, CA, (4)French Plant Genomic Center (CNRGV), INRA, Castanet-Tolosan, France, 
(5)University of Virginia & University of California, Berkeley, Berkeley, CA, (6)SYNGENTA, Saint - Sauveur, France, 
(7)Bionano Genomics, San Diego, CA 
The French Plant Genomic Resources Center (CNRGV) is dedicated to the analysis of plant genome complexity. Indeed, among living 
organisms, plants display a high level of genome complexity due to their large size, variations in polyploidy levels and high percentage of 
repetitive elements. In a context of climate change, population growth and limited energy resources, increasing plant genomes knowledge is 
essential for a better understanding of mechanisms driving plant adaptation and evolution.  
With the long reads sequencing technology, such as Pacific Bioscience that produces reads of several kilobases, the genome quality assembly 
was largely improved with a considerable contig number reduction and a better resolution of repeated sequences localization. However, it 
remains challenging to obtain scaffold as large as chromosomes.  
At the CNRGV, in complement to different NGS technologies, we use whole genome optical maps to improve the genome assembly quality 
from several plant species. Using the new labelling chemistry and the Saphyr system from Bionano genomics, optical maps were produced to 
organize genome sequences from several species. This new approach allows us to work at the chromosome level and observe structural variation 
from kilobases to megabases. In this study, we produced optical maps from 6 sunflower genotypes (landrace and wild type relative). Here, we 
show the assembly improvement of the reference genome that goes from 0.5Mb to 175Mb scaffold N50. In addition, we illustrate the comparison 
of the 6 genotypes at the chromosome level and highlight structural variation in specific genomic region of interest. 
 
PO0167: Methods: Other Genome Methodology 
Tripal Modules for Database Ontology Optimizaton 
Bradford Condon1, Abdullah Almsaeed1, Joseph West2 and Margaret Staton3, (1)University of Tennessee, Knoxville, Knoxville, 
TN, (2)University of tennessee, Knoxville, TN, (3)University of Tennessee, Knoxville, TN 
Tripal is an open-source biological database toolkit, designed to marry the content management platform Drupal and the standardized database 
schema Chado. Sites utilizing Tripal and developing Tripal modules are in the unique position to share their work and set the community 
standard for controlled vocabulary (CV) Chado schema usage. Our group has focused on providing Tripal modules that enrich CV integration 
and curation. We present two tools: Tripal Curator and Tripal CV X-ray.  
Tripal Curator is site administration dashboard for improving Chado ontology usage. For example, admins can find all properties stored in their 
database using local controlled vocabularies, and mass-convert them to terms from standardized ontologies. With the addition of controlled 
vocabulary terms for property values in addition to property types, Curator allows admins to mass assign value terms based on their free-text.  



Tripal CV X-ray provides an appealing browsable map of the ontological usage of your sites content. Annotated content (tissue samples 
annotated with Plant Trait Ontology terms, genes annotated with Gene Ontology terms) is mapped onto the browseable CV tree, meaning an end 
user can quickly view and download all genes annotated with a given term and/or all of its child terms. 
 
PE0168: Methods: Other Genome Methodology 
Combining Old Genomic Strategies with New Technologies to Decipher the Complex Structure of Plant Genomes 
Nathalie Rodde1, Carine Satgé2, Céline Chantry-Darmon2, Margaux-Alison Fustier2, Stephane Cauet2, Caroline Callot2, William 
Marande2, Sandrine Arribat2, Sonia Vautrin3, Arnaud Bellec2 and Helene Berges4, (1)French Plant Genomic Resource Center - 
INRA Toulouse, Castanet-Tolosan, France, (2)French Plant Genomic Center CNRGV - INRA, Castanet-Tolosan, France, (3)INRA 
CNRGV, Toulouse, France, (4)French Plant Genomic Center (CNRGV), INRA, Castanet-Tolosan, France 
Among living organisms, plants display a high level of genomes complexity due to their large size, variations in ploidy levels and high 
percentage and variability of repetitive elements. Despite the Next Generation Sequencing revolution including the recent long read technologies, 
it remains challenging to obtain high quality assemblies at the genome scale. In order to be efficient, when addressing a scientific question, it is 
important to choose the relevant strategy consistent with the raised topic: exhaustive information on whole genome is not always required while 
reliable and quality information of the region of interest is crucial and necessary.  
The French Plant Genomic Resources Center (CNRGV) provides innovative and efficient genomic tools to better characterize plant biodiversity 
and understand how plants adapt to their environment through the analysis of their genomes and the intra and inter species variability. We 
develop several strategies combining large fragment genomic DNA libraries, CRISPR-CATCH targeting strategy and optical mapping 
technology combined with NGS to obtain very high quality sequence. The complementarity of these strategies allows the production of reliable 
sequence information, which is essential to link a genotype to a phenotype. 
 
PO0169: Methods: Other Genome Methodology 
D2T: Decomposition of Genotypes of Tetraploid Individuals Using Genomic Data of Diploid Population 
Han Qu, University of California Riverside, Riverside, CA 
Despite the important role of polyploidization in evolution and rapid acquisition of genomic data, there remain gaps in the basic understanding of 
how the long and ongoing history of genetic exchange, frequent hybridization, edaphic distribution, habitat and life history have diversified plant 
species in mixed-ploidy population. This is largely due to the more complex nature of their genome evolution, e.g. multiple alleles and loci, 
complicated inheritance patterns, and differences of mating strategies. The current phylogeny analytic tools are not capable to analyze a mixture 
sample of diploids and tetraploids in which more than two alleles may be involved. We developed an advanced statistical algorithm, named D2T, 
which can decompose each heterozygous SNP of a tetraploid genome into two most likely diploid genomes. Then, the genetic distance between a 
tetraploid and a diploid, or between two tetraploids, can be easily calculated by conventional phylogenetic tools using the decomposed genotypes 
of each tetraploid genome. Due to lack of data from the real sample, we demonstrate the method using intensively simulated data, and will test it 
on a Restriction-site Associated DNA (RAD) tags sequencing dataset of manzanita (Arctostaphylos Adans.). The project will provide software 
solutions to dealing with polyploidy in analyses of genetic diversity, a pervasive problem in plant biology.  
 
PE0170: Methods: Other Genome Methodology 
Visualization and Modeling of Population Structure for GWAS Using Autoencoders 
Samuel R. Revolinski, Chunpeng James Chen and Zhiwu Zhang, Dept. of Crop and Soil Science, Washington State University, 
Pullman, WA 
Principal Components (PCs) derived from genetic markers are commonly used to reveal population structure and used as cofactors for testing 
marker-trait association at the expense of diluting the association due to highly confounding between testing markers and PCs. For examples, for 
simulated traits with population structure confounded with environmental effects, it is necessary to include PCs as cofactors in Genome-Wide 
Association Studies (GWAS) to reduce false positives by using FarmCPU (Fixed and random model Circulating Probability Unification) 
method. On the other hand, fitting PCs as cofactors decreases statistical power when environmental effects do not confound with population 
structure. It is in critical need to find alternatives that can reduce the spurious associations and increase true positives. We investigated the impact 
of fitting as cofactors in FarmCPU method. The autoencoder was created using a neural network with seven layers, including the input layer, 2 
hidden encoding layers, a middle latent layer, two decoding layers, and the output layer. Keras, a Python library was used for optimization 
(ADAM) with 20-30 epochs. Datasets from multiple species were examined, including cattle, pig, and wheat. These populations include both 
association populations that were collected from diverse individuals (cattle and pig) and the joint linkage population with a common parent and a 
limited number of families (wheat). Visually, autoencoders demonstrated population structures that were not able to be seen using PCs. For 
simulated traits in populations without environmental effects confounded with structure, PCs decreased and autoencoders increased statistical 
power for GWAS. 
 
PO0171: Methods: Other Genome Methodology 
Molecular Feature Comparisons of Genome-Wide for Difference Between Dilated and Restrictive Cardiomyopathy 
Nini Rao, University of Electronic Science and Technology of China, Chengdu, China 
With the development of molecular biology and bioinformatics technology, the study on dilated cardiomyopathy (DCM) and restrictive 
cardiomyopathy (RCM) has been made much progress. However, the pathogenesis and molecular mechanism of progression of DCM and RCM 
are not yet clear. In clinic, RCM is easy to be misdiagnosed as DCM. This study aims to discriminate DCM and RCM at molecular levels. 
Materials and Methods: RNA-Seq data with DCM/RCM samples and normal control samples (No. GEO-GSE71613) is downloaded from 
EMBL-EBI database. This paper first made the difference significant analysis of RNA-Seq data for the two kinds of myocardial diseases. Then, 
the DCM and RCM co-expression networks are respectively constructed using their differentially expressed genes. The key genes of the two 
classes of myocardial diseases were identified based on the node degrees of co-expression networks. Next, we performed biological function 
analysis using the key genes related to DCM and RCM respectively. Finally, DCM and RCM are compared from the angles of genetic markers, 



biological functions and signal pathways. Results: 451 and 1326 differentially expressed genes related to DCM and RCM were respectively 
selected. The node degrees of two co-expression networks obeyed the power law distribution (Figure 1), which illustrate that two networks have 
biological properties. 21 and 65 key genes related to DCM and RCM wererespectively identified according to the degrees of nodes on the co-
expression networks (The first 5%), in which NRG1[1-3], MAB21L2[4], POSTN[5], IGFBP3[6]and NPR3[7] have been confirmed to be closely 
associated with DCM, and TNNI3[8]and DES[9] with RCM. Only NPR3 is the common key gene of DCM and RCM. It has been confirmed to be 
able to protect myocardial cells[7]. GO and KEGG enrichment analysis showed that most biological features of DCM and RCM are different. 
Occurrence and development of DCM may be related to cardiomyocyte apoptosis, while that of RCM is probably related to stress. The key genes 
of DCM are enriched in membrane composition, but that of RCM in cell organelle. The key genes of DCM are involved in inflammatory, 
apoptosis and Ca ions pathways, while that of RCM in Wnt and Notch signaling pathways that are closely associated with heart failure. This may 
be the reasons why RCM is more likely to develop into heart failureand its prognosis is poor. Conclusions: There are great differences in the key 
genes, biological processes and cellular components and signal pathways between DCM and RCM. RCM and DCM can be better differentiated 
at the molecular levels. This study provides an important reference for reducing the misdiagnosis probability of the twokinds of myocardial 
diseases.  
Keywords: RNA-Seq data; co-expression network; key gene; biological function; comparison 
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A Novel Method for Isolating High-Quality UHMW DNA from 10 mg of Freshly Frozen or Liquid-Preserved Animal Tissue 
Yang Zhang, Bionano Genomics, San Diego, CA 
High-quality UHMW DNA is key to success in optical mapping of long genomic DNA using Bionano Genomics Saphyr® system for de novo 
genome assembly and structural variation detection. Ideally, ~100 mg of animal tissue is frozen immediately upon collection using liquid 
nitrogen or dry ice, and stored at -80°C before DNA isolation. Practically, tissue amounts may be limited and collection often occurs at remote 
sites where low temperature preservation for storage and shipping may be unavailable.  
Here we present a novel method to isolate UHMW DNA from 10 mg of either freshly frozen or room temperature preserved animal tissue for 
subsequent enzymatic labeling using direct labeling and staining (DLS) to generate Bionano maps. With a TissueRuptor, 10 mg tissue is 
homogenized followed by a three-step purification process before embedding the purified nuclei in agarose gel plugs. This process takes less 
than 3 hours for a batch of 6 samples. Using this method, we have successfully isolated high quality UHMW DNA from various tissue types of 
rat and human.  
The method is very attractive compared to other protocols because: 1) tissue preservation, shipping and handling can be done at room 
temperature, 2) uses very small amount of tissue - possible application for rare samples and human tissue biopsy tests, and 3) the length and 
quality of the resulting single molecules generate high quality optical maps for genome finishing and SV calling. 
 
PO0173: Methods: Other Genome Methodology 
Non-Centrifugal DNA Extraction from Milk Samples 
Zackry Stevenson, MatMaCorp, Lincoln, NE 
Extraction of quality genomic DNA from milk has been a costly and time-consuming procedure. Current techniques involve equipment such as 
centrifuges or pipettes in a laboratory setting. This also required large volumes of milk to get enough DNA to be used in downstream 
applications. Newly developed MagicTip™ DNA Isolation Kits allow for anyone to obtain genomic DNA quickly and in a field or laboratory 
setting without the use of standard laboratory equipment. Individual cow milk samples were used to compare several column-based kits and 
phenol-chloroform methods with the MagicTip™ DNA Isolation Kit. Eluted DNA was used as a template in Polymerase Chain Reaction (PCR), 
TaqMan™ assays, and C-SAND™ assays. Results suggest that the MagicTip™ DNA Isolation Kit allows for genomic DNA extraction without 
pipettes or a centrifuge. 
 
PE0174: Methods: Other Genome Methodology 
A Multivariate Approach for a Genome Wide Association Study on Residual Concentrate Intake in Brown Swiss Young 
Bulls 
Corrado Dimauro, Elisabetta Manca, Alberto S. Atzori, Alberto Cesarani, Giustino Gaspa and Nicolo P. P. Macciotta, University 
of Sassari, Sassari, Italy 
The genetic selection for feed efficiency is mainly focused on the residual feed intake (RFI), an index that takes into account the total food an 
animal eats. Concentrates, however, are the most expensive fraction of the bovine diet. So, in the present research, a new index, called residual 
concentrate intake (RCI), which takes into account only concentrates the animal eats, was defined. It was calculated as the RFI, with the 
difference that feed was replaced by concentrate. A GWAS was developed on 736 genotyped Brown Swiss young bulls to search for genomic 
regions controlling concentrate efficiency. The diet consisted of concentrate (1.2 kg/100 kg of body weight) and hay administered ad libitum. 
After RCI was evaluated, animals belonging to the 25th and 75th percentile of its phenotypic distribution were selected and flagged as low (LRCI) 
or high (HRCI) RCI. Two multivariate statistical techniques were exploited. The canonical discriminant analysis (CDA) was developed to select 
markers that better discriminate LRCI from HRCI. The Discriminant Analysis (DA) was then applied to assign animals to groups. The procedure 
selected 382 discriminant SNPs spanned across the genome. These markers could be used to assign Brown Swiss bovines to LRCI or HRCI 
groups when their RCI phenotype is not known. Among the selected markers, the most discriminant 88 SNPs were sufficient to significantly 
separate groups and correctly assign animals to the true RCI group of origin. Several putative genes, controlling directly or not the RCI were 
found in the genomic regions flagged by those markers. 
 
PO0175: Methods: Other Genome Methodology 
Investigating the Accuracy of Genomic Evaluations in South African Dairy Cattle With Predominantly Females as 
Reference Populations 



Mahlako Makgahlela1,2, Kgaogelo Mafolo1 and Azwihangwisi Maiwashe1,2, (1)Agricultural Research Council, Pretoria, South 
Africa, (2)University of Free State, Bloemfontein, South Africa 
Genomic selection exploit genome-wide SNP markers to predict and select individuals with top-ranking genomic breeding values (GEBV) from 
a selection population, where individuals are genotyped but not phenotyped. It is the main source of genetic progress for dairy cattle breeding in 
developed countries. Progress of integrating genomic data in South African dairy cattle breeding programmes remain slow-paced for several 
reasons, including the cost of setting up the infrastructure and reluctance from the AI companies. In this study, we assessed the accuracy of 
genomic evaluations relative to pedigree-based BLUP within and across breeds, in the reference populations that are predominantly cows. 
Lactation performance records were obtained for milk, protein and fat yields on 237 461 and 256 219 Holstein and Jersey cows, respectively, for 
the period 1989-2018. Genotypes for 53 218 SNP markers were generated, and the proportion of genotyped males was 76 of 901 (8%) and 41 of 
816 (5%) in Holsteins and Jersey, respectively. A unified approach with pedigree, lactation performance records and SNP markers was 
constructed within the BLUPf90 software to predict GEBV, where 20% of the youngest animals were defined as the validation population. The 
validation accuracies for all traits measured as the correlation between GEBV and EBV were lower within breeds but improved in the 
evaluations across breeds. Thus, a unified approach also provides an opportunity for GEBV evaluation in numerically smaller reference 
populations largely constituted by females, which could be enhanced by evaluations across breeds. 
 
PE0176: Methods: Sequencing 
The CRISPR/Cas Toolkit for Targeted High-Throughput Sequencing: Resolving Long Complex Regions and Depleting 
Repetitive Elements 
Jake Enk, Brian Brunelle, Alison Devault, Ben Steil and Jean-Marie Rouillard, Arbor Biosciences, Ann Arbor, MI 
Established target enrichment technologies, like locus-specific PCR amplification and hybridization-capture, have proven incredibly 
transformative to genomics research. However, they remain limited in their ability to resolve certain types of genomic loci, and can be extremely 
expensive for large target sizes and custom applications. The CRISPR/Cas system overcomes many of these challenges and has opened new 
dimensions in targeted sequencing capabilities. As a programmable, highly-specific nuclease system, CRISPR/Cas can be used both to excise 
target regions from high-molecular weight genomic fragments, or to sever unwanted molecules in sequencing libraries and render them non-
sequenceable. Here we outline several applications of CRISPR/Cas-driven targeted sequencing, and highlight its versatility, affordability, and 
tremendous potential for highly customizable target enrichment and/or depletion prior to high-throughput sequencing on any platform. With 
Arbor Biosciences’ efficient technology for producing large pools of guide RNAs, enriching or depleting thousands of target regions is rapid and 
cost-effective. 
 
PO0177: Methods: Sequencing 
SeqSNP tGBS, an Alternative to Array Genotyping in Routine Breeding Programs 
Jason Hein1, Darshna Vyas1, Dr Wolfgang Zimmermann1, Farah Aladin1 and Dr. Samuel Arvidsson2, (1)LGC, Hoddesdon, United 
Kingdom, (2)LGC, Berlin, Germany 
Comprehensive assessment of complex traits and genome wide association studies (GWAS) has up to recently only been possible using fixed 
arrays. SeqSNP, a refined targeted genotyping by sequencing (tGBS) technology has been developed by LGC, Biosearch Technologies. SeqSNP 
not only provides flexibility in single nucleotide polymorphism (SNP) sequence selection, but also scalability in sample numbers which can be 
restrictive on fixed arrays. Independently analysed data is presented here, which not only substantiates that the SeqSNP service delivers 
genotyping data with high concordance to array genotyping, but it also surpasses other sequence based genotyping options in de novo SNP 
discovery (5,733 in this study) and the analysis of multi-allelic target SNP sequences.  
GWAS requires larger numbers of associated markers to accurately estimate breeding values as part of a genomic selection (GS) breeding 
strategy. The high density of markers (>10K unique data points per sample) are required to be evenly distributed throughout a genome, (to 
increase genotypic resolution and phenotypic association to complex traits), thus improving prediction accuracy for training populations to be 
used for any GS breeding program. Of the 500 SNP sequences selected by an independent third party, 99% of SNPs were successfully genotyped 
using SeqSNP, compared to 90% on the fixed array. The impact of increased accuracy allows cost efficiency and increased confidence in 
selections made using tGBS. SeqSNP is the next stage in sequence based genotyping as services or bespoke kits for all breeding communities 
 
PE0178: Methods: Sequencing 
High DNA Yields from Diverse Plants and Various Plant Material for the Use in NGS Applications 
Doerte Lehmann, QIAGEN GmbH, Hilden, Germany and Patrick Smith, Nicola Scholle, Markus Sprenger-Haussels, Dominic 
O'Neil; QIAGEN GmbH, Germany  
Plant genomic DNA extraction is often labor-intensive and leads to varying results caused by the diverse nature of the material as well as the 
presence of inhibitory substances which makes reliable and reproducible purification of high-quality DNA difficult.  
Here, we developed a method for efficient DNA isolation from different plant types including leaves, stems, seeds/nuts, roots, and fruits. We 
significantly increased DNA yields with minimal hands-on times compared to conventional methods due to a more effective sample lysis. 
Through the use of QIAGEN’s second generation of inhibitor removal technology (IRT) which eliminates molecules such as polyphenols, 
tannins or complex polysaccharides the resulting inhibitor-free DNA is of high quality and purity, and does not affect downstream applications 
including PCR, qPCR and Next Generation Sequencing based applications.  
Using this method we extracted high-quality DNA from over 25 different plant and tissue samples (including pine needles, strawberry and 
blueberry leaves; corn, coffee and sunflower seeds; tomato, apple and cranberry roots). We were further able to design a workflow that 
comprised DNA isolation, library preparation and bioinformatics analysis for the efficient detection of plant-associated microbes including plant 
pathogens isolated from infected samples. With this, our protocol is an substantial improvement within workflows used for plant microbiome and 
plant pathology studies as well as in plant breeding and engineering. 
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A Low DNA Input Protocol for High-Quality PacBio De Novo Genome Assemblies from Single Invertebrate Individuals 
Sarah B Kingan1, Haynes Heaton2, Juliana Cudini2, Nancy Holroyd2, Alan Tracey2, Katharina von Wyschetzki2, Christine 
Lambert1, Primo Baybayan1, Brendan Galvin1, Jonas Korlach1, Matthew Berriman2 and Mara Lawniczak2, (1)Pacific Biosciences, 
Menlo Park, CA, (2)Wellcome Sanger Institute, Hinxton, United Kingdom 
A high-quality reference genome is an essential tool for studying the genetics of traits and disease, organismal, comparative and conservation 
biology, and population genomics. PacBio Single Molecule, Real-Time (SMRT) Sequencing generates long reads with uniform coverage and 
high consensus accuracy, making it a powerful technology for de novo genome assembly. Improvements in throughput and concomitant 
reductions in cost have made PacBio an attractive core technology for many large genome initiatives, however, relatively high DNA input 
requirements (5 µg for standard library protocol) have placed PacBio out of reach for many projects on small, non-inbred organisms that may 
have lower DNA content or on projects with limited input DNA for other reasons. Here we present high-quality de novo genome assemblies from 
single invertebrate individuals for two different species: the Anopheles coluzzii mosquito and the Schistosoma mansoni parasitic flatworm. A 
modified SMRTbell library construction protocol without DNA shearing and size selection was used to generate a SMRTbell library from just 
50-100 ng of starting genomic DNA. The libraries were run on the Sequel System with chemistry v3.0 and software v6.0, generating a range of 
21-32 Gb of sequence per SMRT Cell with 20 hour movies, and followed by diploid de novo genome assembly with FALCON-Unzip. The 
resulting assemblies had high contiguity (contig N50s over 3 Mb for both species) and completeness (as determined by conserved BUSCO gene 
analysis). We were also able to resolve maternal and paternal haplotypes for 1/3 of the genome in both cases. By sequencing and assembling 
material from a single diploid individual, only two haplotypes are present, simplifying the assembly process compared to samples from multiple 
pooled individuals. This new low-input approach now puts PacBio-based assemblies in reach for small highly heterozygous organisms that 
comprise much of the diversity of life. The method presented here can be applied to samples with starting DNA amounts around 100 ng per 250 
Mb – 1 Gb genome size. 
 
PE0180: Methods: Sequencing 
Nanopore Sequencing of Phytophthora capsici Reveals Hidden Complexity 
Chenming Cui, Virginia Tech, Blacksburg, VA 
With a host range of over 300 different species, the oomycete pathogen Phytophthora capsici is an important globally distributed plant pathogen 
that exhibits wide spread fungicide resistance. Additionally, as with other pathogenic oomycetes P. capsici has a complex life history and 
subsequently, a complex genome. Here we leverage Oxford Nanopore Technology (ONT) to sequence and assemble this important plant 
pathogen. We generated 10Gbp from a single flow cell resulting in > 1 million reads with an N50 of 13kb. The resulting assembly is 124Mbp in 
906 scaffolds with an N50 length of 232kb. This assembly is 92% bigger than the current draft genome 64Mbp. We confirmed this larger 
genome size using flow cytometry, with an estimated size of 110Mbp. BUSCO analysis identified 96.5% complete orthologs with 39.7% 
duplicated. These estimates correspond with the recently published P. cactorum genome. Evolutionary analysis supports a recent whole genome 
duplication in this group. Our work demonstrates that cost-effective long-read sequencing can improve the assembly of complex genomes and 
offer novel insights into genome function and evolution. 
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Rapid, Ultra-Multiplexed Amplicon-Based Targeted Sequencing Approach for High-Throughput Genotyping 
Yang Lily Liu, Lucie S. Lee, Jeffrey Liu, Guoying Liu and Zhitong Liu, Paragon Genomics, Hayward, CA 
Next-generation sequencing (NGS) technologies have accelerated research efforts in plant and animal genomics. With advances in genetic 
analysis and trait selection practices, the number of markers required for successful genomics programs in agriculture is increasing. Targeted 
genotyping by sequencing (GBS) can deliver reliable, high marker call rates for specified SNPs in a high throughput and cost effective manner. 
Amplicon-based targeted NGS library preparation methods are preferred by many as they are more convenient and efficient to perform. 
However, conventional amplicon-based methods suffer from drawbacks such as high background, poor coverage uniformity, and limited 
multiplexing of amplicons.  
CleanPlex technology is a high-performing, amplicon-based target enrichment and library preparation solution for NGS that overcomes these 
shortcoming. Its unique background cleaning chemistry enables tens of thousands of amplicons to be pooled in a single reaction to enrich for a 
large number of targets required by many high-throughput genotyping studies. The technology features a streamlined workflow that can be 
completed in a single tube in 3 steps and in just 3 hours. We present results from experiments demonstrating the robust performance of the 
CleanPlex technology. CleanPlex target-enriched NGS libraries have low PCR background, no apparent GC bias, and can achieve >95% 
coverage uniformity using as little as 1 ng of DNA. The technology has a limit of detection below 1% and high variant detection accuracy, as 
well as high mapping and on-target rates over a wide range of target numbers and input DNA amount. 
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Genome Assembly Improvement with Long Reads and Long Jumps 
Mei-Yeh J. Lu, Biodiversity Research Center, Academia Sinica, Taipei, Taiwan and Wen-Hsiung Li 
De novo sequencing and assembling a high quality genome is often challenged by various factors, such as high heterozygosity, high genome 
ploidy, complex repetitive sequences, high GC%, and presence of endogenous plasmids/phages, etc. The invention and advancement of 
Next�Generation Sequencing (or NGS) technologies have revolutionized genomic studies in many ways. Yet most of genome sequencing relies 
on more than one technology to achieve its best assembly contiguity and accuracy.  
Coming from the era of short�read sequencing, we now have explored long read sequencing technologies and in combination with long jumping 
applications to circumvent the hurdles which short reads cannot resolve for complex genomes. Using the new approaches, we re�visited several 
genomes from big and small with doubts in the short�read assembly drafts. Huge improvements were achieved in all genomes we have tried.  
By building upon the gap�free primary assembly generated from PacBio long read sequencing, segmental Illumina Mate�pair data were applied 
to bridge gaps between 1�40kb at high resolution, chromosome interaction data (e.g. Hi�C) bridged long�range connections up to Mb level, 
and PacBio reads were used to close the gaps resulted from the scaffolding, and finally Illumina short�reads were applied to fix the assembly 
errors at base�pair resolution.  



Our data will address the effectiveness of genome assembly using only long read sequencing as well as complimenting with various long�jump 
data. Examples will be shown for genomes at various sizes, including microbes, plants, and animals. 
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Cultivar-Specific Long-Range Chromosome Assembly of a Rhynchosporium-Resistant Barley Landrace to Identify the Rrs1 
Resistance Gene 
Sonja Andrea Eibel1, Bianca Buettner1, Thomas Lux2, Klaus F.X. Mayer2, Guenther Schweizer1, Miroslava Karafiátová3, Hana 
Šimková3 and Jaroslav Doležel3, (1)Bavarian State Research Center for Agriculture, Freising, Germany, (2)PGSB - Plant Genome 
and Systems Biology, Helmholtz Center Munich, German Research Center for Environmental Health (GmbH), Neuherberg, 
Germany, (3)Institute of Experimental Botany, Centre of the Region Haná for Biotechnological and Agricultural Research, 
Olomouc, Czech Republic 
Physical mapping of resistance loci in crops is often hampered due to large number of repetitive elements throughout the genome and substantial 
sequence differences between cultivars of one species. Therefore, good quality sequence information is crucial and accelerates the identifying 
and cloning of resistance genes. Barley scald, caused by the fungus Rhynchosporium commune, is a globally distributed foliar disease and 
especially important in cool and humid climates. Rrs1 is a highly effective scald resistance locus, though studied for decades, the underlying 
resistance genes are still unknown. We have applied chromosome flow sorting and long-range sequencing of chromosome 3H of scald resistant 
barley landrace SBCC145 to target major scald resistance locus Rrs1 in a de novo assembly. Together with genetic map information based on ~ 
538 recombinant F2-plants, this is a valuable resource to investigate the genetic structure of the Rrs1 locus and finally identify the underlying 
resistance gene(s). Moreover, this is an additional source for other agronomic trait loci mapped to chromosome 3H and analysis of structural 
variation between different barley cultivar sequences. 
 
PE0184: Methods: Sequencing 
Multifaceted Hi-C Benchmarking: What Makes a Difference in Chromosome-Scale Genome Scaffolding? 
Mitsutaka Kadota, Osamu Nishimura, Kaori Tanaka, Hisashi Miura, Ichiro Hiratani and Shigehiro Kuraku, RIKEN Center for 
Biosystems Dynamics Research, Kobe, Japan 
Hi-C, genome-wide chromosome conformation capture, is the only sequencing-based strategy to finalize chromosome-scale genome assembly, 
irrespective of the platform choice for initial sequencing. In spite of its sensational performance, it still remains unexplored what makes a 
difference in results of Hi-C scaffolding because of its costly and resource-demanding nature. To gain an insight into its best practice, we, an 
academic genome analysis station in Japan experienced with technical development and conducting genome projects, performed a multifaceted 
benchmarking covering various factors in sample preparation and computation. They include the choice of tissue, sample preparation protocol 
(in-house protocol or commercial kit), and restriction enzyme(s), as well as the choice of scaffolding program, the length cutoff of input 
assembly sequences, and the number of Hi-C reads. The results of the benchmarking using vertebrate tissues will be presented together with 
strategies for evaluating library quality and scaffolding output. 
 
PO0185: Methods: Sequencing 
Library Prep and Bioinformatics Improvements for Full-Length Transcript Sequencing on the PacBio Sequel System 
Michelle Vierra1, Brendan Galvin2, Ting Hon1, Heather Ferrao1, Armin Toepfer1, Yuan Li1 and Elizabeth Tseng1, (1)PacBio, 
Menlo Park, CA, (2)Pacific Biosciences, Menlo Park, CA 
The PacBio Iso-Seq method produces high-quality, full-length transcripts of up to 10 kb and longer and has been used to annotate many 
important plant and animal genomes. We describe an improved, simplified library workflow that reduces library preparation time, RNA input, 
and cost. The Iso-Seq V2 Express workflow is a one day protocol that requires only ~300 ng of total RNA input while also reducing the number 
of reverse transcription and amplification steps down to single reactions. Compared with the previous workflow, the Iso-Seq V2 Express 
workflow increases the percentage of full-length (FL) reads from 60-70% to 75-85% while achieving a higher average transcript length.  
At the same time, the Iso-Seq 3 bioinformatics analysis recently released in the SMRT Link 6.0 software is a major improvement over previous 
versions. Iso-Seq 3 is highly accurate at detecting and removing library artifacts (TSO and RT artifacts) as well as differentiating barcodes on 
multiplexed samples. Iso-Seq 3 achieves the same output performance in high-quality transcript sequences compared to previous versions while 
reducing the runtime and memory usage dramatically, finishing 3 SMRT Cells 1M (or 1-1.5 million full-length reads) within a day. We also 
introduce downstream community tools such as SQANTI that can further characterize Iso-Seq output against a reference annotation. 
 
PE0186: Methods: Sequencing 
Generating High Density, Low Cost Genotype Data in Soybean 
Mary Happ, Haichuan Wang, George Graef and David L. Hyten, University of Nebraska-Lincoln, Lincoln, NE 
Obtaining genome-wide genotype information for millions of SNPs in soybean [Glycine max (L.) Merr.] often involves completely resequencing 
a line at 5x or greater coverage. Currently, hundreds of soybean lines have been resequenced at high depth levels with their data deposited in the 
NCBI short read achieve (SRA). This publicly available dataset may be leveraged as an imputation reference panel in combination with skim 
(low coverage) sequencing of new soybean genotypes to economically obtain high-density SNP information. Sequence reads were downloaded 
from the NCBI SRA for 99 soybean lines which had been resequenced at an average of 17.1x. This data was used to generate an imputation 
reference panel by calling over 10 million SNPs using GATK’s Haplotype Caller tool. Whole genome resequencing at approximately 1X depth 
was performed on 114 previously ungenotyped experimental soybean lines. Coverages down to 0.1X were analyzed by randomly subsetting raw 
reads from the original 1X sequence data. SNPs discovered in the reference panel were genotyped in the experimental lines after aligning to the 
soybean reference genome, and missing markers imputed using Beagle4.1. Sequencing depth of the experimental lines could be reduced to 0.3X 
while still retaining an allele calling accuracy of 97.8%. Accuracy was inversely related to minor allele frequency, and highly correlated with 
marker linkage disequilibrium. The high accuracy of skim sequencing combined with imputation provides a low cost method for obtaining dense 
genotypic information that can be used for various genomics applications. 



 
PO0187: Methods: Sequencing 
Rapid and Accurate Quantification of Illumina NGS Libraries Using the Q Real-Time qPCR Instrument 
David Schuster, Peter Bartholomew, Brian Komorous, Eleanor Kolossovski and Hongbo Liu, Quantabio, Beverly, MA 
Accurate quantification of the number of amplifiable library molecules is a critical factor for obtaining high quality read data with next-
generation sequencing technologies. The high sensitivity, broad dynamic range, and specificity of qPCR to quantify library molecules that are 
suitable for the bridge PCR provide significant advantages over methods for total DNA quantification. However, these advantages are often 
offset by the time to result, requirement for inclusion of absolute DNA standards in every qPCR run, and errors associated with dilution of 
libraries so that reportable results are within the linear dynamic range of the technology. Here we describe application of a new real-time 
quantitative PCR instrument, the Q from Quantabio, to simplify reliable library quantification with faster run times. 
 
PE0188: Methods: Sequencing 
SMRT Long-Reads and DLS Optical Maps Allow Whole-Genome Comparative Studies at the Chromosome Scale: The Case 
of the European Barn Swallow 
Giulio Paolo Formenti1, Arang Rhie2, Matteo Chiara3, Lucy Poveda4, Kees-Jan Francoijs5, Andrea Bonisoli-Alquati6, Luca 
Canova7, Luca Gianfranceschi3, David S. Horner3, Nicola Saino3 and Erich D. Jarvis8, (1)University of Milan, Milan, Italy, 
(2)NHGRI / NIH, Bethesda, MD, (3)University of Milan, Milano, Italy, (4)Functional Genomics Center Zurich, Zurich, 
Switzerland, (5)Bionano Genomics, Tulsa, OK, (6)Department of Biological Sciences, California State Polytechnic University, 
Pomona, CA, (7)Department of Biochemistry, University of Pavia, Pavia, Italy, (8)The Rockefeller University, Vertebrate Genome 
Laboratory, and HHMI, New York, NY 
The barn swallow (Hirundo rustica) is a migratory bird that has been the focus of a large number of ecological, behavioral and genetic studies. 
To facilitate further population genetics and genomic studies, in the framework of the Vertebrate Genomes Project we have produced a highly 
contiguous genome assembly (N50 > 25.95 Mbp) for the European subspecies (Hirundo rustica rustica) using Single-Molecule Real-Time 
(SMRT) sequencing and Bionano optical maps both with one of the original Nick, Label, Repair and Stain (NLRS) nickases (enzyme Nb.BssSI) 
and with the new Direct Label and Stain (DLS) approach (enzyme DLE-1). The latter technique was officially released in February 2018 and 
avoids nicking of DNA molecules during labeling. Consistent with Bionano’s claim, the direct labelling system applied on our SMRT-only 
assembly more than doubled the N50 with respect to previous nickase system. Furthermore, the application of a “dual enzyme” approach 
afforded additional support for scaffold junctions. Systematic comparisons of our high quality draft genome assembly of H. rustica with a 
collection of closely and distantly related bird genomes, including those made available by the first data release of the Vertebrate Genomes 
Project, provide phylogenomics profiles of structural rearrangements and gene losses/gene duplications. Taken together, these results offer 
indirect validation of the quality of the assemblies herein considered, and demonstrate the value of high quality genome assemblies in 
comparative genomic studies. Further analyses for the functional characterization of barn swallow specific genes and gene families that are 
expanded in the barn swallow are currently ongoing. 
 
PO0189: Methods: Sequencing 
Benchmarking Ultra-High Molecular Weight DNA and Tissue Preservation Protocols for the Vertebrate Genomes Project 
Jacquelyn Mountcastle1, Sylke Winkler2, Iliana Bista3,4, Karen Oliver3, Michelle Smith3, Lisa Komoroske5, Tanya Lama5, Andrew 
Crawford6, Robert Murphy7, Phillip A. Morin8, Erich D. Jarvis9, Olivier Fedrigo9 and VGP Sample Preparation Group, (1)The 
Rockefeller University/Vertebrate Genome Lab, New York, NY, (2)Max Planck Institute of Molecular Cell Biology and Genetics, 
Dresden, Germany, (3)Wellcome Sanger Institute, Hinxton, United Kingdom, (4)Cambridge University,, Cambridge, United 
Kingdom, (5)University of Massachusetts Amherst, College of Natural Sciences, Amherst, MA, (6)Universidad de los Andes, 
Department of Biological Sciences, Bogotá, Colombia, (7)University of Toronto, Ecology and Evolutionary Biology, Toronto, ON, 
Canada, (8)Southwest Fisheries Science Center, National Marine Fisheries Service, NOAA, La Jolla, CA, (9)The Rockefeller 
University, New York, NY 
The Vertebrate Genomes Project (VGP) is an international and multidisciplinary project of the Genome10K consortium (G10K). The mission of 
the VGP is to generate high-quality, phased, near chromosome-level reference genome assemblies of all ~66,000 extant vertebrate species. The 
VGP has selected genomic technologies with long-range sequence information, including Pacific Biosciences long reads, 10X genomics linked 
reads, Arima Hi-C chromosomal linked reads, and Bionano Genomics optical maps, which were found necessary to generate more complete, 
contiguous assemblies. These genomic technologies require significant amounts of ultra-High Molecular Weight (uHMW) DNA (>5ug and 
>150kb). The challenge of collecting tissue samples for uHMW DNA extraction is exacerbated by difficult field conditions and limitations with 
using the presumptively best preservation methods. Currently, the preferred collection method for HMW DNA involves flash freezing of tissue 
using liquid nitrogen. Many species reside in geographical locations where liquid nitrogen and dry ice are not readily available, while commonly 
used preservation methods (e.g. ethanol) may not be appropriate for long read sequencing applications. Here we present a comparative study of 
preservation methods for different environmental conditions and various sample types (muscle, soft tissue, and blood) across vertebrate groups 
(Mammals, Birds, Reptiles, Amphibians, and Fish). We aim to identify methods for field collection that would yield sufficient DNA quantity and 
quality, as required by long-read genomic technologies. These guidelines will allow field biologists to collect optimal samples from difficult-to-
obtain specimens, and facilitate the generation of high quality data for more complete and accurate genome assemblies, particularly relevant for 
achieving the VGP goals. 
 
PE0190: Methods: Sequencing 
Highly Multiplexed, Targeted Sequencing for Genotyping Maize with the NEBNext Direct Approach 



Amy B. Emerman1, Kruti M. Patel1, Sarah K. Bowman1, Scott M. Adams1, Brendan S. Desmond1, Jonathon S. Dunn1, Andrew 
Barry2, Bjoern Textor3, Susan E. Corbett1, Charles D. Elfe1, Evan Mauceli1 and Cynthia L. Hendrickson1, (1)Directed Genomics, 
Ipswich, MA, (2)New England Biolabs, Ipswich, MA, (3)New England Biolabs GmbH, Frankfurt am Main, Germany 
Targeted next-generation sequencing of molecular markers is a desirable approach to genotype crops for marker-assisted breeding. These 
methods offer several advantages over other genotyping approaches, including the ability to interrogate thousands of variant sites with a single 
assay while providing additional information on nearby sequences. However, NGS-based genotyping is typically more expensive than traditional 
genotyping methods, and for marker-assisted selection, many samples need to be screened to identify individuals to cross. Thus, it is important 
that the approach used to prepare samples for sequencing is high-throughput and that the cost per sample is low. Here we present the NEBNext 
Direct multiplexed approach for genotyping, a novel, capture-by-hybridization method that allows for processing of up to 9216 samples in a 
single 96-well plate.  
To demonstrate the capabilities of this approach, we applied the NEBNext Direct multiplexed protocol to genotype maize genomic DNA. We 
developed a panel of 4716 legacy SNPs from the Panzea project and tested the ability of the panel to evenly enrich targets from 25 ng of maize 
DNA. As a result, we found that greater than 85% of the sequencing reads mapped to targeted regions, and that the targets were covered with 100 
unique reads on average. Additionally, because the baits were individually synthesized, subsets of the panel could be rapidly generated to reduce 
sequencing costs when fewer targets were required. With this 7-hour, highly multiplexed protocol, hundreds of samples could be processed in a 
high-throughput manner, making this approach ideal for genomic selection in maize. 
 
PO0191: Methods: Sequencing 
Cutting Edge Genomics and Bioinformatics with the UC Davis Genome Center Cores 
Lutz Froenicke1, Ruta Sahasrabudhe2, Oanh Nguyen2, Diana Burkart-Waco2, Jei Li3, Joseph N. Fass4 and Matthew Settles5, 
(1)Genome Center, DNA Technologies Core, University of California, Davis, CA, (2)UC Davis - Genome Center - DNA 
Technologies Core, Davis, CA, (3)UC Davis Bioinformatics Core, Davis, CA, (4)UC Davis - Genome Center -Bioinformatics Core, 
Davis, CA, (5)UC Davis Genome Center, Davis, CA 
The DNA Technologies Core supports custom high-throughput short-read sequencing projects, long-read sequencing with PacBio and Oxford 
Nanopore technologies, as well as linked-read sequencing (10X Genomics). The Bioinformatics Core is proficient in combining multiple data 
types for high-quality genome assemblies and custom analyses. Beginning with free consultations, continuing through sample preparation, 
sequencing and data analysis, the two Cores plan and carry out genomics and gene expression study projects.  
The DNA Tech Core has already contributed high quality long-read (PacBio) and linked-read sequencing data to over 250 “large genome” 
projects. Last year we added nanopore sequencing on the ONT PromethION. Nanopore technology provides the longest sequencing reads, 
extending to hundreds of thousands of bases, enabling the assembly of difficult genome regions that so far have escaped analysis and 
significantly reduces the cost of whole genome studies. Long-read sequencing is complemented by high-molecular weight DNA (HMW-DNA) 
isolation services since DNA samples of highest integrity and purity are a prerequisite for single-molecule sequencing. The Cores also offer Hi-C 
services, enabling chromosome-scale genome scaffolding. UC Davis now offers all cutting edge technologies enabling genome assemblies and 
genome wide analyses. 
 
PE0192: Methods: Sequencing 
Streamlined Single-Tube Solutions for High Quality DNA Sequencing Library Preparation 
Yi Jin, Marissa Bolduc, David Bays, Shuhong Li, Eleanor Kolossovski, Brian Komorous, Hongbo Liu and David Schuster, 
Quantabio, Beverly, MA 
With next-generation sequencing (NGS) being widely adopted in research, clinical, and many other fields, simple, rapid, and reliable solutions 
for high quality NGS library preparation are in great demand. To offer streamlined and high-quality library preparation solutions for the 
Illumina® sequencing platform, we developed two solutions for different sequencing library preparations to accommodate multiple applications. 
The sparQ DNA Frag & Library Prep Kit supports easily tunable enzymatic fragmentation and DNA end polishing in a single step, followed by 
high-efficiency adapter ligation in the same reaction tube without intervening purification steps. The novel chemistry and simplified workflow 
lead to DNA libraries with high complexity and excellent genome coverage uniformity. For sample types not requiring initial DNA 
fragmentation, the sparQ DNA Library Prep Kit provides a fast single-tube library preparation solution that ensures great sensitivity and 
efficiency, while maximizing library yields with minimal hands-on time. A high-efficiency, high-fidelity, and low bias PCR master mix was also 
developed to complete workflows that require library amplification. Leveraging our innovative chemistries, world-class enzyme purity and 
rigorously controlled production and ISO13485 quality system, both kits offer unmatched NGS library preparation solutions to address quality, 
speed, and throughput demands while remaining a cost-effective option. 
 
PO0193: Methods: Sequencing 
Obtaining High Quality Insect Genome Assemblies using Oxford Nanopore Sequencing 
Scott Geib1, Sheina Sim1 and Julian R. Dupuis2, (1)USDA-ARS, Hilo, HI, (2)University of Hawaii, Hilo, HI 
Reconstruction of reference genomes from eukaryotic organisms is becoming commonplace, but the cost associated with generating high quality 
reference assemblies remains high, particularly when utilizing third generation single molecule technologies. New sequencing initiatives, such as 
the Earth BioGenome Project aim to generate de novo assemblies for thousands of unique species of eukaryotes, but unless technologies that 
reduce costs but achieve improvements in quality can be utilized, realistic achievement of such projects may be limited due to resources. Oxford 
Nanopore sequencing represents a technology that has the ability to represent a paradigm shift in the feasibility of tackling large numbers of 
species, as new instrumentation, such as the PromethION system, present an order of magnitude increase in data output from previous 
technologies (such as Oxford Nanopore MinION and PacBio Sequel), at a comparable per run cost, cutting overall data generation costs 
substantially. While technologies such as Oxford Nanopore have the potential to be utilized to sequence the Tree of Life, limitations still exist as 
much of that “tree” is represented by non-vertebrate species which can be small in size, and have limited DNA yield of varying quality. Here we 
present results of de novo reconstruction of single insects, with those results generated from a single flow cell of a MinION handheld sequencer 



(for a small insect genome below 200 Mb, at a cost under $1000), several flow cells of a MinION (for a larger insect genome near 1 Gb), and a 
single flow cell of PromethION, were approximately 100X coverage of a single Tephritid fruit fly was generated (genome size ~750Mb) for a 
few thousand dollars with read lengths comparable to other single molecule sequencing technologies. Additionally, we utilize a “trio” cross, to 
reconstruct the parental haplotypes of this individual, by coupling the long-read child data with high coverage illumina data of each of the 
parents. These independent demonstrations across families of Insecta demonstrate the feasibility of Oxford Nanopore technology towards 
reconstructing the genomes across the Tree of Life. 
 
PE0194: Methods: Sequencing 
Accuracy Comparison of Preferred Sequencers: Illumina HiSeq and Ion Proton Using Hi-Q Kit in Maize (Zea mays L.) 
Qiang Liu1, Cheng-Ting Yeh1, Lakshmi Attigala1, Dan Nettleton1 and Patrick S. Schnable2, (1)Iowa State University, Ames, IA, 
(2)Department of Agronomy, Iowa State University, Ames, IA 
Advances in next generation sequencing (NGS) platforms have led to increased throughput and speed and enormously reduced cost per data 
point. Because the dominant sequencing platforms are based on different technologies it is essential to understand the relative advantages and 
limitations of each technology for specific applications. We compared the sequencing accuracies of the Ion Proton and the Illumina HiSeq 4000 
platforms with an emphasis on consensus substitution accuracy, which is critical for SNP calling. Based on an analysis of RNA-seq data of maize 
(Zea mays L.) the consensus substitution error rates of Illumina HiSeq 4000 and Ion Proton using Hi-Q chemistry were 0.0049% and 0.0068%, 
respectively. Hence, both platforms are suitable for calling substitution variants (SNPs). 
 
PO0195: Methods: Sequencing 
Scalable Multiplexed Library Preparation for Low-Depth Sequencing and Genotype Imputation  
Joseph C Mellor, seqWell Inc, Beverly, MA and Jack T. Leonard, seqWell, Inc., Beverly, MA 
The use of low-pass whole-genome sequencing (WGS) has been established as a cost-effective alternative approach to microarray-based 
genotyping for robust genotype imputation pipelines. In many cases, depending on prior knowledge of known parental or population haplotypes, 
genotypes can be accurately imputed from ‘shallow’ genomic sequencing of individual plant or animal samples at raw coverage depths as low as 
0.5x. The relative advantage of using low-pass WGS as an alternative microarrays for routine genotyping is even clearer for plant and animal 
organisms with poorly-defined population-level SNP structure, where commercial array platforms are unavailable.  
While low-pass WGS is an effective technical alternative to microarray-based genotyping, the economics of using sequencing in place of 
microarrays depends on the ability to reliably create balanced pools of libraries that efficiently multiplex as many genomic samples as possible 
on large high-output sequencing runs that achieve the lowest cost per unit of data. In contrast, conventional WGS library prep, which typically 
involves creating individual libraries from each of many samples, is difficult to scale due to the accumulating effects of pipetting and sample-to-
sample variation on multiplex performance of large pools of samples as a whole, resulting in dropouts or loss of coverage on samples.  
Here, we describe the use of a high-throughput library preparation technology (plexWell™) for application to low-pass plant genome 
sequencing. plexWell™ library preparation kits streamline the ability to create normalized multiplexed libraries from multiple samples in batches 
of 96 to 384 samples without the need for time-consuming measurement or adjustment of input DNA concentrations, significantly simplifying 
the complex task of high-level multiplexing. The technical foundation of the plexWell approach is a reagent-limited initial transposition step 
performed on many samples in parallel, coupled to a subsequent pooled library generation step; when applied in conjunction, these two steps 
yield an approximately equal number of sequencer-ready library fragments from each of a potentially large collection of samples across a 10-fold 
input range. Our results demonstrate the utility of plexWell for routine low-pass WGS applications, where we characterize multiplexing 
uniformity and genotype imputation accuracy on a collection of known samples. 
 
PE0196: Methods: Sequencing 
Identifying Transgenic Alleles and Locations in Crops using a Nanopore Sequencing Technology 
Chi Zhang, Bin Yu and Thomas E Clemente, University of Nebraska - Lincoln, Lincoln, NE 
Identification of the transgene insertion location in an efficient and high-throughput manner is still a challenge although transgenic technologies 
are powerful tools to improve traits of various organisms. Here, we report a Nanopore-based sequencing method to map transgene insertions in 
the soybean genome. After pulling down the target DNA sequences, nanopore MinIon sequencing was employed to generate long reads that 
cover both target sequences and soybean genome sequences. A bioinformatics pipeline was developed to identify target sequences and flanking 
sequences in long reads, and transgene insertions could be located by the genome-wide comparison between flanking sequences and the 
reference genome. Using long read sequencing, one can get long flanking sequences so that the insertion locations could be identified accurately 
in spite of the complexity of plant genomes. This method can be executed in a high-throughput manner - several ten samples could be pooled 
together in one flow cell, and multiple insertions in one genome could be discovered. This nanopore-based method is rapid, convenient, reliable, 
cost-efficient and high throughput, and can be directly extended to various organisms. 
 
PO0197: Methods: Sequencing 
Assessment of Single-Pool Target Enrichment of Multiple Variable Regions of the 16 rRNA Gene, Nuclear Ribosomal 
Internal Transcribed Spacer (ITS) Region, and Antimicrobial Resistance Genes for Microbial Sequencing  
Jordan RoseFigura, Swift Biosciences, Ann Arbor, MI 
Jordan RoseFigura1, Robert D. Stedtfeld1, Brett Reed1, Jon Irish1, Brett Etchebarne2, Timothy Johnson3, Laurie Kurihara1, Vladimir Makarov1 

1Swift Biosciences Inc., Ann Arbor, MI 2Department of Osteopathic Medical Specialties, Michigan State University, East Lansing, MI 3Animal 
Sciences, Purdue University, West Lafayette, IN  
Microbiome structure and function are increasingly linked to plant and animal health. Metagenomic shotgun sequencing has transformed 
microbial research, but direct sequencing of multiple complex samples in parallel has relatively low sensitivity compared to polymerase chain 
reaction (PCR). Targeted sequencing can be employed to enrich for multiple microbial targets of interest in parallel. Using Accel-Amplicon, a 
single-pool multiplex PCR assay was developed that enriches for multiple variable regions of the 16S rRNA gene, Nuclear ribosomal internal 



transcribed spacer (ITS) regions, and 35 antibiotic resistance genes. The two-hour protocol, which generates target enriched libraries for Illumina 
platforms from gDNA, was validated using gDNA from a mock community of 20 bacterial strains. Specificity, sensitivity, and quantification 
were further examined using extracts from clinical isolates and swine manure. The single-pool target enrichment workflow accurately and 
reproducibly identified genomic content from reference strains with as low as six genomic copies per reaction spiked into complex samples. The 
assay performed for a wide input range, from picograms to nanograms. Enrichment of all variable regions of the 16S rRNA gene detected greater 
diversity and differing microbial profiles compared to a single conventionally used primer set targeting a subset of the V3-V4 regions. 
Simultaneous analysis of both the 16S rRNA gene and resistance genes in parallel provided greater differentiation of sub family level specificity 
and overall structure of functional repertoire. Targeted analysis also influenced taxonomic assignment compared to shotgun metagenomics. This 
study highlights the power of targeted enrichment via single-tube amplification for NGS-based microbial diagnostics and ecology. 
 
PE0198: Methods: Sequencing 
Turbolase: A High Throughput Sample to Sequencing Workflow with Minimal Variation in Library Representation  
Justin Lenhart, Robert D Stedtfeld, Dustin Masser, Laurie Kurihara and Vladimir Makarov, Swift Biosciences, Ann Arbor, MI 
 
PO0199: Methods: Sequencing 
Turbolase: A Radically Streamlined High Throughput Sample Prep to Sequencing Workflow 
Justin Lenhart, Swift Biosciences, Ann Arbor, MI 
Normalase is a novel enzymatic library normalization method that eliminates library quantification and manual concentration adjustment of each 
sample prior to library pooling, and the uniform sample processing eliminates numerous error-prone pipetting steps. When combined with Swift 
2S Turbo rapid library kits, a highly streamlined ‘Turbolase’ workflow is created that is readily automated on the Hamilton Star and other 
platforms, where simple bulk processing improves throughput and reduces cost for NGS laboratories. Swift 2S Turbo kits comprise two 
enzymatic steps and a single purification that completes DNA fragmentation, end repair and adapter ligation. This is followed by standard library 
amplification using Normalase PCR primers to condition the libraries and produce a required minimum yield in excess of the 4 nM final 
concentration. This is followed by a single purification and two 15-minute Normalase incubation steps that; 1) enzymatically select 4 nM of each 
library, and 2) enzymatically normalize each library to 4 nM within a single pool. The pools can then be directly sequenced without further 
purification. Normalase allows for > 10-fold variation in input quantity, while generating ≤ 10% variation in sample representation within a pool 
resulting in optimal cluster density and sample balance for Illumina sequencing. Because of the unique workflow, Normalase also eliminates 
index hopping for libraries sequenced on patterned flow cells. The ‘Turbolase’ workflow is compatible with full-length indexed adapters that 
have been added by ligation as well as workflows that require indexing PCR primers to complete library construction during library 
amplification. Normalase is also compatible with library preparation kits available from other vendors. Normalase for pooling of libraries for pre-
hybridization capture is currently under development, which will make multiplexed hybridization capture protocols streamlined and robust from 
library generation to sequencing. 
 
PE0200: Methods: Sequencing 
NEBNext® Ultra™ II FS DNA: A Robust, Enzyme-Based DNA Library Preparation Method Compatible with Plant and 
Animal Samples 
Karen R. McKay1, Lynne M. Apone1, Vaishnavi Panchapakesa1, Pingfang Liu1, Brittany S Sexton1, Yvonne Helbert2, Lei Zhang2, 
Bradley W Langhorst1, Timur Shtatland1, Maggie Heider1, Chen Song1, Christine J. Sumner1, Christine Rozzi1, Melissa Arn1, 
Daniela B Munafo1, Fiona J Stewart1, Kevin McKernan2, Eileen T Dimalanta1 and Theodore B Davis1, (1)New England Biolabs, 
Ipswich, MA, (2)Medicinal Genomics, Woburn, MA 
Next generation sequencing (NGS) is currently an important tool used in many fields to answer biological questions. DNA fragmentation is the 
critical initial step in the construction of high quality NGS libraries, however, current fragmentation methods create a bottleneck in library 
preparation throughput. To meet this challenge, we have developed a robust library construction method (NEBNext Ultra II FS) that integrates 
enzyme-based DNA fragmentation with end-repair and dA-tailing in a single step, followed by adaptor ligation in the same tube. This method 
eliminates the need for expensive equipment to fragment DNA; moreover, the optimized workflow reduces the numerous cleanup and liquid 
transfer steps, reducing the time, cost, and errors associated with library construction.  
The robustness of the Ultra II FS DNA library preparation workflow was tested using genomic DNA from a variety of sources including the 
model organism Arabidopsis thaliana, the less-documented genome of Cannabis sativa, and Sus scrofa (pig). Libraries were prepared from a 
range of DNA inputs to achieve different insert sizes with or without PCR amplification. All libraries were sequenced, reads aligned to the 
appropriate reference genome, and quality metrics generated using Picard tools. Compared with the traditional, mechanical shearing based library 
preparation method, Ultra II FS is significantly easier to automate, has higher library conversion rate and similar or superior sequencing quality. 
We further discuss several applications of Ultra II FS in plant and animal research, including genome assembly and sample quality control. 
 
PO0201: Microbes and Pathogens 
Microbiota Profiling with Long Amplicons using Nanopore Sequencing: Full-Length 16S rRNA Gene and Whole rrn 
Operon 
Anna Cusco1, Carlotta Catozzi2, Joaquim Viñes1, Armand Sanchez3 and Olga Francino4, (1)Vetgenomics, Bellaterra, Spain, 
(2)Università degli Studi di Milano, Milano, Italy, (3)Animal Genomics Group, Centre for Research in Agricultural Genomics 
(CRAG) CSIC-IRTA-UAB-UB, Bellaterra (Barcelona), Spain, (4)Autonomous University of Barcelona, Barcelona, Spain 
Studying host-associated microbiota has provided new insights on health and diseases for different microenvironments such as the gut or the 
skin. The most common strategy to assess microbiota is sequencing specific hypervariable regions of 16S rRNA gene using massive parallel 
sequencing. Despite obtaining high-quality sequences, many fail to be classified at the genus or species level due to their short length. This 
identification at species level is needed, especially in clinical context and only available through directed methods or metagenomics.  



Here, we aim to assess long-amplicon PCR-based approaches for characterizing the whole microbiota at lower taxonomic levels. We suggest that 
microbiota profiling with long-amplicons could be a cost-effective approach, when compared to metagenomics, to characterize the microbiota at 
and species levels.  
We used Nanopore sequencing with two different markers: full-length 16S rRNA (~1,500 bp) and the whole rrn operon (16S rRNA gene–ITS–
23S rRNA gene; 4,500 bp). We sequenced: i) an isolate of Staphylococcus pseudintermedius from a canine otitis; ii) two mock communities and 
iii) two pools of dog skin (chin and dorsal back). Nanopore sequencing was performed on MinION (Oxford Nanopore Technologies) using 1D 
PCR barcoding kit. Sequences were pre-processed, and data were analyzed using WIMP workflow on EPI2ME or Minimap2 software with rrn 
database.  
Full-length 16S rRNA and the rrn operon retrieved the microbiota composition from the bacterial isolate, the mock communities and the complex 
skin samples, even at the genus and species level. For the Staphylococcus pseudintermedius isolate, the amplicons were assigned to the correct 
bacterial species in ~98% of the cases with rrn operon as the marker, and in ~68% of the cases with the 16S rRNA gene (using EPI2ME). The 
mock community members were also identified, with some biases in abundances when using rrn operon. In canine skin microbiota, we detected 
many bacterial species with an environmental origin. In chin, we found different Pseudomonas species in high abundance, whereas in dorsal skin 
there were more taxa with lower abundances. 
To conclude, both full-length 16S rRNA and the rrn operon retrieved the microbiota composition of simple and complex microbial communities. 
For an increased resolution at the species level, using the rrn operon would be the best choice. Microbiota profiling with long-amplicons would 
be a cost-effective approach, when compared to metagenomics, to characterize microbiota at lower taxonomic levels, such as genus and species. 
 
PE0202: Microbes and Pathogens 
Direct RNA Sequencing for PRRSV Whole Genome Characterization 
Shaoyuan Tan, University of Minnesota, Saint Paul, MN 
Worldwide, porcine reproductive and respiratory syndrome (PRRS) is the most economically important infectious disease of pigs. Diagnostic 
PRRS virus (PRRSV) sequencing began in the mid-1990’s to aid producers and veterinarians in the control of PRRS. The ORF5 is most 
commonly used to characterize PRRSV isolates and predict evolution. However, a thorough genome-wide understanding of the PRRSV diversity 
and its genetic evolution are still lacking.  
Since 2015, a pocket-sized, portable, rapid sequencing device, the MinION (Oxford Nanopore), has been used to identify and characterize 
infectious pathogens such as Ebola and influenza. More excitingly, even though the technology is still under development, Oxford Nanopore has 
now revolutionized RNA viral sequencing by sequencing the RNA strand directly. The objective of our study is to provide benchmarking for 
PRRSV whole genome sequencing using nanopore direct RNA sequencing.  
Our model was PRRSV strain VR2332. Total nucleic acid was extracted from cell culture supernatant using the QIAamp Viral RNA Mini Kit 
and concentrated using a Speed Vac concentrator. The direct RNA sequencing kit was used for RNA library preparation. A bioinformatics 
pipeline was used to characterize the sequencing reads and to generate a consensus sequence.  
Our preliminary results showed that after 5 minutes of sequencing, PRRSV can be identified at the species level, and after 30 minutes full length 
PRRS sequence (15026bp) was obtained. We were able to generate a 15kb long consensus genome within one hour, which shared 96% identity 
with the reference genome. The consensus genome allowed for an accurate identification of VR2332 as the closest match in the phylogenetic 
tree. Our research not only paved the way for PRRSV isolate identification and phylogenetic analysis, but also can adapted for other RNA virus.  
For now, our method of direct RNA sequencing can be used in a veterinary diagnostic lab for PRRSV detection and analysis. In the future, as the 
technology matures, it will be able to be used on the swine farms directly for PRRSV surveillance and strain differentiation, to help understand 
mechanisms for evolution and transmission, and to identify similarities in viruses over time and space. 
 
PO0203: Microbes and Pathogens 
In vitro Effect of Sugarcane Polyphenols on Oral Microbiota 
Pranav Chhaliyil, MSAE, Fairfield, IA 
Background: Excess sugar consumption is associated with both dental and systemic diseases. Polyphenols present in unrefined carbohydrates and 
sugars have been shown to inhibit microbial growth and prevent biofilm and dental plaque formation, but their effect on the oral microbiome is 
unknown. Here we examined the effects of refined and unrefined sugars and starch on the oral microbiome in vitro and in vivo.  
Methods: Saliva and dental biofilm samples were collected from 75 young, healthy subjects divided into five groups given: (i) a dessert made 
with refined white sugar and white rice (ReSS) or (ii) with unrefined brown sugar and red rice (UReSS) (iii) with or (iv) without polyphenolic 
mouthwash use after eating and (v) no dessert or mouthwash controls. Saliva and dental plaque were collected before and four hours after eating, 
and extracted DNA was analyzed by 16s metagenomic sequencing. For the in vitro assay, healthy saliva was mixed with 2% refined or unrefined 
sugar or quercetin with metagenomic analysis at 0 and 6 hours of incubation.  
Results: UReSS significantly decreased bacteria associated with dental diseases both in vitro and in vivo, while ReSS significantly increased 
Actinomyces, Streptococcus, and Selenomonas spp. with a high linear discriminant analysis (LDA) score (log 4.2) and statistical significance 
(p<0.003). Mouthwash significantly decreased disease-associated bacterial taxa in both the ReSS and UReSS groups. There were significant 
increases and decreases in Streptococcus levels in the refined and unrefined sugar groups, respectively, both in vitro and in vivo.  
Conclusion: Polyphenol-rich unrefined sugars and carbohydrates may be beneficial to both oral and general health by reducing levels of harmful 
intra-oral bacteria. Refined sugars could be replaced with unrefined sugars as part of a broader dietary heath education strategy.  
Clinical and Political Significance: Carbohydrates are an essential food group and cannot be completely eliminated from the diet. However, 
replacement of refined sugars with unrefined substitutes could minimize negative health impacts. This study will help policymakers in the U.S. 
and beyond to enforce a practical approach to dietary sugar intake that maximizes its positive health benefits. 
 
PE0204: Microbes and Pathogens 
Comparative Genomics to Identify Novel Targets for RNA Interference-Mediated Resistance Against Root-Knot Nematodes 
Patricia Messenberg Guimarães1,2, Priscila Grynberg3, Jose Dijair Antonino-Souza Jr4, Leticia Freitas5, Ana Claudia Guerra 
Araujo6, Ana C. M. Brasileiro7, Robert N. G. Miller4 and Etienne Danchin8, (1)Embrapa Recursos Genéticos e Biotecnologia, 



Brasilia, Brazil, (2)Cenargen-EMBRAPA, Brasilia, Brazil, (3)Embrapa Recursos Genéticos e Biotecnologia, Brasília, Brazil, 
(4)Universidade de Brasília, Brasília, Brazil, (5)University of Brasilia, Brasilia, Brazil, (6)EMBRAPA, Brasilia, Brazil, 
(7)EMBRAPA Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil, (8)INRA, Antibes, France 
Using comparative genomics among the whole proteomes of more than 40 nematode species with diverse life styles, we identified thousands of 
proteins specific to plant-parasitic nematodes (PPN). By applying further bioinformatics filtering on these PPN-specific proteins, we identified 
over 300 candidate effectors in the Root Knot Nematode (RKN) M. incognita that were conserved in at least another PPN species. Based on the 
presence of Pfam protein domains, we assigned Gene Ontology (GO) annotations to M. incognita whole proteome and identified 5 GO categories 
that were enriched in the PPN-specific proteins, including those involved in nematode parasitism such as proteolysis, carbohydrate binding and 
peptidase activity. These candidate genes constitute interesting targets for gene silencing via RNA interference (RNAi) for Root Knot Nematode 
(RKN) control, as they are specific to PPN, representing a lower risk for off-target effects and as potential effectors they play an important role 
for plant parasitism. We analysed the expression patterns of these genes based on RNA-seq data and RT-qPCR at different M. incognita 
developmental life stages (eggs, J2 infective juveniles, J3-J4 parasitic stages and adult female) and candidates with high or exclusive expression 
in the nematode parasitic stages were identified. Overall, 17 candidate effectors were selected as targets for gene silencing via overexpression of 
dsRNA constructs in tobacco plants and also temporal and spatial gene expression analysis in the nematode glands. This novel set of candidate 
effectors can be used for the development of more specific RKN control methods and provide new insights into the molecular basis of the 
interactions between plants and nematodes. 
 
PO0205: Microbes and Pathogens 
Genomic Organization of the Banana MaRAR1 Gene that Encodes a Cochaperone of HSP90 and its Role in Disease 
Resistance in Tobacco and Banana 
Fray Martin Baas Espinola, Centro de Investigación Científica de Yucatán, Mérida, Mexico 
The RAR1 gene is a member of the molecular chaperone complex (RAR1-HSP90-SGT1) that is required for disease resistance, which is 
mediated by multiple NBS-LRR resistance receptors in plants. The overexpression of OsRAR1 in rice significantly enhanced the resistance to the 
bacterium Xanthomonas oryzae pv. oryzae and the fungus Magnaporthe oryzae. In this study, for the first time, an ortholog of RAR1 (MaRAR1) 
was isolated and characterized in banana, which is an important food security crop. MaRAR1 was present as a single-copy gene in the Musa 
acuminata ssp. malaccensis genome. An analysis of the deduced amino acid sequence revealed two highly conserved CHORD domains common 
among known RAR1 proteins and the presence of all residues involved in binding to the HSP90 and SGT1. MaRAR1 was surrounded by several 
genes encoding transcription factors and other proteins whose homologs have been implicated in biotic or abiotic stress responses. MaRAR1 was 
constitutively expressed in vegetative and reproductive tissues, and its protein was localized in the cytoplasm and nucleus of onion epidermal 
cells. Moreover, the overexpression of this gene in transgenic (T2) tobacco plants enhanced resistance to the bacterial pathogen Pseudomonas 
syringae pv. tabaci. Currently, we are germinating somatic embryos of banana transformed with a MaRAR1 intragenic construct in order to 
assess its role in resistance against the fungal pathogen Mycosphaerella fijiensis. 
 
PE0206: Microbes and Pathogens 
Analysis of Microbiome Related to Plasmopara viticola Infected Grapevine Leaves with the Aim to Identify Beneficial 
Microorganisms 
Matjaž Hladnik1, Tea Knap1, Alenka Baruca Arbeiter1, Iris Bertani2, Vittorio Venturi2 and Dunja Bandelj1, (1)University of 
Primorska, Faculty of Mathematics, Natural Sciences and Information Technologies, Koper, Slovenia, (2)International Centre for 
Genetic Engineering and Biotechnology (ICGEB), Trieste, Italy 
Microorganisms play an important role in plant growth and resistance to abiotic and biotic stress factors. Plant protection products based on 
microorganisms or their metabolic compounds have the potential to reduce the use chemical pesticides and fertilizers; microbial products are also 
attractive as they decrease the development of resistance. The aim of the study was to compare microbial communities from leaves infected with 
Plasmopara viticola with leaves of symptomless appearance in order to identify bacteria with potential antagonistic effect on the pathogen. Leaf 
discs from healthy and infected leaves (including the region with oil spot symptoms) were sampled in two vineyards from two different 
locations; one in Slovenia Istria (Slovenia) and the other in the Collio region (Italy). The V4 region of the 16S rRNA gene was amplified for 46 
samples using 515F and 806R primers; peptide nucleic acid (PNA) PCR clamps were added to the PCR reaction in order to block the 
amplification of plastid and mitochondrial 16S rRNA amplification. Sequencing was performed with Ion 530 chip on Ion S5 system (Thermo 
Fisher Scientific) and sequences were analysed with qiime2 analysis package using the dada2 denoise-pyro quality control method. Taxonomic 
analysis was carried out based on the Silva 132 SSU ref NR 99 database. After filtering plastid and mitochondrial 16S rRNA sequences, 42 
samples with a total of 392 amplicon sequence variants (ASVs) were determined. This microbiome data will be analyzed with the aim to identify 
beneficial microorganisms. 
 
PO0207: Microbes and Pathogens 
Isolation and Identification of Vitis aestivalis (Cynthiana/Norton) Fungal Endophytes 
Rebecca L. Seipelt-Thiemann, Middle Tennessee State University, Murfreesboro, TN 
Fungal endophytes can provide hosts with unique characteristics. One or more fungal endophytes might be responsible, at least in part, for 
hardiness characteristics seen in the Norton/Cynthiana’ variety of grape, Vitis aestivalis. Project goals were to isolate and identify grape fungal 
endophytes from different states and determine whether they are the same or different. To accomplish this, V. aestivalis tissue was sectioned onto 
fungal growth plates and fungi allowed to grow. Filamentous fungi were isolated and cultured to purity. Genomic DNA was isolated and 
polymerase chain reaction was used to amplify the fungal ITS barcode region. DNA sizes suggested different species exist in each region. DNA 
fragments sequenced and BLAST was used to search the non-redundant DNA database at NCBI. One hundred and eleven fungal isolates from 
three different geographic locations were sequenced. Thirty-seven, 36, and 38 isolates were identified from Arkansas, Missouri, and Tennessee, 
respectively. Three species were common to all: Alternaria alternata, Alternaria tenuissima, and Fusarium equiseti. Seven additional species 
were common to Tennessee and Arkansas while two additional species were common to Arkansas and Missouri. No additional species were 



common to Tennessee and Missouri. Missouri isolates showed the least variety with six unique species (17%), while Arkansas and Tennessee 
showed more variety, with eleven unique species each (29% for TN and 30% for AR). These data suggest multiple endophytes inhabit V. 
aestivalis and endophyte species may indeed be geographic-specific. Research regarding other states (Virginia, New York) and the fungal 
endophytes’ abilities to confer hardiness characteristics is ongoing. 
 
PE0208: Microbes and Pathogens 
Combined Effects of Stacking Multiple Resistance Genes upon Grapevine Powdery Mildew (Erysiphe necator) 
Surya Sapkota1, Dani Martinez1, Bruce Reisch2, David Gadoury1 and Lance Cadle-Davidson3, (1)Plant Pathology and Plant-
Microbe Biology Section, School of Integrative Plant Science, Cornell AgriTech, Cornell University, Geneva, NY, (2)Horticulture 
Section, School of Integrative Plant Science, Cornell AgriTech, Cornell University, Geneva, NY, (3)USDA-ARS Grape Genetics 
Research Unit, Geneva, NY 
Genetic resistance is an effective but presently underutilized tactic to suppress grapevine powdery mildew, caused by Erysiphe necator. 
However, E. necator populations harbor genotypes that can be rapidly selected upon widespread deployment of resistance genes in the host. 
Efficacy and durability of stacked multiple resistance genes was assessed in a full-sib family by combining two major (RUN1 and REN6) and 
two moderate (REN1 and REN7) resistance loci in 16 unique combinations as verified by AmpSeq markers. Candidate vines were challenged 
using three isolates having differential virulence on RUN1 (avirulent NY90, fully virulent Musc4, and moderately virulent NY1-137). 
Phenotypes were assessed at 2, 4, 6 and 9 days post inoculation using automated live image capture. Correlation between visual ratings and a 
convolutional neural network (CNN) for estimating disease coverage on the same images ranged from 0.879 to 0.937 for the three isolates. 
Disease progress as estimated by the CNN increased as a linear or exponential function in all genetic backgrounds. The moderately resistant 
REN1 or REN7 vines supported more growth than highly resistant RUN1 or REN6 vines for NY1-137, but not for the other two isolates. As 
expected, Musc4, which coevolved with Vitis rotundifolia and is fully virulent on RUN1, grew better than the other isolates on RUN1-containing 
germplasm, and NY1-137, which recently adapted on RUN1 vines, was intermediate in virulence. These preliminary results provide data-based 
guidance for resistance gene deployment, and suggest that stacking of multiple resistance genes in the host may not always lead to more durable 
host resistance. 
 
PO0209: Microbes and Pathogens 
Screening Wild and Cultivated Grapevines from the Southern U.S. for Powdery Mildew Resistance 
Laila Fayyaz, University of California, Davis, Davis, CA and Laila Fayyaz, Summaira Riaz, Huma Qazi, M. Andrew Walker 
Erysiphe necator, the causal agent of grapevine powdery mildew (PM) is an obligate pathogen of grapevines. Many American species are 
resistant but aggressive PM strains have been identified that can overcome resistance. Screening for grapevines with durable PM disease 
resistance is one of the main concerns of grapevine breeders. In this study, we examined the PM disease resistance of grapevines from the 
southern United States. We tested 51 accessions of wild and cultivated Muscadine grapes (Muscadinia rotundifolia) and 181 accessions from 16 
wild Vitis spp. to identify potential parents with strong resistance for use in our PM disease resistance breeding program. The accessions were 
screened in the field under natural PM pressure by scoring PM on leaves and rachises. These accessions were also screened with an in-vitro 
detached leaf assay to ensure greater disease pressure. The natural infection on leaves and rachises was assessed following the categorical scale 
described by the International Organization of Vine and Wine with slight modifications. The susceptible cultivar Carignane was used as a control 
to estimate relative infection intensity. Two strains, C-Strain and E1-101, were used for the in vitro inoculations. Resistance ranged from 
moderately resistant to completely resistant in the Muscadinia accessions. We observed high to moderate PM susceptibility in many of Vitis spp. 
We found strong resistance in accessions of V. acerifolia, V. arizonica, V. cinerea, V x doaniana, and hybrids with rotundifolia. Accessions 
scored as moderately or highly resistant can contribute to future grapevine breeding for PM resistance. 
 
PE0210: Microbes and Pathogens 
Identification and Expression Profiling of Polygalactorunases and Polugalatorunase-Inhibiting Proteins in the Avocado-
Phytophthora cinnamomi Interaction. 
Noëlani van den Berg1, Tsakani Miyambo2, Raven Wienk3, Sarah Mwangi2, Fourie Joubert4 and Nicolaas A Van der Merwe5, 
(1)Department of Biochemistry, Genetics and Microbiology, FABI, University of Pretoria, Pretoira, South Africa, (2)Department of 
Biochemistry, Genetics & Microbiology FABI University of Pretoria, Pretoria, South Africa, (3)Department of Biochemistry, 
Genetics & Microbiology FABI University of Pretoria, PRetoria, South Africa, (4)Department of Biochemistry, Genetics & 
Microbiology, University of Pretoria, Pretoria, South Africa, (5)Department of Biochemistry, Genetics & Microbiology, FABI, 
University if Pretoria, Pretoria, South Africa 
Avocado (Persea americana) is an important fruit globally but is severely susceptible to the broad host range oomycete, Phytophthora 
cinnamomi. Plants in general have a multi-layered defence response against pathogens, and one of the first barriers of protection are the cell wall 
associated polygalacturonase inhibiting proteins (PGIPs). PGIPs protect a plant against polygalacturonases (PGs), which are released by the 
pathogen. PGs degrade the plant cell wall by breaking down the galacturonan backbone of pectin molecules. PGIPs bind to PGs to prevent the 
degradation of the cell wall in an attempt to inhibit colonization. We identified PGs and PGIPs using in silicobioinformatics tools, followed by 
analyzing the expression of PGs in a dual RNA sequencing experiment of avocado infected with P. cinnamomiat various time points. PGIP 
expression was assessed using qRT-PCR at selected time points. A total of 26 putative PGs and two PGIPs were identified from P. 
cinnamomiand avocado, respectively. Of the 26 PGs we obtained 13 full length sequences and two full length PGIPs. RNA sequencing data 
identified 14 PGs of which three were significantly expressed during the infection of avocado and one PG was expressed in mycelia and during 
infection. PGIPs were expressed in avocado in response to P. cinnamomiinfection during the early time points, but no significant differences 
were observed. Understanding the intricate interaction between pathogen PGs and PGIPs will contribute to the dissection of host defence and 
pathogen attack in the avocado-P. cinnamomiinteraction. 
 
PO0211: Microbes and Pathogens 



Transcriptome Comparisons Identify Verticillium Wilt Resistance Mechanisms in Diploid Mint Species Mentha longifolia L. 
Huds. 
Kelly Vining and Iovanna Pandelova, Oregon State University, Corvallis, OR 
Marketability of mints depends on quality and yield of essential oils produced by Mentha species. Black Mitcham, the most-widely grown 
peppermint cultivar, has a desirable essential oil rich in menthol, but is susceptible to Verticilium wilt, caused by the fungal pathogen 
Verticillium dahliae Kleb. Developing new Verticillium wilt resistant mint hybrids which contain alleles for peppermint-type oil production will 
provide for the long-term sustainability of this crop. In this study, we analyzed gene expression of 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. Here, we propose a mechanism by which tolerant or resistant mints limit 
fungal invasion of stem vascular tissue. 
 
PE0212: Microbes and Pathogens 
Characterization of CFEM Involvement in Heme Assimilation and Pathogenicity in Botrytis cinerea and Tomato 
Arye Harel1, Dhruv Aditya Srivastava2, Ekaterina Manasherova3, Reut Feldbaum3, Nimrod Tish3 and Hay Dvir4, (1)ARO Volcani 
Center, Rishon LeZion, Israel, (2)Vegetable and Field Crops ,Institute of Plant Sciences, Agricultural Research Organization 
(ARO), Volcani, Rishon Lezion, Israel, (3)ARO, Volcani, Rishon LeZion, IL, Israel, (4)ARO, Volcani, Rishon LeZion, Israel 
Heme based iron acquisition supports pathogenicity in the human fungal pathogen Candida albicans. Deletion of the extracellular CFEM paralog 
(BcCFEM1) in the plant fungal pathogen Botrytis cinerea was correlated with reduced rate of growth on plant tissue. However, CFEM related 
heme-based iron acquisition, and the involvement of other CFEM paralogs in pathogenicity was not studied.  
In this work we have studied the involvement of CFEM membrane, extracellular paralogs in heme-based iron acquisition, and pathogenicity in B. 
cinerea. Our computational analysis highlights ten CFEM proteins (3 membrane and 7 extracellular) containing conserved cysteine pattern, and 
aspartic acid in B. cinerea. The latter, was demonstrated as essential for docking of heme in C. albicans. B. cinerea cultured with hemin as sole 
iron source showed significant increase in biomass compared with iron limited media. The fact that similar increase in biomass was observed 
when the fungus was cultured with the salt form of iron, supports the hypothesis that B. cinerea can utilize heme as iron source. Real-time RT-
PCR expression analysis demonstrated increase in a membrane and extracellular CFEM protein coding genes in medium cultured with hemin as 
sole iron source compared with control, suggests that the heme-based iron acquisition is mediated by CFEM proteins. Finally, the increased 
expression of these genes in late stages of pathogenicity in tomato, suggests that both of them are potentially involved in pathogenicity (as 
previously shown only for B. cinerea bcCFEM1), correlating heme-based iron acquisition with pathogenicity in B. cinerea. 
 
PO0213: Microbes and Pathogens 
Genome-Wide Analysis of Predicted Protein Interactome Identifies Pathogenic Protein Networks in Phomopsis longicolla 
underlying Seed Decay of Soybean 
Shuxian Li, USDA-ARS, Crop Genetics Research Unit, Stoneville, MS and Bryan M. Musungu, USDA-ARS, Stoneville, MS 
Phomopsis longicolla T. W. Hobbs (syn. Diaporthe longicolla) is the primary cause of Phomopsis seed decay (PSD) in soybean, Glycine max 
(L.) Merrill. PSD results in poor seed quality and is one of the most economically important seed diseases in soybean. The aims of this study 
were to analyze protein-protein interactions (PPI) and to identify conserved global networks and pathogenicity subnetworks in P. longicolla 
including orthologous pathways for cell signaling and pathogenesis. The interlog method used in the study identified 215,255 unique PPIs among 
3,868 proteins. A total of 1,414 pathogenicity related genes in P. longicolla were identified using the pathogen host interaction (PHI) database. In 
addition, 149 plant cell wall degrading enzymes (PCWDE) were detected. The most predominant class of PCWDE was a group of 60 glycoside 
hydrolases proteins. The glycoside hydrolase subnetwork was found to be interacting with 1,442 proteins within the network and was among the 
largest clusters of the subnetwork. The orthologous proteins FUS3, HOG, CYP1, SGE1, and the g5566t.1 gene identified in this study could play 
an important role in pathogenicity. Therefore, the P. longicolla protein interactome (PiPhom) generated in this study can lead to a better 
understanding of PPIs in soybean pathogens. Furthermore, results of the PPI studies of this pathogen may aid in targeting of genes and proteins 
for further studies of the pathogenicity mechanisms. 
 
PE0214: Microbes and Pathogens 
Mitochondrial Genome of Phytophthora sansomeana, a Soybean Root Rot Pathogen 
Guohong Cai, USDA-ARS, Crop Production and Pest Control Unit, Midwest Region, West Lafayette, IN, West Lafayette, IN and 
Steven R. Scofield, USDA-ARS, Crop Production and Pest Control Unit, West Lafayette, IN 
Phytophthora sansomeana is one of two pathogens that cause Phytophthora root rot of soybean. While much molecular and genomic information 
is available about the other pathogen, P. sojae, only sparse information in these areas about P. sansomeana is known. We initiated an effort to 
sequence and annotate the genome of P. sansomeana. Here we report the assembly and annotation of its mitochondrial genome. Sequenced using 
PacBio technology and error-corrected using Illumina sequences, the complete mitochondrial genome was assembled into a circular molecule of 
39,618 bp, with 22.03% GC content. It encodes 39 protein coding genes, 25 tRNA genes, and two ribosomal RNA genes (rnl and rns). The 
protein coding genes include 14 genes in the respiratory complexes (cob, cox1, cox2, cox3, nad1, nad2, nad3, nad4, nad4L, nad5, nad6, nad7, 
nad9, and nad11), four ATP synthase genes (atp1, atp6, atp8 and atp9), 16 ribosomal protein genes (rpl2, rpl5, rpl6, rpl14, rpl16, rps2, rps3, rps4, 
rps7, rps8, rps10, rps11, rps12, rps13, rps14 and rps19) and five other genes. The tRNA genes encode transfer RNAs for 19 essential amino acids 
except threonine. Further analysis of this mitochondrial genome will be presented. 
 
PO0215: Microbes and Pathogens 
Influence of Peanut (Arachis hypogaea) Phytoalexins on Aflatoxin Biosynthesis Gene Expression in Aspergillus Species 
Victor S. Sobolev, Renee S. Arias, Alicia N. Massa, Travis E. Walk and Marshall C. Lamb, USDA-ARS National Peanut Research 
Laboratory, Dawson, GA 



Common soil fungi, Aspergillus flavus and A. parasiticus, are opportunistic pathogens that invade peanut seeds at different stages of their 
development. These fungi often produce highly carcinogenic aflatoxins that possess threat to human and animal health through food chains and 
cause significant economic losses worldwide. Under favorable conditions, the fungus-challenged peanut seeds produce structurally related 
phytoalexins capable of retarding fungal development; although, the genetic mechanisms involved in this phenomenon are not known. Our recent 
research demonstrated a significant reduction, or complete suppression of aflatoxin production, when selected Aspergillus toxigenic species were 
fed with major individual peanut phytoalexins, arachidin-1, arachidin-3, and chiricanine-A added to the growth medium; two of these 
phytoalexins significantly affected gene expression in the aflatoxin biosynthesis pathway of A. flavus. However, it was not clear whether 
aflatoxin inhibition by the de novo synthesized phytoalexins occurs in the course of peanut-fungus interaction in vivo. The present research 
revealed that during such interaction, aflatoxin formation was significantly suppressed in A. flavus and A. parasiticus, when low concentrations 
of spores were introduced to wounded peanuts. In most of the experiments, when fungal spore concentrations were two orders of magnitude 
higher, the spores germinated and produced aflatoxins. The research provided new knowledge on peanut-fungus interaction to make feasible the 
interpretation of transcriptome analysis in Aspergillus and in peanut. Such knowledge is crucial for elaboration of new strategies that prevent 
aflatoxin formation by Aspergillus species in peanut. The present research is a part of a joint effort presented by Drs. R. Arias (Poster 35615) and 
A. Massa (Poster 35825) at the 2019 PAG Conference. 
 
PE0216: Microbes and Pathogens 
…and the Fungus Said... Aspergillus Gene Expression in the Interaction with Peanut Seeds That Do Not Accumulate 
Aflatoxins 
Renee S. Arias, Victor S. Sobolev, Alicia N. Massa, Travis E. Walk, Valerie A. Orner and Marshall C. Lamb, USDA-ARS 
National Peanut Research Laboratory, Dawson, GA 
Recently, we have identified nine wild species of peanut whose seeds do not accumulate aflatoxin (“aflatoxin resistant”) when incubated with 
aflatoxigenic fungus Aspergillus (Arias et al. 2018, BMC Plant Biol.). Here we studied the transcriptomes of the seed/pathogen interaction 
between two “aflatoxin resistant” diploid-species of peanut in presence of Aspergillus flavus NRRL 3357 and compared the results to a 
commercial-peanut cultivar. The study includes the chemical responses of the interaction that result in phytoalexin and aflatoxin accumulation 
(Sobolev et al. poster), the seed response as transcriptome analysis (Massa et al. poster), and the transcriptome analysis of the Aspergillus 
response (this work). Method: Several seeds from each peanut species were challenged with Aspergillus spores, RNA of duplicate biological 
samples with and without Aspergillus were sequenced and transcriptomes were analyzed. An average of 124 M clean pair-reads were obtained 
per sample. Chemical analysis of aflatoxins and phytoalexins was performed in fragments of the same seeds used for transcriptome analysis. 
Results: Mapping of reads to the Aflatoxin Biosynthesis (AB) gene cluster on both “aflatoxin resistant” diploid peanuts exposed to Aspergillus 
showed no expression of genes within a 26 kb region of the AB cluster proximal to the sugar metabolism flanking area, the opposite was 
observed in the aflatoxin-susceptible cultivated peanut that accumulated aflatoxin. 
 
PO0217: Microbes and Pathogens 
Gene Expression Responses to Aspergillus Infection in Peanut Seeds of an Aflatoxin Resistant Germplasm 
Alicia N. Massa, Renee S. Arias, Victor S. Sobolev, Valerie A. Orner, Travis E. Walk and Marshall C. Lamb, USDA-ARS 
National Peanut Research Laboratory, Dawson, GA 
This study explores gene expression changes in peanut seeds at early stages of infection with Aspergillus flavus (NRRL 3357). RNA sequencing 
was performed on two resistant germplasms of the diploid A-genome species Arachis cardenasii whose seeds do not accumulate aflatoxin. RNA 
sequencing was also performed on a susceptible commercial peanut cultivar. Aflatoxin accumulation and gene expression were evaluated at 24 
hours post inoculation. Paired-end RNA sequencing of fungal inoculated and controls resulted in an average of 124 million reads per sample. 
Genes that responded deferentially to the infection of Aspergillus were identified. Phytoalexin biosynthesis genes, especially those encoding 
stilbenes and isoflavonoids were among the deferentially expressed genes in the resistant diploid A. cardenasii, but not in the susceptible peanut 
cultivar. Our recent research has demonstrated the effect of peanut phytoalexins on the reduction or complete suppression of aflatoxin production 
in vivo. Expression differences in phytoalexin biosynthesis genes from this study provide an opportunity to study their role in peanut-fungus 
interaction, as well as the genetic basis of resistance. This research is part of a joint effort to study peanut-fungus interactions, which includes 
Aspergillus responses as transcriptome analysis (Arias et al. Poster 35615) and chemical responses of the interaction that result in phytoalexin 
and aflatoxin accumulation (Sobolev et al. Poster 35625). 
 
PE0218: Microbes and Pathogens 
Comparative Genome Analyses of Four Geographically Distant, Rice-Infecting Isolates of Rhizoctonia solani Anastomosis 
Group 1-IA (AG1-IA) 
Dayoung Lee1, Jongbum Jeon2,3, Ki-Tae Kim2,4, Kyeongchae Cheong2,3, Hyeunjeong Song2,3, Gobong Choi2,3, Jaeho Koh2,3, Shimin 
Zuo5, Sheshu Madhav6, Yong-Hwan Lee2,3 and Guo-Liang Wang1, (1)Department of Plant Pathology, The Ohio State University, 
Columbus, OH, (2)Fungal Bioinformatics Laboratory, Seoul National University, Seoul, South Korea, (3)Interdisciplinary Program 
in Agricultural Genomics, Seoul National University, Seoul, South Korea, (4)Department of Agricultural Biotechnology, Seoul 
National University, Seoul, South Korea, (5)College of Agriculture, Yangzhou University, Yangzhou, China, (6)Indian Institute of 
Rice Research (ICAR-IIRR), Hyderabad, India 
Rice (Oryza sativa) is the staple food crop for more than half of the world’s population. However, rice sheath blight disease, caused by the 
fungus Rhizoctonia solani AG1-IA, greatly reduces the quantity and quality of rice production, leading to significant yield losses and threatening 
global food security. In this study, we sequenced four R. solani AG1-IA strains isolated from infected rice plants in four geographically distant 
locations in three countries (USA, India and China), using PacBio de novo sequencing and Illumina re-sequencing approaches. Phylogenetic 
analyses showed that isolate B2 (USA) is closely related to YN-7 (China), while ADB (India) is more related to RNR (India). Isolates YN-7, 
ADB and RNR possess similar genome sizes, approximately ranging from 38.9~40 Mb, while isolate B2 has a genome size of 45 Mb. Synteny 
conservation of 74.9%~82% was observed upon pairwise genome alignments of the four genomes. The core genome of the rice-infecting R. 



solani AG1-IA isolates is predicted to be 5,777 genes and 15~56 genes were identified to be isolate-specific. Furthermore, the R. solani AG1-IA 
genomes are enriched with carbohydrate-active enzymes (CAZymes), where extensive gene family expansion and diversification were observed 
in specific CAZyme families, such as the polysaccharide lyases (PLs). Our study has not only identified core genomic features shared by 
different isolates but also unique sequences in the rice-infecting R. solani AG1-IA group. The high-quality genome sequences from this study has 
provided rich genomics resources for better understanding the pathogenicity of this important fungal pathogen of rice. 
 
PO0219: Microbes and Pathogens 
A Metagenomic Approach to Understanding Stand Failure in Bromus tectorum 
Nathan Ricks1, Susan E. Meyer2 and Craig E. Coleman1, (1)Brigham Young University, Provo, UT, (2)USDA Shrub Sciences 
Laboratory, Provo, UT 
Bromus tectorum (cheatgrass) is an invasive annual grass that has colonized large portions of the Intermountain Western United States. It 
presents a threat to environmental diversity as it has the potential to convert sagebrush ecosystems into cheatgrass monocultures. Small, localized 
cheatgrass stand failures have been documented throughout the invaded region and the cause may be related to the presence of several types of 
pathogenic fungi. Discovering the fungal community associated with cheatgrass invaded zones is essential to understanding the mechanism 
underlying stand failures and formulating ecological restoration strategies. Towards this end, we designed a metagenomic marker gene approach 
to characterize the fungal communities associated with cheatgrass stand-failure at two geographically separated sites in Skull Valley, Utah and 
near Winnemucca, Nevada. Our approach utilizes relatively shallow PacBio sequencing of amplicons spanning the ITS1 and ITS2 region to 
facilitate taxonomic identification of ascomycete fungi in a limited set of soil samples, followed by deeper Ilumina sequencing of ITS1 
amplicons from a larger set of replicated samples to identify differences in community composition between locations. Using Landsat imagery 
from the past 30 years, soil from zones that never experienced a stand-failure were sampled along with zones that have experienced stand-failures 
ranging from 2 to 27 years prior to sampling. Our results show variation between the fungal communities sampled in Utah and Nevada, 
indicating potential differences in the way stand failure occurs at these two locations. Fungal organisms that appeared more frequently at Nevada 
stand-failure sites than at sites where a stand failure has never occurred include Epiccoccum nigrum, Ramimonilia apicalis and an unknown 
species identified within the class Tremellomycetes. On the other hand, fungi more frequently represented at stand-failure sites in Utah include a 
Sparticola species, a Cryptococcus species¸ and the recently described Rutstroemia capillus-albis. Although these fungal species are associated 
with stand-failure, whether they are biologically relevant is not yet shown. 
 
PE0220: Microbes and Pathogens 
Transient Expression of P. palmivora Effector Proteins in Oil Palm 
Mariana Herrera Corzo1, Juan Camilo Ochoa1, Ivan Ayala-Diaz1, Sebastian Schornack2 and Hernán Mauricio Romero3, 
(1)Corporación Centro de Investigación en Palma de Aceite, Bogotá, Colombia, (2)University of Cambridge, Sainsbury Laboratory 
(SLCU), Cambridge, United Kingdom, (3)Universidad Nacional de Colombia and Cenipalma, Bogota, Colombia 
The major constraint in the colombian crude oil palm production is the disease Bud Rot (Torres et al., 2016), caused by the oomycete 
Phytophthora palmivora (Torres et al., 2010). The P. palmivora pathogenicity is determined by effector repertoire proteins, which counteract 
defence and modulates host cell (Evangelisti et al., 2017). The recognition of this effectors by plant, triggered a programmed cell death defense 
response, restricting pathogen host tissue colonization. The understanding of the host effector-response can be useful to developing a strategy 
selection for Bud Rot-resistant cultivars. The aim of this study was standardize the transient expression in Elaeis guineensis leaves, to future 
application in oil palm, like characterization of effector repertoire. So far, 19 In silico putatives effector proteins have been identified, some of 
them are: RxLR, elicitins, Avirulence like proteins, these sequences was cloned in pANIC expression vectors, with the gateway technology. 
Later, the biolistic condition was standardize in oil palm leaves, using GUS expression assay to verify the transformation. Two contrasting 
cultivars to Bud Rot E. guineensis and the interspecific hybrid (E. oleifera x E. guineensis) were evaluated. Of the three evaluated effectors, one 
of them presented a differential expression in the hybrid, a possible programmed cell death, which indicates a plant defense response. The 
characterization of the plant defense response is in process.  
Keywords: Oil palm, Phytophthora palmivora, Effector, Biolistic. 
 
PO0221: Microbes and Pathogens 
Multi-Level Study of Xanthomonas alblilineans Leaf Scald Disease Development in Sugarcane 
Andressa P Bini1, Raquel Paulini Miranda2, Dora Bonadio2, Paula Turrini2, Geovani Tolfo Ragagnin2, Luis Eduardo Aranha 
Camargo3, Claudia B. Monteiro-Vitorello4, Marie-Anne Van Sluys5 and Silvana Creste6, (1)Centro de Cana - Instituto 
Agronômico, Ribeirão Preto, Brazil, (2)Departamento de Botânica – IB – USP, São Paulo, Brazil, (3)Universidade de São Paulo, 
Piracicaba, Brazil, (4)University of São Paulo, Piracicaba, Brazil, (5)Universidade de São Paulo, Sao Paulo, Brazil, (6)Centro de 
Cana - Instituto Agronômico, Ribeirao Preto, Brazil 
Sugarcane (Saccharum spp.)is the main feedstock for sugar and ethanol production in tropical and subtropical countries. Leaf scald, caused by 
Xanthomonas albilineans,is the most important systemic disease in sugarcane cultivation, primarily controlled by the use of resistant cultivars. A 
TaqMan PCR assay developed by " Centro de Cana - Instituto Agronômico (IAC)" was used to follow X. albilineans colonization in two 
sugarcane genotypes contrasting to leaf scald disease. The phytopathogen was inoculated using the decapitation method in three-month-old 
plants, produced in vitro from healthy sugarcane buds. Bacterial population was quantified in three sugarcane tissues (region of inoculation, not-
yet emerged apical leaf tissue and apical meristem) in a time-course experiment up to 144 hours post-inoculation. X. albilineans population 
varied in both genotypes and in different tissues analyzed. Pathogen quantification was more consistent in not-yet-emerged apical leaf tissue 
exhibiting approximately 2-fold less X. albilineans bacteria in the resistant sugarcane genotype at 72 hours post-inoculation when compared to 
the susceptible genotype. In parallel, four symptom contrasting strains were sequenced and grown in vitro condition. Despite their genomic 
similarities, a few TonB receptors and Phage derived regions were unique to each of the 4 strains. Also, each strain had a unique growth curve 
with the most aggressive strain growing slower in vitro when compared to the others. These three approaches are part of an ongoing project and 
early results allowed us to (a) distinguish leaf-scald resistant and -susceptible genotypes colonization steps, (b) perform comparative genomics 



from plant infected field isolates revealing discrete differences affecting disease symptom development and (c) reveal that each strain presents a 
unique growth curve progression. Taken together, these results provide critical insights for future experiments and interpretation of field leaf 
scald disease aiming disease control and risk assessment in the field.  
Financial support: FAPESP (2018/07615-4; 2016/17545-8), CNPq, CAPES. 
 
PE0222: Microbes and Pathogens 
Molecular Insight into the Effect of Host Genotype on Plant Defense Against Leptosphaeria maculans 
Parham Haddadi1, Nicholas Larkan2 and M. Hossein Borhan1, (1)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada, 
(2)Armatus Genetics Inc., Saskatoon, SK, Canada 
To date 19 cotyledon resistance (R) genes (Rlm1-11, RlmS, LepR1-4) have been genetically characterized from brassica species in response to 
blackleg disease caused by the fungus Leptosphaeria maculans (Lm). While several recent studies have reported the down stream defense 
pathways triggered by brassica race specific resistance (R) genes, comparison of defense pathways triggered by individual R genes and effect of 
host genotype have not been studied. To address this we applied RNAseq technology (close to 1.5 billion reads for 168 samples) to monitor the 
transcription profiles of B. napus introgression lines (IL) carrying one of four blackleg R genes (Rlm2, Rlm3, LepR1 & LepR2) in response to 
infection by Lm. Gene expression analyses demonstrated significant differences in the amplitude and timing of defense-related gene expression 
between different host genetic backgrounds. Total number of differentially expressed defense related genes were higher in LepR1 and Rlm2 than 
other ILs. Two B. napus susceptible cv, Topas and Westar, showed difference in the earlier induction of SA in Topas compared to Westar which 
also correspond to slower lesion development at the earlier stage of infection in Topas vs Westar. Difference in genotype also impacted the 
defense triggered R genes. Defence responses to Lm were stronger in Topas compared to Westar for LepR1 and LepR2. We observed significant 
variations of DEGs related oxidative stress, plant defense hormones, MAPK cascade, regulation of programmed cell death, pectin catabolic 
process, glucosinolate and lignin biosynthetic among studied ILs, implicating the significance of these pathways in differentiating molecular 
defense responses. 
 
PO0223: Microbes and Pathogens 
Bacterial Isolates From the Halophilic Microbiome of Three Halophytes With Potential as Inoculants for Stimulation of 
Crop Growth Under Saline Conditions 
Brent L. Nielsen1, Jennifer Kearl2, Caitlyn McNary2, Scott Lowman3, Chuansheng Mei3, Michelle Hamson2 and Emily Colton2, 
(1)Brigham Young University, Provo, UT, (2)Brigham Young Univ., Provo, UT, (3)Institute for Advanced Learning and Research, 
Danville, VA 
Halophytes have adapted to grow in salty soils, with many species present in the western U.S. However, little is known about the microbiomes 
associated with these plants. We have isolated bacteria growing in the rhizosphere and as endophytes associated with Sarcoconia utahensis, 
Salicornia rubra, and Allenrolfea occidentalis, three native Utah halophytes. DNA sequencing of the bacteria identified species from several 
genera, including Halomonas, Planococcus, Kuchneria, Bacillus, Virgibacillus, and Pseudomonas. Some isolates grow in media with up to 3 M 
or 4 M NaCl, and some have pigmentation that protects the bacteria from UV damage and also aids in species identification. Optimal temperature 
for growth, biofilm formation, and phylogenic relationships of the isolates have been characterized. Isolates have been tested as inoculants for 
plant growth stimulation of alfalfa and rice in the presence of 1% NaCl in the watering solution. Halomonas, Planococcus and Kuchneria isolates 
stimulate growth of alfalfa in the presence of salt, and the first two stimulate growth of rice in similar trials. This concentration of salt 
significantly inhibits growth and development of uninoculated alfalfa and rice plants. When used as inoculum Halomonas is recovered as an 
endophyte from the inoculated alfalfa plants, indicating the ability to become established within non-host plants. Changes in physiological 
parameters and differential gene expression of inoculated plants grown in the presence of salt are currently being examined. These isolates have 
considerable promise as inocula for enhancing growth of alfalfa and other crops in salty soil. 
 
PE0224: Microbes and Pathogens 
“Omics” Based Screening of Sporisorium scitamineum Candidate Effectors for Functional Characterization 
Natália S Teixeira-Silva1, Patricia D C Schaker2, Christopher M Garner3, Walter Gassmann3 and Claudia B. Monteiro-Vitorello1, 
(1)University of São Paulo, Piracicaba, Brazil, (2)Universidade Tecnológica Federal do Paraná, Toledo, Brazil, (3)University of 
Missouri, Columbia, MO 
Sporisorium scitamineum is a biotrophic filamentous fungus establishing a remarkable interaction with sugarcane. The sugarcane smut disease 
culminates in host architectural changes by the emergence of a whip-like structure from the shoot apical meristem. Effectors are important 
molecules secreted by pathogens to favor pathogenicity by modulating the host physiology and molecular processes. Based on the fungal 
annotated genome and a dual transcriptome analysis during early (5 dai) and late (whip emission) interaction, candidate effectors were selected. 
The following criteria were considered: genes encoding secreted proteins; differentially expressed genes 5 dai and 200 dai; genes unique to the S. 
scitamineum genome, and genes expressed only in planta. Also, the preferentially expressed genes, i.e. those with the highest number of mapped 
reads in a given time point, and the presence of polymorphic loci were considered. Twelve candidates were selected for further investigation. Out 
of the twelve, two of the candidates were accessed regarding their subcellular location, their influence over disease/immune system, and the 
expression profile in planta. They showed differential pattern of expression upon infection in sugarcane smut-resistant and -susceptible 
genotypes. The encoded proteins accumulated in distinct plant compartments and the presence of tags in the N- or C-termini influenced the 
localization. They also affected plant immunity after disease induction. Data analysis showed that omics can be an efficient method to access 
candidate effectors which may play crucial roles in sugarcane-smut interaction for further functional characterization. 
 
PO0225: Microbes and Pathogens 
The Genome of Fish Tapeworm Nippotaenia percotti as a Potential Bookmark for Gene Loci that Facilitates Anthropogenic 
Infection 



Tyler Chafin1, Bhavya Papudeshi2, Sheri Sanders3, Carrie Ganote2, Andrey N. Reshetnikov4, Sergey G. Sokolov5, Tom Doak2, Jeff 
Pummill1, Marlis R Douglas1 and Michael E Douglas1, (1)University of Arkansas, Fayetteville, AR, (2)Indiana University, 
Bloomington, IN, (3)National Center for Genome Analysis Support, Pervasive Technology Institute, Bloomington, IN, (4)Russian 
Academy of Sciences, Moskva, Russian Federation, (5)Severtsov Institute of Ecology and Evolution, Moscow, Russian Federation 
Tapeworms (Cestoda) are endoparasites infecting all vertebrates. Most (>50%) of their described diversity is within the clade Cyclophyllidea a 
common, chronic source of anthropogenic infection. We report the first sequenced genome for the tapeworm Nippotaenia percotti 
(Nippotaeniidea - the putative sister group to Cyclophyllidea), which is host-specific to a fish in the Amur River. The genome was derived for 
comparative purposes, to explore evolutionary change in functional gene loci of immunological import. Pooled individuals were sequenced on 
Illumina (HiSeq 2000) and PacBio (RSII), with additional RNAseq on the HiSeq 2500. Hybrid assemblies were completed in SPAdes with long-
read scaffolding in LINKS. The assembly was further improved using Redundans and Pilon, generating 3,410 contigs at an N50 of 209,561bp. 
Transcriptomes were assembled using a combined de novo approach (CDTA) with multiple assemblers and k-mers. Assembled transcripts were 
combined using EvidentialGene, producing 28,226 assembled transcripts at an N50 of 2,290bp, then annotated using Trinotate. The assembled 
genome was annotated using MAKER, identifying 30,671 genes, using our assembled transcriptome and genomes of closely-related cestodes. 
Gene evolution was examined using 15 cestode genomes from the WormBase Parasite database, with the MCL algorithm identifying 16,099 
orthologous genes clusters. Gene loss/gain was assessed by contrasting gene clusters with the cestode phylogenetic tree constructed with core 
genes identified by BUSCO, using IQ-Tree. Nippotaenia percotti’s genome provides a baseline for future investigations into candidate-gene 
families potentially involved with anthropogenic infection and would also sponsor improvements in tapeworm treatment and control. 
 
PE0226: Microbes and Pathogens 
Microbiome Profiling in SA Dohne Merino Sheep using Nanopore Technology 
Pranisha Soma, Rian Pierneef, Thendo Mafuna and Farai C. Muchadeyi, Agricultural Research Council, Pretoria, South Africa 
Molecular approaches for the microbial analysis of gut samples have become a widely accepted method to characterize microbial communities. 
Marker genes, such as 16S rRNA genes provide both qualitative and quantitative data. The introduction of third generation sequencing platforms 
such as the Oxford Nanopore Technologies MinIon ™ platform, has resulted in obtaining long sequencing reads. In this study, 7 DNA samples 
of Dohne merino sheep were used. Each DNA sample was barcoded and sequenced using the MinIon system. From an original set of 2,9 million 
MinIon reads, 2,84 million reads passed quality control. Quality filtered reads were compared against the SILVA 16s RNA reference dataset by 
means of BLASTn with an e-value of 1e-5, minimum identity of 80% and minimum alignment length of 1,000 bp. This resulted in 2,3 million 
top hits across the 7 samples with resolution up to species level. A total of 3,404 species were identified in all 7 samples with Christensenellaceae 
R-7 group bacteria the most prominent. Analysis of the microbiome community structures were further possible to indicate differences and 
similarities between the 7 samples. Third generation sequencing technologies are able to produce long-reads which alleviates numerous 
downstream bioinformatics challenges. The MinIon may serve as a cost-effective platform to perform microbial profiling up to species level 
resolution. Due to it being small and portable, the possibility of microbial profiling in the field may become a reality. 
 
PO0227: Microbes and Pathogens 
Streamlining Zoonotic, Wildlife, and Livestock Disease Surveillance using Vector-Enabled Metagenomics 
Matthew W. Hopken, Colorado State University, Ft. Collins, CO 
Zoonotic, wildlife, and livestock pathogens have complex transmission cycles that involve multiple host species and oftentimes arthropod 
vectors. Surveillance programs are designed to detect these pathogens before and during outbreaks, and elucidate transmission networks to assess 
risk. Current surveillance methods can be challenging because detecting pathogens that originate or persist in wildlife populations requires 
handling animals and multiple time-consuming and expensive lab assays. Further, tens of thousands of insects are collected during vector-borne 
pathogen surveillance, requiring long hours of sorting and taxonomic expertise for accurate species identification. Vector-enabled metagenomics 
is a recently developed methodology that uses high-throughput sequencing to detect pathogens circulating in hematophagous arthropods from 
mixed-species trap catches. Our goal was to develop a total RNA-based metagenomics approach to simultaneously target mosquito and 
vertebrate mitochondrial mRNA transcripts of DNA barcode regions and viral RNA to quantify biodiversity of hosts, vectors, and pathogens. 
The method was optimized with mock communities consisting of two captive mosquito species including a single freshly blood fed mosquito, 
then spiked with Zika virus. We demonstrated that RNA-seq based metagenomics can be used to identify mosquito species, vertebrate host 
species, and reconstruct the full ZIKV genome from the mock communities. Wild mosquitos were collected along transects in southwestern 
Puerto Rico along a wildland/agriculture/urban transition zone. A LAMP assay and real-time PCR were used to screen field samples for ZIKV 
and other flaviviruses. All mosquito pools from Puerto Rico were negative for ZIKV but we identified a number of other viruses using 
metagenomics. 
 
PE0228: Microbes and Pathogens 
Genomics and the Pathogenic Protein Networks of Phomopsis longicolla 
Shuxian Li, USDA-ARS, Crop Genetics Research Unit, Stoneville, MS 
The fungal pathogen Phomopsis longicolla T. W. Hobbs (syn. Diaporthe longicolla) is the primary cause of Phomopsis seed decay in soybean. 
This disease has resulted in significant reduction of seed quality in most soybean production areas worldwide. To facilitate investigation of the 
genomic basis of pathogenicity and the mechanism of disease development, the genome of an isolate, MSPL10-6, from Mississippi, USA was 
sequenced, de novo assembled, and analyzed. The genome of MSPL 10-6 was estimated to be approximately 62 Mb in size with an overall G+C 
content of 48.6 %. Of 16,597 predicted genes, 9,866 genes (59.45%) had significant matches to genes in the NCBI nr database, while 18.01% of 
them did not link to any gene ontology classification, and 9.64% of genes did not significantly match any known genes. Analysis of the 1,221 
putative genes that encoded carbohydrate-activated enzymes (CAZys) indicated that 715 genes belong to three classes of CAZy that have a direct 
role in degrading plant cell walls. Approximately 12.7% of the P. longicolla genome consists of repetitive elements. There were 510 potentially 
horizontally transferred genes in the genome. In addition, analysis of the protein-protein interactions (PPI) using the interlog method identified 
215,255 unique PPIs among 3,868 proteins. A total of 1,414 pathogenicity related genes in P. longicolla were identified from the pathogen host 
interaction (PHI) database. Information obtained from this study enhances our knowledge about this seed-borne pathogen and will facilitate 



further in-depth research on the genomic basis and pathogenicity mechanism of P. longicolla and aids in development of improved strategies for 
efficient management of Phomopsis seed decay in soybean. 
 
PO0229: Microbes and Pathogens 
High-Resolution Bacterial Species Identification with 16S rDNA Sequence Capture 
Jincheng Wang1, Jesse C. Thomas1, Troy Kieran1, Bei Gao1, Swarnali Louha1, Alison Devault2, Brian Brunelle2, Kun Lu3, Olin E. 
Rhodes1 and Travis C. Glenn1, (1)University of Georgia, Athens, GA, (2)Arbor Biosciences, Ann Arbor, MI, (3)University of North 
Carolina at Chapel Hill, Chapel Hill, NC 
16S rRNA locus sequencing is a workhorse for bacterial community studies due to conserved primer sites for ‘universal’ PCR amplification. 
However the amplicon approach is inherently biased, with demonstrated divergences from actual community compositions. Full metagenomic 
profiling via shotgun next-generation sequencing avoids these amplicon biases, but it is typically cost-prohibitive due to high sequencing depth 
requirements.  
We describe here a 16S rDNA hybridization capture approach that utilizes a complex probe pool encompassing broad taxonomic breadth (≥80% 
identity to all sequences in the GreenGenes 16S database). We applied this enrichment approach along with amplicon and total shotgun 
sequencing to mock communities and biological (mouse tissues) and environmental samples (soil).  
biological and environmental samples. For the non-mock samples, shotgun 16S profiling was limited due to the relative rarity of these sequences 
(requiring extremely high sequencing depths); in contrast, the enrichment strategy increased the proportion of 16S reads by ~400X, allowing for 
many more samples to be assayed in a single sequencing run.  
These data demonstrate that 16S hybridization capture is a powerful tool that can be used for either standalone analysis, or paired with deeper 
shotgun sequencing for high-resolution community profiling. 
 
PE0230: Microbes and Pathogens 
Modifications of Wheat MYC4 and MYB21 Transcription Factors Gave Rise to New Rust Resistant Germplasms 
Bernard M. Nyamesorto, Montana State University, Bozeman, MT 
A major challenge to resistance breeding in bread wheat (Triticum aestivum L.) is limited genetic diversity in its genome. The traditional 
approach to combating this problem is introgression of resistant genes from other closely related species into elite but susceptible cultivars. This 
strategy is often associated with linkage drag. Creating resistance within wheat’s own genome is a panacea to the challenges surrounding this 
method. Biotrophic plant pathogens such as wheat rusts are known to manipulate their host’s genes as means of overcoming host defense 
response and acquiring nutrients. Hence modifying the genes targeted by these pathogens in wheat could enhance host resistance. We conducted 
this study to identify the host genes targeted by rust pathogens in wheat. In a preliminary experiment in which resistant and susceptible near-
isogenic wheat lines were challenged by rust pathogens, transcriptome analysis showed that wheat transcription factors (TFs) of MYC4-1B 
homeolog and MY21-3B homeolog were upregulated only in the susceptible line from 3dpi. Subsequently, when these genes were down-
regulated in susceptible Chinese Spring using Barley Mosaic Virus Induced Gene Silencing (BSMV) assay, the silenced plants became resistant 
to rust pathogens. Loss-of-function mutations created in these homeologs via Ethyl methanesulfonate mutagenesis conferred resistant to rust 
pathogens. Consequently, this study led to the development of new rust resistance germplasms. 
 
PO0231: Microbes and Pathogens 
Roles of Dicers and Argonautes on Sclerotinia sclerotiorum Antiviral Small RNA Processing 
Achal Neupane1, Pauline Mochama1, Huma Saleem1 and Shin-Yi Marzano2, (1)Department of Biology and Microbiology, South 
Dakota State University, Brookings, SD 57007, USA, Brookings, SD, (2)Department of Biology and Microbiology; Horticulture, 
Agronomy, and Plant Sciences, South Dakota State University, Brookings, SD 57007, USA, Brookings, SD 
 
PE0232: Insects 
Draft Genome of Aphid, Rhopalosiphum nymphaeae 
Jongsun Park1, Wonhoon Lee2 and Yongsung Kim1, (1)InfoBoss Co., Ltd., Seoul, South Korea, (2)Gyeongsang National 
University, Jinju, South Korea 
Waterlily aphid, Rhopalosiphum nymphaeae, is one of aphid species which is imporant pest in the world. In the spring, it feeds on various Prunus 
species, and then migrate to aquatic plants, especially to Nymphaea (water lilies). Here, we generated above 200x coverage raw data of R. 
nymphaeae genome using Illumina HiSeq2000 with two pair-end and two mate-pair libraries. First version of draft genome presents that total 
length is 306.89 Mbp (N50 is 829,748 bp and max length of scaffold is 4.57 Mbp). GC ratio of this genome is 27.74%, which is similar to pea 
aphid genome (29.76%). Number of ORFs predicted by AUGUSTUS is 22,738, which is smaller than that of pea aphid (36,970 ea). All these 
data including genome sequences will be available in Aphid genome database (http://www.aphidgenome.info/) for further comparative genomic 
analyses. 
 
PO0233: Insects 
Draft Genome Assemblies of Two West African Cassava Bemisia tabaci Populations 
Joachim Nwezeobi1, Lahcen Campbell2, Paul Visendi Muhindra1, Paul Julian Kersey3, Gareth Maslen2, Andy Yates2, Rebecca 
Grimsley1, Sharon Van Brunschot1, Susan E. Seal1 and John Colvin1, (1)Natural Resources Institute, University of Greenwich, 
Chatham Martime, Kent, United Kingdom, (2)European Bioinformatics Institute, Cambridgeshire, United Kingdom, (3)Royal 
Botanic Gardens, Kew, Richmond, United Kingdom 
African cassava whitefly species, Bemisia tabaci (sensu latu), cause direct damage and spread plant-virus diseases in sub-Saharan Africa. More 
than 800 million people depend on cassava as a staple food in this region, but little is known about this important plant pest and virus vector. To 
study the genetic makeup of indigenous West African B. tabaci, we sequenced the genomes of two Nigerian B. tabaci populations, called SSA1-



SG1 and SSA3. Before extracting DNA, both populations were inbred for eight generations to reduce genetic heterogeneity. DNA was then 
extracted from 3,000 haploid F8 males and pooled. The SSA1-SG1 genome was generated from five PacBio SMRT cells, with 50X coverage of 
the genome (estimated size 680Mb). The SSA3 genome was generated from two pooled individuals and two single individual Illumina paired-
end libraries, with 300X genome coverage. Both genomes were annotated using MAKER. The SSA1-SG1 and SSA3 draft genomes had, 
respectively, contig N50s of 85.4Kb and 37.2Kb, total assembly lengths of 642Mb and 687Mb, with 93.7% and 92.3% complete, single copy 
BUSCO orthologs. Results from the preliminary genome annotation showed that both genomes share 4,577 protein-coding domains. We are 
currently working to improve both genomes by scaffolding using long PacBio reads. These draft genomes will be invaluable for finding novel 
gene-targets to control this pest and for providing insights into the biological adaptations of B. tabaci populations that enable them to colonise 
cassava and transmit viruses. 
 
PE0234: Insects 
A Chromosomal Level Genome Assembly of Anopheles stephensi Indian Strain 
Suvratha J, Institute of Bioinformatics and Applied Biotechnology, Bangalore, India and Subhashini Srinivasan, Institute of 
Bioinformatics and Applied Biotechnology, Bangalore, Karnataka, India 
Mosquito borne diseases remain a major threat to growing economies. A chromosome-level quality reference genome of Anopheles stephensi, 
the species causing malaria in India, is one of the prerequisites for successful eradication of malaria using gene drive technology. Here, we 
present a method to obtain chromosomal level assemblies for both an Indian and Pakistani (SDA-500) strains of An. stephensi using their 
respective draft assemblies using a homology-based approach. Basically, we have improved the assembly of one variety by using the simulated 
mate-pair reads of varying insert sizes from the assembly of the other variety iteratively. With this approach, we have been able to assemble 
214Mb for the Indian variety and 244Mb for the SDA-500 variety into chromosomes. The L50 for the indian variety was improved from 37 to 9 
and for that of SDA-500 from 85 to 12. Five pseudo-molecules for both variety representing chromosomes are then built using both the published 
physical map for A. stephensi and the much improved scaffolds after the third iteration. The assembled chromosomes are validated for both the 
varieties using synteny with Anopheles gambiae, the species that cause malaria in Africa. The synteny computed for all the strains of mosquito 
suggest near complete and correct order of the physical markers present on the five pseudomolecules. Here, we will be presenting large-scale 
variations between the two strains. 
 
PO0235: Insects 
Improving the Manduca sexta Genome via Long-Read Sequencing 
Tatiana Gelaf Romer, Johns Hopkins University, BALTIMORE, MD 
Manduca sexta (Carolina sphinx moth) is an important model organism in the study of immune responses and hormone signaling. Many 
fascinating and as-of-yet unexplained processes, such as immune-priming of progeny in result to environmental stresses, have been observed in 
M. sexta. However, a gap exists between the wealth of information which exists regarding M. sexta biochemistry, and the genetic bases of these 
attributes. The current M. sexta draft genome is problematic, containing numerous gaps, areas of conflict, and errors. Using cutting-edge long-
read sequencing techniques, we are moving this model organism into the realm of modern genomics by improving its genome. Through this 
project, we have not only provided a useful tool for the study of M. sexta, but have also optimized underdeveloped pipelines for insect 
sequencing and assembly using nanopore sequencing.  
We performed high molecular weight (HMW) genomic DNA extraction with Qiagen Genomic Tips. Samples were taken from adult wings and 
legs, and ground using Retch’s CryoMill. We sheared DNA to 10 kb and prepared for sequencing by ligation using Oxford Nanopore’s 1D 
Genomic DNA protocol. The ~2.3 ug of DNA was sequenced across two Oxford Gridion flow cells. MinKnow v1.15.4 was used for sequencing 
and live basecalling. 500 ng of the previously prepared gDNA was taken for Illumina sequencing. The gDNA library was prepped using the 
Nextera DNA Library Preparation Kit, then sequenced using Illumina’s MiSeq (600v3). Illumina’s shorter, higher fidelity reads were used to 
supplement the longer, lower-fidelity nanopore reads. Assembly was conducted using canu, a software package which uses long sequencing 
reads to generate a genomic assembly while correcting the inaccuracy inherent to single molecule sequencing methods. The Illumina reads were 
aligned to the draft canu assembly with bowtie2, then used to correct any remaining inaccuracies with pilon. Canu/pilon has previously been used 
for similar “hybrid” assemblies of short and long reads. We were also able to leverage recently released Hi-C kits from Phase Genomics to 
perform chromosomal scale scaffolding. These kits enable us to measure genomic proximity, giving structural information about the genome 
which facilitates scaffolding. By combining these techniques, we were able to generate a high-quality draft assembly.  
We assessed a variety of preparation techniques. The chitinous nature of insect tissue makes it particularly challenging to extract HMW gDNA 
samples. We found the addition of SDS to our lysis buffer was integral in allowing for the redissolution of the DNA subsequent to extraction. We 
found attempted amplification of DNA prior to sequencing to be unsuccessful, producing short, low-quality reads. Ultimately, we were able to 
collect a total of ~28 Gbp of data with an average read length of 2.4 kbp. As such, we present a ~50x coverage draft assembly of the 500 Mbp M. 
sexta genome, as well as a high resolution chromosomal map. Long-read sequencing has allowed us to resolve previously problematic regions of 
the genome, such as those which are highly repetitive. 
 
PE0236: Insects 
Novel, Low-Cost Genomic Resources for Stored Product Insects 
Erin D. Scully, USDA-ARS Center for Grain and Animal Health Research, Manhattan, KS 
Stored product insects can cause estimated yield losses of up to 30% during post harvest. These pests are extremely difficult to control and can 
often quickly evolve resistance to pesticides and fumigants. However, few genomic resources exist for stored product insects, which would be 
useful in developing new gene targets for biocontrol, understanding mechanisms of evolution of pesticide resistance in disparate populations and 
insects species, and understanding how genetic differences between strains and populations lead to differences in abilities to tolerate abiotic and 
biotic stresses. To generate additional genomic resources for this agriculturally important group of insects, we used 10X Chromium libraries 
coupled with HiSeqX sequencing to assemble the genomes of eight different species of stored product insects belonging to five different families 
(Pyralidae, Tenebrionidae, Bostrichidae, Dermestidae, and Anobiidae). 
Assemblies were fairly contiguous with contig N50s in excess of 50 kb for all species, scaffold N50s above 500 kb, and maximum contig lengths 



of over 24 Mb in some cases. In addition, over 94% of BUSCOs (Benchmarking Using Single Copy Orthologs) were recovered as single copy 
orthologs, indicating that a high percentage of the gene space is being integrated into these assemblies. In some cases, high density linkage maps 
were generated to validate the integrity of the larger scaffolds in our assemblies and create superscaffolds, some of which putatively contained 
whole chromosomes. Overall, 10X Chromium libraries show promise for generating high quality draft genome assemblies of understudied 
arthropod species at relatively low costs. 
 
PO0237: Insects 
AgriVectors: A Data Resource for Arthropod Vectors of Plant Diseases 
Surya Saha1, Wayne Hunter2, Prashant S Hosmani1, Mirella Flores-Gonzalez1, Lukas A. Mueller1 and The AgriVectors 
Consortium, (1)Boyce Thompson Institute, Ithaca, NY, (2)USDA Agricultural Research Service, Fort Pierce, FL 
Arthropod vectors of pathogens cause enormous economic losses and are a fundamental challenge for sustainable increases in food production, 
yet agricultural pathosystems remain an underserved area of research. To more effectively fight plant diseases, data pertaining to a disease 
system needs to be consolidated, made searchable and amenable to data mining. The AgriVectors platform is an open access and comprehensive 
resource for growers, researchers and industry working on plant pathogens and pathosystems spread by arthropod vectors. The portal connects 
established public repositories with pathosystem-specific data repositories. The AgriVectors system will provide tools to enable technologies 
such as RNAi, CRISPR, screening bioassays, etc. to leverage current and emerging knowledge across disciplines. It will also include private and 
unpublished data, using passwords and secure protocols for restricted access. The portal will be based on the Citrusgreening.org 
(https://citrusgreening.org/) community resource that was developed as a model for systems biology of tritrophic disease complexes. 
Citrusgreening.org provides omics and biology resources for the Huanglongbing pathosystem. In addition, it includes a biochemical pathway 
database for each organism in this disease complex, and an expression atlas with proteomics and RNAseq data from psyllids and citrus across 
multiple infection states. The AgriVectors portal will extend this model beyond gene-centric omics data to the broader Pathosystem-wide 
information, with integrated pest management, behavioral, plant health, soil health and climate data to incorporate rapid phenotyping information 
from research trials, building a foundation for more effectively identifying solutions to combat plant diseases. 
 
PE0238: Insects 
Soybean Aphids Adapted to Host-Plant Resistance Up-Regulate Transposable Elements and Down-Regulate Effector Genes 
Ashley Yates-Stewart1, Josquin Daron2, Saranga Wijeratne3, Raman Bansal4, R. Keith Slotkin5 and Andrew Michel4, (1)Center for 
Applied Plant Sciences, OARDC - The Ohio State University, Wooster, OH, (2)CNRS, Centre National de la Recherche 
Scientifique, Paris, France, (3)Molecular and Cellular Imaging Center, OARDC - The Ohio State University, Wooster, OH, 
(4)Dept. of Entomology, OARDC - The Ohio State University, Wooster, OH, (5)Donald Danforth Plant Science Center, St. Louis, 
MO 
Plants are equipped with physical and chemical defenses to protect against herbivory. Despite these defenses, insects survive and proliferate by 
co-evolving with their plant hosts. In crop plants, host plant resistance (HPR), or naturally occurring resistance gene(s), affords enhanced 
protection against insect pests. One of the most important insect pests in soybean is the soybean aphid, Aphis glycines. A. glycines can be 
managed by using HPR, and the soybean resistance genes are termed Rag genes (resistant to Aphis glycines). However, the evolution of 
resistance-breaking aphids (i.e. virulent) that overcome soybean resistance threaten the durability of Rag genes.The mechanisms of aphid 
virulence are mostly unknown, but may involve putative effector proteins that modulate plant defenses. Additionally, transposable elements 
(TEs) can facilitate adaptation under biotic or abiotic stress. Our objective is to identify genes that function in A. glycinesvirulence. We 
hypothesized that virulent aphids differentially express putative effector genes and/or TEs. We sequenced RNA among avirulent and virulent 
aphids fed susceptible or resistant soybean varieties. We found that putative effector genes were mostly down regulated in virulent aphids, 
relative to avirulent aphids. Thus, we hypothesize that virulent aphids down regulate effectors to evade plant defenses. We also found TEs and 
neighboring genes were up regulated in virulent (relative to avirulent) aphids. Future research will use RNA interference to analyze the possible 
role genes near TEs and effectors in aphid virulence to explore the possible role of TEs and epigenetic mechanisms in aphid virulence to host 
plant resistance. 
 
PO0239: Insects 
Genetic Aspects of Honey Production, Emergence Weight and Number of Ovarioles in Honey Bee Queens (Hymenoptera: 
Apidae) 
Fabiana Costa Maia1, Daniela A.L. Lourenco2, Michele Potrich3, Shogo Tsuruta2, Fabio Camargo Abdalla4, Fernanda Raulino-
Domanski5, Jackeliny Ravanelli Martins6 and Elias Nunes Martins3, (1)UTFPR/ University of Georgia, Dois Vizinhos, Brazil, 
(2)University of Georgia, Athens, GA, (3)Federal Technological University of Parana, Dois Vizinhos, Brazil, (4)Universidade 
Federal de São Carlos (UFSCar), Sorocaba, Brazil, (5)Federal Technological University of Paraná, Dois Vizinhos, Brazil, 
(6)Federal Technological Federal of Paraná, Dois Vizinhos, Brazil 
Selecting for increased honey production in honey bees can be a slow process given that honey production measurements is sometimes annually. 
Using correlated traits measured early in the queen’s life can help to speed up genetic gains. Queen’s emergence weight was recorded on 200 
queens generated in vitro from 60 colonies for 5 consecutive generations. Genetic evaluations were carried out in each generation and the 60 
queens with highest EBV for weight at emergence were selected to originate the next generation. In the last generation of selection, 120 virgin 
queens, daughters of the 60 best queens were introduced to colonies in honey bee farms for a field test. Randomly picked virgin queens from 
local honey beekeepers were also introduced to other colonies as a control set. Variance components for honey production and queen’s 
emergence weight were estimated using a two-trait animal model, considering missing drone information. Heritability for honey production was 
moderate (0.32) and for emergence weight was high (0.49). Positive, moderated genetic correlation was observed between the two traits (0.46), 
indicating heavier queens have greater genetic potential to produce more honey. In fact, the honey production in the colonies with selected 
queens was, on average, 26% higher than with unselected queens. A positive genetic correlation (0.49) was observed between queen’s emergence 



weight and ovary weight. A fast, yet efficient, histological technique to access the number of ovarioles in queens was developed. Further studies 
will help to investigate the genetic correlation among ovariole count, emergency weight, and honey production. 
 
PE0240: Insects 
Diaphorina citri Resources for Exploring the Citrus Greening Disease Complex 
Mirella Flores-Gonzalez1, Prashant S Hosmani1, Noe Fernandez-Pozo1, Marina Mann2, Michelle Cilia2, Susan J. Brown3, Lukas A. 
Mueller1 and Surya Saha1, (1)Boyce Thompson Institute, Ithaca, NY, (2)Cornell University, Ithaca, NY, (3)Division of Biology - 
Kansas State University, Manhattan, KS 
The Asian citrus psyllid (Diaphorina citri Kuwayama) is the insect vector of the bacterium Candidatus Liberibacter asiaticus (CLas), the causal 
agent for citrus greening or Huanglongbing disease which threatens the citrus industry worldwide. This vector is the primary target of approaches 
to stop the spread of the pathogen. We sequenced the 450Mb psyllid genome to 80X coverage with Pacbio long reads. A Canu assembly was 
followed by Dovetail Chicago-based scaffolding. Long range Hi-C scaffolding was performed to get 13 chromosomes (Diaci v3.0) with 442Mb 
with N50 of 40,584kb. Full-length cDNA transcripts from diseased and healthy tissue from multiple life stages were sequenced with Pacbio 
IsoSeq technology. It was combined with other Illumina RNAseq datasets to generate the Official Gene Set (OGS v3) with ~20,000 full-length 
protein coding genes. Details about a genome independent transcriptome with a comprehensive catalog of all genes in the psyllid will be 
described.  
We have designed a web portal for the citrus greening disease with genomics and bioinformatics resources for the vector D. citri, endosymbionts, 
the host citrus (C. clementina and C. sinensis) and multiple pathogens including CLas. We have used Biocyc Pathway Tools databases to model 
biochemical pathways within each organism that can be used to explore the entire disease complex. All tools like JBrowse, Biocyc, Blast and 
Psyllid Expression Network connect to a central database. The portal can be accessed at https://citrusgreening.org/. 
 
PO0241: Insects 
Chromosome Elimination in Hessian Fly (Mayetiola destructor) 
Yan M Crane and Brandon J. Schemerhorn, USDA-ARS/Purdue University, West Lafayette, IN 
Like other cecidomyiid dipterans, Hessian fly has stable S chromosomes that are present in all tissues and dispensable E chromosomes that are 
retained only in the germline. Amplified fragment length polymorphisms (AFLP), suppressive subtractive hybridization (SSH), and fluorescent 
in-situ hybridization (FISH) were used to investigate similarities and differences between S and E chromosomes. More than 99.9% of AFLP 
bands were identical between separated ovarian and somatic tissue, but one band was unique to ovaries (or ovarian tissue) and resembled Worf, a 
non-LTR retrotransposon. Arrayed clones, derived by SSH of somatic from ovarian DNA, showed no clones that were unique to the ovary. FISH 
with BAC clones revealed a diagnostic banding pattern of BAC positions on both autosomes and both sex chromosomes, and each E 
chromosome shared a pattern with one of the S chromosomes. Thus the E chromosomes appear to be derived from S chromosomes by the 
acquisition or conversion of sequences that produce the negatively heteropycnotic region around the centromere. 
 
PE0242: Insects 
Genotyping-by-Sequencing for Analysis of Genetic Composition of Argentine Stem Weevil Populations 
Jeanne Jacobs1,2, Shannon M. Clarke3, Tom Harrop2,4, Tracey Van Stijn3, Hannah Henry3, Ruy Jauregui5, John Skelly4, Peter 
Dearden2,4 and Stephen Goldson1,4, (1)AgResearch, Lincoln Science Centre, Christchurch, New Zealand, (2)Genomics Aotearoa, 
Dunedin, New Zealand, (3)AgResearch, Invermay Agricultural Centre, Mosgiel, New Zealand, (4)BioProtection Research Centre, 
Lincoln University, Lincoln, New Zealand, (5)AgResearch Grasslands, Palmerston North, New Zealand 
A major exotic pest in New Zealand pastures is the Argentine stem weevil (ASW, Listronotus bonariensis) causing significant economic 
damage. A parasitic wasp (Microctonus hyperodae) which acts as a biocontrol agent for the ASW was released across New Zealand in the early 
1990s. Initially control was highly successful, but the efficacy of the biocontrol wasp is declining. To help understand the decline, we collected 
populations of ASW from across New Zealand to study their genetic composition. DNA was isolated from individual insects and Genotyping-by-
Sequencing (GBS) of each individual was performed as a method to develop high-density genetic marker data. Our initial results point to 
regional differences in the genetic composition of the weevils. While the ASW reproduces sexually, the parasitoid wasp has clonal reproduction. 
This may have resulted in a selective sweep allowing the ASW to become ‘resistant’ and escape biocontrol. To assist this work we have 
constructed reference genome sequences of ASW and the parasitic wasp. In addition we are undertaking GBS on ASW collected prior to the 
release of the wasp to determine whether there has been a shift in genetic composition of the ASW population following the release of the 
parasitic wasp. 
 
PO0243: Insects 
Characterization of Para-Sodium Channel Gene of Haemaphysalis longicornis (Acari: Ixodidae), a New Invasive Tick 
Species in the United States 
Guilherme M. Klafke, USDA - ARS - CFTRL, Edinburg, TX, Jason P. Tidwell, USDA-ARS Cattle Fever Tick Research 
Laboratory, Edinburg, TX, Robert J. Miller, USDA-ARS-Cattle Fever Tick Research Laboratory, Edinburg, TX, Denise L. Bonilla, 
USDA-APHIS-Veterinary Services, Fort Collins, CO, Dina M. Fonseca, Department Entomology; Rutgers, The State University of 
New Jersey, New Brunswick, NJ and Adalberto A. Pérez de León, USDA-ARS Knipling-Bushland U.S. Livestock Insects Research 
Laboratory and Veterinary Pest Genomics Center, Kerrville, TX 
Haemaphysalis longicornis (Neumann) is a tick species originally from temperate and subtropical areas of East Asia. It has been introduced into 
Australia, New Zealand and several Pacific Islands, where it is considered a pest of veterinary and public health importance. This three-host tick 
parasitizes a wide variety of animals, livestock and wildlife, and also humans. H. longicornis can vector pathogens to domestic animals and to 
humans. A sheep in New Jersey was found infested with H. longicornis in August 2017. Since then, this tick has been detected in Arkansas, 
Connecticut, Maryland, New York, North Carolina, Pennsylvania, Virginia, and West Virginia parasitizing livestock, other domestic animals, 
humans, and wildlife. Control of three-host ticks can be challenging, especially when the target species feeds in a diverse range of wildlife hosts. 



The criterious use of synthetic acaricides to control ticks is required to avoid the selection for resistant populations. Target site insensitivity 
resulting from gene mutations is one of the mechanisms of acaricide resistance. These mutations can be used as molecular markers that facilitate 
the rapid detection of resistance using PCR. Pyrethroids are chemicals commonly used to control ticks on and off animals. However, pyrethroid 
resistance can develop quickly in association with their continued use. Pyrethroid resistance across arthropod pests is associated with conserved 
mutations in the voltage-sensitive sodium channel gene (vssc). Molecular tools for surveillance of acaricide susceptibility are part of integrated 
tick management. The objective of this study was to characterize the vssc of H. longicornis. RNA was obtained from a pool of H. longicornis 
nymphs collected in NJ. Degenerate primers were used to amplify two conserved segments of the vssc gene from other arthropods. A 3’and 5’ 
rapid amplification of cDNA ends was applied to get the full-length transcript. The translated amino acid sequences and the putative protein 
secondary structure was compared to the vscc of the tropical cattle tick, Rhipicephalus microplus (Canestrini), brown dog tick, Rhipicephalus 
sanguineus (Latreille), and other Acari. No mutations previously associated to SP resistance were detected in the NJ samples analyzed. To the 
best of our knowledge, this is the first characterization of an acaricide target site gene in H. longicornis. The results presented here could be used 
to enhance control strategies against this new invasive tick species in the US. USDA is an equal opportunity provider. Financial support: GMK is 
funded by the USDA-ARS through US Department of Energy and Oak Ridge Associated Universities. 
 
PE0244: Other Species 
Improved Genome Assembly and Annotation of Agarics Fungus Amanita bisporigera with Nanopore Long-Read Sequencing 
Jie Wang1, Jose Planta1, Patrick Rynkiewicz2, Gregory Bonito3, Jonathan Walton1 and Kevin Childs1, (1)Department of Plant 
Biology - Michigan State University, East Lansing, MI, (2)Rochester Institute of Technology, Rochester, NY, (3)Department of 
Plant, Soil and Microbial Sciences - Michigan State University, East Lansing, MI 
The “Destroying Angel” mushroom Amanita bisporigera is a deadly poisonous species that is widely distributed in eastern North America. The 
amatoxin family of cyclic peptides encoded by MSDIN gene family account for the mushroom's toxicity in humans. In a previous study, more 
than 30 MSDIN genes were predicted from an A. bisporigera draft genome, but 9 of 14 previously identified MSDIN genes were not found in 
the draft assembly. Here, we identified an A. bisporigera specimen that contains four expected amatoxins. Both Nanopore and Illumina platforms 
were used to generate long- and short-read sequences for genome assembly and annotation. The draft genome was assembled with Nanopore 
long reads and polished to remove sequencing errors using Illumina reads. In total, we assembled 577 contigs for a total haploid assembly length 
of 73.6 Mbp and N50 of 187.8 kb. BUSCO analysis found 93.3% complete and 3.3% fragmented single-copy orthologs. Both Illumina and 
Nanopore cDNA reads were used to generate transcript sequences that were used for genome annotation. In addition, the gene models predicted 
by Illumina-based transcript assemblies and Nanopore full-length cDNA will be benchmarked and the best-predicted gene models will be 
retained. Comparative genomics analyses will be conducted to identify conserved orthologous groups among species in the Amanita genus, as 
well as polymorphisms and syntenic conservation in their toxin encoding genes. The high-quality draft genome for A. bisporigera will be used to 
understand the haplotype diversity in A. bisporigera and to evaluate genome annotation using Nanopore full-length cDNA reads. 
 
PO0245: Other Species 
Genome Sequencing of Divergent Streptophyte Algae 
Tomoaki Nishiyama1, Yuki Tsuchikane2 and Hiroyuki Sekimoto2, (1)Kanazawa University, Kanazawa, Japan, (2)Japan Women's 
University, Bunkyo-ku, Japan 
Land plants are in streptophytes, which are one of the two branches within the green plants that split at the deepest point in green plant 
phylogeny. Within the streptophytes, the earliest branch is considered a clade comprising Mesostigma, Chlorokybus, and Spirotaenia, and the 
other clade consisting of Klebsormidiophyceae, Charophyceae, Coleochaetophyceae, Zygnematophyceae, and land plants (Wicket et al. 2014).  
While a large number of plant genomes were sequenced in Land Plants, including Physcomitrella patens, Selaginella moellendorffii, Marchantia 
polymorpha, and many vascular plants, the genome information in other groups are limited. Klebsormidium nitens (Hori et al. 2014) and Chara 
braunii (Nishiyama et al. 2018) have been published.  
We aimed to sequence representatives of all the major clades within streptophytes to reveal the genome evolution toward land plants. We have 
sequenced, a Closterium species in Zygnematales, and Clorokybus using Illumina and PacBio Sequencing. Mesostigma viride NIES-475, to 
some level of assembly, though the quality of the nuclear genome is still limited due to the endosymbiontic Rickettsiales bacterium (Yang et al. 
2016). 
 
PE0246: Other Species 
Differential Gene Expression in the Cattle Tick Rhipicephalus microplus Fed on Resistant and Susceptible Cattle 
Poliana F Giachetto1, Antonio Nhani Jr2, Giovanni Marques de Castro3, Vinícius da Silva Rodrigues4, Marcos Valério Garcia4, 
Jacqueline Cavalcanti Barros5 and Renato Andreotti5, (1)Embrapa Informática Agropecuária, Campinas, SP, Brazil, (2)Embrapa 
Informática Agropecuária, Campinas, Brazil, (3)Universidade Federal de Minas Gerais - UFMG, Belo Horizonte, Brazil, 
(4)Laboratório de Biologia do Carrapato, Embrapa Gado de Corte, Campo Grande, Brazil, (5)Embrapa Gado de Corte, Campo 
Grande, Brazil 
Rhipicephalus microplus is an ectoparasite that has substantial economic impact on the cattle breeding industry, through direct effects of feeding 
and by transmission of significant cattle diseases. The use of acaricides is the conventional form of control of the parasite, but efforts have been 
employed in the search for alternative forms of control. In this context, genomic tools can contribute to the understanding of molecular 
mechanisms to the discovery of targets that can be used in new control strategies, such as vaccine development. Insights into the components 
involved in ticks blood feeding, blood digestion and reproduction are essential to understanding tick-host interactions and development and to 
identify novel targets that can serve for the basis to tick control strategies.  
Using RNA-Seq technology, we obtained the transcriptional profiling of salivary glands, ovary and gut from R. microplus fed on resistant 
(Nelore), susceptible (Holstein) and crossbreed cattle, with the aim to understand the host breed effects on tick gene expression during the tick-
host interaction. A total of 484,754,177 Illumina paired-ended sequences (2x100bp) were de novo assembled using Trinity. Differentially 



expressed genes (DEG) between the transcriptomes of ticks fed on resistant, susceptible and crossbreed cattle were identified by EdgeR and 
revealed 137, 252 and 134 DEG (FDR-adjusted p-value <0.05) in salivary glands, ovary and gut, respectively.  
Functional analysis using Blast2GO showed an enrichment in upregulated genes that code for proteins with transferase activity in crossbreed 
cattle compared to Holstein cattle at tick salivary glands. Genes that code for proteins with transferase and peptidase activity also were 
upregulated in crossbreed cattle fed tick gut, compared with Holstein fed ticks. Most ovarian DEG were upregulated in crossbreed cattle, 
including genes that code for proteins with transferase, hydrolase and with binding functions. Further analysis are planned to focus on the role of 
these genes to unveil the molecular bases of the tick interaction with resistant and susceptible cattle. 
 
PO0247: Aquaculture 
Evolutionary Changes of the Opsin Genes in 100 Ray-Finned Fish Genomes and Their Implications for Environmental 
Adaptation 
Jinn-Jy Lin1, Feng-Yu Wang2, Wen-Hsiung Li1 and Tzi-Yuan Wang1, (1)Academia Sinica, Taipei, Taiwan, (2)Taiwan Ocean 
Research Institute, National Applied Research Laboratories, kaohsiung, Taiwan 
Ray-finned fishes dwell in freshwaters or/and oceans, which differ greatly in light environment, but how their vision has adapted to such diverse 
living environments in the course of fish evolution is still underexplored. To address this issue, we carefully identified the opsin genes in the 
genomes of 100 ray-finned species in 30 fish orders and studied the opsin gene trees, genes adjacent to opsin genes (syntenies) and amino acids 
at tuning sites in these species. We then inferred the evolutionary changes in opsin gene copy number, syntenies and tuning sites along each fish 
evolutionary lineage. We found that the long-wave-sensitive (LWS) gene and the intronless rod opsin gene Rh1 have retained the duplicated 
copies that arose from the teleost-specific whole genome duplication (3R). The syntenies involving the LWS and short-wave-sensitive 2 (SWS2) 
genes and those involving the Rh2 gene underwent complex changes following the 3R event, although the evolution of the other opsin gene 
syntenies was much simpler. We inferred that the evolutionary changes at tuning sites of duplicated opsin genes in Osteoglossiformes and 
Clupeiformes may compensate the reduction in spectral sensitivity due to opsin-gene losses in these fishes. Lastly, we found that freshwater 
fishes tend to have multiple copies of LWS gene, whereas marine fishes tend to loss their short-wave-sensitive 1 (SWS1) gene. Finally, we 
discussed the implications of the evolutionary changes in opsin gene copy number and in amino acids at tuning sites for the visual adaptation of 
ray-finned fishes to their diverse living environments. 
 
PE0248: Aquaculture 
Estimates of Numbers of Diagnostic Markers Required to Identify Introgressions in Diploid Cross-Species Hybrids from 
Different Types of Inter and Backcross Populations 
Joseane Padilha Da Silva, Embrapa Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil and Alexandre R. Caetano, Embrapa 
Recursos Genéticos e Biotecnologia, Brasilia, DF, Brazil 
The use of artificial cross-species hybridizations to generate animals and plants better suited for draft and food production has been important in 
agriculture for centuries, and is still widely used with increasing importance especially in aquaculture. Adequate analytic tools for correct 
identification of cross-species hybrids from intercrossed and backcrossed populations, based on marker panels with adequate numbers of 
independent markers, are increasingly necessary for accurate species-purity certification and management of commercial broodstocks, in addition 
to monitoring of wild populations, especially when resulting hybrids are fully fertile. A statistical framework was developed based on power 
analysis to estimate minimal numbers of di-allelic markers with species-specific alleles required to reliably identify hybrids in advanced 
intercrossed and backcrossed populations. Simulated populations were used to test accuracy of proposed estimates. Estimated numbers of 
required markers ranged from 5 to 191 (α=0.05), and from 7 to 293 (α=0.01), considering backcross 1 (BC1) to BC6 populations, respectively. 
Numbers of markers required for proper hybrid identification observed in simulated BC1 to BC6 populations ranged from 5 to 1,131 and 7 to 
8,065, considering error rates ≤5% and ≤1%, respectively. Obtained results indicate that cost-effective assay panels could be developed to 
provide practical tools for use in commercial and research settings, for proper hybrid identification following even up to four generations of 
backcrossing (BC4). 
 
PO0249: Aquaculture 
Genome Sequencing and de novo Assembly of the South American Tiger Catfish (Pseudoplatystoma Punctifer) Using 10X 
Sequencing Data 
Adhemar Zerlotini1, Francisco P. Lobo2, Leandro C. Cintra1, Michel E Beleza Yamagishi3, Eduardo Sousa Varela4, Samuel Rezende 
Paiva5, Patrícia Ianella6 and Alexandre R. Caetano7, (1)Embrapa Informática Agropecuária, Campinas, SP, Brazil, (2)Embrapa 
Informática Agropecuária, Campinas, Sao Paulo, Brazil, (3)Embrapa Informática Agropecuária, Campinas, Brazil, (4)Embrapa 
Pesca e Aquicultura, Palmas, TO, Brazil, (5)Embrapa Recursos Genéticos e Biotecnologia, Brasília, Brazil, (6)Embrapa Recursos 
Genéticos e Biotecnologia, Brasília-DF, Brasília, Brazil, (7)Embrapa Recursos Genéticos e Biotecnologia, Brasilia, DF, Brazil 
The South American Tiger Catfish (Pseudoplatystoma punctifer) is a freshwater fish species naturally found in the Amazon river basin with an 
important role in local community and commercial fishing. Recent efforts to domesticate and raise the species in aquaculture systems has led to 
>10-fold production increases in the last decade. Current production levels are >15,000mt/year. Recently stablished initiatives to structure 
genetic improvement programs for increasing productivity-associated traits could greatly benefit from using genomic tools for broodstock 
management and assisted genetic evaluations and breeding. Multiple shotgun libraries with two different insert sizes and multiple Nextera mate 
pair libraries with three different sizes were sequenced (2x160bps) with Illumina HiSeq2000 technology. A total of 252.8Gbp quality-filtered 
nucleotides were sequenced which amount to 230x mean genome coverage, considering previously published information (C-value = 1.12pg = 
1.095Gbp). Initial sequence assembly was performed with SOAPdenovo and generated 25,778 scaffolds spanning 1.12 Gbp (N50 scaffold 
length: 3.02Mb, L50 scaffold count: 101). An additional long-read library was sequenced with 10x genomics technology and the initial assembly 
using the software Supernova generated 106,397 scaffolds with average length of 7.5 Kb (longest: 1.8 Mb). The hybrid data assembly is 
underway, in which different software and protocols are being evaluated in order to obtain the best genome assembly. This represents the first 



report of a draft genome sequence for this species, which will be a valuable resource for basic biology studies, and marker detection/selection for 
use in genetic improvement and resource conservation activities. 
 
PE0250: Aquaculture 
Exploiting the Dimensionality of Genomic Information in Channel Catfish 
Ivan Pocrnic1, Daniela A.L. Lourenco1, André L. S. Garcia1, Geoff Waldbieser2, Brian Bosworth2 and Ignacy Misztal1, 
(1)University of Georgia, Athens, GA, (2)USDA-ARS Warmwater Aquaculture Research Unit, Stoneville, MS 
Genomic selection (GS) is successfully applied in animal breeding based on single-nucleotide polymorphism (SNP) markers. While the number 
of SNP can be very large, especially with sequence data, the dimensionality of gene content is limited by limited effective population size and 
subsequently by limited number of the independent chromosome segments. When number of SNP markers and/or number of genotyped animals 
is large enough, it is possible to estimate all chromosome segments precisely, leading to perfect accuracy of GS. In that case, the dimensionality 
can be obtained via the number of non-negligible singular values of gene content, or the number of non-negligible eigenvalues of the genomic 
relationship matrix (GRM) that explain 98% of the variation. When a small amount of data is available, the “98%” is depressed and 4 times the 
“90%” number is a better estimate. In channel catfish, the available genomic information consisted of 2911 fish genotyped for 57k SNP. 
Interpolated number of eigenvalues explaining 10, 50, 80, 90 and 98% of variation in GRM were 3.8, 71.9, 571.2, 1100.9 and 2140.9. 
Subsequently, the number of independent chromosome segments is around 4,400. Knowing the dimensionality of genomic information can be a 
useful tool to estimate the optimal number of SNP markers and/or genotyped animals needed for GS and variant discovery. 
 
PO0251: Aquaculture 
Optimizing SNP Weights in Weighted Single-Step GBLUP for Genomic Prediction and Genome-Wide Association in 
Catfish 
Andre Garcia1, Andres Legarra2, Ignacio Aguilar3, Brian Bosworth4, Geoff Waldbieser4, Shogo Tsuruta1, Ignacy Misztal1 and 
Daniela A.L. Lourenco1, (1)University of Georgia, Athens, GA, (2)INRA, Toulouse, France, (3)INIA, Montevideo, Uruguay, 
(4)USDA-ARS Warmwater Aquaculture Research Unit, Stoneville, MS 
Single-step genomic BLUP (ssGBLUP) allows the use of different weights for SNP to account for varied genetic architecture (weighted 
ssGBLUP or WssGBLUP); however, a drop in accuracy of GEBV and increase in inflation is observed with this method. Additionally, no 
significance test is available for ssGBLUP. We tested an alternative method to calculate SNP weights and p-values in ssGBLUP. Phenotypes 
were available for harvest (n=27,160) and carcass weight (n=6,020) and the pedigree included 36,365 fish. Genotypes on 54,837 SNP were 
available for 2911 animals after quality control. The nonlinearA method was used to calculate weights for SNP in contrast to the current linear 
method. NonlinearA assumes a certain departure from normality (c) and imposes a limit for SNP weights to avoid extreme values. We tested 
nonlinearA with different values of c (1.025, 1.125, and 1.25) and limits for weights (5, 10, and 20). Five iterations of WssGBLUP were used 
and p-values were obtained based on the prediction error (co)variance for each SNP. Predictive ability was calculated as the correlation between 
GEBV and adjusted phenotypes, and inflation was the regression coefficient of adjusted phenotypes on GEBV. For nonlinearA weights, 
predictive ability remained the same for all iterations indicating convergence, whereas inflation started increasing when c increased. Using 
c=1.025 seems to be the optimum for this catfish population. Although some SNP explained over 1% of additive genetic variance, p-values 
indicated no SNP significantly associated with the traits. Using nonlinearA weights is highly recommended for WssGBLUP and GWA under the 
ssGBLUP framework. 
 
PE0252: Aquaculture 
Illumina-Based Multiplexed Microsatellite Genotyping for Blue Catfish (Ictalurus furcatus) and Blue x Channel (Ictalurus 
punctatus) Hybrid Catfish Parentage and Family Classification. 
Geoff Waldbieser and Brian Bosworth, USDA-ARS Warmwater Aquaculture Research Unit, Stoneville, MS 
The USDA, ARS, Warmwater Aquaculture Research Unit maintains a selective breeding program for genetic improvement of channel catfish. 
Increased commercial production of channel x blue catfish F1 hybrids has led to the initiation of our blue catfish selective breeding program. A 
panel of 11 microsatellite markers has been adequate for parentage classification in the Delta Select strain of channel catfish, but this panel has 
proved inadequate for blue catfish due to lowered allelic diversity. In order to develop an expanded set of molecular markers, we aligned 
Illumina whole genome sequence from blue catfish broodstock to genomic contigs and identified in silico polymorphic tri- and tetranucleotide 
loci shared in both species. Primers were designed in regions of identical sequence between the two species to amplify 450-500 bp amplicons 
flanking the tandem repeats. A multiplex of 32 loci from 24 of the 29 catfish chromosomes was barcode-amplified in 96-well plates from 628 
blue catfish offspring of 68 co-cultured families. While quantities of amplification products from individual samples were not normalized within 
a plate, plate pools were combined in equimolar proportions. The multiplexed library was sequenced in a single Illumina sequencing run, 
demultiplexed, and alleles were determined using MEGASAT software. On average, each locus was represented by an average of 1020 
sequencing reads per fish (min=103, max=2624), and 95% of the offspring contained at least 30 sequencing reads per locus. The 32 loci 
contained an average of 7.7 alleles per locus (range 3-15) and average polymorphic information content of 0.639 in the blue catfish. Analysis of 
52 potential parents of the blue catfish offspring showed the probability of non-exclusion was 9.4E-07 for a single parent and 2.4E-18 for a 
parent pair. This multiplexed microsatellite array, combined with Illumina sequencing to determine alleles, will be useful in our program to select 
blue catfish with superior production traits. 
 
PO0253: Aquaculture 
Identification of QTL Associated with Aeromonas Disease Resistance in Catfish Through a Genome-Wide Association Study 
Wenwen Wang1, Suxu Tan1, Jian Luo1, Yulin Jin1, Tao Zhou1, Xiaozhu Wang1, Yujia Yang1, Huitong Shi1, Donghong Niu1, Zihao 
Yuan1, Erlong Wang1, Dongya Gao1, Rex Dunham1 and Zhanjiang Liu2, (1)Auburn University; The Fish Molecular Genetics and 
Biotechnology Laboratory, Auburn, AL, (2)Syracuse University; Department of Biology, College of Art and Sciences, Syracuse, 
NY 



The catfish industry in the United States has been severely impacted by the emerging disease motile Aeromonas septicemia (MAS) caused by a 
highly virulent bacterium, Aeromonas hydrophila. Understanding genetic resistance should provide opportunities for genetic enhancement of 
disease resistance through breeding. In this study, we conducted a genome-wide association study (GWAS) to identify quantitative trait loci 
(QTL) for MAS resistance. A total of 1,820 interspecific backcross individuals of seven families were used in challenge experiment, and 382 
phenotypic extremes were used for genotyping using the catfish 690 K SNP array. Three QTL on linkage group (LG) 2, 26 and 29 were found to 
be significantly associated with MAS resistance. Within these regions, a total of 24 genes were identified with known functions in immunity. 
Among them, ten genes were involved in NF-κB signaling pathway, including trim25, cul1, dusp14, jak2, prlr-like, malt1, surf4, card9, casp3-
like, and trl3. This study suggested that NF-κB signaling may play important roles for MAS resistance, providing insights into the molecular 
mechanisms of disease resistance, and setting the foundation for the identification of causal genes of MAS disease resistance against A. 
hydrophila. 
 
PE0254: Aquaculture 
Comparative Analysis of Disease Resistance QTL Against Enteric Septicemia of Catfish (ESC) in Various Populations of 
Catfish 
Huitong Shi1, Tao Zhou1, Suxu Tan1, Yujia Yang1, Wenwen Wang1, Dongya Gao1 and Zhanjiang Liu2, (1)Auburn University; The 
Fish Molecular Genetics and Biotechnology Laboratory, Auburn, AL, (2)Syracuse University; Department of Biology, College of 
Art and Sciences, Syracuse, NY 
Disease resistance is one of the most important traits for aquaculture. For the catfish industry, enteric septicemia of catfish (ESC), caused by the 
bacterial pathogen Edwardsiella ictaluri, is the most severe disease, causing $40-60 million economic loss every year. In this study, we 
conducted genome-wide association study (GWAS) to detect the quantitative trait loci (QTL) associated with ESC resistance, using channel 
catfish populations, the interspecific backcross progenies, and the interspecific fourth generation of backcross progenies. With intraspecific 
channel catfish populations, a total of three significant QTL were detected, with two located on LG1 and one located on LG26. Three additional 
suggestively significant QTL located on LG1, LG3, and LG21, respectively, were also identified. With the interspecific backcross progenies, two 
significant QTL one each on LG1 and LG23, and one suggestively significant QTL on LG1 were identified. With the fourth generation of 
backcross progenies, we identified one significant QTL located on LG1 and two significant QTL located on LG12 and LG16, respectively. 
Comparative analysis of these QTL allowed us to differentiate the intra- and interspecific QTL related to ESC resistance. The QTL located on 
LG3, 12, 16, 21, 26 were from female parent channel catfish origin while the QTL located on LG23 was from male parent blue catfish origin. 
Notably, LG1 played a key role in ESC resistance in catfish because two significant QTL located within this linkage group. One located about 9 
Mb, which was an interspecific QTL expressing function to ESC resistance in all channel, blue, and hybrid populations of catfish, while another 
QTL located about 32Mb of LG1, which was an intraspecific QTL unique only to blue and hybrid populations. Comparative QTL analysis 
indicated that ESC resistance involved only a limited number of major QTL, with resistance alleles from both channel catfish and blue catfish. 
Apparently, because the resistance allele from blue catfish is highly resistant, its introgression should be very effective. Therefore, it was 
considered that the QTL located on LG1 (at position of approximately 32 Mb) was most significant for resistance against ESC. With the well-
assembled and annotated reference genome sequence, genes located within the identified QTL regions were identified. A set of genes with 
known functions in immunity were considered as potentially important genes related to ESC resistance. Notably, nlrc3 and nlrp12 were detected 
in all three populations which indicated these two genes and the immune pathway they are involved in play an important role to ESC resistance 
in catfish. Taken together, it appears that there are only a few major QTL for ESC disease resistance, making marker-assisted selection an 
effective approach for genetic improvements of ESC resistance.  
Keywords: Catfish· ESC resistance· GWAS· QTL· Immunity 
 
PO0255: Aquaculture 
A New Single Nucleotide Polymorphism Database for North American Atlantic Salmon Generated through Whole Genome 
Resequencing 
Guangtu Gao1, Yniv Palti1, Michael Pietrak2, Gary Burr2, Caird E. Rexroad III3 and Brian Peterson2, (1)USDA-ARS-NCCCWA, 
Kearneysville, WV, (2)National Cold Water Marine Aquaculture Center, ARS-USDA, Orono, ME, (3)USDA, Beltsville, MD 
Atlantic salmon farming in eastern US and Canada is restricted to genetic stocks of North American (NA) origin due to ecological and 
conservation concerns. However, the majority of SNP discovery and SNP chip development efforts in Atlantic salmon have focused on genetic 
stocks from European origin. Previous studies have shown that large and distinct genomic differences exist between European and NA Atlantic 
salmon. In this study, we used high coverage whole genome resequencing for SNP discovery within 80 NA Atlantic salmon. The fish were 
selected from three aquaculture stocks that are propagated in the USDA National Cold Water Marine Aquaculture Center. Sequences of four 
double haploid European Atlantic salmon were added to the analysis to detect putative paralogous sequence variants and multi-sequence variants. 
Using BWA mem, all sequence reads were mapped to the Atlantic salmon genome assembly (GCF_000233375.1) which is based on a fish from 
European origin. Variant calling was conducted with FreeBayes and SAMtools mpileup, followed by filtering of SNPs based on quality score, 
sequence complexity, read depth on the locus, and number of genotyped samples. Results from the two variant calling programs were compared 
and loci with heterozygous genotypes from the double haploids were filtered out. Overall, 8,395,146 SNPs with genotypes from at least 79 NA 
Atlantic salmon were identified, including 2,160,103 SNPs with high minor allele frequency (MAF>0.25). Functional annotation of the SNPs 
and evaluation of markers polymorphism within and between the aquaculture stocks were also conducted. The new SNP database provides a 
foundational resource for designing new SNP genotyping arrays specifically tailored for genomic and genetic analyses in NA Atlantic salmon. 
 
PE0256: Aquaculture 
Development of a Universal Sex Assay and Identification of Y-Chromosome Haplotypes in Chinook Salmon 
Garrett J McKinney1,2, Krista M. Nichols1, Carita Pascal2, Paul Moran1, Lisa Seeb2 and James E. Seeb2, (1)NOAA Fisheries, 
Seattle, WA, (2)University of Washington, Seattle, WA 



Sex has important influence on behavior, growth rate, and age at maturity in salmon. As a result, sex is an important consideration for 
researchers, managers, and hatcheries. For researchers, it is important to control for the sex of individual fish in analyses as sexes may differ in 
traits or response to treatments. For managers, sex of an individual can inform whether there are sex-biases in stage-specific mortality, 
differences in return timing, differences in age composition of a stock by sex, and sex-bias in harvest. For hatcheries, knowledge of sex is 
important when broodstock are chosen prior to maturation and to identify if there are sex-biases in post-release mortality. Several molecular 
markers have been developed for genetic sex identification of Chinook salmon; however, these have displayed inconsistent accuracy when tested 
throughout the species range due to a combination of incomplete linkage between sex-associated markers and the true sex-determining region 
and the presence of non-functional male sex determining regions in female fish. To improve accuracy of sex identification we developed a GTseq 
assay to directly sequence the exons of SDY, the sex determination gene in Chinook salmon, and evaluate the accuracy of this assay in 
populations throughout the species North American range. In addition, we describe the discovery of y-chromosome haplotypes that are 
associated with variation in size and age at maturity in male Chinook salmon. 
 
PO0257: Aquaculture 
Assembling the Arctic Charr, Chinook, Sockeye, Pink, and Chum Salmon Genomes and Identifying Orthologs Among 
Species 
Kris A. Christensen1, Eric B. Rondeau2, David R. Minkley2, Dionne Sakhrani3, Jong S. Leong2, Ben F. Koop2 and Robert H. 
Devlin1, (1)Fisheries and Oceans Canada, West Vancouver Laboratory, West Vancouver, BC, Canada, (2)University of Victoria, 
Victoria, BC, Canada, (3)Fisheries and Oceans Canada, Centre for Aquaculture and Environmental Research, West Vancouver, BC, 
Canada 
An outline of the progress and results of the project to sequence and assemble several of the Pacific salmon and Arctic charr genomes will be 
presented. In addition, the preliminary results of attempts to identify orthologs between all salmonid species will be discussed. The presented 
methodology for identifying orthologs utilizes synteny and protein similarity to identify orthologs. This methodology was developed to mitigate 
the difficulties in identifying orthologous genes between salmonid species, which can be complicated by multiple gene copies and differing 
nomenclatures between species. Instead of individual researchers independently identifying orthologous genes repeatedly, our hope is that they 
would be able to look up all orthologs from a table that used well documented methodologies. With the identified orthologs between species, we 
also hope to identify genes that have unique gene expression profiles within a species and may have influenced species specific traits. 
 
PE0258: Aquaculture 
Polygenic Nature of Genomic Loci Associated with Early Maturation in Two Pacific Salmonids, Coho Salmon 
(Oncorhynchus kisutch) and Chinook Salmon (Oncorhynchus tshawytscha). 
Michelle T.T. Crown1,2, Kris A. Christensen1,3, Sarah J. Lehnert4, Ruth E. Withler5, Janine Supernault5, Eric B. Rondeau3, Ben F. 
Koop3, Daniel D. Heath4, Robert H. Devlin1 and William S. Davidson2, (1)Fisheries and Oceans Canada, West Vancouver 
Laboratory, West Vancouver, BC, Canada, (2)Simon Fraser University, MBB Department, Burnaby, BC, Canada, (3)University of 
Victoria, Victoria, BC, Canada, (4)Great Lakes Institute for Environmental Research, University of Windsor, Windsor, ON, 
Canada, (5)Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, BC, Canada 
Reproductive success of salmon is influenced by multiple characteristics, including: morphological features, physiological performance, and 
mating strategies. Variation in the number of years spent at sea before spawning, age of maturity, is an evolutionary stable strategy that can also 
influence reproductive success where fitness is balanced between early and late maturing salmon. The genetic basis of early maturation (jacking 
in Pacific salmon and grilsing in Atlantic salmon) is not well understood, and it is unclear if the genetic basis for early maturation among 
salmonids is evolutionarily conserved. Although recent work has found that 39.4% of the phenotypic variation can be explained by a single locus 
Vgll3 in European Atlantic salmon, other data suggests this genetic association may not be fully conserved in North American Atlantic salmon. 
Our current study aims to identify the loci associated with early maturation in two Pacific salmonid species, coho (Oncorhynchus kisutch) and 
Chinook (O. tshawytscha) salmon. We conducted a GWAS on six families of coho and three families of Chinook salmon from British Columbia. 
Using the GBS approach, EcoT22I reduced representation libraries were generated for 716 coho and 474 chinook individuals and sequenced on 
the Illumina HiSeq platform. Current data analyses revealed highly polygenic associations with jacking is distinct from Vgll3 in coho and 
Chinook salmon populations. Further sanger sequencing and TaqMan analyses on Vgll3 confirms the lack of association in coho. This suggest 
that the molecular mechanisms underlying age of maturity may not be evolutionarily conserved among Atlantic salmon, Pacific coho and 
Chinook salmon. KAC and SJL contributed equally to this work, as well as RHD and WSD co-led to this work. 
 
PO0259: Aquaculture 
Detecting Genomic Variation Underlying Differential Run and Maturation Timing of Coho Salmon in the Wenatchee River 
Rebekah L. Horn1, Cory Kamphaus2, Keely Murdoch2 and Shawn Narum1, (1)Columbia River Inter-Tribal Fish Commission, 
Hagerman, ID, (2)Yakama Nation, Toppenish, WA 
Coho salmon (Oncorhynchus kisutch) were listed as extirpated in the mid-1990s in the interior reaches of the Columbia River watershed. Starting 
in the late 1980s, the Columbia River Treaty tribes were successful in starting a re-introduction program with thousands of Coho salmon now 
returning to several tributaries. The Wenatchee River Coho salmon reintroduction program led by the Yakama Nation is attempting to reestablish 
a natural run of Mid-Columbia River Coho salmon stock by breeding fish collected at Dryden and Tumwater Dams on the Wenatchee River. 
Only ~32% of Coho salmon successfully ascend Tumwater Canyon, a 15km high-gradient reach between Dryden and Tumwater Dams. Adults 
are intercepted at Dryden Dam from mid-October through November with successfully ascending fish arriving by mid-October. Previous 
genomic work in steelhead and Chinook salmon has revealed candidate genes associated with migration and maturation timing, but these genes 
are yet to be identified in Coho salmon. To determine if an underlying genetic trait causes Coho salmon to reach Dryden Dam earlier, thereby 
having greater success in ascending Tumwater Canyon, we performed a genome scan with low-coverage whole genome re-sequencing (lcWGR) 
on 282 adult fish. Samples were grouped into three categories: fish that arrive early in the season to Dryden Dam, late arrivals, and fish that 



successfully ascend Tumwater Canyon. The lcWGR produced 20X mean coverage depth of the genome, with 70% of the genome covered at 
10X. After filtering, over 11 million SNPs were retained for assessing genomic differences in run and maturation timing of Coho salmon. 
 
PE0260: Aquaculture 
Genome-Wide Association Study of Piscine Myocarditis Virus (PMCV) Robustness in Atlantic Salmon (Salmo salar) 
Hooman K. Moghadam, SalmoBreed - Benchmark, Bergen, Norway 
 
PO0261: Aquaculture 
Gut Microbiome Analysis of Fast- and Slow-Growing Rainbow Trout (Oncorhynchus mykiss) 
Pratima Chapagain1, Brock A Arivett1, Beth Cleveland2, Donald Walker1 and Mohamed (Moh) Salem1, (1)Middle Tennessee 
State University, Murfreesboro, TN, (2)USDA-ARS-NCCCWA, Kearneysville, WV 
Microbiomes, diverse microbial communities colonize intestines of fish contributing to the growth, digestion, nutrition, and immune function of 
the fish. Research has shown that harnessing the functionality of the microbiome can improve the industrial aquaculture stock via colonizations 
of the intestines of fish. We hypothesized that the gut microbiome of rainbow trout could be associated with differential growth rate as observed 
in breeding programs.  
To test this hypothesis, four full-sibling families were stocked in the same tank and fed identical diet. Two fast-growing and two slow-growing 
fish were selected from each family. Three different extraction methods: Promega Maxwell, phenol-chloroform and MO BIO were used to obtain 
DNA from feces for 16S rRNA sequencing. Methods were compared according to DNA integrity, cost, feasibility and inter-sample variation 
based on nMDS clusters.  
Promega Maxwell had the lowest inter-sample variation and highest yield and was therefore used for the subsequent analyses. Beta diversity 
based on PermANOVA analysis of bacterial communities in the rainbow trout gut showed significant variations between families but not 
between the fast growing and slow growing fish. Interestingly, on running indicator analysis of growth rate, cellulose, amylose degrading and 
amino acid fermenting bacteria Clostridium, Leptotrichia and Peptostreptococcus were identified as indicator taxa of the fast-growing fish. In 
contrary, pathogenic bacteria Corynebacterium and Paeniclostridium were identified as a slow-growing indicator.  
For future research, indicator bacteria in fast-growing vs. slow-growing fish could lead to development of probiotics that improve fish health and 
growth. 
 
PE0262: Aquaculture 
Whole Genome Resequencing Refines Genomic Regions Associated with Bacterial Cold Water Disease Resistance in 
Rainbow Trout 
Sixin Liu, Guangtu Gao, Gregory D. Wiens and Yniv Palti, USDA-ARS-NCCCWA, Kearneysville, WV 
Bacterial cold water disease (BCWD), caused by Flavobacterium psychrophilum, is a major disease in rainbow trout (Oncorhynchus mykiss). 
Previously, we have reported two major QTL associated with BCWD resistance on chromosomes Omy8 and Omy25. The objective of this study 
was to refine the genomic regions associated with BCWD resistance using whole genome resequencing. Two filtering steps were used to select 
parents of phenotyped offspring from two generations of the Troulodge May Spawning nucleus population for sequencing. First, the families in 
each generation were sorted by BCWD survival rates. The parents of the top 20 families were assigned to a resistant group (R), and the parents of 
the bottom 20 families were assigned to a susceptible group (S). Then, the haplotypes in the two QTL regions were reconstructed in each parent 
using the genotypes from our previous study. Ten R parents homozygous for the favorable Omy8 haplotype and ten S parents without the 
favorable Omy8 haplotype were selected for sequencing in the 2015 generation. Similarly, ten R parents homozygous for the favorable Omy25 
haplotype and ten S parents without the favorable Omy25 haplotype were selected for sequencing in the 2017 generation. Over 15 million SNPs 
were identified from resequencing in this population and the two major QTL were narrowed down to regions much smaller than those reported 
previously. We are currently examining the reference genome sequence to identify candidate genes for BCWD resistance within the narrowed 
QTL regions. 
 
PO0263: Aquaculture 
Genome-Wide Association Study Identifies Genomic Loci Affecting Fillet Firmness and Protein Content in Rainbow Trout 
Rafet Al-Tobasei1, Ali R. Ali2, Timothy D. Leeds3 and Mohamed (Moh) Salem2, (1)University of Alabama at Birmingham, 
Birmingham, AL, (2)Middle Tennessee State University, Murfreesboro, TN, (3)USDA-ARS-NCCCWA, Kearneysville, WV 
Fillet quality traits determine consumer satisfaction and affect the profitability of the aquaculture industry. Soft flesh is a criterion for fish fillet 
downgrades, resulting in loss of value. Fillet firmness is influencedby many factors, including the rate of protein turnover. A 50K gene 
transcribed SNP chip was used to genotype 789 rainbow trout fish, from two consecutive generations, produced in the USDA/NCCCWA 
selective breeding program. Weighted single-step GBLUP (wssGBLUP) was used to perform genome-wide association (GWA) analyses to 
identify quantitative trait loci affecting fillet firmness and protein content. Applying genomic sliding windows of 50 adjacent SNPs, 212 and 225 
SNPs were identified to be associatedwith the genetic variation in fillet shear force and protein content, respectively. Four common SNPs in the 
ryanodine receptor 3 genes (RYR3) were identified that affect the aforementioned fillet traits; this associationsuggests common mechanisms 
underlying the fillet shear force and protein content. Genes harboring SNPs were mostly involved in calcium homeostasis, proteolytic activities, 
transcriptional regulation, chromatin remodeling, and apoptotic processes. RYR3 harbored the highest number of SNPs (n = 32) affecting genetic 
variation in shear force (2.29%) and protein content (4.97%). Additionally, based on single-marker analysis, a SNP in RYR3 ranked at the top of 
all SNPs associated with the variability in shear force. Our data suggest a role for RYR3 in muscle firmness that may be consideredfor genomic- 
and marker-assisted selection in breeding programs of rainbow trout. 
 
PE0264: Aquaculture 
Genome-Wide Association Analysis and Accuracy of Genome-Enabled Breeding Value Predictions for Resistance to 
Infectious Hematopoietic Necrosis Virus in a Commercial Rainbow Trout Breeding Population 



Yniv Palti1, Roger L. Vallejo1, Breno Fragomeni2, Hao Cheng3, Guangtu Gao1, Richard Towner4 and Randy MacMillan5, 
(1)USDA-ARS-NCCCWA, Kearneysville, WV, (2)University of Connecticut, Storrs, CT, (3)Department of Animal Science, 
University of California, Davis, Davis, CA, (4)Gentec Consulting, Fayette, ID, (5)Clear Springs Foods, Inc., Buhl, ID 
Infectious hematopoietic necrosis (IHN) is a disease of salmonids caused by the IHN virus (IHNV). Under intensive aquaculture conditions, 
IHNV can cause mass mortality and significant economic losses. Clear Springs Food, Inc. has been applying selective breeding to improve 
genetic resistance to IHNV in their rainbow trout breeding program. The goals of this study were to elucidate the genetic architecture of IHNV 
resistance in this commercial population using genome wide association (GWA) analyses with multiple regression single-step methods and to 
assess if genomic selection can improve the accuracy of animal genetic merit predictions over the conventional pedigree-based BLUP (PBLUP) 
using cross-validation analysis. A total of 10 moderate effect QTL associated with resistance to IHNV which jointly explained up to 42% of the 
additive genetic variance were detected in our GWA analyses. Only three of the 10 QTL were detected by both the single-step Bayesian multiple 
regression (ssBMR) and the weighted single-step GBLUP (wssGBLUP) methods. The accuracy of breeding value predictions with wssGBLUP 
(0.33-0.39) was substantially better than with PBLUP (0.13-0.24). Our genome-wide scan for QTL associated with IHNV resistance revealed 
that the genetic resistance to IHNV is controlled by the oligogenic inheritance of up to 10 moderate effect QTL and many small effect loci in this 
commercial rainbow trout breeding population. Taken together, the results of this study suggest that genome-enabled selection models will be 
more effective than the traditional PBLUP method or the marker assisted selection approach for improving genetic resistance to IHNV infection 
in this commercial breeding population. 
 
PO0265: Aquaculture 
Identification and Characterization of Antimicrobial Peptide Genes in Rainbow Trout (Oncorhynchus mykiss) 
Hao Ma1, Brian S. Shepherd2, Guangtu Gao1, Gregory D. Wiens1, Yniv Palti1 and Caird E. Rexroad III3, (1)USDA-ARS-
NCCCWA, Kearneysville, WV, (2)ARS-USDA, Milwaukee, WI, (3)USDA, Beltsville, MD 
Antimicrobial peptides (AMPs) play important roles in innate immune function by providing a first line of defense against pathogens. Studies 
have shown that the AMPs are present in all studied animals, with a broad spectrum of activity and responses to stressors and pathogens. They 
have been recognized as one of the best candidates to replace antibiotics. To identify and characterize AMPs in rainbow trout, the currently 
available AMPs from all organisms were used to blast the rainbow trout genome (Omyk_1.0), and 202 transcripts transcribed from 143 genes 
were detected. Gene ontology analysis indicated that these genes are mainly involved in cellular processes, in response to stimulus, and immune 
system process through their binding, molecular regulator, and catalytic activity functions in cell and extracellular region. The 143 genes are 
located on 26 chromosomes and 12 unplaced scaffolds. Expressions of the genes varied greatly among 13 tissues in the double haploid rainbow 
trout Swanson line. RNA-seq analysis indicated that the AMP mRNA abundance was strongly correlated (R=0.9554) between the gill and liver 
under high temperature stress except for prothrombin, which was highly expressed in the liver. The gill Nk-lysin genes were expressed in low 
abundance and cathelicidin1 and ubiquitin-like protein genes were highly expressed in response to high temperature. In response to 
Flavobacterium psychrophilum (Fp) challenge, C-X-C motif chemokine 11-1-like was up-regulated and chemokine CK-1 precursor was down-
regulated at day 1 and day 5 post-infection in whole fish tissues from the ARS-Fp-R lines compared to the ARS-Fp-S line. Gene expression 
profiles of the identified AMPs in response to different stressors and Fp challenge provide basic knowledge towards better understanding of the 
AMPs’ specific functions in rainbow trout. 
 
PE0266: Aquaculture 
Developing the Australasian Snapper for Aquaculture: The Roadmap of Genetic Research from Wild to Farmed Fish 
Peter Morrison-Whittle1, David Ashton1, Ross N Crowhurst2, Elena Hilario2 and Maren Wellenreuther1, (1)Plant and Food 
Research, Nelson, New Zealand, (2)The New Zealand Institute for Plant & Food Research Limited, Auckland, New Zealand 
Developing a species for aquaculture through selective breeding is a continually evolving science. Traditional breeding systems, while ultimately 
effective, can be slow, inefficient and may yield highly inbred populations that are vulnerable to disease and resistant to further improvement. 
These problems are greatly reduced through modern breeding systems which harness extensive genomic research to inform and enhance selective 
breeding of target species to maximize generational gains.  
As a result of this genomic focus, modern breeding programmes generate a considerable amount of data that we can use to further our 
understanding of commercially and culturally important species. Here we will examine the genetic resources generated as a part of the 
accelerated breeding programme for Australasian snapper (Chrysophrys auratus). In particular, we will highlight the current progress towards 
assembling the snapper genome, the genetic architecture of key traits - growth rates and colouration - and the sexual dimorphism in genome-wide 
recombination rates. 
 
PO0267: Aquaculture 
Genomics of New Zealand Trevally: Exploring the Genetic Basis of Quantitative Traits to Inform a Newly Developed 
Breeding Program 
Noemie Valenza-Troubat1,2, David Ashton1, Peter Ritchie2 and Maren Wellenreuther1, (1)Plant and Food Research, Nelson, New 
Zealand, (2)School of Biological Sciences, Victoria University Wellington, Wellington, New Zealand 
Most diversity in phenotypic traits is due to a combination of variation in alleles at multiple Quantitative Trait Loci (QTL), environmental effects 
and their interaction (Mackay, 2001). Understanding the complex network of genes underlying phenotypic variation and their external 
modulation has been a major and longstanding challenge in genetics (Fisher, 1930). In animal breeding, one of the main goals is to identify 
individuals that have high breeding values for traits of economic interest and use them to produce offspring homogeneous for these traits within 
short time frames (Dekkers, 2012). Modern genomics-informed breeding programmes can help accelerate these generational gains by focusing 
directly on the inherited components of traits and using parentage assignment to maximize family representation and control inbreeding 
(Vandeputte and Haffray, 2014).  
Here we present the first efforts to identify key QTLs that influence growth-related traits in a new species being developed for aquaculture, the 
New Zealand trevally (Pseudocaranx georgianus). Using a broodstock and F1 offspring combined with genome-wide DNA information and 



extensive phenotype data, we estimate the heritability of target traits, determine parental contribution levels, measure inbreeding and genetic 
diversity, and identify targets for selective breeding. This work represents the first genotype-phenotype map for P. georgianus, allowing us to 
gain fundamental insights into the genetic architecture of traits and the potential for selective breeding of this species  
1. Mackay TFC (2001) The genetic architecture of quantitative traits. Annual Review of Genetics, 35, 303–339. 
2. Fisher R 1930. The genetical theory of natural selection, Clarendon. 
3. Dekkers JCM (2012) Application of genomics tools to animal breeding. Current Genomics, 13, 207–212. 
4. Vandeputte M., Haffray P. (2014). Parentage assignment with genomic markers: a major advance for understanding and exploiting genetic 
variation of quantitative traits in farmed aquatic animals. Front. Genet. 5:432. 10.3389/fgene.2014.00432 
 
PE0268: Aquaculture 
SNP Discovery in Three South American Freshwater Characiformes Species By Deep Sequencing of Reduced 
Representation Libraries (RRL) 
Patrícia Ianella, Embrapa Recursos Genéticos e Biotecnologia, Brasília-DF, Brasília, Brazil, Eduardo Sousa Varela, Embrapa 
Pesca e Aquicultura, Palmas, TO, Brazil, Luciana Cristine Vasques Villela, Programa de Pós-Graduação em Ciências Animais, 
Universidade de Brasília, Brasilia, DF, Brazil, Michel E Beleza Yamagishi, Embrapa Informática Agropecuária, Campinas, Brazil, 
Fernanda Stringassi De Oliveira, Embrapa Informática Agropecuária, Campinas, SP, Brazil, Samuel Rezende Paiva, Embrapa 
Recursos Genéticos e Biotecnologia, Brasília, Brazil and Alexandre R. Caetano, Embrapa Recursos Genéticos e Biotecnologia, 
Brasilia, DF, Brazil 
Tambaqui (Colossoma macropomum) is the most important native aquaculture freshwater fish species raised in Brazil. A total of 180,000mt are 
produced annually, accounting to 43% of all finfish cultured domestically. Cross-species hybridization with two other Characiformes species, 
Pacu (Piaractus mesopotamicus) and Pirapitinga (Piaractus brachypomus), has been systematically used in the last two decades in terminal 
crosses to obtain individuals resistant to lower temperatures, diseases and faster growing destined to grow-out. Resulting hybrids are often 
phenotypically indistinguishable and fully fertile. Recent studies revealed hybrids in specimens sampled in farms as pure Tambaqui. To prospect 
SNP markers with species-specific alleles, reduced representation libraries (RRL) with fragments between 400–500bp, 500–650 bp, and 650–
850bp for each of the three species were produced using bulked DNA samples. Around 12% of the Tambaqui, 11 % of Pacu and 9,5% of 
Pirapitinga genomes were sequenced using 2x160bp Illumina protocols with an average depth of >100x. Generated reads were aligned with the 
Tambaqui draft reference genome sequence using BWA and SNP discovery was performed using Freebayes. About 2.4 million SNPs were 
observed with read depths (RD) >50 and minor allele frequencies >0.05 in Tambaqui, 2.5 million in Pacu and 2 million in Pirapitinga. A total of 
16,336 SNPs with species-specific alleles (Tambaqui≠Pacu=Pirapitinga) helpful for development of tools for hybrid detection were observed 
(RD>50). This represents the first report of a large-scale effort to identify SNP markers for Pacu and Pirapitinga species, useful for prospecting 
species-specific SNPs for species-purity certification of commercial Tambaqui broodstocks. 
 
PO0269: Aquaculture 
Development of a SNP Baseline for Genetic Stock Identification in a Commercially Important Species of the South-East 
Pacific (Genypterus chilensis) 
Valentina Rocio Cordova Alarcon1,2, Natalia Lam1, Piero Magnolfi3 and Cristian Araneda1, (1)Universidad de Chile, Depto. de 
Produccion Animal, Santiago, Chile, (2)Doctorado en Acuicultura, Universidad de Chile, Santiago, Chile, (3)Colorado Chile S.A., 
Coquimbo, Chile 
The red cusk-eel (Genypterus chilensis) is an endemic fish of the South-east Pacific Ocean. It is considered an icon species of the Chilean 
gastronomy; therefore, it has a high demand in the local market due to its taste and nutritional value. However, overexploitation of this resource 
has led to a decline of its catches, putting at risk the long-term sustainability of this unmanaged fishery. With the aim of contributing to the 
management and sustainable aquaculture production of the red cusk-eel, we developed a genetic baseline to assess geographical origin of 
biological units of this species on the coast of Chile using genome wide SNPs.  
The baseline is composed of 348 bi-allelic SNPs obtained by Genotyping by sequencing (GBS) and 214 genotyped individuals from seven 
locations across 2.000 Km of the Chilean coast. Preliminary results of the analysis of three locations show an expected heterozygosity ranging 
from 0.253 to 0.270. Global FST was significantly different from zero, indicating population structure. Seventeen outlier loci according to the FST 
distribution were detected. Two assignment units were identified comprising central and southern regions. Assignment power of outlier and 
neutral SNPs to allocate G. chilensis individuals to their geographical origin is compared with previous results obtained with a panel of 
microsatellite markers (correct assignment: 88% - 100%). Genetic assignment through SNP genotyping provides high-resolution results at a rapid 
and cost effective manner that can aid on the red cusk-eel management decision-making, re-stocking, scape control and traceability.  
Funded by Programa Tecnologico Estratégico Congrio Colorado y Dorado 15PTEC-47381. 
 
PE0270: Aquaculture 
Constructing Breeding Program for Anguilla japonica 
Shunsuke Ogata, Tokyo university of Marine science and technologies, Tokyo, Japan, Ryusuke Sudo, National Research Institute 
of Aquaculture, Mie, Japan, Tsukamoto Katsumi, NIHON UNIVERSITY's College of Bioresource Sciences Department of Marine 
Science and Resources, Kanagawa, Japan, Yoshiaki Yamada, Irago Institute Co., Ltd., Aichi, Japan and Takashi Sakamoto, Tokyo 
University of Marine Science and Technology, Tokyo, Japan 
【Purpose】  
Japanese eel (Anguilla japonica) is one of the most important commercial fish in Japan. In recent years, capture production of this fish is 
unstable. So establishment of artificial seedling mass-production techniques are needed the same as conservation of natural stocks. In addition to 
improvement of culture condition, breeding is effective method to implement artificial seedling mass-production. In this study, we estimate 
genetic parameters for breeding aiming to gather fundamental knowledge. Futhermore, we consider application of Marker assisted selection 
(MAS) studying the QTL mapping.  



【Materials and methods】 
We designed a partly factrial cross which include 3 population. Two population have 3 sires and 2 dams respectively (GroupA, GroupB), the 
other population has 3 sires and 3 dams (GroupC). 101 dph larvae were isolated in GroupA (n=213) and GroupB (n=175), and 96 dph larvae 
were isolated in GroupC (n=299). Phenotypic values (Total length, Body depth) were recorded in each group. Genomic DNA was extracted in 
each parents and larvae. And pedigree data was identified by parentage assignment using microsatellite markers. Heritability and breeding value 
were estimated by BLUPF90. Futhermore, we extract one family in these population and parents and 40 larvae were used. GBS library was 
constructed and short read DNA sequencing was carried out by illumina Hiseq4000 platform using 100bp paired-end sequencing. Variant calling 
were performed by Genome Analysis toolkit (HaplotypeCaller) and SNP filtering was performed by VCFtools and Plink ver2.0. Linkage map 
was constructed using pseudo-testcross method. And QTL mapping were performed by WinQTL Cartographer V2.5. Threshold of QTL mapping 
was determined using permutation test (p-value=0.05, permutation times=1000).  
【Results】  
Heritabilitys of total length and body depth were 0.58 and 0.55 respectively. This results strongly suggest that selective breeding based on 
pedigree data is effective. Pedigree structure of larvae group that has high breeding value of each traits tends to bias. Therefore, it seems to 
manage inbreeding if implementing breeding based on pedigree data. In total length, QTL mapping for each traits identified the significant QTLs 
both male and female maps (genome wide, p<0.05). In body depth, several QTLs ware identified in female maps (genome wide, P<0.05). 
 
PO0271: Aquaculture 
Direct Evidence for Reproductive Isolation between the Two Species of the Branchiostoma 
Zhen Huang, Cen Wang, Duo Chen, Yitao Zhou, Gang Lin, Ting Xue, Youqiang Chen and Qiujin Zhang, The Public Service 
Platform for Industrialization Development Technology of Marine Biological Medicine and Product of State Oceanic 
Administration, Fujian Key Laboratory of Developmental and Neural Biology, Fujian Normal University, Fuzhou, China 
Background: Xiamen (Fujian, China) used to be a famous lancelets fishery around the world. There were two separate species, Branchiostoma 
japonicum and B. belcheri in the Xiamen waters. According to our previous study, although they had small overlap in spawning time and 
location, however, it is never found the hybrid species according the morphological observation and genetics method. Obviously, there is 
reproductive barriers between B. japonicum and B. belcheri. In this study, we performed a series of crossing experiments for the two species to 
illustrate which component of reproductive isolation (pre-zygotic or post-zygotic) between them.  
Materials and Methods: The laboratory culture and spawning method of lancelets were as described in our previously paper. Three colonies of 
each species were selected for a balanced mating design of all possible combinations, including selfing. One egg/sperm bundle from each colony 
(or two from the same colony for selfing experiments) was collected and placed in a glass dish that had been washed and soaked in seawater.  
Results: Eggs of lancelets are fertilized in the seawater, the zygote forms rapidly after the emergence of the fertilization membrane. Therefore, in 
the experiment involving all pairwise and selfing crosses for three colonies of each of the two species, it was easy and exact to distinguish 
fertilized from unfertilized eggs. The crosses involving B. japonicum and B. belcheri yield no fertilized zygote which fertilization membrane do 
no emerge. This result proved that the component of reproductive isolation between B. japonicum and B. belcheri is pre-zygotic. This implies 
that sperm-egg recognition plays an important role in the pre-zygotic, we further compare the nucleic sequence of ZP3, which is essential for 
sperm recognition in the egg. Ultimately, 6 mutant sites were detected by sequencing, we thought these sites may involve with the sperm-egg 
recognition between the B. japonicum and B. belcheri, moreover, lead to the reproductive isolation event.  
Conclusions: This study is first to provide the direct evidence for reproductive isolation between B. japonicum and B. belcheri. The ZP3 may as 
candidate to be associated with the pre-zygotic barriers in the lancelets. 
 
PE0272: Aquaculture 
More from Less: Exploring the Potential of Genome Skimming of Nuclear Markers, a Case Study Using Decapod 
Crustaceans 
Mun Hua Tan1, Han Ming Gan1, Heather Bracken-Grissom2, Tin-Yam Chan3, Frederic Grandjean4 and Christopher M. Austin1, 
(1)Deakin University, Waurn Ponds, VIC, Australia, (2)Florida International University, Miami, FL, (3)National Taiwan Ocean 
University, Keelung City, Taiwan, (4)Université de Poitiers, Poitiers, France 
Low coverage genome sequencing is rapid and cost-effective for recovering complete mitochondrial genomes. In addition, the recovery of high 
copy number nuclear genes, histone H3, 18S and 28S ribosomal RNAs is also possible using this approach. In this study, we seek to explore the 
potential of the genome skimming (GS) to recover additional genes from shallow sequencing projects. Using an in silico baited approach, we 
recover three additional core histone genes (H2A, H2B and H4) from our existing collection of low coverage decapod crustacean dataset (99 
species, 69 genera, 38 families, 10 infraorders) as well as a smaller number of samples from diverse metazoan groups. Phylogenetic analyses 
based on various combinations of mitochondrial and nuclear genes for the decapod dataset found that the evolutionary rates for different classes 
of genes varied widely, with a number of trees having conflicting topologies and variable branch lengths. A search for additional intron-less 
nuclear genes identified several high copy number genes across the decapod dataset and recovery of NaK, PEPCK and GAPDH gene fragments 
is possible at slightly elevated coverage, hinting at the untapped potential and utility of GS in recovering even more information from these 
inexpensive and increasingly abundant datasets. 
 
PO0273: Aquaculture 
Decoding the Complex Penaeid Shrimp Genome Provides Insights into Benthic Adaptation, Frequent Molting and Breeding 
Impacts 
Jianbo Yuan1, Xiaojun Zhang1 and Prof. Jianhai Xiang and Fuhua Li's Group, (1)Institute of Oceanology, Chinese Academy of 
Sciences, Qingdao, China 
Crustacea, the subphylum of Arthropoda which dominates the aquatic environment, is of major importance in ecology and fisheries. Here we 
report on the genome sequence of the Pacific white shrimp Litopenaeus vannamei, covering ~1.66 Gb (scaffold N50 605.56 Kb) with 25,596 
protein-coding genes. It holds the highest proportion of simple sequence repeats (SSRs, more than 23.93%) among the sequenced animals, 



presenting a challenge for genome sequencing and assembly. The noted expansion of genes related to vision and locomotion is probably central 
for its benthic adaptation. The crucial trait of frequent molting is exhibited by an intensified ecdysone signal pathway through gene expansion 
and positive selection, with positive regulation on ecdysone function and negative control on ecdysone synthesis. As an important aquaculture 
organism, L. vannamei has been subjected to high selection pressure during the past 30 years of intensive breeding, and this has had a significant 
impact on its genome. The sequencing of the L. vannamei genome not only provides an insight into the genetic underpinnings of specific 
biological processes and evolution in Ecdysozoa, but also provides valuable information for enhancing the aquaculture production of commercial 
crustaceans.  
 
PE0274: Aquaculture 
Development and Validation of a Low-Density SNP Panel for Parentage Control and Evaluation of Genetic Diversity of 
Pacific White Shrimp (Litopenaeus vannamei) 
Nayelle Meyre Lisboa Silva1, Patrícia Ianella2, Michel E Beleza Yamagishi3, Samuel Rezende Paiva4, João Luis Rocha5, Ana 
Karina Teixeira5, Flávio Galvão Farias5, Ana Carolina Guerrelhas5 and Alexandre R. Caetano2, (1)Programa de Pós-Graduação em 
Ciências Animais, Universidade de Brasilia, Brasilia, DF, Brazil, (2)Embrapa Recursos Genéticos e Biotecnologia, Brasilia, DF, 
Brazil, (3)Embrapa Informática Agropecuária, Campinas, SP, Brazil, (4)Embrapa Recursos Genéticos e Biotecnologia, Brasília, 
Brazil, (5)Genearch Aquacultura, Praia de Pititinga, RN, Brazil 
The Pacific white shrimp (Litopenaeus vannamei) has great economic importance in aquaculture, representing 80% of the world´s production of 
cultivated shrimp. The objective of this work was to develop and validate a low-density SNP panel for kinship identification, paternity 
confirmation and evaluation of genetic diversity of Pacific white shrimp. An in-house database with 3.9million SNPs (read depth >50) identified 
in a previous high-coverage genome-wide sequencing study with complexity reduction was mined to identify a set of 48 SNPs with estimated 
Minor Allele Frequency (MAF) between 0.45 and 0.5. Fluidigm SNP Type assays were developed and used for genotyping 137 individuals from 
three commercial selection lines. Initial data pruning based on call rates (>95%) and Hardy-Weinberg Equilibrium eliminated 12 markers. One 
additional marker with r2 > 0.10 was excluded. Mean observed MAF and heterozigocity (Ho) were 0.38 (0.11-0.5) and 0.45, respectively. Mean 
inbreeding coefficients (Fis) estimated for each line based on observed genotypes were 0.037, -0.086 and -0.048, respectively. The estimated 
combined probability of exclusion of the validated markers considering one known parent and a putative parent pair were 0.9988 and 0.9999, 
respectively. Testing of additional 96 markers is underway for panel upgrading however, current results show that a low-cost panel with the 35 
selected SNPs can be effectively used for parentage and kinship verification in commercial settings. 
 
PO0275: Aquaculture 
Transcriptome Analysis of Pacific White Shrimp Challenged with AHPND Bacteria and Toxin 
Benedict A. Maralit1,2, Phattarunda Jaree2, Pakpoom Boonchuen2, Anchalee Tassanakajon2 and Kunlaya Somboonwiwat2, (1)DNA 
Sequencing Core Facility, Philippine Genome Center, Quezon City, Philippines, (2)Center of Excellence for Molecular Biology and 
Genomics of Shrimp, Department of Biochemistry, Faculty of Science, Chulalongkorn University, Bangkok, Thailand 
Recent data on the pathogenesis of AHPND characterized bacterial infection and toxin accumulation as two separate disease hallmarks that 
trigger specific mechanisms of the shrimp immune system. It is therefore, of interest to explore their similarities, differences and overlaps. Here, 
we expand our current understanding of the shrimp immune response during bacterial infection by examining the expression profile of the shrimp 
hemocyte transcriptome using RNA sequencing (RNA-Seq). We then analyzed the differentially expressed genes in V. parahaemolyticus 
AHPND bacteria-challenged shrimp and also in partially purified AHPND toxin-challenged animals by qRT-PCR. A reference transcriptome 
library was de novo assembled from libraries (SRA accession number SRP137285) prepared from shrimp hemocytes under experimental 
conditions. This reference was used for conducting gene expression analysis of VPAHPND-challenged samples at 0, 3/6, and 48 h post infection 
(hpi). 9 representative genes were tested for validation of the expression patterns by comparing the RNA-seq data to the qRT-PCR data. A 
VPAHPND toxin-responsive gene, LvALF was identified and functionally characterized by RNA interference. Successful LvALF knockdown 
resulted in rapid increase of mortality after toxin challenge in shrimp. Because of this, protein-protein interaction analysis by molecular docking 
was done, which suggested that LvALF can neutralize the VPAHPND toxin through its LPS-binding domain. While further data is needed to fully 
establish the mechanism of LvALF in neutralizing AHPND toxins, this study provides preliminary insights into the differences in the immune 
response of shrimp to the bacterial and toxic aspect of VPAHPND as a disease. 
 
PE0276: Aquaculture 
Design of High Throughput SNP Genotyping Method in Litopeneaus vannamei and Its Application in Molecular Breeding 
Yang Yu, Quanchao Wang, Qian Zhang, Jianbo Yuan, Xiaojun Zhang, Fuhua Li and Jianhai Xiang, Institute of Oceanology, 
Chinese Academy of Sciences, Qingdao, China 
The whiteleg shrimp Litopeneaus vannmei (L.vannmei) is a predominant aquaculture shrimp species in worldwide. It is considered as the 
aquaculture species with the highest single output value. Advances in selective breeding have accelerate the development of L. vannmei 
aquaculture. Recently, the Genome Wide Association Studies (GWAS) and Genomic Selection (GS) method has been applied in aquaculture 
with the development of high throughput SNP genotyping method. For L. vannmei, the molecular breeding was restricted by the lacking of cost-
effective SNP genotyping method. In the past few years, we have developed high throughput method for high density and median density SNP 
genotyping in L.vannmei. For the high density SNP genotyping, we developed a 2b-RAD genotyping method which a total of 23,049 SNPs were 
successfully genotyped. In order to provide a cost effective method for molecular breeding, we also developed a median density genotyping 
method based on amplicon sequencing, a total of 508 amplicons containing the growth, sex, immune gene and genome evenly distributed 
markers were designed. These amplicons were genotyped using high throughput sequencing method. Based on the different genotyping method, 
we have performed GWAS and GS for growth traits and disease resistance trait. Several growth related genes and disease resistance genes 
against Vibrio parahaemolyticus were identified. In summary, The developed SNP genotyping method and identified genes traits associated will 
be useful for the molecular breeding in L. vannamei. 
 



PO0277: Aquaculture 
Crustacean Genome Exploration Reveals the Evolutionary Origin of Deadly Shrimp Virus 
Satoshi Kawato, Hidehiro Kondo and Ikuo Hirono, Tokyo University of Marine Science and Technology, Tokyo, Japan 
White spot syndrome virus (WSSV) is a crustacean-infecting, double-stranded DNA virus and is the most serious viral pathogen in the global 
shrimp industry. WSSV is the sole recognized member of the family Nimaviridae, and the lack of genomic data on other nimaviruses has 
obscured the evolutionary history of WSSV. Here, we investigated the evolutionary history of WSSV by characterizing WSSV relatives hidden 
in host genomic data. We surveyed 14 host crustacean genomes and identified five novel nimaviral genomes. Comparative genomic analysis 
identified 28 “core genes” that are ubiquitously conserved in Nimaviridae; unexpected conservation of 13 uncharacterized proteins highlighted 
yet unknown essential functions underlying the nimavirus replication cycle. The ancestral Nimaviridae gene set contained five baculoviral per os 
infectivity factor homologs and a sulfhydryl oxidase homolog, suggesting a shared phylogenetic origin of Nimaviridae and insect-associated 
double-stranded DNA viruses. Moreover, we show that novel gene acquisition and subsequent amplification reinforced the unique accessory 
gene repertoire of WSSV. The expansion of unique envelope protein and nonstructural virulence-associated genes may have been the key 
genomic event that made WSSV such a deadly pathogen. Our work redefines the previously poorly-characterized crustacean virus family and 
reveal the ancient genomic events that preordained the emergence of a devastating shrimp pathogen. 
 
PE0278: Aquaculture 
Specimen Identification in the Haliotis Genus Using Genome-Wide RAD-SNPs 
Cristián Araneda, Universidad de Chile, Depto. de Produccion Animal, Santiago, Chile, Fabiola Lafarga-De La Cruz, 
Departamento de Acuicultura, CICESE, Ensenada, Mexico, Clara E Galindo, Departamento de Biotecnologia Marina, CICESE, 
Ensenada, Mexico and María Angélica Larraín, Universidad de Chile, Facultad de Ciencias Químicas y Farmacéuticas, Santiago, 
Chile 
Abalone is a high priced mollusk sold worldwide. Each species from the Haliotis genus has a different market price, providing opportunities for 
commercial fraud by substitution of higher-priced products with lower-priced products or protected species. We studied 223 abalone sampled 
from five species from the Haliotis genus: H. rusfences (red abalone), H. corrugata (pink abalone), H. fulgens (green abalone), H. cracherodii 
(black abalone), and H. kamtschatkan (threaded abalone). Library preparation and sequencing was performed in FLORAGENEX (OR, USA). 
Stacks v2.1 was used to construct the genotypes and calling alleles considering a catalog with two abalone of each species. A total of 2998 bi-
allelic SNPs across the five species were obtained after data filtering. Factorial Correspondence Analysis (FCA), Principal Component Analysis 
(PCA) and Discriminant Analysis of Principal Component (DAPC) clearly separate all five species (k=5). The most informative SNPs for 
species identification were selected using the FST outlier criteria. The assignment test using this more informative SNP panel showed the best 
performance, indicating that it can be used in molecular traceability among this five species of abalone. This test achieved the maximum 
specificity (E) and sensitivity (S) possible (E = S = 1).  
Grants CONACyT CB-2014-01-238708 and INAPESCA-CONAPESCA-SAGARPA No. 2505160170 
 
PO0279: Aquaculture 
Genomic Resources for California Abalone Species 
Rick Masonbrink1, Catherine Purcell2, Sara Boles3, Andrew Whitehead3, Arun S. Seetharam1, John Hyde2 and Andrew J. Severin1, 
(1)Iowa State University, Ames, IA, (2)Southwest Fisheries Science Center, National Marine Fisheries Service, La Jolla, CA, 
(3)University of California Davis, Davis, CA 
Abalone have a global increasing in demand largely due to declining of natural stocks from overexploitation and disease. Here we present a draft 
genome of the red abalone (Haliotis rufescens) and discuss the progress on the white abalone (Haliotis sorenseni) genome assembly in an effort 
to better understand abalone biology and aid in conservation efforts. Illumina and PacBio sequencing data were initially assembled with 
MaSuRCA then scaffolded using HiRise2 and data generated from Chicago library preparations. The final assembly contained 8,371 scaffolds, a 
total length of 1.498 Gb, an N50 of 1.895 Mb and the longest scaffold was 13.2 Mb. MAKER2 was used to predict gene models from RNA-Seq 
data and data from NCBI resulting in 57,785 genes with an average gene length of 8,255 bp. Illumina short read data was also obtained from five 
other eastern Pacific abalone species: the green (H. fulgens), pink (H. corrugata), pinto (H. kamtschatkana), black (H. cracherodii), and white 
(H. sorenseni) abalone. and aligned to the red abalone genome assembly. Based on high quality SNP data, the phylogenetic relationships between 
these species follow patterns detected by previous studies. This draft genome assembly and the sequencing data provide a foundation for 
genome-enabled aquaculture improvement for red abalone, and for genome-guided conservation efforts for the other five species and, in 
particular, for the endangered white and black abalone. 
 
PE0280: Aquaculture 
Development a Small Multi-Locus SNP Panel for Species Identification in Mytilus Genus with Food Traceability Purposes 
María Angélica Larraín1, Felipe Jilberto2, Matías Sepúlveda3, Marianela V. Quintrel3 and Cristián Araneda4, (1)Universidad de 
Chile, Facultad de Ciencias Químicas y Farmacéuticas, Santiago, Chile, (2)Universidad de Chile, Food Quality Reserch Laboratory, 
Santiago, Chile, (3)Universidad de Chile, Escuela de Graduados, Universidad de Chile, Facultad de Ciencias Químicas y 
Farmacéuticas, Santiago, Chile, (4)Universidad de Chile, Depto. de Produccion Animal, Santiago, Chile 
Species identification in Mytilus genus is problematic due to morphological similarities between commercially significant species (M. chilensis, 
M. edulis and M. galloprovincialis) and M. trossulus. This problem is enhanced in processed foods in which the shell is generally removed. 
Actually, due the advances in NGS it is possible to have hundreds of SNP markers for species identification, however big panels are not practical 
for routine use in small analytical laboratories and also is necessary to test its performance according international accepted protocols for 
qualitative methods. We select the twelve most informative SNPs for species identification and tested the method in the target species (n = 136) 
and other four related species common in seafood (n = 80). An in-house validation study was conducted evaluating the applicability, 
practicability, specificity (primers specificity, definition of taxon-specific reference samples, false positive/negative rate, sensitivity expressed as 



limit of detection (LOD) and robustness. Also, we transfer the method to a second laboratory and evaluate its concordance by the Cohen’s Kappa 
statistic obtaining a maximum concordance in the results obtained in both places. 
Grant FONDEF ID16I10013 
 
PO0281: Aquaculture 
Genetics of Pacific Oyster Uniformity in Different Environments 
Konstantin Divilov, Blaine Schoolfield and Chris Langdon, Oregon State University, Newport, OR 
Uniformity in size and shape of Pacific oysters grown for the half-shell market would reduce labor costs associated with grading oysters and lost 
income from discarding oysters at harvest that are too small to sell. Forty-eight Pacific oyster families were planted in Oyster Bay, Washington 
and Willapa Bay, Washington in 2015 and harvested in 2017 to test whether family uniformity of oysters was under genetic control. Twenty 
individual oysters from each family in each location were phenotyped for whole oyster weight, wet meat weight, dry meat weight, and shell 
depth/length ratio, which has been previously shown to be an indicator of ideal shell shape. A Bayesian Gaussian process regression model with 
heteroscedastic noise was used with each trait to estimate the posterior mode of variance for each family after accounting for genetic effects, 
which were estimated using pedigree information. Subsequently, these posterior modes were used as phenotypes in another Bayesian Gaussian 
process regression model to obtain 95% credible intervals of heritability for uniformity for each trait. Wet meat weight uniformity in Oyster Bay 
and whole meat weight and depth/length ratio uniformity in Willapa Bay were significantly heritable. When combining data from both 
environments, only wet meat weight uniformity was significantly heritable, and the wet meat weight uniformity breeding values had a significant 
negative correlation with wet meat weight breeding values. We expect uniformity in important oyster traits to be difficult to achieve through 
breeding given environmental effects and undesirable genetic correlations. 
 
PE0282: Aquaculture 
Using 18s rDNA Molecular Method to Study the Effect of Enteromorpha prolifera Green Tide on the Feeding of Oyster 
Chenggang Lin, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China 
In recent years, Green Tides frequently occure in Haizhou Bay of China, which is becoming an increasingly threat to the health of the marine 
ecosystem. It is necessary to clarify the effects of Green Tides on suspension-feeding bivalvesuch as mussel and oyster. However, the majority of 
organic debris in stomach canot be reliably or accurately identified by conventional microscopic examination. Advanced DNA barcoding is an 
effective and rapid technique determine dietary composition of such feeder. In this study, mussels were collected in the waters of Haizhou Bay, 
PingShan island both before and after enteromorpha occured. The eukaryotic food composition of mussel was determined by high-throughput 
DNA sequencing. The 18s rDNA v6 loci sequences were amplified to provide a total of 53347 optimized reads and 105 operation taxonomic 
units. They were mainly classified into Streptophyta, chlorophyta, Ascoaamycota and Protalveolata and so on. Among them, 11 phyla, 12 phyla, 
11 phyla and 14 phyla organisms were found in the samples of stomach contents in May (WH1), June (WH2), July (WH3), and October (WH4), 
respectively. Furthermore cluster analysis showed significant seasonal differences in the variety of the eukaryotic components in WH1 ~ WH4, 
The genus level cluster analysis found WH1-WH4 in eukaryotic components showed significant seasonal differences, but in all groups did not 
find Ulva ingredients. The levels of Trebouxiophyceae and Pyrus were observed to be highest in WH1. The levels of Dothidea and Oryza were 
observed to be highest in WH2. The level of Syndiniales was highest in WH3. The highest level of Biecheleria appeared in WH4. The present 
study indicated that Green Tides did not affect the food source of mussel directly. It was reported for the first time that that angiosperms 
occupied a high proportion in the stomach content of mussel, suggesting that the food source of mussel was derived both from marine and 
terrestrial organic matter.  
Key words: Green tide; Stomach content; Eukaryotes; 18s rDNA ; ostrea gigas thunberg 
 
PO0283: Aquaculture 
Varied Transcriptomic Responses to Dermo Disease within an Eastern Oyster Breeding Population  
Dina A. Proestou, USDA ARS National Cold Water Marine Aquaculture, Kingston, RI 
Dermo disease continues to limit aquaculture production of the eastern oyster, Crassostrea virginica. Disease resistance is a top priority for 
eastern oyster breeding programs, but simple methods to measure the trait directly are lacking, thereby reducing the efficiency of genetic 
improvement. Here we describe our efforts to better characterize Dermo resistance phenotypes and understand the genetic mechanisms 
underlying the response to this devastating disease. Oysters belonging to six distinct families within a selective breeding population were 
challenged with Perkinsus marinus, the parasite causing Dermo disease, according to optimized laboratory protocols. In addition to monitoring 
survival, five individuals · family-1 · treatment-1 were censored at 6hr, 7d, and 28d post exposure to assess changes in parasite load and gene 
expression over time. Gene expression profiles for three families exhibiting divergent resistance phenotypes were generated using RNAseq and 
differentially expressed genes at each time point were detected with DESeq2 and the Bayesian ApeGLM shrinkage estimator. As expected, the 
transcriptomic response to parasite exposure varied across families. The fewest differentially expressed genes (DEGs) were detected in the most 
susceptible family at early time points (34 and 24 at 36hr and 7d respectively); however, by 28d post-exposure, close to 897 genes were 
differentially expressed (most upregulated) between control and exposed individuals. We observed a more pronounced transcriptomic response 
in the Dermo-tolerant family immediately after exposure, but by 28d, expression levels for all but six genes were similar between the control and 
exposed treatments. Surprisingly few DEGs were detected in the Dermo-resistant family at each time point. The functional annotation of DEGs 
detected among the divergent phenotypes will further elucidate mechanisms of Dermo resistance and advance our ability to directly measure the 
trait within a selective breeding framework. 
 
PE0284: Aquaculture 
The Sea Cucumber Genome Provides Insights into Morphological Evolution and Visceral Regeneration 
Lina Sun, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China 
Apart from sharing common ancestry with chordates, sea cucumbers exhibit a unique morphology and exceptional regenerative capacity. Here 
we present the complete genome sequence of an economically important sea cucumber, A. japonicus, generated using Illumina and PacBio 
platforms, to achieve an assembly of approximately 805 Mb (contig N50 of 190 Kb and scaffold N50 of 486 Kb), with 30,350 protein-coding 



genes and high continuity. We used this resource to explore key genetic mechanisms behind the unique biological characters of sea cucumbers. 
Phylogenetic and comparative genomic analyses revealed the presence of marker genes associated with notochord and gill slits, suggesting that 
these chordate features were present in ancestral echinoderms. The unique shape and weak mineralization of the sea cucumber adult body were 
also preliminarily explained by the contraction of biomineralization genes. Genome, transcriptome, and proteome analyses of organ regrowth 
after induced evisceration provided insight into the molecular underpinnings of visceral regeneration, including a specific tandem-duplicated 
prostatic secretory protein of 94 amino acids (PSP94)-like gene family and a significantly expanded fibrinogen-related protein (FREP) gene 
family. This high-quality genome resource will provide a useful framework for future research into biological processes and evolution in 
deuterostomes, including remarkable regenerative abilities that could have medical applications. Moreover, the multiomics data will be of prime 
value for commercial sea cucumber breeding programs. 
 
PO0285: Aquaculture 
Whole Genome Analyses of Gilthead Seabream (Sparus aurata) Identify a Major QTL for “Albinism” 
Francesca Bertolini1,2, Anisa Ribani3, Fabrizio Capoccioni4, Luca Buttazzoni4, Valerio Joe Utzeri3, Samuele Bovo3, Massimo 
Caggiano5, Luca Fontanesi3 and Max F. Rothschild2, (1)National Institute of Aquatic Resources, Technical University of Denmark, 
Lyngby, Denmark, (2)Department of Animal Science, Iowa State University, Ames, IA, (3)Department of Agricultural and Food 
Sciences, University of Bologna, Bologna, Italy, (4)CREA Research Centre for Animal Production and Aquaculture, Roma, Italy, 
(5)Panittica Italia Societa' Agricola Srl, Brindisi, Italy 
Phenotypical abnormalities during early stage development are still a major problem for the seabream aquaculture sector. Fry that not fulfill 
specific standards are discarded causing major economic losses. The advancement of technologies and the increasing availabilities of genomic 
resources can now help to identify the genetic bases of these defects and set up appropriate selection plans to reduce the impact of these defects 
in the production system. Albinism is defined as the lack of pigmentation and can affect all vertebrates, including fish. Albinism usually has a 
recessive Mendelian mode of inheritance and occurs more often in inbred populations. Here we used the recently available seabream reference 
genome to perform a pooled DNA-seq whole-genome scan comparing albino fish (n=21) and normally pigmented fish (n=30). DNA pools were 
sequenced using Illumina paired end technology at about 90X. Variant calling and allele frequencies were obtained using the CRISP software, 
which is specifically designed to handle pooled samples. A total of 6,820,191 Single Nucleotide Variants with a minimum depth of 30 and 
mapping quality >100 has been identified in both pools. Fst was calculated on sliding windows of different sizes. A sharp Fst peak was identified 
on chromosome 6, suggesting the presence of a major albino locus. This discovery will lead to the identification of the causative mutation and 
then develop breeding strategies to eradicate the defect in the analyzed seabream population. 
 
PE0286: Aquaculture 
Identification of QTL Associated with Aeromonas Disease Resistance in Catfish through a Genome-Wide Association Study 
Wenwen Wang, Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, Auburn, AL 
The catfish industry in the United States has been severely impacted by the emerging disease motile Aeromonas septicemia (MAS) caused by a 
highly virulent bacterium, Aeromonas hydrophila. Understanding genetic resistance should provide opportunities for genetic enhancement of 
disease resistance through breeding. In this study, we conducted a genome-wide association study (GWAS) to identify quantitative trait loci 
(QTL) for MAS resistance. A total of 1,820 interspecific backcross individuals of seven families were used in challenge experiment, and 382 
phenotypic extremes were used for genotyping using the catfish 690 K SNP array. Three QTL on linkage group (LG) 2, 26 and 29 were found to 
be significantly associated with MAS resistance. Within these regions, a total of 24 genes were identified with known functions in immunity. 
Among them, ten genes were involved in NF-κB signaling pathway, including trim25, cul1, dusp14, jak2, prlr-like, malt1, surf4, card9, casp3-
like, and trl3. This study suggested that NF-κB signaling may play important roles for MAS resistance, providing insights into the molecular 
mechanisms of disease resistance, and setting the foundation for the identification of causal genes of MAS disease resistance. 
 
PO0287: Equine 
Visualizing Tissue-Specific Regulation of the Equine Genome Using Histone Modification ChIP-Seq 
Nicole B. Kingsley1, Catherine Creppe2, Colin Kern3, Erin N. Burns4, Huaijun Zhou3, Theodore S. Kalbfleisch5, Jessica L. 
Petersen6, Carrie J. Finno7 and Rebecca R. Bellone8, (1)University of California, Davis, Davis, CA, (2)Diagenode, Liège, Belgium, 
(3)Animal Science, University of California, Davis, CA, (4)University of California - Davis, Davis, CA, (5)University of 
Louisville, Louisville, KY, (6)University of Nebraska, Lincoln, NE, (7)UC Davis, Davis, CA, (8)Veterinary Genetics Laboratory, 
University of California - Davis, Davis, CA 
One of the primary aims of the Functional Annotation of Animal Genomes (FAANG) initiative is to characterize tissue-specific regulation of the 
genomes for several agricultural species including the horse. To that end, we used Chromatin Immunoprecipitation followed by sequencing 
(ChIP-seq) to identify the genomic locations of four histone modifications (H3K4me1, H3K4me3, H3K27ac, and H3K27me3) in nine prioritized 
tissues (adipose, heart, laminae, liver, lung, ovary, parietal cortex, skeletal muscle, and spleen) collected from two healthy Thoroughbred mares. 
Data were generated according to optimized experimental parameters developed during quality control testing. To ensure accurate peak-calling 
for annotation, data were analyzed using multiple methods and combined peak-calls between biological replicates evaluated. To identify peaks 
that span both the narrow and broad types of histone modifications, peaks were called with Macs2 and Sicer as these peak-callers utilize unique 
algorithms to match different ideologies about peak topology of histone modifications. Further, due to the distribution of the repressive mark 
(H3K27me3) across both high and low complexity regions of the genome, peak-calls were generated using both strict and loose filtering 
parameters for that mark. Additionally, we compared the distribution of the histone marks to tissue-specific mRNA expression data as a measure 
of peak-calling accuracy against experimental expectations. Given the transition to a new reference genome, data were mapped to both 
EquCab2.0 and EquCab3.0 to provide backward compatibility for the equine research community. By providing information on tissue specific 
regulatory regions in the horse genome, annotation tracks generated from these data can be utilized to advance studies investigating health and 
performance. 
 



PE0288: Equine 
RNA-Seq Driven Gene Annotation in the Horse 
Jonah N. Cullen, Robert J Schaefer, Samantha K Beeson, James R Mickelson and Molly E McCue, University of Minnesota, St. 
Paul, MN 
Similar to other domestic animal species, the annotation of the equine genome is incomplete. The identity, location, intron/exon boundaries, and 
alternative transcripts of protein coding genes are known with varying levels of certainty. Despite ab initio and in silico annotation efforts, nearly 
half of protein coding genes are incorrectly annotated in the current equine genome release (EquCab 3.0). To address these issues, RNA-seq data 
was used to improve the physical annotation of the equine genome. We developed a publicly accessible pipeline to process RNA-seq data from 
raw fastq files through assembly into transcripts using several different equine transcriptome datasets. Currently we have processed both single- 
and paired-end RNA-seq data from 281 horse samples (n=134 single-end, n=147 paired-end). These data represent various tissue types including 
skeletal muscle, cartilage, lamina, synovium, bone, liver, and five different adipose depots. The annotation pipeline was built with Snakemake 
and has three main steps. First, quality control of fastq reads was performed using Trimmomatic. Reads were then aligned to the EquCab3.0 
reference genome with STAR. Finally, predicted transcripts were assembled with Stringtie. Preliminary results show 11.4 trillion reads delineate 
the 32,624 annotated Equine genes as well as 53,838 unannotated transcripts from single-end samples and 101,461 unannotated transcripts from 
paired-end samples. This publicly available pipeline will allow other equine researchers to automate annotation of the current equine genome 
using their own RNA-seq data. 
 
PO0289: Equine 
Identify Shared and Species-Specific k-mers in Equids and Caballines for Identification of Evolutionary Features 
Kalpani de Silva1, Ernest Bailey2 and Theodore S. Kalbfleisch1, (1)University of Louisville, Louisville, KY, (2)University of 
Kentucky, Lexington, KY 
Whole Genome Sequencing is a powerful technique used to survey the genomic composition of an individual organism. In addition to the host 
genome, most WGS data will contain microbial contaminants. K-mer distributions can provide new biological insights towards both an animal’s 
genome and their microbial meta-genomes. We can use k-mer frequencies to estimate genome size, identify microbial population sizes and even 
look for evidence of historical gene transfer events between species. We will be using WGS data from five female thoroughbreds including 
Twilight (the reference animal for the equine genome) and eight non-caballines (Somali ass, Donkey, Kiang, Grevyi, Onager, Zebra, Quagga and 
Boehmi).  
We used Jellyfish v2.2.6 to count 21 bp canonical k-mers in Illumina WGS data with no bloom filter or high or low cut-off. We counted all k-
mers, including those with low frequency to ensure a high proportion of unique k-mers between sample groups. A histogram was generated for 
each species to identify the k-mers comprising repetitive regions of the genome. K-mers from five caballines including Twilight, two horses from 
FAANG project (PRJEB26698) and two from a previous study (PRJNA288817) were compared against the k-mers of eight non-caballines to 
identify the caballine specific k-mers and those shared among all equids. Of a total 140,000,030 k-mers analyzed we identified 4,101,987,596 k-
mers (49.37%) specific to caballines and 4,206,941,284 (50.63%) k-mers shared between both groups. We will endeavor to identify k-mers 
specific to each species and those shared between horse and only some of the other non-caballines species and finally the corresponding genes 
which are ancestrally shared. 
 
PE0290: Equine 
Equine Y Chromosome Research Post Sequencing 
Caitlin Castaneda, Texas A&M University, College Station, TX 
Recent completion of the horse Y chromosome reference assembly and the emerging knowledge about Y chromosome haplotypes in equine 
populations, open the doors for novel research directions. First, we continue copy number (CN) and copy number variation (CNV) studies of Y-
linked ampliconic genes between individuals and breeds. Until now, we have generated reproducible data by ddPCR for 8 ampliconic genes and 
SRY across 12 selected breeds and observe high degree of CN conservation. We are currently expanding CN research to the same set of diverse, 
globally distributed horse breeds that were recently used for Y halplotype analyses and tracing sire lines. The findings are expected to reveal 
comparative contribution of CNVs and SNPs to Y chromosome variation in horses. Along with domestic breeds, we are studying Y CNVs in 
other Equus species and have generated comparative data for the domestic and Prezewalski’s horses. Next, the observed conservation of gene 
CNs in normal populations suggests that CN stability of ampliconic genes may be functionally important. Therefore, another research direction is 
comparing CNs between reproductively normal males and those with various spermatogenic problems. Finally, since the horse Y reference 
sequence contains several gaps, work is ongoing to fill those by using Y sequence data from the cohort of males that contributed to SNP 
discovery and haplotype analysis. Improving the accuracy and contiguity of horse Y sequence assembly is the key for its proper functional 
annotation in course of the ongoing Equine FAANG initiative. Through a combination of results, we will gain a deeper understanding of horse Y 
function and evolution. 
 
PO0291: Equine 
Cloud-Scalable Computational Tools for the Horse Genome 
Robert J Schaefer, Jonah N. Cullen, Samantha K Beeson, James R Mickelson and Molly E McCue, University of Minnesota, St. 
Paul, MN 
Typical genomic workflows in the horse now contain hundreds of individuals involving millions of genotypes and terabytes of data. We have 
developed several cloud-compatible computational tools that allow for efficient storage, management and computation. Workflows are 
‘elastically’ scalable, meaning they can be dynamically distributed across resources as needed. Minus80 is a tool that manages experimental data 
that are potentially stored across different sources and servers. Processed data are imported into HapDab, a general-purpose genotype database 
optimized for use with the recently developed MNEc2M/670K array. Using both traditional relational databases and conventional NoSQL 
databases, HapDab is capable of handling hundreds of millions of genotypes. Once imported, genotypes can be imputed to higher density marker 
sets using pre-packaged SNP data from reference populations and recombination maps. HapDab provides access to methods to perform 



haplotype based SNP-to-gene mapping that aids in identifying high priority candidate genes identified by GWAS. From SNPs, haplotypes can 
also be used to identify high priority candidate genes, which can be integrated with functional predictions using Camoco. Camoco is a fully-
fledged, open source, freely available software package, that performs functional annotation of under-characterized genes using relationships 
inferred from gene co-expression networks. Camoco takes as input a table of gene expression values, and normalizes sample expression data to 
build a gene-by-gene co-expression network. Once built, networks are vetted for functional information using annotated ontologies such as GO. 
These tools are available for use both on conventional workstations as well as optimized for use in the cloud. 
 
PE0292: Equine 
Importance of Precise Phenotyping in Equine Genome-Wide Association Studies 
Erin N. Burns1, Stephanie J. Valberg2, Monica Aleman1 and Carrie J. Finno3, (1)University of California - Davis, Davis, CA, 
(2)Michigan State University, East Lansing, MI, (3)UC Davis, Davis, CA 
Despite the availability of equine single nucleotide polymorphism (SNP) arrays, there are limited published studies demonstrating genome-wide 
significance in the mapping of equine traits and diseases. Of the 40 traits and diseases for which a genetic test is currently available, only 13 were 
identified using a SNP-based genome-wide association study. We hypothesize that the difficulty in obtaining sufficient and accurate phenotype 
data may partially account for the limited success. Using very stringent phenotyping data, we have successfully mapped Immune Mediated 
Myositis (IMM) and Juvenile Idiopathic Epilepsy (JIE) in a relatively small population (IMM: 90 horses [36 affected and 54 unaffected], JIE; 38 
horses [9 affected and 29 control]). With IMM, it was imperative to use a control group maintained under the same environmental risk factors as 
affected foals. Phenocopies were also noted in the follow up cohort of the IMM mutation. In mapping JIE, genome-wide significance was only 
achievable when using the most stringently phenotyped horses that had been diagnosed via electroencephalogram. Additionally, covariates such 
as sex were included using a linear mixed model. Utilizing these methods, we were recently able to identify a genome-wide significant region of 
interest for equine neuroaxonal dystrophy (eNAD). A strong candidate gene is currently under investigation for eNAD using whole-genome 
sequencing and a mouse model. 
 
PO0293: Equine 
Role of Copy Number Variants in the Regulation of Biological Processes in the Horse Genome 
Marina Solé1, Michela Ablondi2, Amrei Binzer3, Brandon D Velie4, Nina Hollfelder3, Nadine Buys5, Bart Ducro6, Liesbeth 
François5, Steven Janssens5, Anouk Schurink6, Åsa Viklund1, Susanne Eriksson1, Anders Isaksson3, Sofia Mikko7 and Gabriella 
Lindgren5, (1)Department of Animal Breeding & Genetics, Swedish University of Agricultural Science, Uppsala, Sweden, 
(2)Department of Veterinary Science, Università di Parma, Parma, Italy, Parma, Italy, (3)Department of Medical Sciences, Array 
and analysis facility, Uppsala University, Uppsala, Sweden, (4)Faculty of Life and Environmental Science, University of Sydney, 
Sydney, Australia, (5)Livestock Genetics, Department of Biosystems, KU Leuven, Leuven, Belgium, (6)Animal Breeding and 
Genomics, Wageningen University & Research, Wageningen, Netherlands, (7)Dept of Animal Breeding and Genetics, Swedish 
University of Agricultural Sciences, Uppsala, Sweden 
Copy Number Variants (CNVs −gain or loss of genomic material) are a common form of genetic variation underlying animal evolution and 
phenotypic diversity across a wide range of species. In the horse genome, most of the CNVs are known to occur in regions that regulate 
important biological processes such as sensory perception, signal transduction, reproduction, immunity, and metabolism pathways. Using 
Affymetrix Axiom™ Equine genotyping array data (MNEC670K) from a large cohort of individuals (N=1755) belonging to nine European horse 
breeds varying from cold blooded draughts to several warmblood populations, we aimed to identify CNV-associated genes involving regulatory 
biological processes and functional pathways in the horse genome. In total, we identified 13502 genome variants that displayed CNV gains 
(average length of 410.63kb) and 5622 genome variants that displayed CNV losses (average length of 199.53kb). E. caballus (ECA) 1, ECA6, 
ECA12 and ECA20 were the most enriched in CNV gains, and ECA20 was the most enriched in CNV losses. The majority of CNVs involved 
genes or pseudogenes, while 3.36% involved different types of small non-coding RNAs (i.e. miRNA, snoRNA, snRNA or rRNA). The 
functional annotation of coding regions underlying the CNVs showed significantly overrepresented GO terms involved in sensory perception of 
smell, G-protein coupled receptor signaling pathway, response to stimulus, and the regulation of biological processes (FDR<0.01). This work 
improves our understanding of functional features of copy number variation in the horse genome, and provides evidence to support the 
hypothesis that CNVs underpin significant variation in mammalian olfactory receptor gene families. 
 
PE0294: Equine 
Mapping Open Chromatin Regions in the Equine Genome 
Sichong Peng, University of California, Davis, Davis, CA, Catherine Creppe, Diagenode, Liège, Belgium, Erin N. Burns, 
University of California - Davis, Davis, CA, Jessica L. Petersen, University of Nebraska, Lincoln, NE, Rebecca R. Bellone, 
Veterinary Genetics Laboratory, University of California - Davis, Davis, CA and Carrie Finno, University of California Davis, 
Davis, CA 
Open chromatin is indicative of active gene expression, denoting the location of regulatory elements such as promoters, enhancers, or insulators. 
It is important to identify chromatin accessibility in order to categorize regulatory elements and differential gene expression among cell types and 
between tissues across developmental stages. A technique commonly used to identify accessible chromatin regions is Assay for Transposase-
Accessible Chromatin using sequencing (ATAC-seq). As part of the Functional Annotation of Animal Genomes (FAANG) project, we profiled 
accessible chromatin regions in the equine genome using ATAC-seq on tissues from two adult mares. While nuclei prepared from fresh tissues is 
often used for ATAC-seq, we hypothesized that successful identification of open chromatin in the horse could be performed using snap frozen 
tissues. To test this hypothesis, ATAC-seq was performed on cryopreserved nuclei isolated from fresh liver as well as on isolated nuclei from 
snap frozen liver tissue. Sequencing was performed on Illumina 3000/4000. For cryopreserved nuclei, 58M reads were obtained, of which 96.8% 
were non-mitochondria reads. For nuclei isolated from snap frozen liver tissue, 91M reads were obtained and 85.96% were non-mitochondria 
reads. Both samples had a 91% mapping rate, 99% uniquely mapped reads, and 85% unique reads when mapped to EquCab2 reference genome. 
A total of 117,672 peaks were called from cryopreserved nuclei while 145,136 peaks were called from the nuclei isolated from snap frozen liver 



tissue. After examining called peaks in well-annotated open chromatin regions, we concluded that cryopreserved nuclei yielded more accurate 
peaks in ATAC-seq but nuclei isolated from snap frozen tissue provides a viable alternative if cryopreserved nuclei isolated from fresh tissue are 
not available. 
 
PO0295: Equine 
Genome Diversity and the Origin of the Arabian Horse 
Elissa Cosgrove1, Raheleh Sadeghi2, Maria Florencia Schlamp1, Heather M. Holl3, Douglas Antczak1, Donald Miller1, Andrew 
Clark1 and Samantha A. Brooks3, (1)Cornell University, Ithaca, NY, (2)University of Tehran, Tehran, Iran (Islamic Republic of), 
(3)University of Florida, Gainesville, FL 
The Arabian horse is one of the oldest recognized breeds in the world, and possesses a distinctive phenotype characterized by heat resistance, 
endurance, natural beauty and graceful movement. It is generally accepted that the Arabian horse was developed in the Middle East by centuries 
of selective breeding. However, little detailed information on the origin of the Arabian is available, and few formally recorded pedigrees extend 
back beyond 100 years. Arabian horses exported from the Middle East over the past two centuries have been used to establish populations in 
many countries in North and South America, Europe, and Australia. Here we studied 449 Arabian horses from 12 countries using an equine 670 
k Single Nucleotide Polymorphism (SNP). Principal Component Analysis indicated that the Arabian is distinct from other breeds of horse. 
However, compared to many breeds such as the Thoroughbred or draft horse breeds, the Arabian also showed greater genetic diversity within the 
breed. In contrast, Arabians of the Straight Egyptian sub-type were very homogeneous. Arabians used exclusively in horse show competitions 
were genetically distinct from Arabians used for short distance racing. Many racing Arabians showed evidence of similarity to Thoroughbreds, 
suggesting both old and recent introgression. Overall, the geographic patterns of diversity were consistent with a Middle East and some sub-types 
there retain genetic characteristics consistent with a landrace. The high diversity within the Arabian horse is indicative of a high effective 
population size, and also reflects the overall robust genetic health of this population. 
 
PE0296: Equine 
Population Structure and Genetic Diversity of Arabian Horses in Oman Using SNP Markers 
Mohammed Al Abri1, Samantha A. Brooks2, Kaadhia AL-Kharousi1, Eugene Johnson1, Waleed Al-Marzooqi1 and Osman 
Mahgoub1, (1)Sultan Qaboos University, Muscat, Oman, (2)University of Florida, Gainesville, FL 
Despite their importance and utility, no studies have been carried out to investigate the genetic background of Omani Arabian horses. 
Unfortunately, many horse owners abandoned their horses after the introduction of modern transportation in the 1970s which resulted in a 
decline in the Arabian horse population. Moreover, the recent introduction of new Arabian horses’ bloodlines in Oman have resulted in an 
ambiguity in the origins of Arabian horses in Oman today. This project aimed at clarifying the genetic background and levels of genomic 
inbreeding of the Omani Arabian horses. To that end, hair samples from 24 horses from Sharkyah, Dahira and Batinah were obtained for a total 
of 72 samples. DNA was extracted using standard methods and approximately 65,000 genome wide SNPs genotypes were obtained per animal 
using the Equine SNP70 SNP chip. In addition, genotypes belonging to 22 French Arabians, 17 Egyptian Arabians, 11 polish Arabians and 36 
American Arabians, genotyped using various density platforms, were included in the study. Our Multi-dimensional Scaling Analysis (MDS), and 
clustering analysis showed that the majority of Arabian horses in Oman descend from French Arabian horses. In line with our expectations, no 
pure Omani Arabian blood lines exist today in Oman. This was confirmed both by the horse owners as well as the MDS analysis. The average 
genomic inbreeding levels in the French and Omani Arabian horses (-0.009 and -0.05) were the lowest compared to the Egyptian (0.156), Polish 
(0.05) and US Arabians (0.043). In addition, the genomic relationships obtained confirmed the pedigree relationships of the Omani Arabians 
included in the project and revealed some new, previously unknown, relationships to the owners. Our results are critical for decision makers as 
well as owners in shaping future policies and decision in Arabian horses breeding and management. 
 
PO0297: Equine 
Genomic Comparisons of the Persian Kurdish Horse with Persian Arabian and American Thoroughbred Populations 
Navid YousefiMashouf1, Hassan Mehrabani Yeganeh2, Ardeshir N. Javaremi3, Jessica L. Petersen4 and Ernest Bailey1, 
(1)University of Kentucky, Lexington, KY, (2)University of Tehran, Karaj, Iran (Islamic Republic of), (3)University of Tehran, 
Tehran, Iran, (4)University of Nebraska, Lincoln, NE 
The Persian Kurdish horse is an ancient indigenous breed originating from western Iran. DNA samples from 58 Kurdish horses, 38 Persian 
Arabians (a geographically-neighboring population) and 84 American Thoroughbred horses were genotyped across 670,796 SNP markers. The 
dataset was pruned using call rate, number of alleles, minor allele frequency, Hardy-Weinberg equilibrium, identity-by-descent and linkage 
disequilibrium, resulting in 9,170 SNPs in 50 Kurdish, 24 Persian Arab and 59 Thoroughbred horses. The data were analyzed using principal 
component analysis, F statistics, cluster analyses, analysis of molecular variance and genetic distance. The first eigenvalue explained 6.84% of 
the variance, discriminating Thoroughbred from Persian breeds, and the second explained 2.06% distinguished between Kurdish and Persian 
Arabian populations. Pairwise Fst between the two Persian breeds was calculated as 0.014, several fold less than that between the Thoroughbred 
and either of Kurdish or Persian Arab populations (0.054 and 0.063 respectively), reflecting a close genetic relationship between the Persian 
Arabian and Kurdish and distance from the Thoroughbred. Cluster analysis assigned Kurdish and Thoroughbred horses to distinct clusters (0.95 
and 0.95 respectively), but the Persian Arab’s genome formed a partially (0.53) distinct cluster with several individuals overlapping those in the 
Kurdish population. The expected heterozygosity was 0.328, 0.324 and 0.341 for Thoroughbred, Persian Arab and Kurdish populations, 
respectively. These results have implications for developing conservation strategies to achieve sound breeding goals while maintaining genetic 
diversity. 
 
PE0298: Equine 
Characterizing Runs of Homozygosity and Inbreeding Depression in an Island Population of Feral Horses (Equus ferus 
caballus) 



Julie A. Colpitts1, Philip McLoughlin1 and Jocelyn Poissant2, (1)University of Saskatchewan, Saskatoon, SK, Canada, 
(2)University of Calgary, Calgary, AB, Canada 
Elevated levels of inbreeding can have significant negative impacts on survival and reproduction (known as inbreeding depression) and is 
therefore a crucial target for understanding the genetic health, adaptability and conservation potential for small equine populations. However, the 
role of inbreeding in these populations is often unclear. The feral horses (Equus ferus caballus) of Sable Island National Park Reserve, Nova 
Scotia, Canada have existed as a small (N ≈ 200–550) unmanaged herd with little human interference for approximately 260 years. Previous 
work has shown low genetic diversity within the population, but the degree of inbreeding and its fitness consequences remain poorly understood. 
In the present study we investigated various inbreeding estimators including runs of homozygosity (ROH) using >60 000 single nucleotide 
polymorphisms, and contrasted them with fitness-related traits including body condition and parasite load to assess inbreeding depression. 
Additional factors, such as age class, reproductive status and location were considered. The genome was characterized by ~70% short (≤5 Mb) 
ROH with significant variation between chromosomes. Inbreeding was negatively associated with body condition, but not parasite load. 
Additionally, inbreeding depression varied significantly with horses’ median locations, suggesting environmental factors play a significant role 
modulating inbreeding depression in this population. This study will further our understanding of inbreeding and its consequences in horses, and 
contributes to the ongoing discussion regarding genetic diversity and viability in small isolated populations. 
 
PO0299: Equine 
Intrinsic, Social, and Spatial Drivers of Intestinal Bacterial Communities in an Island Population of Feral Horses 
Mason Stothart1, Stefan Gavriliuc1, Matthew Workentine1, Philip McLoughlin2 and Jocelyn Poissant1, (1)University of Calgary, 
Calgary, AB, Canada, (2)University of Saskatchewan, Saskatoon, SK, Canada 
Recent hypotheses suggest that bacterial communities, particularly residents of the intestinal tract, are an important force shaping vertebrate 
health and evolution. This is especially true of horses, which are obligatorily reliant upon their intestinal microbiota. Recent evidence suggests 
that during domestication, horses suffered losses in bacterial diversity, a purging likely aided in the last century by liberal antibiotic application. 
To provide an out-group with which to infer the pre-antibiotic horse microbiome and study host-microbiome interactions, we are initiating a 
large-scale study on the causes and consequences of gut microbiome variation in the feral horse population of Sable Island Canada, which have 
been isolated for ~260 years and never exposed to drugs. As a first step, we have characterized gut microbiome structure of 86 adult mares using 
amplicon sequencing of the 16S rRNA v3-v4 region. After validating sequencing depth, collection methods, and storage protocols, we 
implemented an exact sequence variant approach to: 1) characterize the population’s microbiome, 2) contrast results to those of domestic horses, 
and 3) assess the effects of intrinsic and extrinsic variables hypothesized to shape microbiome structure, including host age, social structure, 
spatial heterogeneity, and gastrointestinal parasitic nematode load. This study provides a useful contrast to those on domesticated horses and 
furthers our understanding of what drives microbiome variation in free-living systems. 
 
PE0300: Equine 
Genetic Variation and the Frequency of Deleterious Mutations (Genetic Burden) in Healthy Horses 
Sian Ann Durward-Akhurst, Robert J Schaefer, James R Mickelson and Molly E McCue, University of Minnesota, St. Paul, MN 
Introduction 
Genetic variation is a key contributor to health and disease. Whole genome sequencing (WGS) projects in humans have improved understanding 
of genetic diversity by evaluating all genetic variation within populations and between individuals. A surprising finding from these studies is the 
high genetic burden (number of mutations computationally predicted to be deleterious) in healthy individuals. Due to decreased genetic diversity 
in the horse, we hypothesized that their genetic burden would be higher than in humans, and that there would be breed differences.  
Methods 
We mapped WGS from 230 horses to the EquCab2 reference genome. Single nucleotide polymorphisms (SNPs) and short insertions/deletions 
were identified using GATK HaplotypeCaller, Platypus and SAMtools. SnpEff was used to calculate the genetic burden.  
Key Findings and Implications 
Average depth of coverage was 10.3x (range 1.4-37.4x). 29,420,486 variants were called by all three programs. The overall genetic burden was 
14,298 variants; including 7,130 SNPs, 701 multi-nucleotide polymorphisms, and 6,598 insertions or deletions. The mean genetic burden was 
2,343 variants (range 348-3,468 per horse). On average, each horse had 1,888 loss of function variants (range 246-2,733). For the 8 breeds with 
≥9 horses, there were significant breed differences, with the highest mean genetic burden per horse in the Arabian (2,888) and the lowest in the 
Morgan (1,918). Overall, we have shown that the genetic burden in horses is breed- dependent and higher than in humans. This catalog of genetic 
variation will be used to prioritize likely disease causing mutations for 25 horses with 11 presumed Mendelian diseases. 
 
PO0301: Equine 
A Frameshift Variant in MFSD12 Explains the Mushroom Coat Color Dilution in Shetland Ponies 
Jocelyn L. Tanaka1, Tosso Leeb2, Maura Mack3, Vidhya Jagannathan2, Christine Flury4, Iris Bachmann5, Sue McDonnell6, M. 
Cecilia Penedo7 and Rebecca R. Bellone8, (1)University of California - Davis, Davis, CA, (2)Institute of Genetics, University of 
Bern, Bern, Switzerland, (3)Colorado State University Veterinary School, Fort Collins, CO, (4)Bern Univeristy of Applied 
Sciences, Department of Agriculture Forestry, Food Science & Management, Bern, Switzerland, (5)University of Bern, BERN, 
Switzerland, (6)University of Pennsylvania, Philadelphia, PA, (7)Veterinary Genetics Laboratory, University of California, Davis, 
Davis, CA, (8)Veterinary Genetics Laboratory, University of California - Davis, Davis, CA 
Mushroom is a unique coat color phenotype in the Shetland Pony. It is characterized by the dilution of the chestnut coat color to a light sepia tone 
and is hypothesized to be a recessive trait. A genome wide association study (GWAS), utilizing the Affymetrix 670K array (MNEc670k) and a 
single locus mixed linear model analysis (EMMAX), identified a locus on ECA7 for further investigation (Pcorrected=7.64 x 10-5). This locus 
contained a 3.5 Mb run of homozygosity in the 12 mushroom ponies analyzed. Replication testing of nine markers from this locus in 42 
additional Shetlands (28 mushroom and 14 chestnut) provided further support of a recessive mode of inheritance and confirmed the association 
(Pcombined=4.51 x 10-16). Analysis of high throughput Illumina sequencing data from one mushroom Shetland pony compared to 80 genomes from 



horses of various breeds uncovered a frameshift variant, p.Asp201fs, in the MFSD12 gene encoding the major facilitator superfamily domain 
containing 12 protein. This variant was perfectly concordant with phenotype in a total of 90 phenotyped Shetlands (P=2.38 x 10-21) and was 
absent in over 300 individuals screened from eight breeds not reported to have the mushroom phenotype. MFSD12 is highly expressed in 
melanocytes, localized to the lysosomal membrane, and variants in humans and mice are associated with altered pigmentation. Given the 
reported role of this gene in melanogenesis, the nature of the identified variant, and the perfect concordance in our sample set, we propose that 
p.Asp201fs is the causal variant for the pheomelanin dilution observed in mushroom ponies. 
 
PE0302: Equine 
Genetic Control of the Gait Types in Brazilian Breed of Gaited Horses 
Fernando O. Bussiman1, Rogério A. Curi2, Guilherme L. Pereira2, Bárbara C. Abreu Silva1, Felipe E. Carvalho1, Guilherme C. 
Ferraz3, Luis Artur L. Chardulo4 and Júlio César C. Balieiro1, (1)University of São Paulo, Pirassununga, Brazil, (2)São Paulo State 
University, Botucatu, Brazil, (3)São Paulo State University, Jaboticabal, Brazil, (4)São Paulo State University, National Council for 
Scientific and Technological Development (CNPq), Botucatu, Brazil 
A variant of the DMRT3 gene has been described as the causative of gait in horses. However, this influence remains uncertain in the breeds that 
can perform two types of gait (diagonal/lateral form). The aim of this study was to prospect genomic regions related to the gait types in the 
Brazilian Mangalarga Marchador breed. This study was conducted in a Bayesian framework threshold-ssGBLUP, thus all inference was made 
over the posterior distribution of all parameters. For the association study the population stratification was corrected by adding the two first 
principal components as covariates on the model, which contained the fixed effects of farm and age range and the random effects of animals (n = 
1231: 240 genotyped and phenotyped, and 991 only phenotyped) and all SNPs (461k). Twenty-two SNPs, located on the chromosomes 4 (5 
SNPs), 6 (2), 16 (1), 23 (11), 26 (1) and 29 (2), accounted for 42.43% of additive genetic variance. In total 68 genes were found related to the 
gait types and most of them were not annotated in equines. To evaluate the prediction ability of these significant SNPs, a principal component 
analysis of the G matrix based on the 22 top SNPs was made, and the biplot showed a good segregation at the phenotype level. The prediction 
ability of the gait type presented an accuracy of 88% on average. These results showed that the two gait types may be a polygenic traits in 
Mangalarga Marchador, influenced majorly by chromosomes 23 and 4. 
 
PO0303: Equine 
Site-Specific Differential Gene Expression in Cerebellum and Cervical Spinal Cord of Standardbred Pacers and Trotters 
Annette M McCoy and Ann M. Kemper, University of Illinois, Urbana, IL 
North American Standardbred horses race at either the trot, a diagonal 2-beat gait, or the pace, an ipsilateral two-beat gait. Breeding practices 
over the past century have distinctly separated pacing and trotting lines, but despite this, approximately 20% of the offspring of trotting stallions 
race as pacers, and there are rare individuals who excel at both gaits. All North American Standardbreds carry the mutation in DMRT3 that is 
considered to be permissive for “gaitedness”, which suggests that additional genetic factors must play a role in the ability to pace. These genes 
may interact with DMRT3 or act independently. In mice, DMRT3 was localized to the spinal cord both pre- and post-natally, but to our 
knowledge this has not been confirmed in horses. The aim of this study was to catalogue gene expression in the cerebellum and cervical spinal 
cord, assess differential expression between pacers and trotters in each location, and assess co-expression of differentially expressed genes with 
DMRT3 to identify putative functional candidate genes for pacing in the Standardbred.  
Tissue was collected from two trotters and two pacers euthanized for reasons unrelated to the study. Tissue was collected from two sites in the 
cerebellum (vermis, hemisphere) and four sites in the cranial cervical spinal cord (dorsal, lateral, deep ventral, superficial ventral). RNA was 
sequenced using an Illumina HiSeq4000, yielding ~27-35 million paired-end reads per sample. Reads underwent quality control prior to mapping 
to EquCab3.0 with STAR. Normalized gene counts were used for differential expression analysis in both limma and EdgeR. A total of 18,615 
genes were expressed across all tissues. A MDS plot revealed tight clustering of the cerebellar samples, which were distinct from the cervical 
spinal cord samples. There was minimal evidence of differential expression between pacers and trotters in the cerebellum. In contrast, the lateral 
and superficial ventral cervical spinal cord samples showed marked expression differences between pacers and trotters (787 and 131 significantly 
differentially expressed genes, respectively). DMRT3 was expressed at low levels only in the deep ventral samples of all four horses. Preliminary 
evaluation of genes from previously identified GWAS regions of interest (ROIs) for gait in Standardbreds has identified at least 10 genes that are 
co-expressed with DMRT3 in the deep ventral cervical spinal cord, but these are not differentially expressed between pacers and trotters. In 
contrast, several genes from GWAS ROIs found in the superficial ventral and lateral spinal cord do appear to be differentially expressed; these 
analyses are ongoing. 
 
PE0304: Equine 
Expression Profiling of the Tendon Proper and Peritenon of Equine Superficial Digital Flexor Tendon 
Michael J. Mienaltowski, Carissa Garrity and Monica Y. Pechanec, University of California Davis, Davis, CA 
Tendon structure and function depend upon cells in the tendon proper and those in the peritendinous tissue. Gene products of cells of the tendon 
aid in defining the strength and health of the tissue in development, growth and maturation, aging, and injury. To improve tendon-specific equine 
genome annotation and to resolve impactful gene expression differences occurring with aging, transcriptome profiles were assessed via RNAseq 
analysis of mRNA from the tendon proper (TP) and peritenon (PERI) of the superficial digital flexor tendon(SDFT) of immature, mature, and 
aged horses. An average of 34 million read pairs (HiSeq 150bp paired end reads) were mapped to the equine genome (EquCab 3) for mRNA 
from tissue from each region for each horse. Expression profiles could easily segregate samples out by tendon region. Significant numbers of the 
top 100 expressed genes in each region were shared across all ages. In comparing TP versus PERI, 3072 genes were differentially expressed (FC 
> 2; FDR p < 0.05) with greatest gene enrichment representing biomechanical signaling, extracellular matrix secretion, and DNA binding. When 
comparing TP transcriptomes by age, gene enrichment indicated significant involvement of transcription factors, Golgi networks, focal adhesion, 
and genes for lifespan. When comparing PERI transcriptomes by age, gene enrichment indicated significant involvement of musculoskeletal 
differentiation genes, mesenchyme migration, antigen recognition, and ER processing genes. We are working to validate these expressional 
findings with RT-qPCR as well as with tissue engineering experiments to understand how each SDFT cell type contributes to tendon formation 
in three-dimensional tendon constructs. 



 
PO0305: Equine 
Heritability of Metabolic Traits Associated with Equine Metabolic Syndrome in Welsh Ponies and Morgan Horses 
Elaine M Norton1, NE Schultz1, Aaron K. Rendahl2, James R Mickelson1 and Molly E McCue1, (1)University of Minnesota, St. 
Paul, MN, (2)University of Minnesota, Saint Paul, MN 
Equine metabolic syndrome (EMS) is a complex clinical disorder with both environmental and genetic factors contributing to EMS phenotypes. 
Estimates of heritability determine the proportion of variation in a trait that is attributable to genetics. The objective of this study was to use high-
density single nucleotide polymorphism (SNP) genotype data to provide heritability ((h2

SNP) estimates for nine metabolic traits associated with 
EMS in 264 Welsh ponies and 286 Morgan horses, two high-risk breeds for EMS. Traits included measurements of insulin, glucose, non-
esterified fatty acids (NEFA), triglycerides, leptin, adiponectin, ACTH, and glucose (GLU-OST) and insulin (INS-OST) post oral sugar 
challenge. In Welsh ponies, seven of the nine traits had statistically significant h2

SNP estimates that were considered moderately to highly 
heritable (h2

SNP > 0.20) including: triglycerides (0.313; SE=0.146), glucose (0.408; SE=0.135), NEFA (0.434; SE=0.136), INS_OST (0.440; 
SE=0.148), adiponectin (0.488; SE=0.143), leptin (0.554; SE=0.132) and insulin (0.808; SE=0.108). In Morgan horses, six of the nine traits had 
statistically significant h2

SNP estimates that were also determined to be moderately to highly heritable including: INS_OST (0.359; SE=0.185), 
leptin (0.486; SE=0.177), GLU_OST (0.566; SE=0.175), insulin (0.592; SE=0.195), NEFA (0.684; SE=0.164), and adiponectin (0.913; 
SE=0.181). This study provides the first concrete evidence of a genetic contribution to key phenotypes associated with EMS. Eight of these nine 
traits had moderate to high h2

SNP estimates in this cohort. These data demonstrate that continued research for identification of the genetic risk 
factors for EMS phenotypes within and across breeds is warranted. 
 
PE0306: Equine 
Comparative Chondrogenesis of Interzone and Anlagen Cells in Equine Skeletal Development 
Chan Hee Mok, Rashmi Dubey, Emma N. Adam and James N. MacLeod, Department of Veterinary Science, University of 
Kentucky, Lexington, KY 
Articular cartilage develops from interzone tissue located between cartilaginous anlagen during early fetal development. Anlagen cartilage is 
transient, progressing through endochondral ossification to form bones. In contrast, articular cartilage remains on adjoining bone surfaces 
throughout life and functions to facilitate low friction movement and load distribution in synovial joints. An important clinical challenge is the 
limited intrinsic ability of mature mammalian articular chondrocytes to repair structural defects in articular cartilage. Thus, research on cartilage 
development, including comparative aspects of interzone and anlagen chondrocyte differentiation, may provide information relevant to 
improving articular cartilage regenerative therapies. The objective of this study is to evaluate gene expression changes over time during 
chondrogenesis. Paired primary cultures of interzone and anlagen cells, with dermal fibroblasts as a negative control, were developed from seven 
equine day-45 fetuses. The three cell types were grown individually as 3-dimensional pellet cultures within a TGF-β1 supplemented 
chondrogenic medium. Cell pellets were harvested at ten time points (0-h, 1.5-h, 3-h, 6-h, 12-h, 24-h, 48-h, 96-h, 7-d, and 14-d) after induced 
chondrogenesis and total RNA was isolated. Steady state mRNA levels of ACTB, B2M, GAPDH, and GUSB varied by both cell type and time in 
culture, demonstrating the importance of an empirical assessment of putative endogenous control genes for qPCR experiments. A panel of genes 
that have functional annotation associated with cellular differentiation, TGF-β signaling, and cartilage biology is being assessed. The goal is to 
identify molecular regulators of the differential chondrogenic pathways between interzone and anlagen progenitor cells. 
 
PO0307: Equine 
Differential Gene Expression in Skin from Foals with Macrolide Induced Anhidrosis 
Laura Patterson Rosa, L. Chris Sanchez, Martha F. Mallicote, Robert J. Mackay and Samantha A. Brooks, University of Florida, 
Gainesville, FL 
Hyperthermia is a common and occasionally fatal side-effect of treatment with macrolides, the antimicrobial class most commonly used for the 
treatment of foals with Rhodococcus equi pneumonia. In a previous study, macrolide-induced hyperthermia was shown to be caused by profound 
impairment of sweat responses (Stieler at al. 2015). To better understand these findings, we performed a genomics study to evaluate differential 
gene expression in skin biopsies acquired from six foals before, during, and after treatment with the macrolide erythromycin (ERY). Quantitative 
sweat tests performed at the time of biopsy were used to show that sweating was suppressed during treatment but had recovered by the time of 
the last biopsy 10 days after treatment. RNA extraction was performed according to gold standard protocols, and sequencing of RNA was done 
by Illumina RNA-seq at the University of Florida ICBR Sequencing Core. After checking for read quality using FastQC and MultiQC, 
differential expression analysis was accomplished using the kallisto and sleuth tools (Bray et al. 2016, Pimentel et al. 2017) in our HiPerGator 
(University of Florida supercomputer) computer resources. A Wald Test model including day as variable and a false discovery rate of 0.1 was 
applied to the abundance of pseudo-aligned reads.  
There were highly significant effects of day on terbutaline sweat responses (P<0.0005; 2-factor day x terbutaline concentration repeated 
measures interactions). Compared with baseline (pretreatment days 1, 2, 3) values, sweat weights in foals given ERY were significantly lower (P 
<0.05) on all treatment days (4, 5, 8), and on post-treatment days 12 and 27, but were not significantly different on day 42. Due to formalin 
degradation of the skin biopsies, sequenced reads were on average just 40bp/strand. Yet, between 47,253 and 995,557 reads were successfully 
pseudoaligned per sample. We tested 2197 loci for differential expression and detected 214 potential candidate genes (qval<0.05) up and down-
regulated during ERY-induced temporary hypohidrosis. These pathways involve and can be influenced by the broad class of macrolide drugs 
including erythromycin, clarithromycin and telithromycin. Analysis of additional pathways and genes is currently ongoing. These results will 
provide insight into gene function and pathways correlated to the thermoregulatory dysfunction seen with the use of macrolides. Results of this 
research will help identifying components to the pathophysiology of anhidrosis, and might contribute to the future development of safer drugs for 
neonatal and pediatric care in horses. 
 
PE0308: Equine 
Genetic Investigation of Idiopathic Hypocalcemia in Thoroughbred Foals 



Victor Rivas, Carrie Finno and Gary Magdesian, University of California Davis, Davis, CA 
Thoroughbred foals affected with equine idiopathic hypocalcemia are presented with hypocalcemic tetany, a stiff gait, and hyperhidrosis. The 
condition appears to be inherited and is invariably fatal. A candidate gene approach was performed as a genetic variant in one of the genes 
homologous to human CASR, GNA11, or TRPM6 was hypothesized to be causative of idiopathic hypocalcemia in Thoroughbreds. 
Clinicopathologic data from affected and non-affected foals were collected to document the exclusion of other causes of hypocalcemia. Samples 
of two affected foals and their dams from the UC Davis Veterinary Teaching Hospital and from Hagyard’s Equine Medical Institute (Lexington, 
Kentucky) were collected. DNA underwent next-generation sequencing on an Illumina HiSeq2500. Reads were mapped to the Equcab2.0 equine-
reference sequence using Burrows-Wheeler Aligner (BWA) for Illumina mapping program and variants (single nucleotide polymorphisms 
[SNPs] and insertions/deletions) were identified using freebayes and DELLY2 programs. SNPeffect was used to characterize variants by 
phenotype. No segregating putative genetic variants associated with idiopathic hypocalcemia were identified in CASR, GNA11, or TRPM6. To 
further investigate other potential variants, a whole-genome association study was performed. A segregating putative functional variant, causing 
a nonsense mutation, in a gene encoding for a guanine nucleotide exchange factor was found associated with idiopathic hypocalcemia. To 
validate such mutation, immunohistochemistry of this protein is currently being performed to assess protein expression in paraffin-embedded 
tissue of affected Thoroughbred foals. 
 
PO0309: Equine 
Differential Gene Expression in Articular Cartilage and Subchondral Bone of Young Foals 
Ann M. Kemper and Annette M McCoy, University of Illinois, Urbana, IL 
Developmental orthopedic diseases are commonly diagnosed in foals across breeds and represent a substantial health and welfare issue in the 
horse. The precise pathophysiology of these conditions is unknown, but risk factors are thought to be both genetic and environmental. It is likely 
that genes that contribute to disease risk play a role in pathways involved in normal skeletal development, but complete assembled 
transcriptomes are not publically available for relevant tissues at any age. We have previously demonstrated significant differential expression in 
joint-associated tissues of adult and neonatal horses. The aims of this project are to 1) assemble complete transcriptomes of articular cartilage and 
subchondral bone in foals less than 4 weeks of age, including novel transcript isoforms; and 2) identify changes in gene expression in both of 
these tissues over the first 4 weeks of life.  
Articular cartilage and subchondral bone was obtained from the fetlock, hock, and stifle of six foals aged 1 day to 4 weeks of age, euthanized for 
reasons unrelated to this study. RNA was sequenced using an Illumina HiSeq, yielding ~13-38 million reads per sample. Reads underwent 
quality control prior to mapping to EquCab3.0 with STAR. Normalized gene counts were used for differential expression analysis in both limma 
and EdgeR. A total of 18,576 genes were expressed across all samples. Not surprisingly, a MDS plot revealed clear clustering of subchondral 
bone and articular cartilage. Clustering also suggested a division between foals ≤ 7 days of age and foals 2-4 weeks of age. At a fold-change 
cutoff of 1.2, there were 199 differentially expressed genes in articular cartilage and 311 differentially expressed genes in subchondral bone 
between these two groups. A trend for differential expression between joints was noted in articular cartilage, but not bone. Transcript analysis 
and isoform identification is ongoing. 
 
PE0310: Equine 
Effects of Intravenous Infusion of Urea on the Endometrial Transcriptome of Mares 
Yatta Linhares Boakari1, Shavahn C. Loux1, Hossam El-Sheikh Ali1, Pouya Dini1, Claudia Barbosa Fernandes2, Kirsten E. 
Scoggin1, Laurie M. Lawrence1, Alejandro Esteller-Vico1 and Barry A. Ball1, (1)University of Kentucky, Lexington, KY, 
(2)University of São Paulo, São Paulo, Brazil 
Fertility of cattle and ewes is decreased when they have a high blood urea nitrogen (BUN); however, the mechanisms are unknown. Our 
hypothesis is that an intravenous infusion of urea would elevate BUN and change the endometrial transcriptome of mares. The objectives of the 
present study were to perform RNA sequencing of endometrial samples from mares with normal or elevated BUN. Mares were allocated to a 
treated or control group (7 mares/group) in a crossover design. Treatment consisted of a loading dose of urea and urea injections during 6 hours. 
Control mares received saline solution. Blood samples were collected every hour to measure BUN. Uterine biopsies were collected after the last 
intravenous infusion. RNA was extracted (RIN>8.0), RNAseq libraries were prepared (TruSeq Stranded mRNAseq kit) and sequenced (100 
nucleotides paired-end reads; 28 million reads). TrimGalore was used for adapter and read quality trimming. Reads were mapped to EquCab 2.0 
using STAR, then annotated with the ENSEMBL annotation using Cufflinks. Cuffdiff was used to calculate differently expressed genes (DEG) 
between control and urea groups (FDR-adjusted p-value < 0.1). A total of 212 DEG were identified, 20 upregulated and 192 downregulated in 
the urea compared to the control group. PANTHER showed that the relevant molecular functions of the DEG are binding, catalytic activity and 
transporter activity. More specifically, the DEG are related to immune response, cell communication and ion channels. Urea infusions 
significantly increased BUN, resulting in an altered endometrial transcriptome, providing evidence to elucidate the effects on fertility parameters. 
 
PO0311: Equine 
Transcriptomic Analysis of the Equine Cervix during Placentitis 
Hossam El-Sheikh Ali1,2, Shavahn C. Loux1, Yatta Linhares Boakari1, Claudia Barbosa Fernandes3, Alejandro Esteller-Vico1, 
Kirsten E. Scoggin1 and Barry A. Ball1, (1)University of Kentucky, Lexington, KY, (2)Theriogenology Department, University of 
Manoura, Mansoura, Egypt, (3)University of São Paulo, São Paulo, Brazil 
Placentitis remains the major cause of preterm labor in the horse, with 1-5% of pregnancies affected. Infectious agents associated with ascending 
placentitis gain access to the uterus and the feto-placental unit through the cervix, with the resulting inflammatory responses believed to initiate 
uterine contractions and cervical softening, ultimately leading to the induction of pre-term labor or abortion. The present study aimed to compare 
the transcriptomes of the cervix (mucosa and stroma) of mares with acute placentitis with gestationally age-matched controls. Placentitis was 
induced via intra-cervical inoculation of Streptococcus equi ssp zooepidemicus in mares at approximately 290d of gestation (n=5); uninoculated 
mares were used as a control (n=4). Following euthanasia, RNA was isolated from tissues (RIN > 8.0), libraries were prepared (TruSeq stranded 
mRNA library kit) and sequenced (150-bp paired-end reads). Reads were trimmed for quality and adapters with TrimGalore, then mapped to 



EquCab3.0 using STAR. Mapped reads were quantified using Cufflinks with the NCBI annotation. Differentially expressed genes (DEG) were 
evaluated using Cuffdiff based upon an FDR P-value < 0.01. A total of 3,629 and 569 DEG were identified in cervical mucosa and stroma, of 
which 410 and 79 were novel, respectively. Gene ontology enrichment analysis (Panther v13) revealed overrepresented pathways including Toll 
receptor signaling, inflammation mediated by chemokine and cytokine signaling, T cell activation and interleukin signaling pathways. In 
conclusion, the cervical softening and dilation during equine placentitis is associated with a characteristic gene expression pattern which is 
largely dominated by inflammatory events. 
 
PE0312: Equine 
Transcriptomic Changes in the Endometrium and Chorioallantois during Placental Inflammation in the Mare 
Shavahn C. Loux1, Pouya Dini1, Kai Wang2, David Baxter2, Theodore S. Kalbfleisch3 and Barry A. Ball1, (1)University of 
Kentucky, Lexington, KY, (2)Institute for Systems Biology, Seattle, WA, (3)University of Louisville, Louisville, KY 
Placentitis is one of the leading causes of late-term abortion in the mare, spontaneously occurring in 1-5% of pregnancies. Despite its prevalence, 
little is known about transcriptional changes occurring in either the endometrium (EN) or chorioallantois (CA) at this time. Therefore, we aimed 
to characterize the transcriptome in the EN and CA during placentitis by inducing ascending placentitis in five mares via trans-cervical 
inoculation of Streptococcus equi ssp. zooepidemicus, with three uninoculated mares used as a control. Matched chorioallantois and endometrium 
were sampled in 2 locations: 1) main lesion by cervical star, includes separation of the chorioallantois and endometrium; and 2) uterine body 10 
cm beyond the inflamed tissue. RNA was sequenced on a NextSeq 500 (Illumina), trimmed, then mapped to EquCab2.0 via STAR. Lastly, 
Cufflinks was used to quantify data, utilizing a customized transcriptome based on ENSEMBL v.88. Reads were filtered for highly expressed 
reads (FPKM > 1), resulting in 16,086 genes analyzed, including 2273 novel genes not identified in the ENSEMBL annotation. Differentially 
expressed genes (DEG) were identified using one-way ANOVA with a false-discovery rate P < 0.05 (JMP 12). In total, 3,943 DEG were 
identified in one or both regions of the CA, while 474 DEG were identified in the EN. In the CA, transcriptional changes were primarily 
immunological, where EN changes were mainly metabolic processes, suggesting that these two aspects of the placenta play vastly different roles 
in modulating infection. Ultimately, these data allow a better understanding of the physiological changes occurring during placentitis. 
 
PO0313: Equine 
Genome Wide Association Study Identifies Two Loci for Distichiasis in Friesian Horses 
Erin A. Hisey, University of California, Davis, Davis, CA, Hanneke Hermans, Utrecht University, Utrecht, Netherlands, Mary 
Lassaline, Department of Clinical Surgical & Radiological Sciences, University of California, Davis, Davis, CA, Willem Back, 
Ghent University, Merelbeke, Belgium and Rebecca R. Bellone, Veterinary Genetics Laboratory, University of California - Davis, 
Davis, CA 
Distichiasis, an ocular condition reported in Friesian horses, occurs when aberrant lashes grow from openings of the Meibomian glands along the 
inner eyelid. These lashes can cause irritation and corneal ulcers, which can lead to corneal scarring, vision loss or the loss of the eye. Because of 
its bilateral nature and prevalence in a single breed with known inherited monogenic disorders, this condition is hypothesized to be inherited as a 
Mendelian trait. To test this hypothesis, a genome wide association study (GWAS) was performed utilizing the Equine Affymetrix 670K array 
(MNEc670k) on fourteen cases and thirty-eight controls that were phenotyped for distichiasis. A chi-squared test for a basic allelic association 
identified loci on ECA5 and on ECA13 as associated with the disorder (pcorrected=0.126 and 7.41x10-4, respectively), however genomic inflation 
was high (λ=1.50). To correct for this, a single locus mixed linear model (EMMAX) approach was employed. Under a dominant model, the locus 
on ECA13 was further supported (pcorrected=8.91x10-3) and the locus on ECA5 continued to approach significance (pcorrected=0.0622). A haplotype 
analysis identified a 371 Kb run of homozygosity on ECA13 in thirteen of the fourteen cases (chi-squared p=3.90x10-9), providing evidence of a 
recessive mode of inheritance at that locus. Whole genome high-throughput sequencing data from four horses (2 cases and 2 controls) is being 
analyzed to identify variants in the associated regions on ECA5 and 13 that explain the genetic risk for this disease. 
 
PE0314: Equine 
The Lung Transcriptome of Horses with Pasture-Associated Severe Equine Asthma Identifies a TH17-High TH2-Low 
Phenotype.  
Christa M. Frodella1, Kensey A Thomas1, Jacquelyn Bowser2, Cathleen Mochal1, Alison Eddy1, Andrew Claude3 and Cyprianna 
E. Swiderski1, (1)College of Veterinary Medicine, Mississippi State University, Mississippi State, MS, (2)Johnson & Wales 
University, Providence, RI, (3)College of Veterinary Medicine Michigan State University, East Lansing, MI 
Severe equine asthma (SEA) is characterized by reversible airway obstruction, non-specific airway hyper-responsiveness and chronic 
neutrophilic airway inflammation. Two forms of SEA have been described. One is elicited by barn dust in association with indoor housing in 
continental climates. The second form is associated with grazing pastures during conditions of high heat and humidity. Airway inflammation is 
predominantly neutrophilic in SEA, presenting a conundrum because TH2 cytokine responses identified in both conditions are predicted to 
precipitate eosinophilic inflammation. Increased IL-17 has been identified in horses with barn dust SEA, leading us to hypothesize that TH17 and 
TH2 phenotypes co-exist in pasture-associated equine asthma. To test this hypothesis and identify relevant upstream regulators, we contrasted the 
lung transcriptomes of horses with pasture-associated SEA (N=6) in serial lung biopsies collected during disease exacerbation and remission. 
Reads were aligned to EquCab3.0 with differential expression analysis and modeling using CLC Genomics Workbench and Ingenuity Pathways 
Analysis, respectively (Qiagen). IL-17 signaling (p=7.6x10E-11) was the top canonical pathway, supporting predominance of TH17 responses in 
pasture-associated SEA. TH2 signaling was also significantly increased (p=3.2x10E-4). HMGB-1 signaling, documented to support both TH17 
and TH2 differentiation, was significantly increased. HMGB-1 is increased via TLR4 signaling and identified in serum and sputum of severe 
asthmatics where TH17 high and TH2 low phenotypes are described. We conclude that horses with pasture-associated SEA are similarly 
characterized by a TH17 high/TH2 low phenotype and that environmentally induced HMGB-1 signaling mediates a shift toward TH17 signaling 
during seasonally induced exacerbations of pasture-associated SEA.  
This project was supported by the Agriculture and Food Research Initiative (AFRI) Animal Health Program competitive grant no. 2015-67016-
23172 from the USDA - National Institute of Food and Agriculture. 



 
PO0315: Canine 
Development of Targeted GBS Panels for Breeding and Parentage Applications in Dogs 
Angela Burrell, Prasad Siddavatam, Michelle Swimley, Roy C. Willis, Haktan Suren, Krishna Gujjula and Rick Conrad, Thermo 
Fisher Scientific, Austin, TX 
Parentage testing and genomics-assisted breeding are critical aspects of successful veterinary management. Due to its highly accurate and 
reproducible results, targeted GBS is becoming an increasingly favored technology for SNP genotyping. With the utilization of next-generation 
sequencing, labs can test hundreds of samples across thousands of SNPs simultaneously in a simple high throughput workflow starting from 
either extracted nucleic acid or crude lysis samples.  
We developed two targeted sequencing panels, one for canine parentage verification and one for canine genetic defect/trait identification. 
Utilizing the AgriSeqTM HTS Library Kit, a high-throughput targeted amplification and re-sequencing workflow, each panel’s performance was 
tested on >96 diverse DNA samples. Libraries were sequenced on the Ion S5™ using an Ion 540™ chip with genotyping calling generated using 
the Torrent Variant Caller (TVC) plugin.  
The mean genotype call rate of markers across the samples was >95% for both panels. Concordance across replicate library preparations and 
independent sequencing runs was >99% for both panels. Each panel’s results were compared with results from an Axiom Canine HD array, 
qPCR, and/or CE sequencing for orthogonal confirmation of genotype accuracy and the genotype calls were >99% concordant with the AgriSeq 
workflows.  
The data demonstrates the utility of the AgriSeq targeted GBS approach for canine SNP genotyping applications.  
For Research Use Only. Not for use in diagnostic procedures. 
 
PE0316: Canine 
Identification of an ABCA4 Loss-of-Function Mutation Leading to Canine Form of Stargardt Disease 
Suvi Mäkeläinen1, Marta Gòdia2, Minas Hellsand3, Agnese Viluma4, Daniela Hahn1, Karim Makdoumi5, Caroline J. Zeiss6, 
Cathryn Mellersh7, Sally L. Ricketts7, Kristina Narfström8, Finn Hallbook3, Björn Ekesten9, Göran Andersson1 and Tomas F. 
Bergström1, (1)Dept of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden, (2)Animal 
Genomics Group, Centre for Research in Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, Bellaterra (Barcelona), Spain, 
(3)Department of Neuroscience, Uppsala University, Uppsala, Sweden, (4)Department of Ecology and Genetics, Uppsala 
university, Uppsala, Sweden, (5)School of Medical Sciences, Örebro University, Örebro, Sweden, (6)Yale University School of 
Medicine, New Haven, CT, (7)Canine Genetics Research Group, Kennel Club Genetics Centre, Animal Health Trust, Newmarket, 
United Kingdom, (8)Veterinary Ophthalmology College of Veterinary Medicine & Mason Eye Institute, Columbia, MO, 
(9)Department of Clinical Sciences, Swedish University of Agricultural Sciences, Uppsala, Sweden 
Mutations in the ATP binding cassette subfamily A member 4 (ABCA4) gene cause retinal dystrophies leading to visual impairment and 
blindness in humans. These diseases include autosomal recessive Stargardt disease (STGD), cone-rod dystrophy and retinitis pigmentosa. STGD 
is the most common inherited retinal disease in children and young adults, affecting 1 in 8-10 thousand people. There is no standard treatment for 
STGD and to develop an alternative animal model to the mouse, there has for many years been an interest in identifying dogs with ABCA4-
mediated disease. Compared to rodents, the dog eye is morphologically more similar to the human eye and canine models have proven to be 
successful in the development of treatment for other retinal dystrophies in humans. We diagnosed a sib-pair of Labrador retrievers with a novel 
form of retinal degeneration mainly affecting cone photoreceptor cells, and used whole-genome sequencing to study the genetic cause of the 
disease. We identified a frameshift insertion in the ABCA4 gene (c.4176insC), leading to a premature stop codon in exon 28 (p.F1393Lfs*1395). 
The variant was validated using Sanger sequencing of 22 additional Labrador retrievers. The functional effect of the insertion was evaluated 
using real-time quantitative PCR, Western blotting and fluorescence histochemistry. In contrast to wild-type and heterozygous dogs, we detected 
no ABCA4 protein product in the affected retina. The discovery of a canine ABCA4 loss-of-function mutation may advance the development of 
dog as a large animal model for human STGD. 
 
PO0317: Canine 
True Colors: Commercially-Acquired Morphological Genotype Data as a Valuable Resource for Revealing Allele Variation 
among Dog Breeds 
Dayna L. Dreger1, Blair N. Hooser1, Angela M. Hughes2, Balasubramanian Ganesan2, Jonas Donner3, Lauren Holtvoigt2 and Kari 
J. Ekenstedt1, (1)Purdue University College of Veterinary Medicine, West Lafayette, IN, (2)Wisdom Health, Vancouver, WA, 
(3)Wisdom Health, Helsinki, Finland 
Commercially available canine genetic testing is becoming increasingly popular among dog owners and this study provides intriguing insight 
into the current status of morphological variation present within purebred populations. Mars WISDOM PANEL™ data from 11,519 anonymized 
canids, representing 203 breeds and 4 wild species, was evaluated at genetic loci associated with 7 coat color traits and 5 physical characteristics. 
Allele frequencies were determined within each breed and phylogenetic grouping. Twenty-nine breeds were divided into separate populations 
based on country of collection, body size, coat variation, or lineages selected for working or conformation traits. Significantly different (p ≤ 0.05) 
allele frequencies were observed between populations for at least one of the tested loci in 26 of the 29 breeds. Standard breed descriptions from 
major American and international registries were used to determine colors and tail lengths (e.g. genetic bobtail) accepted within each breed. 
Alleles capable of producing traits incongruous with breed descriptions were observed in 138 breeds, such that random mating within breeds has 
probabilities of between 4.9e-7 and 0.25 of creating undesirable phenotypes. The presence of rare alleles within breeds (e.g. recessive black 
coloration and natural bobtail), was combined with previously published identity-by-decent haplotype sharing levels to reveal pathways by which 
the alleles may have spread throughout dog breeds. Occurrence of low frequency alleles within breeds reveals the influence of regional or 
functional selection practices, the mode by which characteristics have spread across breeds during historical breed formation, and the necessity to 
address conflicting ideals relative to genetic potential. 
 



PE0318: Canine 
Inbreeding Depression and Genomic Rescue in an Arctic Mammal 
Karin Noren, Johan Wallén and Malin Hasselgren, Stockholm University, Stockholm, Sweden 
The small population paradigm and extinction vortex model are central themes in the field of conservation genetics. According to these, the 
decline of a small population accelerate through an interplay between demographic and genetic processes and the negative trend can only be 
reversed through gene flow. The Swedish arctic fox (Vulpes lagopus) population went through a population bottleneck in the 19th century and 
was on the verge of extinction around year 2000, but has since then increased five-fold in response to conservation actions. Based on individual 
fitness traits and genomic data from a long-term data set, we use this population as a model system to demonstrate the impact of inbreeding 
depression and rescue effect mediated by natural immigration from a captive breeding project on individual and population levels. This study 
highlights the importance of incorporating natural population demography, balancing selection and inbreeding avoidance as crucial factors 
influencing the outcome of processes operating in a small population. 
 
PO0319: Feline 
99 Lives: Leveraging Genome Analysis in Cats for Disease Model Discovery 
Reuben M. Buckley and Leslie A. Lyons, University of Missouri-Columbia, Columbia, MO 
The advent of low-cost whole genome sequencing (WGS) has brought about significant progress for disease model discovery and 
characterization in companion animals. One such initiative is the 99 Lives project, a research community based effort, which aims to whole 
genome sequence a wide variety of cats with unique disease relevant phenotypes. Currently, WGS data from over 200 individual cats has been 
collated and stored at the University of Missouri. Cats have been sequenced on Illumina platforms with paired-end fragments at a minimum 
coverage of 20X. Bioinformatic analysis of sequenced genomes is also performed at MU using the genome analysis toolkit (GATK) best 
practices. Reads are mapped to Felis_catus_9.0, variants are called using HaplotypeCaller, and variants are annotated using both NCBI and 
Ensembl gene models. Recently, the project has begun to explore the role of structural variation in cat diseases. Two examples include the 
identification of strong candidate variants for Chediak-Higashi syndrome and feline disproportionate dwarfism. Chediak-Higashi syndrome, a 
lysosome trafficking disorder, is caused by a large 20 kb tandem duplication within the LYST gene, spanning exons 30 to 38. Meanwhile, feline 
disproportionate dwarfism, which is characterized by reduced growth in long bones and is a defining trait of several cat breeds, has been linked 
to a complex rearrangement within a metabolic gene. This newly discovered variant suggests this gene may also play a role in development and 
also provides a new potential cause for dwarfism in humans.  
 
PE0320: Feline 
Development of Targeted GBS Panels for Breeding and Parentage Applications in Cats 
Angela Burrell, Prasad Siddavatam, Michelle Swimley, Roy C. Willis, Haktan Suren, Krishna Gujjula and Rick Conrad, Thermo 
Fisher Scientific, Austin, TX 
Parentage testing and genomics-assisted breeding are critical aspects of successful veterinary management. Due to its highly accurate and 
reproducible results, targeted GBS is becoming an increasingly favored technology for SNP genotyping. With the utilization of next-generation 
sequencing, labs can test hundreds of samples across thousands of SNPs simultaneously in a simple high throughput workflow starting from 
either extracted nucleic acid or crude lysis samples.  
We developed a targeted sequencing panel, one for the combined detection of feline genetic defect/trait detection and parentage verification. 
Utilizing the AgriSeqTM HTS Library Kit, a high-throughput targeted amplification and re-sequencing workflow, the panel’s performance was 
tested on >96 diverse DNA samples. Libraries were sequenced on the Ion S5™ using an Ion 540™ chip with genotyping calling generated using 
the Torrent Variant Caller (TVC) plugin.  
The mean genotype call rate of markers across the samples was >95%. Concordance across replicate library preparations and independent 
sequencing runs was >99% for both panels. Panel results also were compared with genotyping results from qPCR, and/or CE sequencing for 
orthogonal confirmation of accuracy and the genotype calls were 100% concordant with the AgriSeq workflows.  
The data demonstrates the utility of the AgriSeq targeted GBS approach for feline SNP genotyping applications.  
For Research Use Only. Not for use in diagnostic procedures. 
 
PO0321: Feline 
Whole Genome Sequencing of Bengal Cat Trios with Thoracic Malformations 
Suvi Mäkeläinen1, Cecilia Ley2, Bodil S Holst3, Charles J Ley4, Göran Andersson1 and Sofia Mikko1, (1)Dept of Animal Breeding 
and Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden, (2)Department of Biomedical Science and Veterinary 
Public Health, Swedish University of Agricultural Sciences, Uppsala, Sweden, (3)Department of Clinical Sciences, Swedish 
University of Agricultural Sciences, Uppsala, Sweden, (4)University Animal Hospital, Swedish University of Agricultural Sciences, 
Uppsala, Sweden 
Thoracic malformation is a well-known problem in Bengal and Burmese cats. In humans, pectus excavatum (PE) may be symmetrical or 
asymmetrical, and present as a funnel chest or flat chest.These types of malformations are also seen in young cats with soft skeletons, and can 
clinically present quickly, be transient, or lead to death. In England, 3-4% of Burmese kittens are reported to have thoracic malformations of 
varying degrees. The aim of the present study was to find the causative genetic variant to thoracic malformations in Bengal cats in Sweden. Our 
hypothesis was that the disease follows an autosomal recessive inheritance. 
Fifteen kittens representing both controls and suspected cases of thoracic malformation were evaluated for signs of PE by computer tomography 
(CT) and post mortem examination. During post mortem examination tissue samples were collected for histology and genetic analyses. In 
addition, blood samples were collected from seventeen healthy Bengal cats, some being parents or relatives to the diseased kittens. Genomic 
DNA was extracted and three necropsied affected kittens and their healthy parents were selected for whole genome sequencing. Two of the 
affected kittens were full siblings. Illumina TruSeq libraries were constructed, and sequenced on an Illumina NextSeq500 instrument at 20X 
coverage. 



All three sequenced kittens showed thoracic malformations when examined post mortem and by CT. The generated sequences were filtered for 
coding variants not present as homozygotes in the reference genome (Felis_catus_9.0), homozygous in affected kittens, and heterozygous in their 
respective parents. The filtering highlighted four candidate genes, of which two are involved in osteogenesis. One of them is predicted by 
PROVEAN to have a deleterious effect on protein level. Further studies are carried out to validate the findings. 
 
PE0322: Feline 
PEA15 Defect Causes Cerebral Dysgenesis in Domestic Cats 
Emily Graff1, J. Nick Cochran2, Christopher Kaelin3, Heather Gray-Edwards4, Rie Watanabe1, Jey W. Koehler1, Jeremy W. 
Prokop5, Douglas R. Martin1, Richard M. Myers2 and Gregory S. Barsh2,6, (1)Auburn University, Auburn, AL, (2)HudsonAlpha 
Institute for Biotechnology, Huntsville, AL, (3)HudsonAlpha, Huntsville, AL, (4)University of Massachusetts Medical School, 
Worcester, MA, (5)Michigan State University, East Lansing, MI, (6)Stanford University, Stanford, CA 
Cerebral cortical size and organization are critical features of neurodevelopment and evolution. Disruptions in normal cortical development result 
in cerebral dysgenesis which encompasses a broad range of diseases, such as microcephaly and polymicrogyrias that are highly refractory to 
treatment. Currently, only a handful of genetic causes of cerebral dysgenesis are known. This is the first report of a homozygous mutation in 
PEA15 (phosphoprotein expressed in astrocytes-15) that results in profound malformation of the cerebrum in domestic cats. Affected cats had 
non-progressive hypermetria and tremors during early postnatal development and dissociative behavioral defects and aggression following sexual 
maturity. Compared to age-matched unaffected cats, affected cats had an ~50% decrease in overall brain weight and reduced to absent formation 
of gyri, including the anterior cingulate gyrus, and flattening of the parietal and temporal lobes. On histological evaluation, there was profound 
loss of white matter, and distinct disorganization of cerebral cortical layers. While malformation of the cerebrum was profound, the cerebellum 
was relatively preserved. Cell type deconvolution from RNA-Seq revealed a relative increase in transcripts specific to astrocytes, which was 
confirmed through immunohistochemical staining. When compared to unaffected cats, fibroblasts from affected cats had increased caspase-8 
mediated apoptosis and increased proliferation. Thus, under normal conditions, PEA15 likely protects neurons from cell death and regulates 
astrocytic proliferation. PEA15 is a critical factor for cerebral development in the domestic cat and is hypothesized to play an important role in 
neurodevelopment of gyrencephalic animal models and humans. 
 
PO0323: Feline 
PEA15 Defect Causes Cerebral Dysgenesis in Domestic Cats 
Emily Graff, Auburn University, Auburn, AL 
Cerebral cortical size and organization are critical features of neurodevelopment and evolution in animals. In domestic cats, a homozygous 
mutation in PEA15 (phosphoprotein expressed in astrocytes-15) results in profound malformation of the cerebrum with ~50% decrease in overall 
brain weight, distinct disorganization of cerebral cortical layers and grey matter astrocytosis. When compared to unaffected cats, fibroblasts from 
affected cats had increased caspase-8 mediated apoptosis and increased proliferation. This is the first report of PEA15 as a critical factor for 
cerebral development in the domestic cat and these findings suggest that PEA15 plays an important role in neurodevelopment of gyrencephalic 
animals. 
 
PE0324: Feline 
A Detailed Analysis of Population Substructure and Gene Flow in Zambian Lions (Panthera leo) 
Caitlin J. Curry1, Paula A. White2 and James N. Derr1, (1)Texas A&M University, College Station, TX, (2)Zambia Lion Project, 
University of California, Los Angeles, Los Angeles, CA 
The Luangwa Valley in eastern Zambia is a transverse offshoot of the Great Rift Valley system. This region appears to have an isolating effect as 
evidenced by speculated endemic subspecies, such as the Cookson's wildebeest and Thornicraft giraffe. Recent mitochondrial DNA studies have 
shown African lions (Panthera leo) in Zambia consist of two highly diverse eastern and western sub-populations. Nuclear and mitochondrial 
DNA analyses of 409 lions supports this population substructure across Zambia but proposes only partial isolation of the Luangwa Valley with 
more movement between the populations than previously thought. Population assignment analysis identifies two populations with little evidence 
of admixture assigning lions to either the eastern or western sub-populations. A high occurrence of private alleles and clear evidence for a 
Wahlund effect further justify the presence of a highly structured population. But, while mitochondrial DNA analysis still shows little to no 
matrilineal gene flow (FST=0.53) between sub-populations, microsatellite analysis suggests there is gene flow (FST=0.04) with low but significant 
isolation-by-distance and an average of 6 migrants per generation. Evidence of isolation-by-distance is also found in factorial correspondence 
analysis with the Lower Zambezi National Park and eastern corridor clusters overlapping isolated clusters of the Luangwa Valley and western 
sub-population. From this evidence, the Luangwa Valley appears separated from the western sub-population with some dispersal through the 
southern regions of the eastern sub-population. Both the eastern and western sub-populations have high heterozygosity (0.68 and 0.69, 
respectively) and genetic diversity (0.4 and 0.50, respectively) values, indicative of genetically healthy populations. 
 
PO0325: Cattle 
Analysis of the Cattle Tissue-Specific Expression by Genome-Wide Integration of RNA-Seq Data 
Hamid Beiki, Zhiliang Hu, James M. Reecy and James E. Koltes, Iowa State University, Ames, IA 
Global classification of the cattle genes with regards to expression/interaction patterns across organs and tissues is important for studies of cattle 
biology and disease. Here, we used a quantitative transcriptomics analysis using high-quality RNAs-seq data from The NCBI Short-read Archive 
to classify the tissue-specific expression/interaction pattern of genes across a representative set of all major cattle (Bos Taurus) organs and 
tissues. Quality of the raw RNA-seq data was first assessed with FASTQC for each library. Then, the sequencing adaptor sequences and low-
quality bases were trimmed from the raw reads by using the Trimmomatic software. A minimum of 30 million high-quality reads with median 
length >30 nucleotides was applied to identify samples with sufficient sequencing depth. The resulting data base contained 1197 Illumina short-
read RNA-seq samples form 43 tissues. The mean number of bases per read with a FRED score more than 30 indicated the sequence quality was 
high. On average, there were 1 billion reads per tissue and duplication rates were centered around 20% for all libraries. More than 90% of reads 



from each tissue were uniquely mapped to the new cattle reference genome. Tissue-specific gene expression, rewiring of gene expression pattern 
across tissues will be investigated. To provide public access to the processed data and results, we launched a new version of EpiDB database. The 
present study will provide a unique resource for comparative genomics and will facilitate the analysis of tissue specificity and cross-species 
conservation in higher organisms. 
 
PE0326: Cattle 
Pan-RNA Editing Analysis in Bovine Genome 
Wentao Cai1, Shengli Zhang2 and Jiuzhou Song1, (1)University of Maryland, College Park, MD, (2)Department of Animal Science, 
China Agricultural University, Beijing, China 
RNA editing is an important phenomenon to modify nucleotides at specific sites of RNA molecules during post-transcription in many species, 
but its genomic landscape and characters have not been systematically explored in bovine. Here we deeply characterize the global RNA editing 
profiles from more than 50 tissues of dairy cattle and reveal noticeable spectrums of RNA editing in different tissues. A total of 1,117,831 RNA 
editing sites were identified using cluster strategy with high specificity (A-to-G rate >92%), high accuracy (>98%) and low FDR (< 3.3), which 
remarkably expand the number of the known RNA editing in bovine. We found most of editing sites were significantly enriched in specific non-
LTR retrotransposons. The Bov-tAs, one of dispersed repeatBov-drived SINEsand like Alu in primates, likely form a dsRNA structure. By 
hybridizing, the ADAR oppositely oriented Bov-tAs. In the study, we first found ADARB1 (ADAR2), not ADAR, is predominant in determining 
global editing in bovine. The recurrence in editing patterns within tissues and across species deserve careful attentions since they are associated 
to tissue-specific and varieties of biological functions. Some editing sites were successfully validated in additional Chinese dairy cattle. Taken 
together, the widespread RNA editing clusters and their specificities in different tissues further provide evidence that RNA editing likely involve 
in regulatory mechanisms of gene expression and suggest that the RNA editome in bovine should be further explored in detail. Finally, the 
bovine editing data is available at: https://github.com/RNA-editing/Bovine. 
 
PO0327: Cattle 
BovineMine and FAANGMine: Tools for Mining Genomic Data of Domesticated Animal Species 
Md Shamimuzzaman, Deborah A Triant, Justin J Le Tourneau, Amy T Walsh and Christine G Elsik, Division of Animal Sciences, 
University of Missouri, Columbia, MO 
BovineMine (http://bovinegenome.org/bovinemine/) is the data mining resource of the Bovine Genome Database (BGD). BovineMine enables 
researchers without scripting skills to create and export customized annotation datasets merged with their own research data for use in 
downstream analyses. The newest release of BovineMine hosts multiple genome assemblies of Bos taurus (UMD3.1.1 and ARS-UCD1.2), as 
well as genome assemblies of other ruminants, Ovis aries (Oar_v3.1 and Oar_v4.0) and Capra hircus (ARS1). Cross-references between 
alternative assemblies and gene sets will aid researchers as they transition their work to upgraded genome assemblies. In addition to genes 
(NCBI, Ensembl), BovineMine includes proteins (UniProt), protein families and domains (InterPro), orthologs and paralogs (EnsemblCompara, 
OrthoDB, TreeFam), pathways (KEGG, Reactome), interactions (BioGRID, IntAct), Gene Ontology (GO), QTL (AnimalQTLdb), variation 
(dbSNP, dbVar), SNP alias ids (SNPChiMp) and publications (PubMed). Pre-computed data from BGD includes variant effects and RNAseq-
based gene expression.  
BovineMine uses the InterMine platform to integrate the data and make it accessible with simple and sophisticated data mining tools. The List 
Analysis and Genomic Regions search tools execute queries based on uploaded lists of identifiers and genome coordinates, respectively. These 
tools, combined with built-in template queries and an identifier resolver system, provide robust support for meta-analysis. For example, users can 
easily compare their GWAS results with published results by uploading coordinates or SNP ids and then using the list intersection tool. Saved 
lists can be used in template queries for further data exploration, for example to identify published QTL overlapping a list of SNPs.  
We have recently initiated the expansion of BovineMine to FAANGMine, a genomic data mining resource for domesticated animal species of 
interest to the FAANG (Functional Annotation of Animal Genomes) consortium. Species planned for incorporation into FAANGMine include 
bovine, chicken, goat, horse, pig, sheep, water buffalo, dog and cat. We will also incorporate FAANG datasets to enable fine-grained data mining 
of functional elements in combination with gene annotations and additional biological data. 
 
PE0328: Cattle 
Web Resources for Manual Annotation of Livestock Genome Assemblies 
Deborah A Triant, Justin J Le Tourneau, Md Shamimuzzaman, Amy T Walsh and Christine G Elsik, Division of Animal Sciences, 
University of Missouri, Columbia, MO 
The application of genome sequencing in livestock research suffers from errors in reference genome assembly and gene annotation. We have 
developed tools at BovineGenome.org and AgAnimalGenomes.org to enable researchers to manually annotate genes and genome assemblies of 
bovine, goat, sheep and pig. The tools include JBrowse and Apollo for genome visualization and annotation, as well as a new Apollo plugin, 
called LSAA (locus specific alternate assembly), which allows users to report on potential genome assembly errors and structural variants. The 
LSAA tool provides users with data visualization of sequencing read alignments to provide evidence of discordant read pairs. The visualization 
of BLAST hits in JBrowse provides another means to identify candidate assembly errors or structural variants. The LSAA tool allows users to 
upload information about inversions, deletions and insertions, and to view, filter and download submitted LSAA. 
 
PO0329: Cattle 
New Output Formats for Axiom Genotyping Arrays 
Ali Pirani, Joseph Foster, Alessandro Davassi, Shantanu Kaushikkar, Brant Wong, Mohini Patil and Luis Jevons, Thermo Fisher 
Scientific, Santa Clara, CA 
The high throughput agricultural genotyping landscape encompasses a broad range of applications and technical platforms. One of the major 
challenges of adopting a new platform or performing meta-analyses is data format congruity. Biallelic genotypes are recorded in one of three 
ways; "AA", "AB" and "BB" call codes, "0", "1", and "2" numeric call codes and base calls "A", "T", "G" or "C". For call codes and numeric call 



codes, the A and B alleles must be designated. Historically, two formats have dominated the designation of variant alleles; "Forward" and "TOP". 
For bi-allelic SNPs this can create a situation where the "A" allele designated by one format differs from the other. 
To support cross-platform high throughput genotyping analysis, Thermo Fisher Scientific have developed the Applied Biosystems™ Axiom™ 
Long format Export (AxLE) Tool. The tool converts Axiom genotype data to the "TOP" format and converts the output into a format that is 
similar to the long format options for other platforms. This makes Axiom genotyping easier to integrate with existing downstream analysis 
pipelines and large scale meta-analysis of several cross-platform datasets. 
A clear requirement for the standardization of allele designation is in the application of genotyping data to genetic evaluation systems. To support 
this specific use case in dairy cattle, Thermo Fisher Scientific have developed the Applied Biosystems™ Council on Dairy Cattle Breeding 
(CDCB) Export Tool, which generates a format that enables direct upload to the CDCB website. This free tool can be utilized on any custom or 
catalog Axiom Bovine microarray. 
 
PE0330: Cattle 
Chromatin Dynamics during Bovine Preimplantation Development Underscore Species-Specific Differences in 
Reprogramming Gene Expression and during Genome Activation 
Michelle M. Halstead, Animal Science, University of California, Davis, CA, Xin Ma, College of Animal Science and Technology, 
Jilin Agricultural University, Changchun, China, Richard M. Schultz, University of California, Davis, Davis, CA and Pablo J. Ross, 
Department of Animal Science, University of California, Davis, CA 
During preimplantation development embryos undergo intensive epigenetic reprogramming as they transition from a highly-specialized and 
transcriptionally quiescent oocyte to totipotent cells capable of producing any cell type. The timing of embryonic genome activation (EGA), 
during which the embryo initiates transcription and begins degrading oocyte-derived products, is species-specific. In mouse, EGA occurs during 
the 2-cell stage, whereas in cattle and human EGA occurs during the 8-cell stage. These differences may reflect differences in underlying 
regulatory networks. The mechanisms responsible for genome activation and reprogramming, however, as well as the role transcription plays in 
these transitions, remain ill-defined.  
To assess the role of chromatin dynamics in bovine EGA we used ATAC-seq to map open chromatin genome-wide in bovine oocytes and in 
vitro produced embryos. When embryonic transcription was inhibited about 50,000 loci fail to acquire the appropriate open chromatin structure. 
More than 95% of these affected regions are intergenic, implying that most dynamic changes in chromatin structure likely occur at putative 
enhancers. Moreover, loci that become accessible during bovine EGA are enriched for the binding motifs of GSC, OTX2, CRX, and various KLF 
factors, whereas stably open chromatin show more enrichment for CTCF and promoter-specific sequences. Further investigation of transcription 
factor motif enrichment in open chromatin throughout preimplantation development in cattle, human, and mouse suggests that the regulatory 
network underlying chromatin remodeling during EGA differs considerably between species, and that cattle may constitute a more relevant 
model for human preimplantation development than the mouse. 
 
PO0331: Cattle 
Analysis of Single Nucleotide Polymorphisms in the Cattle Genome and Epigenome 
Emily Stassen1, Bonnie Cantrell1, Shuli Liu2, Nathan Jebbett1, Robert C. Switzer III3, Eugene Delay1, Steven Zinn4, Sharon Aborn4, 
Jane O'Neil1, Brenda M. Murdoch5, Rick Funston6, Robert Weaber7, George E. Liu2 and Stephanie McKay1, (1)University of 
Vermont, Burlington, VT, (2)Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD, (3)NeuroScience 
Associates, Inc., Knoxville, TN, (4)University of Connecticut, Storrs, CT, (5)Department of Animal and Veterinary Science, 
University of Idaho, Moscow, ID, (6)University of Nebraska, North Platte, NE, (7)Kansas State University, Manhattan, KS 
DNA methylation, an important epigenetic marker, is believed to play an important role in phenotype variability. It is therefore important to 
understand the link between the genome and the epigenome. This study focuses on identifying polymorphisms in the bovine genome and 
epigenome, which can be compared to identify links between genetic and epigenetic variation. Brain tissues of each of 8 Red Angus x Simmental 
steers underwent whole genome bisulfite sequencing (WGBS) to identify methylated cytosines. Fastq sequencing files were trimmed with Trim 
Galore using a phred score of 20. Trimmed reads were aligned to a bovine reference index using BSseeker2 and the bowtie2 aligner. BSseeker2 
was further used to call for methylation levels. Coverage statistics and polymorphisms were determined with CGmap Tools for three brain 
tissues: Amygdala, Cingulate Gyrus, and Periaquaductal Gray. The genetic and epigenetic polymorphisms were then analyzed and compared to 
identify correlating patterns. These data provide insight into the relationship between single nucleotide polymorphisms in the genome and 
epigenome to begin uncovering the impact of cattle’s genetics on their epigenetic markers. 
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A Hybrid Model for Genomic Selection Using Prioritized SNPs Based on Fst Scores in the Presence of Non-Genotyped 
Animals 
Sajjad Toghiani1, Ling-Yun Chang2, El Hamidi Hay1, Andrew J. Roberts1, Samuel E. Aggrey3 and Romdhane Rekaya3, (1)USDA, 
Agricultural Research Service, Miles City, MT, (2)ABS Global Inc, DeForest, WI, (3)University of Georgia, Athens, GA 
The dramatic advancement in genotyping technology has greatly reduced the complexity and cost of genotyping. The continuous increase in the 
density of marker panels is resulting in little to no improvement in the accuracy of genomic selection. Direct inversion of the genomic 
relationship matrix is infeasible for some livestock populations due to the excessive computational cost. In addition, most animals in genetic 
evaluation programs are non-genotyped. Including these animals in a genomic evaluation requires the imputation of the missing genotypes when 
using regression methods. To overcome these challenges, a hybrid approach is proposed. This approach fits a subset of SNP markers selected 
based on FST scores and a classical polygenic effect. The method was first tested using only genotyped animals and then extended to 
accommodate non-genotyped animals. The proposed approach was evaluated using simulated data for a trait with heritability of 0.1 and 0.4 and 
weaning weight in a crossbred beef cattle population. When all animals were genotyped, the hybrid approach using only 2.5% of prioritized 
SNPs exceeded the prediction accuracies of BayesB, BayesC, and GBLUP by more than 7%. When non-genotyped animals were incorporated, 
the proposed approach significantly outperformed ss-GBLUP method in terms of prediction accuracy under both simulated heritability scenarios. 



Although the results seem to depend on the genetic complexity of the trait, the proposed approach resulted in higher prediction accuracies than 
current methods. Furthermore, its computational costs in terms of CPU time and peak memory are substantially lower than the current methods. 
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The Impact of Reducing the Frequency of Animals Genotyped at Higher Density on Imputation and Prediction Accuracies 
using ssGBLUP 
Bruna Pena Sollero, University of Nebraska, Lincoln, NE, Jeremy T. Howard, Smithfield Premium Genetics, Rose Hill, NC, 
Vinicius S. Junqueira, Universidade Federal de Vicosa, Vicosa, Brazil, Fernando F Cardoso, Embrapa Pecuária Sul, Bagé, Brazil 
and Matt L. Spangler, University of Nebraska - Lincoln, Lincoln, NE 
In some species, selection candidates are genotyped with lower cost SNP panels and imputed to higher densities. This necessitates re-genotyping 
at higher density over-time to ensure reasonable imputation accuracy. Strategies related to selecting animals to re-genotype is largely unexplored 
and is currently performed ad hoc. Our aim was to investigate the long-term impact of selectively re-genotyping parents with medium-density 
(MD) on the accuracy of imputation and genetic predictions using single-step GBLUP.  
A beef cattle population undergoing selection for a moderately heritable trait (0.25) was simulated with 5 replicates. All selection candidates 
from generation eight to fifteen were genotyped with low density panels (LD) corresponding to a density of 0.5, 2 and 5% of the MD. Re-
genotyping scenarios chose animals at random and included 10% of male parents, 10% of male and female parents, all male parents, and all 
parents to be re-genotyped with MD.  
Ranges in average imputation accuracy at generation 15 were 0.554-0.930, 0.779-0.983, and 0.922-0.994 for the 0.5, 2, and 5% LD panels, 
respectively. Average accuracy of EBV at generation 15 ranged from 0.407-0.745, 0.640-0.779, and 0.797-0.819. For example, re-genotyping all 
parents (2% LD) compared to 10% of males (5% LD) resulted in similar EBV accuracy (0.779 and 0.797, respectively). As the density of the LD 
increased, differences in imputation and EBV accuracy between re-genotyping scenarios decreased suggesting fewer animals needed to be re-
genotyped. These results indicate that re-genotyping strategies can be optimized considering the relationship between the density of the LD and 
the target panel. 
 
PE0334: Cattle 
An Improved Genomic Prediction Model in Populations Featuring Shared Environments and Familial Relatedness 
Nichol E. Schultz and Kent A. Weigel, University of Wisconsin, Madison, WI 
Genomic data are widely available in the dairy industry and provide a cost-effective means of predicting genetic merit to inform selection 
decisions and increase genetic gains. As more dairy farms adapt genomic selection practices, dairy producers will soon have genomic data 
available on all of the animals within their herds. This is a very rich, but currently underutilized, source of information. Herdmates provide an 
excellent indication of how a selection candidate’s genetics will perform within a given herd, noting that herdmates often include close relatives 
that share a similar environment. The study objective was to evaluate the utility of incorporating herdmate data into genomic predictions in a 
dataset comprised of 3303 Holsteins from one herd in Canada and six herds throughout the United States. Within-herd prediction accuracy was 
assessed for milk yield breeding values determined from genomic best linear unbiased prediction under three different scenarios. In scenario one, 
herdmates were excluded from the reference population, whereas in scenario two herdmates were included. In scenario three, herdmates were 
included in the reference population and a genetic marker by herd interaction term was added to the model to allow additional herd-specific 
genetic effects. Leave-one-out cross validation was used to maximize the number of herdmates in the reference population in scenarios two and 
three, while maintaining constant reference population size. Inclusion of herdmates in the reference population improved within-herd prediction 
accuracy for all herds. Inclusion of herd specific genetic marker effects further improved prediction accuracy for a majority of herds. 
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Coevolution of Chromosome Changes and Gene Regulation in Ruminants 
Marta Farré-Belmonte, University of Kent, Canterbury, United Kingdom, Jaebum Kim, Konkuk University, Seoul, Korea, 
Republic of (South), Jian Ma, Carnegie Mellon University, Pittsburgh, PA, Harris A. Lewin, UC Davis, Davis, CA and Denis 
Larkin, Royal Veterinary College, University of London, London, United Kingdom 
The role of chromosome rearrangements in driving evolution has been a long-standing question of evolutionary biology. Here we focused on 
ruminants as a model to assess how these rearrangements have contributed to modifications of gene regulation in evolution. Using reconstructed 
ancestral karyotypes of Cetartiodactyls, Ruminants, Pecorans, and Bovids, we traced patterns of gross chromosome changes. The lineage leading 
to the ruminant ancestor after the split from other cetartiodactyls, was characterized by mostly intrachromosomal changes while the lineage 
leading to the pecoran ancestor (including all livestock ruminants) included multiple interchromosomal changes. We then determined that the 
functional enhancers in the ruminant evolutionary breakpoint regions are highly enriched for DNA sequences under selective constraint acting on 
lineage-specific transposable elements and a set of 25 specific transcription factor motifs associated with recently active transposable elements. 
Using liver gene expression data from five species (cattle, pig, cat, human, and mouse) we found that genes near ruminant breakpoint regions are 
characterized by more-divergent expression profiles among species, particularly in cattle, which is consistent with the phylogenetic origin of 
these breakpoint regions. This divergence was significantly greater in genes with enhancers that had at least one of the 25 specific transcription 
factor motifs in their regulatory domains and located near bovidae-to-cattle lineage breakpoint regions. Therefore, by combining ancestral 
karyotype reconstructions with analysis of enhancer and gene expression evolution, we show that lineage-specific regulatory elements 
colocalized with gross chromosome rearrangements provided valuable functional modifications that helped promote ruminant evolution. 
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Differentially Expressed tRNA Fragments in Bovine Fetuses with Assisted-Reproduction Induced Congenital Overgrowth 
Syndrome 
Anna Goldkamp1, Rocio Melissa Rivera2, Darren Hagen1, Yahan Li2 and Qianbo Sun1, (1)Oklahoma State University, Stillwater, 
OK, (2)University of Missouri, Columbia, MO 



Assisted reproductive technologies (ART) are defined as a treatment that increases that chances of conception. Utilizing ART can cause an 
increased risk of congenital overgrowth syndromes, including Beckwith-Wiedemann Syndrome (BWS) in humans and the phenotypically similar 
Large Offspring Syndrome (LOS) in cattle. A dysregulation of transcripts has been observed in bovine fetuses with LOS, which is suggested to 
be a cause of the phenotype. Despite originally being thought of as degradation products, fragments derived from tRNAs have recently been 
shown to play a functional role in post-transcriptional gene regulation. Transfer RNAs can be processed to create tRNA-derived fragments 
(tRFs), a class of small non-coding RNAs. Both precursor and mature tRNAs give rise to unique subtypes of tRFs, which are characterized by 
their origin on tRNAs. These tRFs are typically between 16 and 27 nucleotides long, while tRNA halves are 28 to 36 nucleotides long. Due to 
their resemblance in size to microRNAs, studies suggest that tRFs are incorporated into an RNA-induced silencing complex (RISC) in order to 
bind to target mRNAs and participate in gene silencing. 5’-halves and 3’-halves are created through cleavage in or near the anticodon loop. The 
accumulation of tRNA halves is associated with a cellular response to stress due to cleavage by stress-activated ribonuclease Angiogenin. Here 
we identify differentially expressed tRNA-derived fragments associated with large offspring syndrome in cattle. Through analysis of tRF 
expression profiles and their abundance in different tissues, these fragments could be used as biological markers or causative agents of gene 
regulation. We have sequenced small RNA isolated from tongue, skeletal muscle, kidney, and liver from bovine fetuses and will analyze the 
differentially expressed tRFs in order to gain a better understanding of LOS. We plan to apply the methods from the pipeline used for this project 
on SRA datasets in order to develop a tRF expression atlas. 
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Association between Runs of Homozygosity and Capacity to Breed Uniform Progenies in Beef Cattle Bulls 
Bruna Santana1, Breno Fragomeni2, Gerardo C. Mamani1, Elisangela C.M. Oliveira1, Joanir P. Eler1 and José Bento S. Ferraz1, 
(1)Univ. of Sao Paulo/FZEA/NAP-GMABT, Pirassununga, Brazil, (2)University of Connecticut, Storrs, CT 
In animal breeding, inbreeding and homozygosity can result in reduced variability of progeny. This study evaluated a potential relationship 
between inbreeding patterns and progeny uniformity of bulls in a bovine (Bos indicus) population. To assess this association, bulls were split into 
low and high variability (LV and HV, respectively) according to the distribution of the estimated breeding values (EBV) of their progeny. The 
trait under study was precocity. Pedigree (N = 595,232), phenotypes (N = 187,163), and genomic data were used to estimate EBVs, inbreeding 
coefficients (F) and identify runs of homozygosity (ROH). Afterwards, bulls were divided in two groups, estabilished according with the 
variability of the EBVs of their progeny. The mean of the genomic inbreeding coefficients, as well as the number of ROH, were higher in the LV 
groups, indicating a trend. Pearson correlations between the number of ROH and standard deviation of the EBVs of their progeny in LV group 
was -0.27, -0.37, -0.33, -0.35, -0.26 with minimum ROH length 1, 2 , 4, 8, 16 Mb, respectively, in HV group it was 0.07, 0.04, 0.11, 0.13, 0.05 
with minimum ROH length 1, 2, 4, 8, 16 Mb, respectively. It was also observed that animals with F (based in ROH) above 12,5 % did not fit in 
either group. The results of this study support the idea that the homozygosity by itself does not influence the capacity for breeding uniform 
progeny. However, there is an association between ROH position and length with progeny uniformity. 
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Sperm Functional Genome associated with Bull Fertility 
Abdullah Kaya1, Naseer Kutchy2, Erika Menezes3, Ana Velho Velho3, Thu Dinh3, Arlindo Moura4 and Erdogan Memili3, 
(1)Selcuk University, Konya, Turkey, (2)Yale University, New Haven, CT, (3)Mississippi State University, Starkville, MS, 
(4)Federal University of Ceara, Fortaleza, Brazil 
Bull fertility is the most important factor for efficient, profitable and sustainable reproduction and production of cattle. Despite producing ample 
amounts of sperm with normal mobility and morphology, some bulls suffer from subpar fertility. The objective of this study was to test the 
hypothesis that sperm transcriptome, proteome, metabolome and chromatin dynamics are associated with bull fertility using transcriptomics, 
proteomics, metabolomics and epigenomics. Results of transcriptomics revealed that levels of microRNA hsa-asg-14189 (3.6 times), hsa-asg-
8197 (4.5 times), hsa-asg-6125 (3.6 times), hsa-asg-6727 (3.9 times), and, hsa-asg-11796 (3.5 times) were more abundant in sperm from low 
fertility bulls than those of high fertility bulls (p < 0.0001). In the proteomics front, total of 125 proteins were differentially expressed between 
the high and low fertility bulls, however, 1518 proteins were common to both groups and about 2000 were unique to each group of bulls. Results 
of metabolomics uncovered a total of 22 distinct metabolites in spermatozoa from bulls with high or low fertility phenotypes. Metabolites that 
were differentiated by high and low fertility included gamma-aminobutyric acid, carbamate, benzoic acid, and lactic acid. Metabolic pathways 
associated with differential metabolites included alanine, aspartate and glutamate metabolism, β-alanine metabolism, glycolysis or 
gluconeogenesis, and pyruvate metabolism. Results related to chromatin showed that sperm retain the testis specific histone variants (TH2B, 
H3K27me3 and H3K27ac). The intensities of TH2B were significantly lower in sperm from high fertility bulls as compared to those from low 
fertility sires (p = 0.0055). The signal intensities of H3K27me3 (16.25 ± 1.69) were significantly different than those of H3K27ac (4.74 ± 0.88) 
in bull sperm. The results are significant because they help advance the fundamental science of bull sperm transcripts, proteins, metabolites and 
chromatin dynamics. The potential biomolecular markers can be used to evaluate semen quality and predict male fertility both for bulls and other 
closely related mammals. 
 
PO0339: Cattle 
Embryonic Stem Cell-Based Selection for Dairy Cattle Breeding Programs 
Medhat Mahmoud1, Daniel E Goszczynski1, Pablo J. Ross1 and Hao Cheng2, (1)Department of Animal Science, University of 
California, Davis, CA, (2)Department of Animal Science, University of California, Davis, Davis, CA 
In dairy cattle, sires can be selected based on genetic merit predicted from their daughter yield deviations at 5-7 years of age, or for dams 
predicted from their own yield deviation at 3 or more years of age, or based on predictions using their genomic information any time after 
conception. However, in conventional or genomic evaluation schemes, the generation interval cannot be less than two years, since the cow 
reaches maturity at approximately 15-18 months old and needs nine more months for gestation. The recent derivation in cattle of stable 
embryonic stem cells (ESCs) introduced the possibility of In Vitro Breeding (IVB). In IVB schemes, sperm and eggs would be produced by in 
vitro differentiation of genomically selected ESC lines, which would be used to produce a new generation of embryos by in vitro fertilization. 
One cycle of IVB, encompassing genomic selection and meiosis could take as little as 3-4 months, significantly shortening the generation 



interval. Furthermore, gametes derived from ESCs could be used to produce large numbers of embryos. Embryo transfer of IVB derived embryos 
could allow complete control of the genetic structure of the next generation, replacing the usual distribution of semen. An IVB strategy that 
utilizes these advantages was compared with a genomic breeding strategy (GB) under a typical USA-like dairy cattle situation. In IVB, the cost 
of proving bulls is no longer relevant and genetic gain can be accelerated by a factor of 7 due to the significant shortening of the generation 
interval. Once all the technologies required for IVB become commercially available, this approach is likely to become a powerful tool for genetic 
improvement.  
Key words: embryonic stem cells, in-vitro fertilization breeding program, economics, deterministic approach 
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Utilizing Variance of Gametic Diversity in Dairy Cattle Improvement 
Daniel J. A. Santos1, John B. Cole2, Paul M. VanRaden2, Tom T. Lawlor3 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)Holstein Association USA, Brattleboro, VT 
Variation in the additive genetic value of gametes coming from individual animals is a parameter that can be estimated and utilized in a dairy 
cattle breeding program. The variance of gametic diversity (σ2

gamete) can be calculated as a function of the probabilities of transmission of all 
marker effects for an individual animal. Our data consisted of 1,364,278 Holstein and 164,278 Jersey cattle. All individuals were imputed to a 
common panel of 60,671 SNPs. Five dairy traits were analyzed: milk (MY), fat (FY), and protein yields (PY) and fat (F%) and protein 
percentages (P%). SNP marker effects were estimated using a GBLUP model. We used different recombination rates between the markers for the 
different sexes and cattle breeds. However, the different recombination rate between males and females resulted in little differences between the 
two sexes for σ2

gamete. The estimated σ2
gamete for the individual chromosomes varied in average, standard deviation, and amplitude and BTA14 had 

the largest effect for all traits. Distribution of σ2
gamete varied by trait, with PY being more normally distributed, and F%, showing a skewed 

distribution. The correlation between the variance of the GEBVs of an animal’s progeny with our estimate of σ2
gamete for that animal was used as 

our measure of predictability. As expected, predictability increased as the number of offspring increased, with medium to high predictabiltiy 
(0.27-0.97) when the bulls had more than 100, indicating that σ2

gamete could be reliably estimated and used in today’s dairy breeding programs. 
Correlation of σ2

gamete with inbreeding coefficients were negative or close to zero across the traits, the highest correlation observed for PY and the 
lowest for F%. The correlations of σ2

gamete amongst the traits were all positive, ranging from 0.31 to 0.92. Selecting dairy cattle with EBV plus 
higher σ2

gamete can help maintain greater genetic diversity and lead to higher genetic gain over the long term. 
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Impact of Haplotype Breed of Origin on Crossbred Heifer Pregnancy and Rebreeding 
Bailey N. Engle, Andy D. Herring and Clare A. Gill, Texas A&M University, College Station, TX 
Heifer fertility is of critical concern to beef cattle producers, as reproductive performance is a key driver of herd profitability. Heifer fertility is 
the critical first stage of a cow’s productive life and is often reflective of her future long-term potential in the herd. However, Bos indicus-
influenced females tend to be later maturing and older at the onset of puberty than straightbred Bos taurus breeds, reducing heifer productivity in 
herds with these genotypes. The aim of this analysis was to identify the underlying genetic architecture influencing heifer pregnancy and 
rebreeding in Bos indicus-influenced cattle. A herd of Bos indicus-Bos taurus (Nellore and Angus) F2 cows (n = 179) was assessed for this 
analysis. Haplotype analysis of a previously identified 1 Mb region on BTA 5 revealed a significant relationship between haplotype breed-of-
origin and heifer fertility (P < 0.05). Individuals with two Nellore haplotypes significantly underperformed in heifer pregnancy and rebreeding 
rates (0.466 ± 0.09) in comparison to individuals with a Nellore and an Angus haplotype (0.886 ± 0.05), and those with two Angus haplotypes 
(0.809 ± 0.07). This appears to be a Bos indicus effect on puberty and that the effect is conserved across inter se populations of Bos indicus-Bos 
taurus cattle. 
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A Comparison of Genomic Locations of Histone Modifications in Dairy Cows 
Claire P. Prowse-Wilkins1,2, Michael E. Goddard1,2 and Amanda J. Chamberlain1, (1)Agriculture Victoria, Bundoora, Australia, 
(2)The University of Melbourne, Parkville, Australia 
Functional regions, such as enhancers and promoters are poorly annotated in the bovine genome. Histone modifications which mark these sites 
are also largely uncharacterised in bovine and there are no studies describing histone modifications in bovine mammary gland. While work in 
other species has shown that there are differences in the position of histone modifications in individuals and tissues, it is unknown if this is the 
case in bovine. This work identifies the location of histone modifications in the bovine genome and describes how these sites vary between 
animals and tissues.  
The genomic location of histone modifications H3K4Me3, H3K4Me1, H3K27ac and H3K27Me3 were assayed in mammary and liver from 3 
lactating Holstein cows using chromatin immunoprecipitation followed by sequencing (ChIP-seq). These modifications were chosen as they 
identify active and poised enhancers and promoters.  
100 million mapped reads resulted in approximately 600,000 histone modification locations for each sample. Most of these modifications 
(>80%) were found more than 1kb from any known transcription start sites. There were some differences in size and location of the 
modifications between animals and tissues.  
This data can be used to annotate functional elements in the bovine genome. How much difference there is between animals and tissues will 
determine the scope of efforts to capture all functional regions in the bovine genome. Future work with more animals will identify differences at 
these regions and genetic variation within these regions which may be affecting traits of interest to the dairy industry. 
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Assigning Breed Origin to Alleles in Bos taurus × Bos indicus Crossbred Cattle 



Marco Antonio Machado1, Pamela Itajara Otto2, Jeremie Vandenplas3, Mario P.L. Calus4, Diego Ortunio Rosa Gobo2, Simone 
E.F. Guimarães5, Marcos Vinicius B. da Silva6, João C. C. Panetto7 and Marta F. M. Guimarães8, (1)Embrapa Dairy Cattle, Juiz de 
Fora, Brazil, (2)Federal University of Vicosa, Vicosa - MG, Brazil, (3)Wageningen University & Research, Wageningen, 
Netherlands, (4)Animal Breeding and Genomics Centre, Wageningen UR Livestock Research, Wageningen, Netherlands, 
(5)Universidade Federal de Viçosa, Viçosa, Brazil, (6)Embrapa Gado de Leite, Juiz de Fora, Brazil, (7)EMBRAPA Dairy Cattle - 
M, Juiz de Fora, Brazil, (8)EMBRAPA Dairy Cattle – MG, Juiz de Fora, Brazil 
Breed origin of SNP alleles (BOA) can be assigned in crossbred animals using the so-called BOA approach. Applications of the BOA approach 
so far have been limited to 2- or 3-way crosses in pigs and poultry. This study aimed to investigate the performance of the BOA approach in a 
Gir × Holstein F2 cattle population. A 3-generation experimental F2 population was produced by crossing four Holstein bulls with 23 Gir cows 
to generate an F1 (1/2 Gir : 1/2 Holstein) population. Of this population, 65 F1 animals were mated to obtain 384 F2 animals. All animals were 
genotyped with the Illumina BovineSNP50 v.2 BeadChip, and after edits 40,283 SNPs and 476 samples remained for the analyses. The BOA 
approach consisted of three steps: (1) phasing genotypes of purebred and crossbred animals, (2) assigning breed origin to phased haplotypes, and 
(3) assigning breed origin to each allele observed in F2 animals based on the determined haplotypes. On average, 92% of the alleles of F2 
animals were assigned a breed-of-origin. Of these alleles, 50% was assigned to Holstein and 50% to Gir breed. Results from the BOA approach 
can be used in models that take breed-specific SNP effects into account, to improve genomic prediction, or genome wide association studies 
(GWAS). These results suggest that the breed origin of alleles for a Gir × Holstein F2 cattle population was accurately assigned, allowing its use 
in genomic prediction and GWAS in Girolando cattle, a breed originated by the Bos taurus x Bos indicus cross.  
Acknowledgements: Financial support by Embrapa, CNPq, CAPES, Fapemig and MCTI/CNPq/INCT - Ciência Animal 
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Computational Detection and Experimental Validation of Segmental Duplications and Associated Copy Number Variations 
in Water Buffalo (Bubalus bubalis) 
Shuli Liu1, Xiaolong Kang1, Claudia R. Catacchio2, Mei Liu1, Lingzhao Fang1, Steven G. Schroeder1, Wenli Li3, Benjamin D. 
Rosen1, Daniela Lamartino4, Leopoldo Iannuzzi5, Tad S. Sonstegard6, Curtis P. VanTassell1, Mario Ventura2, Lloyd Low7, John 
Williams7, Derek M. Bickhart8 and George E. Liu1, (1)Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, 
MD, (2)Department of Biology, University of Bari, Bari, Italy, (3)U.S. Dairy Forage Research Center, Agricultural Research 
Service, USDA, Madison, WI, (4)Parco Tecnologico Padano, Via Einstein, Lodi 26900, Italy, Lodi, Italy, (5)Nationa Research 
Council (CNR), ISPAAM, Laboratory of Animal Cytogenetics and Gene Mapping, Naples, Italy, (6)Acceligen Inc. Animal Ag. 
Subsidary of Recombinetics, St. Paul, MN, (7)Davies Research Centre, School of Animal and Veterinary Sciences, University of 
Adelaide, Roseworthy, Australia, (8)Dairy Forage Research Center, USDA-ARS, Madison, WI 
Duplicated sequences are an important source of gene evolution and structural variation within mammalian genomes. Using a read depth 
approach based on next-generation sequencing, we performed a genome-wide analysis of segmental duplications (SDs) and associated copy 
number variations (CNVs) in the water buffalo (Bubalus bubalis).  
By aligning short reads of Olimpia (the reference water buffalo) to the UMD3.1 cattle genome, we identified 1,038 segmental duplications 
comprising 44.6 Mb (equivalent to ~1.73% of the cattle genome) of the autosomal and X chromosomal sequence in the buffalo genome. We 
experimentally validated 70.3% (71/101) of these duplications using fluorescent in situ hybridization. We also detected a total of 1344 CNV 
regions across 14 additional water buffalo individuals, amounting to 59.8 Mb of variable sequence or the equivalent of 2.2% of the cattle 
genome. The CNV regions overlap with 1245 genes and are significantly enriched for specific biological functions including immune response, 
oxygen transport, sensory system and signal transduction. Additionally, we performed array Comparative Genomic Hybridization (aCGH) 
experiments using the 14 water buffaloes as test samples and Olimpia as the reference. Using a linear regression model, a high Pearson 
correlation (r = 0.781) was observed between the digital aCGH values and the log2 ratios of aCGH probe. We further designed Quantitative PCR 
assays to confirm CNV regions within or near annotated genes and found 74.2% agreement with our CNV predictions.  
Our study provides a highly valuable resource of variable genome for future evolutionary and phenotypic studies in water buffalo. These results 
confirm sub-chromosome-scale structural rearrangements present in the cattle and water buffalo that may be useful in future selective breeding of 
both species. 
 
PO0345: Cattle 
Transition Milk Proteins Influence Calf Rumen Microbiome Composition 
Alexandra Irma Nin-Velez, Virginia Polytechnic Institute and State University, Blacksburg, VA 
Components within transition milk provide continual inoculation of microbial species, which is critical for gut development in calves. The gut 
microbiome stimulates development of epithelial tissue, mucosal layer, and immune cell differentiation. Limited research suggests mature milk 
components and microbial phyla are influenced by mode of birth (i.e., vaginal delivery versus cesarean). Little is known about relationships 
between milk composition and the calf rumen microbiome nor is it known how the maternal environment influences transition milk composition. 
We hypothesized that mode of birth would impact transition milk composition, and transition milk composition would influence microbial taxa 
in the rumen. The objectives of this research were: 1) determine the relationship between mode of birth and transition milk composition and 2) 
identify milk components that impact microbial species abundance. Transition milk was collected from Charolaise (n = 35) and Angus (n = 34) 
dams 24 hours post-partum. Extracted DNA was collected from calf rumen fluid and used for metagenomic sequencing. A PROC REG CORR 
and PROC CORR was conducted in SAS to determine associations between transition milk composition and microbial phyla. Regression 
analyses demonstrated that cows with vaginal deliveries had a decrease in true protein, solids non-fat (SNF) , and in urea concentrations 
compared to cesarean deliveries. Additionally, we found that there was a moderate correlation between Tenericutes with true protein (P= 0.008), 
SNF(P= 0.007) and urea (P= 0.015). Based on these results, we suggest that mode of birth influences protein concentrations in transition milk, 
which subsequently influences calf rumen microbiome composition. 
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DNA Methylation in the 5'AMPK Gene Family of Cattle and Bison 
Suraj Bhattarai1, Fernando Betancourt2, Thomm Buttolph2, Bonnie Cantrell2, Sydney Friedman2, Sarah Perlee2, Hannah 
Lachance2, Jose Fernando Garcia3, Brenda M. Murdoch4, Gordon Murdoch5, Jae Woo Kim6, Robert D. Schnabel7, Jeremy F. 
Taylor8, Sheryl White2 and Stephanie McKay2, (1)University of Vermont, Colchester, VT, (2)University of Vermont, Burlington, 
VT, (3)Faculdade de Ciências Agrárias e Veterinárias, UNESP - Univ. Estadual Paulista, Sao Paulo, Brazil, (4)Department of 
Animal and Veterinary Science, University of Idaho, Moscow, ID, (5)University of Idaho, Moscow, ID, (6)University of Missouri, 
Columbia, MO, (7)Division of Animal Sciences, Informatics Institute, Columbia, MO, (8)Division of Animal Sciences, University 
of Missouri, Columbia, MO 
The 5'AMP-activated protein kinase (AMPK) gene family comprises an evolutionary conserved serine/threonine heterotrimeric protein kinase. 
The primary function of this kinase is regulation of cellular energy and metabolism. The regulation of these genes has been linked to the 
epigenetic regulation of which methylation of CpG sites has been extensively studied. The location of 5-methylcytosine relative to genic regions 
can either facilitate or prevent transcriptional machinery from binding to its target site. Earlier we have shown that methylation sites are 
conserved in Angus and Charolais breeds of cattle in AMPK genes using Combined Bisulfite Restriction Analysis (COBRA). Here, we 
investigated the methylation levels and patterns of bovine AMPK genes; PRKAA1 and PRKAB1 at 34 different CpG methylation sites by 
pyrosequencing across three different breeds of cattle and Bison. We observed conservation of DNA methylation levels and patterns in bovine 
AMPK genes; PRKAA1 and PRKAB1 in multiple breeds of cattle as well as Bison. We also observed consistently higher level of methylation in 
these regions. Further, bioinformatics analysis showed that targeted region of PRKAA1 gene contained a putative internal promoter while 
PRKAB1 gene represented αγ subunit binding sequence. Altogether, our study unravels a situation in which both genetics and epigenetics come 
together to preserve function of a protein, vital to life processes. 
 
PO0347: Cattle 
SNP Discovery and Associations with Beta-Carotene Content in Indian Dairy Cattle and Buffalo Breeds 
Josue Chinchilla Vargas1, Francesca Bertolini1,2, J.R. Khadse3, A. B. Juneja3, Prasad Deshpande3, P. M. Kakramjar3, A. K. 
Karlekar3, A.B. Pande3, Rohan L. Fernando1 and Max F. Rothschild1, (1)Department of Animal Science, Iowa State University, 
Ames, IA, (2)National Institute of Aquatic Resources, Kemitorvet, Denmark, (3)BAIF Development Research Foundation, Pune, 
India 
In developing countries such as India, intake levels of Vitamin A are too low due to malnutrition. Three genes, BCMO1 and BCO2 and SCARB1 
have been shown to be associated with the amount of beta carotene (BC) in milk which converts to Vitamin A in humans when milk is 
consumed. Reads from whole genome sequencing of these genes in non-indian Cattle (141 Bos taurus, 61 B. indicus) and 35 Buffalo (Bubalus 
bubalis) from several breeds were examined from data repositories. SNPs detected in the coding regions were used to build a custom Sequenom 
array that contained 44 cattle and buffalo 23 SNPs. A total of 2,291 Indian cows and 2,242 Indian buffaloes from 5 different breeds each were 
genotyped and BC in milk was measured. SNPs from a complete model with nominal P-value <0.3 for each individual breed and the combined 
breeds were included in regression analyses to determine the allelic substitution effects along with the preferred allele. Additionally, F-tests and 
contrasts for all SNPs within each gene and across genes were performed. The analyses were repeated using a Bayesian approach to compare and 
validate the previous results. Multiple significant SNPs were found using both methodologies with allele substitution effects (SE) ranging from -
6.21 (3.13) to 9.10 (5.43) mcg of beta carotene per 100ml of milk. Total gene effects exceeded the mean BC value for all breeds suggesting that 
response to selection for BC levels in milk could be substantial. Funding was kindly provided by Bill & Melinda Gates Foundation. 
 
PE0348: Cattle 
Genome-Wide Association and Genotype By Environment Interactions for Growth Traits in U.S. Gelbvieh Cattle 
Johanna Lynn Smith1, David L Oldeschulte1, Miranda Loraine Wilson1, Sara M Nilson2, Troy N. Rowan2, Robert D. Schnabel3, 
Jared E. Decker2 and Christopher M. Seabury1, (1)Texas A&M University, College Station, TX, (2)Division of Animal Sciences, 
University of Missouri, Columbia, MO, (3)Division of Animal Sciences, Informatics Institute, Columbia, MO 
Genome-wide association analyses (GWAA) for growth traits were conducted on 10,837 geographically diverse U.S. Gelbvieh cattle using a 
union set of 836,000 imputed single nucleotide polymorphisms (SNPs). Specific traits investigated included birth weight (BW), weaning weight 
(WW), and yearling weight (YW), which were jointly analyzed using GEMMA (via imputed dosage genotypes) and EMMAX (via hard-called 
genotypes). Genotype-by-environment (GxE) interactions were also similarly investigated (GEMMA; EMMAX). Marker-based heritability 
estimates produced using imputed dosage genotypes and hard-called genotypes were similar for BW (0.372, SE = 0.016; 0.365, SE = 0.057), 
WW (0.279, SE = 0.015; 0.287, SE = 0.006), and YW (0.401, SE = 0.018; 0.411, SE = 0.005), respectively. GWAA conducted using both 
approaches for all traits revealed the same positional candidate genes underlying pleiotropic QTL on BTA6 and BTA14. Estimates for the 
proportion of phenotypic variance explained (PVE) by the single lead SNP defining these QTL were larger and most similar for BW and YW 
(PVE = 0.008-0.012), and smaller for WW (PVE = 0.005-0.009). Moreover, the overwhelming majority of all QTL and positional candidate 
genes detected for BW, WW, and YW via EMMAX (P ≤ 1e-05; hard-called genotypes) were also detected using GEMMA (P ≤ 1e-05; imputed 
dosage genotypes). However, GEMMA analyses using the dosage genotypes collectively lead to the detection of more QTL that met a nominal 
significance level (P ≤ 1e-05), indicating that analyses using the hard-called genotypes are potentially less comprehensive. QTL detected via GxE 
GWAA were not consistent among traits, thereby suggesting unique geographic interactions.  
Keywords: GWAA, QTL, Growth traits, Gelbvieh Cattle 
 
PO0349: Cattle 
Whole Genome Genotyping and Sequencing Reveal History and Signatures of Adaptations in Genomes of Russian Native 
Cattle Breeds 
Andrey Yurchenko, 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, Russian Federation, Hans D. 



Daetwyler, La Trobe University, Bundoora, Australia, Nikolay S. Yudin, The Federal Research Center Institute of Cytology And 
Genetics The Siberian Branch of The Russian Academy of Sciences, Novosibirsk, Russian Federation, Christy J Vander Jagt, 
Agriculture Victoria, Bundoora, Australia, Robert D. Schnabel, Division of Animal Sciences, Informatics Institute, Columbia, MO, 
Jeremy F. Taylor, Division of Animal Sciences, University of Missouri, Columbia, MO and Denis Larkin, Royal Veterinary 
College, University of London, London, United Kingdom; Federal Research Center Institute of Cytology and Genetics, The 
Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russian Federation 
In Russia ~20 native cattle breeds are currently being recognized. We focused on revealing history of their formation and signatures of genomic 
selection. We genotyped 274 animals from 18 Russian breeds on the GGP HD150K and 50K Bovine SNP arrays and combined the data with 
additional 135 cattle breeds. The data were clustered to reveal relationship between the breeds. Signatures of selection were detected using the 
hapFLK software and the de-correlated composite of multiple signals framework combining the FST, H1, H12, Tajima’s D, nucleotide diversity 
statistics. Four major clusters involving Russian breeds were identified. Yakut cattle were the most divergent amongst all world taurine breeds in 
our dataset. The strongest signals of selection in Russian cattle were detected near the genes: LCORL/NCAPG, HMGA2, IMPAD1 (growth), KIT 
(coat colour), PLAG1 (reproduction). We further detected signatures of selection related to domestication (KITLG, EDN3, COPA), feed intake 
(XKR4, TMEM68), milk production (DGAT1, GHR, ABCG2, GLI2, LAP3, TRPV5, FKBP2), and reproduction (CSF2, BCL2, ANXA10, 
NPBWR1). Strong candidate genes for adaptation to cold climate and local environment were found under selection in the Yakut cattle: 
RETREG1, RPL7, TNKS, Kholmogory: AQP5, and multiple Russian breeds: ARRDC3, RAD50, SYK. To reveal specific nucleotide variants that 
could be related to economically important traits and adaptation to extreme environment, the two most genetically different breeds (Yakut, 
Kholmogory) were sequenced (40 animals total) and signatures of selection/adaptation were detected after combining the data with genetically 
closest Hanwoo cattle (for Yakut) and Holstein cattle for Kholmogory. Multiple regions under selection and candidate QTNs identified in the set 
of Russian native cattle breeds form a basis for future genomics-based selection and targeted breeding of Russian cattle. This study was 
supported by the grant from the Russian Science Foundation (project no. 16–14-00090) and the Russian Foundation for Basic Researches 
(agreement no. 18-016-00185) . 
 
PE0350: Cattle 
Genomic Diversity of Native Cattle Breeds in Indonesia 
Bambang Purwantara1, Olanrewaju B. Morenikeji2, Dedy Duryadi1, Zulfi Rosyada1, Rhesti Indriastuti1, Cinthyarindi Tiffani 
Lestari1, Faial Satrio1 and Erdogan Memili3, (1)Bogor Agricultural University, Bogor, Indonesia, (2)Rochester Institute of 
Technology, Rochester, NY, (3)Mississippi State University, Starkville, MS 
Indonesia has diverse native breeds of cattle, including Aceh cattle, Bali cattle, Madura cattle, Nellore cattle, Tharparkar cattle, Gelakan cattle, 
Pesisir cattle and Ongole cattle. Molecular and phenotypic natures of these cattle are not well studied. The objective of this study was to ascertain 
the genomic diversity in the native breeds to uncover signatures of selection using available genomic data. Comparative genomics tools were 
utilized to examine the genomic region of heat shock transcription factor 1 (HSF1) protein in Bali cattle and other breeds and species in order to 
understand the evolutionary differences in the genomes of Bali cattle and other closely related species. Eleven protein sequences of HSF1 were 
retrieved from the NCBI website for multiple sequence alignments and to find the conserve region of the protein across different breeds. 
Phylogenetic relationships were constructed among 11 mammals. The results showed that heat shock transcription factor 1 gene is much more 
conserved among ruminants than in non-ruminant which pointed to the evolutionary difference between the two groups. The conserved gene 
structure indicates that the molecular diversity of the HSF1 gene is achieved through variable use of exons in different species and high 
evolutionary divergence. Phylogenetic analysis identified a cluster of Bos mutus (Yak), Bos taurus (Holstein), Bos indicus and Bali cattle with 
the same origin but Bali cattle are found to be uniquely distantly related. Bali cattle exhibit significant genetic variations separating the breed 
from other cattle. The results are significant because native Indonesia Bali cattle being distantly separated from other breeds identified possible 
unique genetic resource which may be attributed to general tolerance and local adaptation to the environment. This could be an advantage against 
current trend of global climate change and could be harnessed for breeding and selection purpose. 
 
PO0351: Cattle 
A Neuroepigenomic Investigation of DNA Methylation in Cattle with Extreme Measures of Docility  
Bonnie Cantrell1, Shuli Liu2,3, Nathan Jebbett1, Robert C. Switzer III4, Eugene Delay1, Steven Zinn5, Sharon Aborn5, Jane O'Neil1, 
Julia Sjoquist1, Joseph Waksman1, Hannah Lachance1, Brenda M. Murdoch6, Rick Funston7, Robert Weaber8, George E. Liu3 and 
Stephanie McKay1, (1)University of Vermont, Burlington, VT, (2)College of Animal Science and Technology, China Agricultural 
University, Haidian Qu, Beijing, China, (3)Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD, 
(4)NeuroScience Associates, Inc., Knoxville, TN, (5)University of Connecticut, Storrs, CT, (6)Department of Animal and 
Veterinary Science, University of Idaho, Moscow, ID, (7)University of Nebraska, North Platte, NE, (8)Kansas State University, 
Manhattan, KS 
DNA methylation has been shown in rodents and humans to promote variation in behavioural phenotypes. It is unknown if DNA methylation in 
the bovine brain contributes to phenotypic variation in docility. Initially, variation in global DNA methylation levels between tissues within the 
bovine brain were examined. Next, we examined methylation in the bovine brain at a single nucleotide resolution. Eight brains from cattle with 
extreme measures of docility (4 docile and 4 aggressive) were dissected for five functionally distinct regions of the brain. DNA was extracted for 
Whole Genome Bisulfite Sequencing with Illumina HiSeq, paired-end 150bp. Fastq sequencing files were trimmed with Trim Galore using a 
phred score of 20. Trimmed reads were aligned to a bovine reference index using BSseeker2 and the bowtie2 aligner. BSseeker2 was further used 
to call for methylation levels. Coverage statistics were determined in CGmap Tools. Differentially methylated regions between docility 
phenotypes were identified with RADmeth. An average alignment coverage of 15.9X was obtained across all samples. Average DNA CG 
methylation ranged between 70.91% to 72.67% in all cattle, 70.17% to 72.98% in docile cattle, and 71.57% to 73.3% in aggressive cattle 
between brain tissue types. No significant differences were found in average DNA CG methylation between aggressive and docile cattle for any 
tissue type (P<0.05). Further analysis of differentially methylated regions will allow for an understanding of genomic regions of interest for 
future research in the environmental impact on bovine behavior. 



 
PE0352: Cattle 
RNA-Seq Transcriptomic Analysis of Salivary Glands from Cattle Experimentally Challenged with Mycobacterium avium 
subsp. paratuberculosis 
Sanjay Mallikarjunappa1, Mounir Adnane2, Paul Cormican2, Niel A Karrow3 and Kieran G. Meade2, (1)University of Guelph, 
Guelph, ON, Canada, (2)Teagasc Animal and Bioscience Research Department, Dunsany, Ireland, (3)Centre for Genetic 
Improvement of Livestock, Department of Animal Biosciences, University of Guelph, Guelph, ON, Canada 
Johne’s disease (JD), caused by Mycobacterium avium subsp. paratuberculosis (MAP), is implicated in severe economic losses to the dairy 
industry. Lack of adequate treatment and efficacious vaccine has made JD control difficult. Furthermore, currently available diagnostic tests lack 
sensitivity with significant false negative rates, particularly in early infection. As a result, there is a critical need to explore new diagnostic tools 
that enable JD diagnosis at earlier stages to limit disease spread and to complement implementation of effective JD control programs. The fecal-
oral route is the primary mode of transmission of MAP infection and yet our understanding of oral immunity in cattle is very limited. Therefore, 
the objective of this study was to perform salivary gland transcriptomic analysis in experimentally infected sero-converted MAP infected cattle 
that were orally challenged with MAP strain CIT003. Parotid and mandibular salivary glands were collected from control and MAP-infected 
cattle (n=5 in each group) 33 months’ post-challenge. RNA-Seq analysis of mandibular and parotid salivary glands identified several 
differentially expressed genes with immuno-regulatory and antimicrobial properties such as lactoferrin, lactoperoxidase, PIGR, complement 
components C2 and C3, TNFSF13, NLRP13, BoLA-DRA, BOLA-DRB3. MAP infection was associated with decreased expression of 
antimicrobial genes lactoferrin, lactoperoxidase, and mucosal immunity mediator PIGR in salivary glands of MAP-infected cattle whose 
secretion have been previously documented in bovine saliva. This study has implicated these genes in the immune response to MAP infection 
and highlight their potential use as salivary biomarkers of MAP infection subject to additional validation in cattle of known infection status. 
 
PO0353: Cattle 
Functional Roles of Paternally-Linked mRNAs in Embryo Development in Bovine 
Nicole Lee Gross, University of Wisconsin-Madison, Madison, WI, Francisco Peñagaricano, University of Florida, Gainesville, 
FL, Maria G. Strillacci, Università degli Studi di Milano - Dept. DiMeVet, Milano, Italy and Hasan Khatib, University of 
Wisconsin Madison, Madison, WI 
During embryonic genome activation (EGA), gametes donate mRNAs to the embryo for early development, and embryos are especially 
vulnerable to aberrations in these transcripts. Until recently, it was thought that all pre-EGA mRNA in the embryo was maternally-derived. 
Although maternal mRNA contribution at the oocyte-to-embryo transition has been well characterized, few studies have identified individual 
mRNAs contributed by the sperm. Functional significance of sperm-derived mRNAs is also lacking. However, differences in sperm mRNA 
expression have been correlated with sire fertility, suggesting a role in pre-EGA development. To evaluate roles of paternally-contributed RNAs, 
we performed whole transcriptome sequencing of 2-4 cell stage embryos derived from high and low fertility sires. We identified nine mRNAs 
and one miRNA as differentially expressed. Three mRNAs of interest, CTDP1, DBNL, and ATXN2L, were confirmed via qPCR with five 
biological replicates. We further evaluated the impact of these three mRNAs on blastocyst development using Gapmer knock down at the zygote 
stage. DBNL knock down yielded decreased development, and both CTDP1 and ATXN2L knock down yielded increased development. Overall, 
we demonstrate that differences in mRNA expression at the cleavage stage are linked to sire fertility, and these mRNAs hold an important role in 
embryonic development. 
 
PE0354: Cattle 
Expression of Galectin-8 Isoforms in Bovine Peripheral Blood Neutrophils 
Eboghoye O. Eluka-Okoludoh, Bharath Mulakala, Kingsley Ekwemalor and Mulumebet Worku, North Carolina Agricultural and 
Technical State University, Greensboro, NC 
Galectin-8 (Gal-8) is a member of the galectin family. Galectin-8 is a tandem-repeat galectin, secreted intra- and extracellularly, and associated 
with neutrophil migration. Gal-8 gene (LGALS8) encodes six isoforms with unique signature motifs, resulting from alternative splicing. 
Expression of Gal-8 isoforms has reportedly changed in response to bacterial stimuli. The objective of this study was to evaluate the secretion of 
Gal-8 and expression of galectins-8 isoforms in treated bovine neutrophils. Whole blood was collected from (N=10) healthy Holstein-Friesian 
cows from the North Carolina A&T State University Dairy Unit. Neutrophils were isolated by differential centrifugation of whole blood. 
Neutrophils were treated with rGal-8 (2µg), LPS (10µg), LPS+rGal-8 (10µg) or maintained in PBS at 37°C for 1 hour, 5% CO2. Gal-8 secretion 
was determined from treated supernatant, using cow Gal-8 specific ELISA, and analyzed with PROC ANOVA in SAS. Total RNA was 
extracted, reverse-transcribed to cDNA. Cow specific primers for Gal-8: LGALS8_1, LGALS8_2, LGALS8_3, LGALS8_4 were designed, using 
NCBI Primer-Blast and Primer3, for real-time qPCR. RPLO and 18SrRNA were used as internal controls. Livak’s method was used to calculate 
fold change (FC>2 considered significant). Gal-8 was secreted in treated supernatant; however, there was no significant difference between 
samples. Three isoforms of LGALS8 (LGALS8_1, LGALS8_2, LGALS8_3) were expressed in neutrophils, LGALS8_4 was not expressed. On 
average, rGal8 had ~25-fold increase, LPS had ~-1.8 decrease, and rGal8+LPS had ~2.7-fold increase. Our results suggest LPS differentially 
modulates secretion of Gal-8 based on isoforms. Thus, further studies are needed to better understand galectin-8 variants and function. 
 
PO0355: Cattle 
Modulation of Galectins Gene Expression in Cow Neutrophils Stimulated with PMA 
Bharath Kumar Mulakala, Eboghoye O. Eluka-Okoludoh, Kingsley Ekwemalor, Emmanuel K Asiamah, Hamid D Ismail 
Mukhtar and Mulumebet Worku, North Carolina Agricultural and Technical State University, Greensboro, NC 
Phorbol 12-myristate 13-acetate (PMA) an inflammation stimulant, activates nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
κB). Activated NF-κB plays a key role in regulating cellular immune responses in inflammatory conditions. Galectins (Gal) are β-galactosidase 
binding proteins that modulate inflammation, which is secreted intra and extra-cellularly. The objective of this study was to assess the expression 
of galectin genes in cow neutrophils stimulated with PMA. Holstein-Friesian cows (n=3) From North Carolina A&T diary unit were used for this 



study. Neutrophils were isolated from whole blood via differential centrifugation. Individual samples were treated with either 10ng/ml of PMA 
or Phosphate buffer saline for 30 minutes at 370 C. Total RNA was isolated from treated neutrophils, pooled and transcribed to cDNA, for real-
time qPCR. Cow specific primers LGALS -1, -2, -3, -4, -7, -8, -9, -12 were designed using the NCBI Primer 3 tool. Housekeeping genes RPLO 
and UHCL5 served as internal controls. Fold changes was calculated using the Livak method. LGALS -1, -2, -3, -4, -7, -8, -9, -12 were expressed 
in treatment and control groups. Transcription of LGALS -2, -4, -7, -8, -12 was higher in treatment group 4.10, 3.80, 5.29, 1.28, 2.99 folds 
respectively, compared to control group. Whereas, transcription of LGALS -3 decreased in treated, compared to the control group. Transcription 
of LGALS -1, -9 remained unchanged in treatment and control groups. The observed differences in treatment and control groups warrant further 
studies. Understanding the variation in galectins gene expression may contribute genetic insight to neutrophils stimulated with PMA. 
 
PE0356: Cattle 
Characterization of the Cattle Cerebrum and Testis Methylomes 
Guosong Wang1, Stephanie McKay2 and Clare A. Gill1, (1)Texas A&M University, College Station, TX, (2)University of 
Vermont, Burlington, VT 
As our insights into the genetic processes underlying complex traits expand, there is need to better understand the role of regulatory elements. 
Epigenetic markers, such as DNA methylation, play an important role in controlling several critical processes, like tissue development and gene 
expression. Studying the epigenome could be beneficial in understanding regulation of crucial biological and commercial traits. This study was 
conducted to analyze the methylation patterns of neonatal cattle cerebrum and testis, and identify differentially methylated regions between the 
two tissues. Whole-genome bisulfite sequencing was conducted by Novogene to extract the methylation information at single-nucleotide 
resolution for cerebra and testes collected from six neonatal calves. We obtained ~65 Gb data for each sample and extracted the level of 
methylation using a customized bioinformatics pipeline. Our results showed that cerebra and testes exhibit different methylation patterns, 
indicating tissue-specific differences in methylation. By running an analysis of differentially methylated regions, we identified ~34,000 regions 
over 500 bp in length. After functionally annotating these regions, we found associated genes enriched in gene ontology terms such as cytosol, 
cell junction, and ATP binding. Our research provides a thorough exploration of the cattle cerebrum and testis methylomes. 
 
PO0357: Cattle 
Genome-Wide Association Study of Milk and Reproduction Traits in Xinjiang Brown Cattle  
Jinghang Zhou1, Liyuan Liu1, Chunpeng(James) Chen2, Menghua Zhang3, Xin Lu4, Zhiwu Zhang2, Xixia Huang3 and Yuangang 
Shi4, (1)School of Agriculture, Ningxia University, Yinchuan, China, (2)Dept. of Crop and Soil Science, Washington State 
University, Pullman, WA, (3)Xinjiang Agricultural University, Urumchi, China, (4)Ningxia University, Yinchuan, China 
Cattle with dual purposes are more adaptive to challenging environments than dairy or beef cattle. Balance among milk, reproduction, and 
resistance to mastitis is critical for dual-purpose cattle to increase net income and maintaining well being. With dual purpose Xinjiang Brown 
cattle adapted to Xinjiang province in the northwest of China, we conducted genome-wide association studies (GWAS) for dissection of genetic 
architecture related to milk, reproduction, and resistance to mastitis. The phenotypes were collected for 2410 individuals from 1995 to 2017. 
Additional 2885 relative individuals were used to derive breeding values for all individuals, including the 2410 individuals with phenotypes. 
Among phenotyped individuals, 403 were selected for genotyping with Illumina 150K Bovine BeadChip. GWAS were conducted by using 
FarmCPU (Fixed and random model circulating probability unification) method. Twelve markers were identified under the threshold of 5% after 
Bonferroni multiple test correction. Four of them has overlapped with QTLs identified previously. SNPs associated with multiple correlated traits 
were also identified, including BovineHD160006691 associated with both ages at first service and age at first calving. The SNP is exactly on a 
QTL that was previously reported to be associated with calving ease. Within 160Kb upstream and downstream, we speculated candidate genes 
for each of the associated SNPs. Four candidate genes exactly bracket the associated SNPs, including DYRK2 for resistance to mastitis. These 
findings are not only beneficial to breeding through marker-assisted selection, but also valuable for cloning the genes underlying the related traits 
to enhance the overall performances of dual-purpose cattle.  
Keywords: Cattle, Dual-purpose, Milk, Reproduction, and GWAS 
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Genome-Wide Association Studies Identified Genetic Loci for Milk Production, Somatic Cell Score and Body Size Traits in 
Chinese Holstein Cattle 
Liyuan Liu1, Jinghang Zhou1, Chunpeng Chen2, Juan Zhang1, Wan Wen3, Huaifeng Shao3, Jia Tian3, Zhiwu Zhang2 and Yaling 
Gu1, (1)School of Agriculture, Ningxia University, Yinchuan, China, (2)Dept. of Crop and Soil Science, Washington State 
University, Pullman, WA, (3)Animal Husbandry of Extension Station, Yinchuan, China 
High milk yield is the direct economic goal of dairy production while appropriate body size and mastitis minimization are essential to achieve the 
main goal. It is extremely beneficial to understand the genetic architecture underlying these characteristics so that genetic loci can be targeted 
toward the overall improvement in breeding. In this study, we measured 14 traits related to milk production, body size and mastitis in a Holstein 
dairy cattle population in China. These traits include milk yield, protein, fat, heart girth and heap height at 6, 12, and 18 months, and Somatic cell 
score. Breeding values were estimated through pedigree relationship by using mixed linear model for both individuals with and without 
performances. Genotyping was carried out on the individuals with phenotypes by using Illumina 150 k Bovine BeadChip. The association 
analyses were conducted by an R package using Fixed and random model Circulating Probability Unification (FarmCPU) method. A total of 28 
SNPs were identified and 11 of them are located in previously reported QTLs regions. We speculated 13 candidate genes within a distance of 120 
kb upstream and downstream of the 11 associated SNPs using Ensemble and NCBI database. Eight SNPs are located within genes, including 
DCHS1, SCPEP1, DOCK2, NUDT1, OSBPL9, ATG10, CDH8, SDK1. Among the eight candidate genes, SCPEP1 and DOCK2 were reported to 
be related to intramuscular fat and adipocyte differentiation. The results will provide an important basis for the marker-assisted and genomic 
selection breeding in dairy cattle.  
Keywords: cattle; Holstein; GWAS; milk; somatic cell score and body size; 
 



PO0359: Cattle 
Genome-Wide Association Studies With Functional Rare Variants From Whole-Genome Sequencing Can Reveal Causative 
Mutations in Holstein Friesian 
R. Appeltant1, W. Coppieters1,2, T. Druet1, C. Harland1,3, W. Li4, A.-S. Gori1, H. Takeda1, Latifa Karim1,2, N. Cambisano1,2, N. 
Ahariz1,2, V. Hahaut1, B. Charloteaux2, Chris Schrooten5, Erik Mullaart5, Michel Georges1 and Carole Charlier1, (1)Unit of Animal 
Genomics, GIGA, University of Liège, Liège, Belgium, (2)Genomics Platform, GIGA, University of Liège, Liège, Belgium, 
(3)Livestock Improvement Cooperation, Hamilton, New Zealand, (4)Key Laboratory of Healthy Mariculture for the East China Sea, 
Ministry of Agriculture, Jimei University, Xiamen, China, (5)CRV BV, Arnhem, Netherlands 
Genome-wide association studies (GWAS) are performed to identify single nucleotide variants that are associated with certain traits. However, 
identifying causative mutations remains a huge challenge. In this study 743 Holstein Friesians dairy cattle were whole-genome sequenced which 
revealed more than 14 million variants of which 3.4% novel ones. 5012 variants were implemented on a customized EuroG10k SNP-chip with 
focus on breed-specific high-impact variants, in genes expressed in embryonic stages. Of those, 3163 variants (235 loss-of-function, 2422 
missense and 506 ERV insertions) were used in a GWAS including 60 phenotypes for 4289 sires with a reliable breeding value. GWAS was 
performed by a linear mixed model with a Bonferroni correction for multiple testing. The phenotypes were clustered based on correlation in ten 
groups: milk production, udder/leg, overall condition, exterior, calf survival, fertility, gestation, urea, udder health and temperament. In total 101 
new significant variants were found. Only three traits out of 60 did not show any top leading significant signal. One of the top leading variants, a 
missense mutation, is influencing up to 15 different traits in different clusters of phenotypes. In the udder health category a missense mutation 
indicated clear associations with five traits all related to (sub)clinical mastitis. These are only a few of some striking results. Therefore, we can 
state that the presented pipeline is very promising to detect causative mutations and can form the base to establish a genomic selection tool of 
functional rare variants. 
 
PE0360: Cattle 
Genetic Parameters for Dry Matter Intake in First-Lactation Dairy Cows  
Tatiane C. S. Chud1, Flavio S. Schenkel1, Dave J. Seymour2, Angela Cánovas1, Audrey A. A. A. Martin1, Luiz F. Brito1,3, Janusz 
Jamrozik4, Gerrit Kistemaker4 and Filippo Miglior1,4, (1)Centre for Genetic Improvement of Livestock, Department of Animal 
Biosciences, University of Guelph, Guelph, ON, Canada, (2)Centre for Nutrition Modelling, Department of Animal Biosciences, 
University of Guelph, Guelph, ON, Canada, (3)Department of Animal Sciences, Purdue University, West Lafayette, IN, 
(4)Canadian Dairy Network, Guelph, ON, Canada 
The improvement of feed efficiency (FE) via genetic selection in dairy cattle will benefit farmers and the dairy industry by reducing feed costs 
for a given level of production. The objective of this study was to estimate genetic parameters for dry matter intake (DMI) and for the ratio of the 
energy-corrected milk (ECM) to DMI (ECM/DMI) over the first 150 days of lactation of cows participating in the Efficient Dairy Genome 
Project (EDGP). Records of DMI from four countries in the EDGP database (Canada, United States, Denmark, and Switzerland) were used. A 
total of 12,814 averaged weekly DMI records from 1,499 cows in first-lactation were analyzed. Univariate analyses for DMI and the ratio 
ECM/DMI were performed using ASReml version 4.1. The model to estimate genetic parameters for DMI included fixed effects of stage of 
lactation, year-season of calving, and age at calving, body weight and ECM, as linear and quadratic covariates, and random herd-year-season of 
calving and animal additive genetic and permanent environmental effects. The same effects were considered for the ratio ECM/DMI, except for 
ECM, which was excluded. The heritability estimates obtained were 0.16 ± 0.02 for DMI and 0.10 ± 0.02 for ECM/DMI. These estimates were 
similar to those reported for other measures of feed efficiency, such as residual feed intake. The development of an index for FE and the 
inclusion of genomic information in the analysis will be investigated next in order to include FE in the Canadian genetic evaluation system using 
the available international EDGP data. 
 
PO0361: Cattle 
Identification of Canonical Pathways Associated with Fertility in Holstein Heifers  
Justine Galliou1, Jennifer Kiser2, Joao Moraes3, Thomas Spencer3, Greg Burns3, Joseph Dalton4 and Holly L. Neibergs2, 
(1)Washington State University, Pullman, WA, (2)Department of Animal Sciences, Washington State University, Pullman, WA, 
(3)Division of Animal Sciences, University of Missouri, Columbia, MO, (4)Department of Animal and Veterinary Sciences, 
University of Idaho, Caldwell, ID 
The average heifer conception rate (HCR) to first service in U.S. Holsteins is 57% and decreases in subsequent services. The objective of this 
study was to identify pathways associated with subfertility to better understand the reproductive mechanisms involved in HCR. Holstein heifers 
(n = 5074) received AI at observed estrus for a maximum of 5 estrous cycles. Pregnancy was determined 35 days post-insemination. Genotypes 
of 1,130 heifers that conceived at first service (HCR1) were compared to 898 heifers that were open after first service, which included 91 heifers 
that never conceived. The number of times bred required for conception (TBRD), compared heifers that conceived at the first (n = 1130), second 
(n = 189), third (n = 287) or ≥ four (n = 329) AI services. Genome wide association analyses (GWAA) were performed using EMMAX to 
identify loci associated (P < 5 × 10-8) with HCR1 and TBRD. For HCR1, associations were identified with 619 loci, 514 positional candidate 
genes (PCG) and 104 transcription factor binding sites (TFBS). For TBRD, associations were identified with 402 loci, 361 PCG and 62 TFBS; 
323 PCG and 55 TFBS were shared between HCR1 and TBRD. All PCG and TFBS were inputted into an Ingenuity Pathway Analysis. Eleven 
canonical pathways involved in the regulation of cellular signaling, immune and hormone response were associated with HCR (P < 1.33 × 10-4). 
The identification of pathways associated with HCR1 and TBRD provides valuable insight into the reproductive mechanisms involved in 
fertility. 
 
PE0362: Cattle 
Genetic Investigation into Digital Cushion Thickness in Holstein Cows 
Cassandra R Stambuk, Christian J Posbergh and Heather J Huson, Cornell University, Ithaca, NY 



The bovine digital cushion acts as a compression pad between the distal phalanx and sole, and has been associated with claw horn disruption 
lesions, a major cause of lameness in dairy cattle. The objective of this study was to explore the underlying genetics regulating digital cushion 
thickness (DCT). Digital cushion thickness was phenotypically assessed in a cohort of 502 Holsteins from 5 farms in Upstate New York. Digital 
cushion thickness and body condition score (BCS) were collected < 137 DPP and 86 – 127 DIM corresponding to periods where DCT is thickest 
and thinnest. Cows underwent digital sonographic examination for the measurement of DCT evaluated at the typical sole ulcer site for the right 
front and hind foot. Linear mixed models indicated relationships between DCT and sample time point, sacral height, parity, claw, farm, BCS 
group, and wither height. From the cohort, 452 DNA samples were genotyped on the Illumina BovineHD 777K beadchip. Quality assessment of 
markers and samples provided a final data set of 431 samples and 582,461 markers. Genome-wide association studies (GWAS) were performed 
for DCT testing the covariates of farm and parity in different inheritance models. Nine markers passed a Bonferroni corrected P-value of < 0.05 
for 9 additive models assessing average DCT of each claw, foot, time point, and all measurements combined, indicating a strong association 
between the markers and DCT. This demonstrates the potential for these genetic markers to be used in breeding programs to select for DCT to 
reduce lameness. 
 
PO0363: Cattle 
GWAS and Fine-Mapping of Livability and Six Health Traits in Holstein Cattle 
Ellen J. Freebern1, Daniel J. A. Santos1, John B. Cole2, Lingzhao Fang1, Jicai Jiang1 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 
Health traits are of significant economic importance to the dairy industry due to the costs associated with treating infectious diseases and 
decreased cow performance. Genome-wide association studies (GWAS) provide a means to analyze genomic regions underlying complex traits 
and to identify disease-associated SNPs. The objective was to investigate the genetic basis of seven health and related traits in dairy cattle, and to 
explore candidate genes with expression data across tissues. GWAS and fine-mapping analyses were performed on de-regressed predicted 
transmitting abilities (PTA) for livability and six health traits: hypocalcemia (CALC), displaced abomasum (DSAB), ketosis (KETO), mastitis 
(MAST), metritis (METR), and retained placenta (RETP). The genotype data consisted of 3,148,506 selected sequence variants of over 27K 
bulls, which were imputed by findhap software v.3. GWAS was performed on the sequence variants using the mixed-model based association 
test in MMAP software. A fine-mapping procedure using a Bayesian method was conducted by assigning a posterior probability of causality 
(PPC) to each variant and gene. The GWAS results detected significant associations for three traits: CALC, KETO, and livability. Fine-mapping 
identified 23 candidate genes with the highest PPC values associated with the traits. The candidate genes were further investigated for tissue-
specific expression, and three were found for DSAB, one for MAST, and three for livability. For example, a candidate gene for CALC, NDST4, 
is specifically expressed in the thyroid and uterine myometrium. These results provide insight to the biological relationship between genetics and 
disease susceptibility in dairy cattle. 
 
PE0364: Cattle 
Screening and Detection of Recessive Mutations in Uruguayan Holstein Breed 
María Teresa Federici, Unit of Biotechnology, National Institute of Agronomic Research(INIA).INIA Las Brujas, Rincón del 
Colorado, Canelones, Uruguay, Rody Artigas, Genetic Section, Veterinary Faculty, University of the Republic, Montevideo, 
Uruguay, Andrea Branda Sica, Unit of Biotechnology, National Institute of Agronomic Research(INIA).INIA Las Brujas, RINCON 
DEL COLORADO, Uruguay, Andrés Rogberg- Muñoz, Production Department, Agronomy Faculty, Buenos Aires University, 
Buenos Aires, Argentina, Guillermo Giovambattista, IGEVET (Veterinary Genetic Institute, CONICET - National University of La 
Plata, La Plata, Argentina, Silvia Llambí, Genetics Section, Veterinary Faculty, University of the Republic (UDELAR), 
Montevideo, Uruguay and Rody Artigas (Facultad de Veterinaria, UDELAR, Uruguay), Andrea Branda (INIA, Uruguay), Andrés 
Rogberg (IGEVET, Argentina), Guillermo Giovambattista (IGEVET, Argentina), Silvia Llambí (Facultad de Veterinaria, 
UDELAR, Uruguay) 
The objective of this study was to screen the recessive alleles for the Complex Vertebral Malformation (CVM) and Syndactyly (SYN) in the 
Uruguayan Holstein breed by means of the reported genomic information of the bulls used in Uruguayan genetic breeding programs and a 
recently developed 50K customized microarray (ArBos1), which was used to screen a reference cow population. ArBos1 uses Axiom technology 
(Affymetrix) and includes SNP and INDEL for the diagnostic tests from 37 of the most common genetic disorders found in cattle breeds. We 
screened for these genetic tests in bulls previously used as fathers and have at least one daughter included in the Uruguayan dairy Breeding and 
Control Programs. For that purpose, we used at least three international databases (www.holsteinusa.com, www.sires.com and 
www.bullsearch.abs.global.com). We found that genetic tests for CVM and SYN were only available for 12% (312/2,606) and 0.2% (5/2,606) of 
bulls with progeny Uruguayan registry. From those, 18% (55/312) were found to be CVM heterozygous carriers and 20% (1/5) were found SYN 
heterozygous carriers. Using ArBos1, we detected both CVM and SYN carrier cows in the above-mentioned reference population. The high 
percentage of heterozygous carriers found in the bulls registered in genetic dairy catalogs, as well as the preliminary results of the cow 
population, show that both genetic disorders need to be monitored in dairy farms, in order to prevent the spread of the recessive alleles. 
Additionally, ArBos1 has proved to be a valuable and precise tool in the screening of genetic disorders. 
 
PO0365: Cattle 
Evaluation of EPAS1 Variants for Association with Bovine Congestive Heart Failure 
Michael P. Heaton1, Adam S. Bassett2, Kathy J. Whitman2, Greta M. Krafsur3, Sang In Lee2, Jaden M. Carlson2, Halden J. Clark4, 
Helen R. Smith2, Madeline C. Pelster2, Veronica Basnayake5, Dale M. Grotelueschen2 and Brian L. Vander Ley2, (1)USDA, ARS, 
U.S. Meat Animal Research Center (USMARC), Clay Center, NE, (2)University of Nebraska, Lincoln, Clay Center, NE, 
(3)University of Colorado Denver, Aurora, CO, (4)Sutton Veterinary Clinic, Sutton, NE, (5)GeneSeek, Inc., Lincoln, NE 
Outbreaks of bovine congestive heart failure (BCHF) have become increasingly prevalent in fattened cattle at moderate altitudes (1200 m) in the 
Western Great Plains of the United States and Canada. BCHF is an untreatable, fatal, complex condition involving pulmonary hypertension (PH) 



that culminates in right ventricular failure. A linked T606/S610 amino acid variant encoded by the endothelial PAS domain-containing protein 1 
gene (EPAS1) was previously associated with PH at altitudes exceeding 2000 m and provides a potential target for selective breeding. Our aim 
was to evaluate EPAS1 haplotypes encoding amino acid variants for association with BCHF in cattle raised at moderate altitudes. Samples from 
102 clinical BCHF cases, and their clinically normal penmate controls, were collected at four feedlots. Each case-control pair was matched for 
source, breed type, sex, arrival date, and management conditions. Genotypes from 36 possible EPAS1 haplotype combinations were evaluated for 
their association with BCHF. The frequency of the ancestral haplotype (A606/G610) was equivalent in the case and control groups (0.67), while 
the frequencies of the T606/S610 variant were 0.21 and 0.25, respectively. McNemar’s test analysis of 45 discordant pairs having at least one 
copy of the T606/S610 variant showed it was not associated with BCHF (OR = 0.73, p-value = 0.37, CI95 0.38 -1.4). Frequencies of three other 
EPAS1 haplotypes encoding amino acid variants (Q270, L362, and G671) were each less than 0.05 overall. Thus, protein variants encoded by 
EPAS1 do not appear to be associated with BCHF in fattened cattle at moderate altitudes. 
 
PE0366: Cattle 
Identification of Trait-Associated Genes Related to Meat Quality using an RNA-Seq Analysis Approach 
Joel David Leal, Mauricio Elzo and Raluca Mateescu, Department of Animal Sciences, University of Florida, Gainesville, FL 
A total number of 120 steers born in 2013 and 2014 were analyzed. The animals belonged to the multibreed Angus-Brahman herd from the 
University of Florida. Steers were harvested when their subcutaneous fat thickness over the ribeye reached 1.27 cm. The Longissimus muscle 
was sampled and used for RNA extraction. After 48 hours postmortem, marbling was recorded in the ribeye muscle at the cut surface at the 
12th/13th rib interface, and two 2.54 cm steaks were sampled from each animal, aged for 14 days and cooked. The first steak was used to 
measure Warner Bratzler shear force and cooking loss, and the second steak was used to measure tenderness, juiciness and connective tissue by 
sensory panel. A principal component analysis for all recorded phenotypes was performed. The first three principal components were used to 
construct a meat quality index. Eighty animals were selected based on extreme meat quality index for mRNA sequencing and 100 bp paired-end 
reads were mapped against to the Btau_4.6.1 reference genome. Gene paired-end read counts for all annotated genes were determine and a robust 
regression analysis was used for identifying trait-associated genes including the constructed meat quality index as phenotype. The association of 
gene counts was perform by gene accounting for population structure and year of birth. A total number of 148 genes were associated with the 
meat quality index (p-value<0.05). In the top twenty, multiple cytoskeletal and transmembrane proteins such as TMEM120B, TMEM186 and 
SYNJ2 were identified. Some transcription factors such as WDR77 were uncovered. 
 
PO0367: Cattle 
Genomic Prediction of Methane Emission from Beef Cattle 
Ghader M. Manafiazar1, John Basarab2, Chinyere Ekine-Dzivenu3, Everestus C Akanno3, Mohammed K. Abo-Ismail4, Graham S 
Plastow3 and Carolyn Fitzsimmons5, (1)Livestock Gentec, University of Alberta, Edmonton, AB, Canada, (2)Alberta Agriculture 
and Forestry, Lacombe Research and Development Centre, Lacombe, AB, Canada, (3)University of Alberta, Edmonton, AB, 
Canada, (4)Livestock Gentec, Department of Agricultural, Food and Nutritional Science, university of Alberta, Edmonton, AB, 
Canada, (5)Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB, Canada 
There is a worldwide effort to reduce greenhouse gas (GHG) emissions, including enteric methane from beef cattle, as the public and political 
debate around climate change escalates. Although there are many different approaches such as the best management practices and nutritional 
interventions to mitigate enteric methane emissions, genetic/genomic selection is a permanent and cumulative way to reduce methane production 
in beef cattle. As methane emission traits are expensive and difficult to measure, they are suitable candidates for improvement by genomic 
selection. The aim of this study was to evaluate the accuracy of genomic breeding values (GBV) predicted for methane emission (g/day) in beef 
cattle. A total of 527 yearling beef heifers were individually monitored for methane emissions on-farm from 2015-2017 using the GreenFeed 
Emissions Monitoring system (C-Lock Inc., Rapid City, SD, USA). Heifers were genotyped with Illumina BovineSNP50 Bead Chip (50K) and 
used as a training population. The validation populations that included steers born in 2015 (n = 64) and 2017 (n = 152), and calves born in 2018 
(n = 120) were used to determine the accuracy of GBV predictions. Analyses were completed using the GVCBLUP software, which generates 
genomic heritability of the trait, GBVs and their accuracy. The results showed that genomic heritability for methane emission was moderate 
(0.29±0.07). Average accuracy of GBVs for validation population was 0.33±0.03, and it did not change for animals born in different years. The 
results support the use of genomic technology to generate EBVs for beef cattle to be considered in selection for reduced methane emission. 
 
PE0368: Cattle 
Genome-Wide Association Studies for Female Fertility and Lifetime Productivity in Beef Cattle 
Mohammed K. Abo-Ismail, Livestock Gentec, Department of Agricultural, Food and Nutritional Science, university of Alberta, 
Edmonton, AB, Canada, John Crowley, Livestock Gentec, Department of Agricultural, Food and Nutritional Science, University of 
Alberta, Edmonton, AB, Canada, Ghader M. Manafiazar, Livestock Gentec, University of Alberta, Edmonton, AB, Canada, 
Changxi Li, Agriculture and Agri-Food Canada, Lacombe Research and Development Centre, Edmonton, AB, Canada, Mehdi 
Sargolzaei, The Semex Alliance, Guelph, ON, Canada; Centre for the Genetic Improvement of Livestock, Department of Animal 
Biosciences, University of Guelph, Guelph, ON, Canada, Paul Stothard, University of Alberta, Edmonton, AB, Canada, Graham S. 
Plastow, Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB, Canada and John 
Basarab, Alberta Agriculture and Forestry, Lacombe Research and Development Centre, Lacombe, AB, Canada 
The objective of this study was to identify genomic regions using genome-wide association studies (GWAS) for 14 female fertility and lifetime 
productivity traits over 11 production cycles in a crossbred cow herd. A total of 412 replacement heifers, born from 2004 to 2014 at the Lacombe 
Research and Development Centre (AB, Canada), were followed as cows over 1050 mating opportunities, 11 production cycles, and five parities. 
These heifers were genotyped for the GeneSeek® Genomic Profiler™ F-250 (GGP F-250, 100K SNPs). In addition, the Illumina Bovine 50K 
BeadChip (50K) genotypes of the animals were imputed to the Illumina BovineHD BeadChip (HD, 414,469 SNP), which has 19K SNPs in 
common with GGP F-250. The GWAS were performed on GGP F-250 and HD using a single locus generalized mixed model and followed by 
in-silico gene set enrichment analyses. The GWAS using F250 panel revealed QTL on chromosome 6 and 18 for calving interval, QTL on 



chromosome 4, 7 and 15 for age at first calving and QTL for survival parity one on chromosome 2, 7, and 25. Results using the HD panel 
revealed potential QTL on chromosome 12 for calving interval and on chromosome 21 for lifetime productivity (at 5% genome-wide false 
discovery rate; FDR). We also identified two QTL on chromosome 21 for number of progeny and days in herd at 7% FDR. Other peaks of 
association were found on chromosomes 2, 4, 7, 13, 14, 19, 24 and 25. A total of 212 SNPs were significantly associated with female fertility and 
lifetime productivity traits at P<0.00009 in which 29 SNPs were associated with more than 3 traits. The regions for all traits from both the HD 
and GGP F-250 GWAS had 228 genes that overlapped of which 60 contained the significant SNP and 195 genes were within 10 kbp of at least 
one significant SNP. Function enrichment analyses suggested involvement of biological processes including monocyte chemotaxis, protein ADP-
ribosylation, cellular response to interleukin-1, behavioral fear response, protein kinase B signaling, secretion, serotonin metabolic process, 
ossification, positive regulation of inflammatory response and regulation of neuron death. Furthermore, pathway analysis suggested protein 
digestion and absorption, pancreatic secretion, neuroactive ligand-receptor interaction, cAMP signaling pathway, mineral absorption, thyroid 
hormone synthesis and endocrine and other factor-regulated calcium reabsorption. The associated genomic regions found in the current study 
will be investigated further to identify the causal mutations for variation among animals in female fertility and lifetime productivity traits. 
 
PO0369: Cattle 
Genome-Wide Association Studies for Feed Efficiency Traits in Beef Cattle 
Mohammed K. Abo-Ismail, Livestock Gentec, Department of Agricultural, Food and Nutritional Science, university of Alberta, 
Edmonton, AB, Canada, John Crowley, Livestock Gentec, Department of Agricultural, Food and Nutritional Science, University of 
Alberta, Edmonton, AB, Canada, Donagh P. Berry, Teagasc, Fermoy, Ireland, Changxi Li, Agriculture and Agri-Food Canada, 
Lacombe Research and Development Centre, Edmonton, AB, Canada, Paul Stothard, University of Alberta, Edmonton, AB, 
Canada, Graham S. Plastow, Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB, 
Canada and John Basarab, Alberta Agriculture and Forestry, Lacombe Research and Development Centre, Lacombe, AB, Canada 
The objectives of this study were to identify genomic regions via genome-wide association studies (GWAS) and to improve the predictability of 
genetic merit in crossbred commercial beef cattle for feed efficiency and carcass traits. A total of 6,500 animals were genotyped for the Illumina 
Bovine 50K BeadChip (50K) and GeneSeek genomic profiler (GGP) LD panels. Animal with common single nucleotide polymorphisms (SNP) 
across available panels (n=5,695 SNP) were imputed to 50K (38651 SNP) and then to the Illumina BovineHD BeadChip (HD, 414,469 SNP). 
The GWAS were performed on 6K, 50K, HD actual and imputed single nucleotide polymorphism genotypes using a single locus generalized 
mixed model followed by in-silico functional analyses. The genomic heritability using HD panel for all the traits increased compared with the 
estimates obtained by 50K including estimates for adjusted backfat residual feed intake which improved from 0.18 to 0.29. A total of 137 SNPs 
were significantly associated with feed efficiency traits at 5% genome-wise false discovery rate (FDR). Most of the significant SNPs were on 
chromosomes 6, 19, 14, and 7 and mapped to 57 genes in which 16 holding and 41 nearby (100 kbp) genes had at least one significant SNP. The 
enrichment functional analyses for the detected genes suggested biological processes including ion localization and transport, lipid metabolic 
process and histone H3-K4 methylation. Furthermore, pathway analysis suggested ABC transporters Arrhythmogenic right ventricular 
cardiomyopathy (ARVC), fatty acid degradation, elongation, digestion and absorption, MAPK signaling pathway and Gastric acid secretion as 
potential mechanisms associated with variation in feed effeciency. With availability of whole genome sequence genotypes, the associated 
genomic regions found in the current study will be investigated further in order to search for causal variants for variation among animals in feed 
efficiency. 
 
PE0370: Cattle 
Distinct Gut Microbiota of Angus Beef Cattle Induced By Different Diets 
Jianan Liu1, Robert W. Li2, Yaokun Li3, José A. Carrillo1 and Jiuzhou Song1, (1)University of Maryland, College Park, MD, 
(2)ARS, USDA, Beltsville, MD, (3)South China Agricultural University, Guangzhou, China 
Microbiota of an animal’s digestive tract plays important roles in animal’s overall health, nutrient utilization and performance. As for ruminants, 
the gastrointestinal (GI) tract, including the rumen and the other intestinal regions, forms a unique and diverse microbiome that aids feed 
fermentation, digestion and absorption. As the demand of beef harvested from grass-feeding cattle is increasing, understanding the composition 
of gut microbiota between grass-fed and grain-fed beef cattle is necessary to reveal the effect of diets on cattle gut microbiome and host 
metabolism. We hypothesized that diets can induce distinct gut microbiome differences that posts implications on beef cattle metabolism and 
physiology, which further influences beef quality. With the advantage of next generation sequencing, meta-analysis of microbial diversity can be 
achieved. We used 16S rRNA genes as phylogenetic markers and performed 16S rRNA sequencing to characterize rumen and rectum microbiota 
of Angus Cattle. We found that gut bacterial composition correlated significantly with diets in Angus beef cattle, reflected in changes in the 
Bacteroidetes, Firmicutes, and Proteobacteria populations. We characterized significant OTUs between the two groups and predicted key 
different KEGGs and microbial functions. Bacterial pathways in the gut microbiome, such as lipid metabolism, showed significant differences 
between the two groups. Our results provided a better understanding of how diets influence gut microbiota in beef cattle species. The finding 
could also facilitate identifying host metabolic changes induced by microbes to reveal the quality differences of beef from grass-fed and grain-fed 
cattle. 
 
PO0371: Cattle 
Genomic Profiling of Maternal Traits of Multi-Breed Replacement Beef Heifers 
Everestus C Akanno1, Michael D. MacNeil2, John Basarab3, Graham S. Plastow4, Mohammed K. Abo-Ismail5, Changxi Li6 and 
Carolyn Fitzsimmons4, (1)University of Alberta, Edmonton, AB, Canada, (2)Delta G, Miles City, MT, (3)Alberta Agriculture and 
Forestry, Lacombe Research and Development Centre, Lacombe, AB, Canada, (4)Department of Agricultural, Food and Nutritional 
Science, University of Alberta, Edmonton, AB, Canada, (5)Animal and Poultry Production, Damanhour university, Damanhour, 
Egypt, (6)Agriculture and Agri-Food Canada, Lacombe Research and Development Centre, Edmonton, AB, Canada 
The fertility of replacement heifers and their pre- and post-partum performance are important traits that minimize the re-breeding period and help 
maintain a seasonal calving pattern. However, improvement of maternal traits in beef cattle has had limited success due to low heritability, and 



the reality that most are expressed only after the animal has been selected for breeding. Genomic tools provide an avenue to circumvent these 
limitations. This study utilized Illumina BovineSNP50 BeadChip (50K) genotypes to profile the underlying genetic effects associated with 
variation of maternal characteristics and evaluate the accuracy of genomic predictions in multi-breed replacement beef heifers. A total of 1,448 
primiparious heifers bred between 2005 and 2017 including 820 from the University of Alberta’s Roy Berg Kinsella Research Ranch, AB, 510 
from the Lacombe Research and Development Centre, AB and 118 from the Brandon Research Centre, MB were analyzed. All animals had 50K 
genotypes and matching phenotypes for mature weight (MWT), rib and rump fat measurements (RFAT), age at first calving (AFC) and calving 
dates (CD), as well as calf birth weights (CBW), weaning weights (CWW) and pre-weaning gain (CPG). Genomic breed composition was 
generated for all animals using ADMIXTURE software. Next, a five-fold cross-validation procedure that models additive and dominance 
genomic relationships was applied to all traits to evaluate accuracy of genomic predictions. The model included fixed effects of contemporary 
group (herd and birth year), and covariates of breed composition and animal age. Analyses were conducted using ASReml software. Lastly, a 
joint genome-wide association study (GWAS) was performed to identify single nucleotide polymorphisms (SNPs) with significant additive and 
dominance effects associated with variation in maternal traits. Genomic heritability ranged from 0.05±0.07 (CD) to 0.60±0.07 (MWT) while 
dominance proportions ranged from 0.11±0.23 (CWW) to 0.29±0.22 (CD). Accuracy of genomic predictions in the validation population ranged 
from 0.17± 0.03 (CD) to 0.47± 0.03 (MWT). Nine SNPs with significant additive and dominance associations were detected for MWT, RFAT, 
CWW and CPG at a false discovery rate of 10%. These SNPs were located on bovine chromosomes 1, 3, 4, 6, 8, 17, 19 and 20. One SNP had 
both additive and dominance effects on CPG. The results showed a greater contribution of non-additive genetic effects to variation of maternal 
traits in beef heifers, which confirm the established philosophy, that management and crossbreeding contribute substantially to the improvement 
of fertility, reproduction, and maternal traits. The SNPs identified in this study provide a starting point to identify genes and biological pathways 
associated with maternal traits in cattle, and will be potentially useful for genome-assisted selection and management. 
 
PE0372: Cattle 
Serum Metabolomics Predicts Biological Processes Associated to Feed Efficiency in Beef Cattle 
Francisco José Novais1, Pedro Ratto Lisboa Pires1, Pâmela Almeida Alexandre2, Robert Dromms3, Amadeu Hoshi Iglesias4, José B. 
S. Ferraz1, Mark Phillip Styczynski3 and Heidge Fukumasu1, (1)University of Sao Paulo, Pirassununga, Brazil, (2)University of 
São Paulo, Pirassununga, Brazil, (3)GATECH, Atlanta, GA, (4)Apexscience, Campinas, Brazil 
Background: Ruminants play a great role on sustainable livestock since they transform pastures, silage and crop residues into high quality human 
food (i.e. milk and beef). Animals with better ability to convert food into animal protein, measured as a trait called feed efficiency (FE), also 
produces less manure and greenhouse gas per kilogram of produced meat. Thus, the identification of high feed efficiency cattle is important for 
sustainable livestock. Our aim was to evaluate the potential of serum metabolites to predict FE of beef cattle when they are moved from pasture 
condition to a high grain based diet in the feedlot.  
Methods: Serum samples were collected from 18 young Nellore bulls divergent for residual feed intake (RFI) as soon as they arrive at the feedlot 
for the feeding trial of 70 days and were evaluated by untargeted metabolomics in positive (POS) and negative (NEG) mode acquisition via 
liquid chromatograph-mass spectrometry. Data were analyzed using Metaboanalyst for univariate and multivariate analysis, WCGNA for 
network approach and Mummichog for functional enrichment analyses.  
Results:A single feature was statistically different between high and low FE groups. Network analyses identified 19 and 20 modules of highly 
correlated features in NEG and POS respectively, and 1 module for each acquisition mode was associated with RFI (r=0.55,P< 0.05). Pathway 
enrichment analysis yielded Retinol metabolism associated with RFI previously to feedlot. The putative compounds hits included retinoic acid 
(C00777) and Vitamin A aldehyde (C00376) or 11-cis-Retinal (C02110).  
Conclusion: Altogether, these findings predicts a pathway for FE and demonstrate the existence of a molecular signature associated with feed 
efficiency in beef cattle previously to feedlot. We have ongoing studies to translate these knowledge into pratice. 
 
PO0373: Cattle 
A Comparison of Gene Expression Profiles for Resistance to Rhipicephalus Ticks By Nguni, Angus and Brahman Cattle 
Breeds 
Nelisiwe Mkize1, Bekezela Dube2, Nicholas N. Jonsson3, Chris Marufu4, Ntanganedzani O. Mapholi5, Edson Man'ombe6, Farai C. 
Muchadeyi1 and Kennedy Dzama7,8, (1)Agricultural Research Council, Pretoria, South Africa, (2)Agricultural Research Council: 
Animal Production, Irene, South Africa, (3)Cooperative Research Centre for Beef Genetic Technologies, Glasgow, United 
Kingdom, (4)Unverisity of Pretoria, Onderstepoort, South Africa, (5)University of South Africa, Roodepoort, South Africa, 
(6)North West Department of Agriculture, Mmabatho, Great Taung area, South Africa, (7)University of Stellenbosch, Matieland, 
South Africa, (8)University of Stellenboch, Matieland, South Africa 
Background: The differential expression of candidate genes is associated with the subsequent suppression of cell-mediated inflammatory 
responses and the activation of antibody induction at the tick bite site. Breeds which may have experienced long periods of evolution in the 
presence of a particular tick species, and are resistant to that tick species, may have accumulated genes affecting resistance to that tick species. 
Thus, the Nguni and Brahman breeds are thought to have long term associations and co-evolutionary statuses with the Rhipicephalus decoloratus 
and R. microplus tick species, respectively. In contrast, the Angus breed lacks co-evolution or long-term association with either of the two tick 
species.  
Aim: To investigate the gene expression of cytokines, chemokines and their receptors, toll-like receptors and other candidate genes at the host-
tick interface on the skin of Angus, Brahman and Nguni cattle artificially infested with R. microplus and R. decoloratus ticks.  
Methodology: Thirty-six cattle from three breeds, Angus (n=12), Brahman (n=12) and Nguni (n=12) and two tick species namely R. microplus 
and R. decoloratus ticks, were used. Six animals per breed were artificially infested with R. microplus ticks (n~100 ticks per animal) and the 
remaining six infested with R. decoloratus ticks (n~100 ticks per animal). Three full-skin thickness 5mm diameter skin biopsies were collected 
from each animal; two from non-parasitized skin pre-infestation and one from the feeding sites of visibly engorging ticks 12-hours post-
infestation. RNA was extracted from the skin biopsies and used in real-time PCR analyses to investigate differential gene expression. The fold 
change value for each gene was calculated using the ΔΔCT method.  



Results: There was no breed by tick species interaction, while no differences in gene expression were detected between tick species. Differences 
were observed in the gene expression between breeds, with the Brahman cattle displaying significantly different (P <0.05) expression levels than 
the Angus cattle for genes LUM, TBP, TRAF6 and B2M. LUM had expression levels which were significantly higher in the Brahman and Nguni 
cattle as opposed to the Angus cattle.  
Discussion: R. microplus and R. decoloratus ticks share numerous morphological characteristics which might explain the lack of differences in 
their feeding signature and, subsequently, host gene expression profiles. Genes LUM, TBP, TRAF6 and B2M encode products of the extracellular 
matrix primarily involved in tissue repair. LUM presented itself as a potential biomarker for tick resistance in cattle. Breed variations only 
accounted for approximately 30 percent of the observed variation in gene expression. This suggests that the majority of the differential gene 
expression profiles produced in cattle post infestation with Rhipicephalus (Boophilus) ticks was likely due to a complex array of other factors, in 
addition to variations in breed and tick species.  
Conclusion/recommendations: No important tick species × breed interactions that would suggest differences according to the co-evolutionary 
history of tick species and cattle breeds were observed. LUM needs to be validated as a potential biomarker for tick resistance in cattle.  
 
PE0374: Cattle 
Identification of Genomic Regions Associated to Tick Resistance in F2 Nguni x Angus Cattle Artificially Infested with 
Amblyomma hebraeum: Preliminary Results 
Nelisiwe Mkize1, Bekezela Dube1, Azwihangwisi Maiwashe1, Kennedy Dzama2 and Ntanganedzani O. Mapholi3, (1)Agricultural 
Research Council, Pretoria, South Africa, (2)Stellenbosch University, Stellenbosch, South Africa, (3)University of South Africa, 
Pretoria, South Africa 
The cattle tick endemic is an ongoing global problem resulting in massive economic losses. Current chemical control strategies are not 
completely efficient and may leave residues in animal products, therefore, it is imperative to explore alternative control measures. Genomic 
selection for host resistance to tick infestation is a potential approach to develop an alternative tick control strategy, since the trait has been 
reported to be under genetic control and is heritable. The aim of the study was to investigate tick resistance in 167 F2 Nguni x Angus cattle 
artificially infested with Amblyomma hebraeum ticks for a period of 10 days. DNA was isolated from hair samples and genotyped using the 
Illumina BovineSNP150 assay. Quality control (QC) for the genotype data was performed using Plink software (call rate > 90%, minor allele 
frequency > 0.01), after which 108452 SNPs were retained for further analysis. Association analysis of the quality controlled data was performed 
using the GenABEL package in R environment. The observed heritability estimate for tick count was 0.23. Although no SNPs were above the 
genome-wide significance threshold, four regions crossed the suggestive significance threshold on BTA 1, 21 and 23 for tick count, and BTA 2 
for skin thickness. This may be due to a small amount of data used for the analysis; therefore, more data is required to increase the power to 
validate regions identified in this study. The understanding of tick resistance using molecular tools offers an attractive cumulative solution for 
future breeding for tick resistant animals. 
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Genetic and Immunological Responses of Beef Cattle to Infestation by Rhipicephalus Ticks 
Nelisiwe Mkize1, Bekezela Dube1,2, Cornelius Nel3, Chris Marufu4, Edson Man'ombe5, Ntanganedzani O. Mapholi6, Nicholas N. 
Jonsson7, Farai C. Muchadeyi1, Kennedy Dzama8 and PAG Tick Study, (1)Agricultural Research Council, Pretoria, South Africa, 
(2)Agricultural Research Council: Animal Production, Irene, South Africa, (3)University of Stellenbosch, Stellenbosch, South 
Africa, (4)Unverisity of Pretoria, Onderstepoort, South Africa, (5)North West Department of Agriculture, Mmabatho, Great Taung 
area, South Africa, (6)University of South Africa, Pretoria, South Africa, (7)Cooperative Research Centre for Beef Genetic 
Technologies, Glasgow, United Kingdom, (8)Stellenbosch University, Stellenbosch, South Africa 
Conventional tick control methods are not sustainable, as they are not effective in completely eradicating ticks. Development of alternative 
sustainable tick control measures requires exploiting the host natural defence mechanisms to complement existing methods. The objective of the 
study was to identify the genes expressed and immunological and cellular responses following tick infestation. Eighteen animals, comprising of 
six animals from each of the Nguni, Angus and Brahman breeds, were artificially infested with Rhipicephalus microplus or R. decoloratus larvae. 
Blood and skin biopsies were collected before and after infestation from each animal. The blood was analysed for haematology, serum 
biochemistry and histopathology. RNA was extracted and gene expression determined through fold change of each gene. There was an increase 
in the total cell counts following infestation in all the breeds. Angus cattle had lower albumin levels and higher blood urea nitrogen, suggesting 
increased catabolism of proteins. The Nguni and Brahman had higher neutrophil counts compared to the Angus. Lymphocytes were highest in 
Angus, followed by Brahman and then the Nguni, while eosinophil levels were in the reverse order. The genes encoding the extracellular matrix 
constituents (LUM and B2M) were upregulated in the resistant Brahman and Nguni breeds. LUM, B2M and TBP induced tick resistance by 
promoting continued cellular regeneration, tissue repair and detoxification of the tick bite site. Thus, genotype plays an important role in the level 
of resistance to ticks as shown by the differences in expression of genes controlling processes that are triggered by the tick bites. 
 
PE0376: Cattle 
Differential Transcripts Profile in Muscle Tissues of Nelore Cattle Divergent for Meat Color 
Maria Malane Magalhaes Muniz1, Larissa Fernanda S. Fonseca2, Daniel G. Pinheiro3, Ana Fabrícia B. Magalhães3, Danielly B. S. 
Silva4, Luis Artur L. Chardulo5, Jesus Aparecido Ferro6, Fernando Baldi2 and Lucia Galvão de Albuquerque2, (1)Unesp University 
and University of Guelph, GUELPH, ON, Canada, (2)Sao Paulo State University, Jaboticabal, Brazil, (3)University of São Paulo 
State/UNESP, Jaboticabal, Brazil, (4)University of São Paulo State/UNESP, Jaboticabal, SP, Brazil, (5)São Paulo State University, 
National Council for Scientific and Technological Development (CNPq), Botucatu, Brazil, (6)UNESP/FCAV - Depto de 
Tecnologia, National Council for Scientific and Technological Development (CNPq), Jaboticabal, Brazil 
The objective of this work was to detect differentially expressed genes (DEG) for meat color, using phenotypes from colorimeter in Nelore cattle 
muscle tissue. The color of muscle samples were collected in 80 uncastrated Nelore males, belonging to the same contemporary group and 
analyzed by CIELab system, that uses the absolute measure for lightness color (L*), yellowness (b*) and redness (a*) color coordinates. After, 



20 samples for each color pattern were selected, being 10 with low and 10 with high pattern (L*, b* and a*). The RNA sequence was obtained by 
HiSeq 2500 system (Illumina). The sequence coverage was 63X. The TopHat - Cufflinks pipeline was used to DEG analysis. The Venn diagram 
was used for searching for common DEGs among the color patterns. There were found a total of 259 genes in common, which act in 29 pathways 
related to heme and cholesterol biosysthesis; blood coagulation; vitamin D metabolism; gonadotropin releasing hormone receptor, and other 
processes. Genes in common such as KIFC2, KRT8, OSER1, FGF12, are related to protein tyrosine kinase activity; epidermal growth factor 
receptor and; fibroblast growth factor receptor signaling. Myosin encoders (MYF5, MYF6, MYLK2, MYL9, MYL6B), related to skeletal muscle 
tissue development; contractile fiber and; muscle contraction and collagen encoders (CALCR, COL6A1, COL5A3) related to extracellular matrix 
disassembly and organization; collagen catabolic and, metabolic processes, have also been found. The transcripts have shown codification 
regions directly related to meat color pathways, indicating they possibly harbor key genes associated with these consumer valued traits.  
Financial support: São Paulo Research Foundation (FAPESP), grants # 09/16118-5, #17/04270-3, #18/11154-2 and Coordination for the 
Improvement of Higher Education Personnel (CAPES). 
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Gene Co-Expression Network Analysis for Beef Fatty Acid Profile in Nelore Cattle 
Camila Urbano Braz1, Tiago Bresolin1, Larissa F. S. Fonseca1, Fabieli L. B. Feitosa1, Lucia Galvão de Albuquerque1, Fernando 
Baldi1, Guilherme J. M. Rosa2 and Henrique Nunes de Oliveira1, (1)Sao Paulo State University, Jaboticabal, Brazil, (2)University of 
Wisconsin-Madison, Madison, WI 
Understanding beef fatty acid profile is important since it affects meat quality and consumers’ health. The aim of this study was to identify 
highly co-expressed genes involved in beef fatty acid profile in Nelore cattle. Samples from 78 Nelore longissimus thoracis muscle were used for 
RNA extraction and determination of the fatty acid (FA) profile. RNA sequencing was performed using an Illumina HiSeq 2500 System (2 × 100 
bp paired-end). Reads were trimmed and mapped using Trimmomatic and STAR, respectively. Read counts were normalized based on the 
trimmed mean of M-values method and log2-transformed using edgeR. The 4,149 most connected genes and with the highest variability were 
selected for gene co-expression network analysis using WGCNA R package. Each module was assigned to a different color. In order to identify 
potential biologically interesting modules, the correlations between module eigengenes and 17 FAs were estimated. Pathway enrichment analysis 
of the genes included in the modules was performed using enrichKEEG function (FDR<0.05). Sixteen co-expressed gene modules were 
identified. The magenta module (322 genes) had a significant correlation (P<0.05) of 0.26 with α-Linolenic FA (C18:3n3). The genes in this 
module participate in peroxisome, PPAR signaling, FA metabolism, degradation and elongation pathways. The darkturquoise module (48 genes) 
had significant correlations (P<0.05) of -0.30, -0.28, 0.25, -0.24, -0.31, 0.26 with Myristoleic (C14:1), Oleic (C18:1c9), Linoleic (C18:2n6), CLA 
(C18:2c9t11), sum of monounsaturated (MUFA) and sum of Omega 3 FA, respectively, and its genes are involved in oxidative phosphorylation, 
FA metabolism and degradation pathways. These findings contribute with additional insight regarding fatty acid profile in beef cattle.  
Acknowledgements: Grants from FAPESP #2009/16118-5, #2011/21241-0, #2016/21201-2 and #2017/21757-3. 
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Causal Network for Longissimus Muscle Area Using Phenotypic, Genotypic and Gene Expression Data in Nelore Cattle 
Tiago Bresolin1, Camila Urbano Braz1, Larissa F. S. Fonseca1, Fernando Baldi1, Guilherme J. M. Rosa2 and Lucia G. 
Albuquerque1, (1)Sao Paulo State University, Jaboticabal, Brazil, (2)University of Wisconsin-Madison, Madison, WI 
Information regarding molecular networks can be used to better understand phenotype expression. The objective of this study was to investigate 
gene-phenotype network for longissimus muscle area (LMA) through the integration of phenotypic, genotypic and gene expression data in 
Nelore cattle. A total of 4,599 animals with LMA and genotypic information, as well as 78 animals with gene expression data were used. In order 
to identify genomic regions associated with LMA, two genome scan analyses were performed: integration of phenotypic and genotypic data 
(pQTL mapping), and integration of genotypic and gene expression levels information (eQTL mapping). For causal structural learning we used 
the Incremental Association Markov Blanket (IAMB) algorithm implemented in bnlearn R package. One pQTL and 27 cis-eQTL were co-
localized on chromosome 20. These cis-eQTL were associated with the expression levels of the following genes: RAD17, AK6, TAF9, CDK7, 
MRPS36, CENPH, and SLC30A5. Using the phenotype and seven gene expression levels (adjusted for systematic effects), and the most 
significant cis-eQTL (rs133900718) as input data in IAMB resulted in a partially directed graph with two undirected edges. The indirect graph 
was further developed using prior knowledge, resulting in a fully directed acyclic graph. All the genes and the cis-eQTL affected direct or 
indirect the AK6 gene, which is in turn the only one that has direct effect on LMA. The causal coefficients were all positive, except the negative 
causal effect of the cis-eQTL on TAF9. Our preliminary findings may help to better understand the genetics underlying LMA expression in 
Nelore cattle.  
Acknowledgements: Grants from FAPESP #2009/16118-5, #2016/02366-0 and #2017/18779-5. 
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Strategies for Combining Genomic Datasets from Different Nellore Beef Cattle Groups in Brazil 
Ricardo V. Ventura1, Roberto Carvalheiro2, Lucia Albuquerque2, Júlio César C. Balieiro1, Fabyano F. Silva3, Gilberto R. O. 
Menezes4, Luiz Otavio Campos da Silva4, Luciana C.A. Regitano5, Luiz L. Coutinho6, Mehdi Sargolzaei7,8, Gordon VanderVoort9, 
Flavio Schenkel8, Joanir P. Eler10 and José B. S. Ferraz11, (1)University of São Paulo, Pirassununga, Brazil, (2)School of 
Agricultural and Veterinarian Sciences - São Paulo State University and National Council for Science and Technological 
Development, Jaboticabal, Brazil, (3)Universidade Federal de Viçosa, Viçosa, Brazil, (4)Embrapa Gado de Corte, Campo Grande, 
MS, Brazil, (5)Embrapa Pecuaria Sudeste, São Carlos, Brazil, (6)University of São Paulo, Piracicaba, Brazil, (7)HiggsGene 
Solutions Inc., Guelph, ON, Canada, (8)Centre for the Genetic Improvement of Livestock, Department of Animal Biosciences, 
University of Guelph, Guelph, ON, Canada, (9)AgSights, Elora, ON, Canada, (10)Univ. of Sao Paulo/FZEA/NAP-GMABT, 
Pirassununga, Brazil, (11)University of Sao Paulo, Pirassununga, Brazil 
Several Brazilian research groups have already accumulated genotypes in abundance, originated mostly from commercial platforms. Our 
objective was to evaluate different strategies to combine/store molecular markers shared by five research groups in Brazil. In addition, 



imputation scenarios using FIMPUTE software were performed to assess imputation accuracy and to validate merged files. The full dataset was 
comprised of 27,343 Nellore (Bos indicus) animals, genotyped with nine different single nucleotide polymorphism (SNP) panels (with densities 
varying from 27,533 to 777,962 SNPs) reported by 393 individual files with 14 different formats. Due to the low number of markers in common 
among all panels (<8K), and to avoid multiple queries/steps when retrieving animals from different panel densities, all panels were expanded to 
the HD level (777,962 SNPs) prior to imputation (non-genotyped markers were filled out with missing information). In order to check the 
relationship among genotyped animals from different groups/densities, principal component analysis was carried out using the FlashPCA2 
method, and subsequently, visual analyses were implemented in R language. All genotypes recoded from A/B to 0125 format were stored (before 
imputation) in a database (MySQL) using longblog (Binary Large Object) compressed fields. Imputation from two densities (30 and 70K SNPs) 
to HD level adding low density genotypes (LD) to improve haplotype construction was compared with traditional approaches that consider solely 
HD genotypes as reference. The database field compression showed 72.91% reduction in file size. Average (SD) animal imputation accuracies, 
measured by Pearson correlation, were higher than 0.9932 (0.0047) for all scenarios. Inclusion of LD sets along with reference population 
displayed slightly higher accuracy (+0.001) for regions with low allele frequencies. Acknowledgments: São Paulo Research Foundation (Grant 
#2016/19514-2) 
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Effects of Copy Number Variants on Growth and Production Traits in a Nellore x Angus Cross Population  
Yue Xing and Clare A. Gill, Texas A&M University, College Station, TX 
Copy number variants (CNV) are insertions or deletions of 1 kb or larger with a variable number of copies that can affect phenotypic expression. 
We have previously identified CNV in the Nellore and Angus founders of a mapping population. In this study, we developed an approach to use 
single-nucleotide polymorphism (SNP) in high linkage disequilibrium (LD) with CNV to determine the association of CNV with growth traits by 
genome-wide association studies (GWAS), and developed approaches to incorporate CNV into genomic selection. Phenotypic data (ID, sex, year 
and season of birth, weaning age, birth weight, and weaning weight) for 995 animals from the McGregor Genomics beef cattle population were 
used in this study. Relative copy numbers were calculated for each CNV region (CNVR), and biallelic CNV were coded like SNP. LD between 
CNVR and SNP from additive, dominance and recessive SNP models were then calculated, and SNP having were selected for GWAS in 
GEMMA and for predictive modeling. Four predictive models including Bayesian sparse linear mixed model (BSLMM), multivariate linear 
regression model, regression tree, and random forest were fitted. The proportion of variance explained by each significant SNP tagging a CNVR 
were up to 2.2% for birth weight and weaning weight. The most accurate predictive models for these traits were random forest and BSLMM. The 
three SNP models yielded similar results, but the additive SNP model had slightly better performance than dominance and recessive models. 
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Whole Genome Sequencing Variant Detection in Nellore Beef Cattle 
Gerardo A. Fernandes Júnior1, Henrique Nunes de Oliveira2, Larissa Fernanda S. Fonseca2, Roberto Carvalheiro1, Ricardo V. 
Ventura3 and Lucia G. de Albuquerque1, (1)School of Agricultural and Veterinarian Sciences - FCAV/UNESP, Jaboticabal, Brazil, 
(2)Sao Paulo State University, Jaboticabal, Brazil, (3)University of São Paulo, Pirassununga, Brazil 
Genome sequencing may provide the most comprehensive population genomic characterization by, potentially, unravelling all DNA variants 
including causal mutations for all phenotypes. In the present report we have summarized the results of a complete genome scan of key Nellore 
(Bos indicus) bulls, aiming to offer new insights on DNA variability on this important tropically adapted breed. The database included 40 bulls 
sequenced using Illumina sequencing-by-synthesis technology. The reads were filtered for quality and aligned to the UMD3.1 reference genome 
using the Burrows-Wheeler Aligner. The average individual sequence coverage was 21.29-folds (16.49 to 27.25-folds). Single nucleotide 
variants (SNVs) and indels were identified using the GATK software and the Ensembl VEP was used for annotation. After filtering, a total of 
37,916,077 (32,696,318 known and 5,219,759 novel) SNVs and 4,565,763 (3,074,583 known and 1,491,180 novel) indels have been detected. Of 
these, 25,866,657 SNVs and 3,051,887 indels are intergenic, and 9,331,756 SNVs and 1,182,039 indels are intron variants. In addition, various 
missense (112,266), 3_prime_UTR (68,219), splice region (22,195), and stop gained (1,641) SNV as well as several 3_prime_UTR (10,841), 
frameshift (4,517), splice region (2,923), and 5_prime_UTR (1,488) indels have also been annotated. The expressive number of genetic variants 
identified, and their function diversity indicate a relevant genetic variability captured in this group of bulls. The new variants discovered should 
be added to the dbSNP and all detected variants is going to be used in several genomic studies to contribute with the Nellore breeding programs. 
Acknowledgments: São Paulo Research Foundation (Grants #2009/16118-5, #2017/10630-2, and #2018/10109-3). 
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Inbreeding in Nellore Cattle Estimated By Pedigree and Runs of Homozygosity and Its Effect on Antral Follicle Numbers of 
Heifers 
José B. S. Ferraz1, Gerson, A. O. Junior2, Bruna Folegatti Santana1, Joanir P. Eler1, Elisangela C.M. Oliveira1, Heidge Fukumasu2, 
Gota Morota3 and Gerardo C. Mamani1, (1)Univ. of Sao Paulo/FZEA/NAP-GMABT, Pirassununga, Brazil, (2)University of Sao 
Paulo, Pirassununga, Brazil, (3)Virginia Polytechnic Institute and State University, Blacksburg, VA 
Monitoring inbreeding is critical for establishing a sustainable breeding program. Inbreeding coefficients were estimated based on runs of 
homozygosity (ROH) (FROH) and pedigree information (FPED) from one commercial population of Nellore cattle. Genotypic data for the Nellore 
population were obtained from 2,569 animals using 725,293 single-nucleotide polymorphisms (SNP) imputed and a pedigree consisting of 
15,846 individuals. FPED was computed using the CFC program and FROH was estimated for each individual for the sum of ROH lengths divided 
by the total length of the genome covered by SNPs; ROHs were performed using PLINK program. Of the 15,846 animals included in the 
pedigree, 17 % were inbreds, 96% of the inbred population has levels below 0.05. The mean of the FPED of the total population and the inbred 
animals was 0.002 and 0.012, respectively. Maximum values of FPED in the inbred population were 0.25. The average of the equivalent 
generations was 2.04, thus indicating a relatively low pedigree depth. 127,774 ROH were identified in 2,569 animals. All individuals had at least 
one ROH. The mean, median and maximum length of ROH in the autosomes was 3.4, 1.7 and 104.1 Mb, respectively. The presence of these 
long segments of ROH indicates that the increase in inbreeding is due to recent ancestors. The average of FROH was 0.061 and the minimum and 



maximum value were 0.0014 and 0.26, respectively. The correlation between both coefficients was 0.15. The impact of inbreeding is important 
for reproductive traits which are economically relevant in livestock species. The effect of inbreeding coefficients estimated from runs of 
homozygosity (FROH) on the total number of antral follicles (NF) was studied in Nellore heifers. The data consisted of 1,138 heifers from three 
commercial farms in Brazil genotyped with 74,677 SNPs. Ovarian ultrasound was performed on those heifers under fixed-time artificial 
insemination. Visible follicles (≥3 mm of diameter) were counted and recorded on Day 4 of the protocol to establish the total NF recruited in the 
synchronized follicular wave. Quality control of SNP data and detection of FROH were performed using Plink v1.9. We evaluated the impact of 
FROH on NF using a linear mixed model including contemporary group, heifer weight, age and FROH as fixed covariates, and the random additive 
and dominance genetic effects. The analysis was performed by a Bayesian approach using the BGLR package in R coupled with genomic and 
dominance relationships as kernel matrices. The analysis involved a chain of 500,000 Monte Carlo Markov chain (MCMC) iterations after 
discarding the first 50,000 samples. The additive and dominance genetic variances were 4.75 ± 1.16 and 2.83 ± 0.99, respectively. FROH was 
negatively associated with NF. For each 1% increase of FROH, the NF changed by -0.10 units. These results supported the presence of negative 
impact of inbreeding on the reproductive trait in Nellore heifers. Mating strategies could be an alternative to control the inbreeding levels. 
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Development of Feeding Method of Hanwoo Steers According to Specific Genotypes Related to Performance and Meat 
Quality Trait 
Kim Margarette Nogoy, Ye Hyun Lee, Yan Zhang and Seong Ho Choi, Chungbuk National University, Cheong Ju, South Korea 
As beef consumption increases, the interests of the efficient feeding and management of cattle are also increasing. Therefore, we conducted the 
experiment to find out the effects of the PLAG1, FASN1, FASN2, SCD, and CYP7B genotypes fed with high/low energy total mixed 
ration(TMR) on growth characteristics, meat quality, carcass trait and fatty acid composition to provide efficient feeding and management based 
on the genotype of cattle and energy level of feed. The experiment was carried out by using TMR feed. The feeds were divided as high / low 
energy group according to the contents of crude protein(CP) and totally digestible nutrients(TDN) (High energy(HE) 18% CP, 70%TDN on 
growing stage, 15% CP, 73% TDN for early fattening, and 13% CP, 76%TDN for late fattening. Low energy(LE)_16% CP, 70%TDN on 
growing stage, 13% CP, 71%TDN for early fattening, and 12% CP, 74% TDN for late fattening) for 42 Korean Native steers. Steers were 
slaughtered at 30 months of age and then evaluated. As a result, in growth characteristics, FASN2 carrying heterozygote fed with HE showed 
significantly higher final body weight than fed with LE(P<0.01). Moreover, FASN2 carrying GG type fed with LE showed significantly higher 
final body weight than fed with HE(P<0.01). As for the carcass traits, PLAG1 carrying GG type fed with HE showed significantly lower back fat 
thickness(P<0.05) and PLAG1 carrying heterozygote(GC type) showed a tendency to increase carcass weight and dressed weight (P=0.053, 
P=0.067). In maturity, steers fed LE diet and with FASN1 and FASN2 carrying CC and GG types, respectively, showed significantly high 
maturity than the others(P<0.001). In the meat qualities, FASN2 carrying GG type appeared to have significantly lower pH (p<0.05) and shear 
force (P<0.05). Lastly, Fatty acid composition of 5 genotypes and two diets had no significant association. 
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Genetic Analysis of Carcass Quality Traits in Korean Hanwoo Cattle 
Muhammad Yasir Nawaz1, Seung-Hwan Lee2, Dajeong Lim3, Byoungho Park4, Si Dong Kim4 and Cedric Gondro1, (1)Michigan 
State University, East Lansing, MI, (2)Chungnam National University, Dajeon, Korea, Republic of (South), (3)National Institute of 
Animal Science, Suwon, Korea, Republic of (South), (4)National Institute of Animal Science, Seonghwan, South Korea 
The objective of this study was genetic evaluation of carcass quality traits in Korean Hanwoo cattle and a comparison of genomic prediction 
based on different densities of SNP genotypes i.e. 50K vs 700K vs imputed sequence data. Phenotypes of 2171 Hanwoo cattle from a single test 
station and two contemporary groups were collected. Live weight (LWT) of animals was recorded at approximately two years of age and four 
carcass traits were recorded i.e. carcass weight (CWT), eye muscle area (EMA), back fat thickness (BFT) and marbling score (MS9). Animals 
were genotyped with 50K SNP panel and imputed to 700K and sequence using software Minimac. Genomic relationships between animals were 
calculated for each density of SNP panel to fit an animal effects model on LWT and carcass traits with age and contemporary group as fixed 
effects. Estimated heritabilities and 100-fold cross validation prediction accuracies for all traits were higher at 700K density of genotypes, 
followed by 50K while imputed sequence data yielded lowest estimates. Genome wide association studies of carcass traits revealed similar 
results across SNP panels but sequence data showed a better resolution to identify the most significant SNPs. Sequence data also revealed certain 
genomic regions that were not deemed to be significant in either of 50K or 700K SNP panels. Therefore, although there is some advantage in the 
use of sequence data in association studies, the heritability and accuracy of prediction actually decreases by the use of imputed sequence data in 
genomic prediction of carcass traits in Hanwoo cattle. 
 
PO0385: Cattle 
Genomic Differences between Ethiopian Zebu Cattle Populations Inhabiting Low and High-Altitude Environments 
Zewdu Edea Bedada, Chungbuk National University, Chungcheongbuk-do, Korea, Republic of (South), Hailu Dadi, Addis Ababa 
Science and Technology University, Addis Ababa, Ethiopia, Dessie Tadelle, International Livestock Research Institute, Addis 
Ababa, Ethiopia and Kwan-Suk Kim, Chungbuk National University, Cheongju, South Korea 
Due to its close proximity to the gateway for cattle introduction to Africa and diversity in ecology, Ethiopia is endowed with rich cattle genetic 
resources. Cattle populations or breeds such as Borana, Ogaden Begait are large in body size and uniquely adapted to low altitudes (650-1500 m 
above sea level), whereas Arsi cattle are small, short and combat and inhabit high-altitude areas (>2400 m above sea level). In spite of the 
diverse, unique and complex genetic architecture of Ethiopian cattle, little has been done to identify and dissect genes associated with ecological 
and important production traits. In this study, we aimed to detect genomic footprints of selection that may be linked to local adaptation and 
phenotypic variation in Ethiopian cattle populations. One hundred and twenty-two animals sampled from high-versus- low altitude areas were 
genotyped using the high-density informative SNPs derived mainly from Bos indicus breeds. Based on the within-population reduction in local 
heterozygosity (Hp) and between population differentiation (Fst) tests, evidence of selection was identified in genes relevant to fertility (PSPC1 
and CATSPER4), heat stress (DNAJC27 and HSPBAP1), body size/stature (DOCK3, B3GALTL, and GJA3), lactation (CSN1S1, CSN3, and 



CSN2), and pigmentation (FRY, MITF, and LEF1). The results of the present study could be used as a basis for further identification and 
verification of novel causative mutations associated with important traits to apply in a breeding program as well as to better understand the 
underlying genetic mechanisms of cattle adaptation to local environments. 
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Unravelling Genomic Signatures of Selection in Zebu Cattle Breeds 
Hailu Dadi, Addis Ababa Science and Technology University, Addis Ababa, Ethiopia, Zewdu Edea Bedada, Chungbuk National 
University, Chungcheongbuk-do, Korea, Republic of (South), Dessie Tadelle, International Livestock Research Institute, Addis 
Ababa, Ethiopia and Kwan-Suk Kim, Chungbuk National University, Cheongju, South Korea 
The humped (Bos indicus) zebu cattle were domesticated in South Asia and distributed in a wide range of regions. Zebu cattle breeds such as the 
Brazilian Nellore and Brahman cattle have been selected for growth-related traits for more than four decades. On the other hand, apart from a 
sort of selection for qualitative traits (color, horn) African zebu cattle populations have not been systematically selected for either beef or milk 
traits. The identification of genomic regions/genes under selection can be used for the development of genetic tools to improve production traits. 
Hence, the aim of the present study was to detect genomic regions and genes divergently selected between Ethiopian zebu cattle populations 
adapted to local environments and commercially selected zebu breeds (Nellore and Brahman). Seventy-seven animals representing two Ethiopian 
zebus (Borana and Begait) were genotyped using the high-density (~70K SNPs) informative SNPs derived mainly from Bos indicus breeds. 
Using two statistical tests (FST and Hp), we identified selection signals within genes relevant to growth/body weight (EPM2A, SOX6, WWOX, 
and MYO1E), meat quality (ATP2B2, POU2F1, KIAA1797, CAND1, and ZNF423), feed intake (CNGA3, CTNNA3, and ZNF423) and coat color 
(TYR and SLC24A4). Most of the genes under selection were found to be shared between Nellore and Brahman implying that the two breeds may 
have subjected to common selective pressure for beef traits. After further validation via phenotype-genotype association studies and sequence 
analyses, some of the genes identified in this study could be used in a breeding program to improve beef production. 
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Distribution of Runs of Homozygosity and Genomic Relatedness Using SNP Markers in Afrikaner and Brahman Cattle 
Mahlako Makgahlela, University of Free State, Bloemfontein, South Africa; Agricultural Research Council, Pretoria, South Africa 
and Michael Chimonyo, University of KwaZulu-Natal, Pietermaritzburg, South Africa 
Inbreeding is used to monitor population diversity that is important for continuous genetic improvement. Availability of genome-dense SNP 
markers paved way for quantifying the actual level of genetic relatedness beyond available pedigrees. The aim of the study was to determine the 
level of inbreeding in South African Afrikaner and Brahman cattle from the runs of homozygosity (FROH) and genomic relationship matrix 
(FGRM), and compare with pedigree inbreeding (FPED). About 359 Afrikaner DNA samples of influential animals were genotyped for 150K and 
264, 106 and 90 Brahman samples genotyped for 7K, 150K and 777K panels, respectively. Runs of homozygosity (ROH) were detected using 
PLINK, at different length categories from which FROH was calculated. Construction of genomic relationship matrix (GRM) utilized observed 
allele frequencies. The ROH were more in shorter length (<5 Mb), indicating ancient relatedness. Few ROH were detected in 7K, indicating the 
sparsity of the panel to detect ROH. The levels of inbreeding were low in both Brahman (FGRM=0.030, FPED=0.027, FROH=0.002) and Afrikaner 
(FPED=0.021, FROH=0.002, FGRM=-0.023). These low levels were probably due to the diversity of the influential animals. Correlations improved 
between FPED and FROH (>50%) compared to FGRM (<50%) in Brahman and poor in Afrikaner (<50%), which might have been affected by the 
pedigree depth. Low correlations between FGRM and FPED may be due to utilization of observed versus base population allele frequencies in the 
construction of GRM. Breeding programmes that account for actual genetic relatedness can be obtained by using FROH, which account for ancient 
and recent inbreeding.  
Keywords: Inbreeding, genomic relationship matrix, pedigree 
 
PE0388: Cattle 
Genotype Imputation within and across South African Afrikaner and Brahman Cattle 
Sinebongo Mdyogolo1, Frikkie Neser1, Michael D. MacNeil1,2, Giel Scholtz1,3 and Mahlako Makgahlela3, (1)University of the Free 
State, Bloemfontein, South Africa, (2)Delta G, Miles City, MT, (3)Agricultural Research Council, Pretoria, South Africa 
Genomic selection has become a popular breeding tool due to its ability to estimate relatively accurate breeding values for young animals without 
any phenotypic measurements. It is also valuable to enhance accuracy of especially lowly heritable traits. Inception and implementation of 
genomic selection in most African countries including South Africa is low due to limited capital and phenotypic data. This makes it extremely 
difficult to establish a proper reference population, especially in smaller breeds. One solution is to use genotypes from multiple breeds. Genotype 
imputation is a statistical methodology used to increase the density of genomic data cost-effectively by inferring missing markers on study 
animals genotyped on low-density (LD) panels from training populations genotyped on high-density (HD) panels. The aim of this study was to 
evaluate the accuracy of genotype imputation within and across breeds. The data included 359 Afrikaner and 276 Brahman cattle. After editing, 
348 and 261 animals were retained for the Afrikaner and Brahman cattle respectively. Genotypes from the Bovine GGP 150K were masked to 
create four datasets consisting of 6 000, 20 000, 45 000 and 60 000 SNPs. Imputation was performed using FImpute. Genotype concordance rate 
determines the proportion of matching genotypes between imputed and actual data. Concordance rate within breeds ranged from 55% to 70.2% 
and across breeds from 49% to 60%. Distance between LD and HD influenced the accuracy of imputation as the number of SNPs to infer 
increased. Limited dataset influenced breed representation in the combined dataset and subsequently accuracies.  
Keywords: genotype imputation, genomic selection, high-density data, Brahman, Afrikaner 
 
PO0389: Cattle 
Using Whole Genome Sequence to Identify Genes Underlying Production Traits in South African Beef Cattle 
Avhashoni A Zwane1, Azwihangwisi Maiwashe2, Este vanMarle-koster3, Mahlako Makgahlela1 and Jeremy F. Taylor4, 
(1)Agricultural Research Council, Pretoria, South Africa, (2)University of Free State, Bloemfontein, South Africa, (3)University of 
pretoria, Pretoria, South Africa, (4)Division of Animal Sciences, University of Missouri, Columbia, MO 



South African beef cattle are genetically diverse and their future utilization depends on their conservation and improvement. There is a need to 
characterize these breeds using genomic information to enhance their productivity. SNP technology now provides a suitable platform to examine 
the entire genome and identify important production traits. The aim of this study was to scan the whole genome to identify genes associated with 
production in South African beef cattle. Samples from Afrikaner, Drakensberger and Nguni were identified, and sub-sampled from the 
Agricultural Research Council Biobank. Whole genome sequencing was performed using an Illumina HiSeq 2500 using DNA pools from the 
three breeds. About 17.6 million variants were discovered across the breeds with 16% SNPs identified as novel. These SNPs were used to 
identify genes associated with production in the three cattle breeds.  
Functional enrichment analysis of novel SNPs identified several genes associated with production in cattle, located within 5% of 1,481 100kb 
windows, using Ensembl Cow and Animal QTL databases. Genes such as MLANA on chr 8 have been associated with coat colour, SYT10 on chr 
5 with longevity, and the ADAMS3 gene with fertility in cattle. Genes such as SNTG1 (identified in Afrikaner and Nguni) and ADAMS3 
(identified in Afrikaner and Drakensberger) have also been associated with fertility in cattle. Other genes were identified in selective sweep 
regions such as KIT and MITF that have been associated with skin pigmentation in cattle and CACNA1C, which has been associated biopolar 
disorder in human. The results of this study provide a framework for further genetic association and QTL fine-mapping studies in indigenous 
South African cattle. This work should enable more genetic studies on these breeds, knowing the basis of their unique traits for breed 
improvement. 
 
PE0390: Cattle 
Whole Genome Sequence Analysis of West African Taurine reveals their Unique Trypanotolerant Adaptation 
Abdulfatai Tijjani1,2, Hassan Musa3, Eui-Soo Kim4, Bin Zang4, Dajeong Lim5, Tad S. Sonstegard4, Oyekanmi Nash2 and Olivier 
Hanotte1,6, (1)Cells Organisms and Molecular Genetics, School of Life Sciences, University of Nottingham, Nottingham, United 
Kingdom, (2)Centre for Genomics Research and Innovation, National Biotechnology Development Agency (NABDA), Abuja, 
Nigeria, (3)Faculty of Medical Laboratory Sciences, University of Khartuom, Khartuom, Sudan, (4)Acceligen Inc. Animal Ag. 
Subsidary of Recombinetics, St. Paul, MN, (5)National Institute of Animal Science, Suwon, Korea, Republic of (South), 
(6)International Livestock Research Institute (ILRI), Addis Ababa, Ethiopia 
The West African taurine represent a unique group of indigenous African cattle population. They possess the ability to thrive in their local 
production environment where trypanosomiasis is endemic. In this study, we investigated the signatures of selection across the genome of two 
trypanotolerant West African taurine breeds (WAT), the shorthorn Muturu and the longhorn N’Dama, using six selection scan tests. Each of the 
trypanotolerant cattle was compared to two groups of trypanosusceptible cattle populations (African zebu and European taurine). Functional 
annotation of genes within candidate regions reveals genes involved in pathways, e.g. T cell and B cell activation and Natural Killer Cell 
mediated cytotoxicity, that are relevant to trypanosomiasis disease progression. The list of common genes between Muturu and N’Dama were 
investigated further. Our findings identify PTPN6 involved in several of these pathways. Protein-protein network indicates its pivotal role 
through its interactions with bovine MHC class II genes and other genes, and therefore a possible central role of the gene in the initiation and 
control of a cascade of biological processes necessary to confer protective immunity linked to trypanotolerance. The importance of PTPN6 is 
further supported by the presence of an unique WAT haplotype closed to fixation. Our results support that PTPN6 gene is linked to the 
trypanotolerance status of the WAT calling for further functional investigation of the gene. 
 
PO0391: Sheep 
Development of Flock54: A Targeted Genotyping Panel for the Sheep Industry 
Rebekka J. Job1, Mingrui Duan2, Samuel S Hunter3, Kimberly M. Davenport1, Anna M. Rodriguez1, Lesa Eidman4 and Brenda M. 
Murdoch1, (1)Department of Animal and Veterinary Science, University of Idaho, Moscow, ID, (2)University of Idaho, Moscow, 
ID, (3)Institute for Bioinformatics and Evolutionary Studies, University of Idaho, Moscow, ID, (4)Superior Farms, Davis, CA 
Over the last decade, advancements in DNA sequencing technologies have resulted in a significant decrease in genotyping costs. Despite 
decreased costs, genotyping is still cost prohibitive for many sheep producers. The animal genomics community aims to provide producers of all 
species the option of utilizing DNA single nucleotide polymorphism (SNP) markers for pedigree assignment and marker-assisted selection with 
markers linked to quantitative trait loci and/or known single gene causative markers. The objective of this study was to design a SNP panel that 
uses amplicon sequencing for targeted genotyping. The SNP panel contains 1019 markers, consisting of 163 parentage SNPs, 38 markers 
associated with disease and/or production traits, and 818 markers common to the Illumina Ovine SNP50 BeadChip. Markers located in a 
transcript or quantitative trait locus with high minor allele frequency were preferentially chosen. One thousand blood and ear notch samples 
provided by producers in the Pacific NorthWest were run on the panel. DNA was extracted from each tissue type then submitted to 
ThermoFisher Scientific to test the first version of this panel. Of the 1019 markers, 200 are being redesigned due to under-performance, leaving 
819 successful markers with an overall sample call rate of 90%. More specifically, 163 parentage markers and 33 disease or production markers 
were successful. The genotypes were returned to producers allowing for application within the flocks and formed the basis for version II of the 
panel currently under-testing. This SNP panel will facilitate the application of sheep genomics to promote improved production, health and 
welfare. 
 
PE0392: Sheep 
High-Density Genotyping Reveals Signatures of Selection Related to Acclimation and Economically Important Traits in 15 
Local Sheep Breeds from Russia 
Denis Larkin1,2, Andrey Yurchenko3, Tatiana Deniskova4, Nikolay S. Yudin5, Arsen V Dotsev4, Henry Reyer6, Klaus Wimmers7, 
Gottfried Brem8 and Natalia A. Zinovieva4, (1)Royal Veterinary College, University of London, London, United Kingdom, 
(2)Federal Research Center Institute of Cytology and Genetics, The Siberian Branch of the Russian Academy of Sciences, 
Novosibirsk, Russian Federation, (3)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, Russian Federation, (4)L.K. 
Ernst Federal Science Center for Animal Husbandry, Podolsk, Russian Federation, (5)The Federal Research Center Institute of 



Cytology And Genetics The Siberian Branch of The Russian Academy of Sciences, Novosibirsk, Russian Federation, (6)Leibniz 
Institute for Farm Animal Biology, Dummerstorf, Germany, (7)Leibniz-Institute for Farm Animal Biology (FBN), Dummerstorf, 
Germany, (8)Institute of Animal Breeding and Genetics, Vienna, Austria 
Domestication and centuries of selective breeding changed genomes of local sheep breeds to respond to environmental challenges and human 
needs. The genomes of local breeds, therefore, are valuable sources of genomic variants to be used to understand mechanisms of response to 
adaptation and artificial selection. As a step toward this we performed a high-density genotyping and comprehensive scans for signatures of 
selection in the genomes from 15 local sheep breeds bred across Russia. Results of the scan for signatures of selection demonstrate that the 
genomes of Russian sheep breeds contain multiple regions of putative selection. More than 50% of these regions match intervals identified in 
previous scans for selective sweeps in sheep genomes. These regions contain well-known candidate genes related to morphology, adaptation, and 
domestication (e.g., KITLG, KIT, MITF, MC1R), wool quality and quantity (e.g., DSG@, DSC@, KRT@), growth and feed intake (e.g., 
HOXA@, HOXC@, LCORL, NCAPG, LAP3, CCSER1), reproduction (e.g., CMTM6, HTRA1, GNAQ, UBQLN1, IFT88), and milk-related traits 
(e.g., ABCG2, SPP1, ACSS1, ACSS2). In addition, multiple genes putatively related to environmental adaptations were top-ranked in selected 
intervals (e.g., EGFR, HSPH1, NMUR1, EDNRB, PRL, TSHR, and ADAMTS5). Moreover, we observed that multiple key genes involved in 
human hereditary sensory and autonomic neuropathies, genetic disorders accompanied with an inability to feel pain and environmental 
temperatures, were top-ranked in multiple or individual sheep breeds from Russia suggesting a possible mechanism of adaptation to harsh 
climatic conditions. Our work represents the first comprehensive scan for signatures of selection in genomes of local sheep breeds from the 
Russian Federation of both European and Asian origin. We confirmed that genomes of the Russian sheep contain previously identified signatures 
of selection, demonstrating robustness of our integrative approach. Multiple novel signatures of selection were found near genes which could be 
related to adaptation to harsh environments of Russia. Our study forms a basis for future work on using Russian sheep genomes to spot specific 
genetic variants or haplotypes to be used in efforts on developing next-generation highly productive breeds which better suit diverse Eurasian 
environments. This work was supported by the Russian Science Foundation grants (RSF, 16–14–00090 and RSF, 14-36-00039). 
 
PO0393: Sheep 
Genetic Admixture and Population Structure in Seven North American Sheep Breeds 
Kimberly M. Davenport1, Cody Hiemke2, Rebekka J. Job1, Anna M. Rodriguez1, Ronald M. Lewis3 and Brenda M. Murdoch1, 
(1)Department of Animal and Veterinary Science, University of Idaho, Moscow, ID, (2)Niman Ranch & Mapleton Mynd 
Shropshires, Stoughton, WI, (3)Department of Animal Science, University of Nebraska–Lincoln, Lincoln, NE 
A variety of breeds are used in sheep production operations to aid in meeting the demand for lamb and wool in North America. The objective of 
this study was to identify population structure and admixture among seven U.S. terminal sire breeds. Suffolk, Hampshire, Shropshire, Dorset, 
Oxford, and Southdown sheep (n=128) were genotyped using the Affymetrix Ovine 50K Genotyping Array comprised of 51,572 single 
nucleotide polymorphisms (SNPs). After excluding SNPs with a call rate of less than 0.90 and minor allele frequency less than 0.01, 48,693 
SNPs remained for analyses. Principal component analysis (PCA) revealed that individuals clustered primarily by their reported breed, except for 
two Shropshire animals which clustered closely with Hampshire. Additionally, a circular cladogram constructed with an identity by state matrix 
indicated that four Suffolk animals were closely related to Hampshire. To investigate admixture, the program STRUCTURE was implemented 
with given populations of K=2-9. Based on Maximum Likelihood estimation, K=5 inferred populations were best fit for this dataset. The greatest 
admixture within a breed was observed in Hampshire, Suffolk, and Oxford. Although most Shropshire animals clustered independently in the 
PCA, some influence of Dorset and Southdown breeds was detected with STRUCTURE. The Southdown breed displayed the least admixture 
compared to other breeds in this study. Understanding the genetic relationships between terminal sire breeds in North America could allow us to 
better utilize information derived from one breed, such as disease resistance or production traits, to infer in other breeds based on their level of 
relationship. 
 
PE0394: Sheep 
Rambouillet Sheep Transcriptome Annotation Resources 
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, Stephen N. White5, Emily L. Clark6, James W. Kijas7, Noelle Cockett8, Brenda 
M. Murdoch9, Donna M. Muzny1 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)Institute of Agriculture, 
The University of Western Australia, CRAWLEY, Australia, (5)USDA, ARS, Animal Disease Research Unit, Pullman, WA, 
(6)The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom, (7)CSIRO Animal, Health and Food 
Science, St Lucia, Australia, (8)Utah State University, Logan, UT, (9)Department of Animal and Veterinary Science, University of 
Idaho, Moscow, ID 
Functional genomic analysis requires high-quality reference genomes with comprehensive annotation. We report our ongoing analysis of the 
FAANG (Functional Annotation of ANimal Genomes) quality samples for the Rambouillet breed sheep, where our high quality reference 
genome, with long, medium and short RNA sequene; CAGE data, ATAC-Seq and other assays are from multiple tissues from a single ewe, 
Benz2616. The high quality long-read de novo assembly, (Oar_rambouillet_v1.0, GCA_002742125.1) is more contiguous, complete and correct 
than most, with complete chromosome scaffolds.  
FAANG assays from over 100 collected reference animal tissues including PacBio IsoSeq, Illumina RNAseq and miRNAseq, ATAC-Seq 
CAGE, and other assays are underway, to ensure quality annotation. Initial RNA sequence analysis of PacBio IsoSeq from 5 tissues sampled 
15,888 genes of 20,921 previously annotated proteins. The value of the IsoSeq data to identify alternative isoforms led us to perform additional 
IsoSeq sequencing of 3 more tissues with the latest PacBio Sequel technologies. MicroRNA data and Illumina RNAseq data are available for 30 
and 29 tissues respectively. We will present the analysis of these data, and the resources they provide for higher quality annotations for more 
genes and transcripts. 
 
PO0395: Sheep 



A Metagenomic Analysis of the Effect of Antibiotic Feed Additives on the Ovine Rumen Metabolism 
Rocky D. Patil1, Melinda J. Ellison2, Rebecca Cockrum3, Kathleen J. Austin4, William R. Lamberson5, Kristi M. Cammack4 and 
Gavin C. Conant5, (1)University of Missouri - Columbia, Columbia, MO, (2)University of Idaho, Moscow, ID, (3)Virginia 
Polytechnic Institute and State University, Blacksburg, VA, (4)Department of Animal Science, University of Wyoming, Laramie, 
WY, (5)Division of Animal Sciences, University of Missouri, Columbia, MO 
Antibiotic feed additives have been increasingly administered to domesticated ruminants as they improves feed efficiency, weight gain, and 
reduce the incidence of abortions triggered by bacterial infections. However, ruminant animals have a symbiotic relationship with their rumen’s 
microorganisms where microbes degrade plant materials into simpler metabolites used in host metabolism, and the effects of antibiotics on this 
symbiosis are still incompletely understood. Using a shotgun metagenomics approach, we obtained microbial reads from the rumen of 32 sheep 
that were administered either an antibiotic-supplemented (16) or an unsupplemented (16) diet. Metagenomic reads from each sheep were mapped 
to a microbial metabolic network that was in turn linked to the sheep metabolic network using an interface metabolite approach that we have 
previously described. We predicted that there would be differences in the metabolic network from the antibiotic and non-antibiotic fed sheep. 
The Shannon entropies (alpha diversity) for the read distributions of the network nodes and OTUs for antibiotic and non-antibiotic animals were 
compared. For the metabolic nodes, there was no significant difference in diversity between the two groups (P = 0.16). On the other hand, the 
antibiotic-fed sheep had significantly greater taxonomic diversity compared with sheep not fed antibiotics (P = 0.01). The taxonomic profile of 
the two groups were nonetheless similar, with the most abundant taxa in both cases being from the genus Prevotella, with frequencies of 0.25 and 
0.40, respectively, and no individual microbial species being abundant between the two groups. We conclude that the administration of antibiotic 
feed additives in the sheep diet results in a significant effect on the taxonomic diversity while having a lesser effect on the metabolic function of 
the ecosystem. 
 
PE0396: Sheep 
Association of TNXB with Objective Milk Production Traits in U.S. Dairy Sheep 
Kaneesha M. Hemmerling1, Thomas W. Murphy2, Maria K. Herndon1, Mehmet Ulas Cinar3, David Thomas4, Stephen N. White5 
and Michelle R. Mousel5, (1)Department of Veterinary Microbiology and Pathology, Washington State University, Pullman, WA, 
(2)Department of Animal & Range Sciences, Montana State University, Bozeman, MT, (3)Erciyes University, Kayseri, Turkey, 
(4)University of Wisconsin-Madison, Madison, WI, (5)USDA, ARS, Animal Disease Research Unit, Pullman, WA 
With the world population growing by 83 million people annually, it is vital to select livestock that produce high quality products in large 
volume to meet the increasing worldwide nutritional needs. In domestic sheep, a variation in the Tenascin X (TNXB) gene, E2004G, was 
associated with mature bodyweight and subjective milk score. We used 207 U.S. 2 to 6 year old East Fresian (E), Lacaune (L), Awassi (A), and 
Katahdin (K) purebreds and crosses to determine if there was an association between TNXB E2004G and individual milk yield, fat yield, protein 
yield, fat percentage, and protein percentage. A reduced mixed statistical model was used which had fixed effects of age, breed composition, and 
TNXB genotype and random effect of sire. Protein yield was approaching significance (P<0.06) with AG ewes producing more protein yield 
than GG ewes. Age impacted milk yield, protein yield and fat yield (P<0.01) with 5 year old producing more than 4, 3, and 2 year old ewes. EL 
crossbred ewes had more milk yield than ELA and ELK ewes (P<0.04). Further studies need to be conducted with more balanced genotype 
frequencies to validate the impact on protein yield. Understanding how TNXB E2004G impacts milk production may allow producers to use this 
genetic marker as a selection tool to improve dairy sheep production. 
 
PO0397: Sheep 
Signatures of Selection in Lambs and Kids Bred for Low FEC after H. contortus Exposure 
Zaira Magdalena Estrada Reyes1, Raluca Mateescu1, Yoko Tsukahara2, Arthur L. Goetsch2, Terry Gipson2, Ryszard Puchala2 and 
Steven P. Hart2, (1)Department of Animal Sciences, University of Florida, Gainesville, FL, (2)Langston University, Langston, OK 
Zaira M. Estrada-Reyes, Department of Animal Sciences, University of Florida  
Host genetic variation for resistance to Haemonchus contortus allows selective breeding of animals for increased resistance. This selection 
process creates unique genetic patterns in the DNA sequence. The aim of this study was to identify loci with divergent allelic frequencies using 
Fst statistic in lambs and kids selectively bred for low Haemonchus contortus fecal egg count (FEC). Three different breeds of lambs (Dorper, 
Katahdin and St. Croix) and kids (Boer, Kiko and Spanish) derived from resistant lines were used and genotyped using Capture-Seq for 100 
genes related to the immune response during H. contortus infection. Genotypes were discarded based on call rate (< 95%) and MAF (< 0.01). 
After quality control, 1,339 SNPs (lambs) and 1,020 SNPs (kids) were used for the analysis in R software. For lamb populations, Dorper was 
used as the susceptible breed, and for kids, Boer was selected as susceptible. Fst analysis was performed per species. Our results for lamb 
populations showed regions under selection within chromosome 1, 2, 3, 6, 11, 12, 14, and 19. For kids, loci within chromosome 1, 2, 3, 5, 11, 12, 
16, 18, 24 and 26 were associated to low FEC. In conclusion, SNPs within immune response genes related to H. contortus exposure are loci 
under selection for low FEC in sheep and goat populations. Results from this study support the hypothesis that resistance to gastrointestinal 
parasites is likely to be controlled by many loci. 
 
PE0398: Sheep 
The Genetic Basis of Respiratory Disease in New Zealand Lambs  
Kathryn M. McRae, Hayley J. Baird, Suzanne J. Rowe, Matthew J. Bixley, Ken G. Dodds and Shannon M. Clarke, AgResearch, 
Invermay Agricultural Centre, Mosgiel, New Zealand 
Respiratory disease is an important issue for sheep production in New Zealand and internationally, leading to reduced growth rate and a 
predisposition to pleurisy. The majority of the economic burden is through slower growth and reduced carcass value at slaughter. Historically, 
farm management practices and vaccine development have been the main focus for the prevention of pneumonia. The objective of this research 
was to 1) develop a visual scoring system for ovine pneumonia at the processing plant, 2) estimate the heritability of pneumonic lesions and 
pleurisy at slaughter, and investigate the genetic relationship with key production traits, and 3) identify regions of the genome associated with 
respiratory disease in sheep. The lungs of over 13,000 lambs from pedigree-recorded flocks have been scored for the presence and severity of 



pneumonic lesions at slaughter, using a Consolidated Pneumonia Score (CPS). On average 29% of lambs had pneumonic lesions, with 7% 
showing severe lesions. The incidence of pleurisy, as scored by the processing plant, was 6%. Heritability estimates for pneumonic lesions and 
pleurisy adjusted for heteroscedasticity (CPSa and PLEURa) were 0.07 (± 0.02) and 0.02 (± 0.01), using pedigree records, and 0.16 (± 0.03) and 
0.05 (± 0.02) when using the genomic relationship matrix from a subset (N ≈ 3500) of genotyped animals. There was a significant genetic 
correlation between CPSa and faecal egg count (0.30 ± 0.13). Animals with pneumonic lesions had grown faster from birth to weaning, and 
slower from weaning to slaughter than animals without lesions. Genome-wide association analyses identified several genomic regions associated 
with pneumonic lesions and pleurisy in NZ lambs. These regions contained genes involved in DNA damage response and the innate immune 
response, including several SNPs within genes that have previously been associated with the respiratory system in cattle, pigs, rats, and mice. 
This indicates that there may be common pathways that underlie the response to invasion by respiratory pathogens in multiple species. 
 
PO0399: Sheep 
High Density Genome-Wide Association with Domestic Sheep Monocyte Count 
Ryan D. Oliveira1, Michelle R. Mousel2, Michael V. Gonzalez1, J. Bret Taylor3, Donald P. Knowles1 and Stephen N. White2, 
(1)Washington State University, Pullman, WA, (2)USDA, ARS, Animal Disease Research Unit, Pullman, WA, (3)USDA, ARS, 
Range Sheep Production Efficiency Research, Dubois, ID 
Monocytes and their derived immune cells are a fundamentally important component of the immune system involved in phagocytosis and 
antigen presentation, playing a role directly in innate immunity and stimulating the adaptive response. Monocytes and macrophages are important 
in both mitigating and propagating many infectious diseases of sheep, including those caused by Coxiella burnetii and small ruminant lentivirus. 
Previously, the concentration of circulating monocytes was determined for 513 Rambouillet, Polypay, and Columbia sheep (Ovis aries), and a 
genome-wide association study (GWAS) investigating these monocyte counts was previously performed with the Ovine SNP50 BeadChip. With 
those data, one genome-wide significant peak was observed on ovine chromosome 9 with genome-wide suggestive peaks on chromosomes 1, 3, 
4, 5, 11, 15, and 23. A subset, 222 of the 514 sheep were re-genotyped with the Ovine HD BeadChip, while the remaining 291 were imputed to 
the same density using BEAGLE 5.0 with reference animals of the same breeds. Upon repeating the GWAS, 14 new genome-wide significant 
peaks were observed on chromosomes 1, 2, 3, 4, 5, 6, 9, and 13. Over 120 new additional genome-wide suggestive peaks were observed on 
chromosomes 1, 3, 4, and 5 in addition to those observed in the previous analysis. Some peaks included genes involved in hematopoiesis and 
monocyte development. These loci are being further investigated to understand their function. This investigation into the genetic basis of 
monocyte production and differentiation may have implications in pathogen control and fundamental immunology. 
 
PE0400: Sheep 
Genome-Wide Association Study to Identify Genetic Loci Associated with Resistance to Haemonchus Contortus in Katahdin 
Sheep 
Gabrielle M. Becker1, Rebekka J. Job1, Kimberly M. Davenport1, Anna M. Rodriguez1, Joan M. Burke2, Ronald M. Lewis3, James 
E. Miller4, James L. M. Morgan5, David R. Notter6 and Brenda M. Murdoch1, (1)Department of Animal and Veterinary Science, 
University of Idaho, Moscow, ID, (2)USDA, ARS, Dale Bumpers Small Farms Research Center, Booneville, AR, (3)Department of 
Animal Science, University of Nebraska–Lincoln, Lincoln, NE, (4)Department of Pathobiological Sciences, School of Veterinary 
Medicine, Louisiana State University, Baton Rouge, LA, (5)Katahdin Hair Sheep International, Fayetteville, AR, (6)Department of 
Animal and Poultry Sciences, Virginia Tech, Blacksburg, VA 
Haemonchus contortus is the most abundant gastrointestinal nematode (GIN) observed in small ruminants. Additionally, Haemonchus contortus 
has the highest prevalence of anthelmintic resistance among GIN, making it a crucial economic concern for sheep producers (Fleming et al., 
2006). Previous research has shown that in at least some breeds of sheep, including Dorper, St. Croix, and Katahdin, GIN resistance is heritable 
(Burke and Miller, 2004; Kemper et al., 2011). A genome-wide association study was conducted to identify genetic loci associated with 
resistance to Haemonchus contortus in Katahdin sheep. Forty sheep were selected for high and low fecal eggs count estimated breeding values 
and genotyped using the Affymetrix Ovine 50K array. Following quality control, 46,268 single nucleotide polymorphisms (SNP) were included 
in subsequent analyses using a linear regression model in PLINK v1.90 and a Single-Locus Mixed Model in SNP and Variation Suite. 
Significance was determined using a Bonferroni correction for multiple testing (p < 0.05). A total of nine significant SNPs across chromosomes 
2, 3, 16, 23, and 24 were identified, with one SNP on chromosome 2 reaching significance in both models. The linear regression model identified 
three nearby significant SNPs on chromosome 2, suggesting that this region is in linkage disequilibrium and may be related to GIN resistance in 
Katahdin sheep. This study identified genetic regions associated with GIN resistance that may eventually be used to help sheep producers select 
for GIN resistance in their flocks. 
 
PO0401: Sheep 
Rumen Bacterial Composition in Lambs Is Affected By β-Adrenergic Agonist Supplementation and Heat Stress  
Erin M. Duffy, Samodha C. Fernando, Ty B. Schmidt, Dustin T. Yates and Jessica L. Petersen, University of Nebraska, Lincoln, 
NE 
The rumen microbial community plays a critical role in energy and nutrient cycling. This study was performed to determine how heat stress and 
supplementation with β-adrenergic agonists (βAA), which are commonly fed to cattle to improve carcass characteristics, affect the rumen 
microbiota. Crossbred lambs housed in thermoneutral (TN; 25°C, 15% RH) or heat stress (HS; 40°C, 35% RH) environments were fed a high-
energy diet for 21d containing either no dietary supplement, ractopamine HCl (RH; β1 agonist), or zilpaterol HCl (ZH; β2 agonist). Rumen 
content was collected on d 22, and the V4 region of 16S rRNA was sequenced to evaluate bacterial community differences. Utilizing the 
weighted UniFrac distance matrix as an input for permutational multivariate analysis of variance, no interaction was observed between 
environment and supplement. The rumen bacterial community differed (P< 0.05) between HS and TN lambs but not among supplements. Linear 
discriminant analysis of effect size identified 52 operational taxonomic units (OTUs) in HS lambs that were significantly different (P< 0.05 and 
LDA > 2.0) from TN lambs. Additionally, bacterial communities in lambs fed RH or ZH differed by 29 and 25 OTUs, respectively, compared to 
controls. Prevotella ruminicola and Clostridium fimetarium were more abundant in TN lambs and were associated with increased average daily 



gain (ADG) (P< 0.001). Barnesiella intestinihominis was also associated with increased ADG (P< 0.001) and was more abundant in control than 
ZH lambs. Further research is needed to identify the impact these changes have on animal health and production efficiency. 
 
PE0402: Sheep 
Genome-Wide Association with Ovine Footrot 
Mehmet Ulas Cinar1,2, Ryan D. Oliveira3, Tracy Hadfield4, Anne Lichtenwalner5, Richard J. Brzozowski5, C. Thomas Settlemire6, 
Susan B. Schoenian7, Charles Parker8, Noelle Cockett4 and Stephen N. White1,9, (1)Washington State University, Pullman, WA, 
(2)Erciyes University, Kayseri, Turkey, (3)Washington State University College of Veterinary Medicine, Department of Veterinary 
Microbiology and Pathology, Pullman, WA, (4)Utah State University, Logan, UT, (5)University of Maine, Orono, ME, (6)Bowdoin 
College, Brunswick, ME, (7)Western Maryland Research & Education Center, Keedysville, MD, (8)retired, Columbus, OH, 
(9)USDA, ARS, Animal Disease Research Unit, Pullman, WA 
Ovine footrot is a bi-microbial infectious disease in which Dichelobacter nodosus and Fusobacterium necrophorum play major roles, and it is 
characterized by hoof separation from the underlying tissue that causes severe lameness. Economic losses due to footrot have been estimated at 
more than $20 million per year in the U.K, and are known to be much higher globally. While there are a variety of treatment methods, many are 
labor-intensive and expensive due to the treatment or culling of the diseased animal. Genetic resistance to footrot would be a valuable tool to 
advance disease control. Footrot condition scores were collected from 251 U.S. sheep including Katahdin, Blackbelly, and European-influenced 
crossbred sheep. Of these, 200 were genotyped with the OvineHD array (>600,000 SNP) and 51 others were genotyped on the Ovine50K array 
(>50,000 SNP). The sheep genotyped with the Ovine50K array were imputed up to OvineHD density to create a uniform genotype dataset, and 
genome-wide association was performed using a model accounting for breed group. Genome-wide significance was observed for loci on ovine 
chromosomes 1 and 2, including a gene known to be expressed in skin but with little additional prior functional annotation. Furthermore, 
genome-wide suggestive results were observed on numerous other chromosomes. These data provide a basis for discovery of specific genetic 
variants underlying footrot susceptibility, and they will improve genetic and genomic selection to selectively breed healthy sheep. 
 
PO0403: Sheep 
The Genomic Architecture of South African Mutton, Pelt and Dual Purpose Sheep Breeds Relative to Global Sheep 
Populations 
Farai C. Muchadeyi, Agricultural Research Council, Pretoria, South Africa and Edgar F. Dzomba, University of KwaZulu-Natal, 
Pietermaritzburg, South Africa 
Sheep (Ovis aries)are globally an important livestock species through which products such as mutton, wool and pelts are obtained. Breed 
development resulted in specialized animals according to products (primary trait of economic importance), as well as adaptive and functional 
traits, leading to a diverse array of phenotypically distinct breeds. The current study used the Illumina OvineSNP50 BeadChip genotypes to 
evaluate genetic diversity, population genetic structure and divergence between South African sheep breeds. Genotype data from 400 animals 
from 13 breeds developed for mutton, pelt, and mutton and wool dual-purpose from South Africa were obtained. In addition, Nguni sheep 
samples were included as a representative of unimproved indigenous breeds that are reared in smallholder farming areas. We hypothesized that 
breed history and genomic architecture are aligned to breeding goals and production systems of the various sheep breeds of South Africa. We 
also juxtaposed the South African breeds to global populations consisting of 623 animals comprising six breeds from other African countries, and 
two Asian and eight European breeds to gain more insight into the South African breeds’ genetic diversity relative to worldwide populations. 
Across breeds, genetic diversity ranged from HO = 0.62±0.01 (Dohne Merino) to HE= 0.74± 0.02 (Namaquar Afrikaner) with an overall mean of 
0.65±0.04. The African and Asian populations were the most inbred populations with FISranging from 0.17±0.05 in Grey Swakara sheep to 
0.34±0.07 in the Namaqua Afrikaner. The South African Dohne Merino (FIS= 0.03±0.01), SA Merino (FIS= 0.05±0.04) and Afrino (FIS= 
0.09±0.02) and other global Merino breeds were the least inbred. The first principal component explained 27.7% of the variation and grouped the 
Merino and Merino derived breeds as a single cluster separated from (i) a cluster of Dorset Horn and Australian Poll Dorset, (ii) the Karakul, 
Karakas and Swakara cluster, (iii) the Dorpers, (iv) a cluster of Nguni and Black head Persian and (v) a mixed cluster with Ethiopian Menzi, Red 
Maasai, Ronderip Afrikaner and Namaqua Afrikaner. The second principal component explained approximately 19.7% of the total variation and 
clustered the breeds according to their function and historical origin splitting the different Merino specialized breeds and distinguishing the 
Nguni, Namaqua Afrikaner, Blackhead Persian, Afrino and Dorper breeds. The optimal cluster K = 20 for ADMIXTURE revealed various 
sources of within and amongst breed genomic variation associated with purpose, adaptation and history of the breeds. The Blackhead Persian, 
Nguni and Namaqua Afrikaner breeds differed significantly from other breeds particularly with the South African Mutton Merino and Dorset 
Horn. Further analysis included population pairwise and per marker FSTand Runs of Homozygosity, which reported breed differentiating SNPs in 
genomic regions associated with growth, adaptation and reproduction. The results gave insight into the current status of the sheep genetic 
resources of South Africa as well as information to guide breed conservation and improvement. 
Key words: Sheep, SNP genotypes, breed diversity, population structure, South Africa 
 
PE0404: Swine 
Fine Mapping of QTL Associated with Age at Puberty in Gilts Using a Novel Affymetrix SNP Array (SowPro90) 
Hiruni R Wijesena1, Dan Nonneman2, Brittney N Keel2, Jean-Jack Riethoven1, Gary A. Rohrer2, Stephen D. Kachman1 and Daniel 
C. Ciobanu1, (1)University of Nebraska - Lincoln, Lincoln, NE, (2)USDA, ARS, USMARC, Clay Center, NE 
Age at puberty (AP) is the earliest indicator of sow fertility. Identification of the pleiotropic sources that influence phenotypic variation of AP 
and other fertility traits has the potential to improve genomic predictions for traits expressed late in life such as sow reproductive longevity. 
Novel genetic variants identified by transcriptomic and genomic sequencing and genome-wide associations were integrated into “SowPro90”, a 
custom Affymetrix SNP array. This array includes SNPs located in genes overlapping major QTL for AP, SNPs located in other fertility related 
genes, and potential loss of function SNPs identified in the UNL and USMARC populations. UNL animals representing extremes of the 
distribution for genomic prediction values for AP (early, n=154; late, n=129) were genotyped with the SowPro90 to fine map functional 
polymorphisms associated with AP. Two of the major QTL (SSC2, 13.3Mb and SSC9, 96.1Mb) previously identified in the UNL population 



were saturated with SNPs located in flanking regions of the top SNP (±250kb). In SSC2, a SNP located in the proximal promoter of the UBE2L6 
(SSC2, 13.3Mb; F=13.39; P=0.0003) was associated with the largest effect, exceeding the effect of the original top SNP (DIAS0004771; 
F=6.98). In SSC9, the original SNP (ALGA0115279) still had the largest effect and is located in the first intron of SEMA3A (SSC9, 96.1Mb; 
F=23.47; P<0.0001). The proportion of phenotypic variance explained by these SNPs was 6.8% and 12.2%, respectively. UBE2L6 is known to 
catalyze the binding of ISG15, a marker for pregnancy, and SEMA3A is involved in the neuronal control of AP.  
USDA is an equal opportunity provider and employer. 
 
PO0405: Swine 
Gene Co-Association Network Analysis from the Conventional Genome Wide Association Study for Lifetime Productivity 
Including the Longevity and Efficiency of Sows 
Jun-Mo Kim, Chung-Ang University, Angseong-si, South Korea and Ji-Hoon Kang, Patentpia Inc., Seoul, South Korea 
Abstract 
Genome wide association study (GWAS) has been broadly applied to identify the causative genes or mutations for important phenotypes such as 
disease and economic traits in livestock using large size populations. However, many of GWAS for the reproductive traits revealed an 
insufficient number of significant loci and trouble to identify major loci, because of highly stringent cut-off criteria for the significant level in 
GWA with the relatively low heritability of the general reproductive properties. Moreover, we didn’t have many other options to use the large 
size GWA results, when we once finished GWAS using the commercial population. In this study, we applied the regulatory gene network from 
the Co-Association Network analysis using the low significant level of SNPs in the GWAS for sow lifetime productivity traits. We expect this 
challengeable study can be an additional insightful option to learn beyond the conventional GWAS in touch economic traits. Particularly, swine 
reproductive traits are the touch economic traits, but considered as profitable traits in commercial farming. Notably, the longevity and efficiency 
(LEP) in Sow lifetime productivity (SLP) can be adopted as the key phenotype representing the reproductive traits. We conducted a co-
association network analysis from the GWAS results for SLP-related traits. A total of 656 purebred Landrace female pigs were genotyped using 
the 60K SNP array. Significantly associated SNPs from the GWAS were annotated into the specific genes. Then, we constructed the Association 
Weight Matrix to build a network based on the co-associations between the genes and the ten SLP traits. The entire network consisted of 495 
nodes and 37,755 significant edges. We finally identified three key regulatory transcription factors (TFs).  
*NOTE: There were two serial studies were combined in this abstract. One study was already published in Animal Genetics 
(https://doi.org/10.1111/age.12640). Other one is ongoing to under-review in the other journal. 
 
PE0406: Swine 
Detection of Genetic Variation in South African Pig Genetic Resources Using the SNP60K Genotype Panel 
Nompilo Hlongwane, Agricultural Research Council - Biotechnology Platform, Pretoria, South Africa, Khanyisile Mdladla, 
University of KwaZulu-Natal, Pietermartzburg, South Africa, Pranisha Soma, Agricultural Research Council - API, Pretoria, South 
Africa, Edgar F. Dzomba, University of KwaZulu-Natal, Pietermaritzburg, South Africa and Farai C. Muchadeyi, Agricultural 
Research Council, Pretoria, South Africa 
Genetic diversity is of great importance and a prerequisite for rapid and accurate genetic improvement in pig and other livestock populations. 
South Africa is home to pigs belonging to commercial, indigenous and wild populations. The population consists of intensively farmed, 
extensively raised and those kept in conservation units as small fragmented populations. The present study provides a genome wide analysis of 
the genetic variability and population structure of South African pig populations. A total of 234 individuals consisting of samples from villages 
(91), commercial (60), indigenous (40), Asian (5) and wild (38) populations were genotyped using Porcine SNP60K BeadChip. Moderate 
heterozygosity levels, ranging from 0.204 (Warthog) to 0.371 (Capricorn) were observed. Principle Component Analysis resulted in four distinct 
clusters aligned to some extent to genetic similarities, geographic location and production systems of sampled populations. K = 10 was the most 
probable ADMIXTURE based clustering under which animals clustered according to their populations with the exception of the villages pigs 
which showed presence of admixture. AMOVA reported 93.95% of the genetic variation to be within populations. Population Pairwise FST 
analysis showed a genetic differentiation (P < 0.05) between the village with commercial and wild populations. A per marker per population 
pairwise FST analysis revealed SNPs associated with QTLs for traits such as meat quality, cytoskeletal and muscle development, glucose 
metabolism process and growth factors in both domestic and wild populations. Overall, the study provided a baseline understanding of porcine 
diversity and an important foundation for porcine genomics of South African populations. 
 
PE0408: Swine 
Metabolomic Associations and Metabolomics Networks Predictive of Feed Efficiency in Danish Performance Tested Boars 
Haja N. Kadarmideen and Victor AO. Carmelo, Technical University of Denmark, Kgs. Lyngby, Denmark 
Feed efficiency (FE) is a key phenotype in commercial pig production. Using modern genomic breeding methods, the improvement and accuracy 
of breeding for feed efficiency has increased greatly. In contrast, functional biological knowledge of feed efficiency specifically leading to easily 
detectable biomarkers has not increased in the same way. Gain in functional biological knowledge of FE in not only scientifically interesting, but 
can also lead to improved selection through identification of biomarkers or through the use of weighted genomic breeding models. We performed 
an analysis of blood metabolomics profiles on 113 (61 purebred Duroc and 52 purebred Landace) Danish performance tested young boars with 
sampling points at 30 kg and 100 kg, profiling a total of 729 metabolites. We applied linear models to individual blood metabolites to identify 
potential FE associated metabolites, based on feed conversion rate (FCR) and weight phenotypes. In Duroc, 70 metabolites at 30kg and 104 at 
100kg were significantly associated with FCR (pval < 0.05). In landrace, 84 metabolites at 30kg and 75 at 100kg were significantly associated 
with FCR (pval < 0.05). In landrace boars, we were also able to show a strong association between final weight after test phase and test start 
metabolite profiles (103 pval < 0.05). All p-value distributions were significantly different from uniform applying the Kolmogorov Smirnov test 
(pval < 0.001). We also used weighted network-based methodologies to cluster the metabolites into modules, and found several significant 
modules (6) related to FCR in both duroc and landrace boars (pval < 0.05). 
 



PO0409: Swine 
Regeneration of Spermatogenesis in Sertoli-Cell-Only NANOS2 Knockout Pigs By Homologous Spermatogonial Stem Cell 
Transplantation  
Michela Ciccarelli, Washington State University, Pullman, WA 
Spermatogonial stem cells (SSCs) possess the unique capacity to regenerate the spermatogenic lineage following transfer into a recipient testis. 
Because of this attribute, SSC transplantation has been lauded as an avenue for restoring the fertility of men lacking an endogenous germline (i.e. 
Sertoli-cell-only phenotype) due to a genetic deficiency or as a side effect of cancer therapy. Although this concept has been demonstrated in 
rodents, translation to higher order mammals, in particular proof-of-concept for a genetic deficiency scenario has been limited. In recent studies, 
we generated a pig model with complete germline ablation via CRISPR/Cas9 editing of the NANOS2 gene that resembles situations of 
genetically-linked Sertoli-cell-only syndrome in men. Here, we demonstrate that spermatogenesis can be regenerated in the testes of NANOS2 
knockout pigs following transplantation with wild-type SSCs, thus correcting the azoospermic phenotype.  
To achieve this, we generated five NANOS2 knockout boars and confirmed an azoospermic phenotype from puberty until approximately one year 
of age. A multiparameter selection strategy was then utilized to produce cell populations that were highly enriched for undifferentiated 
spermatogonia including SSCs (~80% pure) from wild-type donor boar testicular tissue. The donor cells were transplanted into the seminiferous 
tubules of four adult NANOS2 knockout boars (~4 X 106cells per testis) using an ultrasound guided injection into the rete testis and one knockout 
boar was left as a non-transplanted control. Considering that the spermatogenic cycle in boars is 38 to 40 days and the timing of sperm 
epididymal transit is 9 to12 days, semen collection and analysis was initiated 50 days after transplantation. Approximately 90 days post-
transplantation, we observed round cells in the ejaculate with a morphology similar to late stage spermatocytes and round spermatids. Then, at 
~100 days post-transplantation spermatozoa were first present in the ejaculates of two of the four transplanted boars. Intriguingly, the presence of 
sperm in ejaculates of both boars persisted and increased in number with time. In addition, based on computer assisted semen analysis (CASA) 
the sperm were found to be of normal morphology and motility. Moreover, genotyping analysis confirmed that the sperm were of donor origin. 
Importantly, neither round cells nor sperm have been observed in the ejaculate of the non-transplanted control boar to date thus indicating that 
endogenous germline is not a contributor to the regeneration of spermatogenesis. Collectively, these findings demonstrate that testes of NANOS2 
deficient males can harbor regeneration of spermatogenesis following transplantation with genetically competent SSCs and provide the first 
proof-of-concept in higher order mammals that fertility could be restored to males with genetically linked sterility.  
 
PE0410: Swine 
Weaning Induces Rapid DNA Methylation and Transcriptional Changes in Piglet PBMCs Associated with Impaired Stress 
Response 
Ryan J. Corbett1, Kaitlin E. Wurtz2, Janice M. Siegford2, Nancy E. Raney2, Laura M. Ford2 and Catherine W. Ernst2, (1)Genetics 
Graduate Program, Michigan State University, East Lansing, MI, (2)Department of Animal Science, Michigan State University, 
East Lansing, MI 
Prolonged immune system activation can impair numerous aspects of livestock physiology, including the ability to respond to subsequent 
stressors via hypothalamic-pituitary-adrenal (HPA) axis dysregulation. Piglet weaning is associated with nutritional and social stress, both of 
which elicit an immune response. DNA methylation is proposed as a mechanism by which stress induces long-term physiological changes. 
Previous animal studies have observed hypermethylation and downregulation of the glucocorticoid receptor (NR3C1)—a key regulator of the 
HPA axis—in blood of stressed versus non-stressed individuals. However, the impact of weaning on gene methylation and associated expression 
in pig tissues has not been assessed. We quantified changes in CpG methylation and transcript abundance in peripheral blood mononuclear cells 
(PBMCs) in piglets following weaning. Blood was collected from 10 females (5x2 litters) 48h before and 24h after weaning, and littermates with 
the highest and lowest cortisol concentrations and lesion scores (n=4) were selected for whole-genome bisulfite sequencing and RNA-
sequencing. We identified 15,568 differentially methylated regions (DMRs, 8,913 hypermethylated and 6,655 hypomethylated post-weaning), 
which were enriched within promoters of genes associated with transcriptional regulation and immune cell activation. DMRs were enriched 
among 533 identified differentially expressed genes, 440 of which were upregulated and enriched for immune and inflammatory processes. We 
observed post-weaning hypermethylation at the NR3C1promoter, and significant decrease in NR3C1expression that was validated in a larger set 
of PBMC samples via RT-qPCR (n=9, p=6.1x10-3). Our results indicate weaning-associated stress elicits genome-wide methylation changes 
associated with differential gene expression and a reduced HPA axis response. 
 
PO0411: Swine 
The Blood Transcriptome is able to Predict Piglets’ Future Individual Episodes of Diarrhea at Weaning 
Manuel Revilla1,2, Gaëtan Lemonnier1, Francesca Romana Massacci1,3, Jêrome Lecardonnel1, Fany Blanc1, Marie-José Mercat4, 
Laure Ravon5, Yvon Billon5, Rafael Muñoz-Tamayo2, Nicolas C Friggens2, Nathalie Le Floch6, Claire Rogel-Gaillard1 and Jordi 
Estellé i Fabrellas1, (1)GABI, INRA, AgroParisTech, Université Paris-Saclay, Jouy-en-Josas, France, (2)MoSAR, INRA, 
AgroParisTech, Université Paris-Saclay, Paris, France, (3)DISTAL, University of Bologna, Bologna, Italy, (4)IFIP-Institut du porc 
and Alliance R&D, Le Rheu, France, (5)GenESI, INRA, Surgères, France, (6)PEGASE, INRA, AgroCampus Ouest, Saint-Gilles, 
France 
Post-weaning diarrhea is one of the most serious threats for the sustainability of swine industry. Indeed, weaning is a multifactorial threat that 
affects pigs during the following two weeks, typically characterized by a reduction in feed intake, poor growth, diarrhea, and an increased risk of 
disease. In this crucial period antibiotics are still widely used either in the management of the post-weaning diarrhea episodes or in preventive 
prophylactic strategies. In a context of growing concerns related to the indiscriminate use of antibiotics, it is relevant to provide an understanding 
of the factors contributing to this disease. The objective of this work is to uncover predictive patterns of gene expression in the blood related to 
post-weaning diarrhea in piglets, using a sparse partial least squares discriminant analysis (sPLS-DA). To this end, the blood transcriptome at 
weaning (28 days-of-age) was analyzed by expression microarrays in two groups of 32 Large White piglets that were extreme for diarrhea scores. 
While no differentially expressed genes between groups were identified, the prediction ability of the sPLS-DA approach was able to distinguish 
both groups with the ROC analysis showing a value of 0.93. Overall, a set of 77 genes was enough to clearly separate resistant from sensible 



piglets. Interestingly, this gene set included several genes involved into processes related to immune/digestive functions. Overall, our results 
confirm the relevance of blood transcriptome as a source of biomarkers for health phenotypes, and should contribute to the identification of 
antibiotic alternatives for the prevention of piglet weaning diarrhea. 
 
PE0412: Swine 
The Whole Exome Sequencing to Identify Genetic Markers Involved with Cryptorchidism in Swine 
Arthur Nery da Silva1, Adriana Mercia Guaratini Ibelli2, Mauricio Egidio Cantao2, Eraldo Zanella1, Mariana G. Marques2, Marcos 
Vinicius B. da Silva3, Jane de Oliveira Peixoto2, Monica Correa Ledur2 and Ricardo Zanella1, (1)University of Passo Fundo, Passo 
Fundo, Brazil, (2)Embrapa Suínos e Aves, Concordia, Brazil, (3)Embrapa Gado de Leite, Juiz de Fora, Brazil 
The intensification in the swine industry to supply the worldwide meat production has led to an increase in the appearance of genetic defects 
among animals due to selection. The cryptorchidism, which is a heritable condition (h2=0.26 ± 0.02), is characterized by the incomplete descent 
of one or both testicles to the scrotum. This disorder causes huge economic losses and the selection against this trait has been conducted, with 
unsatisfactory results, since the predisposing alleles to cryptorchidism are still segregating among animals from different herds. The objective of 
this study was to identify markers involved with cryptorchidism using the whole exomic sequencing. Briefly, the DNA was extracted from five 
healthy (without history of cryptorchidism in their families) and five cryptorchid animals (with cryptorchidism history in their families) and then 
submitted to whole exomic sequencing using the Illumina HiSeq 2x100bp. Sequence data was pre-processed using the Seqyclean tool, to remove 
low quality reads. The BWA software was used to map the sequences against the reference genome (Sus scrofa 11.1), and GATK to identify the 
polymorphisms (SNPs and InDels). We have identified 63 SNPs distributed throughout the genome. These SNPs were located on chromosome 
SSC1, SSC2, SSC3, SSC5, SSC6, SSC7, SSC10, SSC12 and SSC16. These regions harbor novel positional candidate genes, such as: PIGB, 
PAMR1, SEPT1, FBP1, FBP2, CTSL, DAPK1, DHX8 and ELOV7. More studies are being conducted to identify the genetic mechanisms 
involved with this condition. 
 
PO0413: Swine 
Altered Transcriptional Regulation Underlying Alcohol Induced Liver Cirrhosis in a Porcine Hepatocellular Carcinoma 
Model 
Alvi Yasmin1, Daniel P. Regan2, Lawrence B. Schook3, Ron C. Gaba1 and Kyle M. Schachtschneider1, (1)University of Illinois at 
Chicago, Chicago, IL, (2)Colorado State University, Fort Collins, CO, (3)University of Illinois at Urbana-Champaign, Chicago, IL 
Hepatocellular carcinoma (HCC) is the 5th most common cancer globally and 2nd deadliest cancer worldwide. Risk factors for HCC include 
alcohol induced liver cirrhosis, which prompts hepatic inflammation, cell necrosis, and fibrosis deposition. As 25% of HCC cases are associated 
with alcohol induced liver cirrhosis worldwide, understanding the effects of the cirrhotic liver microenvironment on HCC tumor biology and 
therapeutic responses are critical. This study utilized the Oncopig Cancer Model (OCM)—a transgenic pig model that recapitulates human HCC 
through induced expression of KRASG12D and TP53R167H transgenes—to investigate the molecular mechanisms underlying alcohol induced liver 
cirrhosis. Oncopigs (n=5) underwent cirrhosis induction via infusion of absolute ethanol and ethiodized oil (1:3 v/v dosed at 0.75 mL/kg) into the 
hepatic arterial circulation. Eight-weeks post cirrhosis induction, animals were sacrificed and increased hepatic inflammation and fibrosis 
compared to age-matched control samples (n=5) was observed via pathological assessment. Transcriptional profiling was performed via RNA-
seq resulting in the identification of 4,387 differentially expressed genes (DEGs) between OCM cirrhotic and control livers. GO term enrichment 
analysis identified 239 GO terms significantly enriched for DEGs, including cell proliferation, angiogenesis, extracellular matrix deposition, and 
oxidation-reduction. OCM cirrhosis recapitulated transcriptional hallmarks of human cirrhosis, including activation of hepatic stellate cells, 
Ras/MAPK signaling, hypoxia-induced angiogenesis, and inflammation. These results demonstrate the ability of OCM liver cirrhosis to mimic 
human liver cirrhosis at the transcriptional level, indicating the OCM represents an ideal translational model for investigating the effects of the 
cirrhotic liver microenvironment on HCC tumor biology and therapeutic response. 
 
PE0414: Swine 
Single-Locus and Multi-Locus Genome-Wide Association Studies for Intramuscular Fat in Duroc Pigs 
Rongrong Ding, South China Agricultural University/Michigan State University, East Lansing, MI 
Intramuscular fat (IMF) is an important meat trait relevant to the processing industry and consumer acceptance. To gain a better understanding of 
the genetic determinants of IMF, we used a composite strategy, including single-locus and multi-locus associations to perform genome-wide 
association studies (GWAS) for that character in Duroc pigs. A total of 1,490Duroc boarswere genotyped by using the Porcine SNP 50K 
Beadchipand phenotyped after the same feeding mode. Our strategy consisted of one single-locus model (a traditional univariate mixed linear 
model (MLM)) and three multi-locus models (mrMLM, FASTmrEMMA and ISIS EM-BLASSO). The genomic heritability of IMF is moderate 
(0.23 ± 0.04). After quality control, 1,490 individuals with 38,753 single nucleotide polymorphisms (SNPs) remained in the sample for analysis. 
A total of 30 SNPs were detected as significantly associated with IMF. Of these, five, nine, eight, and 21 significant SNPs were identified by the 
MLM, mrMLM, FASTmrEMMA and ISIS EM-BLASSO analyses, respectively. Interestingly, a novel quantitative trait locus (QTL) on SSC 7 
was found to affect IMF. In addition, ten candidate genes (BDKRB2,GTF2IRD1, UTRN,TMEM138,DPYD,CASQ2,ZNF518B,S1PR1,GPC6and 
GLI1) that associated with IMF through the annotation of their gene function and the biological characteristics of the target trait were 
obtained.GO analysis showed that most of the genes were involved in muscle and organ development-related processes. The significantly 
enriched KEGG pathway, the sphingolipid signaling pathway, was reported to be associated with fat deposition and obesity. Identification of 
novel variants and candidate genes will greatly advance our understanding of the genetic mechanisms of IMF and suggest a specific opportunity 
for improving marker-assisted selection or genomic selection in pigs. In general, such a combined strategy for GWAS may be useful for 
researchers seeking to probe the full genetic architecture underlying economic traits in livestock. 
 
PO0415: Swine 
Weaning Age Influences the Gut Microbiota Dynamics in Piglets. 



Francesca Romana Massacci1,2, Mustapha Berri3, Michel Olivier3, Gaëtan Lemonnier4, Jonathan Savoie5, Deborah Jardet6, Marie-
Noelle Rossignol7, Fany Blanc4, Manuel Revilla4,8, Marie-José Mercat9, Joel Doré10, Patricia Lepage11, Claire Rogel-Gaillard4 and 
Jordi Estellé i Fabrellas4, (1)GABI, INRA, AgroParisTech, Université Paris-Saclay, Jouy en Josas, France, (2)DISTAL, Bologna 
University, Bologna, Italy, (3)INRA, Nouzilly, France, (4)GABI, INRA, AgroParisTech, Université Paris-Saclay, Jouy-en-Josas, 
France, (5)UE PAO, INRA, Nouzilly, France, (6)INRA CRB GADIE, Jouy-En-Josas, France, (7)INRA, JOUY EN JOSAS, France, 
(8)MoSAR, INRA, AgroParisTech, Université Paris-Saclay, Paris, France, (9)IFIP-Institut du porc and Alliance R&D, Le Rheu, 
France, (10)MICALIS, INRA, AgroParisTech, Université Paris-Saclay,, Jouy-En-Josas, France, (11)MICALIS, INRA, 
AgroParisTech, Université Paris-Saclay,, Jouy en Josas, France 
In pig production systems, weaning is a crucial period accompanied by nutritional, environmental and social stresses. The impact of weaning age 
on the early-life establishment of the gut microbiota remains under investigated in pigs. Our objective was to compare the gut microbiota 
composition of piglets weaned at different ages. Forty-eight Large White piglets were included in our study and divided in four groups of 12 
animals (n=48) weaned at either 14, 21, 28 or 42 days-of-age. Faecal samples were collected at three time points: the day of weaning, 7 days 
after weaning and at 60 days-of-age. Faecal DNA bacterial composition was assessed by sequencing the V3–V4 variable region of the 16S rRNA 
gene. Bioinformatic and biostatistical analysis showed that each weaned group had significant differences between the samples points through 
weaning transition (p-value < 0.05), confirming that the gut microbiota changes drastically before and after weaning. In addition, microbiota 
diversity increased according to weaning age, with piglets weaned at 42 days-of-age having a highest alpha diversity and richness at weaning and 
7 days post-weaning. In biomedicine, high gut microbiota richness and diversity are generally considered associated with a better health status. 
Indeed, F. prausnitzii was more abundant after weaning in the group weaned at 42 days-of-age, which maintained a more stable diversity until 
the day 60. In conclusion, we show that late weaning leads to a higher diversity of potentially beneficial microbes prior to the crucial challenge of 
weaning and might provide a competitive advantage to piglets. 
 
PE0416: Swine 
Genetic Variability of Vaccine Responses in Pigs: Application to Vaccines Against Mycoplasma hyopneumonia and Influenza 
A Virus 
Fany Blanc1, Tatiana Maroilley1, Gaëtan Lemonnier1, Jean-Jacques Leplat1, Edwige Bouguyon2, Yvon Billon3, Olivier Bouchez4, 
Jean-Pierre Bidanel1, Bertrand Bed’Hom1, Jordi Estellé i Fabrellas1 and Claire Rogel-Gaillard1, (1)GABI, INRA, AgroParisTech, 
Université Paris-Saclay, Jouy-en-Josas, France, (2)VIM, INRA, Université Paris-Saclay, Jouy-en-Josas, France, (3)GenESI, INRA, 
Surgères, France, (4)INRA GeT Genomics Facility, Castanet-Tolosan, France 
Deciphering the influence of host genetics in shaping innate and adaptive immunity could contribute to improve vaccination strategies. In the 
H2020-funded SAPHIR project, we aim at analyzing the individual variability of responses to vaccines against Mycoplasma hyopneumoniae (M. 
hyo) or Influenza A Virus (IAV) in pigs, and at identifying candidate genetic markers and blood biomarkers that predict response intensities. 
Forty-eight families of Large White pigs were produced in five batches and housed in a conventional facility. All pigs were vaccinated at 
weaning (around 28 days of age) with a booster vaccination three weeks later. 182 and 98 piglets were vaccinated against M. hyo or IAV, 
respectively, and 64 non-vaccinated piglets were included as shared controls for the two vaccine experiments. The humoral vaccine response was 
measured by following levels of seric M. hyo- or IAV-specific IgGs, before vaccination on the vaccine day, every week during five weeks post-
vaccination, and before slaughtering. In addition, haemagglutination inhibition (HAI) assays were performed for IAV-vaccinated pigs. Our 
results showed a wide range of responses. Females exhibited a higher humoral response to vaccination compared to males for the two vaccines. 
Blood sampled before vaccination was used for high-density SNP genotyping and RNAseq analysis. Genome wide association studies have 
revealed few candidate genomic regions associated with individual variabilities of vaccine responses to M. hyo or IAV. We have also identified 
significant associations between gene expression in blood before vaccination and vaccine responses, confirming that blood could be a source of 
predictive biomarkers. 
 
PO0417: Swine 
Integrated Analysis of Whole-Genome ChIP-Seq and RNA-Seq Data of Alveolar Macrophages Stimulated with LPS and 
Poly (I:C) 
Juber L. Herrera-Uribe1, Haibo Liu1, Zahra Olson2, Kristen Byrne2, Crystal Loving2 and Christopher K. Tuggle1, (1)Animal 
Science, Iowa State University, Ames, IA, (2)USDA-ARS-NADC, Ames, IA 
As part of Functional Animal Genome Annotation of Animal Genomes (FAANG), this study integrates epigenetic and transcriptomic profiling of 
pig alveolar macrophages (AM) stimulated with bacterial and viral mimics to contribute to identify the functional components of the pig immune 
system. AM play a critical role in pulmonary host defense against invading pathogens, which are recognized by toll like receptors. By combining 
RNA sequencing (RNA-seq) with chromatin immunoprecipitation and sequencing (ChIP-seq) for two histone modifications (H3K4me3 and 
H3K27me3), we investigated chromatin changes and the potential regulatory effect on changes in the transcriptional program in macrophages 
stimulated with lipopolysaccharide (LPS), double-stranded RNA (Poly (I:C)) or vehicle for 2 or 6 hours. ChIP was performed and ChIP-seq for 
H3K3me3 and H3K27me3 is in process. RNA-seq for samples from all treatments has been completed. A total of 926 (LPS 2h), 2369 (LPS 6h), 
818 (Poly (I:C) 2h) and 1647 (Poly (I:C) 6h) differentially expressed genes (DEG) (Fold change +/- 2, P< 0.05) between stimulated and non-
stimulated AM were found. Functional analysis showed that DEG are associated with biological function catalogues: cellular growth and 
proliferation, inflammatory response, cell death and survival. Gene expression by qPCR validated the induction of specific inflammatory genes 
IL6, TNFa, IL1b and IL8 (P< 0.05) found DE in RNA-seq by both treatments. Altogether, these combinatorial approaches will represent a 
powerful resource to develop a deeper understanding of the functional components of the pig immune system and provide information to develop 
a chromatin state map in macrophage immune response states. 
 
PE0418: Swine 
Multi-Omics and Network Analysis for the Study of Boar Sperm Cryo-Tolerance 



Marta Gòdia1, Joan E. Rodríguez-Gil2, Anna Castello1,3, Sam Balasch4, Craig Lewis5, Alex Clop1,6 and Armand Sanchez1,3, 
(1)Animal Genomics Group, Centre for Research in Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, Bellaterra (Barcelona), 
Spain, (2)Unit of Animal Reproduction, Department of Animal Medicine and Surgery, Universitat Autònoma de Barcelona, 
Bellaterra (Barcelona), Spain, (3)Unit of Animal Science, Department of Animal Science and Nutrition, Autonomous University of 
Barcelona, Bellaterra, Spain, (4)Grup GEPORK, Masies de Roda, Spain, (5)Genus, PIC, PIC España, Sant Cugat del Valles, Spain, 
(6)Consejo Superior de Investigaciones Científicas (CSIC), Bellaterra, Spain 
The quality of porcine sperm ejaculates decreases dramatically after cryo-preservation, making it very unsuccessful for breeding purposes. In this 
study, we seek to identify the molecular mechanisms underlying cryo-tolerance combining GWAS and RNA-seq approaches.  
288 ejaculates from different Pietrain boars were subjected to cryo-preservation and genotyped using the high-density 660K markers from Axiom 
to undertake a GWAS analysis. 40 of these samples were subjected to total RNA-seq and of these, 34 also to small RNA-seq. The GWAS was 
carried with a linear model of a single-SNP regression for 24 phenotypes of cryo-tolerance, and their results were used to build an Associated 
Weight Matrix (AWM) in order to identify SNPs with effects in several of the studied phenotypes. The PICT model was used to calculate pair-
wise correlations between gene’s SNPs, between RNA abundances and between miRNAs and RNA abundances.  
The genes shared as co-associated SNP and co-abundant RNAs were used to perform a correlation with the phenotypic data. Using network 
analysis we extracted these genes with significant correlations in several phenotypes to build a model. We built a model containing only 15 
genes, including FAM219A, SAMD4A and EYA2, which explained between 30 to 70% of the phenotypic variance for the different cryo-tolerance 
parameters studied. 
 
PO0419: Swine 
Host Genetics Influences Replication of Porcine Circovirus 2b 
Lianna Walker1, Taylor Engle1, Hiep Vu1, Emily Tosky1, Dan Nonneman2, Timothy P.L. Smith2, Tudor Borza3, Thomas Burkey1, 
Graham S. Plastow4, Stephen D. Kachman1 and Daniel C. Ciobanu1, (1)University of Nebraska - Lincoln, Lincoln, NE, (2)USDA, 
ARS, USMARC, Clay Center, NE, (3)Dalhousie University, Truro, NS, Canada, (4)Department of Agricultural, Food and 
Nutritional Science, University of Alberta, Edmonton, AB, Canada 
Porcine Circovirus 2 (PCV2) is the smallest known DNA virus capable of infecting mammals and the primary agent required for the 
development of a set of symptoms collectively known as Porcine Circovirus Associated Diseases. However, infection with PCV2 does not 
guarantee clinical disease with variation in severity observed between breeds and individuals. Experimental infection of ~1,000 pigs with PCV2b 
and genome-wide association analyses revealed two QTL for PCV2b viral load, located on SSC7 and SSC12. Dissection of the SSC12 QTL 
using ab initio gene prediction, RNAseq, and genomic sequencing identified 66 novel polymorphisms within and upstream of five positional 
candidate genes. Single marker association analysis of a subset of pigs with extreme high and low viral loads, identified two novel 
polymorphisms in high LD accounting for 21-23% of the phenotypic variation. One polymorphism is a missense mutation (p.Arg63Cys) within 
the second exon and critical domain of the SYNGR2 gene. In vitro silencing of SYNGR2 in PK15 cells via siRNA transfection resulted in a one-
log reduction in PCV2b titer (P<0.05) compared to scramble siRNA and non-transfected control cells, indicating a direct role of this gene in 
PCV2b infection. Additionally, gene editing using CRISPR-Cas9 ribonucleoprotein complexes targeting SYNGR2 generated a PK15 edited clone 
homozygous for a 106bp deletion within the second exon that exhibited a two-log reduction in PCV2b titer following infection compared to 
wild-type PK15 cells (P<0.05). Given these findings and that SYNGR2 p.Arg63Cys is the only missense mutation within this gene, SYNGR2 
p.Arg63Cys is a plausible QTN for PCV2b susceptibility.  
USDA is an equal opportunity provider and employer. 
 
PE0420: Swine 
Transcriptome and Genome-Wide Histone Modifications in Swine Fetal Liver 
Buyue Niu1,2, Haibo Liu1, Dan Nonneman3 and Christopher K. Tuggle1, (1)Animal Science, Iowa State University, Ames, IA, 
(2)College of Animal Science and Technology, Northeast Agricultural University, Harbin, China, (3)USDA, ARS, USMARC, Clay 
Center, NE 
Histone modifications play important roles in regulating gene expression; however, they have not been widely studied in swine tissues. The aim 
of this study was to illustrate the correlation between histone modifications and gene expression in swine fetal liver. Here, to determine gene 
expression and chromatin modifications, four 70-day fetal liver tissues from a Meishan x White Composite reciprocal crosses were collected and 
mRNA expression were assessed using Illumina short read sequencing (RNA-seq). Then, chromatin immunoprecipitation for four selected 
histone markers (H3K4me1, H3K4me3, H3K27me3 and H3K27ac) followed by quantitative-PCR (ChIP-qPCR) and high throughput sequence 
(ChIP-seq) were performed to analyze the chromatin modifications. RNA-seq data showed 12,508 genes expressed in the fetal liver, by using a 
minimal cutoff of 0.07 FPKM (equivalent to 1 CPM). Genes highly expressed (RPL30 and FETUB), and genes with undetectable expression 
(WNT10A) or gene desert regions in the fetal liver were selected as quality controls for ChIP-qPCR assays. ChIP-qPCR results showed that the 
percentage of H3K4me3 enrichment relative to the input was high at RPL30 (14% in average), whereas the percentage of H3K27me3 enrichment 
relative to the input was significant at WNT10A loci (3% in average). Additionally, the fold enrichment for H3K4me3 (RPL30/WNT10A), 
H3K27ac (RPL30/WNT10A), H3K27me3 (WNT10A/RPL30) and H3K4me1 (FETUB/gene desert) were all significant. Integrated RNA-seq and 
ChIP-seq analysis are ongoing. In conclusion, research in this study will provide association between swine gene expression and chromatin 
histone modification, which will contribute to the functional annotation of the pig genome. 
 
PO0421: Swine 
Profiling the Porcine Peripheral Immune System with Single Cell RNA-Seq (scRNA-seq) 
Haibo Liu1, Christopher K. Tuggle1, Kristen Byrne2 and Crystal Loving2, (1)Animal Science, Iowa State University, Ames, IA, 
(2)USDA-ARS-NADC, Ames, IA 
: It is important to have a deep understanding of the pig immune system due to its critical roles as both a domestic food animal and biomedical 
research model. However, the pig immune system, like those of other higher animals, is very complex because of its diverse composition and 



dynamic response to internal and external signals. Recently developed single-cell RNA-sequencing (scRNA-seq) technologies provide 
unprecedented opportunities to study the diversity and dynamics of the pig immune system at single-cell resolution. As part of the Functional 
Annotation of Animal Genomes (FAANG) project, we profiled the transcriptome of ca. 8,000 peripheral blood mononuclear cells (PBMCs) from 
five healthy, conventionally-reared pigs using the 10X Genomics Chromium platform and the Illumina Hiseq3000. We identified the five major 
cell types (B cells, T cells, NK cells, monocytes, dendritic cells), and several subtypes of B cells, T cells and monocytes, and cell subtype-
specific gene signatures. Our results provide details on unique pig peripheral immune cells, and data will serve as an important resource for 
further study of each immune cell subtype. 
 
PE0422: Poultry 
A French Pilot Project to Test the Concept of a 1000 Gallus Genomes Initiative. 
Michèle H. Tixier-Boichard, INRA, Jouy-en-Josas, France, Frederic Lecerf, Agrocampus Ouest - INRA, UMR1348 PEGASE, 
Rennes, France, Philippe Bardou, INRA, Castanet-Tolosan, France and Christophe Klopp, Genotoul Bioinformatics Platform, 
UR875, INRA, Auzeville, France 
The 1000 Gallus genomes project aims at gathering whole genome sequence data of chickens, produced by research teams as well as breeding 
companies, on the model of the 1000 Bull genomes project. The main interest is to increase the power of analyses by increasing the number of 
genomes. Applications are to improve the knowledge of the chicken genome, to characterize with a high accuracy the genetic diversity at the 
species level, to facilitate the identification of causal mutations and to provide support to genomic selection by facilitating imputation of 
sequence data from SNP data. A pilot project has started in France with the collection of 207 individual genome sequences produced by 9 
publicly funded projects on a range of chicken populations (fast-growing and slow-growing broilers, layers, local breeds, wild ancestors). 
Technical metadata include sequencing method, depth and technology, fragment length, individual or pooled sequencing, date of data production. 
Animal metadata include population type, breed or line name, sex, pedigree information. No phenotypic information is required. All sequences 
have been aligned on GalGal5 reference genome and SNP calling was performed with a common pipeline. The number of SNPs varied from 5 to 
10 millions per project whereas the number of private alleles varied from 1000 to 10000 according to the project. A Structure analysis led to 
group the individuals in 7 genetic clusters. The organization of the project makes possible to identify the analysis of common interest to be 
performed on the whole data set, whereas the leader of a given project can use the entire set of SNPs to address a specific question, while 
recognizing the origin of the whole data set. Extension of this pilot project to other research groups is expected and open to discussion. 
 
PO0423: Poultry 
An Atlas of Chicken Long Non-Coding RNAs Gathering Multiple Sources and Expression Across More Than Twenty 
Tissues 
Frédéric Jehl1, Kévin Franck Fabrice Muret1, Maria Bernard2, Diane Esquerré3, Hervé Acloque4, Elisabetta Giuffra5, Sarah 
Djebali6, Sylvain Foissac4, Thomas Derrien7, Tatiana Zerjal8, Christophe Klopp9 and Sandrine Lagarrigue10, (1)INRA - Agrocampus 
Ouest, UMR 1348 PEGASE, Rennes, France, (2)INRA, UMR GABI, PSGen-Sigenae, Jouy-en-Josas, France, (3)INRA, Genotoul, 
Castanet-Tolosan, France, (4)INRA, UMR 1388 GenPhySE, Castanet-Tolosan, France, (5)INRA, UMR de Génétique Animale et 
Biologie Intégrative, Jouy-en-Josas, France, (6)INRA - GenPhySE, TOULOUSE, France, (7)IGDR- CNRS/University of Rennes I, 
Rennes, France, (8)GABI, INRA, AgroParisTech, Université Paris-Saclay, 78350, Jouy-en-Josas, France, (9)Genotoul 
Bioinformatics Platform, UR875, INRA, Auzeville, France, (10)INRA - Agrocampus Ouest, UMR 1348 PEGASE, Rennes, France 
Long non-coding RNAs (lncRNAs) appear as key regulators of gene expression through numerous mechanisms. Yet, particularly in 
domesticated species like chicken, their annotation is incomplete and their expression in different tissues poorly characterized. Here, we used 
data from 4 public databases (Ensembl, NONCODE, NCBI, ALDB), a recent lncRNA catalogue, and genes models from 364 RNA-seq samples 
from our lab to generate an extensive annotation of the chicken genome aggregating most of the currently known lncRNAs, plus robust models 
of newly discovered lncRNA from our dataset. Our extended lncRNAs annotation comprises 30084 lncRNA loci versus 4640 in the Ensembl 
reference. These lncRNAs follow the same trends as those in the reference for their genomic localization, structure and expression. To further 
characterize these lncRNAs, we studied their expression in over 20 chicken tissues with minimum 6 biological replicates. This allowed us to 
explore expression variability of both lncRNAs and protein-coding genes (mRNAs) across tissues, and across replicates in each tissue. Across 
these chicken tissues, we found interesting differences in the tissue-specificity patterns between lncRNAs and mRNAs. We characterized the 
expressions of both types of genes in relation with (i) their tissue-specificity and/or (ii) their genomic localization relative to each other 
(convergent, divergent, antisense, distant or proximal) in order to highlight some lncRNA–mRNA couples with a role in the functions or the 
maintenance of a given organ in chicken. Finally, we started a conservation study of interesting lncRNA–mRNA couples across species. Project 
funded by ANR-13-ADAP-0014 and H2020-Feed-a-Gene projects. 
 
PE0424: Poultry 
Comparison of Transcriptome Response to Heat Stress across Millions of Years of Biological Divergence 
Caitlyn Hamill1, Carl J. Schmidt2 and Heidi A Van Every1, (1)University of Delaware, Newark, DE, (2)Dept. of Animal & Food 
Sciences, University of Delaware, Newark, DE 
Cellular response to heat stress is evolutionarily conserved; more specifically, the transcriptome response to various lengths of hyperthermia by 
altering expression of genes to adapt the cells or organism to survive the heat challenge. In this study, we have used RNA-seq to identify heat 
stress responsive genes in the human embryonic kidney (HEK-293) cell line at various time points of heat stress. We then compared the 
transcriptome response of HEK-293 cell line to a previous study that used the same time points but a different cell line, Leghorn Male Hepatoma 
(LMH) carcinoma cell line. The comparison of these data will provide insight to which gene responses have been biologically conserved over 
300 million years. Moreover, this study should provide insight to improve efforts attempting to advance species ability to endure heat stress 
through genome-wide association studies and breeding.  
 
PO0425: Poultry 



Correlating Gene Expression with the Histone Modifications H3K4me3 and H3K27ac in High and Low CpG Content 
Promoters of Chickens, Cattle, and Pigs 
Colin Kern1, Ying Wang2, Perot Saelao3, Ganrea Chanthavixay2, Susan Margaret Waters4, Xiaoqin Xu4, Mary E. Delany2, Hans H. 
Cheng5, Juan F. Medrano6, Alison Van Eenennaam4, Christopher K. Tuggle7, Catherine W. Ernst8, Pablo J. Ross9 and Huaijun 
Zhou2, (1)Animal Science, University of California Davis, Davis, CA, (2)Animal Science, University of California, Davis, CA, 
(3)UC Davis, davis, CA, (4)University of California, Davis, Davis, CA, (5)USDA, ARS, ADOL, East Lansing, MI, (6)University of 
California, Davis, CA, (7)Animal Science, Iowa State University, Ames, IA, (8)Department of Animal Science, Michigan State 
University, East Lansing, MI, (9)Department of Animal Science, University of California, Davis, CA 
Previous studies have found the CpG content of promoters is a bimodal distribution in most vertebrates, creating promoter classes with high and 
low CpG content (HCP and LCP, respectively). We confirmed this finding in chickens, cattle, and pigs and investigated the role of the histone 
modifications H3K4me3 and H3K27ac in these promoter classes using splenic-derived data from the UC Davis FAANG project. H3K4me3 was 
present in 83% of HCPs averaged across species, while H3K27ac was present in 63%. In LCPs, the presence of these histone modifications was 
much lower, with an average of 12% containing H3K4me3 and 11% containing H3K27ac. Larger differences between H3K4me3 and H3K27ac 
were observed in promoters with only a single histone modification, where the majority (89%) of promoters with only H3K4me3 were HCPs 
while the majority (70%) with only H3K27ac were LCPs. Genes with only H3K27ac were expressed higher than genes with only H3K4me3 in 
both CpG classes, with median expression 3.4x higher in chicken HCPs, 8.8x higher in cattle HCPs, and 13.7x higher in pig HCPs. In LCP 
genes, median expression was 1.3x higher with only H3K27ac compared to only H3K4me3 in chickens, 7.2x higher in cattle, and 2.7x higher in 
pigs. These results support previous findings in humans, which showed H3K27ac was more predictive for active gene expression than 
H3K4me3, especially in HCPs, due to widespread H3K4me3 modification in high CpG regions regardless of gene expression. We observe 
similar results, with lower median expression of H3K4me3-only HCPs compared to H3K4me3-only LCPs in all species. 
 
PE0426: Poultry 
The Common Pheasant Genome Provide Insights into Its Semi-Domestication 
Chuan He1, Lele Zhao2, Lu Xiao1, Lingyu Yang1, Ke Xu1, Jinmei Ding1, Lingxiao Luo1, Yuming Zheng1, Chengxiao Han1, Fisayo 
Akinyemi1, Hongyan Yuan3, Xuelin Lu2 and He Meng1, (1)Shanghai Jiao Tong University, Shanghai, China, (2)Shanghai Animal 
Disease Control Center, Shanghai, China, (3)Shanghai Hongyan Pheasant Hatch Cooperatives, Shanghai, China 
The common pheasant (Phasianus colchicus), also called ring-necked pheasant, is a widely introduced game bird that originates from Asia. It can 
be considered preliminary domesticated (semi-domesticated) due to its comparatively brief period of breeding and special lifestyle. Here we 
present the de novo assembly of the common pheasant using single-molecule real-time sequencing, next-generation sequencing and high-
throughput chromosome conformation capture approaches (Hi-C). Single-molecule sequencing polished with next-generation mapping generated 
an assembly with a contig N50 size of 2.6 Mb. Subsequent scaffolding by using Hi-C data generated 1,241 sequences with N50 size of 93 Mb, 
resolving 18 chromosomes into single scaffolds. We annotated the genome using its transcript data and the method of de novo gene prediction, 
thus identified 21,953 genes, spanning 229 Mb genomic region. Quality assessment of the final assembly found 91% of the ring-necked pheasant 
canonical transcripts nearly complete, comparable to other published high-quality reference genome assemblies. Having characterized the 
genome, we undertook detailed analyses of key genes and gene families to gain understanding into the genomic basis of this bird’s semi-
domestication. Future analysis of the genome will provide insights into the process of poultry’s domestication. 
 
PO0427: Poultry 
Mapping Genomic Variation with SNPs and CNVs and its Evolutionary Implication in Mexican, Narragansett, Italian and 
Hybrid Turkey Populations 
Maria G. Strillacci1, Erica Gorla1, Román Ponce Sergio Ivan2, Felipe J. Ruiz2, Maria C. Cozzi1, Vicente M. Vega Eliezer3, Angel 
Ríos-Utrera3, Marina Duran-Aguilar4, Silvia Cerolini1 and Alessandro Bagnato1, (1)Università degli Studi di Milano - Dept. 
DiMeVet, Milano, Italy, (2)Centro Nacional de Investigación en Fisiología y Mejoramiento Animal INIFAP, Ajuchitlán, QA, 
Mexico, (3)Campo Experimental La Posta, INIFAP, Medellín, Mexico, (4)Universidad Autonoma de Queretaro, Las Campanas, 
QA, Mexico 
The evolution of the Mexican turkey has been separated for more than 500 years from other European ones and commercial hybrids. This study 
aims to examine genomic diversity of several turkey populations using Copy Number Variants (CNV) and SNPs markers. A total of 116 
individuals from 6 Italian breeds (Colle Euganei, Bronzato Comune Italiano, Parma e Piacenza, Brianzolo, Nero d’Italia and Ermellinato di 
Rovigo), 7 Narragansett, 38 commercial hybrids and 31 Mexican turkeys, were genotyped with the Affymetrix 600K SNP turkey array. The 
CNV calling was performed with the HMM of PennCNV software. CNV were summarized into CNV regions (CNVRs) at population level using 
BEDTools. Variability among populations has been addressed by hierarchical clustering (pvclust R package) and by principal component 
analysis (PCA). A total of 2,987 CNV were identified covering 4.65% of the autosomes of the Turkey_5.0/melGal5 assembly. The CNVRs 
including at least 2 individuals were 362, 51% containing genes, 189 gain, 116 loss and 57 complex. Both SNPs and CNVs clustered the 
individuals according to breed and their geographical origin. Nevertheless, while the SNPs clustering results are providing a spatial distribution 
of breeds related to their actual geographical location and past migration events, CNVs clustering results deliver an indication more closely 
related to adaptation, as some research in several species is suggesting. Such different results are likely reflecting the human action on 
domestication of wild turkey, its migration to Europe and the directional selection occurring in the last 40 years to produce a fast-growing heavy 
bird. 
 
PE0428: Poultry 
Transcriptomic Analysis of Selenium-Deficient and High-Selenium Turkey Liver 
Rachel M Taylor, University of Wisconsin-Madison, Madison, WI and Roger A Sunde, University of Wisconsin, Madison, WI 



Selenium (Se) is both an essential and toxic trace mineral. In rats and mice, 7 of 25 liver selenoprotein transcripts are significantly downregulated 
by a Se-deficient diet, and 4% of the liver transcriptome is altered by high dietary Se (5 µg Se/g, 50X requirement). Some upregulated genes in 
Se toxicity are related to the NRF2-mediated response to oxidative stress. The turkey dietary Se requirement is 4X that of rats or mice (Taylor & 
Sunde, PLoS ONE 2017), and the recent sequencing of the turkey transcriptome allows additional methods for analyzing Se metabolism in this 
species. Previous studies determined that no turkey selenoprotein transcript was altered by high dietary Se (Taylor et al., Poult Sci 2018).  
To characterize transcript expression in Se-deficient and high-Se vs. Se-adequate turkeys, we conducted RNA-seq analysis of liver from turkey 
poults fed 0.005-5 µg Se/g diet. As in the rodent, we found that the response to Se deficiency was mainly Se-specific — in Se deficiency, 6 out of 
24 turkey selenoprotein transcripts were downregulated to less than 50% of Se-adequate expression levels. Less than 0.1% of the turkey 
transcriptome was altered by high dietary Se (5 µg Se/g, 12.5X requirement), and no single pathway was implicated in the response to high Se. 
Collectively these results indicate that levels of dietary Se that are toxic in rodents are not toxic in turkeys; these studies indicate that turkeys 
adapt to high dietary Se without major changes in transcript expression.  
Funding: USDA Hatch 1013496 
 
PO0429: Poultry 
Genomic Diversity using Copy Number Variations and Single Nucleotide Polymorphism in Worldwide Chicken Populations 
Erica Gorla1, Francesca Bertolini2, Maria G. Strillacci1, Maria C. Cozzi1, Sergio I. Roman-Ponce3, Felipe J. Ruiz4, Vicente M. 
Vega Eliezer5, Chandraratne M.B. Dematawewa6, Donald Kugonza7, Ahmed Elbeltagy8, Carl J. Schmidt9, Susan J. Lamont2, Max 
F. Rothschild2 and Alessandro Bagnato1, (1)Università degli Studi di Milano - Dept. DiMeVet, Milano, Italy, (2)Department of 
Animal Science, Iowa State University, Ames, IA, (3)Centro Nacional de Investigación en Fisiología y Mejoramiento Animal 
INIFAP, Ajuchitlán, Queretaro, Mexico, (4)Centro Nacional de Investigación en Fisiología y Mejoramiento Animal INIFAP, 
Ajuchitlán, QA, Mexico, (5)Campo Experimental La Posta, INIFAP, Medellín, Mexico, (6)University of Peradeniya, Faculty of 
Agriculture, Department of Animal Science, Peradeniya, Sri Lanka, (7)Department of Animal Science, Makerere University, 
Kampala, Uganda, Kampala, Uganda, (8)Dept. Animal Biotechnology Animal Production Research Institute, Ministry of 
Agriculture, Dokki, Egypt, (9)Dept. of Animal & Food Sciences, University of Delaware, Newark, DE 
Many studies of livestock have identified Copy Number Variants (CNVs) using high-density Single Nucleotide Polymorphism (SNP) arrays; 
however, few have studied chicken ecotypes based on this class of genomic variants. CNVs are an important source of genetic variation and are 
known to affect phenotype variation. The aim was to map CNVs in 936 individuals from seven different countries (Brazil, Italy, Egypt, Mexico, 
Rwanda, Sri Lanka and Uganda) and to characterize genomic variation among these populations. All birds were genotyped with the Affymetrix 
Axiom®600k Chicken Genotyping Array and then processed with stringent quality controls. The Log R Ratio and the B Allele Frequency of 
SNPs were used to perform the CNV calling with the Hidden Markov Model analysis of PennCNV software. CNVs were summarized into CNV 
regions (CNVRs) using BEDTools. A PCA based on CNV states and one based on SNPs genotypes were performed. The genetic diversity within 
breed was calculated using SNP genotypes according to the Wright F-Statistic. Runs of Homozygosity (ROH) analyses were performed using the 
SVS Golden Helix 8.4 software. After filtering, a total of 6,959 CNVs and 3,644 CNVRs were identified, covering a total 7.7% of the chicken 
GalGal5 assembly. Based on the structural variation of SNPs and CNVs, results showed similarities of breed ecotypes. Fis values ranged from -
0.22 to 0.081 while Fst values varied from 0.006 to 0.39. This research highlights the possibility to use CNV using a high-density SNP chip to 
evaluate genetic variability in different breeds worldwide. 
 
PE0430: Poultry 
Multiple Signaling Pathways Are Associated with Interleukin-34 Via CSF-1R and Its Regulation of Th1 and Th17 Cytokine 
Production in Chicken Cell Lines 
Yeong Ho Hong1, Anh D. Truong1, Yeojin Hong1, Janggeun Lee1, Kyungbaek Lee1 and Hyun S. Lillehoj2, (1)Chung-Ang 
University, Anseong, South Korea, (2)USDA-ARS, Beltsville, MD 
Interleukin-34 (IL-34) is a newly recognized cytokine with functions similar to macrophage colony-stimulating factor 1. It is expressed in various 
cells like macrophages, endothelial cells and fibroblasts where it induces cytokine production; currently, however, the mechanism of chicken IL-
34 (chIL-34) signaling has not been identified. The aim of this study was to investigate the signal transduction pathways with CSF-1R and 
specific biological functions associated with chIL-34 in chicken macrophage (HD11) and fibroblast (OU2) cell lines. We found that IL-34 is a 
functional ligand for the colony-stimulating factor receptor (CSF-1R) in chicken cell lines. Treatment with chIL-34 increased the expression of 
Th1 and Th17 cytokines through phosphorylation of tyrosine and serine residues in Janus kinase (JAK) 2, TYK2, signal transducer and activator 
of transcription (STAT) 1, STAT3, and SHP-2, which also led to phosphorylation of NF-κB1, TAK1, MyD88, SOCS1, and ERK1/2. Taken 
together, these results suggest that chIL-34 functions by binding to CSF-1R and activating the JAK/STAT, nuclear factor kappa B (NF-κB), and 
mitogen-activated protein kinase signaling pathways; our findings demonstrate the role of chIL-34 in controlling Th1 and Th17 pro-
inflammatory gene transcription via multiple signaling pathways in innate and adaptive immunity. 
 
PO0431: Poultry 
Layers Response to Suboptimal Diet Through Phenotypic and Transcriptomic Changes in Four Tissues 
Frédéric Jehl1, Marine Brenet2, Andrea Rau3, Colette Desert4, Morgane Boutin4, Sophie Leroux5, Diane Esquerré6, Christophe 
Klopp7, David Gourichon8, Anne Collin9, Frédérique Pitel5, Tatiana Zerjal10 and Sandrine Lagarrigue11, (1)INRA - Agrocampus 
Ouest, UMR 1348 PEGASE, Rennes, France, (2)INRA - Agrocampus Ouest, UMR 1348 PEGASE, Renens, France, (3)UMR 
GABI, INRA, Université Paris Saclay, Jouy en Josas, France, (4)Agrocampus Ouest - INRA, UMR1348 PEGASE, Rennes, France, 
(5)INRA, UMR 1388 GenPhySE, Castanet-Tolosan, France, (6)INRA, Genotoul, Castanet-Tolosan, France, (7)Genotoul 
Bioinformatics Platform, UR875, INRA, Auzeville, France, (8)INRA, PEAT, Nouzilly, France, (9)INRA, UMR BOA, Nouzilly, 
France, (10)GABI, INRA, AgroParisTech, Université Paris-Saclay, 78350, Jouy-en-Josas, France, (11)INRA - Agrocampus Ouest, 
UMR 1348 PEGASE, Rennes, France 



Poultry meat and eggs are major sources of nutrients in human alimentation. The long production career of layers expose them to numerous 
stressors. Understanding the adaptive mechanisms is crucial to select robust animals and meet the needs of a growing human population. In this 
context, we compared the effects of a 15%-energy-reduced diet (LE) vs. a commercial diet (CT) in two feed-efficiency-diverging chicken lines. 
We first studied the effects of the LE on performances (egg mass, feed intake [FI], body weight) and body energy reserves, before investigating 
the molecular mechanisms at work by studying the adipose tissue, blood, hypothalamus and liver transcriptomes. The absence of differences in 
egg production between diets, combined to the increase in feed intake and the decrease in body weight in LE suggest an adaptation to the diet 
through an increase in energy input and a mobilization of body energy reserves. The birds reacted similarly to the diet in both lines, as shown by 
the absence of significant line×diet interactions. At the transcriptomic level, no interactions were detected. The increase in FI did not affect the 
liver, neither did the mobilization of body reserves for the adipose tissue. In blood, the differentially expressed genes were related to amino-
acids, monosaccharides and steroid metabolisms. In the hypothalamus, the fatty acids metabolism and endocannabinoid signaling pathways were 
affected. We propose a mechanism involving endocannabinoids that could explain the increase in FI and therefore part of the adaptation to the 
low-energy diet. Work funded by ANR-13-ADAP-0014 and H2020-Feed-a-Gene projects. 
 
PE0432: Poultry 
Microbiota of the Chicken Gut: Genomic and Metagenomic Characterisation  
Androniki Psifidi1,2, Matteo Crotta1, Ankit Hinsu3, Pandit Ramesh3, Bruno Fosso4, Prakash Koringa3, Georgios Banos5, Guitian 
Javier1, Fiona Tomley1, David A. Hume6, Joshi Chaitanya7 and Damer Blake8, (1)Royal Veterinary College, University of London, 
Hatfield, United Kingdom, (2)The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom, (3)College 
of Veterinary Science and Animal Husbandry, Anand Agricultural University, Anand, India, (4)Institute of Biomembranes and 
Bioenergetics IBBE, Bari, Italy, (5)The Roslin Institute and Scotlands' Rural College, Midlothian, Scotland, (6)Mater Research, 
University of Queensland, Translational Research Institute, Woolloongabba, Australia, (7)College of Veterinary Science and 
Animal Husbandry, Anand, India, (8)Royal Veterinary College, University of London, Hatfield, India 
Enteric microbiome composition and structure varies widely between individuals and has been associated with multiple health and production 
differences in farm animals. It has been well established that enteric microbial communities are influenced by environmental factors, but a host-
genetic component has been also reported. This study is part of an effort to comprehensively profile interactions between chicken genetic 
variation and the composition of the gut microbial ecosystem on a genome-wide scale. We collected blood and caecal contents from 300 birds, 
including 150 individuals of the indigenous Indian Kadaknath breed and 150 commercial-type Cobb400 broilers that were raised together under 
the same farm conditions. All chickens were genotyped with the 600K SNP-array (Affymetrix) and the caecal microbiome was defined using 
Illumina 16s-rDNA sequencing. We performed multidimensional scaling analysis to identify genetic differences between the two chicken 
populations, principal coordinate analysis to estimate the b-diversity index of the microbiome. We also estimated the a-diversity index. Genome-
wide association analyses for b- and a-diversity indexes were performed using the software GEMMA. Identification of SNP-markers associated 
with specific microbiome taxa and genera was performed using the software Hominid. Multiple associations were identified. Notably, 
Dehalobacterium, Faecalibacterium, Desulfovibrio and Phascolarctobacterium correlated with 14, 7, 6 and 5 SNPs, respectively. This dataset was 
also used to explore the differences in the relative abundance of specific microbial populations in relation to the abundance of specific food-
borne pathogens. Preliminary results indicate that high abundance of the genus Campylobacter is associated with high abundance of 
Enterobacteriaceae and low levels of Lactobacillaceae. 
 
PO0433: Poultry 
Sequencing Reveals the Effects of Environment and Maturity on the Gut and Lung Microbiome of Laying Hens  
Angelica Van Goor1,2, Zachary R. Stromberg2, Graham A. J. Redweik2, Hongwei Xin2 and Melha Mellata2, (1)USDA-NIFA, 
Washington, DC, (2)Iowa State University, Ames, IA 
In the US, several retailers have pledged to source only cage-free (CF) eggs in the near future (e.g., 2025). However, compared to conventional 
cage (CC), CF systems face challenges, e.g., increased bacterial infections, poor air quality, and reduced production performance. A balanced 
host microbiome is crucial to maximizing health and performance of poultry. Because chicken gut and lungs are primary host barriers for 
pathogens, factors such as age and environment affecting their microbiota may influence resistance to infections, thus productivity. Our primary 
objective was to characterize gut and lung microbiomes of hens in commercial CC and CF environments during early, peak, and late laying 
stages of production, using high throughput sequencing and analyses, e.g. diversity, composition, presence of foodborne pathogens, and inferred 
function. Microbial diversity was significantly (P < 0.05) impacted by niche site and age, but not by the CC and CF environments studied. In 
both gut and lung across production stages, the three predominant phyla included Bacteroidetes, Firmicutes, and Proteobacteria. Verrucomicrobia 
relative abundances were higher in CF across all groups compared to CC. A functional analysis revealed 57 significantly (P < 0.05) enriched 
pathways largely relating to immunity and metabolism. Some pathogens were significantly (P < 0.05) higher in the lung of CC hens in early lay 
(Campylobacter) and in the lung of CF hens in late lay (Staphylococcus), compared to all other groups. These results may help design strategies 
that will increase lung and gut eubiosis through microbiota manipulation, thereby increasing animal health and food production. 
 
PE0434: Poultry 
Spatial and Sex Differences in Gene Expression and Metabolic Shift Phenomenon in Breast Muscles of Modern Broiler 
Chickens 
Brilynn Brothers1, Zhu Zhuo2, Michael P. Babak1 and Behnam Abasht1, (1)University of Delaware, Newark, DE, (2)Department 
of Animal and Food Sciences, University of Delaware, Newark, DE 
Wooden Breast Disease (WBD) is a novel myopathy affecting the pectoralis major muscle of modern broiler chickens. The etiology of the 
disease is unknown, but its appearance has been linked to increased feed efficiency and muscle yield in broiler chickens. Male birds and the 
cranial region of the breast muscle tend to be more severely affected by WBD as opposed to females and the caudal aspect. This study aims to 
characterize biological differences in the p. major between sexes of birds and regions of the muscle to determine the cause of differential 
susceptibility to WBD, as well as uncover potential reasons for increased growth rates in male broilers and the cranial region of the muscle.  



Samples were taken from cranial and caudal aspects of the p. major muscles of 3-week-old, unaffected birds of both sexes for RNA sequencing. 
cDNA libraries were prepared using Illumina’s TruSeq Stranded mRNA Sample Preparation Kit. Libraries were sequenced using Illumina 
Hiseq2500 and aligned to the chicken reference genomes with HISAT. Genes were analyzed for differential expression between sex and spatial 
groups using CuffDiff. There were 260 differentially expressed genes between males and females, and 12 between cranial and caudal samples.  
Genes involved in fat metabolism and oxidative stress responses were upregulated in male birds. Results suggest increased fat metabolism and 
deposition in male birds and the cranial aspect of the muscle, as well as a possible metabolic shift in modern broilers that is more pronounced in 
males and the cranial aspect of the breast muscle. 
 
PO0435: Poultry 
Blood Analysis and Proportional Muscle and Organ Weights in Broilers with Wooden Breast 
Juniper Lake1, Sandra G. Velleman2, Erin M. Brannick1 and Behnam Abasht1, (1)University of Delaware, Newark, DE, (2)The 
Ohio State University, Wooster, OH 
Wooden Breast is a myopathy of fast growing, commercial broilers causing myofiber necrosis, vasculitis (phlebitis), myoregeneration, and 
fibrosis with extensive fibrillar collagen deposition in the superficial part of the pectoralis major, presenting clinically as palpably firm breast 
muscle. Rapid growth, high feed efficiency, and large breast muscle yield are predisposing factors, although the etiology of the disease is still 
poorly understood. A group of 103 7-week-old Cobb 500 broilers were used to determine the effect of Wooden Breast on 13 blood parameters 
and the relative weights of the pectoralis major muscle, pectoralis minor muscle, external oblique muscle, wing, heart, lungs, liver, and spleen. 
Blood analysis performed with the i-STAT handheld blood analyzer on samples taken from the brachial vein of live birds revealed significant 
differences in blood gases between affected and unaffected chickens, with affected chickens exhibiting higher partial pressure of CO2, total CO2, 
bicarbonate, and base excess, and lower partial pressure of O2, oxygen saturation, and pH. Affected chickens also possessed a significantly larger 
pectoralis major muscle and wing relative to body weight. Hypercapnia and hypoxemia in affected chickens suggest greater metabolic demand 
and insufficient gas exchange, potentially caused by disturbances in circulation, cardiac output, or respiration. Disproportionately slower growth 
in the external oblique muscle may indicate inadequate development of respiratory muscles relative to the larger breast muscle size. These results 
support tissue hypoxia and the buildup of metabolic wastes as major contributors to Wooden Breast development and give a more systemic view 
of Wooden Breast pathology. 
 
PE0436: Poultry 
Transcriptomic Analysis of Pectoral Muscles in Broiler Chickens during the Early Phase of Wooden Breast Disorder 
Michael P. Babak, Erin M. Brannick and Behnam Abasht, University of Delaware, Newark, DE 
Wooden Breast (WB) is a muscle/meat quality disorder in modern broiler chickens that is clinically distinguished by abnormally firm 
consistency of the pectoral muscles. To characterize the transcriptome associated with the early pathogenesis of WB in commercial broiler 
chickens, a time-series study was conducted on the Pectoralis (P.) major muscles between affected and unaffected chickens from a purebred 
broiler line. To accomplish this objective, chickens were raised for up to 7 weeks of age with muscle biopsy samples from the cranial or the 
caudal aspect of the P. major muscle belly harvested at week 2, 3 and 4 time points. Cranial P. major muscle specimens from the 3rd week of age 
are the focus of the present study as this time point precedes the onset of clinically detectable gross lesions at approximately 4 weeks of age. 
Biopsy samples, including 4 unaffected (U) and 11 affected (A) samples, were processed for RNA-sequencing producing 618 differentially 
expressed (DE) genes at fold-change (A/U or U/A) >1.3 and False Discovery Ratio (FDR) <0.05. Functional analysis of DE genes revealed 
several biological processes and pathways associated with the early pathology of WB. They include dysregulation of energy metabolism 
involving carbohydrates and lipids, early inflammatory response, vascular disease and remodeling of extracellular matrix in affected chickens. 
Additionally, there was evidence of altered excitation-contraction coupling and dysregulation of calcium metabolism. This study reveals that 
molecular perturbations involving the vasculature, extracellular matrix and metabolism are pertinent to the onset and early pathogenesis of WBD 
in commercial meat-type chickens. 
 
PO0437: Poultry 
RNA-Seq Analysis of Liver in Commercial Broiler Chickens with High and Low Feed Efficiencies  
Amelie Hoste and Behnam Abasht, University of Delaware, Newark, DE 
Broiler chickens have been selected for feed efficiency as well as other economically important traits over the past 50 years. Studies on 
understanding the biological mechanisms underlying variation in feed efficiency in chickens have been largely focused on muscle physiology, 
and there is limited knowledge about the involvement of other tissues. Because of its role in metabolism, the liver might offer important insight 
into characterizing metabolic differences between chickens with high and low feed efficiency, potentially informing breeding for sustainable 
broiler performance and reduction of metabolic disorders. To investigate gene expression associated with feed efficiency in liver tissue, high-
throughput RNA sequencing was performed on 22 liver samples from commercial broiler chickens with extremely high (n=11) and low (n=11) 
feed efficiency. An average of 33 million paired-end reads (75bp) were produced for each sample, 86% of which were properly mapped using 
HISAT2 (version 2.1.0) to the chicken reference genome (Ensembl Gallus_gallus-5.0). Of 24,880 annotated genes, 11,250 could be tested using 
Cuffdiff (cufflinks version 2.2.1.), of which 61 genes were differentially expressed between high and low feed efficiency chickens at False 
Discover Rate (q-value) < 0.05 and fold change > 1.4. Of those 61 genes, 26 were upregulated and 35 were downregulated in the high feed 
efficiency group. Gene function analysis revealed that differentially expressed genes were involved in lipid metabolism, metabolic pathway and 
immune regulation. 
 
PE0438: Poultry 
Co-Expression in the Response to Avian Pathogenic Escherichia coli in the Chicken Spleen Transcriptome 
Melissa S. Monson, Department of Animal Science, Iowa State University, Ames, IA and Susan J. Lamont, Department of Animal 
Science, Iowa State University, Ames, IA 



Respiratory infections with avian pathogenic Escherichia coli (APEC) can reduce growth and egg production, and increase mortality in chickens. 
Identifying co-expression networks correlated with infection can elucidate pathways by which the host responds to APEC, which in turn could be 
key to increasing host resistance to colibacillosis or improving vaccine efficacy. In this study, progeny of F1 reciprocal crosses between broiler 
(disease-susceptible) and Fayoumi (disease-resistant) lines were divided into two groups and given either 1x106 CFU of APEC O1:K1:H7 or 
sterile PBS by intra-airsac injection at 14 days of age. Tissue samples from spleen, liver, and lung were collected 1 day or 2 days post infection 
(DPI) and bacterial load determined by plating serial dilutions of tissue homogenates. Spleen transcriptome responses to APEC infection were 
characterized by RNA-sequencing on the Illumina HiSeq 3000 (n = 6 libraries/cross/treatment/DPI). Variance stabilized read counts for more 
than 16,000 genes (Galgal6a annotation) were used to detect co-expression using weighted co-expression network analysis (WGCNA). Ten 
modules (7 positive, 3 negative) had significant correlations with APEC treatment and/or bacterial load. Multiple significant modules contained 
genes involved in cell division and growth, while one module was enriched for the immune response. Immune-related genes, such as CTLA4, 
CCL20, and MMP7, were also prevalent in the driver genes that strongly correlated with APEC infection. Overall, co-expression patterns in the 
spleen transcriptome provide insight on early systemic immune responses and potential targets for research aiming to reduce colibacillosis. 
Support: USDA-NIFA-AFRI US-UK Animal Health 2015-67015-23093, Hatch project #5424. 
 
PO0439: Poultry 
Genomic Analyses Reveal Pleiotropic Alleles at EDN3 and BMP7 Affecting Comb Color and Egg Production in Chickens 
Xianggui Dong, Junying Li, Xuemei Deng and Changxin Wu, National Engineering Laboratory for Animal Breeding and Key 
Laboratory of Animal Genetics, Breeding, and Reproduction of the Ministry of Agriculture, China Agricultural University, Beijing, 
China 
Selection can cause phenotypic differentiation in many domesticated animals, the process is associated with a few changes in seemingly 
unrelated phenotypes. The genetic mechanisms of correlated phenotypes are probably due to pleiotropy or linkage between separate genetic 
architectures. Dongxiang blue-shelled chicken is an indigenous chicken breed in China, which segregated for the dermal hyperpigmentation 
phenotype. Two lines from the chicken have been divergently selected in comb color for more than 20 generations. The long-term selection has 
also resulted in a significant difference in egg production. It was found that chickens from the red comb line have about 20% higher egg 
production than dark comb line. The aim of this study is to explore potential mechanism of the relationship between comb color and egg 
production. Here, we identified a genomic region covering the structure variation of a rearrangement involving EDN3 which is associated with 
hyperpigmentation in chicken comb by GWAS, which is consistent with a previous report showing the Fm locus in Silky chicken. Further 
analyses by selection sweeps in the two divergent lines reveal that several candidate genes including EDN3, BMP7 closely located on 
chromosome 20 involved in the categories of neural crest cell system and reproductive system development. The two genes EDN3 and BMP7 
have known roles in regulating both ovarian function and melanogenesis, indicating the pleiotropic effect on hyperpigmentation and egg 
production divergent in blue-shelled chickens. The study provides insights into the phenotypic evolution by the result of an exploitation of 
genetic variation across the genome. 
 
PE0440: Poultry 
Transcriptome Sequencing Reveals Key Potential Long Non-Coding RNAs related to Duration of Fertility Trait in the 
Uterovaginal Junction of Egg-Laying Hens 
Adeyinka Abiola Adetula, Huazhong Agricultural University, Wuhan, China 
Duration of fertility, (DF) is an important functional trait in poultry production, and lncRNAs have emerged as important regulators of various 
process including fertility. In this study we applied a genome-guided strategy to reconstruct the uterovaginal junction (UVJ) transcriptome of 14 
egg-laying birds with long- and short-DF (n=7); and sought to uncover key lncRNAs related to duration of fertility traits by RNA-sequencing 
technology. Examination of RNA-seq data revealed a total of 9,977 lncRNAs including 2,576 novel lncRNAs. Differential expression (DE) 
analysis of lncRNA identified 223 lncRNAs differentially expressed between the long- and short-DF groups, with 81 up-regulated and 142 
down-regulated. DE-lncRNA target genes prediction uncovered over 200 lncRNA target genes and functional enrichment tests predict a potential 
function of DE-lncRNAs. Gene ontology classification and pathway analysis revealed 8 DE-lncRNAs, with the majority of their target genes 
enriched in biological functions such as cellular response to cytokine, response to protein homodimerization, reproductive structure development, 
developmental process involved in reproduction, regulation of protein modification, osteoblast differentiation and ossification, in utero 
embryonic development, response to cytokine, carbohydrate binding, chromatin organization, response to growth factors, and immune pathways. 
Differential expression of lncRNAs and target genes were confirmed by qPCR. The discovery of these 2,576 novel lncRNAs in this study 
significantly expands the utility of the UJV transcriptome, and our analysis identification of key lncRNAs and their target genes regulating DF 
will form the baseline for understanding the molecular functions of lncRNAs regulating DF and extend the knowledge of the molecular 
mechanisms underlying fertility.  
 
PO0441: Poultry 
Modeling of Gene Regulatory Networks during Early Post-Hatch Development of the Broiler Chicken 
Heidi A Van Every1, Abhi Singh1 and Carl J. Schmidt2, (1)University of Delaware, Newark, DE, (2)Dept. of Animal & Food 
Sciences, University of Delaware, Newark, DE 
During early post-hatch growth in the modern broiler chick, there are systems-wide fluctuations as the bird transitions from utilization of the yolk 
remnant for nutrients to reliance on diet. Phenotypically, these changes are concurrent with the onset of accelerated breast muscle development. 
The liver, a major hub for metabolic activity, plays a critical role in both resource relegation and maintaining homeostasis during this time. 
However, the mechanisms behind these processes are poorly understood. Here, gene regulatory network (GRN) reconstruction is applied to time-
series liver transcriptome data over the first 20 days post-hatch, with a focus on biologically responsive genes involved in important metabolic 
pathways. This modeling approach allows observation of dynamic relationships between genes and metabolites over time, and contributes to the 
generation of testable hypotheses. 
 



PE0442: Poultry 
Subfertility of Offspring and Transgenerational Transmission of Transcriptome in Spleen Induced By Lipopolysaccharide 
in Hens 
Lei Liu1, Di Wang2, Ning Yang2, Guiyun Xu2, Jiuzhou Song1 and Ying Yu2, (1)University of Maryland, College Park, MD, 
(2)China Agricultural University, Beijing, China 
Maternal experience of external stimuli can lead to abnormalities in immune and reproduction of offspring, but few similar studies are found in 
avian. The aims of the study were to investigate the effects of lipopolysaccharide (LPS) on reproduction and immune system of chicken. LPS 
(group L) or saline (group C) were intravenously injected in 66 Rhode Island White hens at 53 weeks of age in only F0 generation. We found 
LPS could delay the hens to produce the first egg and significantly decrease the egg-laying rate compared to the group C (P< 0.01) in F1 
generation. RNA-seq analysis in spleen revealed 641, 585 and 2833 differentially expressed genes (DEGs) in F0, F1 and F2 generations, 
respectively. KEGG pathways showed that these DEGs mainly enriched in immune and metabolic pathways, such as cytokine-cytokine receptor 
interaction andmetabolism of xenobiotics by cytochrome P450. GO terms revealed LPS mainly affected type 2 and T cell immune response. We 
also found 136 common DEGs between F0 and F1 generations and 37 overlapped DEGs across the three generations. Combining analysis of the 
37 overlapped DEGs and the protein-protein interaction predicted with the 136 common DEGs, we filtered four key DEGs, HPX, VTN, F13A1 
and LY86. In conclusion, LPS could induce subfertility and influence the immunity (especially the cell immune) and metabolism of the 
unchallenged offspring via the transmissible transcriptome.  
Key words: transcriptome, transgenerational transmission,LPS, chicken, immune, reproduction 
 
PO0443: Poultry 
The First Complete Genome Characterization and Pathogenicity of a Reassortant Strain of Infectious Bursal Disease Virus 
Isolated in Pakistan 
Altaf Hussain, Harbin Veterinary research Institute CAAS, HARBIN, China 
As the second serious disease, infectious bursal disease (IBD) has threaten poultry industry for nearly fifteen years in Pakistan. It’s urgent 
concern of the characters of the circulating strains. However, the molecular epidemiology information about infectious bursal disease virus 
(IBDV) in Pakistan is very few. In this study, a naturally occurring reassortant IBDV in Pakistan was firstly identified. To our knowledge, it is 
the first time to clone and analysis the full-length genome of Pakistan IBDV. Genome analysis revealed that segment A of PK2 was derived from 
very virulent IBDV (vvIBDV) and segment B from one distinct ancestor. Furthermore, the pathogenicity of PK2 strain was evaluated with SPF 
chickens. The present study provides useful data for further understanding of the popular and evolution of IBDV, which will helpfully support a 
better prevention and control of the disease in Pakistan.  
Keywords: Infectious bursal disease virus, Reassortant, Genome, Pathogenicity, Pakistan 
 
PE0444: Poultry 
Role of Gut Integrity and Cellular Tight Junctions in Lameness of Broiler Chickens 
Amer Hasan, University of Arkansas, Fayetteville, AR, Douglas D. Rhoads, University of Arkansas, Cell and Molecular Biology 
Program, Fayetteville, AR and Adnan Alrubaye, University of Arkansas/Fayetteville, Fayetteville, AR 
The goal of this study is to identify the role of tight junction and adherens proteins as relates to the integrity of gut linings of broiler chickens on 
wire and litter floors. Lameness is one of the main metabolic diseases linked to fast growth in broilers. It is a significant problem in the poultry 
industry, resulting in hundreds of millions of dollars in lost revenue annually. In commercial broilers, the most common cause of lameness is 
bacterial chondronecrosis with osteomyelitis (BCO). Our hypothesis is that bacteria cross the epithelial lining of the gut and respiratory tract into 
the bloodstream and eventually colonize the growth plate of rapidly growing long bones in commercial broiler chickens. Our lab has embarked 
on numerous projects to characterize the genomic features of bacteria implicated in the disease; our lab has also worked to understand the 
physiology and histopathology of guts of chickens grown on litter or wire flooring. Previous work has demonstrated that growth on wire flooring 
dramatically increases the incidence of BCO. Our hypothesis is that the wire flooring compromises gut integrity allowing bacteria to translocate 
into the blood stream. Our immediate is goal is to curb lameness, and as such, we have administered different supplements, probiotics and 
organic acids to broiler birds on both floor types, with some positive results. We are quantifying the levels of expression of tight junction and 
adherens proteins (between the treatments) along with immunohistopathology to obtain a better understanding of the role of gut integrity in BCO 
lameness. 
 
PO0445: Poultry 
Managing Bacterial Chondronecrosis with Osteomyelitis: Investigating the Mechanism of Pathogenesis in the Incidence of 
Lameness in Broiler Chickens 
Nnamdi Simon Ekesi, University of Arkansas, Cell and Molecular Biology program, Fayetteville, AR 
The incidence of lameness in broiler chickens is largely attributed to Bacterial Chondronecrosis with Osteomyelitis (BCO). This disease is a huge 
burden on the poultry industry, both for animal welfare concerns, and the accruing annual economic losses. Our hypothesis that the bacteria 
crosses epithelial of the gut and airways into the blood of broilers, and eventually lodge in and around the growth plate area of rapidly growing 
birds. Studies have identified several reoccurring pathogens that are associated with BCO (among which are S. agnetis (908), S. hyicus, E. coli, 
Salmonella spp, and so on). Dr. Wideman created the "the wire-floor model" that can induce the disease in broilers [1, 2]. Over time, we’ve also 
created “hotspots” on the University of Arkansas research facilities, where birds go lame even on litter without direct administration of 908 or 
other relevant species of bacteria. Normally, we start few lameness around day 20, and more prominent results on day 35. But we are becoming 
alarmed by reports that birds go lame in at very early days. We are taking a holistic approach towards understanding the pathogenesis of BCO. 
We’ve sequenced and assembled the genome of 908, some S. hyicus, and some E. coli, to identify virulent genes. We are also comparing the 
genomes to genomes of relevant species from similar works across world in hopes of understanding the mechanism of transmission. We are also 
studying the guts of commercial broiler chickens; we are looking at expressions of 11 gut tight junction proteins and adherins (Low expression of 
these genes could point to the levels of gut compromise). We are conducting embryo Lethality assays to determine the pathogenicity of bacteria 



isolated from various lameness projects. Finally, we are looking at broiler chickens’ first line defense, by exposing the chicken PBMCs/ 
Heterophils to 908 and other bacteria. Our goal is to find and select commercial broiler chickens that are resistant to bacteria involved in BCO 
and ultimately improve the efficiency of poultry production. 
 
PE0446: Poultry 
Distribution of Haplotypes within selected Chicken Lines suggests MHC-Y contributes to the Genetics underlying Heritable 
High and Low Antibody Responses 
Jibin Zhang1, Ronald M. Goto1, Christa F. Honaker2, Paul B. Siegel2 and Marcia M. Miller1, (1)Beckman Research Institute, City 
of Hope, Duarte, CA, (2)Department of Animal and Poultry Sciences, Virginia Tech, Blacksburg, VA 
The MHC-Y region on chicken chromosome 16 encodes highly polymorphic MHC class I-like molecules that, because of their structure, are 
considered likely to guide immune responses. Distinguishing MHC-Y region differences between individual animals was, until recently, made by 
restriction fragment patterns revealed in Southern hybridizations. We recently developed an easier and quicker microsatellite-based PCR 
fingerprinting method for MHC-Y typing, which can be applied in defining the contribution of MHC-Y in immune responses. MHC-Y typing of 
Virginia Tech chickens selected for over four decades for heritable high (HAS) and low (LAS) antibody responses to sheep red blood cells has 
revealed a skewed distribution of MHC-Y haplotypes. Typing of the 44th and 45th generations of HAS and LAS lines provided fingerprints 
defining eleven genotypes and five MHC-Y haplotypes segregating within the nearly 400 birds in these two generations. Two haplotypes were 
found only in HAS and occurred at a frequency of 60% within the line. The three other haplotypes were found more often in LAS than HAS. The 
skewed segregation of MHC-Y haplotypes in HAS and LAS lines suggests that MHC-Y is under selective pressure during the selection for high 
and low antibody titers. Further studies in the HAS and LAS lines may reveal more about how MHC-Y genetics contributes to poultry health.  
Supported in part by USDA NIFA Grant 12233246. 
 
PO0447: Poultry 
Genome Wide Association (GWA) and Whole Genome Requesting (WGR) are Techniques Used to Determine the CPQ 
Gene as a Marker Associated with Pulmonary Hypertension in Broilers 
Duaa Almansaf, University Of Arkansas Biological Sciences Dept, Fayetteville, AR 
Ascites syndromes is a pathophysiological condition results in increasing the mortality rate in fast-growing broilers due to increasing the body 
demand for oxygen and the accumulation of fluid in the abdominal cavity after increasing the pressure within the pulmonary circulation. In our 
lab, Genome Wide association (GWA) and Whole Genome Resequencing (WGR) are two beneficial techniques have been used to identify 
genetic and chromosomal regions related to ascites. It has been found that there are 31 genes associated with ascites. The purpose of doing that is 
to find genetic markers for produce broilers resistant to ascites. One of these markers is Carboxypeptidase Q gene (CPQ). CPQ gene which plays 
a significant role in the cleavage of dipeptides into amino acids encodes a metallopeptidase. CPQ gene belongs to the family of M29 peptidase 
and is in chromosome 2 in chicken. We extracted DNAs from 12 REL line birds in both gender and send them for sequencing to have tissues 
samples from heterozygous and homozygous. Then, we collected eight tissues from each bird including heart, liver, kidney, thigh, breast, spleen, 
lung, and thymus to see the expression of CPQ gene in all eight tissues through using SNPs in exon 8 of this gene. 
 
PE0448: Poultry 
Variation in Muscle Mitochondrial DNA Copy Number and Functional Mitochondria Associated with Ascites in Broilers 
Layla Al-Mitib, University of Arkansas, Fayetteville, AR 
We are investigating the correlation of developmental variation in muscle mtDNA copy number with mitochondrial function, contributing to 
ascites phenotype in broilers. Ascites is metabolic disease that results of massive growth of muscles (meat) in broiler chickens. Previously, we 
have shown that different muscles (breast, thigh, heart) can vary by 100 to 1000 fold with respect to mtDNA copy number at early ages and for 
different genders (Al-Zahrani, in review). Copy number appears to correlate with ascites susceptibility. We are now focused on assessing how 
mtDNA copy number relates to functional mitochondrion through histological and enzymatic methods. This work will determine whether the 
enhanced mtDNA copy number is indicative of higher mitochondrial function or higher rates of mitochondrial degeneration. 
 
PO0449: Poultry 
Association Analysis with 600K SNP Array Identifies Candidate Genes for Heat Stress Response in Hy-Line Brown Chicks 
Ying Wang1, Perot Saelao1, Ganrea Chanthavixay1, Kaylee Rowland2, R.a. Gallardo3, Anna Wolc2,4, Jack C.M. Dekkers2, S.J. 
Lamont2, T.R. Kelly3 and Huaijun Zhou1, (1)Animal Science, University of California, Davis, CA, (2)Department of Animal 
Science, Iowa State University, Ames, IA, (3)University of California, Davis, School of Veterinary Medicine, Population Health 
and Reproduction, Davis, CA, (4)Hy-Line International, Dallas Center, IA 
Climate change increases ambient temperatures and frequency of heat waves. Studies investigating the effects of heat stress on poultry 
production have observed reduction in both growth rates and egg production, and decreased poultry and egg quality and safety. The objective of 
this study was to identify host genetic resistance to heat stress by using a genome-wide association study (GWAS) on 540 Hy-Line Brown layer 
chickens. At 14 days (d) of age, birds were exposed to 38°C with 50% humidity for 4 hours, then 35°C until the conclusion of the study. Birds 
were inoculated at 21d with Newcastle disease virus (NDV) La Sota strain to investigate the effects of heat stress and NDV infection. Blood gas 
chemistry was measured using the iSTAT. A single SNP on chromosome 4 was associated with sO2 with acute heat stress. With chronic heat 
stress, two QTLs on chromosome 1 and one SNP on chromosome 7 were associated with potassium, one QTL on chromosome 6 associated with 
blood pH, one QTL on chromosome 11 associated with base excess, one SNP on chromosome 3 and two SNPs on chromosome 6 associated with 
glucose, HCO3 and TCO2. With chronic heat stress and NDV infection, two QTLs on chromosome 3 and 12 were associated with TCO2 and 
sodium and one SNP on chromosome 3 was associated with HCO3. In total, 181 positional candidate genes either 500kb upstream or 
downstream these SNPs were identified which included heat stress related genes such as HSF2BP, HSPA12A and SLC family genes. The 
identified genomic regions and candidate genes associated with response to heat stress hold the potential to improve breeding strategies for 
developing genetic resistance to heat stress in chickens. 



 
PE0450: Poultry 
Predicting Chromatin States to Identify Distinct Active Enhancers within Bursa Tissue of Two Inbred Chicken Lines Under 
NDV Infection and Heat Stress 
Kelly Chanthavixay1, Colin Kern1, Ying Wang1, P. Saelao2, S.J. Lamont3, R.a. Gallardo4, Nathan Chubb5, Gonzalo Rincon5 and H. 
Zhou1, (1)Animal Science, University of California, Davis, CA, (2)UC Davis, davis, CA, (3)Department of Animal Science, Iowa 
State University, Ames, IA, (4)University of California, Davis, School of Veterinary Medicine, Population Health and 
Reproduction, Davis, CA, (5)Zoetis, Kalamazoo, MI 
The effects of both Newcastle disease virus (NDV) and heat stress greatly impact poultry within developing countries. In order to breed greater 
resistance to NDV under heat stress, identifying genetic variants that lie within genes or regulatory elements associated with differential response 
is pivotal. This study explored the epigenetic response in bursa tissue of two genetically distinct chicken lines that are simultaneously under 
infection with NDV and chronically heat stressed. We used an epigenomic approach to study each genetic line’s response to treatment and 
explore enhancer activation due to treatment. To this end, we performed ChIP-seq on four histone modification marks: H3K4me3, H3K4me1, 
H3K27ac and H3K27me3, and an insulator-binding protein CTCF, using bursa tissue from non-treated and treated birds from both lines. We 
predicted the chromatin states of four groups, separated by genetic line and condition, using ChromHMM. The chromatin states classified as 
active enhancers states were used for differential analysis between each group. We found 362 differentially active enhancers between control and 
treated groups in Fayoumi and 1111 between conditions in Leghorn. With less than 15% of differential enhancers shared between the treated 
groups, this shows distinct enhancer activation by each line as a response to treatment. The target genes of the differential enhancers were 
identified as the closest gene within 500kb but not within 2kb of any transcription start site, which were used in GO terms and KEGG pathways 
analysis. We will further investigate whether genetic variants between the two lines are within the differential enhancer regions. 
 
PO0451: Poultry 
Plant-Derived Antimicrobials Modulate Campylobacter jejuni Proteome Essential for Biofilm Formation 
Basanta R. Wagle1, Abhinav Upadhyay1, Indu Upadhyaya2, Komala Arsi1, Sandip Shrestha1, Rohana Liyanage1, Dan J. Donoghue1 
and Ann M. Donoghue3, (1)University of Arkansas, Fayetteville, AR, (2)Tennessee Tech University, Cookville, TN, (3)USDA 
ARS, Fayetteville, AR 
Campylobacter jejuni is a major foodborne pathogen that causes severe gastroenteritis in humans. Recent investigations have highlighted the role 
of biofilms in the environmental persistence of Campylobacter for contaminating poultry products thereby increasing the risk for infections. 
However, little is known about the proteome of Campylobacter during this physiological state. The objective of this study was to investigate the 
proteome of C. jejuni in biofilms versus planktonic cells and the effect of plant-derived antimicrobials (PDA), trans-cinnamaldehyde (TC), 
eugenol (EG) and carvacrol (CR) on the proteome of C. jejuni (NCTC 11168) biofilms. Biofilm was developed on polystyrene plates (37⁰C for 
48 h) in the presence or absence of sub-inhibitory concentrations of TC (0.01%), EG (0.01%) or CR (0.002%) (n=6). Proteins were extracted 
from biofilms and subjected to SDS-PAGE followed by in-gel tryptic digestion and LC-MS/MS based protein quantification. Similar methods 
were used for studying proteome from planktonic cells. A total of 100 proteins were identified which contribute to cellular and metabolic 
process, biological regulations and membrane integrity. The expression of 27 proteins was significantly modulated (fold change ~ 4.6 to 20) in 
the biofilms compared to planktonic cells (P<0.05). The TC, EG and CR significantly downregulated NapA (required for signaling pathway 
during oxidative stress). Moreover, TC and CR reduced the expression of chaperone protein (DnaK; required for oxidative stress response). The 
results suggest that a subset of C. jejuni proteome changes during biofilm formation, and PDAs modulate key proteins contributing to C. jejuni 
biofilm formation.  
Funded by USDA-NIFA-OREI-2017-51300-26815. 
 
PE0452: Poultry 
Genomic and Transcriptomic Characterisation of Campylobacter Resistance in Broilers 
Androniki Psifidi1,2, Lisa Rothwell2, Diego Robledo2, Abi Bremner2, Andreas Kranis3, Georgios Banos4, Richard Bailey3, Mark S 
Fife5, Paul M. Hocking2, Kellie Watson2, Pete Kaiser2, Santiago Avendano3 and Mark Stevens2, (1)Royal Veterinary College, 
University of London, Hatfield, United Kingdom, (2)The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, 
United Kingdom, (3)Aviagen Ltd, Midlothian, United Kingdom, (4)The Roslin Institute and Scotlands' Rural College, Midlothian, 
Scotland, (5)The Pirbright Institute, UK, Newbury, United Kingdom 
Campylobacter is the leading cause of human foodborne diarrhea. The main source of infection is consumption or handling of contaminated 
poultry meat. While there is a range of effective biosecurity strategies at farm level, there are no effective vaccines and inhibitors. Moreover, 
little is known about the genetic basis of Campylobacter colonisation. To identify genomic regions influencing Campylobacter load we 
performed a GWAS study and determined whether eQTLs, allelic-imbalance and significant gene-expression differences are present in broilers 
with different Campylobacter load. Caecal contents were collected from 3,000 broilers and the number of viable Campylobacter per gram was 
determined. All the birds were genotyped with the 600K SNP-array (Affymetrix). Heritability of the trait was modest (h2=0.11). GWAS and 
RHM analyses identified four QTLs on chromosomes 14, 16, 19 and 26. Twenty-three birds were selected for RNA-sequencing based on their 
genotype and phenotype. RNA was extracted from the caecal tonsils. Three genes located within the QTL region on chromosome 16 were 
differentially expressed (BFIV21 and two BTN-like). We identified strong cis-QTLs located within the Major-Histocompatibility-Complex 
(MHC) region on chromosome 16 (the QTL explained 60% of the genetic variance, log allelic-fold-change 2.03), suggesting the presence of cis-
acting mutations in BFIV21 and BG1 genes. Further, we identified one trans-acting element located within the CCL4 gene which may regulate 41 
genes, including interferon alpha. Based on these results the MHC region seems to play an important role in Campylobacter load in chickens, and 
we have identified three strong candidate genes underlying two load-associated QTLs. 
 
PO0453: Poultry 



TLR-Mediated Immune Modulation of Chicken Macrophages By Saccharomyces boulardii 
Altaf Hussain, Harbin veterinary research institute, CAAS, harbin, China 
Macrophages are professional phagocytic cells that play critical roles in activating immune responses of the host. It is possible that macrophages 
are targeted by microbes to modulate these responses. Here we demonstrate that lipopolysaccharide (LPS), Saccharomyces boulardii (Sb) altered 
the phenotype and biological functions of avian macrophages. Using scanning electron microscopy, we showed that the altered morphology was 
due to the direct attachment of Sb on the surface of chicken macrophages. Additionally, transmission electron microscopy revealed the efficient 
engulfing and degradation of Sb. In an effort to demonstrate immunological changes in responses to these stimuli, we observed that LPS could 
induce higher gene expression levels of surface markers (CD40, CD80 and CD83), cytokines (IL-6 and iNOS), TLRS (TLR1, TLR4 and TLR15) 
and associated factors (MyD88, TRAF6, NF-κBp65 and JNK) in chicken macrophage compared to Sb. On the other hands, Sb could decrease the 
response of macrophage to LPS by TLR signaling pathway. Conclusively, these results emphasize a potentially important role of Saccharomyces 
boulardii in modulating immunological functions of chicken macrophages by TLR signaling pathway. 
 
PE0454: Poultry 
Identifying Host Genomic Factors That Determine Susceptibility of Chickens to Highly Pathogenic Avian Influenza 
Cal Donnelly1, Janet E. Fulton2, Ania Wolc3, Wioleta Drobik-Czwarno4, Paul Digard1 and Jacqueline Smith1, (1)Roslin Institute, 
Edinburgh, United Kingdom, (2)Hy-Line International, Dallas Center, IA, (3)Iowa state University, Ames, IA, (4)Warsaw 
University of Life Sciences (SGGW), Warsaw, Poland 
DNA samples collected from survivors of recent outbreaks of highly pathogenic avian influenza (HPAI) in Mexico and the USA have provided a 
rare and unique opportunity to study the genetic mechanisms underpinning susceptibility of chickens to this devastating and economically 
important disease which normally exhibits 70-100% mortality in the chicken host. Comparing whole-genome sequence (WGS) data of survivors 
with age-matched controls, it will be possible to perform genome-wide association analysis (GWAS) to elucidate quantitative trait loci regions 
(QTLRs) that are linked to, or contain, genes regulating the survival phenotype. Subsequent annotation of the QTLRs will include the 
identification of coding and non-coding RNAs that may be contributing to resistance mechanisms. The presence of single nucleotide 
polymorphisms (SNPs) will be confirmed within sequences and downstream analysis carried out in order to ascertain biological pathways that 
are involved in the rich tapestry of networks responsible for HPAI resistance. SNPs within the genes themselves will be highlighted, transcription 
factor binding motifs analysed, and gene expression data from other ongoing research will be used to prioritize candidate genes. Once the 
computational analysis pipeline has been completed, candidate genes and mutations thought to be instrumental for resistance of survivors will be 
functionally tested in vitro to observe their products’ effects on viral replication and cellular response to infection. An understanding of the 
genetics underlying HPAI resistance in chickens will enable progress toward controlling avian influenza, which will have implications for both 
the poultry industry and for public health. 
 
PO0455: Poultry 
Transcription Factor IRF7 Knockout Revealed Selective Modulation of Type I Interferon Response to Avian Influenza 
Virus Infection in Chickens 
Tae Hyun Kim, Colin Kern and Huaijun Zhou, Animal Science, University of California, Davis, CA 
Interferon regulatory factor 7 (IRF7) modulates type I interferon response against viral infection. IRF3 coordinates with IRF7 in mammals, yet 
birds are missing IRF3 and have a smaller repertoire of immune-related genes, which leads to a distinctive immune response of chickens to viral 
pathogens. To study the function of IRF7 in the antiviral response of chickens against avian influenza virus, we generated IRF7 knockout (IRF7-/-

) DF-1 cell lines and their respective control (IRF7wt) by utilizing the CRISPR/Cas9. Knockout of IRF7 resulted in a higher viral replication of 
low pathogenic avian influenza viruses (H6N2, H10N7) in vitro. Selective activation of type I interferons was observed in which only IFNB 
expression was dependent to IRF7. RNA-sequencing was performed on H6N2 infected IRF7-/- and IRF7wt cell lines at four different time points 
(0h, 2h, 6h, 12h) post infection to examine the dynamics of IRF7 mediated pathways in the host response. Deletion of IRF7 resulted in 
significant downregulation of antiviral effectors and differential expression of genes in MAPK and mTOR signaling pathways. Dynamic gene 
expression profiling of host response between IRF7-/- and IRF7wt cell lines revealed the potential signaling pathways involving AP1, NF-κB and 
inflammatory cytokines that may complement the IRF7. This study provides novel insights to improve our understanding of avian host antiviral 
response against avian influenza virus in chickens. 
 
PE0456: Poultry 
Comparative Transcriptomic Analysis of Avian Immunity in Response to Recombinant Chicken Interferon Lambda-3 in 
Primary Cells and Live Chicken. 
Arslan Mehboob, Biotechnology Research Institute Chinese Academy Of Agricultural Sciences 12 Zhonguancun Nandajie 
Haidian Distrcit Beijing China 100081, Beijing, China 
Emergence and re-emergence of viral pathogens cause huge economic losses to the poultry industry every year. Interferons (IFNs) are potential 
cytokines in establishing an antiviral state in birds and mammals. Interferon-stimulated genes (ISGs) are the candidate genes that are expressed in 
response to invading pathogens and elicit broad antiviral state in the host. The basic aim of the present study is to explore the key signaling 
pathways involved in the cascade of avian immunity. To have a better understanding of ISGs associated chicken immunity, we employed a 
Baculovirus expression vector system (BEVS) to construct recombinant chicken interferon lambda-3 (rchIFN-λ3). Transcriptional analysis of 
interferon-treated chicken embryo fibroblasts (CEF), bursa of fabricius and thymus revealed contrasting evidence of antiviral potential in both 
cells and live animal models. We employed RNA seq data to analyze transcriptomics of differentially expressed genes (DEGs). Upregulation of 
DEGs i.e. Viperin, IKKB, CCL5, IL1β, AP1, NF-KB implies substantial antiviral, cell cycle regulators and biologically active genes are 
expressed in response to administered chicken interferons also justify the antiviral potential of expressed rchIFN-λ3. Furthermore, antiviral 
response, apoptosis, cellular proliferation and differentiation, cytokine-cytokine receptor interaction and influenza-A are the significant pathways 
highly differentiated in the present study. Our data signifies the novelty of rchIFN-λ3 as potent antiviral interferon and further suggests its future 
promising role to be employed as antiviral therapeutic for the poultry industry. 



 
PO0457: Poultry 
Comparative Transcriptional Analysis of Recombinant Chicken Interferons Treated Chicken Embryo Fibroblast, Liver and 
Fat to Elucidate Broiler Growth 
Yang Xin, Biotechnology Research Institute, Chinese Academy of Agricultural Sciences, Beijing, China 
Avian viral pathogens are posing huge economic losses to poultry industry worldwide. Currently prevailing preventive measures are not 
sufficient in providing protective immunity against circulating viruses. Baculovirus expression vector system (BEVS) is a novel platform for 
mass scale expression of recombinant proteins. The objective of present study was to express efficient recombinant chicken interferon alpha 
gamma (rchIFNαγ) co-expression product and to identify the vital genes and signaling pathways associated with avian immunity. rchIFNαγ 
administered to chicken embryo fibroblasts (CEF) and broiler chicken at 2 weeks. CEF, liver and fat samples were taken post treatment and snap 
frozen for proteomic analysis. Temporal expression of interferon stimulated genes (ISGs) i.e. Viperin, MxA, MDA5, IKKB, IRF7, STAT1, 
STAT1/2 further signifies the role of recombinant interferons in avian immunity. This study also revealed contrasting features of huge 
transcriptomic differences among three distinct experimental groups. Furthermore, FoxO, Insulin and PPAR signaling pathways are the most 
enriched pathways. There are noteworthy evidence associating FoxO signalling pathway (via cell cycle regulation and transformed metabolism) 
as key mechanism of growth variations in chicken. Increased weight gain in interferon treated chicken is also observed in response to rchIFNαγ 
treatment. This study enabled us to further characterize recombinant avian interferons and their possible future role in commercial poultry 
industry as potential growth promoter and future vaccines. 
 
PE0458: Poultry 
Genetic Analyses of Ghana and Tanzania Local Chicken Ecotypes Challenged with Newcastle Disease Virus 
M. Walugembe1, E.N. Amuzu-Aweh2, B.B. Kayang2, A.P. Muhairwa3, P.K. Botchway2, J.R. Mushi3, G. Honorati3, A. Naazie2, G. 
Aning4, P. Msoffe3, Y. Wang5, P. Saelao5, T.R. Kelly6, R.a. Gallardo6, H. Zhou5, S.J. Lamont1 and J.C.M. Dekkers1, (1)Department 
of Animal Science, Iowa State University, Ames, IA, (2)University of Ghana, Legon, Ghana, (3)Sokoine University, Morogoro, 
Tanzania, United Republic of, (4)University of Ghana, Legon, Accra, Ghana, (5)Animal Science, University of California, Davis, 
CA, (6)University of California, Davis, School of Veterinary Medicine, Population Health and Reproduction, Davis, CA 
Newcastle Disease (ND) is a major threat to local chicken production in Africa and severe outbreaks of velogenic ND virus (NDV) often cause 
major economic losses to households. Local chickens are important to rural family livelihoods through provision of high quality protein (eggs 
and meat) and sales to generate household income. Our study was conducted in two countries, Ghana and Tanzania. In each country, three 
popular ecotypes (regional populations) of chickens were challenged with a lentogenic (vaccine) strain of NDV. Various host response 
phenotypes, including anti-NDV antibody levels (pre-infection and 10 days post-infection, dpi), and viral load (2 and 6 dpi) besides growth to 38 
days of age, were measured. We estimated genetic parameters and performed a genome-wide association study using 1440 and 1399 birds from 
Ghana and Tanzania, respectively. Estimates of heritability of the evaluated traits were moderate and high (0.15-0.55). Several quantitative trait 
loci (QTL) associated with growth and/or response to NDV were identified. These included some QTLs for ND response related traits that were 
found in previous studies. Because of the moderate estimates of heritability and identified QTL, we suggest that NDV response traits can be 
improved through selective breeding of chickens to enhance increased NDV resistance and vaccine efficacy. Ongoing research is establishing 
relationships of response to NDV vaccines with response to velogenic NDV challenge. This research was supported by USAID Feed the Future 
Innovation Lab for Genomics to Improve Poultry. 
 
PO0459: Poultry 
Domestic Chickens Activate a piRNA Defense Against Avian Leukosis Virus 
Yu H. Sun, University of Rochester, Rochester, NY 
PIWI-interacting RNAs (piRNAs) protect the germ line by targeting transposable elements (TEs) through the base-pair complementarity. We do 
not know how piRNAs co-evolve with TEs in chickens. Here we reported that all active TEs in the chicken germ line are targeted by piRNAs, 
and as TEs lose their activity, the corresponding piRNAs erode away. We observed de novo piRNA birth as host responds to a recent retroviral 
invasion. Avian leukosis virus (ALV) has endogenized prior to chicken domestication, remains infectious, and threatens poultry industry. 
Domestic fowl produce piRNAs targeting ALV from one ALV provirus that was known to render its host ALV resistant. This proviral locus does 
not produce piRNAs in undomesticated wild chickens. Our findings uncover rapid piRNA evolution reflecting contemporary TE activity, 
identify a new piRNA acquisition modality by activating a pre-existing genomic locus, and extend piRNA defense roles to include the period 
when endogenous retroviruses are still infectious. 
 
PE0460: Poultry 
Directed Genome Evolution for Macrophage-Killing in Staphylococcus agnetis, an Agent of Bacterial Chondronecrosis with 
Osteomyelitis in Broilers 
Abdulkarim Shwani, 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. Since we first reported the isolation of this staphylococcal species from the bones and blood of lame 
broilers at the University of Arkansas, others have identified this same species in chickens. We have demonstrated transmission of bacterial 
chondronecrosis with osteomyelitis (BCO) through aerosols or in drinking water. We have identified particular BCO isolates that can induce very 
high incidence of lameness. BCO primarily affects the growth plate in the proximal femur and tibia, the fast-growing leg bones. The annotated 
complete genome of hypervirulent strain 908 has been published. That genome has been compared to nine genomes we assembled for 
hypovirulent isolates dairy cattle. Phylogenomic analyses of chicken and cattle isolates of S. agnetis and Staphylococcus hyicus suggest a very 
close relationship between the cattle and chicken isolates. The hypervirulent chicken isolate, 908, clustered with two of the cattle isolates, 
including strain 1379. A catalogue of gene differences between the cattle and chicken isolates was constructed using reciprocal blast analyses at 
the nucleotide and polypeptide level. More than 40 genes and 3 plasmids from strain 908 are absent or poorly conserved in any of the cattle S. 



agnetis isolates. We have found that whereas strain 1379 is efficiently killed by chicken macrophage, strain 908 not only survives phagocytosis 
by chicken macrophage, it kills the macrophage within 2 days in culture. We have therefore employed Directed Genome Evolution (DGE) to 
identify the determinants of macrophage survival and killing. DNA from strain 908 was electroporated into strain 1379 which was then passaged 
through chicken macrophage to select for resistant bacteria culture that kill chicken macrophage. Through multiple rounds we have identified a 
small 2260 bp plasmid in 908 that appears to be sufficient for survival and killing. This plasmid contains three predicted Open Reading Frames 
(ORF). One ORF is predicted to be a replication protein, with no function predicted for the other two. Current work is aimed at determining 
which ORF(s) are required for survival and killing. Future work would be aimed at determining the roles of this polypeptide in cell killing and in 
virulence in broilers. 
 
PO0461: Poultry 
Defining QTLs, Genes and Genome Variants for Resistance to Marek’s Disease Virus 
Jacqueline Smith, Roslin Institute, Edinburgh, United Kingdom, Ehud Lipkin, Hebrew Univarsity of Jerusalem, Ganigar, Israel, 
Morris Soller, Hebrew University of Jerusalem, Jerusalem, Israel, David W. Burt, University of Queensland, St. Lucia, Australia 
and Janet E. Fulton, Hy-line International, Des Moines, IA 
Marek’s Disease Virus (MDV) is a highly-contagious oncogenic alpha-herpes virus, which infects chickens, causing neurological symptoms and 
tumour formation. It is also a highly immune-suppressive virus. Although Marek’s disease (MD) is partially controlled by vaccination, it 
continues to have a large impact on animal health and profound effect on the poultry industry in terms of profit and animal welfare. Even after 
years of study, the genetic mechanisms underlying resistance to MDV remain poorly understood. The MHC is known to play a role in disease 
resistance, and a handful of other genes have also been implicated in resilience. Genome wide association study (GWAS) of an F6 advanced 
intercross line derived from a cross between two commercial layer populations phenotyped for survival in the face of MDV infection has allowed 
us to define Quantitative Trait Loci (QTL) associated with resistance. We have also identified candidate genes for the survival phenotype by 
integrating transcriptomics and genetic association tests. Several genes have been shown to have strong genetic association with resistance. This 
provides targets for mitigating the effects of MDV on both animal health and the poultry economy by way of selective breeding, improved 
vaccine design or gene-editing technologies. 
 
PE0462: Poultry 
Gene Expression Profiling of the Duodenum, Jejunum and Ileum of Village Chickens Naturally Infected with Ascaridia galli 
Petunia D. Malatji, University of South Africa, Florida, South Africa 
This study investigated differential gene expression profiles of the A. galli infected jejunum, ileum and duodenum segments of the small 
intestines of village chickens using RNA-seq strategy. Total RNA isolated from duodenum, jejunim and ileum of 2 infected and 2 non-infected 
village chickens were sequenced using Illumina HiSeq2500 to generate between 3,908,924 and 3,994,946 reads. An average of 83.50% quality 
controlled reads mapped to the reference chicken genome (gallus.galgal4.74). The multidimensional scaling plots revealed tissue dissimilarity of 
genes expression patterns by clearly separating the anatomical sections of the small intestine. The different sections differed in the quantitative 
composition of the genes expressed in response to A. galli infection. A total of 76, 99 and 78 differentially expressed genes were identified in 
duodenum, jejunum and ileum sections respectively. Of these, 33, 15 and 18 differentially expressed genes were identified in duodenum, 
jejunum and ileum sections of KZN chickens respectively. A total of 31 and 10 genes were co-expressed in all the sections of chickens from 
Limpopo and KZN respectively. Analysis of genes uniquely expressed in the different tissue types gives a better understanding of the unique 
immunological attributes of the various tissues that are involved in parasite colonization. Predominant biological processes terms observed were 
cellular process, biological regulation and response to stimulus. KEGG pathway analysis showed variation in the different tissues of the small 
intestine. Pathways such as the Linoleic acid metabolism and Arachidonic acid metabolism were common in the two provinces but enriched for 
in different sections. Overall, this study suggests region-specific expression patterns and functional annotation of genes involved in response to 
A, galli infection in chickens. Such information could aid in better understanding of host-parasite interactions in development of effective control 
strategies. 
 
PO0463: Other Animal Species 
Ensembl Updates for Farm Animals 
Thibaut Hourlier, Konstantinos Billis, Carlos García Girón, Leanne Haggerty, Osagie Izuogu, Denye Ogeh, Fergal J. Martin and 
Paul Flicek, European Molecular Biology Laboratory - EBI, Cambridge, United Kingdom 
As a result of improvements to the scalability and automation our pipelines, we have doubled the number of annotated species in Ensembl since 
last year while still producing high quality annotations.  
Three major species, chicken (GCA_000002315.5), horse (GCA_002863925.1) and cow (GCA_002263795.2) had their assembly updated during 
the last year. At the same time, we annotated donkey (GCA_003033725.1) for its closeness to horse.  
Salmonids are a group of fish of great agricultural importance. We annotated a set of salmonids containing the Atlantic salmon 
(GCA_000233375.4), the coho salmon (GCA_002021735.1), the chinook salmon (GCA_002872995.1) and rainbow trout (GCA_002163495.1).  
Two thirds of the models are supported by species-specific data coming from cDNAs and transcriptomic data such as Illumina RNA-Seq and 
PacBio Iso-Seq. We used transcriptomic data from different tissue samples to annotate untranslated regions (UTRs), alternate transcript isoforms. 
Furthermore, for each released annotation we update gene-trees, orthologues, multiple whole genome alignments, and cross-references to 
external databases.  
The chicken, horse, cow and donkey data are available in Ensembl (version 95) 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. Custom 
data can be displayed in the Ensembl browser. The salmonids annotations are expected for release 96 of Ensembl.  
We support upload 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. 
 



PE0464: Other Animal Species 
Generating High Quality Genome Assemblies 
Olivier Fedrigo1, Arang Rhie2, Sergey Koren3, Shane McCarthy4, Bettina Haase1, Jacquelyn Mountcastle5, Sadye Paez1, Richard 
Durbin4, Eugene Myers6, Adam M. Phillippy3, Erich D. Jarvis1 and G10K consortium, (1)The Rockefeller University, New York, 
NY, (2)NHGRI / NIH, Bethesda, MD, (3)NHGRI, NIH, Bethesda, MD, (4)University of Cambridge, Cambridge, United Kingdom, 
(5)The Rockefeller University/Vertebrate Genome Lab, New York, NY, (6)Systems Biology Center, Max-Planck Institute of 
Molecular Cell Biology and Genetics, Drezden, Germany 
The Vertebrate Genomes Project (VGP) is an international and multidisciplinary project of the Genome10K consortium (G10K). The mission of 
the VGP is to sequence high quality assemblies of all ~66,000 extant vertebrate species. The primary outcome of the VGP is to create a digital 
Genome Ark to not only preserve genetic information but also provide tools for designing conservation strategies. Because sequencing 
technologies evolve rapidly, VGP members are continuously testing and evaluating new technologies and protocols. In Phase 1, VGP aims to 
generate high-quality, phased, near chromosome-level, and annotated reference genome assemblies of species representing all vertebrate orders. 
The goal is to reach assembly quality greater than 1Mb contig N50, 10Mb scaffold N50, 90% of DNA assigned to chromosomes, QV40 base 
quality, and phased into haplotypes as much as possible. To reach this goal, VGP uses a combination of 4 genome data types (Pacific 
Biosciences long reads, 10X Genomics linked reads, Bionano Genomics® optical maps, and Arima Genomics Hi-C chromosomal crosslinked 
reads) and up to two transcriptome data types (Illumina RNASeq or PacBio IsoSeq) for annotation. An assembly pipeline has been developed in 
DNANexus® to handle these 4 datatypes. Here we report our first results including our first 15 vertebrate genomes that meet our quality standard 
(4 mammals, 4 birds, 1 reptile, 1 amphibian, and 5 fishes). 
 
PO0465: Other Animal Species 
Hunting for Genes on B Chromosomes  
Syed F Ahmad, Sao Paulo state university Brazil, Botucatu, Brazil, Rachel O’Neill, University of Connecticut, Storrs, CT, 
Guilherme Targino Valente, Universidade Estadual Paulista - UNESP, Botucatu, Brazil, Diogo C Cabral-de-Mello, Sao Paulo State 
University (UNESP),, Rio Claro, Brazil, Vladimir P Margarido, Western Paraná State University (UNIOESTE),, Cascavel, Brazil 
and Cesar Martins, Institute of Biosciences - São Paulo State University (UNESP), Botucatu, Brazil 
B chromosomes (Bs), a type of supernumerary chromosomes, are the extra genomic units found in all major clades of eukaryotic species. Unlike, 
the autosomes (A chromosomes), Bs possess a distinguished set of characteristics including their non-Mendelian inheritance and the transmission 
advantage; thus reflecting an ideal example of genomic conflict. Over the decades, their genetic composition, function and evolution has 
remained an unresolved query. Here, we sequenced the complete genomes of three model species (the fishes: Astyanax mexicanus and Astyanax 
correntinus, the grasshopper: Abracris flavolineata) samples with B (B+) and without B (B-) chromosomes. We have identified the B-localized 
sequence by comparing B+ and B- genomes based on differential reads coverage analysis. This analysis comprised several steps such as, Denovo 
genome assemblies, whole genome alignments, extraction of B-localized regions, qPCR, FISH mapping, genes annotation and gene ontologies 
enrichment. We found that the Bs contains thousands of sequences representing mostly fragmented genes as well as a few largely intact genes. 
Our results showed that Bs are highly enriched in genes that code for functions involved in many important biological functions including but not 
limited to the interesting set of genes related to cell cycle and chromosome formation. We propose that the accumulation of these genes on B 
might have played a significant role in its transmission, survival and maintenance inside the cell. The discoveries of genes on B chromosomes 
open an exciting debate about their possible role in important evolutionary events such as adaptation, sex determination and their effect on host 
genome. 
 
PE0466: Other Animal Species 
An Annotated de novo Hybrid Assembly for the Dromedary Camel 
Heather M. Holl1, Donald Miller2, Salma Abdalla3, Benjamin M. Shykind3, Joel Malek3, Yasmin A. Mohamoud4, Ayeda Ahmed5, 
Kamaal Pasha6, Adel Khalili6, Douglas Antczak2 and Samantha A. Brooks1, (1)University of Florida, Gainesville, FL, (2)Cornell 
University, Ithaca, NY, (3)Weill Cornell Medical College, Doha, Qatar, (4)WCMC-Qatar, Doha, Qatar, (5)Weill Cornell Medical 
College in Qatar, Doha, Qatar, (6)Tharb Camel Hospital, Doha, Qatar 
Known as “the ship of the desert”, the dromedary camel (camelus dromedaries) plays an important role in agriculture as a source of milk, meat, 
and transportation. Their success as livestock is in part due to their remarkable physiological adaptations for survival in arid environments. To 
provide a powerful new tool for study of the dromedary we have generated a hybrid genome assembly utilizing 19x PacBio long reads, 96x 
Illumina paired end reads, and 38x 10X Genomics linked reads. Following repeatmasking (34.67% of the genome) the scaffolds were further 
assembled into predicted chromosome fragments (PCFs) using RACA (Kim et al. 2013). The cow genome (bosTau8/UMD3.1.1) was selected to 
serve as the reference and the human genome (hg38) as the outgroup. Reference-assisted chromosome assembly (RACA) joined the assembled 
3,165 scaffolds (N50 5,258,276bp) in to just, 100 predicted chromosome fragments (PCFs, N50 46,255,429bp). Future work will include 
annotation of the assembly using transcriptome assemblies, as well as examination of population structure using polymorphic SNPs derived from 
full genome Illumina sequence of from 17 camels and reduced representation sequencing of 238 additional camels. 
 
PO0467: Other Animal Species 
Genetic Diversity of Mitochondrial D-Loop Sequences in Asian Camels 
Junya Yoshikai1, Noriyuki Nonoue2, Ayako Noda2, Jun Hatase2, Shinji Minami2, Meirat Bakhtin3, Polat Kazymbet3, Alykhan 
Meldevekob4, Marabek Z. Suleimenov4, Akhmedenoy M. Kazhimrat5, Sarsenova B. Bibigul5, Zhubantayev Izimgali5, Yoshio 
Kawamoto6 and Masahide Nishibori1, (1)Graduate School of Biosphere Science,Hiroshima University, Higashi-Hiroshima, Japan, 
(2)Hiroshima city Asa zoological park, Hiroshima, Japan, (3)Astana Medical University, Astana, Kazakhstan, (4)Institute of 
Zoology, Kazakhstan, Almaty, Kazakhstan, (5)Zhangir Khan West Kazakhstan Agrarian-Technical University, Kazakhstan, Uralsk, 
Kazakhstan, (6)Nippon Veterinary and Life Science University, Musashino, Japan 



Camels consist of three species Camels dromedarius, C. bactrianus and C. ferus. The dromedary and Bactrian camels distributed as domesticated 
livestock in Asia. In Japan, camels are mainly kept as exhibition animals in zoo. It is necessary to understand and clarify the genetic character of 
camels in order to conserve them.  
In this study, about 1,200bp mitochondrial DNA (mtDNA) D-loop region sequences of 75 camels were determined and analyzed. These camels 
were distributed as 9 dromedary and 17 Bactrian in Japan as well as 49 domestic camels in Kazakhstan. The phylogenetic trees were 
reconstructed based on these D-loop sequences.  
dromedary was higher than that of Bactrian camels. Additionally, we found that 2 Japanese and 8 Kazakhstan camels out of all individuals have 
different mtDNA clade from their species. These 10 camels appeared to be hybridized dromedary and Bactrian camels. As for these two Japanese 
camels, it is better to isolate them from other individuals in Japanese zoo to avoid increasing number of crossbreeds and to conserve the camel 
genome resources. Furthermore, in Kazakhstan, numerous hybrid camels were used as livestock contributing significantly in agricultural 
productivity. The pure species of C. dromedarius and C. bactrianus disappeared due to the continuous production of these hybrids in 
Kazakhstan. From our genetic view, it is recommended to identify the genetic diversity of these two species of camels to conserve them. 
 
PE0468: Other Animal Species 
Molecular Mechanism of Camel Fat Metabolism and Deposition in Nutritional Restriction 
Fucheng Guo, Inner Mongolia Agricultural University, Hohhot,China, Hohhot, China 
Molecular mechanism of camel fat metabolism and deposition in nutritional restriction  
Fucheng Guo1, Liang Ming1, Yili1, Yuchen Xiao1, Jirimutu1,2* 
1. Key Laboratory of Dairy Biotechnology and Bioengineering, Ministry of Education, Inner Mongolia Agricultural University, Hohhot 
010018, China; 
2. Inner Mongolia Institute of Camel Research, Inner Mongolia, Badanjiran 750300, China 
Adipose tissue is important for maintaining energy and glucose homeostasis at both the organ and systemic level. It effectively stores energy in 
the form of lipids and monitors the distribution of fat throughout the body. Adipose tissue also performs endocrine functions via the production 
of adipokines, through which it coordinates with other organs to monitor several metabolic functions. Domestic (Camelus bactrianus) and wild 
(Camelus ferus) Bactrian camels are one of the few large livestock in the world that can survive in the Gobi-desert, and famous for its unique 
tolerance to environmental stresses. The Bactrian camels have developed several mechanisms that help them adapt to the harsh environments of 
deserts. One such adaptation is the storage of energy as fat in their humps and abdomen; this helps them survive long durations of time in which 
they do not get food or water. Camels can survive for 67 days under fasting and water-free conditions. Here, We selected 6 male Bactrian camels 
(40 months old) with a nutritional limit of 15 days, then returned to a normal diet. we used RNA sequencing and liquid Chromatograph Mass 
Spectrometer examine the change of transcriptome profiles and metabolite in the Bactrian camel: fore hump, hind hump, subcutaneous, muscle 
(Before the nutritional restriction, the 15th day of the nutritional restriction, and the 23rd day after the normal diet, fore hump, hind hump, 
subcutaneous, muscle were collected respectively .) When hunger, fat and muscle are important energy-supplement sites for hunger. By 
comparing their changes under nutrient limitation and recovery conditions, we look forward to discovering the special fat metabolism and 
deposition pathways of camels and further verifying them. 
Key Words: Nutrient limitation; fat metabolism and deposition; Bactrian camel 
This work was supported by the National International Scientific and Technological Cooperation Project [grant numbers 2015DFR30680, 
ky201401002], International and Domestic Science and Technology Cooperation Project [grant number 20140438], the National Natural Science 
Foundation of China [grant number 31360397] and Major Projects of Inner Mongolia Autonomous Region，and Alashan Desert Industrial 
Research Institute Project. 
 
PO0469: Other Animal Species 
When the Brain Goes Diving: A Genome and Transcriptome Approach to the Hypoxia Tolerance of Brains of Whales and 
Seals 
Thorsten Burmester1, Andrej Fabrizius2, Alena Krueger2, Cornelia Gessner2 and Lars Folkow3, (1)Universität Hamburg, 
Zoologisches Institut, Hamburg, Germany, (2)University of Hamburg, Hamburg, Germany, (3)The Arctic University of Norway, 
Tromso, Norway 
The sufficient supply of oxygen is essential for life. Diving mammals such as seals and whales tolerate repeated and prolonged deficiency of 
oxygen. Their brains survive low oxygen levels that would be fatal to most other mammals, including humans. In vitro, neurons of the hooded 
seal (Cystophora cristata) endure several hours without oxygen, as well as low glucose and high lactate levels. Diving mammals offer the unique 
opportunity to study the molecular adaptations of the mammalian brain to hypoxia and reoxygenation. We apply comparative genomics and 
transcriptomics to identify genes and proteins involved in the dive-adaptation of the brain and elucidate their specific functions. For example, 
RNA-seq analyses using transcriptomes from the visual cortices of selected whale and seal species showed that higher expression of genes 
involved in metabolic processes and stress, while there was a lower expression of genes involved in neuronal signaling and protein synthesis. 
Diving mammals had significantly higher mRNA levels of the stress-genes clusterin and 100B. Experiments using stably transfected cell lines 
confirmed the ability of these genes to confer tolerance against hypoxia and reactive oxygen species (ROS). The results provide novel insights 
into how the brain survives hypoxia and hypoxia/reoxygenation, and will improve the understanding of energy metabolism in the mammalian 
brain. 
 
PE0470: Other Animal Species 
Creating a Multi-Organism Disease Model Resource at RGD 
Mary Shimoyama, Medical College of Wisconsin, Milwaukee, WI 
The Rat Genome Database (RGD) was initiated in 1999 to standardize, integrate and present genomic and phenotype data for the laboratory rat. 
Although RGD has included human and mouse data from its beginning there is a need for researchers to access and compare genomic and 
phenotype data for a variety of models ideal for particular disease studies. To accommodate these needs, RGD adapted its data formats, technical 
infrastructure and data mining and presentation tools to accommodate data from multiple organisms. RGD currently includes data for chinchilla, 



dog, bonobo and 13 lined ground squirrel. Modifications made to the relational database structure accommodate an unlimited number of 
organisms and ortholog relationships. Data import pipelines for NCBI, UniProt, Ensembl and others were modified to access and integrate data 
for additional organisms with appropriate QC measures and data is updated weekly. Where available, functional data is imported such as Gene 
Ontology annotations, OMIA annotations and IMEX protein-protein interactions. JBrowse instances were implemented for all species with 
adaptations to present data on contigs for those, such as chinchilla, whose genome is not yet fully assembled. RGD is now creating a Precision 
Models Portal to highlight these research animals. 
 
PO0471: Other Animal Species 
Population Genomics of Invasive Island Rodent Populations: Implications for Conservation and Genetic Biocontrol 
Kevin Oh, Colorado State University & USDA-APHIS Wildlife Services, FORT COLLINS, CO, Antoinette Piaggio, USDA-
APHIS-National Wildlife Research Center, Ft. Collins, CO and Zaid Abdo, Colorado State University, Ft. Collins, CO 
Invasive species on islands provide key opportunities to study contemporary evolutionary and population genetic dynamics within relatively 
closed systems. Interestingly, studies of introduced populations commonly report similar suites of changes in phenotypic and life history traits 
compared to mainland populations (i.e., “island syndrome”), suggesting that insularity may impose similar selective pressures. Yet the degree to 
which parallel phenotypic evolution reflects similar changes at the genome level is unclear. Invasive rodent populations occupy >80% of islands 
worldwide, and commonly pose threats to endemic biodiversity, as well as human health and agriculture. Here we used pooled whole-genome 
sequencing to test for patterns of parallel genetic evolution in the house mouse (Mus musculus domesticus) across replicate island-source 
population pairs representing a broad geographic scale. Our results suggest pronounced genetic structure between island and putative source 
populations, despite relatively small geographic distances in some cases. We also specifically tested for signatures of parallel adaptation from 
shared genetic variation. Finally, we evaluated the feasibility of targeting island-specific genetic variation as a potential mechanism for spatial 
limitation of synthetic gene drives that would be used to reduce or eliminate these invasive populations. 
 
PE0472: Other Animal Species 
Five Gecko Species Have Very Different Sauria SINE Age Profiles 
Jonathan A. Specht1, Jose Salome Correa2, Nancy Kalaj1, L. Lee Grismer1 and Nathan B. Sutter1, (1)La Sierra University, 
Riverside, CA, (2)New York University, New York City, NY 
Short interspersed elements (SINEs) are ubiquitous retrotransposons in the genomes of vertebrates. In each species, SINEs have characteristic 
age profiles that are estimated by assessing average sequence divergence from consensus sequences that model the SINE master copies that are 
the sources of present-day SINEs. Among the youngest SINEs some fraction are likely to be polymorphic with respect to insertion and these can 
alter traits in some species. With an interest in better understanding the retrotransposon landscape in reptiles we have survey sequenced nine 
samples representing five species of Gekkonidae family geckos. We collected 0.1X genome coverage for six samples using three 2X300 MiSeq 
sequencing runs. We also collected approximately 5x genome coverage for three samples in a 2X250 HiSeq sequencing run. Using the published 
reference genome of Gekko japonicus, we defined consensus sequences for Sauria SINE and its partner LINE, Bov-B, and with these sequences 
discovered SINEs and LINEs for each of our species. We find striking differences in the age profiles for Sauria SINEs in different Gecko 
species, including species within the same genus. We furthermore find that within each species the Bov-B age profile closely matches Sauria 
SINE, which supports previous reports showing that Bov-B is the partner LINE to Sauria SINE. For both Gekko smithii and Cyrtodactylus 
quadrivirgatus we identify a young SINE population and a few polymorphic Sauria SINES. Lastly, in Gekko monarchus we used SINE-SINE 
PCR to identify population structure between mainland and island sub-populations. 
 
PO0473: Other Animal Species 
Evolution and Diversity of Gyrodactylus bullatarudis Genomes 
Mateusz Konczal, Adam Mickiewicz University, Poznan, Poland 
A monogean fluke Gyrodactylus bullatarudis is a common ectoparasite of the guppy fish, which serve a model system for studding ecology, 
evolution and behavior. Gyrodactylus and guppies have a potential to become a model system for host-parasite coevolution. To get insight into 
the molecular basis of these processes we performed analyses of G. bullatarudis genome. Thousands of individuals from an inbred line were 
pooled and sequenced to >200x coverage. The genome assembly (genome size = 84.5Mb, scaffold N50 = 308kb, L50 = 75) and annotation 
(10749 genes, 15035 proteins, 40% genes functionally annotated) was then used for comparative analyses with the published genome of G. 
salaris (salmon fluke). Although the number of genes is similar between the two species, relatively deep divergence allowed us to identify 
orthologous sequences only for less than 50% of predicted genes. Furthermore, resequencing of parasites from different streams on Trinidad 
(different local populations of host) showed relatively deep divergence among local populations. These results suggest rapid evolution of 
gyrodactylus species, likely in response to the pressure from their hosts. Our poster will present not only the current state of the project, but also 
some potential perspectives and future plans. 
 
PE0474: Other Animal Species 
Shark Genomics and Arising Technical and Biological Challenges 
Kazuaki Yamaguchi, Yoshinobu Uno, Osamu Nishimura, Mitsutaka Kadota, Yuichiro Hara and Shigehiro Kuraku, RIKEN Center 
for Biosystems Dynamics Research, Kobe, Japan 
Molecular sequence resources of sharks have long remained scarce despite their wide recognition as dangerous, endangered, or/and 
evolutionarily unique organisms. To overcome this situation, we have conducted a multi-omics study on three shark species and reported various 
findings (Hara, Yamaguchi et al., 2018. Nat. Eco. Evo. https://go.nature.com/2pFqPN4). In this study, we chose two egg-laying shark species, 
namely the brownbanded bamboo shark Chiloscyllium punctatum and the cloudy catshark Scyliorhinus torazame, for de novo genome 
sequencing as well as transcriptome and epigenome data production. Also, we have improved the genome assembly of the whale shark 
Rhincodon typus with long-range scaffolding. In this presentation, we will discuss variable genomic compositions among diverse vertebrates 
including sharks, from the viewpoints of both understanding their unique evolution and application of developing sequencing techniques. 



 
PO0475: Other Animal Species 
SMRT Sequencing of Gonad Full-Length Transcriptome of Bamboo Grasshopper Ceracris kiangsu 
GuoFang Jiang, Quanzhou Normal University, Quanzhou, China 
Some grasshoppers are important agricultural pests. This study was aimed at generating the full-length transcriptome of gonads of the bamboo 
grasshopper Ceracris kiangsu using single-molecule real-time (SMRT) sequencing. Two gonads of C. kiangsu were harvested for isolating total 
RNA. The mixed samples were used for SMRT sequencing to generate the full-length transcriptome. Based on the obtained transcriptome data, 
simple sequence repeat (SSR) analysis, coding sequence prediction, transcript functional annotation, and lncRNA prediction were performed. 
Total 12.36 Gb of clean reads were generated, including 584,792 reads of insert (ROI) and 453,662 full-length non-chimeric (FLNC) reads. 
Transcript clustering analysis of FLNC reads identified 262,342 consensus isoforms, including 32430 high-quality ones. After removing 
redundant reads, 172,674 transcriptswere obtained. Additionally, 104,315 SSRs and 179793 coding sequences were identified. Furthermore, 
27705 transcripts were annotated in seven functional databases, 122308 transcripts were annotated at least one databases，and 51317 lncRNAs 
were predicted. This is the frst study to perform SMRT sequencing of the full-length transcriptome of C. kiangsu. The obtained transcriptome 
may facilitate further exploration of the genetic data of C. kiangsu and uncover the interactions between this insect and the ecosystem. 
 
PE0476: Other Animal Species 
An Improved Tetranychus urticae Genome Facilitates Identification of Loci Associated with Adaptation to Agriculture 
Robert Greenhalgh1, Huyen Bui1, Olivia Kosterlitz2, Nicky Wybouw3, Andre Kurlovs3, Sabina Bajda3, Simon Snoeck3, Astrid 
Bryon3, Wannes Dermauw3, Thomas Van Leeuwen3 and Richard M. Clark1, (1)University of Utah, Salt Lake City, UT, 
(2)University of Washington, Seattle, WA, (3)Ghent University, Ghent, Belgium 
The spider mite Tetranychus urticae is found on all continents except Antarctica, can feed on over 1,100 plant hosts, and rapidly evolves 
pesticide resistance. Given that its reproductive rate is enhanced by elevated temperatures — a condition that will increase in severity with 
climate change — the species is poised to become a more important agricultural pest. Therefore, understanding its genomic architecture is critical 
to enable genetic studies and reduce crop losses. Unfortunately, the current state of the T. urticae genome, with its large number of scaffolds 
(640) and multiple misassemblies, hampers genetic mapping approaches to identify loci tied to host adaptation and xenobiotic resistance. 
Leveraging de novo Illumina short-read assemblies of seven inbred strains, combined with the continuous nature of genome-wide allele 
frequency changes across multiple experimental populations, we resolved the orientation and relative position of scaffolds that comprise about 
95% of the assembled genome length. This resulted in three pseudochromosomes, a number matching that predicted from prior cytological 
studies. Using this new reference, we were able to genetically map three quantitative trait loci associated with resistance to the pesticide 
spirodiclofen. Further, we identified a genomic region that responded to selection for performance on a challenging host plant, tomato. Our 
population allele frequency method for genome consolidation provides a novel approach for improving fragmented, draft genome sequences in 
species for which segregating populations can be generated. For studies with T. urticae, the three pseudochromosome assembly promises to be an 
invaluable tool for mapping additional loci underlying adaptation in agricultural settings. 
 
PO0477: Other Animal Species 
The Differential Gene Expression of the Gene's Organ in the Cattle Fever Tick, Rhipicephalus microplus, after Precocene II 
Exposure 
Angela O'Neil1, Jason P. Tidwell2 and Christopher Vitek1, (1)University of Texas Rio Grande Valley, Edinburg, TX, (2)USDA-
ARS Cattle Fever Tick Research Laboratory, Edinburg, TX 
The Southern cattle tick, Rhipicephalus microplus, is considered one of the most important agricultural parasites. It is a vector for Bovine 
Babesiosis and Anaplasmosis costing upwards of two billion dollars globally each year due to animal losses and expensive treatments. R. 
microplus was eradicated in the United States in the 1960’s, but they are endemic in Mexico. Due to selective pressure resistant ticks are on the 
rise. Recent estimates report that a small outbreak could cost 123 million dollars. The current treatment of R. microplus involves dipping cattle 
into acaricidal organophosphates every 14 days. The stress to the animal, the frequency of treatment, and the increased resistance all suggest a 
need for novel treatment approaches. Studies have been performed utilizing the precocenes extracted from two Ageratum plant species. Results 
have shown shriveling of eggs suggesting damage to the wax producing Gené’s organ. In this study R. microplus was treated with high (500 µg), 
and low concentration (50 µg) Precocene II in DMSO solution. Control treatments included DMSO only and DI water. Treatments were applied 
topically and incubated at room temperature for 90 minutes. RNA was then extracted from the Gené’s organs and sequenced. Comparisons of 
treated to control Gené’s organs were conducted to see how Precocene II affects genetic expression. Understanding this precocene induced 
sterility, could provide important insight into the Gené’s organ and Southern Cattle tick control. 
 
PE0478: Other Animal Species 
SCNBase: A Genomics Portal for the Soybean Cyst Nematode (Heterodera glycines) 
Rick Masonbrink1, Thomas Maier1, Arun S. Seetharam1, Parijat S. Juvale1, Levi Baber1, Melissa G. Mitchum2, Andrew J. Severin1 
and Thomas J. Baum1, (1)Iowa State University, Ames, IA, (2)University of Missouri, Columbia, MO 
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 have developed 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 
used a Tripal/Drupal platform that generates forms to simplify content creation and data curation.  
All available public genomics data pertinent to SCN has been carefully incorporated in SCNBase, including all information published with the 
recent transcriptome and genome publications. Numerous annotations are available in the portal, including gene predictions, promoters, raw data 
alignments, SNPs from multiple populations, comparative genomics for related species, mitochondrial genome annotations, functional protein 



domains, and even effector predictions and alignments. To maximize the utility of this valuable research data we’ve created SCNBase to be an 
online community resource for H. glycines that is easy to use, view, and upload data. 
 
PO0479: Other Animal Species 
Identifying Genomic Underpinnings of Diversification Rate Shifts in Tapeworms using Phylogenetic Rate Tests 
Tyler Chafin1, Bhavya Papudeshi2, Sheri Sanders3, Carrie Ganote4, Tom Doak2, Jeff Pummill1, Marlis R Douglas1 and Michael E 
Douglas1, (1)University of Arkansas, Fayetteville, AR, (2)Indiana University, Bloomington, IN, (3)National Center for Genome 
Analysis Support, Pervasive Technology Institute, Bloomington, IN, (4)National Center for Genome Analysis Support, Pervasive 
Technology Institute/ Indiana University, Bloomington, IN 
Tapeworms are parasitic of all vertebrate groups but, existing reference genomes are devoted to the only 2 of the 18 orders: Cyclophyllidea and 
Diphyllobothriidea, which primarily infect mammals. To examine the genetic architecture of mammalian parasitism in tapeworms, we used a 
hybrid Illumina + PacBio approach to sequence the first genome for an obligate fish tapeworm, Nippotaenia percotti (final length=112Mb; 
N50=209kb). Given that host associations in tapeworms seem to be phylogenetically conservative, we hypothesized that 1) colonization of novel 
hosts during tapeworm evolution likely facilitated accelerated rates of species diversification; and 2) that challenges presented by 
macroevolutionary transitions in primary host necessitated genetic changes (i.e. to facilitate immune evasion). We tested these hypotheses using 
a combined phylogenetic approach. First, we examined host-state dependence in macroevolutionary rates of speciation and extinction using a 
concatenated (COI, COX1, and 18S rRNA) dataset representing 620 cestode species, using state-dependent models of diversification (hiSSE) and 
a Bayesian method of testing for rate shifts (BAMM). Next, to test for candidate genes facilitating host shift, we compared our identified gene set 
with those from 15 other cestode genomes, and tested for accelerated rates of duplication or loss, after correcting for phylogeny. Through this 
combined phylogenetic approach, we found a group containing the medically and anthropogenically pertinent taeniid tapeworms 
(Cyclophyllidea: Taeniidae) showed abnormally high diversification rates. The sequenced Nippotaenia percotti genome provides the most 
closely related outgroup and a baseline for future investigations to study the gene families that are potentially involved in colonization of 
mammalian hosts by cyclophyllideans. 
 
PE0480: General Comparative 
Annotare; ArrayExpress and Expression Atlas: Submission, Archival and Visualisation of Functional Genomics Data at the 
EBI 
Nancy George1, Nuno Fonseca1, Anja Fullgrabe1, Laura Huerta1, Haider Iqbal1, Monica Jianu1, Jon Manning1, Pablo Moreno1, 
Alfonso Munoz-Pomer1, Lingyun Zhao1, Alvis Brazma1, Irene Papatheodorou1 and Functional Genomics Group, (1)European 
Bioinformatics Institute, Hinxton, United Kingdom 
To serve the functional genomics community, we have developed a number of web-based services, from data submission via Annotare to 
analysing and visualising gene expression data in Expression Atlas.  
Annotare (www.ebi.ac.uk/fg/annotare) is a simple; intuitive web submission-tool for functional genomics datasets. The newly introduced 
template selection page allows users to tailor their submissions to their material and technology types. Once selected, these display the minimal 
technical information and metadata required to recreate the experiment, promoting data reanalysis and reproducibility. Metadata is mapped 
where possible to Experimental Factor Ontology (EFO) terms for search expansion and data retrieval. Upload of raw and processed data is 
provided either by direct upload or via FTP and Aspera. Upon submission, datasets are given a stable; citable accession; reviewed by curators 
and uploaded to ArrayExpress – a functional genomics data archive. ArrayExpress (www.ebi.ac.uk/arrayexpress) displays each dataset as a self-
contained entity providing the experiment information; sample metadata and links to raw and processed under a single accession. Raw 
sequencing data is stored at the European Nucleotide Archive whilst raw microarray and processed data is stored at ArrayExpress. Submitter 
identity can be hidden for double-blind review and data is kept private until public release or publication via personal and reviewer logins. 
Related datasets within ArrayExpress and EBI databases can also be crosslinked to each other. For data discovery, searching is simplified using 
ontology expansion and refined using our advanced search features, allowing users to search within the sample metadata as well as the whole 
dataset.  
Expression Atlas (www.ebi.ac.uk/gxa) and its newest component: Single Cell Expression Atlas (www.ebi.ac.uk/gxa/sc) are added-value 
databases where bulk and single-cell RNA-seq data are collected; annotated and reanalysed in a consistent manner via our standardised pipeline 
iRAP (https://nunofonseca.github.io/irap). Expression studies are derived from archives including ArrayExpress; GEO and ENA. Eligible 
datasets are curated to ensure accurate and comprehensive metadata that is then mapped to Experimental Factor Ontology terms. Comparison 
groups are identified based on experimental variables. Studies are displayed either as baseline i.e. constitutive gene expression or differential i.e 
changes in gene expression as a result of a perturbation. Currently we have analysed over 3,450 experiments from over 45 species; including 
landmark studies such as BLUEPRINT, GTEx, ENCODE, CCLE, HipSci and PCAWG and selected protein expression datasets. Expression 
Atlas functionality includes transcript information; visualisation of gene expression in Ensembl and Gramene genome browsers and Gene 
Omnibus pathway and InterPro domain enrichment analysis. All data is freely available for download via Expression Atlas and analysis results 
can also be obtained via the RNASeq-er API.  
Single Cell Expression Atlas allows users to search for a specific gene of interest across species and experiments. Gene expression can be 
narrowed down across experiments; tissues and cell types to variability at the single cell level. It can also be used to identify in what conditions 
and populations a gene can act as a marker gene. Data is displayed via a t-SNE plot over which populations can be coloured by metadata or cell 
cluster defined by the SC3 alogrithm. 
 
PO0481: General Comparative 
Evolution and Conservation of Long Non-Coding RNAs in Major Vascular Plant Lineages 
Stacy A. Jorgensen1, Andrew Nelson2 and Mark A Beilstein1, (1)University of Arizona, Tucson, AZ, (2)School of Plant Sciences, 
University of Arizona, Tucson, AZ 



Transcription of noncoding sequences is widespread in eukaryotic genomes. Long noncoding RNAs (lncRNAs) are transcripts longer than 200 
nucleotides with limited predicted coding potential. lncRNAs are involved in a variety of cellular processes, including regulation of gene 
expression, telomere maintenance, response to environmental stress, and vernalization. Sequence conservation in lncRNAs is positively 
correlated with tissue specificity, expression level, and degree of stress responsiveness. Catalogues of lncRNAs have been developed in several 
angiosperm crop and model species. However, little is known about lncRNAs in plants outside of the angiosperms. Currently available evidence 
suggests that lncRNA turnover in Brassicaceae genomes is rapid compared to animal genomes. How do rates of lncRNA evolution in 
gymnosperms, ferns, and lycophytes compare to those of the angiosperms? Angiosperms and ferns have many whole genome duplications 
(WGDs) in their history, and a relatively rapid rate of genome size evolution. Selaginella and the gymnosperms have few or no WGDs in their 
histories, and relatively slow rates of genome size evolution. If WGD is a factor influencing lncRNA turnover, as has been hypothesized, we 
might expect lncRNA decay to occur slowly in Selaginella and gymnosperms, and rapidly in ferns. Here, we evaluate conservation and evolution 
of lncRNA repertoires in the major lineages of vascular plants. The characterization and exploration of lncRNA evolution in lycophytes, ferns, 
and gymnosperms is territory that has been previously unexplored; our results add these lineages to the tree of life in the lncRNA landscape, and 
provide new evolutionary insight. 
 
PE0482: General Comparative 
The Nonrandom Evolution of Gene Families 
Claudio Casola, Texas A & M University, College Station, TX and Anna M. Lawing, Texas A&M University, College Station, TX 
Gene family expansions and contractions are widespread and lead to variation in phenotypic traits across species and populations. Gene families 
are usually considered independent units that increase or decrease in size according to the evolutionary fate of gene gains and losses within each 
family. This assumption largely ignores the fact that genes from multiple gene families participate in the same biological pathways. Thus, one 
may expect that the expansions and contractions of a gene family will influence the probability of gene families involved in the same pathway to 
gain or lose genes. When comparing the gene content between species, these gene duplications and losses would appear as correlated expansions 
and contractions in the size of functionally linked gene families. This expectation is supported by observed patterns of gene loss in evolutionary 
transitions from free-living organisms to parasites or endosymbionts, and in the retention of gene duplicates following polyploidization, or 
whole-genome duplication (WGD) in plants and other taxa. However, it remains unclear if gene family expansions and contractions are common 
and if correlated changes in gene family size occur more often in functionally linked gene families. This study aims at answering three questions: 
Can we detect nonrandom correlated gene family changes? Is correlation stronger between gene families in the same biological pathways? Do 
correlated family expansions occur only in polyploid groups? We first introduce a phylogeny-based statistical framework to identify correlated 
gene family changes using a comparative genomic approach. The framework first clusters all genes from a given group of species into families, 
calculates phylogenetic independent contrast to remove phylogenetic signal, determines Spearman's rank correlation coefficients of all pairwise 
comparisons of gene family sizes, and performs randomization tests to identify pairs of families with significantly higher or lower correlation 
than expected by chance. We applied this approach to three datasets: a 10-species yeast phylogeny containing no polyploids, and two groups of 
eight angiosperms each including species with either recent (less than 60 million years old) or ancient (more than 120 million years old) WGD 
events, hereafter named rWGD and aWGD respectively. Using STRING and KEGG functional interaction data, we confirmed the expectation 
that functionally interacting family pairs are more common in significant versus nonsignificant correlated pairs of families in all groups. Contrary 
to our expectation that most gene family correlation should have eroded in aWGD compared to rWGD, we discovered that about 12% of all gene 
family pairs were significantly correlated in both groups. In the yeast phylogeny, where no significant correlations were expected, 24% of 
positively correlated gene family pairs were significant. These results show that correlated gene family expansions and contractions are 
ubiquitous in both polyploids and nonpolyploids, and are more frequent among functionally interacting families. 
 
PO0483: General Comparative 
Rules of Molecular Convergence from Nucleotides to Amino Acids 
Chul Lee, IPBI, Seoul National University, Seoul, South Korea, Seoae Cho, C & K Genomics, Seoul, Korea, Republic of (South), 
Heebal Kim, Seoul National University, Seoul, South Korea, Erich D. Jarvis, The Rockefeller University, Vertebrate Genome 
Laboratory, and HHMI, New York, NY and Vertebrate Genome Project (G10K) 
Convergent variants between polyphyletic species are usually expected to be able to explain their convergent traits. In preliminary studies, we 
developed a comparative genomic approach to identify convergent variants and found the molecular convergences were proportional to 
phylogenetic features in different vertebrate lineages. We found that molecular convergences were strongly correlated to products of origin 
branch lengths, and that the number of variants were associated with the number of origins rather than number of target species. Focusing on 
convergent traits between vocal learning species, we found the associated genes function in brain development and learning. Focusing on human 
and bonobo, we found genes with convergent amino acid substitutions were enriched for GO terms in homophilic cell adhesion via plasma 
membrane adhesion molecules and sensory perception of smell. Out of convergent genes between human and bonobo, several genes were 
involved in reproduction, such as, ADAM28. We believe these findings give us insights into broad patterns of convergent evolution. 
 
PE0484: General Comparative 
Plant Genome Database Release 2.6: A Standardized Plant Genome Repository for 350 Species 
Jongsun Park, Hong Xi, Yongsung Kim and Woochan Kwon, InfoBoss Co., Ltd., Seoul, South Korea 
Currently, more than 200 plant species have been sequenced and/or published; however, there is no central repository for plant genome 
sequences. NCBI genome database, as a general sequence repository, does not contain all published plant genomes with gene models (e.g. 
Utricularia gibba). Ensembl (Release 37) and Phytozome (v 12.1) are another plant genome repositories containing 45 and 82 genomes, 
respectively, which is much less than currently available plant genomes. In addition, a lot of re-sequencing projects including Arabidopsis 
thaliana (>1,135 genomes) and Oryza sativa genomes (>3,000 genomes) do not provide assembled genome sequences for understanding 
intraspecies divergences. To overcome these problems, we developed a standardized plant genome database (http://www.plantgenome.info/) for 
collecting all available plant genomes with gene annotation pipeline with InterProCan, identification and comparison of simple sequence repeats 
(SSRs). Moreover, several genome-wide analyses can be conducted on the web site with the aid of GlobalScrap®. The Plant Genome Database 



release 2.5 contains 1,446 plant genomes (233 species) and four red algal genomes as an outgroup have been collected from diverse sources 
including NCBI, Phytozome, Ensembl, and independent plant databases as well as have been analyzed with automated pipelines. Total length of 
1,446 genomes is 477.068 Gbp and total numbers of genes and ORFs are 6,161,842 and 8,042,823 from 185 plant genomes, respectively. The 
largest one is Pinus lambertiana (34.08 Gbp) from Gymnosperm of which average genome length is 21.08 Gbp. 237 species comprise of 4 red 
algae, 22 chlorophytes, one charophytes, one liverworts, two mosses, six Gymnosperm species, and 199 Angiosperm species. 26 orders of 
Angiosperm have sequenced genomes: Poales covers 28 species, both Lamiales and Brassicales contain 26 species. 91.43% (6,475,793) of plant 
ORFs have 13,321 distinct functional domains detected by InterProScan. 19,364,029 Simple Sequence Repeats (SSRs) were identified from 
1,446 genomes. Oryza brachyantha genome have largest proportion of SSRs (4.76%) and Arabidopsis thaliana Castelfed-4.1 has the smallest 
(0.004%). Throughout these analyses, 477.068 Gbp plants genome sequence is not just collection of A, T, G, and C but new possible indicators 
to understand characteristics of plant genomes along with taxonomy. 
 
PO0485: General Comparative 
PAFTOL: Plant and Fungal Trees of Life 
Paul Julian Kersey1, Laura Botigue2, Grace Brewer1, Robyn Cowan1, Steven Dodsworth3, Wolf L. Eiserhardt4, Niroshini 
Epitawalage1, Felix Forest1, Ester Gaya1, Matthew G. Johnson5, Jan T. Kim1, Jim Leebens-Mack6, Olivier Maurin1, Tuula 
Niskanen1, Lisa Pokorny1, Douglas E. Soltis7, Pamela S. Soltis7, Norman Wickett8, Gane Ka-Shu Wong9 and William Baker1, 
(1)Royal Botanic Gardens, Kew, Richmond, United Kingdom, (2)Centre for Research in Agricultural Genomics, Barcelona, Spain, 
(3)University of Bedfordshire, Luton, United Kingdom, (4)Department of Bioscience - Ecoinformatics and Biodiversity, Aarhus, 
Denmark, (5)Texas Tech University, Lubbock, TX, (6)University of Georgia, Athens, GA, (7)University of Florida, Gainesville, 
FL, (8)Chicago Botanic Garden, Glencoe, IL, (9)Department of Biological Sciences, University of Alberta, Edmonton, AB, AB, 
Canada 
Evolutionary trees are powerful tools for prediction, species discovery, monitoring and conservation. To better understand how the world’s plants 
and fungi are related to each other and how they have evolved, the Royal Botanic Gardens, Kew, has launched the Plant and Fungal Trees of Life 
(PAFTOL). Through comparative analysis of DNA sequence data, the backbone of the plant Tree of Life is already relatively well understood, 
and many components have been studied in great detail. In contrast, the evolutionary relationships in the fungal kingdom are largely unknown. In 
both kingdoms the DNA data are still lacking for many genera and the vast majority of species, preventing their accurate placement within their 
evolutionary framework. PAFTOL is generating and compiling high throughput sequencing data for one representative of all 14,000 flowering 
plant genera and all 8,200 fungal genera by the end of 2020. Kew has unique collections of plant and fungal material, including a herbarium, 
fungarium, seed bank, DNA bank, and tissue bank in addition to our live collections, and these are providing much of the material for 
sequencing.  
One challenge is that different loci are differentially informative for the resolution of different parts of the tree of life. Together with our 
collaborators, we have used a k-medoids clustering approach to develop a universal probe set for targeted sequencing of 353 nuclear genes from 
any flowering plant. To date, we have sequenced 1772 unique species from 1479 unique genera of flowering plants, and a further two thousand 
samples have been hybridised. We are on course to have 25% coverage of plant genera by March 2019. Pilot projects are assessing the most 
appropriate methods for fungal species.  
As PAFTOL, and other projects, generate increasing quantities of DNA sequence data from across the Tree of Life, the question of how we 
integrate these data to provide up-to-date, high quality, open, reproducible and sustainable phylogenetic trees becomes key. To this end, 
PAFTOL has co-founded the PhyloSynth network, an international collaboration to place up-to-date, accurate phylogenetic hypotheses at the 
fingertips of the scientific community. 
 
PE0486: General Comparative 
The Phytozome Plant Genomics Portal 
Joseph W. Carlson1, Patrick Davidson1, David M. Goodstein1, Richard D Hayes1, Jeremy L. Phillips1, Shengqiang Shu1, Jeremy 
Schmutz2 and Daniel Rokhsar1, (1)DOE Joint Genome Institute, Walnut Creek, CA, (2)HudsonAlpha Institute for Biotechnology, 
Huntsville, AL 
The U.S. Department of Energy's Joint Genome Institute has hosted the Phytozome Comparative Plant Genomics Portal for more than 10 years. 
In 2018, we released Phytozome version 13, which unifies several project-specific plant genomic portals (version 12 of Phytozome, the 
BrachyPan brachypodium pan-genome portal, and BMAP, the Brassicales Map Alignment Project) and allows users to create custom portals 
restricted to any combination of the 175 plant genomes currently available. Phytozome v13 also includes new BLAST results and protein domain 
viewers, PlantFAM HMM profile alignment results, and the full suite of InterPro protein analysis results. 
 
PO0487: General Comparative 
Comparative Transcriptome Analysis Reveals Conserved Genomic Characteristics of Drought Responsive Genes across 
Multiple Plant Species 
Song Li, Virginia Tech, Blacksburg, VA 
Drought stress is one of the most important abiotic stresses that negatively impacts agricultural production through slowing plant growth and 
reducing crop yield. This study explores what genomic characteristics are conserved for drought responses across five plant species including 
Arabidopsis, soybean, poplar, rice and maize. Because most gene functions in plants have been identified in the model species, Arabidopsis 
thaliana, comparative transcriptome analysis between Arabidopsis and other plant species is particularly important for functional annotation of 
genes in other plant species. We have developed a unified computational pipeline to investigate conserved drought responsive genes and 
regulatory sequences across these five species. Using this pipeline, we analyzed differentially expressed genes from published RNA-seq data 
related to drought stress, and identified 120 common gene families induced by drought in these plant species. Using Gene Ontology (GO) 
enrichment analysis, we identified five GO functional categories enriched with drought responsive genes. Using a protein phosphatase 2C 
(PP2C) gene family as one example, we compared regulatory sequences and transcription factor binding motifs of drought-induced genes in this 



gene family. We detected four types of motifs conserved in this gene family across these five species. Taken together, the results of this study 
reveal hundreds of common gene families with conserved drought responses, and conserved regulatory motifs across multiple species. The 
discoveries and computational pipeline developed in this study could be useful to annotate gene functions and understand underlying 
mechanisms of gene regulation in crop species under other abiotic and biotic stress conditions. 
 
PE0488: General Comparative 
Genome-Wide Identification from Ascomycota Fungal Genomes and Classification of GATA Transcription Factors 
Mangi Kim1, Hong Xi2 and Jongsun Park2, (1)Genetic Researcher, InfoBoss Co., Ltd., Seoul, South Korea, (2)InfoBoss Co., Ltd., 
Seoul, South Korea 
GATA transcription factors (TFs) are widespread eukaryotic regulators whose DNA-binding domain is a class IV zinc finger motif (CX2CX17-
20CX2C) followed by a basic region. With 349 Ascomycota fungal genomes belonging to 159 genera, we successfully identified 2,437 GATA 
genes (2,486 GATA TFs) to understand phylogenomic position of Ascomycota fungal GATA TFs. Number of GATA genes in these fungal 
genomes ranges from 2 to 22 and proportion against whole genes is from 0.017% to 0.224%. In only 8 genomes, some GATA genes contain 
alternative splicing forms, presenting uncommon alternative splicing events in Ascomycota. Based on previous research of fungal GATA genes, 
we found some different number of GATA genes of fungal species, such as Aspergillus oryzae, Fusarium graminearum, and Neurospora crassa. 
Until now, at least 35 research papers have been revealed biological function of GATA genes, so that combined regulatory networks of GATA 
genes based on these references were reconstructed. In genus level, 30 genera belonging to 7 classes were selected for further analyses, 
presenting seven classifications based on fungal lifestyle characteristics. Bioinformatic pipeline to maintain fungal GATA TFs efficiently 
(http://gata.genefamily.info/) has been constructed with the aid of Fungal Genome Database (http://fungalgenome.info/). The results of this study 
and the pipeline can be a guide for classifying fungal GATA TFs, which can be utilized for understanding its biological roles as well as for 
inspiring evolutionary history of GATA TFs in fungal kingdom. 
 
PO0489: General Comparative 
Comparative Analysis of Talitrid Mitochondrial Genomes from the Forest and the Shore Regions of South Korea 
Ajit Kumar Patra, Min Seop Kim, Moon Geun Yoon, Jeong-Hyeon Choi and Youngik Yang, National Marine Biodiversity 
Institute of Korea, Seocheon-gun, South Korea 
Amphipods are often regarded as an important group to study ecotoxicology and evolution, commonly found in both marine and freshwater 
aquatic habitats. Among amphipods, Talitridae is the only family that found in both aquatic as well as in terrestrial and semi-terrestrial habitats. 
We have sequenced whole genomes of Platorchestia sp. (from the Halla mountain) and Trinorchestia longiramus (from the shore) collected 
from South Korea. To understand evolutionary history of two related talitrids, we retrieved and assembled the mitochondrial (mt) genomes from 
the whole genome shotgun reads. The sizes of the assembled mtDNAs were 15,125 bp for Platorchestia sp. and 15,401 bp for T. longiramus. We 
additionally assembled and annotated the mt genomes of Hyalella azteca and Parhyale hawaiiensis from the whole genome shotgun sequence 
data available in NCBI, in order to perform phylogenetic analysis of closely related mt genomes. The sizes of these two additional mtDNAs were 
15,991 bp for H. azteca and 15,777 bp for P. hawaiiensis. Based on the phylogenetic analysis with the available amphipod mt genomes, we 
found that Platorchestia sp. is closely related to P. japonica and P. parapacifica. All talitrid species formed a distinct monophyletic clade with 
families Hyalidae, Hyalellidae and Allocrangonyctidae. We found that Korean talitrid species mt genomes have unique gene arrangements 
among the amphipods. Furthermore, we are studying osmoregulatory genes and their expression patterns in these talitrids to understand the 
adaptation in aquatic and terrestrial environments.  
Key Words: Talitridae, Mitochondria, Phylogeny, Platorchestia sp., Trinorchestia longiramus 
 
PE0490: General Comparative 
Gene Clusters in Algal Genomes as a Tool for Gene Function Discovery 
Fatima Foflonker, Brookhaven National Lab, Upton, NY and Crysten E. Blaby, Brookhaven National Laboratory, Yaphank, NY 
Algae represent one of the most diverse, complex and understudied groups. Over 100 whole-genome sequences from algae are either published 
or soon to be published, but over 50% of proteins are of unknown function. For the other 50%,the reliability of many functional annotations is 
unknown. Our goal is integrating and leveraging available genomic and post-genomic (transcriptomic) data to decipher protein function and 
prioritizing targets for experimental characterization. Here, we utilize comparative genomics approaches to infer protein function from 
association, by identifying gene clusters and gene fusions in algae. Ten chlorophyte algal genomes were used to to find conserved gene 
neighborhoods, defined as: proximal orthologous genes (POGs) within a 5 gene window, in a minimum of 4 species, and from at least two 
taxonomic classes to minimize effects of background synteny. This resulted in 183 gene neighborhoods with potential functionally relevant 
neighborhoods including genes involved in carotenoid biosynthesis, photorespiration, thiamine metabolism, nitrogen recycling, oxidative stress 
responses, and detoxification. Furthermore, relaxed constraints were used to capture POGs that were also co-occurring in certain species. Gene 
fusions were identified by searching for separate domains that were fused in one protein among the ten algal species, providing insight into some 
poorly characterized proteins. Several genes of unknown function within gene neighborhoods were chosen to follow up with experimental 
characterization, for validation of the functional link between the genes in these conserved neighborhoods. 
 
PO0491: General Comparative 
What Meat Is This? Genetic Identification of Processed Meat By PCR & Capillary Gel Electrophoresis 
Neo Yang1, Jerry Liu1, Eric Tsai1, Varoujan Amirkhanian2 and Nicolas Neckelmann3, (1)BiOptic, Inc., New Taipei City, Taiwan, 
(2)BiOptic, Inc., La Cañada Flintridge, CA, (3)ADS Biotec, Inc, Omaha, NE 
We have established a workflow to rapidly determine the identity of meat in the field using three portable instruments: (1) the QuickGene-
Mini480 for nucleic acid extraction and purification, (2) the Qamp Mini-PCR for PCR mediated DNA amplification, and (3) the Qsep100 and 
Qsep1 Bio-Fragment Analyzers for the analysis of PCR product by capillary gel electrophoresis.  



Small samples of meat from cattle, chicken, goat, pig and sheep were lysed using a Quick Gene DNA Tissue Kit, and then processed with the 
QuickGene-Mini480 to extract and purify DNA. PCR amplifications were set up using specific primer sets and the Qamp Mini-PCR. PCR 
products of different species-specific lengths (159 bp, 228 bp, 273 bp, 334 bp and 396 bp) were analyzed with a disposable CE gel-cartridge and 
fluorescence detection using the Qsep100 Bio-Fragment Analyzer and the portable Qsep1 Bio-Fragment Analyzer. Q-Analyzer software was 
used to automatically call peaks and calculate PCR product sizes. PCR product sizes (numbers of base pairs) were used to verify the identity and 
origin of the meat.  
Portability of the instruments and straightforward sample preparation provide a complete and systematic workflow that can be easily employed in 
field applications, slaughter houses, or food- or meat-processing facilities. It is envisioned that other applications focused on plant or fish 
identification, or screening for GMOs in a cost-effective manner will be developed in the future. 
 
PE0492: General Comparative 
The Value of Manual Curation in Assigning Gene Nomenclature Across Vertebrates 
Tamsin Jones1, Bethan Yates1, Bryony Braschi1, Susan Tweedie1, Tsviya Olender2 and Elspeth Bruford1, (1)European 
Bioinformatics Institute (EMBL-EBI), Hinxton, United Kingdom, (2)Weizmann Institute of Science, Rehovot, Israel 
Standardized gene nomenclature is essential to ensure researchers can communicate unambiguously about genes. The Vertebrate Gene 
Nomenclature Committee (VGNC) was established in 2016 to approve nomenclature in vertebrate species that lack their own nomenclature 
group.  
Vertebrate genes confidently identified as 1:1 orthologs with human are automatically assigned the human gene nomenclature. For many genes, 
however, orthology is more complex and requires manual curation before naming. This is true for both large gene families with variable gene 
numbers in different species, and for small scale, lineage-specific gene duplications.  
One example of a large gene family is the Olfactory Receptor (OR) family, which has a complex history of gene duplication and loss. 
Historically, different model organisms have used separate naming systems for ORs. We aim to standardize OR nomenclature across vertebrates. 
Much of this process is automated using a dedicated algorithm, but currently we check all assignments manually before approving.  
Manual curation is also necessary in cases of lineage-specific gene duplication and subsequent pseudogenization of one gene copy. Most 
automated orthology prediction tools don’t take pseudogenes into account, and this leads to automated pipelines occasionally assigning incorrect 
orthology calls. Manual curation is required to correctly assign orthology in such cases.  
Other advantages of manual curation include identification of synteny breakpoints during vertebrate evolution, and identification of problems 
with automated gene annotations. We will present examples where manual curation has provided new insights.  
VGNC approved nomenclature is distributed via our website (vertebrate.genenames.org) and shown within Ensembl, NCBI and UniProt. 
 
PO0493: General Comparative 
Why So Pale and Wan: Comparative Genomics of a New Cavefish in Europe 
Fritz J. Sedlazeck, Baylor College of Medicine, Human Genome Sequencing Center, Houston, TX, Medhat Mahmoud, Baylor 
College of Medicine, Houston, TX, Yue Jia, GENEWIZ, South Plainfield, NJ, Jasminca Behrmann, University of Konstanz, 
Konstanz, Germany, Arne W. Nolte, Carl von Ossietzky Universität Oldenburg, Institute for Biology and Environmental Sciences, 
Oldenburg, Germany and PAG cavefish group 
Cavefishes are found in hostile subterranean environments lacking of light and nutrition. Their adaptations to such habitats make them excellent 
models to study the evolution of corresponding traits in vertebrates. A recently discovered population of loaches (Barbatula sp.) from the Aach 
Cave in Germany represents the first cavefish in Europe and the northernmost cavefish worldwide. Cave Barbatula are highly exciting study 
objects because they are evolutionarily young and evolved independently from the Mexican cavefish (A. mexicanus), a model organism in 
developmental biology.  
We obtained ~90x coverage with PacBio long reads (estimated genome size of 500Mbp) and assembled the genome using Canu to 1.5Mbp 
NG50 with 85% of complete Busco genes. Using HiC and Bionano we further work on a chromosome resolved representation. Furthermore, we 
are investigating approaches to obtain a diploid representation of this cave fishes genome to better understand the interaction of variations. 
Leveraging the power of Iso-Seq in combination with Illumina RNA-Seq we achieved a highly complete annotation of this reference genome. 
Using Illumina pool sequencing we are comparing the genetic variations between the surface and cave population to identify the variations (SNP 
+ SVs) possibly causing a lack of vision, pale pigmentation, changes in their senses of taste and touch and metabolism. A comparison with the 
Mexican cave fish permits generalizations and a unique opportunity to identify variations and genes responsible for the evolution of cavefish 
phenotypes. 
 
PE0494: General Comparative 
Reconstruction of Avian Ancestral Karyotypes Reveals Differences in the Evolutionary History of Macro- and 
Microchromosomes. 
Joana Damas, Royal Veterinary College, London, United Kingdom, Jaebum Kim, Konkuk University, Seoul, Korea, Republic of 
(South), Marta Farré Belmonte, Department of Comparative Biomedical Sciences, Royal Veterinary College, University of London, 
London, United Kingdom, Darren K. Griffin, School of Biosciences, University of Kent, Canterbury, United Kingdom and Denis 
Larkin, Royal Veterinary College, University of London, London, United Kingdom 
Reconstruction of ancestral karyotypes is critical for our understanding of genome evolution, allowing for the identification of the gross changes 
that shaped extant genomes. The identification of such changes and their time of occurrence can shed light on the biology of each species, clade 
and their evolutionary history. However, this is impeded by both the fragmented nature of the majority of genome assemblies and the limitations 
of the available software to work with them. These limitations are particularly apparent in birds, with only 10 chromosome-level assemblies 
reported thus far. Algorithmic approaches applied to fragmented genome assemblies can nonetheless help define patterns of chromosomal change 
in defined taxonomic groups. Here, we make use of the DESCHRAMBLER algorithm to perform the first large-scale study of ancestral 
chromosome structure and evolution in birds. This algorithm allows us to reconstruct the overall genome structure of 14 key nodes of avian 



evolution from the Avian ancestor to the ancestor of the Estrildidae, Thraupidae and Fringillidae families. Analysis of these reconstructions 
provides important insights into the variability of rearrangement rates during avian evolution and allows the detection of patterns related to the 
chromosome distribution of evolutionary breakpoint regions. Moreover, the inclusion of microchromosomes in our reconstructions allows us to 
provide novel insights into the evolution of these avian chromosomes, specifically. 
 
PO0495: General Comparative 
Understanding Potassium Toxicity Stress Responses of the Extremophyte, Schrenkiella Parvula Using Systems Biology 
Approaches 
Pramod Pantha, Dong-Ha Oh and Maheshi Dassanayake, Louisiana State University, Baton Rouge, LA 
Schrenkiella parvula, a close relative of Arabidopsis thaliana and Brassica crop species, grows in the shores of Lake Tuz, Turkey. Lake Tuz 
being one of the largest hypersaline lakes in the world has adjacent soils high in multiple salts including Na+ and K+. S. parvula can complete its 
life cycle in the presence of multi-ion salt concentrations lethal to A. thaliana and most plants. The genome of S. parvula compared to A. thaliana 
reveals multiple signatures of copy number variation and structural differences that suggest unique regulatory cascades in responding to salt 
stress, different to known molecular mechanisms observed for K+ uptake and transport in most plants. In this study, we investigated the genomic 
blueprint for high K+ tolerance using systems biology approach by comparing the stress-adapted S. parvula to the stress-sensitive A. thaliana. In 
response to high K+ stress, both the primary and lateral root architecture changes significantly compared to control conditions, and the phenotypic 
change in A. thaliana is more pronounced than the effect observed for S. parvula. We further showed KCl is more toxic than NaCl at similar 
osmotic strength. The global transcriptome, metabolome, and ionome responses to K+ stress measured at four successive time points (control, 3, 
24, 72 hours after treatment (HAT) with 150 mM KCl) supports the physiological response. The S. parvula transcriptome responds to high K+ 
stress by adjusting only a limited number of genes in selected pathways compared to A. thaliana. Key differently regulated pathways between the 
two species include stress responses coordinated by ABA, response to H2O2, plasma membrane repair and water transport, and mannitol 
biosynthesis. We obtained the ionome and the metabolome for each transcriptome sample to facilitate inferences linking genomic structural 
changes, its response via the transcriptome, to a molecular phenotype measured using the metabolome. S. parvula showed the “stress 
preparedness” clusters enriched in response to salt stress and transport functions. Our ionome profile showed the accumulation of K+ in both root 
and shoot of A. thaliana but only root of 72 hours after treatment sample of S. parvula. Metabolome data showed the enrichment of metabolites 
related to reactive oxygen species scavengers in S. parvula compared to A. thaliana suggesting better ROS scavenging ability of stress adapted 
plant species. We have presented our results as the co-regulated genetic clusters that uniquely respond to K+ stress in S. parvula compared to A. 
thaliana. Further, we have corelated the transcriptomic, metabolomic, and ionomic profiles between A. thaliana and S. parvula. We are using 
functional genomics tools to verify the functions of selected candidate genes from this study. 
 
PE0496: General Comparative 
Duckweed rDNA Organization and Evolution 
Nikolai Borisjuk, Huaiyin Normal University, Huaian, China 
Recent genome survey revealed that great duckweed, Spirodela polyrhiza, has an extremely low copy number of genes coding for ribosomal 
RNA (Michael et al., 2017; Hoang et al., 2018), compared to other plants. In all eukaryotes, ribosomal RNA genes (rRNA) are represented by 
tandemly repeated units encoding 45S rRNA precursor for 18S-5.8S-25S rRNAs and 5S rRNA, which account for about 65% of all cellular 
RNA. Because of rRNAs role in the assembly of ribosome, efficient functionality of rDNA plays pivotal role in development and growth of the 
organisms. 
In this study we investigated molecular organization of rDNA in a number of geographic ecotypes of S. polyrhiza, as well as in the genomes of 
duckweed species representing other four genera of Lemnaceae family: Landoltia, Lemna, Wolffia and Wolffiella. The characterization of cloned 
45S rDNA units, composed of coding region for the 18S-5.8S-25S rRNAs and the intergenic spacer (IGS) containing a Polymerase I promoter 
and transcription initiation site (TIS), has shown that the IGS length positively correlates to the species genome size. The shortest IGS of ~ 3.2 kb 
was revealed for S. polyrhiza, and the longest one, of ~10 kb, for Wolffia globosa. Compared to other plants, the sequence of S. polyrhiza IGS 
revealed a couple of unique features, such as: very low intra- and inter-genomic heterogeneity, high GC content and an unorthodox molecular 
structure of the TIS. 
Characterization of the S. polyrhiza 5S rDNA repeats revealed an existence of two major IGS length variants. The European ecotypes contain a 
dominant type of about 1050 bp, whereas the Asian and American ecotypes have a single ~400 bp long 5S rDNA intergenic spacer. Estimation 
of rDNA copy number by quantitative PCR showed that all analyzed S. polyrhiza ecotypes have less than hundred copies of both 45S and 5S 
rDNA genes, the lowest number among the investigated flowering plants. Due to this low copy number and the combination of available rDNA 
manual sequencing data, ultra-long Oxford Nanopore reads and chromosome localization by FISH, we believe the rDNA loci of S. polyrhiza is 
the best characterized among the plant species up to date. The obtained data will be discussed in relation to molecular organization, evolution and 
transcription of rRNA genes in duckweed. 
 
PO0497: General Comparative 
Reanalyzing Selaginella Genomes Found Recursive Polyploidization 
Xiyin Wang, North China University of Science and Technology, Watkinsville, GA and Jinpeng Wang, North China University of 
Science and Technology, Tangshan, China 
Lycophytes and seed plants constitute the typical vascular plants. Lycophytes were thought to have no paleo-polyploidization although the event 
is known to be critical for the fast expansion of seed plants. Here, genomic analyses including homologous-gene dotplotting detected multiple 
paleo-polyploidization events, with one occurred approx.13-15 million years ago (Mya), another about 125-142 Mya, during the evolution of the 
genome of Selaginella moellendroffii, a model lycophytes. In addition, comparative analysis of reconstructed ancestral genomes of lycophytes 
and angiosperms suggested that lycophytes were affected by more paleo-polyploidization than seed plants. Results from the present genomic 
analysis indicate that paleo-polyploidization has contributed to the successful establishment of both lineages—lycophytes and seed plants—of 
vascular plants. 
 



PE0498: General Comparative 
Recursive Hexaploidization Shapes Durian Genome 
Jinpeng Wang, North China University of Science and Technology, Tangshan, China 
 
PO0499: Natural Populations 
Growing Research Capability in Colombia: A Shared Vision on Protecting Biodiversity to Achieve Sustainability and Peace 
Graham J Etherington, Earlham Institute, Norwich, United Kingdom 
Colombia is one of 17 countries considered “megadiverse” by the United Nations Environment Programme (UNEP). The national catalogue of 
biodiversity includes up to 55 thousand species of animals and plants, 3652 of them endemic, representing around 10% of all known species on 
earth. Following the peace agreement in Colombia in November 2016, we now have an opportunity to study the country’s staggeringly rich 
native biodiversity. In a GROW Colombia Research Councils UK (RCUK) Global Challenges Research Fund (GCRF) international collaborative 
project, UK and Colombian institutions are working together in this multidisciplinary programme. Our aims include strengthening Colombian 
research capacity in the biological sciences, computational biology and socio-economics to develop robust coordinated activities under a shared 
vision centred on biodiversity as a means to achieve sustainability and peace. The project has natural diversity, agricultural diversity and socio-
economics of biodiversity research programmes, and a broad set of activities focussed on enhancing research capability by improving researcher 
skills, as well their access to research information and resources. Our integrated program will also allow researchers to play a more regular and 
effective role in policy-making. The GROW Colombia project relies on the complementary expertise and strengths of an alliance which is 
equipped to develop robust coordinated solutions around biodiversity, with implications for its preservation, global health and development. Here 
we describe the project, its three programmes, partners, progress and expected outcomes. 
 
PE0500: Natural Populations 
Chromosome-Level Assembly of the Endangered Black-Footed Ferret (Mustela nigripes) Provides Insights into Male 
Infertility 
Sergei Kliver1, Gaik Tamazian1, Ksenia Krasheninnikova1, Saki Chan2, Alex Hastie2, Olga Dudchenko3, Erez Lieberman Aiden3, 
Jon Earls4, Jarret Glasscock4, Ryan Phelan5, Oliver Ryder6, Warren Johnson7, Budhan Pukazhenthi7, David Wildt7 and Klaus 
Koepfli7, (1)Dobzhansky Center for Genome Bioinformatics, St. Petersburg State University, St.Petersburg, Russian Federation, 
(2)Bionano Genomic, San-Diego, CA, (3)Baylor College of Medicine, Houston, TX, (4)Cofactor Genomics, San Francisco, CA, 
(5)Revive & Restore, Sausalito, CA, (6)San Diego Zoo Institute for Conservation Research, San Diego Zoo Global, Escondido, CA, 
(7)Center for Species Survival, Smithsonian Conservation Biology Institute, National Zoological Park, Washington, WA 
The black-footed ferret (BFF) was declared extinct in 1987 due to disease and loss of its primary prey, the prairie dog. Shortly thereafter, the 
species was re-discovered in Wyoming and the last surviving individuals were used to start a successful captive breeding program. Over 30 
years, more than 9,200 kits have been produced, all descended from an estimated 7 founders. However, the BFF remains at risk of extinction due 
to a high susceptibility to disease and multiple fertility challenges, including a high incidence of abnormal sperm. These features are indicative of 
inbreeding depression, likely related to the small number of founders, loss of gene diversity, and possible fixation of deleterious alleles.  
To better understand the possible links between specific genes and infertility, we generated and annotated a de novo assembly of a male BFF 
using a combination 10X Genomics linked-read sequencing, optical mapping, and chromosome conformation capture (Hi-C). This resulted in a 
highly contiguous phased assembly (contig N50 size = 275 Kb; scaffold N50 size = 145.4 Mb). The genomes of six additional BFFs from 
different generations since the bottleneck were sequenced and mapped to the reference to identify variants. Assessment of genome-wide diversity 
and cross-referencing to the HGMD allowed us to identify putative loss-of-function variants in genes related to sperm abnormalities.  
The BFF genome provides an unprecedented opportunity to characterize the genomic features that limit reproductive function in this endangered 
species and thereby understand the link between reduced heterozygosity and reduced male fertility in mammals. 
 
PO0501: Natural Populations 
Contrasting the Genomic Consequences of Precipitously Declining Local Populations of Florida Scrub-Jays 
Tram N. Nguyen1, Nancy Chen2, Reed Bowman3, John W. Fitzpatrick4 and Andrew Clark1, (1)Cornell University, Ithaca, NY, 
(2)University of Rochester, Rochester, NY, (3)Archbold Biological Station, Venus, FL, (4)Cornell Lab of Ornithology, Ithaca, NY 
Understanding the genomic consequences of declining populations – even while they still appear to be robust – is important for conservation 
management and for predicting species’ vulnerability to intensifying global change. In particular, habitat loss and fragmentation may induce 
extirpations and reduce connectivity between populations, leading to shrinking populations and concomitant declines in genetic diversity. 
Although ample theoretical predictions can be made for the genetic consequences of shrinking, isolated populations, empirical evidence still 
remains scarce, especially in natural populations that still experience immigration. We used 7,834 autosomal single-nucleotide polymorphisms 
and demographic data for 288 Florida scrub-jays (FSJ, Aphelocoma coerulescens) sampled eight years apart to compare changes in genetic 
diversity, level of inbreeding, and degree of relatedness of individuals across two populations having contrasting trajectories. At Archbold 
Biological Station (ABS), the FSJ population was stable owing to intensive management, while another nearby population at Placid Lakes 
Estates (PLE) was declining precipitously. We characterized in detail the genetic changes accompanying the beginning of this rapid population 
decline. Surprisingly, we found that at both ends of the sampling period, birds in PLE were more heterozygous than birds in ABS, likely owing 
to greater immigration rates into PLE during and prior to the sampled interval. Paradoxically, the PLE birds were also more inbred and related. 
We found no significant changes in heterozygosity, inbreeding, or relatedness across our sampled interval in either population, presumably 
because insufficient time had elapsed to yield a detectable genetic signature of the decline at PLE. Our results show how population structure and 
immigration can decouple the expected relationship between genetic diversity and inbreeding during the early stages of a severe population 
decline. 
 
PE0502: Natural Populations 
Adaptive Genetic Divergence in Gunnison Sage-Grouse: Implications for Conservation 



Shawna J. Zimmerman1, Kevin P. Oh2, R. Scott Cornman1, Cameron L Aldridge2 and Sara J. Oyler-McCance1, (1)US Geological 
Survey, Fort Collins, CO, (2)Colorado State University, Fort Collins, CO 
Understanding the genetic underpinning of adaptive divergence among populations is an important part of evolutionary biology and 
conservation. Species with distinct environmental gradients across a broad geographic range, with a large effective population size, and low gene 
flow are most likely to have significant adaptive divergence. Gunnison sage-grouse is a sagebrush obligate species with a restricted range 
consisting of seven populations, each with distinctly different habitat and climatic conditions. Though geographically close, populations have 
low levels of natural gene flow resulting in high levels of differentiation. We used 15,033 SNP loci in genomic outlier analyses, genotype by 
environment association analyses, and gene ontology enrichment tests to examine patterns of putatively adaptive genetic differentiation in 
Gunnison sage-grouse. We found 191 genes associated with biological functions or pathways that were overrepresented in the assemblage of 
outlier SNPs. Four of these genes belong to the cytochrome P450 gene family and could impact metabolism of plant secondary metabolites, a 
critical challenge for sagebrush obligates. Additionally, SNPs in four genes had non-synonymous variants predicted to moderately impact gene 
function. Our results suggest adaptive divergence in multiple genes and in multiple metabolic and biochemical pathways, for isolated populations 
of a single species. In addition to providing insight into adaptive divergence in populations on a small geographic scale, this information can be 
useful in managing a species of conservation concern (e.g., identifying unique populations to conserve, guiding translocation or habitat 
restoration efforts). 
 
PO0503: Natural Populations 
Predicting the Impact of Climate Change: Genomic Measures of Local Adaptation in the Near Eastern Fire Salamander 
Valentina Rovelli1, Nadav Pezaro1, Iftah Sinai1, Lior Blank1, Merila Juha2, Arne W. Nolte3, Tamar Krugman1, Alan Templeton1 
and Leon Blaustein4, (1)Institute of Evolution, University of Haifa, Haifa, Israel, (2)University of Helsinki, Helsinki, Finland, 
(3)Carl von Ossietzky Universität Oldenburg, Institute for Biology and Environmental Sciences, Oldenburg, Germany, (4)Institute 
of Evolution, Department of Evolutionary and Environmental Biology, University of Haifa, Haifa, Israel 
The Near Eastern fire salamander is endangered in Israel and occupies the southernmost habitats of the genus worldwide. We are aiming at 
understanding how future climate change could affect S. infraimmaculata in Israel, to optimize conservation efforts and resources. We 
incorporate estimates of adaptive potential and local adaptation within a Climate Change Vulnerability Assessment, using population specific 
information on exposure, sensitivity and adaptability from 18 populations. We estimate exposure to temperature with data collected in the field 
and obtained from Movebank, and we assess the physiological sensitivity by using the values of thermal optimum and critical thermal maximum 
experimentally obtained. We estimate the demographic adaptive capacity as number of populations and local abundance, and the genetic adaptive 
capacity using allelic richness (microsatellite data). Moreover, mapping RNA sequencing reads against the available transcriptomes for S. 
infraimmaculata, we look for SNPs in genes that can be important for local adaptation processes, such as oxygen response, growth or 
development, energy metabolism, etc. The identification of private SNPs in some populations can reveal a signal of local adaptation and shed 
light on the relationships between genes and specific environmental features. Combining exhaustive information about ecology and genetics for 
each population will be integral for guiding local conservation management in the most efficient way. 
 
PE0504: Natural Populations 
Island Evolutionary Dynamics of a Wingless Antarctic Fly 
Hilary A. Edgington1, Andrew Michel2, Drew Spacht3 and David Denlinger3, (1)The Ohio State University, Wooster, OH, (2)Dept. 
of Entomology, OARDC - The Ohio State University, Wooster, OH, (3)The Ohio State University, Columbus, OH 
Characterizing the evolutionary history of species in extreme environments can provide insights into broad questions of invasion and adaptation, 
in addition to clues about climatic or geological changes tied to the species’ history. While a great deal of research has focused on the species 
inhabiting the extreme environment of Antarctica, the population genetics of most species inhabiting the continent has not been studied. We used 
a combination of population and landscape genetics, approximate Bayesian computation, and phylogenetics to investigate evolutionary history of 
Belgica antarctica, a wingless midge endemic to Antarctica. B. antarctica is a notable system for a number of reasons, including its 
physiological adaptations to the frozen environment and its exceptionally small genome.  
Our study included genome-wide SNP data from eleven populations of B. antarctica located on islands throughout the Antarctic Peninsula. 
Contrary to expectations for island populations, we found an excess of heterozygosity in nearly all populations (FIS between -.354 and 0.031), 
coupled with substantial migration between populations within and among islands (between 21 and 416 migrants per generation). This finding is 
especially surprising in this wingless species, for which ocean channels between islands were expected to present an effective barrier to 
migration. These results will inform not only our understanding of the population dynamics for species inhabiting these environments, but 
ongoing efforts to understand variation in physiological mechanisms allowing Antarctic species to adapt to that extreme environment. 
 
PO0505: Natural Populations 
Evaluation of Wild and Cultivated Hop (Humulus lupulus L.) Genetic Resources for Powdery Mildew Resistance 
Joshua S. Havill1, Taylan B. Morcol2, Edward J. Kennelly2, Paul D. Matthews3 and Gary J. Muehlbauer4, (1)University of 
Minnesota, St. Paul, MN, (2)Lehman College and The Graduate Center, The City University of New York, Bronx, NY, 
(3)Hopsteiner, S.S. Steiner, Inc., New York, NY, (4)Department of Agronomy and Plant Genetics, University of Minnesota, St. 
Paul, MN 
Hop powdery mildew is a devastating fungal disease caused by the obligate parasite Podosphaera macularis (Wallr.) Braun & Takam. 
Commercial hop (Humulus lupulus L.) production is heavily reliant upon fungicides to produce high-quality hops for use in brewing. Host 
resistance may be an effective alternative to reduce fungicide use overall. To date, seven putative R genes have been described in hop varieties 
though their effectiveness is dependent upon pathogen strains present in specific regions where they are cultivated. Several previously effective R 
genes have been overcome by virulent pathotypes in major production regions and novel resistance is sought by hop breeders. Herein, we 
describe the evaluation of a wild germplasm collection representing North American and Eurasian hop populations for powdery mildew 
resistance and a supplemental collection of cultivated hop varieties. In total, we sampled 212 locations of hop that provided 5583 seedlings and 



clones. These seedlings were assessed for the presence of qualitative and quantitative resistance using a commonly identified pathotype of P. 
macularis. Population sizes varied and were geographically dispersed across its native range. We identified complete resistance or immunity at 
relatively low frequencies (3.18 %) and subsequently categorized other genotypes as highly resistant (12.76 %), moderately resistant (20.93 %), 
moderately susceptible (27.97 %), or highly susceptible (21.39 %) based upon visual observations. These observations provide the basis for 
examining the underlying genetic architecture of these putatively resistant genotypes and to identify novel resistance loci. 
 
PE0506: Natural Populations 
Genetic Diversity Survey of Two Mint Crop Ancestral Species: Mentha aquatica L. and Mentha suaveolens Ehrh. 
Kelly Vining1, Iovanna Pandelova1, Kim Hummer2, Nahla Bassil3, Ryan Contreras1, Kristin Neill1, Hsuan Chen1 and Bernd Markus 
Lange4, (1)Oregon State University, Corvallis, OR, (2)USDA-ARS NCGR, Corvallis, OR, (3)USDA-ARS National Clonal 
Germplasm Repository, Corvallis, OR, (4)Washington State University, Pullman, WA 
Peppermint, Mentha ×piperita L., and spearmint, M. spicata L., are the predominantly cultivated species for mint oil production in the US. Since 
2011, US peppermint production has dropped significantly, while the production of mint oil from cornmint, M. arvensis, particularly in India, has 
been increasing steadily over the past decade. The current demand for mint oil and derived products is expected to grow by 3-5 % per year, and 
the development of high-yielding, sustainable production practices is therefore a high priority for the mint industry. Besides global competition, 
US production of peppermint has been challenged significantly by Verticillium wilt, caused by the fungal pathogen Verticillium dahliae.  
We assessed ancestral M. aquatica and M. suaveolens accessions for genetic and phenotypic diversity. We found surprising within-species 
variation for genome size and ploidy level, and phenotypic diversity regarding essential oil composition and resistance to Verticillium wilt. We 
also developed a set of diagnostic simple sequence repeat (SSR) markers to distinguish accessions of these species obtained from the USDA-
National Clonal Germplasm Repository Mentha genebank. These resources will enhance the utility of the germplasm base for Verticillium wilt 
resistance breeding in mint. 
 
PO0507: Natural Populations 
Comparative Morphology and Population Genomics of Naturally Co-Occurring North American Vitis Species 
Laura L. Klein and Allison Miller, Saint Louis University / Danforth Plant Science Center, St. Louis, MO 
Leaf morphological variation in plants can indicate genetic, developmental, and environmental influences in natural populations. Insights into the 
distribution and expression of genetic variation, such as recombination through intra- or interspecific gene flow, can be gained by quantifying 
leaf morphology. Economically important and ecologically pervasive North American Vitis species offer a unique opportunity to examine 
variation in leaf shape within and among species. Vitis species exhibit extensive variation in leaf shape in eastern North American temperate 
forests. Interspecific hybridization is widely used in grapevine cultivation; however, the extent and impact of interspecific hybridization on 
morphological and genetic variation in natural populations remains under-explored. In this study, we integrate digital leaf morphometrics and 
population genomic data to quantify leaf shape variation in two closely related Vitis species in natural populations and explore the effects of 
interspecific hybridization in nature. Genotyping-by-sequencing (GBS) was used to assess species boundaries, population genetic structure, and 
interspecific hybridization in Vitis individuals at seven field sites in the Midwest United States across the distributions of V. riparia and V. 
rupestris. Leaf shape data were generated for genotyped Vitis samples. Leaf shape data analyzed using digital morphometric techniques largely 
support species identified with GBS data. Interestingly, these data suggest V. rupestris leaf morphology may exhibit a narrower range of 
variation when growing in sympatry with V. vulpina than when it occurs in allopatry. Together, data presented here provide evidence that 
naturally occurring Vitis species are largely genetically distinct but may hybridize in sympatry, and that leaf shape in natural populations reflects 
species boundaries, although there is some evidence that ecological competition among Vitis species may be reflected in leaf shape. 
 
PE0508: Natural Populations 
Native Yeast Diversity in Two Cabernet Sauvignon Vineyards of Washington State 
Patricia Okubara1, Xuefei Wang2, Dan Schlatter1 and Timothy Paulitz1, (1)USDA ARS Wheat Health, Genetics and Quality 
Research Unit, Pullman, WA, (2)Washington State University, Pullman, WA 
Native, or naturally-occurring, yeasts are of increasing interest to grape growers and winemakers in Washington State and throughout the world 
because of their potential to contribute to vineyard health and wine quality. To assess Washington native yeast communities that could drive wine 
quality, we used ITS-1F-based paired-end Illumina MiSeq technology to identify native yeasts from two Cabernet Sauvignon vineyards in 
Washington State. Berries were sampled at Walla Walla Valley (WWV) and Horse Heaven Hills (HHH) in 2015 and 2016; vineyards differed in 
aspect, dimension, climate and purpose. Yeast species or groups plotted by sampling date (veraison or harvest), location and year formed three 
distinct clusters representing 2015 WWV, 2016 WWV and 2016 HHH. Yeasts common or unique to a specific location and/or year were 
identified. Twenty-two groups were present in both locations and years, especially the cryptococci, whereas others commonly found on Cabernet 
Sauvignon berries were at low abundance or absent. About 10-15 native yeasts (1% of known species) were abundant in the sampled vineyards, 
indicating that yeast-berry associations are highly specific. Fungi associated with grapevine diseases and cork taint were either absent or at low 
abundances. We noted several yeasts that persisted or increased in small-scale native fermentations. The findings indicate that specific yeasts 
might persist long enough to condition wine aroma, flavor and texture in large-scale fermentations. The project opens doors to native yeast 
diversity comparisons among Washington vineyards and grape cultivars, and provides leads for sensory testing in larger-scale fermentations of 
Washington wines. 
 
PO0509: Natural Populations 
Your Daily GWATS: A Time-Series Aware GWAS to Detect Natural Climate Adaptations in North American Populus 
trichocarpa 
Jared Streich1, David Kainer2, Jonathan Romero3, Ashley Cliff3 and Daniel Jacobson4, (1)Oak Ridge National Labs, Oak Ridge, 
TN, (2)Oak Ridge National Laboratory, Canberra, TN, (3)University of Tennessee/Oak Ridge National Laboratory, Oak Ridge, TN, 
(4)Oak Ridge National Laboratory, Oak Ridge, TN 



We created a time-series aware association approach called GWATS (Genome Wide Association Time-series Studies) to detect climate adaptive 
alleles. GWATS involves running a GWAS analysis using time-series phenotype data, in this case for each day of the year. BioClim has been an 
ideal data series for species distribution modeling and finding adaptive alleles but lacks a true seasonal component and leaves most of each 
seasonal period unexamined. Instead, from raw monthly climate data, we interpolated 365 daily values of 26 climate/environment layers in the 
265 locations where the 970 Populus trichocarpa individuals of our GWAS population were sourced. GWAS was performed for each climate 
variable on each of 365 days using ~10M genome-wide SNPs. Additionally, we ran GWATS on gene presence/absence using genes in 95% or 
less in all individuals, as well as a traditional population structure analysis using both SNPs and gene presence/absence to discover demographic 
processes underlying P. trichocarpa. Geographically isolated alleles tend to coincide with adaptive alleles making them difficult to distinguish 
from false positives. However, true positive p-values become distinct from false positives by using a Fourier Transform to analyze co-variate 
variation and output similarity matrix calculations across the time-series. Further, using a machine learning algorithm called iRF (iterative 
Random Forest) we can filter complex climate phenotypes into epistatic interactions across multiple suites of alleles ranging as high as five or 
more orders of epistasis. Using GWATS we detected hundreds of candidate climate adaptive loci for Solar Radiation Stress, Precipitation Stress, 
Temperature Stress, Drought Stress and many more. 
 
PE0510: Natural Populations 
Phenomics of Seed Coats in a Wild Lupin 
Helen Michaels and Rachel Wilson, Bowling Green State University, Bowling Green, OH 
Multigenetic traits, like seed coat phenotypes, are poorly understood in domesticated plants. Understanding complex phenotypes of wild relatives 
can benefit crops because they retain reservoirs of genetic diversity and functions shaped by natural rather than artificial selection. Lupinus 
perennis, a wild North American relative of lupin crops grown worldwide, has seed coat phenotypes that vary from white to darkly speckled. 
Such color variants are produced by integrated networks of structural and regulatory genes of the Anthocyanin Biosynthetic Pathway (ABP), a 
highly conserved system across angiosperms. Seed coats can influence post-dispersal predation, germination, early seedling performance, 
microbial interactions, as well as consumer preferences. Literature on pigmentation indicates that color phenotypes are due to structural or 
regulatory mutations influencing the ABP. Although many studies on molecular genetics of seed color in Soybean and Chickpea exist, few exist 
for lupin. This research identifies candidate genes for seed coat polymorphisms in L. perennis through RNA-seq. Sequence data from RNA-seq 
experiments separately profile the transcripts from developing white and darkly pigmented seeds. Annotation and assembly (assisted by reference 
to the sequenced genome of Narrow leaf lupin, L. angustfolius) will determine the immature seed transcriptome, while Differential Expression 
analysis (DE) compares expression levels of seed phenotype replicates. Sequence from candidates suggested by comparative DE analysis will be 
used to characterize regions differing between seed phenotypes. These studies may aid in understanding seed traits that are important to 
establishment of wild populations and for development of lupin crops for North American agriculture. 
 
PO0511: Natural Populations 
Molecular Markers Analysis of Faidherbia albida (Del.) A. Chev. Populations from Sub Saharan Africa 
Dorothy T. Tchatchoua1,2, John E. Carlson1, Nicole Zembower1, Scott Poethig3 and Hamadou Oumarou2, (1)Dept. of Ecosystem 
Science & Management, Pennsylvania State University, University Park, PA, (2)The National Advanced School of Engineering. 
University of Maroua, Maroua, Cameroon, (3)Department of Biology, University of Pennsylvania, Philadelphia, PA 
Faidherbia albida (Del.) A. Chev. is a promising agroforestry tree species for Sub Saharan Africa countries that has not been domesticated. Its 
adaptation to drought conditions, inverse phenology, soil fertility improvement ability, importance as forage and medicinal properties make it an 
excellent tree for local people in these regions. Delay in domestication is associated with lack of information on its genetics and breeding. The 
presence of variation in phenology (leaf fall, bud formation and bud burst) and morphological (height, diameter, volume, dry leaf weight, root 
length) traits indicate that breeding for quantitative traits can be possible in the population. Phenology traits are highly heritable, however both 
phenology and morphological traits are subject to environmental influence in most species. To identify the extent of genetic variation in 
populations over a wide range of distribution, this project is using molecular markers, initially SSRs. Samples were collected from the Central 
(Cameroon and Chad), West (Senegal), East (Kenya, Tanzania, Zimbabwe, Ethiopia, Malawi, Zimbabwe, Mozambique and Southern (Namibia,) 
African populations. DNA extraction was done on four seedlings per mother tree and ten trees per population. The best 48 SSR primers 
developed for Faidherbia albida were used to screen for informative markers. A set of primers for at least 8 SSR loci are being used for the 
genetic diversity analysis and genotype identification of these trees.  
Keyword: Faidherbia albida, agroforestry, Sub Saharan Africa, breeding, molecular markers, genetic diversity 
 
PE0512: Natural Populations 
Outcrossing of a Wildflower with Mixed Mating Systems May Lead to Outbreeding Depression 
Kristin G. Schepke, Grand Valley State University, Allendale, MI 
High levels of self-fertilization within a population increase homozygosity, expose deleterious alleles, and may cause inbreeding depression. 
Despite this, many species of flowering plants have evolved to self-fertilize a majority of the time, possibly because natural selection may 
remove deleterious alleles from highly self-fertilizing plants. As a result, some species may show no evidence of inbreeding depression, and may 
in fact have decreased fitness following outcrossing due to loss of locally co-adapted allele combinations. Understanding whether, and under 
what circumstances, inbreeding influences fitness will help to shed light on the evolution mixed mating systems.  
To address this, we measured trait variation among a panel of 400+ genotypes of Boechera stricta, a highly self-pollinating wildflower with 
mixed mating, in a common garden experiment in the Rocky Mountains. These genotypes represent natural variation in inbreeding coefficient, 
allowing us to test whether past inbreeding influences fitness components such as growth, flowering, and fruit production. In addition, we 
performed controlled crosses among a subset of these genotypes to test whether selfing vs. outcrossing influences seed set or offspring traits. We 
found that more inbred populations of this species may have higher fitness, as evidenced by larger fruit size, than outcrossed populations. In 
addition, more inbred populations were observed to reach reproductive maturity and flower earlier than outcrossed populations. These results 
suggest that some highly selfing species may exhibit signs of outbreeding depression when outcrossed. 
 



PO0513: Natural Populations 
Biotic and Abiotic Tradeoffs Influence Selection on a Biochemical Polymorphism in a Wild Mustard 
Lauren N. Carley, Duke University Program in Ecology, Durham, NC and Thomas Mitchell-Olds, Duke University, Durham, NC 
How genetic variation is maintained in the face of natural selection is a central question in evolutionary biology. Balancing selection is frequently 
invoked as an explanation for persistent genetic and phenotypic variation, but rigorous tests demonstrating its role in maintaining variation in 
complex traits in natural populations are still lacking. We combined manipulative field experiments, population genetics, and genome-wide 
association mapping to investigate selection on variation in defensive chemistry in a wild relative of Arabidopsis that is native to the Rocky 
Mountains, USA.  
We find that antagonistic pleiotropy of a gene controlling glucosinolate biosynthesis influences selection on this trait, which is highly variable in 
natural populations. Our ecological studies show that these tradeoffs appear to be driven by variation in two selective agents – herbivore damage 
and drought stress – which can favor contrasting chemical strategies in this species. Our results reveal complex variation in pleiotropy itself, with 
a single locus affecting variation in functional traits (e.g. water use, herbivore defense) and fitness components (e.g. survival, fecundity) to 
various extents, depending on environment. By integrating ecological field experiments with large genomic datasets, we are able to robustly test 
for balancing selection’s role in maintaining polymorphism in plant chemistry, and to gain a mechanistic understanding of the genetic and 
molecular underpinnings of antagonistic pleiotropy for this trait. 
 
PE0514: Natural Populations 
Population Genomics to Elucidate Diatraea saccharalis Dispersal in America and the Human-Mediated Migration 
Dependence 
Maria Imaculada Zucchi, Secretariat of Agriculture and Food Supply of São Paulo State, Piracicaba, Brazil, Erick Coordeiro, 
ESALQ-USP, Piracicaba, Brazil, Alessandro Alves-Pereira, Departamento de Genética/ESALQ/USP, Piracicaba - SP, Brazil, João 
Paulo Gomes Viana, University of Campinas, Campinas, Sao Paulo, Brazil, Xing Wu, UIUC, Urbana, IL, Brazil, Wei Wei, 
University of Illinois, Urbana, IL, Patrick J. Brown, University of Illinois, Urbana-Champaign, Urbana, IL, Andrea Joyce, 
University of California, Merced, CA and Steven J. Clough, USDA-ARS / University of Illinois, Urbana, IL 
The sugarcane borer, Diatraea saccharalis, is the main lepidopteran pest species attacking sugarcane and maize production fields in the 
Americas, with this pest being widely distributed throughout South America, Central America, the Caribbean and the southern United States. 
However, its rate of spread is much higher than expected for a moth. The main objective of this study was to investigate the genetic structure and 
diversity of D. saccharalis populations in the Americas based on single nucleotide polymorphisms identified with GBS, and to explore the 
potential migratory pathways from the probable center of origin. Our findings showed a clear correspondence between genetic structure and the 
geographical distributions of the sampled populations. The clustering analyses revealed distinct groups, one of them composed of Brazilian 
populations, another one represented by the Argentine populations, and a third group which was comprised of populations from El Salvador and 
the United States. We suggest that human-mediated migration was most likely the responsible vector for the vast spread throughout the 
Americas. Spread patterns that we suggest show long-distance dispersal events with high genetic variability among countries. The inferences of 
this study promote a better understanding of past D. saccharalis movements, and can improved pest management techniques 
 
PO0515: Natural Populations 
Genomic History of Switchgrass (Panicum virgatum L.) Wildtype Accessions in the US and Their Signatures of Selection 
Sujan Mamidi1, Avinash Sreedasyam1, Jerry Jenkins1, Jason Bonnette2, Eugene Shakirov2, Jane Grimwood1, Daniel Rokhsar3, 
Thomas Juenger2 and Jeremy Schmutz1, (1)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (2)University of Texas at 
Austin, Austin, TX, (3)DOE Joint Genome Institute, Walnut Creek, CA 
Switchgrass (Panicum virgatum L.) is a perennial C4 grass, and a model biofuel crop. This has high biomass production with minimal field 
inputs, making it economical. The latest genome release (V5.1) of this tetraploid species was released with a total size of 1,130 Mb and 80,278 
primary protein coding transcripts. Switchgrass populations (tetraploids) are spread throughout the US and have varied levels of diversity. A 
collection of 500 tetraploid samples with a coverage of 50x and 39 Million SNP were used to identify population structure, diversity and 
demography (population size changes with time and population split times). Signatures of adaptation and positive selection are estimated using 
various population genetic parameters for every sub population identified. 
 
PE0516: Bioenergy 
Evaluation of Genomic Selection and Marker-Assisted Selection in Miscanthus and Energycane  
Marcus Olalere Olatoye1, Lindsay V. Clark2, Jianping Wang3, Xiping Yang3, Toshihiko Yamada4, Erik J. Sacks2 and Alexander E. 
Lipka1, (1)University of Illinois, Urbana, IL, (2)Dept of Crop Sciences, University of Illinois, Urbana, IL, (3)Agronomy 
Department, University of Florida, Gainesville, FL, (4)Field Science Center for Northern Biosphere, Hokkaido University, Sapporo, 
Japan 
Bioenergy crops offer a sustainable and renewable source of energy. During crop improvement, some of bioenergy crops require long period 
time for field yield evaluation due to their perenniality. Genomic-enabled breeding approaches have been found to expedite breeding with 
increased genetic gain. The ability to improve agronomic traits in certain bioenergy crops is constrained by genome complexity and our limited 
knowledge of the genetic architecture underling the traits. Therefore, in this study, we explored the potentials of genomic selection (GS) and 
marker assisted selection (MAS) approaches in simulated backcross populations in Miscanthus and energycane (Saccharum spp. hybrids). In 
each crop species, 24 genetic architectures were simulated from single dose markers based on number of quantitative trait nucleotides (4, 10, 20, 
and 100), genetic mechanism (additive, dominance, and epistasis), and heritability (0.3 and 0.7). At each of these genetic architectures, we 
investigated the impact of genomic data imputation and marker density on both GS and MAS prediction accuracy. The results indicated that 
imputed data had higher prediction accuracy for traits simulated with few QTNs. Additionally, MAS performed better than GS in traits simulated 
with few QTNs, while GS performed better than MAS in traits simulated with more than 10 QTNs. Prediction accuracy increased with increasing 



marker density when traits were simulated with 100 QTNs. Overall, this study provides valuable information that could enhance informed 
decisions in energy-crop breeding. 
 
PO0517: Bioenergy 
Transcriptome Profiling of Immature Sugarcane Culms Reveals Early Differentiation Between Contrasting Genotypes 
Gabriel R A Margarido1, Guilherme K. Hosaka1, Fernando H. Correr1, Fernanda Z. Barreto2, Thiago W. A. Balsalobre2 and 
Monalisa S. Carneiro2, (1)University of Sao Paulo, Piracicaba, Brazil, (2)Federal University of Sao Carlos, Araras, Brazil 
More efficient sugar and biomass production is necessary to meet growing biofuel demand. The high yielding sugarcane is a strong candidate for 
wide adoption, but its genomic complexity hinders breeding progress. Researchers have investigated gene expression changes during sucrose 
accumulation in maturing culms, but less is known about expression variation in immature culms, in particular among time points along the 
growing season. Here we show that the expression of key genes involved in sucrose accumulation differs between contrasting genotypes early in 
the development of culms. We collected +1 internodes from four genotypes, with varying levels of sugar content: very low, low, high and very 
high brix. Transcriptomes of three biological replicates of each genotype were profiled via RNA-seq, at four time points throughout the year. We 
observed rampant differential expression, with 66.48% of 87,321 transcripts showing main genotypic effects. Transcripts coding for 
phenylalanine ammonia-lyase, a protein involved in cell wall formation, were downregulated in the three higher brix genotypes. We also noted 
that members of the sucrose-phosphate synthase family were overexpressed in these genotypes. Accordingly, we found downregulation of 
sucrose synthase, the sucrose-cleaving enzyme which is positively associated with cellulose content. Genotype-by-time interaction analyses 
revealed enrichment of cell wall organization, response to stress and signaling processes, which have been previously associated with sugar 
accumulation. These results indicate that both main effects and the timing of expression can be relevant in triggering phenotypic differences 
between genotypes. Sugarcane breeding efforts may benefit from leveraging genetic variability in early stages of culm development. 
 
PE0518: Bioenergy 
Novel Bayesian Networks for Genomic Prediction of Dynamic Traits in Bioenergy Sorghum 
Jhonathan Pedroso Rigal dos Santos1, Samuel B Fernandes2, Roberto Lozano1, Patrick J. Brown3, Edward S. Buckler4, Antonio 
Augusto Franco Garcia5 and Michael A. Gore6, (1)Cornell University, Ithaca, NY, (2)University of Illinois Urbana-Champaign, 
Champaign, IL, (3)Department of Plant Sciences, University of California, Davis, Davis, CA, (4)USDA-ARS-Cornell University, 
Ithaca, NY, (5)University of São Paulo (ESALQ/USP), Piracicaba - SP, Brazil, (6)Plant Breeding and Genetics Section, School of 
Integrative Plant Science, Cornell University, Ithaca, NY 
Sorghum (Sorghum bicolor L. Moench spp.) is a bioenergy crop with several appealing biological features to be explored in plant breeding for 
increasing efficiency in bioenergy production. The possibility to connect the influence over time and between traits to build predictive systems 
highlight the Bayesian networks as a powerful probabilistic framework to design novel genomic prediction models. In this study, we phenotyped 
a diverse panel of 869 sorghum lines in six different environments (3 locations in 2 years) with biweekly measurements from 30 days after 
planting (DAP) to 120 DAP for plant height and dry biomass at the end of the season. Genotyping-by-sequencing was performed, resulting in the 
scoring of 100,435 biallelic SNP markers. We developed and evaluated several genomic prediction models: Bayesian Network (BN), Pleiotropic 
Bayesian Network (PBN), and Dynamic Bayesian Network (DBN). Assumptions for BN, PBN, and DBN were independence, dependence 
between traits, and dependence between time points, respectively. For benchmarking, we used multivariate GBLUP models that considered only 
time points for plant height (MTi-GBLUP), and both time points for plant height and dry biomass (MTr-GBLUP) modeling unstructured 
variance-covariance matrix for genetic effects and residuals. Coincidence indices (CI) were computed for understanding the success in selecting 
for dry biomass using plant height measurements, as well as a coincidence index based on inbred lines (CILL) using the posterior draws from the 
Bayesian networks to understand genetic plasticity over time. In the 5-fold cross-validation scheme, prediction accuracies ranged from 0.48 
(PBN) to 0.52 (MTr-GBLUP) for dry biomass and from 0.48 (DBN-DAP120) to 0.75 (MTi-GBLUP-DAP60) for plant height. The forward-
chaining cross-validation yielded a substantial increment in prediction accuracies when using the DBN model, with r = 0.6 (train on slice 30:45 
to predict 120 DAP) to 0.93 (train on slice 30:60 to predict 75 DAP) compared to the BN and PBN, and similar to multivariate GBLUP models. 
Both the CI and CILL indices showed that the ranking of promising inbred lines changed minimally after 45 DAP for plant height. These results 
suggest that 45 DAP is an optimal developmental stage for imposing the two-level indirect selection framework, where indirect selection for 
plant height at the end of the season (first-level target trait) can be done based on its ranking with 45 DAP (secondary trait) as well as for dry 
biomass (second-level target trait). With the advance of robotic technologies for field-based phenotyping, the development of novel approaches 
such as the two-level indirect selection framework will be imperative to boost genetic gain per unit of time. 
 
PO0519: Bioenergy 
Development and Characterization of SSR Markers Based on Transcriptome Sequencing in Erianthus arundinaceus 
Weerakorn Saengsai1, Benjawan Ruttawat1, Suparat Srithawong2, Masumi Ebina3, Makoto Kobayashi3, Yoshifumi Terajima4, 
Amarawan Tippayawat1, Suchirat Sakuanrungsirikul5 and Shin-ichi Tsuruta4, (1)KhonKaen Field Crops Research Center, 
KhonKaen, Thailand, (2)KhonKaen University, KhonKaen, Thailand, (3)National Agriculture and Food Research Organization 
(NARO), Tochigi, Japan, (4)Japan International Research Center for Agricultural Sciences (JIRCAS), Okinawa, Japan, (5)Khon 
Kaen Field Crops Research Center (KKFCRC), Khon Kaen, Thailand 
Erianthus arundinaceus, a member of the Saccharum complex, is of interest as a potential resource for sugarcane improvement and as a 
bioenergy crop. Genetic analyses of germplasm collections of E. arundinaceus are being used increasingly. To expand the genomic resources in 
E. arundinaceus, we aimed at developing simple sequence repeat (SSR) markers. Using an Illumina HiSeq2000 system, we sequenced RNA 
from two E. arundinaceus accessions from Japan and one from Indonesia. All raw sequencing reads were assembled into contigs, which were 
used as reference sequences for transcriptome analysis in each genotype. Duplicate and organelle genome regions were filtered out, and SSR-
containing regions were used to design about 2,500 primer pairs. Of these regions, a total of 672 annotated regions were selected for primer 
synthesis. These regions were characterized by the presence of di- to hexanucleotide repeats. Among these primer pairs, 540 were selected using 
agarose gel electrophoresis of fragments amplified by PCR from four wild E. arundinaceus accessions from Thailand. These primer pairs were 



further screened for reproducibility of amplification and polymorphism of detected fragments with eight wild E. arundinaceus accessions by 
using an ABI3500 Genetic Analyzer. The primer pairs selected in the second screening were applied to Saccharum and Miscanthus species. This 
study provides a valuable tool for estimating genetic diversity and constructing linkage maps in E. arundinaceus and in intergeneric hybrids with 
Saccharum spp., which would be useful for further genetic study and breeding. 
 
PE0520: Bioenergy 
Effects of Genotyping-by-Sequencing Strategies on the Precision of QTL Mapping in an Obligate Outcrossing Plant 
(Miscanthus sinensis) 
Nicholas Labonte1, Siyao Liu2, Liang Xiao3, Lindsay V. Clark4 and Erik J. Sacks4, (1)University of Illinois, Department of Crop 
Sciences, Urbana, IL, (2)University of North Carolina, Chapel Hill, NC, (3)University of Illinois Department of Crop Sciences, 
Urbana, IL, (4)Dept of Crop Sciences, University of Illinois, Urbana, IL 
Genotyping-by-sequencing (GBS) has gained popularity as an inexpensive strategy for generating large numbers of single nucleotide 
polymorphism (SNP) markers. Frequently the purpose of GBS-generated SNP markers is quantitative trait locus (QTL) mapping with the 
ultimate goal of assisting plant breeding. The results of GBS-based genetic mapping may be influenced by SNP calling and filtering strategies, 
with important downstream effects on QTL confidence intervals, useful marker-trait associations, and genomic prediction. We tested the effects 
of two GBS SNP-calling pipelines and three SNP filtering strategies on yield QTL mapping results in a cross of Miscanthus sinensis, a cold-
hardy perennial C4 grass being improved as a high-yielding bioenergy crop. To generate genetic maps, we identified SNPs using the UNEAK 
pipeline (no reference genome) and via the TASSEL-GBS pipeline (reference genome) from the same sets of reads. The resulting variant files 
were filtered by marking as “missing” all individual-by-locus combinations supported by less than 5, 7, or 12 reads. Genetic mapping and QTL 
analysis were conducted individually for the six datasets. Our results demonstrate that association mapping results differ based on sequencing 
and SNP-calling strategy in plants with high levels of heterozygosity and large, complex genomes, indicating best practices for using GBS to 
conduct QTL mapping in outcrossing populations. 
 
PO0521: Bioenergy 
QTL Mapping of Tolerance to Flood Stress in an Interspecific Miscanthus Population 
Liang Xiao1, Nicholas Labonte2, Lindsay V. Clark3 and Erik J. Sacks3, (1)University of Illinois Department of Crop Sciences, 
Urbana, IL, (2)University of Illinois, Department of Crop Sciences, Urbana, IL, (3)Dept of Crop Sciences, University of Illinois, 
Urbana, IL 
Miscanthus is a warm-season, temperate-adaped perennial grass that has high biomass yield potential. Miscanthus biomass can be used to 
produce bioenergy and bioproducts. It would be desirable to cultivate bioenergy crops on land that is unsuitable for food crops, to avoid 
competition between them. Seasonally flooded lands are unsuitable for most crops. For example, in the Midwest U.S., waterlogged potholes are 
common on most farms and are unprofitable for maize and soybean production. If Miscanthus could be grown on such seasonally flooded lands, 
then farmers could realize additional profits, improve soil conservation, and reduce nutrient runoff, while not reducing yields of their primary 
food crops. Therefore, breeding Miscanthus for tolerance to waterlogging is an important goal of our breeding program. We have previously 
observed that M. sacchariflorus ssp. lutarioriparius is especially well-adapted to seasonal flooding and has high yield potential, but little is 
known about the genetics of this adaptation. We studied two interconnected F1 interspecific populations, 14UI-026 and 14UI-021, consisting of 
264 and 210 individuals, respectively, derived from crosses between a single diploid M. sacchariflorus ssp. lutarioriparius genotype and two 
different diploid M. sinensis genotypes (i.e. diploid M. ×giganteus). In a controlled environment greenhouse, we conducted a randomized 
complete block experiment with four replications, comparing an aerobic soil control irrigated with 2 cm of bottom water to a six week flood 
treatment with 22.9 cm of water. Under flooded conditions, the M. sinensis parents either died entirely or all new shoots died, whereas the M. 
sacchariflorus ssp. lutarioriparius parent and most of the F1 progeny continued to grow new shoots, though at varying rates depending on the 
genotype. Control non-flooded plants grew well, as expected. A high-density linkage map is being constructed using single nucleotide 
polymorphisms (SNPs), generated using restriction site associated DNA sequencing (RAD-seq), to identify quantitative trait loci (QTL) for 
biomass yield, height, tiller number, shoot dry weight, stem diameter, and SPAD under flooded conditions. 
 
PE0522: Bioenergy 
Understanding the Epigenomic Landscape and Transcriptional Architecture of Switchgrass Imposed with Single and 
Combinations of Drought and Heat Stress 
Venu (Kal) Kalavacharla1, Rita Hayford2, Vasudevan Ayyappan1, Shaojun Xie3, Desalegn D. Serba4, Malay C. Saha5, Jyothi 
Thimmapuram3 and Cathy Wu2, (1)Delaware State University, Dover, DE, (2)University of Delaware, Newark, DE, (3)Purdue 
University, West Lafayette, IN, (4)Kansas State University, Hays, KS, (5)Noble Research Institute, LLC, Ardmore, OK 
Plants in their natural environment are affected by a combination of simultaneous stresses. High temperatures and water deficiency severely 
affect crop growth and yield. Despite the documented damage of heat and drought on crops, their interaction and the crop’s physiological 
response to these combined stresses remain unclear. Hence, there is a need to understand the molecular and physiological mechanisms of crop 
tolerance under heat and drought stresses. Recent developments in high-throughput sequencing technologies have improved our understanding of 
the molecular mechanisms in heat and drought tolerance. Switchgrass is an economically important bioenergy crop, grown in a wide 
geographical region. This is due to its relatively high biomass accumulation even when grown in marginal lands, its ability to assimilate nitrogen, 
and its adaptability to climatic variability. It is necessary to develop tools to facilitate the identification, characterization, and regulation of 
important genes that contribute to heat and drought adaptation. Analyses of the epigenetic landscape and combining this with RNA profiling in 
response to heat and drought have not been carried out in switchgrass. In this study, we profiled the genome-wide methylated-histone mark, 
H3K4me3, using ChIP-seq analysis coupled with RNA-seq to determine differential histone modifications and expression of genes related to 
heat, drought, and the combination of both stresses. Our study provides the first attempt at integrated transcriptome and epigenomic profiling of 
switchgrass under drought and combination of drought and heat stress. Methylated peaks (H3K4me3) were enriched downstream of the 
transcription start sites of protein-coding genes in both drought and heat treated samples.. The transcriptome analysis revealed unique expression 



patterns of genes and transcription factors associated with photosynthetic machinery, carbon fixation and phenylpropanoid pathways. 
Additionally, we have developed reference methylomes, transcriptomes, and epigenomes in upland and lowland switchgrass ecotypes. 
Understanding the chromatin status and transcriptional responses brought about by these combined stresses are necessary to unravel unique genes 
and signaling pathways to improve abiotic stress tolerance and biomass production in switchgrass. The present study would also be useful in 
understanding the cross talk between the multiple stresses, which will help to unravel multifunctional genes to combat abiotic stresses in context 
of climate change. 
 
PO0523: Bioenergy 
Developing Genomic Resources for Tripidium As a Novel Biomass Crop 
Nathan A. Maren1, Rishi Aryal1, Darren Touchell2, Hamid Ashrafi1 and Thomas Ranney2, (1)North Carolina State University, 
Raleigh, NC, (2)North Carolina State University, Mills River, NC 
Plant biomass feedstocks represent an abundant and renewable resource for lignocellulosic-based products including fiber, forage, and bioenergy 
applications. Members of the grass family Poaceae Subtribe Saccharinae, have gained attention for their broad adaptability, pest resistance, and 
high biomass yields. Previous work to develop improved perennial bioenergy grasses has emphasized warm temperate or subtropical cultivation. 
In temperate regions, Miscanthus, particularly M.×giganteus has demonstrated exceptional utility as a biomass crop. Fewer resources have been 
allocated to other Saccharinae genera, but certain Tripidium (Erianthus) species have shown promise. Our efforts focused on generating genomic 
resources for the diploid Tripidium ravennae for future crop improvement. Having genomic information for Tripidium would enable innovative 
approaches for molecular breeding and genetic modification of Tripidium and related genera. To determine chromosome number of T. ravennae, 
chromosome preparations were made to calibrate relative DNA content with ploidy level (2n = 2x = 20). Holoploid genome size (2C), was 
measured by flow cytometry to be 2.03 pg (1C = 1.015 pg). The genome was sequenced at 93X coverage by single-molecule real-time (SMRT) 
sequencing. Reads were assembled using ‘Falcon’ and phased into haplotigs using ‘Falcon-Unzip’. The final error correction on the phased 
assembly was completed using ‘Arrow’ software. A phased assembly with 1.01 GB primary contig (N50=1.002 MB) and 398 MB in haplotigs 
(N50 =51 KB). In-vivo proximity ligation (HiC) sequences were generated to develop a chromosome scale reference genome of Tripidium. 
Different aspects of the genome including repeats and comparative genomics with closely related species will be discussed. 
 
PE0524: Bioenergy 
Genome-Wide Identification of Cytosine-5 Methylation Machinery in Salicaceae 
Carolina Gomes1, Pawel Sulima2 and Jorge A. P. Paiva1, (1)Institute of Plant Genetics, Polish Academy of Sciences, Poznań, 
Poland, (2)University of Warmia and Mazury in Olsztyn, Olsztyn, Poland 
Salix species (willows) are one of the leading biomass crops in the northern hemisphere, given the ease of vegetative propagation and fast growth 
in short-rotation coppices.  
However, for willows to attain full potential as bioenergetic crops, it is crucial to understand the role of epigenetic DNA modifications on its 
phenotypic plasticity to a changing environment. Cytosine-5 methylation (Cy5Met) is a major and dynamic epigenetic DNA modification, 
encompassing multiple interacting cellular machineries, in complementary processes including de novo and maintenance DNA methylation and 
DNA demethylation.  
involved in Cy5Met in Salicaceae. Seven, six and nine DNA methyltransferases (C5-MTases) were identified in S. purpurea, S. suchowensis and 
P. trichocarpa, respectively. For the studied Salicaceae species, three DNA demethylases were identified. Based on protein domain analysis, C5-
MTases were classified into four subclasses (MET, DNMT, CMT, and DRM) and DNA demethylases were classified into two subclasses (ROS 
and DML). Identified genes were characterized in terms of phylogeny, domain conservation, motif structure and chromosomic location. The 
characterization of Cy5Met gene families revealed a high level of synteny and protein sequence conservation between different Salicaceae 
species.  
Finally, to understand the effect of Cy5Met on S. purpurea development, expression analysis of the identified genes in different tissues/organs 
was performed. The results obtained in this study will provide a roadmap for future functional studies of Cy5Met gene families in Salicaceae and 
other woody species.  
Acknowledgments: The authors thank the NCN (Poland) SONATABIS 5 bis grant UMO-2015/18/E/NZ2/00694 (project PurpleWalls). C. 
Gomes thanks the PhD fellowship in the frame of project PurpleWalls and the ICHB PAN research grant (50/SN/2018). JAP Paiva acknowledges 
his research contract financed from the EU FP7 BIOTALENT project [GA621321] and financial sources for education in the years 2015-2019 
allocated to an international co-financed project no W26/7.PR/2015 [GA 3413/7.PR/2015/2] 
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Rhizosphere Microbial Communities associated with Switchgrass Grown in Marginal Soils 
Yuan Wang, Noble Research Institute, Ardmore, OK 
Switchgrass (SG; Panicum virgatum L.) is a perennial C4 grass native to the tallgrass prairie and a promising feedstock for U.S. bioenergy 
production. A major barrier to large-scale cultivation of SG under low-input management is seedling establishment. We hypothesize that 
successful establishment and sustainable cultivation of SG in marginal soils is in part enabled by beneficial plant-microbial interactions in the 
rhizosphere, potentially through enhanced nutrient acquisition, water uptake and/or pathogen suppression. In a recent study, we tracked SG 
rhizosphere microbial community succession associated with high- and low-performing SG plants grown in marginal soils at two Oklahoma field 
sites. The outcome of this research will provide a better genomic basis for SG cultivation in marginal soils, expand our knowledge of the 
interactions between soil microbiomes, plants and ecosystems, and ultimately guide efforts for translation into agronomic row crops. 
 
PE0526: Bioenergy 
Characterization and Transcriptome Analysis of Novel High-Performance Lignocellulose Degrading Enzyme Encoding 
Genes from Thermophilic Fungi 
Igor Yakovlev, Carl Gunnar Fossdal and Jihong Liu Clarke, Norwegian Institute of Bioeconomy Research, Ås, Norway 



Thermoascus aurantiacus is a thermophilic fungus in Eurotiales that has been examined extensively for its ability to secrete large amounts of 
thermostable enzymes for the depolymerisation of cellulose and hemicellulose from plant biomass. In this study, Thermoascus aurantiacus 
(ATCC® 26904™) gene expression was screened on four substrates: crystalline cellulose, Norway spruce wood, Pine sapwood and control 
medium with starch after 24 hours and 96 hours.  
Of fungal enzymes, peroxidases (lignin peroxidase and manganese peroxidase) and laccases are the two major classes of enzymes involved in 
biodegradation of lignin and recalcitrant xenobiotics. From 8798 gene models defined in Thermoascus aurantiacus genome v1, we found 13 
gene models, containing Multicopper oxidase (type 1-3) domains and considered as laccases. Of these, eight were relatively highly expressed 
having more than 200 reads (209 – 2683 reads) and only four gene models were differentially expressed (upregulated) in relation to expression 
levels in control and cellulose substrates.  
All four candidate laccases do not appear to be related. Three of them are located on scaffold 3, but quite distantly, have length around 600 aa, 
but are quite different in exon-intron structure. They have different sets of domains and only two of them have signal peptides. The fourth 
candidate laccase is placed on scaffold 10, has just one exon and the greatest length with more than 11 hundred aa. It has transmembrane motif 
and possible N-term signal sequence. These candidate laccases will be tested for production of recombinant enzymes in tobacco. 
 
PO0527: Forest Trees 
TreeGenes and CartograTree: Tools for Forest Tree Genomics 
Emily Grau1, Sean Buehler2, Nic Herndon2, Peter Richter2, Taylor Falk2, Ronald Santos1, Margaret Staton3, Stephen P. Ficklin4 and 
Jill L. Wegrzyn2, (1)University of Connecticut, Storrs, CT, (2)Department of Ecology and Evolutionary Biology, University of 
Connecticut, Storrs, CT, (3)University of Tennessee, Knoxville, TN, (4)Dept of Horticulture, Washington State University, 
Pullman, WA 
TreeGenes is a web-based information resource designed to serve the diverse needs of the forest tree genomics research community by uniting 
information resources with tools for visualization and analysis. TreeGenes is built with Tripal, an open source tool to create and manage genomic 
database websites. Tripal allows developers the flexibility to create, share, and reuse tools with other data repositories.  
TreeGenes hosts a range of information resources including genetic, genomic, and phenotypic data along with literature and community 
resources for over 1700 species. The Tripal Galaxy module allows users to execute analytical workflows with next generation sequencing 
datasets on high performance computing resources with the click of a button. Other tools include the Tripal Plant PopGen Submission (TPPS) 
module for collection of population genetic data and metadata, TSeq for rapid sequence similarity search, OrthoQuery for visualizing 
orthologous gene sets in a phylogenetic context, and CartograTree for landscape and association analysis.  
CartograTree is a map-based framework that provides an efficient tool for researchers to display, select, and analyze model and non-model trees 
in conjunction with their associated genotypic and phenotypic metrics. CartograTree allows users to query, filter, and visualize data sourced from 
TreeGenes as well as external databases including Dryad and TreeSnap. The integration of environmental layers with genomic data associated 
with these georeferenced trees allows for analyses such as association mapping and landscape genomics. The Tripal Galaxy tool is integrated into 
CartograTree, allowing users to seamlessly submit datasets for analysis. 
 
PE0528: Forest Trees 
Accurate De Novo Transcriptome Assembly of Cryptomeria japonica to Enrich Gymnosperms Genomic Study 
Fu-Jin Wei1, Saneyoshi Ueno1, Tokuko Ujino-Ihara1, Satoko Totsuka2, Junji Iwai2, Tetsuji Hakamata3 and Yoshinari Moriguchi4, 
(1)Forestry and Forest Products Research Institute, Forest Research and Management Organization, Tsukuba, Japan, (2)Niigata 
Prefectural Forest Research Institute, Murakami, Japan, (3)Shizuoka Prefectural Research Institute of Agriculture and Forestry, 
Iwata, Japan, (4)Graduate School of Science and Technology, Niigata University, Nishi-ku, Japan 
Sugi, Cryptomeria japonica, is an important afforestation conifer in Japan. This gymnosperm species is under the era of developing the 
foundation of functional genomic study. In spite of unfinished assembling huge--11gbs sugi genome, the transcriptome analysis is necessary to 
complete the annotation. To adjust the potential assembling bias, we designed a three-stages assembling workflow, which embedded with the de 
novo transcriptome assembly tools, Oases and Trinity. The result set of 49,795 cDNA and an equal number of translated proteins. Although the 
integration and refining process eliminated over half of assembled contigs, the reads usage rate showed only discarded less than 6% of all used 
reads. By the benchmark of BUSCO, there was 78.4% “Complete and single-copy” genes out of 87.01 % complete gene. Compare to other full-
length cDNA resources, the coverage suggests using it as the mainstream for further study. The identification of sugi MYB gene family gave us a 
new perspective on plant evolution. To reinforce a genomic resource of gymnosperms, a part of the evolutionary view from angiosperms would 
be changed by our study. We would like to demonstrate a couple of cases of MYBs, to reveal the conservation and divergence of angiosperms 
and gymnosperms. The conservation of MYB80 is across angiosperms and gymnosperms. The sugi specific R2R3-MYBs might imply the 
specific regulation network on conifers. The sugi’s 3R- and 4R- MYB also have some story to explore, but need more study to be involved. This 
study was partly supported by a grant from the Project of the NARO Bio-oriented Technology Research Advancement Institution (Research 
program on development of innovative technology). 
 
PO0529: Forest Trees 
Reconstruction of a Full-Length Transcriptome of Cryptomeria japonica 
Tomonori Hirao, Forest Bio-Research Center, Forestry and Forest Products Research Institute, Hitachi, Ibaraki, Japan, Soichiro 
Nagano, Forest Tree Breeding Center, Forestry and Forest Products Research Institute, Hitachi, Ibaraki, Japan and Mine Nose, 
Forest Tree Breeding Center, FFPRI, Hitachi, Ibaraki, Japan 
Japanese cedar (Cryptomeria japonica) is an important tree for Japanese forestry. Currently, as temperature rise and precipitation pattern shifts as 
a result of climate change, interest in the discovery of genotypes that will thrive under more arid conditions has grown. In order to understand the 
molecular mechanism to abiotic stress (e.g. drought and heat stress) in C. japonica, it is necessary to enrich and understand its genomic 
information. Previous transcriptomes of C. japonica have been carried out by short-read 454 sequencing, and that information has been supplied 
to gene expression profiling of the various organs and the discovery of genetic variants. However, the vast majority of the resulting uni-genes has 



not been represented in full-length cDNA sequences. Reconstruction and annotation of transcripts, particularly for a species without a reference 
genome, plays a critical role in gene discovery and investigations for genomic signature. In this study, two cDNA libraries, which were 
constructed from the drought stress-treated shoots and the heat stress-treated shoots of C. japonica were sequenced using PacBio Iso-Seq long 
reads. We identified 58,469 and 46,252 full-length unique transcript models in each sample respectively. Compared with previous studies that 
used 454 read sequencing, our reconstructed transcripts were longer, more likely to be full-length and included numerous transcript variants. 
Those transcriptome sequences are useful as a reference in SNP discovery and RNA-Seq in C. japonica. 
 
PE0530: Forest Trees 
Trait Prediction Models for Selecting Superior F1 Individuals with Multiplex SNP Genotyping System in Cryptomeria 
japonica (Japanese Cedar) 
Soichiro Nagano1, Tomonori Hirao2, Kentaro Mishima1, Makoto Takahashi1, Taiichi Iki3, Yuya Takashima1, Futoshi Ishiguri4 and 
Yuichiro Hiraoka1, (1)Forest Tree Breeding Center, Forestry and Forest Products Research Institute, Hitachi, Ibaraki, Japan, 
(2)Forest Bio-Research Center, Forestry and Forest Products Research Institute, Hitachi, Ibaraki, Japan, (3)Tohoku Regional 
Breeding Office, Forest Tree Breeding Center, Forestry and Forest Products Research Institute, Takizawa, Iwate, Japan, (4)Faculty 
of Agriculture, Utsunomiya University, Utsunomiya, Japan 
Along with advances in sequencing technology and constructions in genome and gene sequence, molecular breeding technics predicting genetic 
potentials from individual genotypes and selecting superior individuals have been developed. In Japanese cedar (Cryptomeria japonica), which is 
the most popular coniferous species in Japanese forestry, we constructed a comprehensive EST collection from multiple tissues, and developed a 
custom Axiom array that is able to genotype more than 70K SNPs simultaneously, genotyped C. japonica plus-trees using the array, and detected 
many SNPs that significantly correlated with economically important traits by genomic prediction. In this study, we constructed an AmpliSeq 
custom panel in order to determine about 3,000 informative SNPs simultaneously, and genotyped 576 individuals of F1 populations. We 
constructed prediction models for growth and wood properties-related traits using the obtained genotypes. The prediction models tended to 
estimate some traits related to wood properties with higher accuracy than growth-related traits. This study suggests that the potential of genomic 
selection using actual breeding populations in C. japonica. 
 
PO0531: Forest Trees 
Microarray Expression Profiling of Lodgepole (Pinus contorta) and Jack (P. banksiana) Pine in Response to the Mountain 
Pine Beetle Fungal Associate, Grosmannia clavigera under Drought Conditions 
Adriana Arango, The Connecticut Agricultural Experiment Station, New Haven, CT 
The mountain pine beetle (MPB –Dendroctonus ponderosae Hopkins-) and its associated fungi (Grosmannia clavigera), are affecting forest 
health across Western Canada and the U.S., causing large-scale mortality of lodgepole pine (Pinus contorta Douglas var. latifolia) and jack pine 
(P. Banksiana Lamb). Recent climate fluctuations in temperature and drought periods might be intensifying MPB outbreaks while decreasing 
tree response capacity. cDNA microarray was used to assess transcriptional changes of these two species under drought and fungal inoculation. 
Comparisons of drought-stressed and well-watered second year growth seedlings with or without fungal inoculation were performed at three time 
points (7, 14 and 28 dpi). To understand the complex interaction that regulate tree response, levels of terpene synthase and chitinases were 
studied using quantitative Real Time PCR. A total number of 11,071 orthologs were found and used in the analysis of each lodgepole and jack 
pine database, in response to inoculated or non-inoculated treatments under the two water regimes. Further categorization analysis using 
MapMan showed genes associated predominantly to abiotic and biotic stress, such as secondary metabolism (isoprenoids, phenylpropanoids, 
flavonoids), and hormone metabolism (auxin, ethylene, jasmonate, salicylic acid). Overall expression profiles in lodgepole and jack pine provide 
a base to identify commonalities among defense pathways between the coevolved lodgepole and naïve jack pine. Both species responded to G. 
clavigera by undergoing multifaceted induced reactions, which included quantitative changes in the expression levels of biotic and abiotic stress 
response genes. 
 
PE0532: Forest Trees 
Utilization of Tissue Ploidy Level Variation in De Novo Transcriptome Assemblies of Conifer Pinus Sylvestris 
Dario I. Ojeda1, Tiina Mattila1, Tom Ruttink2, Sonja Kujala3, Lieven Sterck4, Katri Kärkkäinen3, Jukka-Pekka Verta5 and Tanja 
Pyhäjärvi6, (1)Univeristy of Oulu, University of Oulu, Finland, (2)ILVO Plant Sciences Unit, Melle, Belgium, (3)Natural 
Resources Institute Finland, Oulun Yliopisto, Finland, (4)VIB Ghent University, Ghent, Belgium, (5)University of Helsinki, 
Helsinki, Finland, (6)University of Oulu, Oulu, Finland 
De novo transcriptomes are increasingly used as references for non-model species population genetic studies. However, using them as a reference 
has caveats. Transcriptome assemblies derived from outcrossing, heterozygous population material are especially challenging because 1) Allelic 
variation creates excess of loci in the transcriptome 2) isoforms are potentially assembled as distinct transcripts and 3) overcorrecting the 
transcriptome redundancy clusters paralog copies together. This will lead to data loss due to paralog mapping or underestimating heterozygosity 
because allelic variants map to different transcripts.  
Both haploid megagametophyte and diploid embryo tissue are present in Scots pine seeds. 700 million paired-end Scots pine RNA-seq reads 
from 6 genotypes and 5 tissues were used to construct multiple de novo assemblies. A set of transcriptomes was assembled separately for every 
haploid genotype as these assemblies do not suffer from the presence of multiple alleles. These haploid assemblies acted as guides for assemblies 
combining genotypes and tissues in a single assembly. Different redundancy reduction methods were tested and the extent of observed 
heterozygosity in haploid and diploid material was used to evaluate assembly quality.  
The assembly method utilizing haploid information creates the most complete assemblies. Redundancy reduction methods based on similarity or 
identifying isoforms tend to reduce the transcriptome completeness. Orthology guided assembly is heavily affected by the incomplete annotation 
of reference genomes. Paralog mapping problem was smallest in Trinity guided + CD-HIT clustered assembly. However, different assembly 
strategies create large variation in transcriptome size which further affects the read depth and SNP calling. 
 



PO0533: Forest Trees 
Full-Length cDNA Isoform Collection from Japanese Larch (Larix kaempferi) and Kurile Larch (Larix gmelinii var. 
japonica) and the Interspecies Comparison 
Kentaro Mishima1, Hideki Hirakawa2, Taiichi Iki3, Yoko Fukuda4, Tomonori Hirao5, Akira Tamura6, Manabu Kurita7 and Makoto 
Takahashi1, (1)Forest Tree Breeding Center, Forestry and Forest Products Research Institute, Hitachi, Ibaraki, Japan, (2)Kazusa 
DNA Research Institute, Kisarazu, Japan, (3)Tohoku Regional Breeding Office, Forest Tree Breeding Center, Forestry and Forest 
Products Research Institute, Takizawa, Iwate, Japan, (4)Hokkaido Breeding Office for FTBC, Forestry and Forest Products 
Research Institute, Ebetsu,Hokkaido, Japan, (5)Forest Bio-Research Center, Forestry and Forest Products Research Institute, 
Hitachi, Ibaraki, Japan, (6)Forest Breeding Center, Forestry and Forest Products Institute, Hitachi, Japan, (7)Kyushu Regional 
Breeding Office, Forest Tree Breeding Center, FFPRI, Koshi, Kumamoto, Japan 
Japanese larch (Larix kaempferi) is a deciduous, coniferous species that naturally grows cool-temperature forest from central to northern Honshu, 
and endemic in Japan. The species is one of the most important forestry tree species in Japan. Kurile larch (Larix gmelinii var. japonica) is a 
variety of Dahurian larch (Larix gmelinii), distributed in Chishima islands (Kuril islands) and Sakhalin. Because the hybrid larch (Larix gmelinii 
var. japonica×Larix kaempferi) shows heterosis (rapid juvenile growth, high resistance to various pests and diseases), eleven million seedlings 
are supplied as planting material for forestation in Hokkaido area every year.  
For acceleration of molecular breeding, the objective of this study is to collection and comparison of full-length cDNA isoform found in xylem, 
needle leaf in both species. We identified 79,832 and 66,002 isoforms by PacBio RSⅡfrom Japanese larch and Kurile larch, respectively, and 
investigated a comparison of collected isoforms in both species. The collected isoforms will be reference sequence for using various 
experimental approach. 
 
PE0534: Forest Trees 
Expression Analysis of Needle Abscission in the Deciduous Eastern Larch (L. laricina) 
Olivia Marie Maher and Jill L. Wegrzyn, Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT 
Larix laricina, commonly known as the Eastern Larch, is a deciduous conifer native to Eastern and Northeastern United States, Eastern Canada, 
and Alaska. Trees such as L. laricina serve as an indicator of ecosystem health, as modifications to plant phenology, including the timing of 
needle color change and dropping, are impacted by climate change, introduced pathogens, and other environmental stressors. Among deciduous 
species, Autumn leaf abscission results from a reduction of chlorophyll in response to shortened day length and water availability. Abscission is 
thought to be caused by the promotion of senescence-associated genes (SAGs), like Metallothionein encoding genes and cysteine proteases, and 
the suppression of senescence-downregulated genes (SDGs), like Cytokinin encoding genes. These genes influence plant hormones, such as 
ethylene and salicylic acid, that act on the abscission zone. The mechanisms of leaf loss in angiosperms have been well studied; however, little is 
known about the gymnosperms that display this trait. Here, we present a comparison of the genetic mechanisms underlying needle loss with 
those implicated in other deciduous species. RNA was collected from the abscission zone of 18 trees during three distinct Autumn season 
timepoints. Illumina libraries were sequenced on the NextSeq500 (75bp PE). In the absence of a reference genome, transcripts were de novo 
assembled and assessed for differential expression across the three timepoints. Differentially expressed genes were functionally annotated and 
compared with reference pathways from public repositories. Bioinformatic comparisons of the genes with angiosperm pathways (Populus and 
Arabidopsis) will assist in assessing similarities and differences. 
 
PO0535: Forest Trees 
Characterizing the Genetics of Sex Dimorphism in Salix purpurea L. 
Brennan Hyden1, Craig H. Carlson1, David Macaya-Sanz2, Ran Zhou2, Stephen DiFazio2, Jeremy Schmutz3, Ken Keefover-Ring4 
and Lawrence B. Smart1, (1)Cornell University, Geneva, NY, (2)West Virginia University, Morgantown, WV, (3)HudsonAlpha 
Institute for Biotechnology, Huntsville, AL, (4)University of Wisconsin-Madison, Madison, WI 
Purple osier willow (Salix purpurea L.) is a dioecious perennial shrub that has a female heterogametic, ZW sex system. Willow is useful as a 
bioenergy crop alternative to fossil fuels and is burned to generate heat and electricity. Previous genetic mapping and gene expression profiling in 
S. purpurea has delimited the sex determination region to S. purpurea chr15. The most recent version of the genome includes distinct Z and W 
haplotypes of chr15, with >1 Mb of unique W sequence. There is an effort to map gene regulatory networks associated with sex determination in 
order to ultimately identify master regulator genes for sex. Utilizing RNA-Seq (2x150) and secondary metabolite data obtained from field-
collected catkins of 94 female and 94 male progeny in a F2 mapping population, we have identified extensive sex dimorphism in both datasets. 
Here, we compare the recently annotated Z and W haplotypes of chr15, as well as mapping results in the F2 of the genomic locations of the most 
extreme differentially expressed secondary metabolites. We also hope to conduct an eQTL analysis using these data in order to associate 
expression levels with regulatory factors and begin to construct gene networks related to chemical sex dimorphism and sex determination. The 
results from this study provides new insights into key genes in the sex determination signaling pathway and the SDR. 
 
PE0536: Forest Trees 
Sex Ratio Bias and Sexual Dimorphism in the Dioecious Willow, Salix purpurea L. 
Junzhu Zou1,2, Craig H. Carlson1, Fred E. Gouker1, Christine D. Smart1, Stephen DiFazio3 and Luke M. Evans4, (1)Cornell 
University, Geneva, NY, (2)Chinese Academy of Forestry, Beijing, China, (3)West Virginia University, Morgantown, WV, 
(4)University of Colorado, Boulder, CO 
Quantification of sex-related differences in dioecious plants can provide evidence for the evolutionary, ecological and molecular bases of sex 
differentiation. In willow (Salix spp.), female-biased sex ratios are often observed but not well understood. Evolutionary and ecological theories 
suggest that males and females of a dioecious species will become sexually dimorphic leading to differences in reproductive success, growth, and 
fitness, which should then lead to measurable differences in phenotypes and biased sex ratios due to sexual antagonism. This study examined a 
suite of morphological, phenological, physiological, and pathology traits of S. purpurea in F1 and F2 mapping populations and an association 



population to test for sexual dimorphism and sex ratio bias in a species that uses a female heterogametic, ZW sex system. We found significant 
female-biased sex ratios in both F1 and F2 families, and evidence of sexual dimorphism in S. purpurea, whereby phenotypes measured across 
multiple years were highly predictive. Yield was significantly greater in male plants, which also exhibited greater nitrogen utilization under 
fertilizer amendment, but also greater susceptibility to fungal infection by willow leaf rust (Melampsora spp.). These results provide additional 
evidence for female-biased sex ratios in willow, as well as sexual dimorphism in favor of males, expressed as greater overall biomass growth and 
nutrient uptake. Our data provide a foundation for further examination of the evolution of a ZW sex determination system in the Salicaceae. 
 
PO0537: Forest Trees 
Multiple Approaches to Mapping Resistance to Melampsora Leaf Rust in Shrub Willow (Salix spp.) 
Dustin G. Wilkerson, Chase R. Crowell, Craig H. Carlson, Fred E. Gouker, Christine D. Smart and Lawrence B. Smart, Cornell 
University, Geneva, NY 
Breeding programs benefit from knowledge of the genomic architecture of traits targeted for selection. In perennial crops like shrub willow 
(Salix spp.), developing genetic maps can help reduce the time between crossing and cultivar release that could otherwise take several years. We 
have developed the resources to take a multifaceted approach for mapping leaf rust resistance, including eight interspecific F1 common parent 
mapping populations, a S. purpurea F2 mapping population, and a S. purpurea association panel. These populations have been planted in separate 
fields with at least four randomized complete blocks and have all been genotyped using genotyping-by-sequencing (GBS). The interspecific F1 
families have either a common female or male S. purpurea parent crossed to individuals of S. suchowensis, S. viminalis, S. integra, S. udensis, S. 
koriyanagi, and S. alberti and will be used to develop F1 maps for joint linkage QTL analyses. The S. purpurea F2 family (n=485) was derived 
from crossing 94006 and 94001 followed by crossing two of their F1 progeny and has already been used to identify rust resistance QTL in two 
growing seasons and is being used for eQTL mapping on a subset of selected progeny. Lastly, the association panel includes naturalized North 
American S. purpurea with recent additions of genotypes from central Europe. These populations have been used to characterize biomass, 
composition, physiology, and pathology traits important for biomass production, with the purpose of developing molecular tools to advance 
shrub willow breeding. Descriptions of these populations, mapping strategies, and mapped traits will be presented. 
 
PE0538: Forest Trees 
The Genomic Basis of Heterosis in High-Yielding Triploid Hybrids of Willow (Salix spp.) Bioenergy Crops 
Craig H. Carlson1, Yongwook Choi2, Agnes P. Chan2, Jerry Jenkins3, Jeremy Schmutz3, Shengqiang Shu4, Stephen DiFazio5, 
Christopher D. Town2 and Lawrence B. Smart1, (1)Cornell University, Geneva, NY, (2)J. Craig Venter Institute, Rockville, MD, 
(3)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (4)DOE Joint Genome Institute, Walnut Creek, CA, (5)West Virginia 
University, Morgantown, WV 
Many studies have highlighted the complex, multigenic basis for heterosis (hybrid vigor) in inbred crops. Despite the lack a consensus model, it 
is vital that we turn our attention to understanding heterosis in undomesticated, outcrossing, heterozygous, and often polyploid species, such as 
willow (Salix spp.). Shrub willow is a dedicated energy crop and is bred to be fast-growing and high-yielding on marginal land without 
competing with food crops. A trend in willow breeding is the consistent pattern of heterosis in triploid progeny produced from crosses between 
diploid and tetraploid species. Here, we test whether differentially expressed genes are responsible for heterosis in triploid crosses made between 
diploid S. purpurea, diploid S. viminalis, and tetraploid S. miyabeana. Eleven weeks after planting cuttings in the greenhouse, three biological 
replicates of all individuals’ shoot tips were collected and individually sequenced via paired-end RNA-Seq. Allele-specific expression in triploids 
was validated using paired-end DNA-Seq of the parents for only biallelic sites using the latest version of the S. purpurea genome and 
transcriptome as a reference for read mapping and variant discovery. We have identified regulatory factors that influence allele-specific gene 
expression, as well as gene sets most correlated with heterosis for approximately 100 phenotypes collected over three years in the field and 11 
weeks in the greenhouse. We have characterized ambiguous regulatory divergence, global dosage effects, and sex dimorphic gene expression. 
Altogether, these data are being used to develop predictive models of heterosis in willow and complement the growing genomic resources 
available for the improvement of woody bioenergy crops. 
 
PO0539: Forest Trees 
Admixture Mapping Identifies Genetic Loci Associated with Disease Resistance in Hybrid Poplars 
Karl Fetter, Plant Biology Department, University of Vermont, Burlington, VT and Stephen Keller, University of Vermont, 
Burlington, VT 
Naturally formed populations of hybrids are ubiquitous in nature and are useful systems for studying the segregation of traits. In the genus 
Populus, hybridization is common within and between sections of the genus and hybrids can persist in a landscape for generations and backcross 
to other hybrids or to either parental species. Recombination shuffles segments of chromosomes containing disease resistance loci among 
hybrids, leaving a non-random and detectable pattern of disease in the populations. Admixture mapping relies on recombination in hybrid 
populations to identify chromosomal regions containing disease-associated loci. Here, I use admixture mapping to identify genetic loci associated 
with the presence and absence of disease in a set of P. balsamifera x trichocarpa hybrids naturally formed across a contact zone in Western 
North America. 
 
PE0540: Forest Trees 
Genome-Wide Association Studies of Regeneration in Poplar using High-Throughput Machine Vision Phenotyping 
Michael Nagle1, Howland Jones2, Chris Draves2, Gabor Kemeny2, Jialin Yuan1, Nihar A. Doshi1, Fuxin Li1, Zheng Zhou3, Cathleen 
Ma1, Yuan Jiang1, Ritesh Mewalal1, Anna Carlina Magnuson1 and Steven H. Strauss1, (1)Oregon State University, Corvallis, OR, 
(2)Middleton Spectral Vision, Middleton, OR, (3)Tencent Inc., ShenZhen, China 
While genome-wide association studies (GWAS) benefit from the latest advances in genomics, computing and statistical methodology, the 
characterization of complex traits is still limited by phenotyping methods which do not take advantage of emerging technologies. In our GWAS 
of regeneration capacity in Populus trichocarpa, an ideal model organism for in vitro regeneration, we are developing novel methods utilizing 



high-throughput phenotyping, hyperspectral imaging and machine vision to capture a breadth and depth of data that would be unobtainable using 
only visual inspection and manual scoring of phenotypes. To obtain both visible-range and hyperspectral data on a high-throughput scale for in 
vitro plant tissue cultures, we are using a custom instrument from Middleton Spectral Vision. The accompanying software suite KemoQuant 
provides means for deconvoluting spectra into individual components, including chlorophylls, fluorescent reporters and spectral shifts. Deep 
learning models are trained to segment images by organ (i.e. callus, shoot) using images annotated by a graphical user interface. Predictions by 
these models continue to improve in accuracy as the size of the training set increases. In the early stages of our GWAS, the switch from human-
scored ordinal phenotype data to machine vision statistics has led to substantial improvements in the ability of association tests to reveal 
significant links between genetic markers and regeneration-related phenotypes. These improvements are consistent across mixed linear model 
(MLM) and SNP-set sequence kernel association test (SKAT) methods and phenotypes of callus and shoot. While currently, most genes in forest 
species and other nonmodel plant genomes remain uncharacterized, the advent of high-throughput hyperspectral phenotyping with machine 
vision may enable rapid elucidation of these genes via improved power for experiments to study gene-function relationships. Moreover, 
elucidation of the basis for variability in regeneration capacity across genotypes is key to overcoming recalcitrance during regeneration and 
transforming, and to enable efficient transformation of recalcitrant genotypes. 
 
PO0541: Forest Trees 
High-Resolution Expression Quantitative Trait Nucleotide (eQTN) Mapping Elucidates Transcriptional Regulation in 
Populus trichocarpa 
Jin Zhang1, Meng Xie1, Yongil Yang1, Kaijie Zheng1, Lee Gunter1, Sara S. Jawdy1, Timothy J. Tschaplinski1, Nancy Engle1, Erika 
A. Lindquist2, Vasanth Singan2, Kerrie W. Barry2, Jeremy Schmutz3, Gerald Tuskan1, Jay Chen1 and Wellington Muchero1, (1)Oak 
Ridge National Laboratory, Oak Ridge, TN, (2)DOE Joint Genome Institute, Walnut Creek, CA, (3)HudsonAlpha Institute for 
Biotechnology, Huntsville, AL 
Genetic control of transcriptional regulation is highly complex in higher plants, especially in woody species. To reveal the genetic regulatory 
landscape in the woody model plant Populus trichocarpa, we performed an expression quantitative trait nucleotide (eQTN) mapping enabled by 
the whole-genome resequencing and RNA-seq analysis of gene expression. A panel of > 8.2 million single nucleotide polymorphisms (SNPs) 
and nucleotide insertions and deletions (InDels) were obtained from whole-genome resequencing of 917 unrelated individuals of P. trichocarpa. 
From 390 leaf and 444 xylem transcriptome data, 16,030 and 15,496 genes, respectively, exhibited significant expression variation across the 
population. After integrative analysis, cis- and trans-eQTNs were identified controlling gene expression in both tissues. Enriched transcription 
factor binding sites (TFBS) including cis-eQTN showed tissue-specific divergence. trans-eQTN analysis identified multiple hotspots that were 
significantly associated with expression of more than 100 putative target genes. In addition, genome-wide association studies (GWAS) of 
multiple phenotypes including drought-induced leaf senescence, stem canker and leaf spot caused by the fungal pathogen Sphaerulina musiva, 
and metabolome profiling revealed key genes that are highly associated with those phenotypes. Combined with the eQTN mapping, the upstream 
regulators of these phenotype-associated genes and their regulatory network were identified providing an understanding of the complex 
regulatory mechanisms underlying trait expression. For instance, we have successfully identified mutations in a cis-element controlling 
expression of a cation/H+ antiporter that regulates poplar leaf senescence under drought stress. The eQTN study provides powerful tools for 
identifying transcriptional regulators underlying complex phenotypes of woody species. 
 
PE0542: Forest Trees 
Identification and Expression of Sesquiterpene Synthase (SesTPS1) and HMG-CoA Reductase 2 (HMGR2) Genes Encoding 
Agarwood in Aquilaria malaccensis Lamk. and Gyrinops versteegii Domke 
Ulfah J. Siregar1, Arie Aqmarina2, M Miftahudin3, Maman Turjaman4, Fifi Gus Dwiyanti5, Adisti Permatasari Putri Hartoyo1 and 
Iskandar Z. Siregar1, (1)Bogor Agricultural University (IPB), Bogor, Indonesia, (2)Bogor Agricultural University, Bogor, 
Indonesia, (3)Bogor Agricultural University, BOGOR, Indonesia, (4)FORDA (Forest Research and Development Agency), Bogor, 
Indonesia, (5)Bogor Agricultural University (IPB), Bogor, West Java, Indonesia 
Agarwood is a non timber forest products from agarwood producing trees, Aquilaria malaccensis Lamk. and Gyrinops versteegii Domke, and 
much demanded in perfume industry. Some of agarwood compound consists of sesquiterpenes, which is formed as defense substance against 
invading pathogen. However, mechanism of agarwood induction is not clear yet. The objective of this research was to identify candidates of 
agarwood inducing genes, i.e. Sesquiterpene synthase (SesTPS1) and HMG-CoA Reductase 2 (HMGR2) genes and the expression of SesTPS1 
gene. Agarwood were formed in A. malaccensis and G. versteegii trees after innoculation with fungi F. solani. Genes encoding SesTPS1 and 
HMGR2 enzymes were detected using PCR with specific primers designed based on SesTPS1 and HMGR2 sequences in the NCBI database. The 
expression of gene encoding SesTPS1 enzyme was analyzed using Real-Time PCR (qPCR). The results of PCR products sequencing showed that 
the candidate genes encoding biosynthetic enzymes of agarwood like HMGR2 were detected in A. malaccensis and G. versteegii with a length of 
1500 bp, whereas SesTPS1 candidate gene was detected with a length of 1900 bp and 1400 bp in A. malaccensis and G. versteegii, respectively. 
Expression of the candidate gene encoding SesTPS1 in inoculated A. malaccensis had 17.2x higher than that the control trees and the inoculated 
G. versteegii had 44.6X higher compared to control trees. 
 
PO0543: Forest Trees 
Different Light Qualities on the Expression of CsLHY in in Vitro Plantlets of Camillia sinensis 
Xu Wei1, Fred G. Gmitter2, Huarong Tong3 and Guolu Liang3, (1)University of Florida, Lake Alffred, FL, (2)University of Florida, 
IFAS-CREC, Lake Alfred, FL, (3)Southwest University, beibei, China 
Circadian clocks are endogenous timers that regulate a wide range of metabolic processes and play a crucial role in plant growth. However, most 
studies on plant circadian clocks have focused only on model plants, and little is known about the circadian clock genes in tea plants [Camellia 
sinensis (L.) O. Kuntze]. The molecular characteristics, expression patterns and potential functions of a key component of the circadian clock, 
LATE ELONGATED HYPOCOTYL (LHY), isolated from a tea cultivar “Shuyong 1”, were investigated. The full-length cDNA of CsLHY was 
amplified and analyzed extensively. The ORF of CsLHY was a 2301bp contiguous sequence and the deduced protein contains 766 amino acid 



residues (GI: KX470707). The transcript levels of CsLHY were expressed rhythmically with relatively sharp peak levels occurring around 9:00 
am. CsLHY expression began to dramatically decrease after noon, reaching its lowest levels at approximately 12 h after dawn. The effect of 
different light qualities via light-emitting diodes (LED) on the expression of CsLHY was evaluated by qRT-PCR using in vitro tea plantlets. Red 
light influenced bud outgrowth, blue light increased carotenoid content and CsLHY expression levels, and far-red light dramatically suppressed 
CsLHY expression of, and lead to internode elongation and small leaves. Phenotypic responses and expression of CsLHY under different light 
qualities may be correlated, and involve multiple light and auxin signaling pathways. This experimental approach could lead to a practical tool to 
manipulate growth of tea plantlets, and other in-depth studies of gene function upon such light treatments.  
 
PE0544: Forest Trees 
Understanding the Molecular and Physiological Responses of Different Cultivars of Red Maple (Acer rubrum) to Drought 
Stress 
Philip Bissiwu1, Sathyanarayana Elavarthi2 and Kalpalatha Melmaiee1, (1)Delaware State University, Dover, DE, (2)Delaware 
State University, DOVER, DE 
Acer rubrum (red maple) has been used and valued as an ornamental tree in many parts in North America. It produces beautiful colors during the 
fall season and this makes it one of the preferred species for urban landscaping. The maple industry is well known for its tasty maple syrup and 
also its soft woods for musical instrument and furniture manufacturing. The value of maple syrup production in the United State was at 147 
million dollars in 2016. Soil water deficit hinders plants growth and development in general. However, plants respond to drought stress in several 
ways such as an increase in proline accumulation, antioxidant activity, and stomatal closure etc. to minimize the effect of the drought stress. In 
this study, we explored drought responsive gene expression in the up-regulation of the accumulation of proline, increase in antioxidant activity 
and how these genes when down regulated renders plant defenseless with overwhelming increase in reactive oxygen species which causes cell 
oxidative damage and eventual plant death. Seedlings of 3 cultivars of red maple were subjected to drought stress and leaf samples were 
collected for analysis for Proline, superoxide dismutase, malondialdehyde (MDA) accumulation and RT-PCR for gene expression as well as 
chlorophyll content. Understanding these drought response mechanisms in maple plants will help breeders to identify drought resistant traits for 
breeding more drought tolerant maple trees for the maple industry and also for urban landscaping. 
 
PO0545: Forest Trees 
The Development of Linkage Maps for Pecan from Genotyping By Sequencing (GBS) Data and Their Application to Refine 
the Next Pecan Reference Genome 
Nolan Bentley, Texas A&M University, College Station, TX, L.J. Grauke, USDA ARS Pecan Breeding & Genetics, Somerville, 
TX and Patricia E. Klein, Department of Horticultural Sciences,Texas A&M University, College Station, TX 
Pecan (Carya illinoinensis) is an outcrossing, highly heterozygous, and slow to mature tree native to North America. The HudsonAlpha Institute 
for Biotechnology has produced a reference contig set describing the pecan genome that has previously served as the reference in recent 
implementations of genotyping by sequencing (GBS) in pecan. This technique is cost-effective and capable of high-throughput screening, and 
has been used to verify cultivar identity, parentage, and provenance of origin in pecan. However, generating chromosome-scale reference 
sequences and identifying haplotypes allow for modern techniques with improved power to discover trait associated loci and characterize 
germplasm. To this end, GBS was used discover and genotype over 6,756 single nucleotide polymorphisms (SNPs) segregating in a 10-11 year 
old 154 member biparental mapping population designed to segregate on reaction to pecan scab (Venturia effusa). Using a pseudo-double 
testcross mapping strategy, we have generated linkage maps for each parent containing major linkage-groups representing the 16 chromosomes 
of pecan. These maps have been used to evaluate synteny with Juglans regia (English walnut) in order to name and orient the chromosomes of 
pecan. These are the first reported SNP based genetic linkage maps in pecan and have been subsequently used to guide the assembly of a new 
pecan reference genome with sequences equivalent to chromosomes. Future work will utilize these linkage maps to discover trait associated loci. 
These resources benefit the pecan community by improving the ability to characterize germplasm and utilize marker data to reduce breeding time 
by facilitating more informed and efficient selection. 
 
PE0546: Forest Trees 
Response to Phytophthora cinnamomi in Chestnut Roots: An Integrated QTL Mapping, Transcriptome and Metabolome 
Approach 
Tetyana Zhebentyayeva1, Rooksana E. Noorai2, Nishanth Tharayil3, Andrew J. Gitto3, Steven N. Jeffers4, Paul H Sisco5, M. Taylor 
Perkins6, J. Hill Craddock6, Christopher A. Saski4, John E. Carlson7, C. Dana Nelson8 and Albert G. Abbott9, (1)The Pennsylvanian 
State University, University Park, PA, (2)Clemson University Genomics & Bioinformatics Facility, Clemson, SC, (3)Plant and 
Environmental Sciences Department, Clemson, SC, (4)Clemson University, Clemson, SC, (5)The American Chestnut Foundation, 
Ashville, NC, (6)Department of Biology, Geology, and Environmental Science, The University of Tennessee at Chattanooga, 
Chattanooga, TN, (7)Dept. of Ecosystem Science & Management, Pennsylvania State University, University Park, PA, (8)Southern 
Institute of Forest Genetics, US Forest Service SRS, Lexington, KY, (9)Forest Health Research and Education Center, University of 
Kentucky, Lexington, KY 
The Oomycete Phytophthora cinnamomi is one of the most devastating plant pathogens worldwide. Due to availability of resistant Asian and 
susceptible American and European chestnut species, Castanea is well suited to study plant-Phytophthora cinnamomi (Pc) interactions. In 
previous years, we employed a genetic approach to map resistance to Pc in interspecific crosses between resistant Chinese chestnut, Castanea 
mollissima (‘Mahogany’ and ‘Nanking’ resistance donors), and susceptible American chestnut, C. dentata (multiple parents). Saturated genetic 
linkage mapping and QTL mapping were conducted with three hybrid crosses (957 individuals in total) that had been genotyped by sequencing 
and phenotyped for severity of root symptoms over multiple years. Altogether 17 QTLs were detected. Of these, a major QTL signal in the 
middle of LG_E (qPcE.2) was associated with resistance to Pc in all crosses independently of year of evaluation. Genomic intervals underlying 
resistance were delineated using sequence-based markers anchored to the C. mollissima genome v1.0 assembly. A set of SSRs covering QTL 
intervals was designed for testing their predictive power in breeding material. To support candidate gene discovery within QTL intervals, we 



initiated a functional genomics study by analyzing gene expression and metabolic profiles in chestnut roots interacting with Pc zoospores. In a 
pilot experiment, we challenged 1-year old progeny seedlings, derived from Chinese chestnut ‘Nanking’ cultivar source of resistance, with two 
Pc strains. Based on two-years of previous phenotypic evaluations, 25% of progeny in this cross died after being challenged with Pc zoospores. 
Root tissue harvested at three time-points (2, 4 and 8 days) post inoculation. Non-inoculated plants were used as controls along with inoculated 
Chinese and American chestnut seedlings. Plants were monitored for progression of root rot symptoms and the three most resistant and three 
most susceptible plants were chosen for RNAseq analysis and metabolite profiling. In total, 24 RNAseq datasets (>20 M sequencing reads each) 
were generated for expression analysis and metabolic pathway analysis. Currently these analyses are in progress and the most recent update will 
be presented at the meeting. 
 
PO0547: Forest Trees 
Accuracy of DNA Barcoding Method to Identify Wildlings of Dipterocarps (Hopea spp and Shorea spp) 
Rajjitha Handayani1, Marlina Ardiyani2, Ulfah J. Siregar3, Sri Rahayu4, Fifi Gus Dwiyanti1, Adisti Permatasari Putri Hartoyo3 and 
Iskandar Z. Siregar3, (1)Bogor Agricultural University (IPB), Bogor, West Java, Indonesia, (2)Herbarium Bogoriense, Research 
Center for Biology, Indonesian Institute of Sciences (LIPI), Bogor, West Java, Indonesia, (3)Bogor Agricultural University (IPB), 
Bogor, Indonesia, (4)Bogor Botanical Garden, Indonesian Institute of Sciences (LIPI), Bogor, West Java, Indonesia 
Dipterocarpaceae is a large family comprising more than 500 species distributed worldwide. Some dipterocarps are difficult to distinguish at 
seedling stage due to similarity in leaf shapes and sizes. This leads to species misidentification during planting stock procurement such as 
collecting wildlings or uprooted seedlings in the forest floors. Currently, lack of accuracy in species identification process could be overcome 
through the application of DNA barcoding. The objective of the research was to determine the accuracy of DNA barcodes using the universal 
loci of matK and rbcL in identifying selected endangered dipterocarp species collected from Harapan Rainforest, Jambi, Sumatra, Indonesia. A 
total of 20 seedling representing 5 species (e.g 3 Shorea spp and 2 Hopea spp) were used in the analysis. Phylogenetic tree was constructed with 
additional sequences from NCBI GenBank. The results showed that matK and rbcL loci were successfully amplified. However, barcode gaps 
were not formed based on intraspecific and interspecific distances, although monophyletic groups was formed. Furthermore, conventional 
method of identification using field guide and herbarium verification on seedling stage or sterile adult dipterocarps showed also low accuracy. In 
conclusion, DNA barcoding method using matK and rbcL loci in selected dipterocarps was only able to identify the samples into family and 
genus levels.  
 
PE0548: Forest Trees 
Potential of DNA Barcoding for Identifying Durian (Durio spp.) and Langsat (Lansium spp.) Seedlings in Agroforestry 
Practices at Berau, East Kalimantan, Indonesia 
Rianda Sinurat1, Ulfah J. Siregar2, Adisti Permatasari Putri Hartoyo2, Fifi Gus Dwiyanti3, Ko Harada4 and Iskandar Z. Siregar2, 
(1)Balai Taman Nasional Lorentz, JI, Jayawijaya, Papua, Indonesia, (2)Bogor Agricultural University (IPB), Bogor, Indonesia, 
(3)Bogor Agricultural University (IPB), Bogor, West Java, Indonesia, (4)Ehime University, Ehime, Japan 
Accurate information on ecological and genetic aspects of Durio spp. (Durian) and Lansium spp. (Langsat) are important to support their 
conservation and sustainable utilization in Berau Forest, East Kalimantan, Indonesia. However, identification based on morphology at seedlings 
stage is often difficult, and availability of new status of the taxa require proper identification using DNA barcode. This study aimed at identifying 
those species based on leaf morphology and examining the potential of matK, rbcL, and ITS sequences as barcoding markers. The leaves 
variable, i.e. lamine length, the widest of leaves width, the longest of leaves length, the number of venation, the size of leaves and the 
peripherical leaves could be used as morphomarkers for both Lansium spp. and Durio spp. The rbcL and matK loci were succesfully amplified, 
unlike the ITS region. The matK locus had longest sequence in both Durio spp. and Lansium spp. species in the three investigated loci were 
smaller than those of interspecific distances indicating that three loci had barcoding potential to differentiate the species in both the genus Durio 
and Lansium. 
 
PO0549: Forest Trees 
The Draft Nuclear Genome Assembly of Eucalyptus pauciflora: New Approaches to Comparing de novo Assemblies 
Weiwen Wang1, Ashutosh Das2, Rob Lanfear2, David Kainer3 and Benjamin Schwessinger2, (1)The Australian National University, 
Canberra, Australia, (2)Australian National University, Canberra, Australia, (3)Australian National University, Canberra, ACT, 
Australia 
Selecting the best genome assembly from a collection of draft assemblies for the same species remains a difficult task. Here, we propose a 
number of approaches that help to address this, using the non-model plant Eucalyptus pauciflora as a test case. We generated high coverage long 
(Nanopore, ~150x) and short (Illumina，~240x) read data from a single Eucalyptus pauciflora individual and compared multiple assemblies 
from each of three long-read assemblers (Canu, Flye and Marvel) and one hybrid assembler MaSuRCA. A key component of our approach is to 
keep a randomly selected collection of ~10x coverage of both long- and short-reads separate from the assemblies to use as a validation set with 
which to assess the assemblies. Using this validation set along with a range of existing tools, we compared the assemblies in five ways: the 
degree of phasing, genome completeness (BUSCO), genome continuity (contig N50, intact LTR rate), mapping validation reads to assess single-
base and structural error rates, and genome similarity space (alignment of all draft assemblies to each other). In sum, MaSuRCA hybrid 
assembler performed better than other assemblers, although all long reads were first corrected using CANU. Our result showed that MaSuRCA 
generated an assembly with a contig N50 of 3.2 MB, a genome completeness of 94.58% and an error rate of ~0.006 errors per base. 
 
PE0550: Forest Trees 
EgoSELF: An Integrative Biology Approach to Study the Molecular Basis of Inbreeding Depression in Eucalyptus globulus 
Susana Araújo1,2, Ehsan Valiollahi3, Ana R. Guedes3, Andreia Fonseca4, Luis Leal5, Pedro M. Fevereiro6,7 and Jorge A. P. Paiva3,8, 
(1)Instituto de Tecnologia Química e Biológica António Xavier (ITQB), Oeiras, Portugal, (2)Instituto de Biologia Experimental e 
Tecnológica, Oeiras, Portugal, (3)IBET, Oeiras, Portugal, (4)FMVUL, Lisboa, Portugal, (5)Altri Florestal, SA, Constância – Sul, 



Portugal, (6)Instituto de Biologia Experimental e Tecnologica, Oeiras, Portugal, (7)DBV - Faculdade de Ciências, Universidade de 
Lisboa, Lisboa, Portugal, (8)Institute of Plant Genetics, Polish Academy of Sciences, Poznań, Poland 
In Portugal, the main commercial Eucalyptus species (E. globulus) and their hybrids have a major impact on National economy, supplying wood 
for an important solid and pulp and paper industry sector, and they are also becoming important sources of bio-energy. Besides these plantations 
have a large impact on local environment and economies, being source of work revenues and providing protection to marginal soils from 
erosion.INBREEDING DEPRESSION (ID) is characterized by the reduction of fitness of the offsprings relatively to the parents as result of an 
increased homozygosity of individuals (due self-fertilization or biparental inbreeding). In Eucalypts, inbreeding leads to severe ID of survival, 
and reductions on growth, basal diameter and diameter height breast, as well as volume of the trunk, and several fecundity traits. In these species, 
the increased homozygosity of loci harbouring deleterious genes are recognized as the main genetic mechanism contributing for ID. Despite the 
recognition of the importance of ID in breeding programs, the molecular mechanism are still far from being elucidated. The understanding of ID 
molecular basis in Eucalyptus is thus an opportunity and a challenge to identify of key genes and regulatory mechanism associated to the plant 
productivity, towards a better management of breeding programs and sustainability of forest plantations. The project EgoSELF (FCT funded 
project PTDC/AGR-FOR/0931/2014) aims at identify and validate key genes and /or alleles, and molecular regulation mechanisms underlying 
the modulation inbreeding depression in E. globulus. A total of 20 Self-and Open-pollinated progenies were generated. These families were 
evaluated for the success in seed production, germination rates, and physiological parameters. The results obtained suggest a large effect of the 
genetic maternal background on the parameters used to compare SELF and OPEN pollinated progenies. Genotype by sequencing was applied to 
these families in order to explorer the molecular and genetic mechanisms involved in inbreed depression. The levels of heterozygoty for open and 
self-pollinated families were mapped along the 11 chromosomes of Eucalyptus grandis. It was possible to identify chromosomic regions that 
consistent presented high levels of heterozygoty in both open- and self-pollinated families with different maternal backgrounds . These loci are 
being characterized, as they can underline some key features of the molecular bases of inbreeding depression. We expected that the results of this 
study provide new insights on Inbreeding depression understanding, and thus a better management of the genetic resources in Eucalyptus. 
Acknowledgments: The authors acknowledge FCT for the research project PTDC/AGR-FOR/0931/2014. ARG and EV acknowledge the BI and 
Post-doc fellowships in the frame of project PTDC/AGR-FOR/0931/2014, respectively. JAPP also acknowledges his research contract financed 
from the EU FP7 BIOTALENT project [GA621321] and financial sources for education in the years 2015-2019 allocated to an international co-
financed project no W26/7.PR/2015 [GA 3413/7.PR/2015/2]. The authors thanks the technicians of Altri Florestal for their help on production of 
the material used in this project. 
 
PO0551: Forest Trees 
Evaluation of Genetic Variation by DNA Barcoding in 6 Genera of Rattan 
Miranti Arum Putri1, Iskandar Z. Siregar2, Ulfah J. Siregar2, Adisti Permatasari Putri Hartoyo2 and Fifi Gus Dwiyanti1, (1)Bogor 
Agricultural University (IPB), Bogor, West Java, Indonesia, (2)Bogor Agricultural University (IPB), Bogor, Indonesia 
Rattan is a climbing palm belongs to the family Arecaceae that has high economic and ecological value. Species identification of rattan that has 
been carried out is based on their morphological characteristics. However this method could not accurately distinguish several species of rattan. 
Currently, lack of accuracy in species identification process could be overcome through the application of DNA barcoding, which is a powerful 
tool for identifying and confirming species. Therefore, this study was aimed to determine the accuracy of 3 DNA barcodes (matK, rbcL and ITS) 
in identifying 6 genera of rattan (Calamus, Ceratolobus, Daemonorops, Korthalsia, Myrialepis and Plectocomia) and to analyze its genetic 
variation. The results showed that ITS loci have a longer sequence (> 500 bp) and higher GC content (63.1%) compared to the other loci. ITS 
Loci also has the highest nucleotide variation compare to other loci. Furthermore, constructed phylogeny trees showed that the three DNA 
barcoding used in this study were able to identify the samples into genus levels. 
 
PE0552: Forest Trees 
Computational Model for Predicting Monolignol Transcript and Protein Abundances in Populus trichocarpa under Single 
and Combinatorial Monolignol Gene Knockdowns 
Megan Matthews, Jack P. Wang, David Muddiman, Ronald Sederoff, Vincent L. Chiang and Cranos Williams, North Carolina 
State University, Raleigh, NC 
Accurate manipulation of metabolites in the monolignol biosynthesis pathway is a key step for controlling lignin content, structure, and other 
wood properties that are important to the bioenergy and biomaterial industries. A crucial component of this is predicting how single and 
combinatorial knockdowns of monolignol specific genes at the transcript level influence monolignol proteins, which are the driving mechanisms 
of the monolignol biosynthesis pathway. Computational models have been developed to estimate protein abundances from transcript 
perturbations of monolignol specific genes. The accuracy of these models, however, are hindered by their inability to capture indirect influences 
that arise when one or more genes are perturbed. We created a computational model based on a sparse maximum likelihood approach to estimate 
the resulting monolignol transcript and protein abundances in Populus trichocarpa based on desired single or combinatorial knockdowns of 
specific monolignol genes. Using in-silico simulations of this model and root mean square error, we show that our model more accurately 
estimates transcript and protein abundances from xylem tissue when individual and families of monolignol genes were perturbed. Our model 
captures relationships such as those between the Ptr4CL and PtrCAld5H gene families, potentially explaining the observed decrease in S/G ratio 
reported in the literature when Ptr4CL is knocked down. This approach provides a useful computational tool for guiding and further exploring 
the cascaded impact of single and combinatorial modifications of lignin specific genes on lignin and other wood properties. Additionally, it can 
be used to guide future experiments for elucidating the mechanisms responsible for the estimated indirect influences. 
 
PO0553: Brassicas, Arabidopsis, and related 
Ancient Enemies Working Together: How Plant Organelles Reconciled Phage and Bacterial Systems to Replicate DNA 
Stewart Morley and Brent L. Nielsen, Brigham Young University, Provo, UT 
According to the endosymbiotic theory, mitochondria and chloroplasts are the descendants of ancient microbes that were engulfed by plant cells. 
Over time these ancient ancestors lost much of their DNA to the engulfing cell and consequently their ability to be free living. However, plant 



organelles still replicate and maintain the remaining DNA using a unique combination of phage-like and bacteria-like proteins. This interesting 
combination of proteins gives us more insight into the endosymbiotic theory, suggesting that phage actively infected the free-living organisms 
that were engulfed by ancient plant cells. The association of phage and bacterial proteins in plant organelles also sheds light on one of the 
mechanisms plants use to replicate DNA. We have analyzed the relationships between the phage-like protein Twinkle and the bacteria-like 
Pol1A and Pol1B with orthologs from other eukaryotes and bacteria. Twinkle is a DNA helicase/primase conserved in plants and animals, and 
Pol1A and Pol1B are similar to E. coli DNA polymerase I. Each of these proteins has amino acids sequence extensions that cannot be found in 
their more primitive phage and bacterial cousins. Using bioinformatics and yeast two hybrid analysis, we show that these regions are key to 
interaction of Twinkle with the DNA polymerases. We also show the effects of mutations in these genes on plant growth and organelle genome 
copy number, and identify other enzymes that may complement their activity. 
 
PE0554: Brassicas, Arabidopsis, and related 
Update of the Omics Databases PODC and CATchUP, and Introduction of an Application CA Plot Viewer 
Shizuka Koshimizu1, Yukino Nakamura1, Misa Saito1, Maasa Kanno1, Eiji Nambara2 and Kentaro Yano1, (1)Meiji University, 
Kawasaki, Japan, (2)University of Toronto, Toronto, ON, Canada 
We have maintained databases providing omics and knowledge-based information on model plant species including crops. A database 'Plant 
Omics Data Center (PODC)' stores information of gene expression networks (GENs) based on RNA-Seq data, orthologs, and gene functional 
annotations obtained from natural language processing (NLP) techniques and manual curation of literature in 11 plant species. With another 
database 'CATchUP', users can access the information of the candidates of spatiotemporally expressed genes identified by our algorithms. We 
update these databases irregularly. In PODC, searching function is added between transcription factors and its target genes or its cis-elements. 
Recently, the information of transcription factors and its target genes or its cis-elements have been newly added in PODC.  
In addition, we have also provided a GUI application 'CA Plot Viewer'. It assists us to quickly perform the calculations of correspondence 
analysis (CA) and detect genes with similar expression profiles by the 3D graphical viewer. By using the algorithm in 'CA Plot Viewer', the 
information of GENs stored in PODC have been easily updated with the additional dataset such as new RNA-Seq data.  
PODC: http://plantomics.mind.meiji.ac.jp/podc/  
CATchUP: http://plantomics.mind.meiji.ac.jp/CATchUP/  
CA Plot Viewer: http://bioinf.mind.meiji.ac.jp/lab/en/tools.html 
 
PO0555: Brassicas, Arabidopsis, and related 
Identification of Long Non-Coding RNAs Responsive to Plasmodiophora brassicae in ‘Rutabaga’ Derived Resistant and 
Susceptible Brassica napus Lines 
Aarohi Summanwar, Urmila Basu, Habibur Rahman and Nat Kav, Department of Agricultural, Food and Nutritional Science, 
University of Alberta, Edmonton, AB, Canada 
Clubroot disease caused by Plasmodiophora brassicae Woronin represents a major threat to the production of canola in Canada. The Canola 
Breeding Program at the University of Alberta has introgressed clubroot resistance into Canadian spring canola from a clubroot-resistant 
rutabaga inbred line and used this resistance to develop canola cultivars. Studies have suggested a role for long non-coding RNAs (lncRNAs) in 
plant defence by regulating the genes responsible for constitutive or induced defense responses. Using strand-specific lncRNA-Seq, a 
comprehensive catalogue of lncRNAs from roots of resistant and susceptible doubled-haploid (DH) lines at 10 days post-infection (dpi) was 
developed in this study. In total, 530 differentially expressed (DE) lncRNAs were identified which included 89.1% of long intergenic RNAs 
(lincRNAs) and 10.9% natural antisense transcripts (NATs). Of these, 16 lncRNAs were identified as target mimics of microRNAs (miRNAs) 
and 8 were identified as the precursors of miRNAs. The relative expression studies on 9 lncRNAs and 4 NATs and their respective targets further 
validated their potential roles in the regulation of defence responsive pathways. For DE lincRNAs, KEGG pathway analysis revealed that cis-
regulated target genes mostly belong to the phenylpropanoid biosynthetic pathway (13.5%) while plant-pathogen interactions (16.9%) and trans-
regulated target genes mostly belong to carbon (30%) and amino acid metabolic pathways (39.8%). Our results suggest that defense responses 
during primary infection is a coordinated effort between some of the lncRNAs regulating genes involved in Effector-Triggered Immunity (ETI) 
and primary metabolic pathways which may be potentially involved in mediating responses to the clubroot pathogen. 
 
PE0556: Brassicas, Arabidopsis, and related 
Exploiting New Sources of Broad-Spectrum Resistance to Turnip Mosaic Virus in Brassicas 
Lawrence Bramham, The University of Warwick, Wellesbourne, United Kingdom, Guy Barker, University of Warwick, Warwks, 
United Kingdom and John A. Walsh, University of Warwick, Warwick, United Kingdom 
Turnip mosaic virus (TuMV) detrimentally affects many cultivated plant species of high socioeconomic importance. This is due to its broad host 
range, ability to be spread by over 89 aphid vector species in the non-persistent stylet-borne manner, and the consequential inefficacy of 
pesticides and alternative disease management strategies. It was ranked as the second most important virus infecting field vegetables worldwide 
and causes economic losses through reducing yields and the quality of produce.  
TuMV is particularly damaging to crops in the Brassica genus (cabbage, cauliflower, oilseed rape etc.) from which the highest diversity of 
individual products from any single plant genus are derived.  
Sources of resistance to a range of TuMV strains have been identified within Brassica rapa (the most important vegetable brassica crop 
worldwide), however, due to the selection pressure that will result from the deployment of any resistance source(s), broad-spectrum resistance to 
TuMV remains highly desirable. I aim to exploit previously identified sources of broad-spectrum resistance to TuMV by characterising the 
resistances, mapping them and developing molecular markers for resistance-associated genes.  
In collaboration with Sakata UK, their potential for introgression of resistance into commercial varieties of TuMV-susceptible B. rapa will be 
determined. Additional sources of resistance to TuMV are also being investigated within B. juncea, and resynthesis of B. juncea from B. nigra 
and TuMV-resistant B. rapa undertaken to introgress new sources of TuMV resistance into B. juncea. 
 



PO0557: Brassicas, Arabidopsis, and related 
Resistance Genes in Wild Brassicaceae Species 
Fangning Zhang, Philipp E. Bayer, Soodeh Tirnaz, Anita Severn-Ellis, David Edwards and Jacqueline Batley, University of 
Western Australia, Perth, Australia 
The Brassicaceae family consists of approximately 340 genera and 3350 species, including the model plantArabidopsis thaliana, the important 
Brassica crops and variety of wild species. Diseases cause significant yield loss to Brassica crops annually, such as blackleg (Leptosphaeria 
maculans), Sclerotinia stem rot (Sclerotinia sclerotiorum), clubroot (Plasmodiophora brassicae) and downy mildew (Hyaloperonospora 
parasitica). According to the gene-for-gene theory, Resistance (R) genes in the host plant play an important role in the resistance towards fungal 
pathogens harbouring corresponding avirulence (Avr) genes. This relationship draws breeders’ attention to the selection of resistance gene 
analogues (RGAs) in breeding. Nucleotide-binding-site-leucine-rich repeat (NBS-LRR), receptor like kinases (RLK) and receptor like protein 
(RLP) genes are the main types of RGAs, which contain conserved domains and motifs, which can be used for genome wide identification. For 
the genome assemblies with available annotation in the Brassicaceae, RGAs can be identified and classified by corresponding pipelines. These 
identified RGAs can be used as reference for Rgene identification in sequence reads from Brassicaceae genome lacking of good annotation data, 
providing more information in the study of less known crops. Sinapis albaand S. arvensisare both regionally important crops and show strong 
resistance towards several fungal diseases. Rgenes in these species can be introgressed into other Brassicas for improved resistance. Here we 
present characterisation of these R genes in wild species such as Sinapis. 
 
PE0558: Brassicas, Arabidopsis, and related 
CRISPR/Cas9 Mutation of an Avirulence Gene and Dual RNA-Seq allows understanding of Brassica napus - Leptosphaeria 
maculans Compatible and Incompatible Interactions 
Dilantha Fernando, Department of Plant Science, University of Manitoba, Winnipeg, MB, Canada and Dilantha Fernando, 
Rasanie. Padmathilake, Zhongwei Zou, James Tucker, Adam Carter, Humira Sonah, Richard Belanger and Mylene Balesdent 
Leptosphaeria maculans causes blackleg disease and is the most significant threat to canola (Brassica napus) cultivation in Canada, Australia 
and Europe. A less understood aspect of this disease is the biotrophic and necrotrophic phases and how that shift effects the intrinsic gene 
expressions within the plant and the pathogen.  
The pathogen population in Canadian prairies have a very high proportion of the AvrLm7, making Rlm7 on of the most desired R-genes to be 
used. Canola industry has introduced the R-gene rotation as a new disease management tool, and the seed industry is beginning to label its 
varieties with the R-genes.  
A mutant isolate umavr7 was generated by using CRISPR/Cas9 with a point mutation of the L. maculans isolate UMAvr7 which carries the 
avirulence gene, AvrLm7. Pathogenicity tests validated the mutation of umavr7 where large/grey leaf lesions were produced on cultivar 01-23-2-
1 which carries a single R-gene, Rlm7. Isolate UMAvr7 causes a hypersensitive reaction on 01-23-2-1. RNASeq was employed on reactions of 
UMAvr7-Rlm7 and umavr7-Rlm7 interactions. Canola cultivar, Westar was used as the susceptible check. The plants were inoculated with the 
two isolates (UMAvr7 and umavr7) and samples were collected at different times and RNA extracted. RNA samples from these interactions were 
sequenced to understand the differentially expressed genes in these respective host-pathogen interactions. Comparative analysis and the changes 
in host and pathogen transcriptomes under incompatible over compatible interactions, receptor-gene expressions and genes associated with signal 
transduction during biotrophic and necrotrophic stages of the pathogen infection will be presented at the conference. 
 
PO0559: Brassicas, Arabidopsis, and related 
Comparative Study of EMS- and CRISPR-Cas9 Mediated Mutagenesis in Oilseed Rape (Brassica napus ) 
Hans J. Harloff1, Janina Braatz2, Niharika Sashidhar1, Nirosha L Karunarathna1 and Christian Jung1, (1)Christian Albrechts 
University of Kiel, Kiel, Germany, (2)KWS SAAT SE, Einbeck, Germany 
Brassica napus L. (oilseed rape) is an important dual use crop serving for oil production and as a valuable protein resource. In our projects, we 
strive for improvement of yield, oil content and reduction of antinutritive compounds. As rapeseed is an allotetraploid species, functional 
genomic studies are difficult due to the presence of 2-9 Arabidopsis homoeologs either having the same function or having undergone neo- and 
subfunctionalization. We used two reverse genetic approaches to elucidate gene function and generate prototypes with new qualities for rapeseed 
breeding. TILLING (Targeting Induced Local Lesions IN Genomes) was performed in an EMS mutagenized Express winter rapeseed population 
and simultaneous knock-out of homoeologous genes was carried out by CRISPR-Cas9. In this paper, we compare the results of both techniques 
for three traits, silique shatter resistance, oil content and phytic acid accumulation. The genes investigated were ALCATRAZ, SFAR4 and ITPK, 
respectively. Important drawbacks like background mutation load, off target effects and gene editing efficiency will be discussed. 
 
PE0560: Brassicas, Arabidopsis, and related 
The Genetic Puzzle of the Canola Seed: Epigenetic and Transcriptomic Profiling of Brassica napus Seed Development 
Deirdre Khan1, Dylan J Ziegler Ziegler1, Mark F Belmonte1, Isobel Parkin2 and Stephen J. Robinson2, (1)University of Manitoba, 
Winnipeg, MB, Canada, (2)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada 
Canola (Brassica napus) is one of Canada’s most economically valuable crops. The two most valuable canola products – oil and meal – are both 
derived from the seed. We still know very little about the regulatory mechanisms that control valuable seed traits such as oil and protein content. 
We must have a more thorough understanding of the networks of gene expression that underlie seed development to take a more targeted and 
efficient approach to seed improvement.  
We examine the complex architecture of canola seed genetics at the level of DNA methylation, small RNA targeting, and gene expression. Using 
bisulfite, nanopore, and high-throughput RNA sequencing techniques, we examine the seed at the ovule, globular, heart, mature green, and dry 
seed stages of development. Throughout seed development, the B. oleracea subgenome is more heavily methylated than the B. rapa subgenome, 
which correlates with the density and lower expression level of transposable elements in the B. oleracea subgenome. Late stage morphogenesis is 
associated with an increase in small RNAs expressed from the A genomes, concurrent with a small genome-wide decrease in TE expression. 
Furthermore, several bZIP transcription factors are identified as potential regulators of energy metabolism and development in canola seeds. We 



used RNAi to knock down BZIP11 expression in canola and found that predicted targets of BZIP11 were also knocked down in BZIP11 RNAi 
mutants. By understanding the patterns of DNA methylation and gene expression, we are finding new tools to profile seed development and 
improve the quality of canola seeds. 
 
PO0561: Brassicas, Arabidopsis, and related 
Accurate Detection of Genome-Wide Structural Variants in Brassica napus Using Long Noisy Reads 
Harmeet Singh Chawla, Jenny HueyTyng Lee, Christian Obermeier and Rod Snowdon, Department of Plant Breeding, Justus 
Liebig University, Giessen, Germany 
Genomic structural variation (SV) in the form of insertions, deletions or translocations have been shown to contribute to multiple important traits 
in oilseed rape, such as disease resistance and flowering time. However, effective detection of gene-sized SV events is limited by the read length 
of second-generation sequencing technologies. Recent advances in long-read sequencing based on Pacific Biosciences and Oxford Nanopore 
technologies provide new opportunities to greatly expand our understanding of the influence of SV on traits. Here we identified SV associated 
with quantitative resistance against the fungal pathogen Verticillium longisporum in a bi-parental mapping population derived from a cross 
between the winter oilseed rape cultivar Express 617 and the synthetic B. napus accession R53, which shows a strongly restructured genome due 
to post-polyploidisation homoeologous exchanges. We first constructed a genome assembly of Express 617 at pseudo-chromosomal level using a 
combination of short and long sequencing reads together with optical maps. To detect genome-wide SV events we aligned 30x uncorrected 
Oxford Nanopore reads from R53 to the Express 617 pseudo-chromosomes. Structural variants corresponding to QTL for V. longisporum 
resistance were further validated using PCR amplification. We demonstrate that SV associated with important QTL can be quickly detected in 
the complex B. napus genome using long, “noisy” reads and minimal computational power. The preliminary Express 617 genome assembly (v. 
0.1), representing an important German winter-type cultivar in the history of modern, elite European oilseed rape breeding, is currently being 
completed as an additional public reference for B. napus genomics. 
 
PE0562: Brassicas, Arabidopsis, and related 
Characterisation of Resistance Genes in the Brassica napus Pangenome 
Aria Dolatabadian1, Philipp E. Bayer1, Soodeh Tirnaz1, Bhavna Hurgobin2, David Edwards1 and Jacqueline Batley1, (1)University 
of Western Australia, Perth, Australia, (2)University of Queensland, Brisbane, Australia 
The advent of high throughput sequencing technology has provided insights into how structural variation can play a crucial role in the heritability 
of agronomic traits. Evidence suggests that a reference sequence representing a genome of a single individual is not sufficient to capture the 
genetic diversity within a species due to genepresence-absencevariation or copy number variation. Therefore, pan-genomicsis studied to 
understand the extent to which genomic variation occurs in a species. In this study, we characterised resistance gene distribution and variability 
in the Brassica napus pangenome, consisting of 50 lines. The RGAugury pipeline was used to automate resistance gene analogs (RGAs) 
prediction. The number of core and variable RGAs in the pangenome were determined and compared with the reference genome. Furthermore, 
the number and distribution of RGAs in synthetic and non-synthetic lines were studied. We also comparedthe RGA candidate positions with 
known quantitative trait loci (QTL) for blackleg resistance to assess possible biological functions and identify candidate genes. We performed 
physical clustering to identify groups of genes that consistently clustered together. The results constitute a significant resource for researchers 
involved in Brassica genomics and breeding as a characterisation of the diversityof resistance genes is essential for the development of new 
resistant varieties and their association with agronomic traits. 
 
PO0563: Brassicas, Arabidopsis, and related 
Crossing Strategies for Recombining Diversity within Two Germplasm Groups for Hybrid Breeding in Winter Rapeseed 
with a Focus on Between-Group Genetic Distance 
Daniel Krenzer1, Amine Abbadi2, Katrin Beckmann2, Eva Herzog1 and Matthias Frisch1, (1)Justus Liebig University, Giessen, 
Germany, (2)NPZ Innovation GmbH, Holtsee, Germany 
Hybrid varieties are gaining importance in winter rapeseed breeding in order to exploit heterosis. Compared to maize, where heterotic patterns 
have been well established for a long time, hybrid breeding in winter rapeseed began only in the 1990s and is still in its infancy. The efficient 
identification of new hybrid varieties on basis of testcrosses is facilitated if hybrid performance is mainly based on general combining ability 
(GCA). This usually is the case if the parents of a hybrid belong to two genetically distinct germplasm groups, a so-called heterotic pattern. In 
winter rapeseed, hybrid performance is often based to a large extent on special combining ability (SCA), and there is still considerable potential 
for improving heterotic groups in order to increase the efficiency of hybrid breeding. Here we present crossing strategies for recombining the 
diversity of two rapeseed germplasm groups based on genotypic data as a first step for the creation of a new heterotic pattern. 
 
PE0564: Brassicas, Arabidopsis, and related 
Genome-Wide Association Mapping of Winter Hardiness in Canola (Brassica napus L.) 
Wun S. Chao1, James V. Anderson1, David P. Horvath1 and Michael J. Stamm2, (1)USDA-ARS, Fargo, ND, (2)Kansas State 
University, Manhattan, KS 
Canola is an important oilseed crop contributing to the global demand for oil production. Winter canola produces greater yields than spring 
canola. However, yearly canola acreage is limited due to its inability to withstand harsh winters of the Northern Great Plains. To help identify 
genes responsible for winter hardiness, we conducted a genome-wide association study (GWAS) using a previously genotyped diversity panel 
containing 407 accessions consisting primarily of winter canola. Genotyping-by-sequencing data obtained from the diversity panel identified 
251,575 high quality single-nucleotide polymorphisms (SNPs) with an average distance of 3377.3 bases and median distance of 53 bases 
between SNPs; more than three quarters of the SNPs are 1877 bases apart or closer. Cluster analysis indicated a high degree of diversity within 
the population with minimal sub-clustering of genotypes. One-month-old plants from this population were phenotyped for visual damage after 
being subjected to a freezing tolerance treatment consisting of 8 wks acclimation at 5 C, followed by freezing to -15 C for 4 hrs and two wks 
recovery under greenhouse conditions. Data collected in six separate experiments from each accession (18 plants total) were averaged and then 



normalized using LSmeans. Additionally, damage to the photosynthetic system was measured using Fv/Fo values at 7 d post freezing treatment 
and similarly used as a phenotypic measurement. The resulting data were used as numerical values for phenotypes, and associations were 
identified using Tassel. The best models were determined (usually including kinship with 17 principle components), and significant loci were 
identified. There was reasonable correlation observed between visual damage and photosynthetic damage ratings among the top associated loci. 
Several candidate genes were identified. 
 
PO0565: Brassicas, Arabidopsis, and related 
Genomic and Epigenomic Patterns in Novel Heterotic Pools of Winter Rapeseed (Brassica napus) 
Jenny HueyTyng Lee1, Amine Abbadi2 and Rod Snowdon1, (1)Department of Plant Breeding, Justus Liebig University, Giessen, 
Germany, (2)NPZ Innovation GmbH, Holtsee, Germany 
Exploitation of hybrid vigour in crops is simplified by distinct heterotic pools and breeding methods that facilitate effective prediction and use of 
heterosis. In crops which have traditionally been bred as open-pollinated inbred line varieties, like oilseed rape/canola (Brassica napus), heterotic 
pools generally do not exist and systematic exploitation of heterosis is challenging. Using winter oilseed rape as a case study, we are 
investigating how genome-wide patterns of genomic and epigenomic variation may help distinguish and develop new heterotic pools. We 
sequenced two pools of 50 elite, winter type oilseed rape lines, and catalogued the genomic and epigenomic variants of each genotype. As 
expected from the breeding history, single nucleotide polymorphisms and methylation patterns were found to largely overlap between pools. 
However, variants unique to pools were detected at the genomic level, indicating strong potential for genomics-assisted separation of heterotic 
pools. By tracing these divergent variants throughout a breeding program in intercrossed pool offspring, we are generating a catalogue of 
genomic and epigenomic patterns which will serve as a basis for hybrid performance prediction once recombinants are successfully fixed in 
individual pools through genomics-assisted crossing designs. Our approach introduces a novel exploitation of heterotic patterns to enhance 
breeding process which bypasses the need for direct association of each variant to the trait performance. 
 
PE0566: Brassicas, Arabidopsis, and related 
Evaluation of Genetic Diversity of Brassica napus Freezing Tolerant Germplasms Using SSR Markers 
Shahjahan Ali, Maksud Hossain, Sarah McBride, Kimberly Cooper, Jimmy Stein, Twain Butler and Suresh Bhamidimarri, Noble 
Research Institute, LLC, Ardmore, OK 
Brassicas, plants belong to Brassica genus and their close relatives, have been identified as a leading cover crops for their rapid growth, high 
biomass yield and for bio-remediation of insects and pests. Noble Research Institute, LLC., started to evaluate 9 Brassicas, namely, B. rapa, B. 
nigra, B. olerecea, B. napus, B. juncea, B. carinata, Raphanus sativus, Sinapis alba and Cichorium intybus, for their adaptation in the Southern 
Plain. A set of 3,750 germplasms of these species (GRIN collection) were evaluated at and Burneyville, OK research farms. Both phenotypic and 
genetic diversities are being assessed to select genotypes to be incorporated in the breeding programs towards the development of superior 
cultivars for winter grazing and cover crops. As an initiative of genetic diversity studies, we selected 96 publicly available SSR markers covering 
all three Brassica genomes- A, B and C. We screened these SSR primers and a set of 48 SSR markers were finally assayed on 192 B. napus 
genotypes that showed winter hardiness. Forty-two SSR primer pairs produced scorable PCR products. Forty of the 42 SSR loci (95.24%) 
showed polymorphism in PIC analysis. We identified 929 alleles from these SSR loci with range and average of 8-48 and 22.12 alleles per SSR 
locus, respectively. Phylogenic analysis clustered the genotypes in two distinct clades with 5 sub-clades. PCOORDA (Principal Coordinate 
Analysis) supported the clustering results. 
 
PO0567: Brassicas, Arabidopsis, and related 
Spatiotemporal Dynamics of Small RNA Accumulation During Seed Development in Brassica rapa 
Jeffrey W. Grover, Timmy Kendall and Rebecca A. Mosher, University of Arizona, Tucson, AZ 
RNA Polymerase IV-dependent short interfering RNAs (p4-siRNAs) trigger DNA methylation and transcriptional silencing at thousands of loci 
across plant genomes in a process called RNA-directed DNA Methylation (RdDM). P4-siRNAs and RdDM are prevalent in flowers and 
developing seeds, and RdDM has been linked to parental expression bias, indicating potentially important functions in reproduction. Brassica 
rapa RdDM mutants display a severe and specific seed development defect, manifesting as seed abortion at roughly 10-15 days post-fertilization. 
To expand our understanding of RdDM’s function in plant reproduction we are dissecting the spatiotemporal dynamics of small RNA 
accumulation throughout seed development. By sequencing small RNAs at several developmental timepoints and from the constituent tissues 
within the seed we have seen that small RNA loci are expressed in a tissue and developmental timepoint-specific manner. The spatiotemporal 
dynamics of these loci as well as genomic features underlying variable loci will be presented. 
 
PE0568: Brassicas, Arabidopsis, and related 
Intense Selection for Seed Quality Traits Has Changed the Seed Storage Protein Balance in Oilseed Rape 
Erwan Corlouer1, Veronique Solé-Jamault2, Aude Le Goff2, Anne Laperche3 and Nathalie Nesi1, (1)INRA, Le Rheu, France, 
(2)INRA UR1268 BIA, Nantes, France, (3)AGROCAMPUS OUEST, Rennes, France 
Rapid population growth and rising living standards are leading to a dramatic increase in global demand for proteins, and there is an urgent need 
to study additional sources of proteins. Oilseed rape, one of the main oil crops worldwide, is also a source of proteins and the resulting cake can 
be used for livestock feeding.  
Seed storage proteins in rapeseed are napins and cruciferins that together account for 70% of total seed proteins. They have an excellent amino 
acid composition, although slightly deficient in essential residues compared to soy proteins. In addition, since napins contain more sulfur 
residues than cruciferins, they have a high value for food or feed use. However, several recent studies reported that the cruciferin/napin balance 
was significantly lowered in old rapeseed varieties compared to modern grown double low (00) cultivars, suggesting that cruciferins were 
enriched at the expense of napins upon selection.  
Unraveling genetic architecture of seed storage protein synthesis and accumulation in rapeseed is a prerequisite for manipulating the quality and 
quantity of seed proteins. To this purpose, we used a large population maximizing genetic diversity in winter oilseed rape that was densely 



genotyped (230K SNP). Seed storage proteins were extracted from milled and defatted seeds, and the cruciferin and napin contents were 
quantified by size exclusion chromatography. Our results confirmed lower napin amounts in 00 cultivars compared to old varieties and seven loci 
controlling the napin content were detected by GWAS. For three of these loci, the favorable allele was the minor allele in the population and was 
predominantly carried by the old varieties. In addition, these three QTL co-localized with loci controlling the seed glucosinolate content. 
Interestingly, we were able to identify genotypes with low glucosinolate but high napin content, demonstrating that there is scope to improve 
napin content in 00 varieties. These results provided new directions to improve the seed protein composition in rapeseed. 
 
PO0569: Brassicas, Arabidopsis, and related 
Broadening and Improving the Turnip Yellows Virus Resistance Base in Oilseed Rape  
Shannon F. Greer1, John A. Walsh1, Guy Barker2 and Vasilis Gegas3, (1)University of Warwick, Warwick, United Kingdom, 
(2)University of Warwick, Coventry, United Kingdom, (3)Limagrain UK Ltd., Market Rasen, United Kingdom 
Turnip yellows virus (TuYV) is transmitted by aphids and costs the UK’s oilseed rape (OSR, Brassica napus) industry upwards of 
£69million/year in lost yield. OSR is an amphidiploid (genome AACC) resulting from the interspecific hybridisation of Brassica rapa (genome 
AA) and Brassica oleracea (genome CC).  
No meaningful resistance has been found in cultivated OSR. Due to this, the genetic bottleneck resulting from OSR’s recent origin and the 
inefficacy and bans of insecticide treatments targeting the aphid vector, it is essential to integrate resistance to TuYV into OSR from its 
progenitors.  
The only characterised source of resistance to TuYV is in the resynthesised B. napus line ‘R54’. This resistance is controlled by a single 
dominant gene on B. rapa chromosome A04 and has been introduced in to commercial OSR varieties.  
To broaden the TuYV-resistance base in OSR, B. rapa and B. oleracea lines were screened for resistance to TuYV. The best resistances have 
been crossed to susceptible lines to produce segregating backcross populations (BC1) for QTL analysis. Multiple QTL Mapping (MQM) using 
three cofactors on a segregating B. rapa BC1 population identified novel multigenic TuYV resistance QTLs. The resistance in B. oleracea will be 
characterised and mapped in the same way. Genetic mapping will provide TuYV resistance-linked markers that can be used to accelerate 
introgression of these resistances into commercial OSR types by marker-assisted selection.  
The resistant B. rapa and B. oleracea lines have also been hybridised to produce resynthesised B. napus plants possessing both of the new TuYV 
resistances. 
 
PE0570: Brassicas, Arabidopsis, and related 
Association Mapping of New Source of Resistance to Clubroot Disease in Brassica napus 
Abdulsalam Dakouri1, Mebarek Lamara1, Masud Karim1, Sue Boyetchko1, Stephen Strelkov2, Gary Peng1 and Fengqun Yu1, 
(1)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada, (2)Department of Agricultural, Food and Nutritional Science, 
University of Alberta, Edmonton, AB, Canada 
Clubroot disease, caused by the obligate pathogen Plasmodiophora brassicae, is a major disease of canola, worldwide. Genetic resistance 
remains the best strategy to manage this disease. The main objective of this study was to identify and fine map new source of resistance to 
clubroot in B. napus, using genome-wide association mapping approach. A world collection of 177 accessions were tested for resistance to four 
highly virulent pathotypes of B. brassicae, and the disease severity indices were recorded. The collection was genotyped using genotyping by 
sequencing. The majority of accessions were highly to completely susceptible with DSI ranging from 70 to 100%, while 21, 7, 8 and 15 
accessions showed highly to complete resistance to 5x-LG2, 2B, 3A and 3D, respectively, with DSI of 0 to 20%. In total, 301753 SNPs were 
mapped to the 19 chromosomes. Population structure analysis indicated that the accessions belong to two major populations. Genome-wide 
association analysis using multi-locus mixed model (MLMM) was performed to detect SNPs associated with resistance to each pathotypes. For 
pathotypes 5X-LG2, three significant SNPs were identified on chromosomes A08, A09 and C06. For pathotype 2B, three significant SNPs were 
detected on chromosomes A07, A05 and C01. For pathotype 3A, four significant SNPs were found on chromosomes C03, C02, A04 and A05. 
For pathotype 3D, three significant SNPs were identified, one on chromosomes A06 and two SNPs on chromosome A09. The SNP markers 
identified herein can be used for marker assisted molecular breeding for resistance to clubroot in Brassica napus. 
 
PO0571: Brassicas, Arabidopsis, and related 
Metabolite-Based Genome-Wide Association Study to Identify Resistance-Related Genes against Sclerotinia sclerotiorum in 
Brassica napus 
Yuanyuan Zhang, Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, Wuhan, China and Shengyi Liu, Oil 
Crops Research Institute of CAAS, Wuhan, China 
Brassica napus is a worldwide important oil crop. Sclerotinia stem rot (SSR) caused by the fungal pathogen Sclerotinia sclerotiorum is one of 
the most devastating diseases worldwide and seriously affects the yield and quality of rapeseed. The resistance to S. sclerotiorum in B. napus is a 
quantitative trait and controlled by multiple quantitative trait loci (QTLs). But all the QTLs identified for S. sclerotiorum resistance only 
explained a small portion of the phenotypic variation, and it is still difficult to clone the candidate genes in these QTLs. Metabolome-based 
genome-wide association study (mGWAS) has displayed supplementary advantage in identification of functional genes and in understanding 
plant disease resistance-related metabolic pathways. Here, we collected 800 accessions of B. napus from all over the world and genotyped then 
by re-sequencing. The phenotype data of resistance to SSR and the variations of metabolites from leaves inoculated with and without the 
pathogen were collected and analyzed by GWAS and mGWAS, respectively. 25 common candidate genes highlighted and mapped to defense 
metabolites pathway were identified, and the function of them was verified by molecular biology experiments. These results reveal a picture of 
plant metabolites and underlying genes related to disease SSR resistance, and will promote efficient utilization of metabolites in improvement of 
disease resistance breeding. 
 
PE0572: Brassicas, Arabidopsis, and related 
Identification of Candidate Resistance Genes Against Blackleg in Brassica napus 



Yueqi Zhang, Ting Xiang Neik, Anita Severn-Ellis, Soodeh Tirnaz, Philipp E. Bayer, David Edwards and Jacqueline Batley, 
University of Western Australia, Perth, Australia 
The Brassica genus contains the greatest diversity of agriculturally important species. There has been a rapid increase in the global Brassica 
napus (canola/oilseed rape) production over the last four decades. Blackleg disease caused by the fungal pathogen Leptosphaeria maculans is 
one of the most devastating diseases of canola in Australia, Europe and America. Identification of resistance genes in Brassicasand breeding 
resistant lines is the most effective and sustainable approach to combatting the disease. Seventeen resistance genes that have a gene-for-gene 
interaction with L. maculans avirulence genes have been genetically mapped while only two resistance genes cloned. Two resistance genes, Rlm4 
and Rlm7, located in a quantitative trait locus on Chromosome A07 specifically interact with the avirulence gene AvrLm4-7, and elicit the 
appropriate defence response, suggesting that Rlm4 and Rlm7 may be allelic variants of the same gene. In this research, genome wide 
identification of resistance genes was performed in different Brassica napus cultivars and resistance genes within the candidate region for Rlm4-
7 were characterised. Sequence comparison of several candidate resistance genes amplified from a range of Rlm4-7 susceptible and resistant lines 
were analysed to identify allelic diversity and for further understanding of the gene for gene interaction at this locus. This research may 
contribute to pinpointing the causative Rlm4-7 allele(s) which would facilitate the breeding for Rlm4-7 lines for managing the blackleg disease in 
canola. 
 
PO0573: Brassicas, Arabidopsis, and related 
Nonreciprocal DNA Exchange in Brassica oleracea 
Lan-Shuan Shuang1, Xiyin Wang2 and Andrew H. Paterson1, (1)Plant Genome Mapping Laboratory, University of Georgia, 
Athens, GA, (2)North China University of Science and Technology, Watkinsville, GA 
The single species Brassica oleracea has great economic importance, remarkable morphological variation and intriguing genome complexity. In 
addition to the well-known genome polyploidization events shared by many species, a lineage-specific whole genome triplication event occurred 
in a Brassica ancestor after its divergence from Arabidopsis thaliana. Therefore, three subgenomes, LF (least-fractionated), MF1 (Medium-
fractionated) and MF2 (Most-fractioned), are found in B. oleracea genomes. In this study, we are aiming to understand nonreciprocal DNA 
exchange between paralogs and its relation to morphological variation within the species. A total of 26 samples in B. oleracea are included and 
B. rapa is used as outgroup. We have found 19,205,080 SNPs, among which 492,179 are in polymorphic paralogous sites. About twice as many 
SNPs are mutated to their paralogous alleles than novel alleles. The SNPs that are changed to paralogous alleles are inferred to be conversions, 
while novel alleles are considered mutations. The least-fractionated subgenome is the preferred ‘template’ allele in conversion, over the other 
subgenomes. Most of the variations are in coding regions as synonymous mutations. The gene ontologies of the Arabidopsis orthologs of the 
converted genes are enriched in either developmental process or anatomical structure development which might suggest a relationship between 
conversion and morphological variation. 
 
PE0574: Brassicas, Arabidopsis, and related 
Maintenance of Grafting-Induced Epigenetic Variations in the Progeny of Brassica oleracea and B. juncea Chimera 
Ningning Yu, Liwen Cao and Liping Chen, Zhejiang University, Hangzhou, China 
Grafting-induced variations have been observed in many plant species, but the heritability of variation in progeny is not well understood. In our 
study, grafting between tuber mustard and red cabbage produced two chimeras, TCC and TTC [where the origin of the outmost, middle and 
innermost cell layers, respectively, of shoot apical meristem (SAM) is designated by ‘T’ for tuber mustard and ‘C’ for red cabbage]. In the 
periclinal chimera, cells of the different species are in close contact with each other, permitting the communication of heterologous signals and 
genetic material between different cell layers. We reasoned that the T cells in the exogenous epidermis might impose effects on the inner C cells, 
and vice versa. Here, we regenerated the asexual progeny from C cell lineage of chimera TCC. We then established multiple generations of the 
asexual progeny. To elucidate the genomic perturbation in the hetero-grafted progeny, focusing on the methylation modification and sRNA 
fluctuation, we screened and compared the global DNA methylation and the presence siRNAs in the asexual progeny and the corresponding 
parents. Furthermore, to elucidate the mechanisms of maintaining grafting-acquired variations during cell propagation and regeneration, we 
performed an association analysis between grafting-induced specific siRNAs and the methylation changes, predominantly in repeat elements 
with CHH sequences. Additionally, the heritability of phenotypic variation and its association with DNA methylation changes in the selfed 
progeny of chimera TTC were investigated. The results of the present study provide insight into the epigenetic basis of maintenance and 
inheritance of grafting-induced variations. 
 
PO0575: Brassicas, Arabidopsis, and related 
Development of Molecular Markers and Identification of QTLs Related to the Contents of Glucosinolates in Brassica 
oleracea Leaves 
Jeongyeo Lee, Korea Research Institute of Bioscience& Biotechnology, Daejon, South Korea, Kun-Hyang Park, Korea Research 
Institute of Bioscience and Biotechnology, Daejeon, South Korea and HyeRan Kim, KRIBB-Plant Systems Engineering Center, 
Daejeon, South Korea 
Cabbage, Brassica oleracea var. capitata, is an economically important vegetable crop worldwide and one of major export seed crops in Korea. 
Most of glucosinolates (GSLs), secondary metabolites found in Brassicaceae vegetables, has been reported to be effective in anti-cancer activity 
to humans as well as plant protection. However there is a lack of research on the development of molecular marker related to the contents of 
GSLs for cabbage breeding system. To develop the molecular markers related to the GSL contents, we examined GSL contents using TBDH and 
Koregon F2 population. Amplifications of 36 genes related to the GSL biosynthesis using TBDH and Koregon population accessions were 
analyzed to identify genetic variants by comparing between the high and low concentrations of GSLs. A total of 368 HRM primers were 
developed based on 1,139 genetic variants, and two markers were associated with the contents of glucobrassicin, one of GSLs. Meanwhile, 
genotyping data of two Koregon F2 population (#1626 and #1627) were analyzed using Fluidigm array. The genetic maps of two population were 
created having 95 markers distributed along nine linkage groups (C1-C9) with a total distance of 384.6 cM. Three significant QTLs were 
detected in C2, which associated with the contents of gluconapin, glucoraphanin and progoitrin. A total of 192 SNP-based markers on C2 were 



designed and conducted by HRM. As results, a total of 64 markers were able to determine genotyping of parents in two population. These 
markers has been utilized to identify QTLs correlated to the contents of GSLs. 
 
PE0576: Brassicas, Arabidopsis, and related 
Coexpression Analysis of Curd Development in Cauliflower (Brassica oleracea L. var. botrytis) 
Jheng-Yang Ou1, Po-Xing Zheng1, Wang Lin1, Ta-Yu Yang1, Te-Chang Hsu1, Chen-Yu Lin2 and Yao-Cheng Lin1, 
(1)Biotechnology Center in Southern Taiwan & Agricultural Biotechnology Research Center, Academia Sinica, Tainan, Taiwan, 
(2)Department of Vegetable Crops, Fengshan Tropical Horticultural Experiment Branch, Taiwan Agricultural Research Institute, 
Kaohsiung City, Taiwan 
The curd is a specialized organ with high economical values in cauliflower (Brassica oleracea L. var. botrytis) production. However, 
mechanisms underlying the regulation of curd development is still largely unknown. It is known that many parts of the plant including shoot 
apical meristem, inflorescent meristem and leaves can sense environment stimulus to affect the floral development.  
In this study, curds and the corresponding leaf samples were collected in four developmental stages, including curd size less than 3 mm, 4-6 mm, 
6-10 mm, and larger than 15 mm. The curd larger than 15 mm were further dissected into upper and lower parts. Each sample with three 
biological replicates were sequenced by Illumina NextSeq using 150 paired-end reads. After removing rRNA and low quality reads, the gene 
expression was quantified by kallisto. To increase the accuracy of gene expression analysis, genes with CPM (count per million) less than 1 and 
the median absolute deviationless than 0.7 were removed.  
Based on the “guilt by association” principle, genes with similar spatial expression profiles (coexpression) are assumed to share similar 
biological functions, forming a neighborhood network of potential partners. Atotal to 70 coexpression modules were constructed by weighted 
correlation network analysis (WGCNA).Combining inter-sample normalization approach where gene expression were further normalized 
between samples, 15 and 18 modules were identified corresponding with curd and leave development, respectively. Further analysis will be 
performed to prioritize candidate genes to reveal hidden networks in curd development. 
 
PO0577: Brassicas, Arabidopsis, and related 
Highly Performed Genome Sequences of Brassica rapa Using BioNano’s Third-Generation Optical Mapping and PacBio 
Sequences 
Jung Sun Kim1, Yoon Jung Whang2, Sin-Gi Park3, So Youn Won1 and Soo-Jin Kwon1, (1)National Institute of Agricultural 
Sciences, RDA, Jeonju, South Korea, (2)Sahmyook University, Seoul, South Korea, (3)Theragen Etex Institute, Suwon, South 
Korea 
Reference genome value is a versatile; it could assist on hunting to useful genes based on genome sequences as well as use comparative study on 
related genome. The B. rapa genome was the first to be sequenced among the Brassica species. The B. rapa genome harbors highly repeated 
sequences and complicated centromeric regions, making it difficult to assemble accuracy. There were the several releases on B. rapa reference 
with v1.5, v2.0, and v3.0 respectively. The B. rapa genome (v3.0) using single-molecule sequencing with RSII P6-C4 chemistry (57X), BioNano 
(456X), and Hi-C (164X). B. rapa genome 3.0, totaled 353.14 Mb of sequence with 396 gabs (2.08 Mb). In this study, B. rapa genome 
sequenced using single-molecule sequencing with Sequel (78X) and ‘Saphyr’, BioNano’s third-generation optical mapping. This assembly result 
is 353.7 Mb sequence with 33.8Mb of longest and 13.4Mb of N50 scaffold length. Comparing on our scaffold numbers is a total 64 to 1,301 
(v3.0), 86,986 (v2.5), and 40,576 (v1.5). Using on the upgrade sequencing facility and high molecule genomic DNA preparation could bring to 
the dramatic assembly quality. Two different subspecies of chinensis (pakchoi) and tricolaris (yellow sarson) plants sequenced using single-
molecule sequencing with Sequel (46X and 42X) and assembled genome was 366.5 Mb and 312 Mb with 680 and 706 contigs respectively 
 
PE0578: Brassicas, Arabidopsis, and related 
Comparative Analysis between Turnip (Brassica rapa subsp. rapa) and Chinese Cabbage (B. rapa subsp. pekinensis) for 
Morphological Divergence 
Seung hwa Yu1, Hye Rang Park1, Taegu Kang1, Gibum Yi2, Yeseul Kim1, Jeong Eun Park1, Hosub Shin1 and Jin Hoe Huh1, 
(1)Seoul National University, Seoul, South Korea, (2)Plant Genomics and Breeding Institute, Seoul Natl Univ, Seoul, South Korea 
Chinese cabbage (Brassica rapa subsp. pekinensis) and turnip (B. rapa subsp. rapa) are of the same species, but their morphological 
characteristics are far different from each other. While Chinese cabbage has a large head of broad round leaves with a small taproot, turnip has 
lyrate leaves with a bulbous taproot. Interestingly, turnip exhibits similar overall morphology to radish (Raphanus sativus), although they belong 
to different genera. Whole genome sequencing analysis revealed that the sequence similarity between turnip and Chinese cabbage was 99.37%, 
whereas that of turnip between radish was 90.88%. Thus, similar phenotypes of turnip and radish are presumably the consequence of convergent 
evolution accompanied with a process of domestication. We produced doubled haploid (DH) lines of Ganghwa (GH) turnip through microspore 
culture. A cross between GH turnip and Chinese cabbage cultivar Chiifu-401 produced an F1 hybrid with a turnip-like aboveground part and a 
small taproot. In the F2 population, we observed the great divergence in leaf morphology and root shape, and most of which were controlled by 
the quantitative trait loci (QTL). Genome-wide association study (GWAS) is being conducted with genotyping-by-sequencing (GBS) in the F2 
population. Finally, comparative transcriptome and epigenome analyses in the Brassicaceae family would reveal the genetic and epigenetic 
mechanisms of convergent evolution of divergent species, as well as those of morphological diversification within the subspecies sharing genetic 
similarities. 
 
PO0579: Brassicas, Arabidopsis, and related 
Evaluation of a Public Immortal B. oleracea Mapping Population Illuminates Complex Horticultural Quality Traits in 
Broccoli 
Zachary J. Stansell, Cornell University, Geneva, NY and Thomas Björkman, Cornell University, Cornell AgriTech, Geneva, NY 
We describe efforts to characterize, improve, and expand a set of publicly available tools to researchers within the Brassica oleracea community 
by applying next generation sequencing technology and extensive phenotyping to the BolTBDH population [broccoli x Chinese kale], an 



immortal, rapid-cycling, self-compatible population that segregates for complex horticultural traits. Using genotype-by-sequencing on 175 
double haploid lines that segregate for 36 traits, we developed 1876 high-quality genome-wide SNPs (4.9 SNP/Mbp; 0.5 cM/SNP). Using both a 
fully-annotated single genome and the B. oleracea pangenome as a reference, we located 82 and 71 QTL, epistatic QTL, and candidate genes 
within six trait classes: architecture, biomass, bud morphology, leaf morphology, head quality, and phenology. Two QTL hotspots on C09 
explain 36.9% and 27.7% of variance in overall head quality. Two flowering time and head maturity QTL hotspots on C03 and C09 reduce days 
to flowering and maturity by [qC03= -8.4 d / -7.9 d] and 9 [qC09= -7.7 d / -7.4 d] respectively. We compare the parallel results of QTL mapping 
using a both single organism versus a pangenome reference genome; e.g. pangenome alignment reduced the largest map spacing gap from 16.7 
cM to 6.9 cM. In addition, we have updated mapping efforts by integrating the SNPs developed within this study with previously available SSR 
markers for the BolTBDH population and providing a comprehensive phenomic dataset for future analyses.  
 
PE0580: Brassicas, Arabidopsis, and related 
Switching Apomixis to Sex in Boechera 
Lei Gao, Bo J Price, David A. Sherwood and John G. Carman, Utah State University, Logan, UT 
Apomixis in angiosperms is asexual seed formation. It occurs either sporophytically, where embryos form adventitiously from sporophytic cells 
of the ovule wall, or gametophytically, where embryos form parthenogenetically from eggs of unreduced gametophytes (embryo sacs). In 
gametophytic apomixis, unreduced embryo sacs form from unreduced products of abortive meioses (diplospory) or from somatic cells of ovule 
walls (apospory). These processes are referred to as apomeiosis. Since progeny form without meiotic reduction, recombination or syngamy, they 
are clones of each other and of the mother plant. Most angiospermous apomicts also produce, at low to high frequencies, sexual progeny. This is 
called facultative apomixis. In some facultative apomicts, the switch from apomixis to sex is triggered by stress. Using expression profiling, we 
identified stress-related molecular pathways that might cause apomeiosis to meiosis switching, and we designed pharmacological treatments to 
test these pathways. Immature pistils of diplosporous Boechera (Brassicaceae) were exposed to different levels of H2O2 to induce oxidative 
stress, brassinazole to inhibit brassinosteroid signaling, and 5-azacytidine to disrupt DNA methylation induced meiosis. Percentages of ovules 
producing meiotic tetrads were 16%, 48%, 40%, and 47% for the controls and the H2O2, brassinazole, and H2O2 plus brassinazole treatments, 
respectively. Surprisingly, when chromosomes of pre-megasporocyte pistils were demethylated by 5-azacytidine incorporation during 
replication, 10 % of ovules underwent Antennaria type diplospory (embryo sac formation from the megasporocyte without onset of meiosis). 
These treatments nearly eliminated low frequency meiosis and aposporous embryo sac formation and slightly reduced the frequencies of 
Taraxacum type diplospory (meiotic 1st division restitution). 
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Mapping Quantitative Trait Loci to Understand Seed Size Variation in Camelina sativa 
Kevin King, Huang Li and Chaofu Lu, Montana State University, Bozeman, MT 
Camelina sativa (L.) Crantz is an emerging Brassica oilseed crop. Camelina's oil is high in polyunsaturated C18-fatty acids, and uses for the oil 
range from bio-fuels and bio-lubricants to an animal feed additive and cooking oils. A major breeding objective for camelina is to develop 
varieties with increased seed size. Understanding the genetic behind seed size variation would help breeders develop varieties that are, more 
robust, easier to plant and harvest, better for oil processing, and could increase oil yield. For this study, a novel linkage map was created and 
quantitative traits loci (QTL) were identified for multiple agronomic trait using a bi-parental recombinant inbred population created between the 
two Camelina varieties “Suneson”, which has an average seed size of 1.51mm2, and the variety “Pryzeth” with an average seed size of 2.21 mm2. 
Field trials were conducted in 2017 and 2018 in both dry land and irrigated treatments in Montana. Significant QTLs have been discovered for all 
agronomic traits measured including flowering time, seed area, pod area, seed weight, and oil content. The results of this study could lead to 
marker-assisted breeding of varieties better adapted to fit the needs of Montana farmers. 
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Identification of Factors Governing CO2 Concentration Mechanisms in Moricandia 
Meng-Ying Lin, Biochemie der Pflanzen, Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany 
C3-C4 intermediate plants, which display low CO2 compensation points and Kranz-like anatomy, possess an efficient system for recycling of 
photorespiratory released CO2. Within the project, we investigate the importance of different biochemical and anatomical features for the 
function of this specific photorespiratory cycle as well as their manifestation in plant genomes. In Moricandia, species with C3 and C3-C4 
intermediate photosynthesis exist in close phylogenetic proximity and provide suitable materials to explore the regulatory variations associated 
with this specific CO2 concentration mechanism.  
 (C3) hybrids. On average, 30 % and 7 % of the SNPs were regulated by only cis- and only trans-regulatory variation, respectively. In all hybrid 
lines, more ASE-SNPs had bias toward M. arvensis allele than toward M. moricandioides allele. Interestingly, the gene ontology (GO) analysis 
demonstrated that GO terms involved in isoprenoid biosynthesis, carbohydrate catabolic process, oxidoreduction coenzyme metabolic process, 
and chloroplast relocation were abundant in common cis-SNPs within all hybrid lines. Moreover, the ASE-transcripts were evaluated with the 
major allele frequency (MAF, ranging from 0.5 to 1.0) by MBASED. Approximately, 61% and 7% of the transcripts were with MAF larger than 
0.6 and 0.9, respectively. To date, the promoter-GUS assay is ongoing to discover the regulatory variation. The results of this study will provide 
valuable insights into the specific CO2 concentration mechanism in C3-C4 intermediates and early evolutionary steps of C4 photosynthesis. 
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Niche Differentiation of an Allopolyploid from Parents in Cardamine Revealed By Ecological and RNA-Seq Data 
Rie Shimizu-Inatsugi1, Reiko Akiyama1, Jianqiang Sun2, Masaomi Hatakeyama1, Heidi E.L. Lischer1, Roman V. Briskine1, Angela 
Hay3, Xiangchao Gan4, Miltos Tsiantis3, Hiroshi Kudoh5, Masahiro Kanaoka6, Jun Sese7 and Kentaro K. Shimizu1, (1)University of 
Zurich, Zurich, Switzerland, (2)National Institute of Advanced Industrial Science and Technology, Tokyo, Japan, (3)Max Planck 
Institute for Plant Breeding Research, Koln, Germany, (4)Max Planck Institute for Plant Breeding Research, Cologne, Germany, 



(5)Kyoto University, Otsu, Japan, (6)Nagoya University, Nagoya, Japan, (7)Natl Inst Advanced Industrial Science and Technology, 
Tokyo, Japan 
Polyploidization is one of the major forces for speciation. By combining different parental genomes, allopolyploids have been hypothesized to 
achieve an intermediate or broader environmental habitat than their diploid parents, resulting in niche differentiation between the allopolyploid 
and its diploid parents. However, actual examples are still rare to prove this hypothesis. In this study, we used two Cardamine diploids (C. amara 
and hirsuta) and their allotetraploid C. flexuosa to reveal the factor(s) regulating their niche differentiation: The diploids never cohabit together, 
whereas the tetraploid cohabits with either or none of the diploids.  
We took two contrasting approaches targeting neighboring habitats of these Cardamine species in Zurich, Switzerland. The first method involved 
a regular census of ecological factors. PCA and regression analysis of this data suggested that soil moisture has the strongest effect on niche 
differentiation. The two diploids occupy two extremes in soil moisture, dry or wet habitat, and the tetraploid occupies wider range between them. 
Our second approach involved eco-transcriptomic analysis and the results also suggested that the expression levels of water-related homeologs 
were most variable among habitats, and thus could be the key factor to cope with broader habitats.  
In this case, niche differentiation was detected at a fine geographical scale rather than the larger scale as analyzed in previous reports. In addition, 
we have shown that RNA-seq, focusing on expression differences between homeologous genes, can be a valuable tool to detect the essential 
ecological factor for niche differentiation of allopolyploids. 
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RNA-Directed DNA Methylation Mediates Parental Conflict during Seed Development in Capsella Grandiflora 
(Brassicaceae) 
Kelly Dew-Budd, Brandon David, 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, which are abundant in gametophytes and developing seeds, are produced by processing transcripts from RNA 
Polymerase IV. These siRNAs interact with Pol V transcripts via complementary base-pairing, thereby targeting methylation machinery to 
proximal regions of the genome, a process critical for proper expression of imprinted genes. Arabidopsis thaliana RdDM mutants show no 
obvious reproductive defects; however, Brassica rapa RdDM mutants show a significant reduction in seed set and seed weight. Two major 
differences between A. thaliana and B. rapa are breeding system and ploidy. A. thaliana is a primarily selfing species with a diploid genome, 
while B. rapa is an outcrosser whose genome reflects a mesohexaploid expansion. We hypothesized that RdDM may be more critical in B. rapa 
because methylation is mediating 1) conflicts between maternal and paternal genomes (imprinting), and/or 2) conflicts among subgenomes 
(genome dominance). To distinguish between these alternatives, we used a comparative evolutionary approach by characterizing RdDM mutants 
in three additional Brassicaceae species that vary in breeding system and genome copy number. We established mutant lines for each of these 
species for two genes critical to the RdDM pathway. Mutant plants exhibited significant differences in seed set and seed weight between the 
wildtype and mutant lines in our obligate outcrosser, Capsella grandiflora, but not in its self-compatible sister-species, C. rubella. These results 
indicate that RdDM is involved in mediating parental genome interactions in outcrossing species in Brassicaceae. 
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Improvement the Search Function of the Arabidopsis thaliana Bioresource Database in RIKEN BRC 
Satoshi Iuchi and Masatosmo Kobayashi, RIKEN Bioresource Research Center, Tsukuba, Japan 
The RIKEN BioResource Research Center (RIKEN BRC) Experimental Plant Division participates in the National BioResource Project (NBRP) 
and collects, maintains and provides plant resources, such as wild-type and mutant seeds of Arabidopsis thaliana as well as full-length cDNA 
clones and plant cultured cell lines of various species.  
We have built a web catalog that provides the information of these resources. In the catalog, the wild-type lines of A. thaliana are accompanied 
with not only the basic information such as collection sites but also the phenotypic information including photo images. For A. thaliana 
transposon-tagged mutants, the insertion site of transposable element is displayed as a diagram on the simplified genome browser. The genome 
browser is also available for the cDNA clones of A. thaliana. In each catalog page of plant cultured cell lines, you can find the features of the cell 
and protocols for maintenance.  
For user’s convenience, we set a database retrieving function so that all integrated plant resources can be searched at once. Currently we are 
trying to improve the user interface in the web browser which will be provided from our web page (https://plant.rtc.riken.jp/resource). 
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The Genomic Investigation of Weedy Arabidopsis Evolution 
Che-Wei Hsu, Cheng-Yu Lo and Cheng-Ruei Lee, National Taiwan University, Taipei, Taiwan 
Sequencing global genomes of Arabidopsis thaliana allows researchers to understand its demographic history. Here we incorporate all previous 
data to have a complete understanding of this species. For ancient demographic history, in the nuclear genome we found accessions from 
Yunnan, China to be genetically close to the sub-Saharan group, the group reported to be the only and most divergent group to worldwide 
accessions. In chloroplast, several deeply diverged haplogroups exist only in Eurasia, and the African populations have lower variation. These 
patterns cannot be easily explained by a single out-of-Africa event suggested previously. For recent demographic history, a weedy non-relict 
group expanded throughout Eurasia since 10 kya. In the Chinese Yangtze non-relicts, genes under strong selection are enriched for traces of 
relict introgression, especially those related with biotic and immune responses. Echoing previous results that non-relicts in Iberia obtained locally 
adaptive abiotic-stress-related alleles from relicts, the results suggest admixture with locally adaptive relicts is important for non-relict expansion 
across environmental gradients of Eurasia. Our re-analyses provide another model for the early history as well as elucidate factors contributing to 
the recent demographic turnover event of this species. 
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DM-1, a DNA Demethylase, Involved in the Regulation of Leaf Senescence in Arabidopsis 



Lu Yuan, Liwen Cao, Dan Wang, Ningning Yu, Ke Liu, Susheng Gan and Liping Chen, Zhejiang University, Hangzhou, China 
DNA methylation plays a critical role in eukaryotic gene regulation during organism development process. Tissue-specific genes undergo active 
DNA demethylation through a family of 5-mC DNA glycosylases/lyases. However, how DNA demethylase regulate leaf senescence is still 
unknown. Recent studies have reported a correlation between DNA demethylases and leaf aging. Here, loss-of-function mutant and 
overexpression plants of DM-1, a demethylase gene, were derived. A delayed leaf senescence phenotype was observed in dm-1, and in DM-1ox 
showed accelerated leaf senescence on the contrary. WGBS on wild-type (col-0) and dm-1 in three development stages from non-senescence to 
senescence revealed that hypermethylation occurred in dm-1 compared with WT during leaf senescence, and 46, 008 differentially methylated 
regions (DMRs) were identified by comparing the methylomes between dm-1 and WT in CG, CHG, CHH context. Furthermore, 335 DMRs 
related genes (DMGs), such as NAC016, SEN1, which met the changing models, were up-regulated during leaf senescence. Correlation analysis 
of the of DNA methylation and gene expression demonstrated that DNA methylation levels of the relative SAGs were negative to its expression. 
Together, our findings elucidated that DM-1 functioned as a positive regulator of age-triggered leaf senescence via demethylating relative SAGs 
in Arabidopsis. 
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Defining Flowering-Time Specific Gene Expression Changes That Signal the Onset of Age-Dependent Leaf Senescence in 
Arabidopsis thaliana 
Will Edward Hinckley and Judy A. Brusslan, California State University, Long Beach, Long Beach, CA 
In plants, the vegetative to reproductive growth phase transition precedes age-dependent leaf senescence. Understanding the timing of this phase 
transition and its molecular connection to leaf senescence is agriculturally important. During leaf senescence, nitrogen and other macromolecules 
are recycled from leaves and relocated to reproductive organs and other sinks. In many species, these reproductive organs, such as the fruits and 
seeds, are harvested for human consumption. Homozygous Arabidopsis trithorax (ATX) triple T-DNA insertion mutants (atx1/atx3/atx4) display 
significantly early flowering coupled to significantly accelerated leaf senescence. A BrAD-seq (RNA-seq) time-course experiment highlighted 
228 genes with differential expression (DEGs) in early flowering atx triple mutants relative to vegetative wildtype plants of the same age. We 
hypothesize that some of these DEGs, which change expression soon after the transition to reproductive growth, are signaling the onset of leaf 
senescence. Twenty-one genes from this list contain predicted regulatory domains. T-DNA insertion mutants for each gene were isolated to 
screen for mutations that uncouple flowering and leaf senescence. Flowering time and above-ground fresh weight, along with NIT2 expression 
and chlorophyll concentration are being analyzed in a time course experiment to characterize leaf senescence phenotypes in single mutants. We 
aim to identify mutants that display leaf senescence that is uncoupled from flowering. Preliminary data from the candidate screen show four 
mutants that display uncoupled flowering and senescence phenotypes. Currently, data support the hypothesis that there are flowering-time 
specific gene expression changes of senescence-related genes, and further study of regulatory gene candidates may elucidate the molecular 
connection between flowering and age-dependent leaf senescence. 
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The HAC1 Histone Acetyltransferase Promotes Leaf Senescence Via Regulation of ERF022 
Judy A. Brusslan1, Keykhosrow Keymanesh1, Will Edward Hinckley1 and Jaime A Cordova2, (1)California State University, Long 
Beach, Long Beach, CA, (2)University of Wisconsin, Madison, WI 
Leaf senescence is the final stage of leaf development in which nitrogen and other nutrients are recycled to promote growth of new organs. The 
hallmark of leaf senescence is chlorophyll loss, and a stay-green phenotype was observed in two T-DNA insertion alleles of HAC1 (At1g79000). 
HAC1 encodes a histone acetyltransferase of the CREB Binding Protein family. Gene expression of numerous senescence up-regulated genes 
(SURGs) was reduced in hac1 alleles. RNA-seq and H3K9ac ChIP-seq were used to identify genes with differential expression and H3K9ac 
levels. We identified 44 genes with significantly reduced H3K9ac and mRNA in both hac1 alleles, and these genes are likely direct HAC1 
targets. One of these potential HAC1 targets is ERF022. An erf022 T-DNA insertion mutant displayed reduced SURG expression and higher 
chlorophyll levels indicating delayed senescence. These data suggest that histone acetylation by HAC1 at the ERF022 locus induces expression 
of a novel positive regulator of leaf senescence. 
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Investigating a Genetic Suppressor of tso1 in Arabidopsis Meristem Development 
Fuxi Wang1, Wanpeng Wang2 and Zhongchi Liu1, (1)Dept. of Cell Biology and Molecular Genetics, University of Maryland, 
College Park, MD, (2)University of California, San Francisco, San Francisco, CA 
The plant meristems at the root tip and shoot apex give rise to all below and above ground tissues and organs and at the same time maintain their 
stem cell identity. The balance between cell proliferation and differentiation at the meristem is vital for plant development. In Arabidopsis, 
previous research demonstrated that TSO1 plays an important role in regulating such a balance. Mutations in TSO1 cause severe development 
defects, including shoot meristem fasciation, sterility, and short root. It was previously shown that TSO1 transcriptionally represses MYB3R1 
expression and forms a regulatory module with MYB3R1 to balance the proliferation and differentiation at both the root and shoot meristems. 
However, MYB3R1 is not the only factor that acts together with TSO1. A new genetic suppressor of tso1-1 mutant, named A144, was found to 
suppress shoot apical meristem fasciation phenotype and partially restore the fertility of tso1-1 mutant. Interestingly, the same suppressor also 
enhanced the short root phenotype of tso1-1. Mapping-by-sequencing has identified several candidate genes. The characterization of A144 
suppressor phenotype and the study of the suppression mechanism will further our understanding of TSO1 regulatory functions and provide new 
insights into the plant meristem regulation. 
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Cell-Type Specific Divergence in the Alternative Splicing of Duplicated Gene Pairs in Arabidopsis thaliana 
Grant William de Jong, University of British Columbia, Vancouver, BC, Canada 



Whole-genome duplication events have played an extensive role in the evolution of flowering plants. The sudden doubling of genetic material 
can expedite large scale changes in gene function and expression patterns. Alternative splicing (AS) offers an avenue with which genes 
duplicated by these polyploidy events may further contribute to the functional complexity of the cell. While profiling the extent to which AS 
influences functional or regulatory divergence in ancient paralogs has been previously investigated, such as those derived from the α-whole 
genome duplication event in Arabidopsis thaliana, the manifestation of this divergence in distinct tissues and cell-types is less understood.  
Using RNA-Seq data I have surveyed the transcriptomes of root developmental zones and their constituent cell-types in paleopolyploid 
Arabidopsis thaliana. Incorporating such high-resolution data with other in silico analyses, I have demonstrated near-complete divergence in 
both gene expression and splicing patterns.  
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Stress Response Induced by Overexpression of Arabidopsis DEMETER DNA Demethylase in Animals and Plants 
Hosung Jang1, Young Geun Mok2, Hosub Shin1, Seung hwa Yu1, Yeseul Kim1 and Jin Hoe Huh1, (1)Seoul National University, 
Seoul, South Korea, (2)Center for Genome Engineering, Institute for Basic Science, Daejeon, South Korea 
DNA methylation is a stable epigenetic mark that is essential for gene imprinting, transposon silencing, and many developmental processes in 
higher eukaryotes. Although plants and animals have significantly conserved DNA methylation machineries, their DNA demethylation systems 
appear to have independently evolved. Unlike animals that require a series of enzymatic modifications of 5-methylcytosine (5mC) for DNA 
demethylation, plants utilize the DEMETER (DME) DNA glycosylase family proteins which directly excise 5mC from DNA, replacing it with 
unmethylated cytosine via the base excision repair pathway. Here we expressed Arabidopsis DME in human HEK-293T cells to trigger global 
DNA demethylation by direct 5mC excision. DME induced DNA damage and diverse cellular responses such as cell proliferation inhibition, cell 
cycle dysregulation and S phase arrest. Transcription profiles revealed that a number of genes were up-regulated by DME expression, which 
include cell cycle components, heat shock proteins, and interferon-stimulated genes (ISG). In particular, many of the ISGs are implicated in RNA 
processing and viral RNA recognition. We observed that endogenous retrotransposons were also activated by DME, potentially serving as viral 
mimics to induce interferon signaling which is responsible for establishing the cellular antiviral state. In addition, overexpression of DME in 
Arabidopsis protoplast induces the upregulation of stress-related genes. Notable among them are tetratricopeptide repeat (TPR) and 
pentatricopeptide repeat (PPR) family proteins, both of which are known to be involved in RNA processing. These findings suggest that cellular 
responses against DNA demethylation in plants and animals are distinct but utilize RNA processing machinery in common to counteract 
genotoxic stress. 
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Divergence between SDA1 and its Paralog SDA1-like in Arabdiopsis 
Ryan E. Bailey, University of British Columbia, Vancouver, BC, Canada 
Gene duplication events have played a substantial role in the evolution of plants. Once a gene has been duplicated a number of things can occur, 
including pseudogenization of a duplicate, a duplicate developing a new function (neofunctionalization), or the ancestral function becoming 
partitioned between the duplicates (subfunctionalization). Regulatory subfunctionalization is a phenomenon in which the ancestral expression 
pattern of the gene is partitioned between both duplicates, and regulatory neofunctionalization takes place as a duplicate gains a new expression 
pattern. In the case of the Arabidopsis thaliana gene “severe de-polymerization of actin 1” (SDA1), its paralog, SDA1-like, features a truncated 
transcript in which the first exon is missing due to a point mutation. SDA1 and SDA1-like show divergent expression patterns, with SDA1 being 
predominantly expressed in roots and SDA1-like showing a narrow expression pattern predominantly in pollen. Based on phylogenetic evidence 
we have inferred that the duplication event took place before the divergence of the crown species of Brassicaceae, however there is evidence of 
gene loss in the Brassica lineages (Brassicaceae lineage II) with gene retention in Arabidopsis and its relatives (Brassicaceae lineage I). SDA1 
genes in Brassicaceae as well as other rosids are conserved with low Ka/Ks values, but SDA1-like experienced relaxation of purifying selection, 
indicated by elevated sequence substitution rates. The next steps of our investigation will involve a series of RT-PCR experiments to infer the 
ancestral expression pattern through a set outgroup species, and we will detect the functional divergence between SDA1 and SDA1-like through 
mutant studies. 
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'The High-Affinity K+ Transporter 1 (PpHKT1) Gene from Almond Rootstock ‘Nemaguard’ Improved Salt Tolerance of 
Transgenic Arabidopsis't 
Amita Kaundal1,2, Marco Duenas3, Jorge Ferreira4 and Devinder Sandhu4, (1)UC Riverside, USDA Salinity Lab, Riverside, CA, 
(2)Utah State University, Logan,, UT, (3)University of California Riverside, Riverside, CA, (4)USDA Salinity Laboratory, 
Riverside, CA 
Soil salinity affects plant growth and development, which directly impact yield. One of the mechanisms that a plant deploys to cope with stress is 
to control the movement of ions from root to shoot by regulating Na+ in the transpiration stream. The high affinity K+ transporter 1 (HKT1) is 
known to play a role in the removal of Na+ from the xylem. As almond is a salt sensitive crop, the rootstock plays an important role in successful 
almond cultivation in salt-affected regions. We currently lack knowledge on the molecular mechanisms involved in salt tolerance of almond 
rootstocks. In this study, we complemented the Arabidopsis athkt1 knockout mutant with HKT1 ortholog (PpHKT1) from the almond rootstock 
‘Nemaguard’. The transgenic lines expressing PpHKT1 under constitutive promoter (PpHKT1OE2.2) and the native promoter (PpHKT1NP6) 
were subjected to different salt treatments. Both transgenic lines survived salt concentrations up to 120 mM NaCl; however, the mutant athkt1 
died after 18 days under 120 mM NaCl. The fresh weight of athkt1 decreased significantly under 90 mM of NaCl compared to the control; 
however, transgenic lines showed no significant decrease under salt treatment. The transgenic lines displayed significantly longer lateral roots, 
relatively lower electrolyte leakage, and high relative water content compared to athkt1 under salinity stress. The expression analyses revealed 
that PpHKT1 was induced in both transgenic lines under salt treatment, confirming that over-expression and native expression of PpHKT1 in the 
Arabidopsis mutant can complement the salt tolerance function 
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New Insight from microRNA Screening As a Functional Genomics Approach to Uncover Heavy Metal Tolerance and 
Accumulation 
Qingqing Xie, Salk Institute for Biological Studies 10010 N., San Diego, CA, Qi Yu, University of California at San Diego, San 
Diego, CA, Timothy O. Jobe, Division of Biological Sciences, Cell and Developmental Biology Section, University of California, 
San Diego and University of Cologne, Botanical Institute and Cluster of Excellence on Plant Sciences, San Diego, CA, Paulo H. O 
Ceciliato, Division of Biological Sciences, Cell and Developmental Biology Section, University of California, San Diego, CA, Felix 
Hauser, Division of Biological Sciences, Cell and Developmental Biology Section, University of California, San Diego, San Diego, 
CA and Julian I. Schroeder, University of California, San Diego, La Jolla, CA 
Heavy metal contamination in soils caused by human activities is an urgent problem. Heavy metals impair plant growth and survival. Therefore, 
plants have developed a complex and dynamic system to detoxify and sequester heavy metals to minimize detrimental effects. While Previous 
studies mainly concentrated on the identification of the function of a single gene, identification and characterization of functionally overlapping 
genes that mediate rapid detoxification in plants has not been previously feasible. Artificial microRNAs (amiRNAs) are small non-coding RNA 
molecules that down-regulate gene expression in plants by targeting mRNAs for cleavage or translational repression. AmiRNAs provide a 
powerful strategy to alleviate the limitation of functional redundancy in traditional screening methods in plants. Generally, an important test of 
gene function is the examination of single gene loss-of-function phenotypes. However, only approximately 10% of Arabidopsis genes have been 
linked to a single-gene loss-of-function mutant phenotype. Thus, gene redundancy, lethality, and the need to screen multigene mutants greatly 
limits forward genetic screens and research. In order to solve this problem on a genomic systems level, our laboratory has computationally 
designed genome-wide subclade-specific amiRNA libraries with a high-performance computing cluster, for genome-wide knock-down of 
homologous gene family members (F. Hauser, et al. Plant Cell). Ten amiRNA libraries consisting of 22,000 amiRNAs in total targeting over 
18,000 genes were generated, with 96% of the amiRNAs targeting 2 to 5 genes. We have now generated over 11,000 Arabidopsis T2 lines 
expressing these amiRNAs for use by the community (F.Hauser, P.Ceciliato, et al. J.Exp.Bot. 2018). AmiRNA lines have been screened in 
response to cadmium or arsenic treatment to identify the new genes that affect this toxic heavy metal and metalloid tolerance. We have identified 
several amiRNA lines targeting metal transporters, transcription factors and many other interesting homologous genes that have not been 
previously identified as functioning in cadmium or arsenic responses. In one example, an amiRNA line that targets two phosphate transporters 
exhibited an arsenic tolerance phenotype. Moreover, another amiRNA line that targets six AP2/ERF family transcription factors and affects 
cadmium sensitivity. Characterization of amiRNA lines targeting other sub-clades of gene families is in progress. New findings and phenotypes 
will be presented. In summary, our results provide novel insights into the use of amiRNAs to uncover novel mechanisms involved in heavy metal 
tolerance and response in plants. 
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Gene Expression in Response to Heat Shock Is Mediated By Change of mRNA Poly(A) Tail Length  
Xuan Wu, XiaMen University, College of Environment and Ecology, XiaMen, China 
Poly(A) tail length (PAL) has been implicated in the regulation of mRNA activities. However, the extent of such regulation at the transcriptome 
level is unknown in plants. Herein, we report the development of a novel large-scale sequencing technique called PAL-seq. Based on PAL-seq 
among 15,111 genes from two-week-old Arabidopsis shoots, 38% of total genes had 7-20 nt and 23.4%, 18.6%, and 15.6 % had 21-41, 41-60, 
and 61-100 nt long poly(A) tail, respectively. However, less than 5 % of tallied genes had poly(A) tails > 150 nt. To explore the association 
between PAL and posttranscriptional gene expression, we performed PAL profiling of Arabidopsis tissue culture in response to heat shock stress. 
Transcripts of 2477 genes were found to have variable PAL upon heat treatment. We further interrogated the transcripts of 14 potential heat-
responsive genes, and we found two groups. In one group, PAL was heat stress-independent, and in the other, PAL was heat stress-sensitive. 
Meanwhile, the protein expression of HSP70 and HSP17.6 was determined to test the impact of PAL on translational activity. In the absence of 
heat stress, neither gene demonstrated protein expression; however, under gradual or abrupt heat stress, both transcripts showed enhanced protein 
expression with elongated PAL. Interestingly, HSP17.6 protein level was positively correlated with the severity of heat treatment, and it peaked 
when treated with abrupt heat. However, it shows different pattern in Arabidopsis plantlets. By performing polysome profile and qRT-PCR 
analyses of Arabidopsis plantlets in response to heat shock stress, we observed the enhanced translation efficiency (TE) of HSP70 and HSP17.6. 
Our results suggest that plant genes have a high variability of PALs and that PAL contributes to swift posttranslational stress response. 
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Developmental Flexibility of Stigmatic Papilla Cell in Response to Abiotic Stress in Arabidopsis thaliana 
Maho Takada, Mie University, Tsu, Japan 
Reproduction is a central process for all organisms to pass on their genome to the next generation. Pollination is the first step in bringing together 
the male and female gametophytes for plant reproduction and starts when pollen grains land on the stigmatic papillae at the apex of gynoecium. 
Despite their importance as the initial site of sexual reproduction in plants, the developmental and physiological mechanisms in papillae remain 
largely unknown. In this study, we focus on developmental flexibility of papillae and their molecular mechanisms, in response to abiotic stress. 
Because stigmatic papillae are exposed to changing external conditions, they must quickly adjust to the surrounding environment to maintain 
their functional properties during reproduction. From a combination of gene disruptive mutant analysis and in silico analysis of comprehensive 
gene expression in papilla cells, we found that the key mechanism for the rapid response of papillae elongation is mediated by an abscisic acid–
mediated abiotic stress response mechanism. This is one of plant adaptations to an ever-changing environment to maintain the chance of 
pollination for successful reproduction in Plants. 
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Pollen Hydration Mechanism on Pollination in Arabidopsis thaliana 
Takuma Ota, Mie University, Tsu, Japan 



In flowering plants, sexual reproduction is a complex series of events regulated by multiple processes for successful seed production, and 
pollination is the first important step in the plant reproduction to bring together the male and female gametophytes. In Arabidopsis thaliana, 
pollination occurs at a surface of the stigmatic papilla cells. After pollen recognition, accepted pollen grains rapidly start hydration and 
germination, and pollen tube exactly penetrates into the stigmatic surface, elongates through stigma and style, and finally fertilizes with a female 
gametophyte in the ovule. While it has been studied for many years, the knowledge base about molecular mechanisms underlying these 
sequential pollination events are still largely unclear. In this study, we focus on the pollen hydration as a mid-pollination appearance for 
successful reproduction. Coupled with the time-series imaging analysis of pollination and gene expression information obtained via 
lasermicrodissection-RNA sequencing analysis of Arabidopsis papilla cell, we found that pollen hydration starts within 5 min and completed in 
approximately 45 min after pollination and the membrane bound-water channel proteins belonging to the Major Intrinsic Protein family would be 
key players of water transport from the pistil to pollen grains. 
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Arabidopsis kamchatica As the Model Allopolyploid for Resequencing and Ecological Genomics 
Kentaro K. Shimizu1,2, Timothy Paape1 and Gwyneth Halstead-Nussloch1, (1)University of Zurich, Zurich, Switzerland, 
(2)Yokohama City University, Yokohama, Japan 
Allopolyploid species are common in flowering plants including crop species, and it is often hypothesized that duplicated homeologs may mask 
deleterious and advantageous mutations due to redundancy. However, limited number of genomic studies of allopolyploid species have been 
reported due to the complexity of polyploid genomes. Arabidopsis kamchatica (Fisch. ex DC.) K. Shimizu & Kudoh is the allotetraploid species 
derived from A. lyrata and A. halleri, and is closely related to the model species A. thaliana. Its small genome size for a polyploid species (about 
450 MB) is an advantage for resequencing analysis. We reported the genome assemblies of two diploid parental species (N50 of 0.7 and 1.2 MB 
for A. halleri from Japan and A. lyrata from Siberia, respectively), and resequenced distribution-wide samples of A. kamchatica. We called the 
genome-wide SNPs by developing a bioinformatic workflow HomeoRoq for subgenome-classification. We verified its high accuracy by Sanger 
sequencing (only 0.2% error in sorting, 3/1,375 SNPs). The genome-wide negative selection was weaker than in the diploid parental species but 
still substantial. The proportion of adaptive substitution (alfa) was significantly positive in contrast to most of previously studied diploid species. 
Demographic analysis suggested recent origin of polyploidization. 
 
PE0600: Brassicas, Arabidopsis, and related 
Maternal Small RNAs Mediate Spatial and Temporal Regulation of Gene Expression and Seed Development in Arabidopsis 
Ryan Kirkbride1, Jie Lu1, Changqing Zhang2, Rebecca A. Mosher3, David C Baulcombe4 and Z. Jeffrey Chen1, (1)The University 
of Texas at Austin, Austin, TX, (2)North Carolina State University, Kannapolis, NC, (3)University of Arizona, Tucson, AZ, 
(4)University of Cambridge, Cambridge, United Kingdom 
Arabidopsis seed development involves maternal small interfering RNAs (siRNAs) that induce RNA-directed DNA methylation (RdDM) 
through the NRPD1 pathway. To investigate their biological functions, we characterized siRNAs in the endosperm and seed coat that were 
separated by laser-capture microdissection (LCM) in reciprocal genetic crosses with an nrpd1 mutant. We identified distinct groups of siRNA 
loci that were dependent on or independent of the maternal NRPD1 allele in the endosperm or seed coat. A group of maternally expressed 
NRPD1-siRNA loci targets endosperm-preferred genes, including those encoding AGAMOUS-LIKE (AGL) transcription factors. Using 
AGL40:GUS and AGL91:GUS constructs as sensors, we demonstrate that spatial and temporal expression patterns of these genes in the 
endosperm were regulated by the NRPD1-mediated pathway, and altered expression of these siRNA-targeted genes affects seed size; we propose 
that the corresponding maternal siRNAs could account for parent-of-origin effects on the endosperm in interploidy and hybrid crosses. 
 
PO0601: Brassicas, Arabidopsis, and related 
Epigenomic Regulation in the OTU5 Mutant of Arabidopsis 
Jo-Wei Hsieh, Institute of Plant and Microbial Biology, Academia Sinica and Genome and Systems Biology Degree Program, 
National Taiwan University, Taipei, Taiwan 
Epigenetic regulation by DNA methylation and histone marks is complex and crucial to plant development. In Arabidopsis, otu5 mutant exhibits 
pleiotropic phenotypes including early flowering, reduced organ size, and altered root phenotypes resembling phosphate-deficient plants. In low 
Pi condition, altering H3K4 and H3K27 trimethylation is also found to associate with the expression of Pi homeostasis-related genes in wide type 
plants. In order to underlie the epigenetic regulation of otu5 mutant, whole-genome bisulfite sequencing, RNA-seq and ChIP-seq of Arabidopsis 
root samples of both wild type and otu5 mutants were analyzed. We found that OTU5 shows pronounce changes in DNA methylation profile 
with a context-specific effect through targeting different local genomic regions but has a minor effect on gene expression. Also, OTU5 
contributed to the pairwise comparisons between gene expression, DNA methylation and histone methylation, especially the correlation between 
gene expression and histone methylation. It was concluded that otu5 may form interconnected epigenomes likely altering the morphogenesis. 
 
PE0602: Brassicas, Arabidopsis, and related 
Transcriptome Response of Brassica napus Cultivars to the Pathogen Plasmodiophora brassicae 
Leonardo Galindo1, Sheau-Fang Hwang2 and Stephen Strelkov1, (1)Department of Agricultural, Food and Nutritional Science, 
University of Alberta, Edmonton, AB, Canada, (2)Crop Diversification Centre North, Alberta Agriculture and Forestry, Edmonton, 
AB, Canada 
Clubroot is an important disease of canola and plants from the Brassicaceae family, caused by the soilborne pathogen Plasmodiophora brassicae. 
This pathogen is a significant threat to the 26.7 billion canola industry in Canada. Management strategies including crop rotations, equipment 
sanitation, fumigants, and increasing the soil pH can help to control the pathogen, but resistant cultivars have proven to be the most effective 
strategy to stop pathogen spread. However, new pathotypes emerged in 2013 which broke host resistance, and growers now require new tools to 
overcome the disease.  



RNA-seq has emerged as a leading technique to characterize full transcriptome responses of host plants when challenged with pathogenic 
microorganisms. This approach allows to understand the molecular basis of plant defense but also to find key candidate genes that can be further 
studied to determine their function and/or increase cultivar resistance through gene editing approaches.  
two B. napus cultivars (‘Laurentian’ and ‘Brutor’) that present resistant and susceptible interactions respectively, against a resistance-breaking 
pathotype (pathotype 5X). At 7 dai the resistant cultivar ‘Laurentian’ had over 5000 significantly regulated genes with more than 50% of them 
upregulated, while ‘Brutor’ had under 4000 DEGs with over 50% upregulated. At 14 and 21 dai the number of regulated genes was still in the 
thousands for both cultivars, but a larger percentage of genes were downregulated. At 7 dai both cultivars displayed regulation in many 
proteolysis and signalling genes. Numerous proteins responsive to abiotic stresses were also activated, along with changes in secondary 
metabolism, cell wall and hormone synthesis. Interestingly heat shock proteins were mainly upregulated in the resistant cultivar, probably 
providing protecting mechanisms for pattern recognition receptors. At 14 dai the relative amount of regulated genes did not vary greatly among 
the two cultivars. The upregulation of auxin-related genes in both cultivars indicates a turning point during infection since auxin production is 
related to processes of hyperplasia and hypertrophy that develop during disease. At this time point we also noticed specific genes (pathogenesis 
related-proteins, glucanases, transcription factors) showing higher upregulation in the resistant cultivar. At 21 dai a strong general 
downregulation was seen in the susceptible cultivar while the resistant one still displayed activity in numerous biotic stress-related genes.  
A cluster analysis to view trends in gene expression showed that systemic acquired resistance and receptor kinase expression is enriched in 
‘Laurentian’ while secondary metabolite production and cell wall deposition are important in both cultivars to deter the pathogen. An increase in 
regulation of hormones like auxin and brassinosteroids along with changes in cell size regulation in ‘Brutor’, indicate a faster progression into 
disease for this cultivar.  
Finally, specific expression patterns in functional categories pointed to receptor kinases, signalling secreted genes and auxin metabolic genes 
(nitrilase) as potential key candidates that could be modified to understand their role in plant defense and alter plant susceptibility. 
 
PO0603: Brassicas, Arabidopsis, and related 
SOG1 Activator and MYB3R Repressors Regulate a Complex DNA Damage Network in Arabidopsis 
Clara Bourbousse, Neeraja Vegesna and Julie A. Law, Salk Institute for Biological Studies, La Jolla, CA 
To combat DNA damage, organisms mount a DNA damage response (DDR) that results in cell cycle regulation, DNA repair and, in severe 
cases, cell death. Underscoring the importance of gene regulation in this response, studies in Arabidopsis have demonstrated that all of the 
aforementioned processes rely on SUPPRESSOR OF GAMMA RESPONSE 1 (SOG1), a NAC family transcription factor (TF) that has been 
functionally equated to the mammalian tumor suppressor, p53. However, the expression networks connecting SOG1 to these processes remain 
largely unknown and, although the DDR spans from minutes to hours, most transcriptomic data correspond to single time-point snapshots. Here, 
we generated transcriptional models of the DDR from gamma (γ)- irradiated wild-type and sog1 seedlings during a 24-hour time course using 
DREM, the Dynamic Regulatory Events Miner, revealing 11 co-expressed gene groups with distinct biological functions and cis-regulatory 
features. Within these networks, additional chromatin immunoprecipitation and transcriptomic experiments revealed that SOG1 is the major 
activator, directly targeting the most strongly up-regulated genes, including TFs, repair factors, and early cell cycle regulators, while three 
MYB3R TFs are the major repressors, specifically targeting the most strongly downregulated genes, which mainly correspond to G2/M cell cycle 
regulated genes. Together these models reveal the temporal dynamics of the transcriptional events triggered by γ-irradiation and connects these 
events to TFs and biological processes over a time scale commensurate with key processes coordinated in response to DNA damage, greatly 
expanding our understanding of the DDR. 
 
PE0604: Cotton 
Whole Genome Sequencing Reveals Rare Off-Target Mutations and Considerable Inherent Genetic or/and Somaclonal 
Variations in CRISPR/Cas9-Edited Cotton Plants 
Jianying Li, National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan, Hubei, China 
Jianying Li, Xianlong Zhang and Shuangxia Jin*  
National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan, Hubei, China  
*Correspondence: jsx@mail.hzau.edu.cn  
The CRISPR/Cas9 system has been extensively applied for crop improvement. However, our understanding of Cas9 specificity is very limited in 
Cas9-edited plants. Recently, we established the CRISPR/Cas9 (SpCas9) system in cotton with high efficiency, which no off-target mutations 
were detected by targeted deep sequencing in the top 26 potential off-target sites of four sgRNAs. To further investigate the specificity of 
CRISPR/Cas9 system on the genome-wide scale in cotton genome editing, we described whole genome sequencing (WGS) of 14 Cas9-edited 
cotton plants targeted to three genes, and 3 negative (Ne) control and 3 wild-type (WT) plants. In total, 4,188 - 6,404 unique single nucleotide 
polymorphisms (SNPs) and 312 - 745 insertions/deletions (indels) were detected in 14 Cas9-edited plants compared with WT, negative and 
cotton reference genome sequences. Since the majority of these variations lack a protospacer-adjacent motif (PAM), we demonstrated that the 
most variations following Cas9-edited are due either to somaclonal variation or/and pre-existing/natural variation from maternal plants, but not 
off-target effects. Of a total of 4,413 potential off-target sites (allowing ≤ 5 mismatches within the 20-bp sgRNA and 3-bp PAM sequences), the 
WGS data revealed that only 4 are bona fide off-target indel mutations, validated by Sanger sequencing. Moreover, inherent genetic variation of 
WT can generate novel off-target sites and destroy PAMs, which suggested great care should be taken to design sgRNA for the minimizing of 
off-target effect. These findings suggested that CRISPR/Cas9 system is highly specific for cotton plants. 
 
PO0605: Cotton 
CottonGen: Enabling Cotton Research through Big-Data Analysis and Integration 
Jing Yu1, Sook Jung1, Chun-Huai Cheng1, Taein Lee1, Katheryn Buble2, Ping Zheng1, Jodi L. Humann1, Deah McGaughey1, James 
Crabb3, B. Todd Campbell4, Heidi Hough1, Don C. Jones5 and Dorrie Main1, (1)Washington State University, Pullman, WA, 
(2)Washington State University, Pulmman, WA, (3)Department of Horticulture, Washington State University, Pullman, WA, 
(4)USDA-ARS, Florence, SC, (5)Cotton Incorporated, Cary, NC 



CottonGen (www.cottongen.org) is an online community database resource that integrates publicly available genomic, genetic and breeding data 
and provides a suite of analysis and visualization tools to enable basic and applied research in cotton. Recent updates to CottonGen include: 
addition of more genome sequences; genome synteny analysis displayed in a new Synteny Viewer with links to syntenic blocks and orthologs 
and paralogs; annotated and genome mapped reference transcriptomes developed from billions of published RNASeq and EST reads; genetic 
maps displayed in the new Map Viewer; up to date QTL data, and additional querying and statistical analysis in the BIMS breeding tools, which 
provides breeders with a secure portal to manage and analyze their private breeding program data as well as access several public breeding 
datasets such as the Regional Breeders Testing Network trait data as well as germplasm evaluation data from GRIN, China and Uzbekistan. 
CottonGen is directly supported by Cotton Incorporated, USDA-ARS, the cotton industry and USDA NIFA NRSP10. 
 
PE0606: Cotton 
Reference-Grade Genome Assemblies Facilitate Exploitation of Favorable Genetic Variations Underlying the Development 
of Superior Cotton Fibers 
Maojun Wang, USDA-ARS-SRRC, New Orleans, LA 
Maojun Wang1,2, Lili Tu1, Zhongxu Lin1, David Fang2 and Xianlong Zhang1* 

1National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070, Hubei, China.  
2Cotton Fiber Bioscience Research Unit, USDA-ARS-SRRC, New Orleans, LA 70124, USA  
Allotetraploid cotton species (Gossypium hirsutum and Gossypium barbadense) have long been cultivated worldwide for natural renewable 
textile fibers. Because of the superior fiber quality of G. barbasense, one of the rational approach for G. hirsutum fiber improvement is to 
introduce favorable chromosome segments from G. barbadense to G. hirsutum, which requires a detailed and robust understanding of genomic 
organization. The draft genome sequences of both species are available, but they are highly fragmented and incomplete. Here we report the 
reference-grade genome assemblies and annotations for G. hirsutum and G. barbadense by integrating single-molecule real-time sequencing, 
BioNano optical mapping and high-throughput chromosome conformation capture techniques. Compared with previous assembled draft 
genomes, these genome sequences show remarkable improvements in contiguity and completeness for regions with high content of repeats such 
as centromeres. Comparative analyses of both genomes reveal extensive genomic variations that likely occurred post-polyploidization. To 
identify favorable variations, we integrated genomic data from two introgression line population between G. hirsutum and G. barbadense, 
allowing us to identify quantitative trait loci associated with superior fiber quality. Additionally, we also identified several causal genetic 
variations underlying fiber quality-related traits by using a Multiparent Advanced Generation Inter-Cross (MAGIC) population in G. hirsutum. 
These resources will accelerate evolutionary and functional genomic studies in cotton, and inform future breeding programs for fiber 
improvement. 
 
PO0607: Cotton 
The Gossypol Biosynthetic Enzymes are Diversified Phylogenetically and Dispersed in Cotton Genome 
Xiao-Ya Chen, Xiu Tian, Jin-Quan Huang, Zhi-Wen Chen, Ling-Jian Wang and Ying-Bo Mao, National Key Laboratory of Plant 
Molecular Genetics, CAS Center for Excellence in Molecular Plant Sciences, Shanghai Institute of Plant Physiology and Ecology, 
Shanghai, China 
Cotton plants produce gossypol and related sesquiterpene aldehydes derived from (+)-delta-cadinene, which function as defense compounds but 
are antinutritional in cottonseed products. We have identified six enzymes of the gossypol biosynthetic pathway, including three P450s 
(CYP706B1, CYP82D113, CYP71BE79), one alcohol dehydrogenase (DH1) and one 2-oxoglutarate/Fe(II)-dependent dioxygenase (2-ODD-1), 
in addition to the sesquiterpene synthase, (+)-delta-cadinene synthase. In the cotton genome the gossypol pathway genes are dispersed among 
different chromosomes. On the other hand, the gene families of the gossypol as well as the core MVA pathways are often extensively expanded 
with tandem duplications. Most of the gossypol pathway enzymes identified, including CDN, DH1, CYP82D113, and 2-ODD-1, appear to have 
arisen from local duplications. For example, in G. hirsutum there are 11 genes encoding the alcohol dehydrogenase DH1 and its homologs, all of 
which are tandemly arranged, with four genes on chromosome ChrA01 and seven on ChrD01. Our data suggest that these enzymes have been 
specialized in cotton lineage to produce the cadinene-type phytoalexins. 
 
PE0608: Cotton 
Hi-C Technology: A Versatile Tool for Advancing Genomics Study in Cotton 
Maojun Wang, USDA-ARS-SRRC, New Orleans, LA 
Maojun Wang1,2, Pengcheng Wang1, Qingyong Yang1, and Xianlong Zhang1* 

1National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070, Hubei, China.  
2Cotton Fiber Bioscience Research Unit, USDA-ARS-SRRC, New Orleans, LA 70124, USA  
High-throughput chromosome conformation capture (Hi-C) technology has been proven as a versatile tool for advancing genomics study in 
recent years. In cotton (Gossypium spp.), we generated Hi-C data for two diploids and two tetraploids. These data were used to guide 
chromosome-level genome assembly, identify structural variants, facilitate the prediction of regulatory elements, and exploit the evolutionary 
changes of higher-order chromatin structures after polyploidization. We found that Hi-C contributed to the anchoring of 97% of scaffolds to the 
26 chromosomes in tetraploid cotton genomes. Comparative analysis of Hi-C matrix data led us to identify extensive structural variants in two 
different tetraploid genomes, highlighted by several large paracentric/pericentric inversions. By integration of DNase-Seq, we used Hi-C data to 
identify numerous regulatory elements such as enhancers, which allowed us to explore the effects of genome evolution and human domestication 
on regulatory variation. Additionally, comparative analysis of 3D genome organization between diploid and tetraploid cottons showed that 
genome allopolyploidization has contributed to the switching of A/B compartments and the reorganization of topologically associated domains in 
cotton. In summary, we have gained excellent understandings of genome organization and evolution using Hi-C data in cotton and these studies 
provide a good reference for other species. 
 
PO0609: Cotton 



Genome-Wide Spaced Simplex SNP Assays for Marker-Based Interspecific Germplasm Introgression and Genetic 
Manipulation in Cotton 
Selfinaz Kubra Velioglu1, Robert N. Vaughn1, David M. Stelly1, Bree A. Vculek2 and David B. O'Krafka2, (1)Texas A&M 
University, College Station, TX, (2)TAMU, College Station, TX 
The cotton industry is a major contributor to the United States economy amounting to over $75 billion annually. This makes improving cotton 
quality and yield economically significant. Marker-assisted selection utilizing SNPs is one way in which beneficial genes for yield, pest 
resistance, and drought tolerance can be efficiently bred in to elite commercial cultivars from non-commercial species. In this study SNP assays 
targeting approximately evenly spaced regions of the genome that can distinguish upland cotton, G. hirsutum, from other tetraploid cotton 
species (Gossypium mustelinum, Gossypium tomentosum, Gossypium barbadense and their corresponding F1s) are reported. Only biallelic SNPs 
were used for this project, mostly from 18,000 mapped interspecific SNPs on the CottonSNP63K array that discriminate between G. hirsutum 
and non-G. hirsutum cotton species. These SNPs are selected for primer design using BatchPrimer3 v1.0 software and tested to give 
comprehensive genome coverage. Our initial target is about 15-cM spacing using “Kompetitive Allele Specific” PCR (KASP) or “PCR Allelic 
Competitive Extension” (PACE) assays. A minimum of 10 markers per chromosome have been successfully assayed. These will be useful for a 
number of types of breeding and research applications where targeted genotyping is needed and will be especially helpful if large numbers of 
samples need to be screened using low-cost DNA preps. 
 
PE0610: Cotton 
Multi-Omics Analyses Reveal Epigenomics Basis for Cotton Somatic Embryogenesis Through Successive Regeneration 
Acclimation Process 
Jianying Li, National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan, Hubei, China 
Jianying Li, Maojun Wang, Yajun Li, Shuangxia Jin* and Xianlong Zhang  
National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan, Hubei, 430070, P. R. China  
*Correspondence：jsx@mail.hzau.edu.cn  
Plant regeneration via somatic embryogenesis is time-consuming and highly genotype-dependent. The plant somatic embryogenesis process 
provokes many epigenetics changes including DNA methylation and histone modification. Recently, an elite cotton Jin668, with an extremely 
high regeneration ability, was developed from its maternal inbred Y668 cultivar using a Successive Regeneration Acclimation (SRA) strategy. 
To reveal the underlying mechanism of SRA, we carried out a genome-wide single-base resolution methylation analysis for non-embryogenic 
calluses (NECs), ECs, somatic embryos (SEs) during the somatic embryogenesis procedure and the leaves of regenerated offspring plants. Jin668 
(R4) regenerated plants were CHH hypomethylated compared with the R0 regenerated plants of SRA process. Interestingly, GhCMT3 and 
GhCMT2 exhibited higher expression levels in EC than in NEC. However, the demethylation enzymes (GhROS1 and GhDME) were up-
regulated from EC to SE, which suggested a possibility of active demethylation. The increase of CHH methylation from NEC to EC were 
demonstrated to be associated with the RNA-dependent DNA methylation (RdDM) and the H3K9me2-dependent pathway. Global analyses the 
hypomethylated CHH differentially methylated regions (DMRs) of promoter activated 57 hormone-related and WUSCHEL-related homeobox 
genes during the somatic embryogenesis process. Inhibiting DNA methylation using zebularine treatment in NEC increased the number of 
embryos. Our multi-omics data provide new insights into the dynamics of DNA methylation during the plant tissue culture and regenerated 
offspring plants. This study also reveals that induced hypomethylation (SRA) may faciliate the higher plant regeneration ability and optimize 
maternal genetic cultivar. 
 
PO0611: Cotton 
Toward the Construction of Chromosome Introgression Population from Gossypium arboreum in Gossypium hirsutum 
Baoliang Zhou, Nanjing Agricultural University, Nanjing, China 
Gossypium arboreum, a diploid cultivated cotton species (2n = 26, AA) native to Asia, possesses invaluable characteristics unavailable in the 
tetraploid cultivated cotton gene pool, such as resistance to pests (Apolygus lucorum and Rotylenchulus reniformis) and diseases (caused by 
Verticillium dahliae, Fusarium oxysporum vasinfectum and cotton leaf curl virus) and tolerance to abiotic stresses (drought and heat). However, 
it is quite difficult to transfer favorable traits into Upland cotton through conventional methods due to the cross-incompatibility of G. hirsutum 
(2n = 52, AADD) and G. arboreum, resulting to very a few genetic resources of the diploid-cultivated species successfully used in cotton 
breeding for a long time. Here, using G. hirsutum acc TM-1 as recipient parent and G. arboreum as donor parent, we improved an embryo rescue 
technique to overcome the cross-incompatibility between these two parents for developing chromosome introgression lines and transferring 
favorable genes from G. arboreum into G. hirsutum. Eight putative hybrids were successfully obtained and were subsequently treated with 
colchicine solution to double their chromosomes. The results demonstrate that four putative hybrid plants were successfully chromosome-
doubled and become amphiploid (2n = 78, AADDAA), which were confirmed by cytological observation and self-fertilization. The synthetic 
amphiploid was employed to backcross with TM-1 and produced 102 BC1F1 individuals (2n = 65, AADDA). A total of 499 ILs, with an average 
segment length of 6.27 Mb, spanning 1185.54 Mb and covering 80.67% of the genome from G. arboreum. These ILs contain numerous variants, 
such as boll sizes, boll numbers, leaf shapes, flower petal spots and colours. These ILs can be used as tools for mining, isolation, characterization 
and cloning of G. arboreum-specific desirable genes for future cotton breeding. 
 
PE0612: Cotton 
Development of Gossypium arboreum Chromosome Segment Introgression Lines in Gossypium hirsutum Background 
Liuchun Feng, Nanjing Agricultural University, Nanjing, China 
Gossypium hirsutum is widely cultivated due to its high-yield properties, and accounts for more than 90% of worldwide cotton production. 
Gossypium arboreum, a cultivated cotton species (2n = 26, AA) native to Asia, possesses invaluable characteristics unavailable in the tetraploid 
cultivated cotton gene pool, such as resistance to pests and diseases and tolerance to abiotic stresses. It is necessary to transfer advantageous 
characteristics from G.arboreum to G. hirsutum cultivars. Here, we developed the first G. arboreum chromosome segment introgression lines 
(ILs) in G. hirsutum background. A total of 224 pairs of polymorphic primers were developed based on genome sequences. 314 ILs were 



developed through using AADDA2A2 × AADD, whose average segment length was 5.95 Mb, spanning 940.22 Mb and covering approximately 
81.41% of At-subgenome in G. hirsutum background. There were the lowest coverage on Chr. A3 (58.87%), and the highest coverage was on 
Chr. A7 (100%). The segment length varies from 0.05Mb to 53.25Mb. The introgression segments from G. arboreum greatly affected both fiber 
quality and yield, especially boll numbers and lint percent. The ILs obtained in this study can not only be directly use of G. arboreum-specific 
desirable genes in future cotton breeding programs, but also as tools for fine mapping, identifying candidate genes and elaborating the molecular 
mechanisms of yield and fiber development. 
 
PO0613: Cotton 
lncRNAs Originate from Transposons in Cotton Interspecific Hybridization and Polyploidization 
Ting Zhao1, Xiaoyuan Tao1, Baoliang Zhou2 and Xueying Guan1, (1)Zhejiang University, College of Agriculture and 
Biotechnology, Hangzhou, China, (2)Nanjing Agricultural University, Nanjing, China 
Interspecific hybridization and whole genome duplication (WGD) are known as driving forces behind genomic and organism diversification. The 
effect of hybridization and WGD on non-coding region of the genome in particular remain largely unknown, however. In this study, we 
examined the profile of long non-coding RNAs (lncRNAs), comparing them with that of coding genes in allotetraploid cotton (Gossypium 
hirsutum, AADD), its putative diploid ancestors (G. aboreum, AA; G. ramondii, DD) and an (G. aboreum x G. ramondii, AD) F1 hybrid. We 
found most lncRNAs (80%) were allelic-expressed in the allotetraploid genome. Moreover, the genome shock of hybridization reprogramed the 
non-coding transcriptome in the F1 hybrid. Interestingly, the activated lncRNAs were predominantly transcribed from demethylated TE regions, 
especially from long interspersed nuclear elements (LINEs). The DNA methylation dynamics in the interspecies hybridization were 
predominantly associated with the drastic expression variation of lncRNA. ChIp-Seq assays identify pol II in the TE regions of lncRNA. 
Additionally, we found that a representative novel lncRNA XLOC_409583 activated after polyploidization from a LINE in the A subgenome of 
allotetraploid cotton, was involved in control of cotton seedling height. Our results reveal that the processes of hybridization and polyploidization 
enable the neofunctionalization of lncRNA transcripts, acting as important sources of increased evolutionary plasticity for plants. 
 
PE0614: Cotton 
Genetic Diversity of Cotton Germplasm for Cold Germination Improvement 
Ritchel G. Gannaban, Texas Tech University, Lubbock, TX 
The upland cotton (Gossypium hirsutum) is native to tropical and sub-tropical environments and therefore has an innate sensitivity to cold. 
Temperatures below 15°C during planting can cause chilling injury to the germinating seeds affecting emergence and seedling vigor resulting to 
poor stand establishment resulting to yield penalties. At present, the available genetic base of cotton is narrow limiting its genetic diversity and 
utilization for cotton improvement. The objective of this study is to screen and identify cold germination resistant lines within a representative set 
of the Gossypium Diversity Reference Set (GDRS) panel and EMS-induced fatty acid mutant lines in response to low temperature stress during 
the germination stage of cotton. The genetic variability within the GDRS panel and the EMS-induced mutant lines was established using 56 SSR 
markers. The germination index (GI) at 12°C, 15°C, and 30°C (control) temperatures for cold germination screening was determined for a subset 
of 30 cotton accessions from the GDRS panel and 20 EMS-induced fatty acid mutants. Results showed that any of the fatty acid mutant line can 
be used as a source of variation to improve germination at 15℃. From the GDRS lines, only SA-0857, SA-1156 and SA-3781 recorded a 
germination percentage higher than 80% and a corresponding GI range of 2.36-2.85 under 15℃. 
 
PO0615: Cotton 
Using Wild Gossypium hirsutum to Increase Genetic Variation in Elite G. hirsutum Varieties, DES56 and Acala Maxxa 
Ellen Regina E Skelton1, Tariq Shehzad1, Susan A. Auckland1, Lisa K. Rainville1, Jon S. Robertson2, Don C. Jones3, Changying 
Li4 and Andrew H. Paterson1, (1)Plant Genome Mapping Laboratory, University of Georgia, Athens, GA, (2)University of Georgia, 
Athens, GA, (3)Cotton Incorporated, Cary, NC, (4)College of Engineering, University of Georgia, Athens, GA 
The drastically reduced genetic variation in crops due to repeated genetic bottlenecks including domestication, human dispersal, selective 
breeding, and transformability may be combated by introducing new variation from wild relatives of those crops. To introduce more variation 
into the Gossypium hirsutum genome, we hybridized wild G. hirsutum lines with two elite lines, DES 56 and Acala Maxxa. These hybrids were 
then selfed to the F5 generation. This resulted in 24 QTL mapping populations. Ten lines of each population were randomly chosen, grown, and 
phenotyped in two seasons, 2015 and 2016, which represent the F5 and F6 generations. The 2016 season had two replicates of each line, laid out 
in a randomized complete block design. DNA was extracted from each line for genetic mapping using PCR and gel electrophoresis with 
acrylamide gels. Data was collected on fiber yield and quality to compare if the populations differed from each other and the parent populations, 
and to observe any correlations between traits. Comparisons were done using ANOVA and linear regression. High throughput phenotyping data 
was also collected to analyze canopy height, width, volume, and temperature, and projected leaf area. Preliminary statistics suggest that there are 
significant differences between populations for fiber weight, seed weight, and quality metrics and significant differences between years. 
 
PE0616: Cotton 
Contribution of Na+ Sequestration and Mobilization Mechanisms to Observed Variation in Salinity Stress Tolerance Across 
the Gossypium Germplasm Diversity Panel 
Kevin R. Cushman1, Lori L. Hinze2, Isaiah Pabuayon1, Megan Sweeney3 and Benildo G. de los Reyes1, (1)Department of Plant 
and Soil Science, Texas Tech University, Lubbock, TX, (2)USDA-ARS, Southern Plains Agricultural Research Center, College 
Station, TX, (3)BASF Corporation, Tech 3,, Morrisville, NC 
After the initial osmotic shock, toxic ions begin to accumulate in tissues of salt stressed plants. The ability to mobilize or sequester these 
elements has been associated with tolerance in glycophytic plants. Na+ is mobilized or sequestered by the activity of three key protein transport 
pumps: SOS1, a proton/ Na+ antiporter in the plasma membrane, NHX1, a proton/ Na+ antiporter in the vacuole, and HKT1, Na+/K+ transporter in 
vascular tissue. Cotton (Gossypium hirsutum L.) is a moderately salt tolerant crop plant, and variation in response to salinity stress has been 



observed within the Gossypium germplasm. As an allotetraploid, cotton has at least two gene copies for each Na+ transport pump coming from 
the A- and D-subgenomes. Here we examine the gene expressions of each orthologue of the three Na+ transporter pumps and the accumulation of 
Na+ under increasing salinity stress, over time, and their vertical distributions within the plant. We found no correlation with gene expression and 
the accumulation of Na+ in any of the shoot tissues nor with increasing stress. While there was no correlation with gene expression of GhSOS1 
and tolerance, the gene expression of the A-subgenome orthologue of GhNHX1 was positively correlated with tolerance. At the same time, gene 
expression of the D-subgenome homeolgue of GhNHX1 was more strongly negatively correlated with tolerance. We conclude the observed 
variation in stress tolerance potential across Gossypium germplasm is above and beyond the contributions of baseline avoidance mechanisms 
through differential Na+ sequestration. 
 
PO0617: Cotton 
Combining Genome-Wide and Transcriptome-Wide Analyses Reveal the Evolutionary Conservation and Functional 
Diversity of Aquaporins in Cotton 
Weixi Li, Nanjing Agricultural University, Nanjing, China 
Aquaporins (AQPs) are integral membrane proteins from a larger family of major intrinsic proteins (MIPs) and function in plant growth and 
stress response. The availability of genome data for varied cotton species makes it possible to investigate systemically evolution and function of 
cotton AQPs on a genome-wide level. Here, a total of 54, 58, 113 and 112 AQP genes were identified in G. arboreum, G. raimondii, G. hirsutum 
and G. barbadense, respectively. A comprehensive analyses of cotton AQPs, involved in structure, homology and phylogenetic relationships, 
clustered these AQPs into five subfamilies (PIP, NIP, SIP, TIP and XIP) with the evolutionary conservation in each subfamily. Comparative 
genomics among 30 species from algae to angiosperm as well as existing common tandem duplication events in 24 well-studied plants further 
reveal the evolutionary conservation of AQP family in the organism kingdom. Combining transcriptome analysis and Quantitative Real-time 
PCR verification, most AQPs exhibited tissue-specific expression patterns in both G. raimondii and G. hirsutum. Meanwhile, a bias of time at 
peak expression of several AQPs was also detected when treating G. davidsonii and G. hirsutum with 200 mM NaCl. It is interesting that both 
PIP1;4h/i/j and PIP2;2a/e showed the highly conserved tandem structure, but differentially contributed to tissue development and stress response 
in different cotton species. These results demonstrated that cotton AQPs experienced the functional differentiation during the process of 
evolution and domestication. This study will further broaden our insights into the evolution and functional elucidation of AQP gene family in 
cotton. 
 
PE0618: Cotton 
GhSSN Regulates Systemic Cell Death By Modulating the Octadecanoid and Flavonoid Biosynthesis Pathway 
Shiming Liu, National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan, China 
GhSSN was previously identified as cotton P450 modulating the octadecanoid pathway to regulate systemic cell death and denfense responses to 
Verticillium dahliae. Here we show that GhSSN probably also plays an important role in flavonoid biosynthesis beside octadecanoid pathway, 
and GhSSN suppression-induced stem necrosis is not dependent on JA signaling pathway, furthermore SSN can partially rescue TRV:SSI2-
mediated cell death phenotypes. hybridization offspring of SSN-RNAi and JAZ- overexpression plants show the similar phenotype with SSN-
RNAi seedlings without any impairment on stem necrosis. apical growing point necrosis and growth dwarf are found when SSI2 is silenced in 
wild type plants, whereas these aberrant phenotypes disappear when SSI2 is silenced in the SSN-overexpression background. yeast two-hybrid 
assay demonstrates that phospholipase PLDα2 interacts with GhSSN. Moreover, Gene ontology enrichment analysis shows that genes involved 
in flavonoid biosynthesis are highly enriched among Genes differentially expressed in cotyledons between the SSN-RNAi and WT seedlings. 
Together, GhSSN not only involves in lipid metabolism but also has influence on flavonoid biosynthesis pathway. 
 
PO0619: Cotton 
Transgenic Cotton Carrying OsPT6 Gene Improves the Cotton Phosphorus Use Efficiency. 
Sheng Cai, NJAU, NanJing, China 
Cotton production faces the challenge of poor living environment such as low phosphorus stress in China, which limits the fiber quality and yield 
of cotton. However, excessive use of phosphate fertilizer will cause not only waste of resources but also environmental pollution. OsPT6 is a 
gene encoding high efficiency phosphorus transporters in rice and plays a major role in the absorption of phosphorus under low phosphorus 
stress.  
In this study, OsPT6 was constructed into pBI121 vector, and then transferred into upland cotton W0 by Agrobacterium-mediated transformation. 
After selfing and screened, 10 pure transgenic lines were obtained. Quantitative RT-PCR analysis showed that OsPT6 was expressed differently 
at the seedling stage, and the highest expression level of the gene was in NO.27. In hydroponic experiments, the concentration of phosphate was 
0.5 mmol/L for low phosphorus stress, and 1 mmol/L for normal phosphorus concentration. After 10d, phosphorus content in transgenic plants 
was higher than W0 in both condition. Among them, NO.21 significantly increased the phosphorus uptake efficiency than W0 and phosphorus 
utilization efficiency in NO.20 was significantly higher than W0. The transgenic plants showed significant differences with the control both 
under the two treatments. NO.14 showed significant improvement in height, root length, root diameter, root surface area, dry weight, root-shoot 
ratio. The field trials were divided into two treatments: no phosphate application and normal fertilization. 10 transgenic strains and the control 
were planted in each treatment. Quantitative RT-PCR analysis in the boll opening stage showed that OsPT6 expressed in each clone with 
different expression level, and also different from the seedling stage. Among them, the gene in NO.27 had the highest expression level. A field 
trait survey showed that NO.5 increased significantly in the number of bolls per plant, NO.27 increased significantly in plant height, and NO.21 
was significantly higher in leaf area than in control.  
Transgenic plants with high expression levels do not necessarily have optimal characters. Compared with W0, transgenic cotton plants not only 
increased the absorption efficiency of phosphorus, but also changed the root morphology. Under low phosphorus stress, the root-shoot ratio was 
increased compared with the plants under normal conditions. In the field trial, NO.5 increased in the number of bolls per plant. For the cotton 
fiber production, if it is not lower or even higher than the plant under normal conditions, this transgenic cotton is a potential new resource that 
can grow under low phosphorus stress environment. 
 



PE0620: Cotton 
Laccase GhLac1 Confers a Broad-Spectrum Biotic Stress Tolerance in Cotton 
Xianlong Zhang1, Longfu Zhu1 and Qin Hu2, (1)National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural 
University, Wuhan, Hubei, China, (2)Hubei University, Wuhan, China 
Microbial pathogens and insect pests are constantly challenging plants during crop production, which cause crop yield and quality loss. Breeding 
tolerance/resistance variety is the economic way to cope with pathogens and pests. Laccases were shown to function as lignin polymerization 
enzymes during cell wall reconstruction in a protoplast culture system, therefore we isolate the gene GhLac1. Transgenic manipulation of the 
expression of the laccase gene GhLac1 in cotton (Gossypium hirsutum) can confer an enhanced defense response to both pathogens and pests. 
Overexpression of GhLac1 leads to increased lignification, associated with increased tolerance to the fungal pathogen Verticillium dahliae and to 
the insect pests cotton bollworm (Helicoverpa armigera) and cotton aphid (Aphis gosypii). Suppression of GhLac1 expression leads to a 
redirection of metabolic flux in the phenylpropanoid pathway, causing the accumulation of JA and secondary metabolites that confer resistance 
to V. dahliae and cotton bollworm; it also leads to increased susceptibility to cotton aphid. Plant laccases therefore provide a new molecular tool 
to engineer pest and pathogen resistance in crops. 
 
PO0621: Cotton 
The Lysin Motif-Containing Proteins, Lyp1, Lyk7 and LysMe3, Play Important Roles in Chitin Perception and Defense 
Against Verticillium dahliae in Cotton 
Wang Guilin, Nanjing agricultural university, Nanjing, China 
Background: Lysin motif (LysM)-containing proteins are important pattern recognition receptors (PRRs) in plants, which function in the 
perception of microbe-associated molecular patterns (MAMPs) and in the defense against pathogenic attack. To date, the LysM genes have not 
been systematically analyzed in cotton or effectively utilized for disease resistance.  
Results: Here, we identified 29, 30, 60, and 56 LysM genes in the four sequenced cotton species, diploid Gossypium raimondii, diploid 
G.arboreum, tetraploid G. hirsutum acc. TM-1, and G. barbadense acc. 3–79, respectively. These LysM genes were classified into four groups 
with different structural characteristics and a variety of expression patterns in different organs and tissues when induced by chitin or Verticillium 
dahliae. We further characterized three genes, Lyp1, Lyk7 and LysMe3, which showed significant increase in expression in response to chitin 
signals, V. dahliae challenge and several stress-related signaling compounds. Lyp1, Lyk7 and LysMe3 proteins were localized to the plasma 
membrane, and silencing of their expression in cotton drastically impaired salicylic acid, jasmonic acid, and reactive oxygen species generation, 
impaired defense gene activation, and compromised resistance to V. dahliae.  
Conclusion: Our results indicate that Lyp1, Lyk7, and LysMe3 areimportant PRRs that function in the recognition of chitin signals to activate the 
downstream defense processes and induce cotton defense mechanisms against V. dahliae. 
 
PE0622: Cotton 
Ethylene Plays Odd Roles During Cotton-Verticillium dahliae Interaction 
Weifeng Guo, Tianyi Wang, Li Jin, Yuhuan Miao, Xin He, Qin Hu, Kai Guo, Xianlong Zhang and Longfu Zhu, National Key 
Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan, Hubei, China 
Ethylene plays important roles in plant development and acts as a critical mediator to orchestrate internal and external stimuli. Generally, 
ethylene and Jasmonate signal pathways coordinately confer response to pathogens. Many ethylene response-related factors from Gossypium 
barbadense have been characterized in the cotton defence response to Verticillium dahliae. The transcripts of GbERF1-like was responsive to 
defence-related phytohormones and V. dahliae infection. Down regulation of GbERF1-like increased the susceptibility of cotton plants to V. 
dahliae infection, while overexpression of this gene improved disease resistance in both cotton and Arabidopsis, coupled with activation of the 
pathogenesis-related proteins. Further analysis revealed that genes involved in regulation of lignin synthesis. The expression levels of these 
genes, like PAL, C4H, C3H, and HCT, increased obviously when the GbERF1-like-overexpressing plants were inoculated with V. dahliae. And 
more lignin could be detected in GbERF1-like-overexpressing cotton and Arabidopsis but less in GbERF1-like-silencing cotton compared with 
wild-type plants. Moreover, Knockdown of GhHCT1 in GbERF1-like over-expressing cotton decreases resistance to V. dahliae.Meanwhile, the 
production of ethylene was greatly increased after inoculated with defoliating V. dahliaeisolate ‘V991’. In addition, exogenous application of 0.5 
µg/ml, 2.5 µg/ml and 12.5 µg/ml ethephon could aggravate disease symptom of cotton.Furthermore, knock-down of GhEIN2s enhanced cotton 
resistance to V. dahliae and reduced the defoliation rate caused by ‘V991’. How to manipulate ethylene signal pathway in cotton defense toV. 
dahliaestill need to be explored. 
 
PO0623: Cotton 
Transcriptomic and Metabolomics Analysis Reveal Oral Secretion from Two Lepidoptera Species Manipulate Wound-
Induced Host Responses in Cotton  
Shuangxia Jin1, Huan Si2 and Xianlong Zhang1, (1)National Key Laboratory of Crop Genetic Improvement, Huazhong 
Agricultural University, Wuhan, Hubei, China, (2)Huazhong Agricultural University, Wuhan, China 
The interactions between plants and herbivores have lasted hundreds of millions of years. Although plants have evolved ingenious strategies to 
protect themselves against attackers, little is known about how herbivores cope with these defenses. In this study, we simulated herbivore feeding 
by applying insect oral secretions (OS) to wounds, and combined transcriptome and metabolome analysis to investigate how OS from two major 
pest species (Helicoverpa armigera and Spodoptera litura) affect plant responses induced by mechanical wounding. Obvious differences were 
observed that 2,460 and 2,536 genes differently expressed in host cotton plants after being treated with OS from these two lepidopterous insects 
when compared with wounding along. Upon the addition of OS, although the JA signaling pathway was strongly induced, the expression of 
genes especially involved phenylpropanoid biosynthesis pathway were down-regulated, the content of flavonoid such as isoquercitrin and rutin 
were also decreased significantly. Gossypol which is a well-known anti-insect compound was also kept a relative low content after OS 
application when compared with wounding, indicating the existence of the inhibitory effects of OS to wound-induced response. This suppression 



was correlated with the performance of larvae feeding on leaves with different treatments. Our study provides a perspective to understand how 
the strategies deployed by attackers to confront host plant defenses.  
Key-words: Oral secretions; H. armigera; S. litura; Cotton; Suppression; Host plant defense 
 
PE0624: Cotton 
Chromosomal Mapping of Differentially Expressed Transcripts from Breeding Lines of Cotton That Are Sensative, 
Resistant, and Hypersensitive to Reniform Nematode 
Bob Locy, Ruijuan Li, Narendra K. Singh, Kathy Lawrence, David B. Weaver, Heather Gosse and Sang Wook Park, Auburn 
University, Auburn, AL 
Cotton (Gossypium hirsutum) breeding lines that are nominally susceptible, resistant, and hypersensitive to infection by reniform nematode 
(Rotylenchulus reniformis). The resistant germplasm was established by introgressing reniform nematode resistance from Gossypium barbadense 
into elite G. hirsutum germplasm and is referred to as the BARBAREN lines. Introgression of nematode resistance from another species, 
Gossypium longicalyx, resulted in the LONREN-1 breeding line which exhibits symptoms similar to hypersensitivity to reniform nematode. 
Total RNA was prepared from root tissue of susceptible varieties DPL90 and SG747 (pooled as the Sus samples), resistant BARBAREN (Bar 
samples), and hypersensitive LONREN-1 (Lon samples), from both reniform nematode infected (Sus-I, Bar-I, and Lon-I) and uninfected (Sus-U, 
Bar-U, and Lon-U) plants. The six RNA samples were submitted for transcriptome sequencing, and transcriptome analysis of these sequences 
has been performed. (Li, et al., PLoS One, 2015 https://doi.org/10.1371/journal.pone.0143261). Transcriptome analysis has identified 
differentially-expressed (DE) transcripts in combinations of uninfected (Sus-U vs Bar-U and Sus-U vs Lon-U), and in each infected versus 
uninfected comparison (Sus-U vs Sus-I, Bar-U vs Bar-I, and Lon-U vs Lon-I). GO analysis of the DE transcript isoforms for each of these 
comparisons demonstrates that thousands of genes are DE in these comparison that are related to root development and morphology, NBS-LRR-
type receptor kinases, signaling cascades, and pathogenesis-related proteins among other GO categories. These differentially expressed 
sequences have been mapped onto the cotton genome sequence along with available STS markers for apparent QTLs for reniform nematode 
resistance/hypersensitivity from BARBAREN and LONREN-1 respectively. The significant findings of this mapping will be discussed. 
 
PO0625: Fruit Species 
New Breeding Techniques in Fruit Crop Species: Challenges and Tools for a Sustainable Fruit Culture 
Sabrina Micali, Elisa Vendramin, Simona Monticelli, Federico Scossa, Simona Lucioli, Emilia Caboni and Ignazio Verde, 
Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria - Olive, Citrus and Fruit Tree Research Center (CREA-
OFA), Roma, Italy 
With the increasing demand for stable, sustainable and quality productions varietal renewal of crop species is essential to cope with global 
climate change and environment-friendly agricultural practices and to meet market request and consumers’ taste. In perennial crop species, the 
release of a new variety is a lengthy and costly process, which may take up to 50 years. With the advent of the genomic era, advancements in the 
identification and isolation of causal genes have paved the way to novel approaches, collectively referred to as New Breeding Techniques 
(NBTs), which allow to dramatically reduce the time of genetic improvement. ‘BioSOSFru’ (biotechnology for sustainable fruits) is an Italian 
project recently funded by the Ministry of Agriculture, for the application of NBTs to fruit species. In particular, the project aims at developing 
superior varieties for agronomic relevant traits and for the resistance to biotic stresses, in stone fruits, pome fruits, strawberry and kiwi fruits. 
Given the availability of many genomic resources for these species, the project has the two-fold objective of transferring existing favorable 
alleles from a donor species into an elite crossable background through cisgenesis, and to create de novo alleles for the traits of interest, through 
genome editing (i.e. CRISPR/Cas9). A major challenge of these two approaches is represented by the in vitro steps, since some of these species 
are recalcitrant to regeneration and Agrobacterium-mediated transformation. Thus, BioSOSFru will also focus on the development of efficient 
regeneration and transformation protocols. 
 
PE0626: Fruit Species 
rhAmpSeq Core Genome Markers Improve the Coverage of a GBS-Based Genetic Map in an F2 Grapevine Family 
Avinash Karn, Cornell University, Geneva, NY and Cheng Zou, Qi Sun, Dilmini Alahakoon, Anne Fennell, Jason Londo, Bruce 
Reisch, Lance Cadle-Davidson 
Elucidating the genetic basis of traits in diverse and highly heterozygous crops like grapevine (Vitis ssp.) benefits from genetic maps with good 
coverage and density. Previously, F2 genetic maps for V. riparia x ‘Seyval’ were constructed with 1,449 non-redundant SNPs identified through 
genotyping-by-sequencing (GBS). Relative to a previous SSR map, GBS markers covered 11.4% more of the genome and increased marker 
density 9-fold, but the GBS map had poor coverage in telomeric and repetitive chromosomal regions. In this study, we developed 2000 markers 
targeting the core genome based on rhAmpSeq technology, which uses RNA-containing primers for highly multiplexed amplification and next-
generation sequencing. We integrated the GBS and rhAmpSeq markers to re-build the F2 genetic map using a custom pipeline and Lep-MAP3. 
The resulting integrated map has 2,663 markers (GBS=1449, and rhAmpSeq=1214) spanning 1524 cM in genetic length across 19 chromosomes, 
increasing genome coverage by 4% and marker density by 84%. Gaps greater than 3 Mb were reduced from 16 to 1. Accuracy of the integrated 
map was validated by correlation between genetic and physical position of markers (average R2 of 80.9% across all chromosomes), and by QTL 
mapping of berry color, malic acid and cessation of summer lateral emergence. Thus, rhAmpSeq markers filled gaps in the GBS map and 
improved marker density particularly near repetitive regions, and significantly narrowing QTL confidence interval regions. 
 
PO0627: Fruit Species 
High-Fidelity, Long Reads for Comprehensive Genomic Analysis of Cabernet Sauvignon Clones 
Paul Peluso, Pacific Biosciences, Menlo Park, CA 
Recent improvements in sequencing chemistry and instrument performance combine to create a new PacBio data type, High-fidelity, long insert 
reads (HiFi reads). Increased read length and improvement in library construction enables average read lengths of 10-20 kb with average 
sequence identity greater than 99% from raw single molecule reads. The resulting reads have the accuracy comparable to short read NGS but 



with 50-100 times longer read length. Multiple clones of Cabernet Sauvignon were sequenced, and de novo assembled with the CANU assembly 
algorithm generating draft assemblies of very high contiguity equal to or better than earlier assembly efforts using PacBio long reads. By 
comparing the genome assemblies of the clones and running standard variant detection analysis tools, we identified structural variants and SNPs 
among clones. Coupling these analyses with mapping of transcript sequences further extended the analysis to identify genotypic divergence 
between clones. Furthermore, the newly assembled contigs are being used to improve the curated scaffolded genome reference. These highly 
accurate reads allow for comprehensive variation detection from single nucleotide polymorphism to large structural variation with a single data 
type at 15- to 30-fold coverage. 
 
PE0628: Fruit Species 
Evaluation of Genetic Diversity in Grapevine Clones of Cabernet Sauvignon and Sauvignon Blanc Cultivars By Whole 
Genome Resequencing 
Claudio Urra1, Catalina Pavez2, Andrea Minio3, Matthieu Miossec4, Veronica Arenas-Morales1, Gerardo Nuñez5, Cristobal 
Balladares6, Alvaro Castro2, Dario Cantu3 and Claudio Meneses7, (1)Universidad Andres Bello, Centro de Biotecnología 
Vegetal/1UC Davis-Chile, Life Sciences Innovation Center, Santiago, Chile, (2)1UC Davis-Chile, Life Sciences Innovation Center, 
Santiago de Chile, Chile, (3)University of California Davis, Davis, CA, (4)Universidad Andres Bello, Center for Bioinformatics and 
Integrative Biology, Santiago de Chile, Chile, (5)Centro de Biotecnología Vegetal, Universidad Andrés Bello, Santiago, Chile, 
(6)Universidad Andres Bello, Centro de Biotecnología Vegetal, Santiago, Chile, (7)Universidad Andres Bello, Centro de 
Biotecnología Vegetal/ FONDAP, Center for Genome Regulation, Santiago, Chile 
Grapes are one of the most economically important fruit crops. The large number of cultivars and clones of grapes suggest that the grape 
germplasm contains rich genetic diversity. Molecular markers, such as microsatellites, have been used to study grapevine diversity and to 
identify cultivars. Clone identification remains a challenge because of the limited genetic variation between clones. The goal of this study was to 
characterize genetic diversity of important cultivars and clones of wine grapes. For this, we sequenced ten Cabernet Sauvignon clones and eight 
Sauvignon blanc clones. Quality-filtered reads were aligned to genomic assemblies of the two cultivars obtained by single molecule real-time 
technology. We mapped an average 99% of the reads for the clones of both cultivars and detected an average of 3,579,682 variants and 3,635,425 
variants among Cabernet sauvignon and Sauvignon blanc clones. We then searched for variants unique to each clone identifying polymorphisms 
that can be used to differentiate clones. We found an average of 1,607 unique variants from Cabernet Sauvignon clones and 1,947 from 
Sauvignon blanc clones. We were able to validate the most promising clone-specific variants by amplicon sequencing. The results of this study 
will be used to develop a high-throughput genotyping platform for the identification of clones of Cabernet sauvignon and Sauvignon blanc. 
 
PO0629: Fruit Species 
Combining Computer Vision and High-Throughput Genotyping for Genome Wide Association Analysis on Table Grape 
Traits 
Paola Barba1, Inti Pedroso2, Pablo Cid1, Miguel Garcia1 and Felipe Belemmi1, (1)Instituto de Investigaciones Agropecuarias INIA, 
Santiago, Chile, (2)Universidad Mayor, Santiago, Chile 
Although Vitis vinifera genome was sequenced more than 10 years ago, examples of genetic mapping by genome-wide association analysis are 
still scarce. Among several reasons are fast decay of linkage disequilibrium and lack of robust phenotyping due to single vine plantings. In this 
work, we combined a narrowed Vitis vinifera collection of 477 single vines from seven table grape full-sib families and 78 accessions from the 
table grape germplasm collection from INIA – Chile, with phenotypic data obtained by computer vision tools.  
Genotyping-by sequencing based on the PN40024 12X.0 reference genome yielded 49,311 SNP markers with good genome coverage and less 
than 2% missing sites after imputation. Phenotypic data on berries, clusters and rachis was obtained in Central Chile during summer 2018 using 
standard laboratory procedures and computer vision tools adapted to the table grape breeding program objectives, yielding over 100,000 data 
points for harvest and postharvest traits.  
Genome wide association study for traits such as seed dry weight and berry size correctly identify known and new loci. Traits such as berry polar 
and equatorial diameters, shape, cluster and rachis weight had between five to 21 hits on the reference genome. Molecular markers associated to 
these traits are further investigated to aid the breeding of new table grape varieties. 
 
PE0630: Fruit Species 
The Transcriptomic and Epigenetic Basis of Shiraz Wine Terroir in the Barossa Valley 
Pastor Jullian Fabres1, Konstantinos Bogias2,3, Na Sai1,4, Huahan Xie1, Rakesh David1,4, Timothy R. Cavagnaro1, Roberta De Bei1, 
Andrew Metcalfe1, Matthew Gilliham1,4, James Breen2,3, Cassandra Collins1, Penny J. Tricker1 and Carlos Marcelino Rodríguez 
López1,5, (1)School of Agriculture, Food and Wine, University of Adelaide, Adelaide, SA, Australia, (2)Robinson Research 
Institute, University of Adelaide, Adelaide, SA, Australia, (3)Bioinformatics Hub, School of Biological Sciences, University of 
Adelaide, Adelaide, SA, Australia, (4)ARC Centre of Excellence in Plant Energy Biology, University of Adelaide, Adelaide, SA, 
Australia, (5)Environmental Epigenetics and Genetics Group, Department of Horticulture, College of Agriculture, Food and 
Environment, University of Kentucky, Lexington, KY 
The term terroir is used in the wine industry to relate a wine’s sensory attributes to its geographic origin. Grapevine (Vitis vinifera) can be 
cultivated in a wide range of environments and differences in growing conditions have a significant impact on fruit traits that ultimately affect 
wine quality. DNA methylation acts as an interface between the environment and the genome ultimately affecting the organism’s phenotype. In 
order to understand the contribution of DNA methylation to terroir, we characterized the genetic, epigenetic and transcriptomic variation in 
‘Shiraz’ vineyards of the Barossa Wine Region (Australia). Leaf and berry samples were collected at budburst and veraison respectively, from 
198 vines planted in 22 commercial vineyards, covering six subregions. Methylation sensitive Genotyping By Sequencing was used to assess 
genetic variation and to profile DNA methylation and RNA-seq was used to identify differentially expressed genes. Analysis of 4983 DNA 
polymorphisms did not show geographic genetic structure in the studied population. In contrast, both transcriptome and DNA methylation 



profiles were associated with the different subregions of the Barossa Valley. To identify the main environmental drivers of molecular variability 
(i.e. DNA methylation and gene expression), and the genes potentially regulating the observed regional phenotypic differences, a web-based 
analysis and visualization tool (InteGRAPE) was developed using an R Shiny Framework. Our results indicate that the growing environment 
significantly influences the epigenetic status of Shiraz grapevine and that terroir specific methylomes contribute to the observed differences in 
gene expression between wine regions. 
 
PO0631: Fruit Species 
ERF6L: A Unique Clade in Vitis 
Haley S. Toups1, Noe D. Cochetel2, Chloe Freeman1, Stefan Czemmel1, Dennis Gray3 and Grant R. Cramer2, (1)University of 
Nevada, Reno, Reno, NV, (2)Dept of Biochemistry & Molecular Biology, University of Nevada, Reno, Reno, NV, (3)Florida 
Research and Education Center for the Institute of Food and Agricultural Sciences, Quincy, FL 
Grapevine is an economically important non-climacteric crop. Although ethylene does not largely contribute to berry ripening, it plays an 
important role in etiolation, root hair formation, the initiation of véraison (the transition from berry formation to ripening), abscission, and 
senescence. Ethylene Response Factors (ERFs) are a broad and diverse class of transcription factors in the ethylene signaling pathway. ERFs 
have roles in plant development and respond to both abiotic and biotic stresses. With the release of the V2 assembly/V3 annotation of the Vitis 
vinifera genome, five new ERF6-like (ERF6L) genes were identified, but the clade, now consisting of seventeen genes, remains uncharacterized 
with no comparable orthologs. The purpose of this research was to functionally characterize the ERF6L clade. The expression patterns and 
regulation of this unique clade were examined in silico across seventy-four and twenty-four publicly available microarray and RNA-seq 
experiments respectively. ERF6L1 was identified as a highly differentially expressed ERF6L. The functional role of ERF6L1 was investigated 
further with VviERF6L1 overexpression lines in a Seyval Blanc background as well as across four Vitis genotypes in response to various 
hormone and abiotic stress treatments with qPCR. Results revealed similar expression patterns across the ERF6L clade in response to berry 
ripening, high and low temperatures, and water deficit. ERF6L1 expression was highly inducible by ethylene and cold, but it was unresponsive to 
abscisic acid. ERF6L1 expression varied across genotypes in response to treatments. The ERF6L clade remains unique to Vitis with many 
members requiring further investigation. 
 
PE0632: Fruit Species 
Graft Transmissible Effects of Rootstocks on Grapevine Scion Leaf Shape, Ion Concentration, and Gene Expression 
Jason Londo1, Anne Fennell2, Daniel Chitwood3, Peter Cousins4, Zachary Harris5, Laszlo Kovacs6, Laura L. Klein7, Misha 
Kwasniewski8, Qin Ma2, Adam McDermaid2, Zoë Migicovsky9 and Allison Miller7, (1)USDA-ARS Grape Genetics Research Unit, 
Geneva, NY, (2)South Dakota State University, Brookings, SD, (3)Michigan State University, East Lansing, MI, (4)E & J Gallo 
Winery, Modesto, CA, (5)Saint Louis University, St. Louis, MO, (6)Missouri State University, Springfield, MO, (7)Saint Louis 
University / Danforth Plant Science Center, St. Louis, MO, (8)University of Missouri, Columbia, MO, (9)Dalhousie University, 
Truro, NS, Canada 
Understanding the genomic and environmental underpinnings of phenotypic variation is a fundamental goal in plant biology with important 
applications in crop improvement, but relatively little is known about the role of the root system in determining variation in shoot phenotypes. 
Grafting is a surgical enhancement that splices together the stem of the shoot system (scion) with the stem of the root system (rootstock), often 
joining different genotypes or species. Clonally propagated and grafted grapes provide the optimal study system for understanding the ability of 
the rootstock to modulate scion phenotypes and could allow for greater adaptation of grape production across variable climates. Using grafted 
grapevines as model, we leverage research vineyards, production vineyards, and a rootstock mapping population replicated in multiple 
geographic locations to elucidate effects of rootstock genetic architecture and climate variation on scion phenotype. We present initial data 
examining the effect of rootstock and irrigation treatments on a number of different scion phenotypes including leaf shape, leaf ion 
concentrations and gene expression. Results demonstrate that rootstock derived differences can be detected and interactions with environmental 
stress increase these differences. The long-term goal of this study is to facilitate the development of rootstock/scion assemblages suited to 
different and changing climates. The project includes extensive cross-disciplinary student training in collaboration with industry through an 
industry partner and scientific outreach programs highlighting crop biodiversity in crop systems hosted by botanical gardens. 
 
PO0633: Fruit Species 
Recombinant Identification Using AmpSeq in a Hybrid Cold-Hardy Grapevine Population for Fine Mapping a Major 
Resistance QTL to Foliar Phylloxera 
Lu Yin1, Lance Cadle-Davidson2, Qi Sun3, Jason Londo4, Avinash Karn5, Fred E. Gouker5, Jonathan Fresnedo Ramirez6 and 
Matthew D. Clark1, (1)University of Minnesota, St. Paul, MN, (2)Horticulture Section, School of Integrative Plant Science, Cornell 
University, Ithaca, NY, (3)Cornell University, Ithaca, NY, (4)USDA-ARS Grape Genetics Research Unit, Geneva, NY, (5)Cornell 
University, Geneva, NY, (6)Deparment of Horticulture and Agronomy, The Ohio State University, Wooster, OH 
Previously, a F1 population (N=123), resulting from two advanced University of Minnesota grape breeding lines MN1264 (resistant) and 
MN1246 (susceptible), was evaluated in greenhouse and in field conditions for foliar phylloxera infestation. A major QTL was identified on 
chromosome 14, spanning 12 to 27 cM on the combined parental map. This relatively large region limits the application of marker-assisted 
breeding and/or identifying candidate genes. An increase of 1000 seedlings of this F1 population was generated in 2017 and has been genotyped 
with AmpSeq markers. Primers were designed based on microsatellite sequences, GBS SNP tags, and conserved genes across 5 out of 8 Vitis 
species (V. aestivalis, V. cinerea, V. vinifera, V. rupestris, V. amurensis, V. labrusca, V. riparia, V. vulpina) in an effort to fine map the QTL. 
With AmpSeq genotype data, 180 recombinants have been identified and are being phenotyped for foliar phylloxera susceptibility in a replicated 
greenhouse experiment. The process of recombinant identification reduces phenotyping cost by selectively phenotyping a subset of the 
individuals while extracts useful information from the whole population. This can be used as a standardized procedure for breeding of other traits 
in cold-hardy hybrid grape materials. 
 



PE0634: Fruit Species 
Yet Another Protocol for Transient Expression in Citrus 
Marco Aurélio Takita1, Amanda C. Bernardi1,2 and Marcos A. Machado1, (1)Sylvio Moreira Citrus Center, Agronomy Institute, 
Cordeiropolis, Brazil, (2)Federal University of Sao Carlos, Araras, Brazil 
Transient expression of nonintegrated DNA for a short period is an efficient technique for biological evaluation of gene expression and others, 
used in plants with genetic transformation limitations. The established transient protocols for citrus evidences difficulties of transient expression 
in sweet orange (Citrus sinensis L. Osbeck). In order to have an efficient protocol for use with sweet orange, we have evaluated different 
parameters like the stage of Agrobacterium tumefaciens growth and its cell density. We evaluated GUS staining for the a current and the novel 
proposed protocol. The results obtained indicate a feasible change for faster execution of the current protocol. The new strategy using detached 
leaves showed no statistic difference in specific conditions, confirming the efficacy of this method. Besides, in this work we were able to reach 
good results for transformation efficiency using both detached and attached leaves. As a conclusion, in this work we were able to optimize 
variables for transient expression in sweet orange detached and attached leaves.  
Financial support: INCT Citros (FAPESP 2014/50880-0 and CNPq 465440/2014-2). 
 
PO0635: Fruit Species 
Admixture Inference in 900 Accessions of Citrus with High Density SNP Array  
Yoko Eck, University of California Riverside, Riverside, CA and Mikeal L. Roose, University of California, Riverside, CA 
Yoko Hiraoka University of California Riverside - Department of Botany and Plant Sciences, U.S.  
Cultivated Citrus is one of the most important fruit crops in the world. During several thousand years of cultivation, the citrus genome is thought 
to have been modified through hybridization and human selection. Recently, the admixed genome of cultivated sweet orange (C. sinensis) that 
originated from ancestral progenitors, mandarin (C. reticulata Blanco) and pummelo (C. maxima), has been reported. In addition, it was revealed 
that some cultivated mandarins (C. reticulata Blanco) are admixed with pummelo (C. maxima) from repeated introgression, contrary to the 
widely accepted views on the ancestry of these cultivars. Rapid advancements in technologies provide various tools to analyze fruit crop 
genomes to better understand genetic diversity, relationships, and aid breeding. One such tool is genome-wide single nucleotide polymorphism 
(SNP) genotyping arrays which offers highly multiplexed assays at a relatively low cost per data point. We report admixture analysis of more 
than 900 accessions from the UCR Citrus Variety Collection with ~53,000 SNPs genotyped using Axiom® SNP arrays  
Email: yoko.eck@ucr.edu 
 
PE0636: Fruit Species 
Transcriptome Sequencing to Detect Genes Related to Secondary Metabolites and Phenolic Compounds in Citrus 
Taner Bozkurt, Çukurova University, Adana, Turkey and Yildiz Kacar, Department of Horticulture, Faculty of Agriculture, 
University of Cukurova, ADANA, Turkey 
Citrus comprising some of the most widely cultivated fruit crops worldwide, includes an uncertain number of species. Citrus is well-known for 
its nutrition and health-promotion values. In recent years, the antioxidant activity of Citrus fruits and their roles in the prevention and treatment 
of various human chronic and degenerative diseases have attracted more and more attention. Phenolic compounds are secondary metabolites 
synthesized by plants and are present in the vacuoles of tissues. They are generally involved in the plants defense against ultraviolet radiation or 
pathogenic aggression. The authors aimed to detect differentially expressed genes related to secondary metabolites and phenolic compounds in 
citrus. Washington navel orange and Star Ruby grapefruit were used for high-throughput transcriptome sequencing. First of all, total phenolic 
contents and some seconder metabolites were determined in peel of Washington navel orange and Star Ruby grapefruit. In addition to peels, 
callus culture was employed to these two varieties. Peels of Washington navel orange and Star Ruby grapefruit and also Calli of Star Ruby 
grapefruit including the highest phenolic compounds were sampled for comparative transcriptome sequencing. Primary sequencing, known as 
“raw reads”, were produced using Illumina HiSeq™ 2000. The raw reads were then filtered into clean reads aligned to the reference sequences. 
The full genome of Citrus clementina was used as the reference genome. Deep analysis based on gene expression and differentially expressed 
genes (DEGs), including gene ontology (GO) enrichment analysis, were performed. A total of 3,361 DEGs (1,778 up-regulated, 1883 down-
regulated) and 7,513 genes (3,144 up-regulated, 4,399 down-regulated) were identified from the samples at peel of Washington navel orange and 
Star Ruby grapefruit and peel of Washington navel orange and callus of Star Ruby grapefruit, respectively. These findings provide helpful 
information regarding citrus transcriptome changes for phenolic compounds in peel and also callus 
 
PO0637: Fruit Species 
Discrimination of Citrus Fruits Using Fourier Transform Infrared Fingerprinting Combined By Quantitative Prediction of 
Bioactive Compounds and Partial Least Squares Regression Modeling 
In-Jung Kim, Faculty of Biotechnology, Jeju National University, Jeju-si, Jeju Special Self-Governing Province, South Korea and 
Seung Yeob Song, Research Institute of Climate Change and Agricultural, National Institute of Horticultural and Herbal Science, 
RDA, Jeju, South Korea 
We established a high throughput screening system of citrus samples which contain higher contents of total carotenoids, flavonoids, and 
phenolics compounds using ultraviolet-visible (UV-VIS) spectroscopy and Fourier transform infrared (FT-IR) spectroscopy in combination with 
multivariate analysis. The total carotenoids contents from seven citrus samples varied from 0.75 to 3.53mg·g-1 dry weight (wt). The total 
flavonoids and phenolics compounds also varied from 1.97 to 4.50mg·g-1 and from 1.26 to 6.29mg·g-1 dry wt. FT-IR spectra indicated the 
quantitative and qualitative variations of amide I, II from amino acids and proteins (1,700–1,500 cm-1), phosphodiester groups from nucleic acid 
and phospholipid (1,500–1,300 cm-1) and carbohydrate compounds (1,100-950 cm-1). Principal component analysis (PCA) and subsequent partial 
least square-discriminant analysis (PLS-DA) were able to discriminate 7 citrus fruits groups into three separate clusters corresponding to their 
taxonomic relationship. The quantitative prediction modeling of total carotenoids, flavonoids, and phenolic compounds from citrus fruits lines 
were established using partial least square (PLS) regression algorithm from FT-IR spectra. The regression coefficients (R2) between predicted 
values and estimated values of total carotenoids, flavonoids, and phenolic compounds were 0.99, respectively. These results showed that 



quantitative predictions of total carotenoids, flavonoids, and phenolic compounds were possible from FT-IR spectra of citrus fruits lines with 
higher accuracy. Therefore we suggested that quantitative prediction model established in this study could be applied as a rapid selection tool for 
citrus fruits samples containing high contents of carotenoids, flavonoids, and phenolic compounds. 
 
PE0638: Fruit Species 
Whole-Genome Resequencing Study of the USDA Collection of Citrullus amarus Plant Introductions 
Sandra E. Branham1, Amnon Levi1, Alvaro G. Hernandez2, Zhangjun Fei3, Shan Wu3 and Patrick Wechter1, (1)USDA-ARS, 
Charleston, SC, (2)University of Illinois at Urbana-Champaign, Urbana, IL, (3)Boyce Thompson Institute, Cornell University, 
Ithaca, NY 
Sustained selection pressure for desirable horticultural characteristics during domestication has narrowed the genetic diversity of cultivated 
watermelon (Citrullus lanatus L.), resulting in a loss of genes/alleles conferring disease resistance. Citron melon, although recently reclassified 
from a watermelon subspecies (C. lanatus subsp. citroides) to a separate species (Citrullus amarus), readily crosses with cultivated watermelon 
and has substantially higher genetic diversity. Multiple independent evaluations of the USDA Citrullus plant introduction (PI) collection for 
resistance to various diseases and pests have identified resistant C. amarus germplasm, with a number of these screens failing to find resistance 
in any other Citrullus species. Despite the vital importance of C. amarus as a resource for improvement of cultivated watermelon, no genetic 
studies of the USDA collection of C. amarus have been reported. Here we present the analysis of a whole-genome resequencing study (20X 
coverage) of all available C. amarus PIs (N=133) from the USDA germplasm collection. Over 24 million genetic variants were identified and 
used to examine the genetic diversity, relatedness and population structure of citron melon. 
 
PO0639: Fruit Species 
BRI1-Associated Receptor Kinase1 Genes in Citrus 
Xiaobao Ying1, Zhanao Deng2, Fred G. Gmitter3 and Dongliang Du3, (1)GCREC, Wimauma, FL, (2)University of Florida, 
Wimauma, FL, (3)University of Florida, IFAS-CREC, Lake Alfred, FL 
BRI1-associated receptor kinase1 (BAK1) is a central regulator of the pathogen-associated molecular pattern (PAMP)-triggered immunity (PTI) 
in plants. BAK1 interacts with FLS2, the receptor of bacterial flagellin, to activate innate plant immunity. Citrus canker and Huanglongbing are 
major bacterial diseases of citrus worldwide. The former is caused by Xanthomonas citri subsp. citri, and the latter is associated with species of 
Candidatus Liberibacter, a group of phloem-limited Gram-negative bacteria that remain to be cultured in vitro. BAK1 is expected to play 
important roles in citrus responses to these bacterial pathogens. To gain a better understanding of the roles of BAK1 in citrus against citrus 
canker and Huanglongbing, the BAK1 gene sequences from six Citrus species and two related species were analyzed, and the BAK1 gene 
(PtBAK1) from Poncirus trifoliata, a relative of Citrus, was cloned and transferred into pineapple sweet orange. One copy of BAK1 was found in 
each genome of the six Citrus species and two related species. The BAK1 from sweet orange (CsBAK1) has 11 exons and 10 introns, and the 
deduced peptide contains two conserved domains, a leucine-rich repeat (LRR) domain and a proteinase kinase domain. BAK1s from these 
species are quite conserved, sharing up to 100% identity. BAK1s from six species have the same length (613 aa), while the BAK1 from C. 
ichangensis is the shortest (459 aa), and the BAK1 from C. medica is the longest (621 aa). The BAK1 from C. medica also shows less identity 
with the BAK1 from other seven species. 
 
PE0640: Fruit Species 
Variations of DNA Methylation Pattern under Cold Stress in Citrus 
Ruhong Ming, Huazhong Agricultural University, WuHan, China 
DNA methylation may play an important role in the plant during the adverse environment and involve abiotic stress. We analyzed changes in 
methylation pattern of the poncirus and lemon associated with cold stress by the whole genomic bisulfite sequencing(WGBS). From the genome-
wide perspective , the average methylation level between the “Lem” and “Ptr” was almost identical but higher in “Lem” than “Pro” , including 
mC, mCG, mCHG and mCHH sites, and after 3d and 5d cold treatment , the co-different methylation region (co-DRM) between the lemon and 
poncirus was 9,567. Then the expression level of the DNA methyltransferase and demethylase were analyzed, it showed that those genes 
responded to the cold treatment and DNA methylation could regulate gene expression. We found a gene PtBADH located in ER , encoded the 
betaine aldehyde dehydrogenase from the co-DMRs between two cirus and it was strongly induced by cold , salt and dehydration. After cold 
stress, leaves of the plants in the 5-aza solution(a methyltransferase inhibitor) were stronger than those in water, and the fresh weight was higher. 
Besides, EL and MDA content of the poncirus significantly decresesed compared to in water but slightly of the lemon. And 5-aza treatment 
induced strongly the PtBADH transcript level and enzyme activity as well as betaine content. Therefore, DNA demethylation may positively 
regulate BADH gene expression and enhance betaine content to increase cold resistance capability. 
 
PO0641: Fruit Species 
Enhanced ROS Scavenging and Sugar Accumulation Contribute to Drought Tolerance of Naturally Occurring 
Autotetraploids in Poncirus trifoliata. 
Tonglu Wei, Huazhong Agricultural University, WuHan, China 
Tetraploids have been reported to exhibit increased stress tolerance, but the underlying molecular and physiological mechanisms remain poorly 
understood. In the current study, autotetraploid plants were identified by screening natural seedlings of trifoliate orange (Poncirus trifoliata). The 
tetraploids exhibited different morphology and displayed significantly enhanced drought and dehydration tolerance in comparison with the 
diploid progenitor. Transcriptome analysis indicated that a number of stress-responsive genes and pathways were differentially influenced and 
enriched in the tetraploids, in particular those coding for enzymes related to antioxidant process and sugar metabolism. Transcript levels and 
activities of antioxidant enzymes (peroxidase and superoxide dismutase) and sucrose hydrolyzing enzyme (vacuolar invertase) were increased in 
the tetraploids upon exposure to the drought, concomitant with greater levels of glucose but lower level of reactive oxygen species (ROS). These 
data indicate that the tetraploids might undergo extensive transcriptome reprogramming of genes involved in ROS scavenging and sugar 
metabolism, which contributes, synergistically or independently, to the enhanced stress tolerance of the tetraploid. Our results reveal that the 



tetraploids take priority over the diploid for stress tolerance by maintaining a more robust system of ROS detoxification and osmotic adjustment 
via elevating antioxidant capacity and sugar accumulation in comparison with the diploid counterpart. 
 
PE0642: Fruit Species 
Identification of Differentially Expressed Genes in Poncirus trifoliata, Sunki Mandarin, Pera Sweet Orange and Their 
Hybrids after Infection of Candidatus Liberibacter asiaticus 
Maiara Curtolo1,2, Marco Aurélio Takita1, Ana Lúcia Dezotti1, Gabriela da Costa1, Thais Magni Cavichioli1, Mariangela 
Cristofani-Yaly1 and Marcos A. Machado1, (1)Sylvio Moreira Citrus Center, Agronomy Institute, Cordeiropolis, Brazil, (2)State 
University of Campinas - Unicamp, Campinas, Brazil 
Huanglongbing (HLB) has been considered the most important disease of Citrus. All commercial Citrus species are susceptible to infection 
caused by CLas. CLas tolerance is often reported in P. trifoliata with infected plants developing less severe HLB symptoms and lower CLas titer. 
Nevertheless, the reason why some genotypes are tolerant is not clear. Transcriptome analysis of different genotypes after infection with CLas 
can help the identification of genes that may be associated with the presence or absence of symptoms. In this work, the experiments were 
composed by samples of sequenced RNA represented by three HLB inoculated and three not inoculated biological replicates of P. trifoliata, 
Sunki mandarin and Pera sweet orange plants and three pools of hybrids: Tolerant Pool (HLB positive but no symptoms), Resistant Pool (HLB 
negative) and Susceptible Pool (HLB positive and with symptoms). The Illumina©HiSeq-2500-platform was used to sequence the cDNA library. 
The CLC-Genomics-Workbench v.6 program was used to declare the quality of the contigs, which were mapped on the reference genome (Citrus 
sinensis-v1.0) using the STAR-2.5.2b program. Identification of the DE genes was established by the DESeq (Bioconductor package). Among 
the studied groups, 10,381 differentially expressed genes were detected, 6,141 genes were found in sweet orange, 5,624 in mandarin, 2,027 in the 
Tolerant Pool, 708 in the Susceptible Pool, 100 in P. trifoliata and 92 in the Resistant Pool. Based on the comparison of the expression pattern, 
the existence of common genes and genes with antagonistic expression among some genotypes were checked. 
 
PO0643: Fruit Species 
Insights into the Tolerance of Huanglongbing in Citrus By an Omics Approach 
Yi Zhang, Joon Hyuk Suh, Riccardo Russo, Luke Thompson, Qibin Yu, Yu Wang and Fred G. Gmitter, University of Florida, 
IFAS-CREC, Lake Alfred, FL 
Citrus Huanglongbing (HLB) is a devastating disease that has become widespread in recent years. HLB has caused a significant loss to the citrus 
industry and is being intensely investigated to find cures. To date, there has been no reported HLB-resistant citrus variety. Gene(s) responsible 
for HLB resistance remains to be discovered. However, it has been reported that some citrus species like rough lemon are HLB-tolerant. ‘LB8-9’ 
Sugar Belle® (SB), a recently commercialized mandarin hybrid, has also showed tolerance to HLB. To understand the tolerance for HLB in SB, 
we graft-inoculated it and Murcott (an HLB-susceptible mandarin) with Candidatus Liberibacter asiaticus (CLas) and grew them in greenhouse. 
RNAseq data were produced from triplicate leaf samples collected at 0, 2, and 8 months from CLas-infected and mock-inoculated plants. 
Differentially expressed genes (DEG) were analyzed and grouped into different categories. Among the DEGs, genes related to defense and 
carbohydrate metabolism were highlighted. Leaf samples from SB and Murcott were also analyzed for their different metabolite profiles. Based 
on the data from RNAseq and metabolites, potential mechanisms for HLB-tolerance in SB were proposed. 
 
PE0644: Fruit Species 
Time Series Transcriptomic Profiling in Rough Lemon and Sweet Orange Reveals Tolerant Mechanism to ‘Candidatus 
Liberibacter asiaticus’ 
Qibin Yu1, Yi Zhang1, Xu Wei2, Honghong Deng3, Haijie MA1, Zhanao Deng4 and Fred G. Gmitter1, (1)University of Florida, 
IFAS-CREC, Lake Alfred, FL, (2)University of Florida, Lake Alffred, FL, (3)Southwest University, College of Horticulture and 
Landscape Architecture, Chongqing, China, (4)University of Florida, Wimauma, FL 
The citrus host response to Candidatus Liberibacter asiaticus (CLas) at the transcriptional level has been studied considerably. However, 
previous transcriptomic studies of citrus-CLas interactions were more often conducted on different tissues (leaves, fruits and roots) from either 
the field or greenhouse. Inconsistent experimental design or sampling methods, and inappropriate controls, has limited the comparison of results 
between studies. In addition, not sampling and analyzing from a time series following inoculation hampered further information on the dynamic 
mechanisms underlying the biological processes, because disease symptoms appear following a long latent period. In this study, we used RNA-
seq to compare tolerant rough lemon and sensitive sweet orange at 7, 17, and 34 weeks post-inoculation in a greenhouse experiment. We used 
both time zero and mock inoculation to normalize our data, and to maximize the number of significant differentially expressed genes. Therefore, 
we were able to analyze networks of defense response between mock- and CLas-inoculation of rough lemon and sweet orange separately. This 
approach could simultaneously compare differential gene expression structure and patterns, in order to identify a completed set of candidate 
genes associated with disease tolerance mechanisms. These results advance understanding of the architecture and dynamic regulation of defense 
responses to CLas. 
 
PO0645: Fruit Species 
Virulence of Alternaria alternata Causing Citrus Brown Spot Requires AaSte12 to Break through the Surface of Citrus 
Leaves 
Haijie MA1, Fred G. Gmitter1 and Hongye Li2, (1)University of Florida, IFAS-CREC, Lake Alfred, FL, (2)Zhejiang University, 
Hangzhou, China 
The tangerine pathotype of Alternaria alternata is a necrotrophic fungal pathogen that causes citrus brown spot. Previous studies indicated that 
host-selective ACT toxin and the detoxification of reactive oxygen species (ROS) are the two major factors for successful colonization of this 
pathogen. Cuticle of citrus leaves are used for defense against the invasion of the pathogen. Our study showed that AaSte12, an orthologue of 
transcription factor STE12, functions downstream of Fus3/Kss1 in Saccharomyces cerevisiae, and is essential for conidiation. The effect of 
vegetative growth in response to osmotic and oxidative stress were not found in AaSte12 null mutants (ΔSte12) in comparison to wild-type on 



potato dextrose agar. The virulence of ΔSte12 on unwounded citrus leaves was completely lost but recovered on wounded citrus leaves. 
Transcriptomes and RT-qPCR revealed that gene expression level related to cell wall degrading enzyme genes in ΔSte12 were significantly 
down-regulated in comparison to wild-type. Enzyme activities of cutinase, pectate lyase and cellulase were significantly decreased in ΔSte12. 
ACT toxin level was not affected in ΔSte12. Our results indicate that virulence of A. alternata requires AaSte12 to break through the cuticle, 
pectin and cellulose of citrus leaves in order to cause citrus brown spot. 
 
PE0646: Fruit Species 
Whole Bisulfite Genome Sequencing of Contrasting Sweet Cherry (Prunus avium L.) Varieties during Cold Accumulation in 
the Dormancy Period 
Karin Rothkegel1, Paula Sandoval1, Esteban Soto1, Javier Cáceres-Molina1, Andrea Miyasaka-Almeida2 and Claudio Meneses1,3, 
(1)Centro de Biotecnología Vegetal, Universidad Andrés Bello, Santiago, Chile, (2)Centro de Genómica y Bioinformática, 
Universidad Mayor, Santiago, Chile, (3)FONDAP, Center for Genome Regulation, Universidad Andres Bello, Santiago, Chile 
Epigenetic modifications can provide information about the connection between genotype and phenotype variation due to environmental 
conditions. In temperate perennial fruit species like sweet cherry, prolonged exposition to cold temperatures is required for dormancy release and 
flowering. In addition to sequence-based genetic diversity, epigenetic variation is believed to contribute to different chilling requirements and 
phenotypic plasticity among varieties. DNA methylation is an epigenetic modification that in plants occurs in three different contexts (CpG, 
CHG and CHH; H= non-guanine residue), and plays a key role in gene expression regulation. Aiming to identify regions with differential 
methylation during dormancy, we performed whole genome sequencing of bisulfite-treated DNA from floral buds of 'Royal Dawn' (0, 173, 348 
and 516 chilling hours) and ‘Kordia’ (0, 443, 1295 and 1637 chilling hours) at four time points of cold accumulation during dormancy. From the 
unique alignments, we searched for candidate differentially methylated regions (DMRs) close to gene bodies (2,000 bp upstream and 
downstream), with a FDR < 0.01 and changes in their methylation levels of at least 3 fold change regarding to 0 CH. Considering all cytosine 
context, we obtained 9,601 DMRs for 'Royal Dawn' and 8,531 DMRs for 'Kordia'. For the CG, CHG and CHH context we obtained 843, 126 and 
11,786 DMRs for 'Royal Dawn' and 724, 67, and 8,448 DMRs for 'Kordia', respectively. Additionally, these candidate regions were grouped in 
clusters according to their methylation profile across chilling hours; and a positive and negative control for methylation was confirmed with 
Sanger sequencing of clones. On the other side, RNA-seq is in development for the same conditions to establish a possible correlation between 
gene expression and methylation. Finally, in an attempt to identify epigenetic marks that may be contributing to differential chilling requirement, 
the validation of 8 candidate DMRs of ‘Royal Dawn’ and 9 DMRs of ‘Kordia’ is under progress through custom bisulfite-treated amplicon 
sequencing in Illumina platform.  
Financing: Consortium Biofrutales-CORFO 13CTI250-SP05 and Conicyt scholarship 21170365. 
 
PO0647: Fruit Species 
Development and Initial Assessment of the 9K SNP Addition to the Sweet and Sour Cherry Genome Wide SNP Array 
Stijn Vanderzande1, Ping Zheng1, Lichun Cai2, Amy Iezzoni2, Dorrie Main1 and Cameron Peace1, (1)Washington State University, 
Pullman, WA, (2)Michigan State University, East Lansing, MI 
The 6K cherry array has proven to be a valuable tool. Nevertheless, only a third of the SNPs on the Cherry 6K SNP array provided useful 
information. This led to low coverage of many regions, including those important for breeding. An add-on could provide a cost-efficient upgrade 
of the array to assay more informative SNPs.  
SNPs identified in cherry by Genotyping-By-Sequencing were used as the main source to choose additional SNPs from and were supplemented 
by SNPs identified during the development of the original 6K SNP array. A focal point strategy containing up to 8 SNPs within a 10kb window 
was used to choose SNPs for the add-on. Additional SNPs were chosen for chromosome ends, large physical gaps, important QTL regions, and 
organelle DNA. The array was validated on 384 sweet cherry and 435 tart cherry accessions.  
The add-on contained 6092 SNPs for sweet cherry and the avium subgenome of tart cherry, 1741 SNPs for the fruticosa subgenome of tart 
cherry, 27 chloroplast SNP, and 3 mitochondrial SNPs. For sweet cherry, a total of 5417 scorable SNPs was obtained of which 2076 were 
heterozygous. For tart cherry, 2316 of the sweet cherry and 1058 of the fruticosa-specific SNPs produced scorable results of which 1095 and 86 
were heterozygous, respectively. A total of 4 organelle (chloroplast) SNPs were polymorphic.  
The 9K add-on improved the 6K cherry array as a valuable tool for cherry breeders and allied scientists. It increased the total number of usable 
SNPs by 2232. 
 
PE0648: Fruit Species 
Construction of a Highly Saturated Linkage Map in Japanese Plum (Prunus salicina L.) 
Basilio Carrasco1, Maximo Gonzalez2, Jonathan Maldonado3 and Herman Silva3, (1)Pontificia Universidad Católica de Chile, 
Santiago, Chile, (2)Centro de Estudios Avanzados en Zonas Aridas (CEAZA), la Serena, Chile, (3)Lab Gen Func & Bioinfo - Fac 
Ciencias Agro - U de Chile, Santiago, Chile 
The Chilean fruit industry has positioned itself as a key market for the country’s development. To lead this market at the international level, it is 
necessary that Chile produce fruits and arrive to those markets with them in a very good condition/quality. Plums have become a fruit with a high 
value for the exporters and the growers. However there are no many studies related with the specie´s genetics or breeding. This study reports the 
construction of high density linkage maps of Japanese plum (Prunus salicina Lindl.) using single nucleotide polymorphism markers (SNPs), 
obtained with a GBS strategy. The mapping population (Angeleno x Aurora) was obtained by crossing cv. “Angeleno” (An) as maternal line and 
cv. “Aurora” (Au) as the pollen donor. A total of 49,826 SNPs were identified using the peach genome V2.1 as a reference. Then a stringent 
filtering was carried out, which revealed 1,441 high quality SNPs in 137 Angeleno x Aurora offspring, which were mapped in eight linkage 
groups. Finally, the consensus map was built using 732 SNPs which spanned 617 cM with an average of 0.96 cM between adjacent markers.  
The majority of the SNPs were distributed in the intragenic region in all the linkage groups. Considering all linkage groups together, 85.6% of 
the SNPs were located in intragenic regions and only 14.4% were located in intergenic regions. The genetic linkage analysis was able to co-



localize two to three SNPs over 37 putative orthologous genes in eight linkage groups in the Japanese plum map. These results indicate a high 
level of synteny and collinearity between Japanese plum and peach genomes. To date this is the most saturated map available for this species.  
This work is supported by CONICYT, FONDECYT/Regular Nº1160600 
 
PO0649: Fruit Species 
Silencing of Host ParPMC Genes Confers Resistance to Plum Pox Virus (PPV) in Apricot (Prunus armeniaca L.) 
Marisa Badenes, Instituto Valenciano de Investigaciones Agrarias (IVIA), Moncada, Valencia, Spain, Carlos Romero, Instituto de 
Biología Molecular y Celular de Plantas (IBMCP), Valencia, Spain, Jose Blanca, COMAV-UPV, Valencia, Spain and Elena 
Zuriaga, Instituto Valenciano de Investigaciones Agrarias, Moncada, Valencia, Spain 
Plum pox virus (PPV), causing Sharka disease, is one of the main limiting factors for Prunus production worldwide. In apricot (Prunus 
armeniaca L.) the major PPV resistance locus (PPVres), comprising ~ 196 kb, has been mapped to the upper part of LG1. Here, we have 
characterized the global apricot transcriptome response to PPV-D infection identifying 6 PPVres locus genes (ParP-1 to ParP-6) differentially 
expressed in resistant/susceptible cultivars. Two of them (ParP-3 and ParP-4), that encode MATHd proteins, appear clearly down-regulated in 
resistant cultivars, as confirmed by qRT-PCR. Concurrently, variant calling was performed using whole-genome sequencing data of 24 apricot 
cultivars (10 PPV-resistant and 14 PPV-susceptible) and 2 wild relatives (PPV-susceptible). ParP-3 and ParP-4, named as Prunus armeniaca 
PPVres MATHd-containing genes (ParPMC), are the only 2 genes having allelic variants linked in coupling to PPV resistance. ParPMC1 has 1 
nsSNP, while ParPMC2 has 15 variants, including a 5-bp deletion that produces a frameshift mutation. ParPMC1 and ParPMC2 are adjacent 
and highly homologous (87.5% identity) suggesting they are paralogs originated from a tandem duplication. Cultivars carrying the ParPMC2 
resistant (mutated) allele show lack of expression in both ParPMC2 and especially ParPMC1. Accordingly, we hypothesize that ParPMC2 is a 
pseudogene that mediates down-regulation of its functional paralog ParPMC1 by silencing. As a whole, results strongly support ParPMC1 
and/or ParPMC2 as host susceptibility genes required for PPV infection which silencing may confer PPV resistance trait. This finding may 
facilitate resistance breeding by marker-assisted selection and pave the way for gene edition approaches in Prunus. 
 
PE0650: Fruit Species 
De Novo Draft Genome Sequence of Japanese Pear (Pyrus pyrifolia Nakai) 
Hiromi Kajiya-Kanegae1, Mai Minamikawa2, Shingo Terakami3, Toshiya Yamamoto3 and Hiroyoshi Iwata1, (1)The University of 
Tokyo, Bunkyo, Tokyo, Japan, (2)The University of Tokyo, Tokyo, Japan, (3)Institute of Fruit Tree and Tea Science, National 
Agriculture and Food Research Organization (NARO), Tsukuba, Ibaraki, Japan 
Cultivated pear (Pyrus spp.) is a major temperate fruit, which is divided mainly into European (P. communis), Chinese (P. bretschneideri) and 
Japanese (P. pyrifolia) pears. The current draft genomes for European and Chinese pears, based on short-read sequencing technologies, is 
composed of many small contigs. A high-quality assembly is beneficial for genetics analysis and genomics-assisted breeding in cultivated pear. 
In this study, we present the first draft assembly of the genome of diploid P. pyrifolia Nakai cv. Akizuki, which is the modern elite cultivar, with 
SMRT Sequencing and other technologies.  
The total assembled genome has a size of 605 Mbp, which is divided over 596 contigs with an N50 of 2.79 Mbp. Mean and maximum contig 
sizes are 1.01 Mbp and 19.38 Mbp, respectively. The result of BUSCO v3 analysis showed that 94.5% of 1440 embryophyta BUSCO genes was 
identified, indicating a high degree of completeness.  
The Japanese pear draft genome sequence obtained in this study is expected to be useful for comparative genomics analysis with Chinese and 
European pears. The sequence will support the improvement of fruit yield and quality traits of pear via genetic dissection of these important 
traits. 
 
PO0651: Fruit Species 
Assessing Phylogenetic Relationship and Population Structure of Asian Pear Germplasms (Pyrus spp.) using Genotyping-
by-Sequencing Derived SNPs 
Yumi Kim1, Keumsun Kim1, Sewon Oh1, Hyeondae Han1, Sunheum Cho1, Kyungho Won2 and Daeil Kim1, (1)Chungbuk National 
University, Cheongju, South Korea, (2)National Institute of Horticultural Herbal Science, Naju-si, South Korea 
Asian pears (Pyrus spp.), which are morphological similar, are very difficult to assess genetic diversity. Many studies have been performed to 
solve the problem using molecular markers, such as RAPD, AFLP, and SSRs. This study was conducted to estimate genetic diversity of 43 Asian 
pear germplasms and to classify unclassified Korean native pears using genotyping-by-sequencing (GBS) derived SNPs. Forty-three pear 
germplasms including 5 unclassified Korean native pears were divided according to their pedigree in phylogenetic tree and principal components 
analysis using 20,280 SNPs derived from GBS. The Asian pear germplasms in population structure were formed into 4 distinct clusters (K = 4), 
and each cluster was described as P. betulifolia, P. ussuriensis, P. bretschneideri, and P. pyrifolia, respectively. Five unclassified Korean native 
pears were closely related to P. pyrifolia (‘Gamiri’, ‘Hangangbae’, and ‘Sunchangingyeri’), P. ussuriensis (‘Ganghwatongbae A’), and P. 
betulifolia (‘Najuseji’). Our findings provide important information, which could be useful for the management of the Asian pear germplasms. 
 
PE0652: Fruit Species 
Integrated Genetic Linkage Map Construction Using GBS-SNPs and Common SSRs in Pear ((Pyrus pyrifolia × P. 
communis) × P. pyrifolia) 
Sewon Oh1, Keumsun Kim1, Hyeondae Han1, Sunheum Cho1, Yumi Kim1, Youngjae Oh2 and Daeil Kim1, (1)Chungbuk National 
University, Cheongju, South Korea, (2)University of Florida, Wimauma, FL 
The inheritance of resistance to Asian pear scab (Venturia nashicola) is known to be controlled by single major gene. Because several Asian pear 
scab resistant cultivars showed susceptibility to V. nashicola, re-identification of scab resistance loci is required. Therefore, prior to identity 
genetic region associated with Asian pear scab resistance, the present study constructed a genetic linkage map of pear. Using three-way crosses 
population from a cross of ‘Greensis’ (Pyrus pyrifolia × P. communis) × ‘Whasan’ (P. pyrifolia), genotyping-by-sequencing (GBS) was 
performed and sequencing reads were aligned to pseudo-chromosomes of P. bretschneideri cv. Dangshansuli. Forty-nine common simple 



sequence repeats (SSRs) developed from apple and pear were analyzed to anchor in genetic linkage map. Finally, a total of 714 single nucleotide 
polymorphisms derived from GBS and 34 SSRs were mapped to integrated genetic linkage map. The integrated linkage map composed 17 
linkage groups (LGs), spanning 1,655.3 cM, with an average markers distance of 2.21 cM. Each LGs anchored SSRs from 1 to 5 except for LG 
6, 7, and 8. Additionally, we calculated chromosome coverage of each LGs to confirm reliability of our genetic linkage map. Consequently, the 
integrated pear genetic linkage map covered 73.9% of pear reference genome. Our reliable integrated genetic linkage map will be used to identify 
genetic region associated with Asian pear scab resistance. 
 
PO0653: Fruit Species 
Development of a Single Nucleotide Polymorphism-Derived Cleaved Amplified Polymorphic Sequence Marker Associated 
With Pollen Sterility in Pear (Pyrus spp.) 
Daeil Kim1, Hyeondae Han1, Keumsun Kim1, Sewon Oh1, Sunheum Cho1, Yumi Kim1 and Yoon-Kyeong Kim2, (1)Chungbuk 
National University, Cheongju, South Korea, (2)National Institute of Horticultural & Herbal Science, Naju, South Korea 
Pollenless pear (Pyrus spp.) cultivar requires artificial pollination to produce marketable fruit with stable production in monoculture orchards. 
Pollen fertility, which is represented by the presence and absence of pollen grains, is one of the important traits in pear. In our previous study, a 
genomic region involved in the pollen fertility has been mapped on a high-density linkage map using single nucleotide polymorphisms (SNPs) 
developed by genotyping-by-sequencing (GBS) analysis. The goal of our study was to develop SNP-derived cleaved amplified polymorphic 
sequence (CAPS) marker for marker-assisted selection of pollen fertility in Pyrus. A pair of primers was designed to produce a different number 
of bands when the PCR products were digested using BfuCI. The CAPS marker was applied to pollenless cultivar ‘Whangkeumbae’ (P. 
pyrifolia) and normal cultivar ‘Minibae’ (P. hybrid) and their 70 F1 individuals. ‘Whangkeumbae’ and ‘Minibae’ exhibited two and three peaks 
when PCR products were analyzed by fragment analyzer. Most pollenless F1 individuals had the same peak of ‘Whangkeumbae’, whereas 
normal F1 individuals followed the same peak of ‘Minibae’. We successfully predicted the phenotypes of 55 out of 70 F1 individuals based on the 
genotypes of the marker. The CAPS marker developed in the present study would be used for marker-assisted selection in pear breeding 
programs. 
 
PE0654: Fruit Species 
Three Complementary Restorer Genes Confer Pollen Fertility Restoration in Pyrus spp. 
Hyeondae Han1, Keumsun Kim1, Sewon Oh1, Sunheum Cho1, Yumi Kim1, Youngjae Oh2 and Daeil Kim1, (1)Chungbuk National 
University, Cheongju, South Korea, (2)University of Florida, Wimauma, FL 
Thompson et al. (1976) reported that two complementary restorers (Rf1 and Rf2) confer the pollen fertility restoration in Pyrus. However, we 
found that the model cannot explain segregation ratios observed in F1 individuals from crosses between male sterile ‘Whangkeumbae’ (P. 
pyrifolia) and three fertile cultivars. The goals of the present study were as follows; first, to propose a modified genetic model responsible for 
male sterile cytoplasm of ‘Whangkeumbae’; second, to clarify and determine the possible genotypes for four parents based on the modified 
genetic model. Presence and absence of pollen for F1 individuals were evaluated in 2018. The cross of ‘Whangkeumbae’ and ‘Minibae’ (P. 
hybrid) showed 70 male-fertiles and 107 male-steriles, whereas the cross of ‘Whangkeumbae’ and ‘Bartlett’ (P. communis) showed 11 male-
fertiles and 80 male-steriles. The cross of ‘Whangkeumbae’ and ‘Yali’ (P. bretschneideri) generated 27 male-fertiles and 15 male-steriles. We 
assumed that three complementary restorers govern pollen fertility restoration in F1 with male sterile cytoplasm. Considering ‘Whangkeumbae’ 
has genotypes of ‘rf1·rf1/Rf2·rf2/rf3·rf3’, ‘Minibae’, ‘Bartlett’, and ‘Yali’ was postulated to have genotype ‘Rf1·rf1/Rf2·rf2/Rf3·Rf3’, 
‘Rf1·rf1/rf2·rf2/Rf3·rf3’, and ‘Rf1·Rf1/Rf2·rf2/Rf3·Rf3’, respectively. The theoretical ratios of male-fertile individuals to male-sterile individuals 
according to four parental genotypes were 3:5, 1:7, and 3:1, respectively. Three observed ratios ware successfully illustrated by the theoretical 
ratios (P > 0.05). The results in the present study will be helpful to localize the Rf genes on the high-density genetic linkage map. 
 
PO0655: Fruit Species 
SNP-Based Genetic Linkage Map Construction and Map Comparison Using SSR Markers in Pear (Pyrus spp.) 
Sunheum Cho1, Hyeondae Han1, Keumsun Kim1, Sewon Oh1, Yumi Kim1, Kyungho Won2 and Daeil Kim1, (1)Chungbuk National 
University, Cheongju, South Korea, (2)National Institute of Horticultural Herbal Science, Naju-si, South Korea 
A genetic linkage map of pear (Pyrus spp.) was constructed using molecular markers derived from next generation sequencing technology. 
Genetic linkage map was constructed using F1 derived from ‘Whangkeumbae’ × ‘Minibae’. The map of ‘Whangkeumbae’ × ‘Minibae’ (WM 
map) was constructed using single nucleotide polymorphisms (SNPs), which are detected by genotyping by sequencing (GBS), and the SNPs 
represent pseudo-chromosomal location of pear reference genome. After then, 13 insertion/deletions (InDels) and 42 simple sequence repeats 
(SSRs) were added to WM map. The InDels were originated from resequencing data of ‘Whangkeumbae’ and ‘Minibae’ and SSRs were 
developed in apple and pear. Most of the SSRs in the WM map originated from sequence data of Chinese pear ‘Dangshansuli’. The WM map 
consisted of 17 linkage groups and 758 markers containing 721 SNPs, 6 InDels, and 31 SSRs. The WM map was compared with the map of 
‘Bayuehong’ × ‘Dangshansuli’ (BD map) developed by Chen et al. in 2015. Of the 31 SSRs in the WM map, 24 SSRs were observed in BD map 
and the order of anchored SSRs in WM map was almost coincided with SSRs of BD map. Reliability of WM map was improved by integrating 
SSRs to SNP-based map. The genetic linkage map constructed in this study could be used for further pear genetic study especially for 
comparative mapping. 
 
PE0656: Fruit Species 
Leveraging Transcriptome Data for Enhanced Gene Expression Analysis 
Heidi Hargarten, Rebecca Schmidt, Elena Kahn and Loren A Honaas, USDA-ARS Tree Fruit Research Lab, Wenatchee, WA 
Complex changes in gene expression occur during postharvest storage of tree fruits and often precede or accompany changes in ripening and 
disorder development. Targeted gene expression analysis fundamentally relies upon prior knowledge of the targeted gene. In an effort to improve 
this prior knowledge, we developed a workflow using apple cultivars, leveraging publicly available transcriptome data to discover cultivar-
specific gene sequences to guide primer design for quantitative real-time polymerase chain reaction (qPCR). We find that problematic 



polymorphisms occur frequently in cultivars of interest when candidate primer binding sites were selected using a reference genome of a 
different cultivar. These disruptive, cross-cultivar polymorphisms can be avoided when utilizing transcriptome data from the target cultivar. We 
validated our work flow with another tree fruit, Pyrus communis, and developed cultivar specific ‘D’Anjou’ qPCR primers selected ab initio 
from de novo assembled transcripts, to validate RNA-Seq data generated using a ‘Bartlett’ reference genome. 
 
PO0657: Fruit Species 
Effect of Hybridization on the Foliar Morphology and Volatile Profile of ‘LB8-9’ Sugar Belle® Mandarin 
Honghong Deng1, Haijie Ma2, Yu Wang2, Qibin Yu2, Guolu Liang1 and Fred G. Gmitter2, (1)Southwest University, College of 
Horticulture and Landscape Architecture, Chongqing, China, (2)University of Florida, IFAS-CREC, Lake Alfred, FL 
Recently, ‘LB8-9’ Sugar Belle® mandarin (SB mandarin) has increasingly captured the attention of growers and breeders particularly due to its 
substantial tolerance to Huanglongbing, outperforming its parental cultivars, Clementine mandarin and Minneola tangelo. Leaf morphology and 
volatile metabolite constituents of SB mandarin were comprehensively compared. SB mandarin trees were significantly more vigorous than its 
parents, which suggests some degree of heterosis in this hybrid. Leaves exhibited more similarities with Clementine than Minneola. SB mandarin 
displayed a quantitatively and qualitatively differential leaf volatile profile in comparison to its parents, but on the whole demonstrated more 
resemblance to Minneola in this aspect. Several volatile biomarkers that contributed significantly to discriminate the three cultivars were 
identified, including β-linalool, thymol, thymol methyl ether, γ-elemene, terpinen-4-ol, (-)-β-pinene, and (Z)-β-ocimene. Conclusively, 
hybridization has profound effects on both the leaf morphology and volatile metabolites in leaves of the SB mandarin hybrid compared with the 
parental individuals. The current results may serve as a starting point for further elucidation of the complexity of HLB tolerance mechanisms and 
their potential genetic origins and inheritance, in hybrids derived from these parents. Additional studies have been initiated to explore this HLB 
tolerance phenomenon in greater detail. 
 
PE0658: Fruit Species 
Mapping Fire Blight Resistance in Three Pear Populations 
Jason D. Zurn1, John L. Norelli2, Sara Montanari3, Richard Bell2 and Nahla Bassil1, (1)USDA-ARS National Clonal Germplasm 
Repository, Corvallis, OR, (2)USDA-ARS Appalachian Fruit Research Laboratory, Kearneysville, WV, (3)Department of Plant 
Science, University of California, Davis, Davis, CA 
Fire blight, caused by Erwinia amylovora, is the most devastating bacterial disease of pears (Pyrus spp). Growing resistant cultivars is the most 
effective disease control measure. Unfortunately, all major cultivars grown in the U.S. are susceptible to this disease. Thus, this important disease 
was targeted in the USDA-NIFA-Specialty Crop Research Initiative-Funded ‘RosBREED’ Project. A recently developed 70K Pear Axiom® 
Genotyping Array was used to construct genetic maps and conduct QTL analysis for three populations (‘El Dorado × ‘Potomac’, ‘Old Home’ × 
‘Bartlett’, and NJA2R59T69 × ‘Bartlett’) expected to segregate for fire blight resistance. Multiple actively growing shoots of field grown trees 
were inoculated with E. amylovora Ea153n in 2017 and 2018. The proportion of current season’s shoot that was blighted was calculated. Data for 
each population were severely positively skewed and the number of genes mediating resistance could not be easily discerned. Chromosomal 
linkage groups were established for each population using a cross-pollinating mapping approach. An integrated two-way pseudo-testcross 
approach was used to map QTLs. A single significant QTL (α = 0.05) was identified for each population. Interestingly, all three of these QTLs 
mapped to a similar region on chromosome 2. QTLs have been reported in this region for ‘Old Home’ and ‘Moonglow’ (a parent of ‘Potomac’). 
The presence of the chromosome 2 QTL in NJA2R59T69 is interesting as the resistance originated from the P. ussuriensis selection ‘Illinois 76’ 
and not a P. communis source like ‘Potomac’ and ‘Old Home’. Additional work is needed to characterize this unique genomic region. 
 
PO0659: Fruit Species 
GBS-SNPs and SSR Based Genetic Linkage Map of Apple (Malus × domestica) 
Keumsun Kim, Suji Ahn, Sewon Oh, Hyeondae Han, Sunheum Cho, Yumi Kim and Daeil Kim, Chungbuk National University, 
Cheongju, South Korea 
The apple (Malus × domestica) cultivars Gala and Jonathan have different traits in skin color, acidity, and resistant to anthracnose 
(Colletotrichum gloeosporioides). Therefore, cross population of ‘Gala’ × ‘Jonathan’ is desire to confirm genetic regions related with those traits. 
In this study, an integrated genetic linkage map of ‘Gala’ × ‘Jonathan’ was constructed as a framework of association mapping. Using 94 F1 
individuals from a cross of ‘Gala’ and ‘Jonathan’, genotyping-by-sequencing (GBS) was performed and a new set of 27,151 single nucleotide 
polymorphisms (SNPs) were detected. Additional 88 simple sequence repeat (SSR) markers, developed in apple, were analyzed in ‘Gala’, 
‘Jonathan’, and their 94 F1 individuals. A total of 892 markers including 844 GBS-SNPs and 48 SSR markers were used to construct genetic 
linkage map. Integrated genetic linkage map of ‘Gala’ × ‘Jonathan’ has 17 linkage groups (LGs) with a total length of 1,700.6 cM. An average 
marker interval was 2.2 cM. Each LG has SSR markers from 1 to 7 and order of the SSR markers in each LG coincide with reported apple 
genetic linkage maps. This genetic linkage map based on GBS-SNPs and SSR markers could be a framework map for future association analysis 
and map comparison. 
 
PE0660: Fruit Species 
Exploring DNA Variant Segregation Types in Pooled Genome Sequencing Enables Effective Mapping of Recessive 
Columnar Suppressors in Malus 
Laura E. Dougherty, Susan K. Brown and Kenong Xu, Horticulture Section, School of Integrative Plant Science, Cornell 
AgriTech, Cornell University, Geneva, NY 
Apple fruit production is a labor-intensive practice as tree pruning and fruit harvesting must be conducted by hand. Due to complex and highly 
variable tree canopies, full automation of pruning and harvesting remains difficult and challenging. The columnar growth habit, first identified in 
‘Wijcik McIntosh’ - a bud mutation from ‘McIntosh’, is characterized by compact growth with reduced branching and exclusive spur bearing. 
Columnar apple trees also require little pruning and have a simpler canopy and more predictable fruiting sites. These characteristics make 
columnar growth habit desirable for high-density planting and for full mechanization in orchard. Many studies reported that the columnar trait is 



controlled by a single dominant gene, called Co (columnar) on chromosome 10, and the ‘Wijcik McIntosh’ mutation is caused by a retroposon 
inserted into an intergenic region close to the Co gene. In addition to Co, other genes have long been speculated to be involved in the columnar 
trait due to the observation that the columnar progeny are often fewer than the expected in breeding populations. Here, through a pooled genome 
sequencing approach we show evidence that there are at least two recessive genes that can suppress the effect of the retroposon insertion in an F1 
population derived from a Coco х Coco cross. 
 
PO0661: Fruit Species 
A Comparative Transcriptome Analysis of Fuji Apple and a Blushed Mutant Reveals Differential Gene Expression During 
Fruit Color Development 
Chao Sun and Shenchun Qu, Nanjing Agricultural University, Nanjing, China 
Apple is one of the most popular fruit in the world. Apple skin color is an important appearance quality that determines its commodity value. 
Large numbers of apple skin color mutants have been developed from bud sports, which bear fruits with different coloration from the rest of 
apples of the same tree. In this paper, we reported a skin color mutant of Fuji apple, the transcriptome analysis, and comparisons between the 
original Fuji apple and this mutant. Samples from the mutant and normal apples of the same tree were taken at different time after bag removal 
during which the skin color develops. Anthocyanin contents in the skin of the mutant were 2-3 times higher than the Fuji apple 16 days after bag 
removal. RNAs from the mutant and normal apple skins were isolated at 4, 8 and 16 DABR and profiled by high-throughput sequencing. 
Differentially expressed genes (DEGs) between the mutant and normal apples were analyzed. 1358, 5432 and 1023 DEGs were detected at 4, 8 
and 16 DABR, respectively. These genes were among 28 functional groups in three classes of biological processes, molecular functions and 
cellular components by gene ontology (GO) annotation, and involved in 42 KEGG pathways, among which the flavonoid biosynthesis, starch 
and sucrose metabolism, flavone/flavonol biosynthesis, phenylpropanoid biosynthesis, plant hormone signal transduction and transcription 
factors were related to apple skin coloration. These results might suggest a transcriptional regulation of the skin color in the mutant. 
 
PE0662: Fruit Species 
Genetic Mapping Reveals Strong Functional Candidate for Apple Ripening  
Zoë Migicovsky1, Trevor H. Yeats2, Sophia Watts1, Kendra McClure1, Karen Burgher-MacLellan3, John DeLong3, Charles Forney3, 
James J. Giovannoni4, Jocelyn KC Rose2, Daryl J. Somers5, Jun Song3 and Sean Myles1, (1)Dalhousie University, Truro, NS, 
Canada, (2)Cornell University, Ithaca, NY, (3)Agriculture and Agri-Food Canada, Kentville, NS, Canada, (4)Boyce Thompson 
Institute for Plant Science, Ithaca, NY, (5)Vineland Research and Innovation Centre, Vineland station, ON, Canada 
Apple (Malus domestica) is one of the world’s most valuable fruit crops and a promising candidate for marker-assisted selection (MAS) due to 
its lengthy juvenile phase. To discover genotype-phenotype associations, approximately 250,000 SNPs were generated using genotyping-by-
sequencing for the Apple Biodiversity Collection (ABC) located in Kentville, Nova Scotia, Canada. In 2017, phenotype data were collected from 
over 1,300 trees in the ABC, representing over 850 unique accessions. Accessions were also genotyped for several markers previously 
discovered using linkage mapping and currently used for MAS in apple. Genome-wide association study (GWAS) results confirmed the 
transcription factor NAC18.1, previously identified in a GWAS of the USDA apple germplasm collection, is a strong functional candidate for 
fruit firmness and harvest date. In comparison, no significant associations were identified for the firmness markers currently used in apple 
breeding. NAC18.1 is homologous to the NON-RIPENING (NOR) gene of tomato. While nor mutant fruits fail to ripen, transgenic 
complementation of nor with the apple NAC18.1 gene rescued its ripening defect, confirming NAC18.1's role as a conserved regulator of fruit 
ripening. These results demonstrate that GWAS in a diverse apple collection results in extremely high resolution mapping of putatively causal 
variants, which holds great potential for continued improvement of apples through MAS. 
 
PO0663: Fruit Species 
Expression Suppression of Member Genes in a Network Module from a 2.8-Mb Genomic Region Delays Fruit Maturation in 
Apple 
Seunghyun Ban1, Islam El-Sharkwy2 and Kenong Xu1, (1)Horticulture Section, School of Integrative Plant Science, Cornell 
AgriTech, Cornell University, Geneva, NY, (2)Center for Viticulture & Small Fruit Research, Florida A&M University, 
Tallahassee, FL 
Somatic mutations may alter fruit color, size, shape, and maturation date in apple. ‘Autumn ‘Gala’’ (AGala), a somatic mutation from ‘Gala’ 
apple, matures four weeks later than ‘Gala’. To identify the molecular mechanisms responsible for the remarkable delay of fruit maturation, 
RNA-sequencing (RNA-seq) analyses were conducted at 13 (‘Gala’) and 16 (‘AGala’) stages during fruit development. In total, there were 9,368 
differentially expressed genes (DEGs) between ‘Gala’ and ‘AGala’. Weighted gene co-expression network analysis (WGCNA) of the DEGs 
revealed a network module of 57 genes that were suppressed significantly in ‘AGala’. Interestingly, 49 (86%) of the 57 member genes in the 
module were located within a 2.8Mb region on chromosome 6. To examine if any genomic structure might have changed in the region, DNA 
variants were called from the RNA-seq reads mapped to the apple reference genome. Analyses of the variants frequencies uncovered that the 2.8 
Mb region is homozygous in ‘AGala’ while heterozygous in ‘Gala’. Such discrepancy in DNA variant allele frequency was confirmed by Sanger 
sequencing of multiple genomic segments in the region from ‘Gala’ and ‘AGala’. Therefore, the collective suppression of the 49 genes in the 2.8-
Mb genomic region due to loss of heterozygosity is responsible for the drastic delay in fruit maturation in ‘AGala’. 
 
PE0664: Fruit Species 
Co-Expression Networks Provide Insight into Postharvest Fruit Physiology 
Loren A Honaas1, Heidi Hargarten1, Stephen P. Ficklin2, John Hadish3, Eric K. Wafula4, Claude W. dePamphilis4, James Mattheis1 
and David Rudell1, (1)USDA-ARS Tree Fruit Research Lab, Wenatchee, WA, (2)Dept of Horticulture, Washington State 
University, Pullman, WA, (3)Molecular Plant Sciences Program, Washington State University, Pullman, Pullman, WA, (4)The 
Pennsylvania State University, University Park, PA 



Functional genomics is an emerging technological frontier in postharvest crop management. This is driven in part by exponential growth of 
genomics resources for specialty crops, which include genomes and transcriptomes. These global-scale technologies are allowing insights into 
responses of Rosaceous tree fruit to modified atmospheres, various storage temperature regimes, and crop protectants in the postharvest period. 
These insights will allow researchers and producers to maximize favorable outcomes, especially with regard to crop protectant-limited 
production strategies. Here we report transcriptional fluxes of Granny Smith apple fruit in the early phases of long term storage in response to 
intermittent warming, an ostensibly organic compliant strategy that effectively reduces the incidence of superficial scald. We observed two 
temporally distinct classes of gene expression, which were discovered with high granularity sampling and novel analytics. This suggests that long 
term outcomes on the scale of months may be influenced by gene expression changes on the scale of hours. 
 
PO0665: Fruit Species 
Characterizing the Apple Fruit Microbiome: Spatial, Temporal, and Management Factors Influence Microbial Diversity 
Michael Wisniewski1, Samir Droby2, John L. Norelli3, Dumitru Macarisin4 and Erik Burchard1, (1)USDA-ARS, Kearneysville, 
WV, (2)ARO, the Volcani Center, Bet-Dagan, Israel, (3)USDA-ARS Appalachian Fruit Research Laboratory, Kearneysville, WV, 
(4)FDA, White Oak, MD 
Accumulating evidence indicates that the composition of the microbiota inhabiting an organism (both endo- and epiphytically) can have a 
profound effect on host physiology. New correlations between specific microbiota and human health are being reported at a rapid rate. While 
significant efforts have been made in characterizing the rhizosphere and epiphytic microbiome of plants, much less attention has been placed on 
developing and harvested fruit, despite the potential impact of the microbiome on fruit physiology, postharvest disease, and food safety. 
Currently, efforts are being made to determine a core (common) apple fruit microbiome, the impact of management practices on the microbiome, 
and the identification of microbial consortia that can be used to inhibit postharvest diseases. Thus far, our investigation has revealed spatial and 
temporal changes in microbial diversity with clear distinctions between the microbiota of peel, stem-end, calyx-end, and wounded tissues. In 
general, bacteria appear to be impacted more than fungal taxa by sanitation practices, especially the epiphytic microflora of peel tissues. Coating 
fruit with a commercial wax favored the survival of bacterial pathogens that had been applied prior to waxing. An effect of apple pedigree on the 
endophytic population of microbes was also documented, suggesting that apple hosts and their associated microbiome have co-evolved, as 
suggested by the holobiont hypothesis. Ongoing studies are analyzing the microbiome of ‘Royal Gala’ apple fruit at harvest from seven different 
countries (18 different orchards) to determine if a core microbiome can be identified. 
 
PE0666: Fruit Species 
Functions and Its Regulation of Novel miR137 in Malus Resistance Against Botryosphaeria dothidea By Targeting an 
AP2/ERF Family Transcription Factor ERF14 
Xinyi Yu and Shenchun Qu, Nanjing Agricultural University, Nanjing, China 
MicroRNA (miRNA)-mediated post-transcriptional regulation plays a fundamental role in plant defense responses against pathogen infection. 
The accumulation of Malus-specific miR137 is decreased by the fungi pathogen Botryosphaeria dothidea. MiR137 silences an AP2/ERF family 
transcription factor ERF14 by direct cleavage. ERF14 could bind specifically to the GCC-box and the DRE/CRT sequences, which commonly 
exist in the promoter of pathogenesis-related genes. Over-expression of ERF14 or inhibiting miR137 induced the expression of several PR genes 
under normal conditions in apple seedlings, while silencing ERF14 or over-expression miR137 have the opposite effects. Yeast one-hybrid 
demonstrates that ERF14 could bind to the promoter of those PR genes. The mature miR137 in resistant variety Malus hupehensis is accumulated 
less than susceptible variety Malus domestica ‘Fuji’ with or without B. dothidea infection, while the expression of pre-miR137 has no significant 
difference in this two varieties. Three SNPs in the miR137 precursor of the two varieties affect the secondary structure of the MIR137 foldbacks, 
which contribute to the different efficiency and accuracy of the mature miRNA processing. The A-G SNP of the 45th base near the terminal loop 
is revealed to play a key role. Using the TRV-VAGE method to ectopically express Malus ERF14 in tobacco, the exogenous wild-type or 
mutated Malus ERF14 induced the expression of PR genes constitutively and enhance the resistance of tobacco to Botrytis cinerea. The co-
expression of Malus miR137 inhibited the exogenous wild-type Malus ERF14 accumulation, resulting in a partial elimination of the increased 
resistance; while tobacco expressing the mutated ERF14 were not affected by miR137. Therefore, Malus ERF14 positively regulates the plant 
resistance to B.cinerea, and miR137 functions as a negative regulator by inhibiting the ectopic expression of exogenous ERF14 in tobacco. 
 
PO0667: Fruit Species 
SNP Marker Development and Validation for High Incidence of Soft Scald Postharvest Disorder in Apple 
Baylee Miller1, Nicholas Howard2, John R Tillman3, Katherine M. Evans4 and James J. Luby1, (1)University of Minnesota, St. 
Paul, MN, (2)University of Minnesota, St Paul, MN, (3)University of Minnesota, Saint Paul, MN, (4)Washington State University, 
Wenatchee, WA 
A SNP-based test has been developed to predict high incidence of soft scald in apple. Soft scald is a fruit disorder that affects fruit after 
postharvest in cold storage. This disorder is observed often in the cultivar Honeycrisp and in germplasm in the University of Minnesota Apple 
Breeding Program. A molecular marker for this trait saves time and cost during cultivar development when used for parent selection and seedling 
screening, as high incidence genotypes can be eliminated before time and cost investments are made prior to discovery of the disorder. Previous 
work performed by Howard et al. (2018) identified two quantitative trait loci for soft scald incidence with a major locus located on linkage group 
2. Haplotypes at the linkage group 2 locus were characterized and one haplotype was found to be associated with high incidence of soft scald. 
Five SNPs correlating with the high incidence haplotype were identified. These SNPs were validated with a KASP assay using germplasm from 
the University of Minnesota and Washington State University apple breeding programs. Two of the markers were utilized successfully in the 
spring of 2018 on a family of over 1,000 seedlings from the University of Minnesota with an overall cull rate of 35.9%, with 462 seedlings 
identified as homozygous for the undesirable haplotype. Further research is being performed to identify additional SNPs correlated with the high 
incidence haplotype to increase marker confidence and to expand the pool of validated germplasm. 
 
PE0668: Fruit Species 



Identification of a Fire Blight Resistance Locus on LG05 of ‘Splendour’ Apple by Bulked Segregant SNP (pnome) Analysis 
John L. Norelli1, Stijn Vanderzande2, Christopher Dardick3, Erik Burchard4, Cameron Peace2 and Michael E. Wisniewski4, 
(1)USDA-ARS Appalachian Fruit Research Laboratory, Kearneysville, WV, (2)Washington State University, Pullman, WA, 
(3)USDA-ARS Appalachian Fruit Research Station, Kearneysville, WV, (4)USDA-ARS, Kearneysville, WV 
Fire blight caused by the bacterium Erwinia amylovora is a potentially devastating disease of apple (Malus pumila). ‘Splendour’ apple (‘Golden 
Delicious’ x ‘Delicious’) has been reported to have quantitative resistance to fire blight. Fire blight resistance in four distinct ‘Splendour’ 
families was found to segregate 1 resistant to 3 susceptible, suggesting resistance could be controlled by two unlinked, dominant, epistatic 
alleles. Bulked segregant SNP (pnome) analysis was used in which DNA from 45 resistant ‘Splendour’ x T1190 (BpMADS4) individuals and 
DNA from 40 susceptible individuals were separately pooled and sequenced. In accordance with the proposed epistatic model, SNPs present in 
both pools with a frequency of ~0.5 (0.38-0.62) in the resistant pool and ~0.33 (0.10-0.35) in the susceptible pool were chosen. A greater density 
of epistatic model SNPs was observed on LG05 with a normal distribution centered at ~30.66 Mbp (apple whole genome sequence GDDH13 
v1.1). Two DNA markers developed at this locus were present in 8 of 10 resistant offspring of a ‘Gala’ x ‘Splendour’ family (10 of 10 predicted 
by model) and ca. 33% of susceptible offspring, consistent with the epistatic model. Genetic analysis indicated the resistance allele present in 
‘Splendour’ was derived from its ‘Delicious’ parent that is known to have quantitative resistance to fire blight. This work demonstrated that 
pnome analysis can be an effective method to identify epistatic alleles that are difficult to detect by conventional QTL analysis. 
 
PO0669: Fruit Species 
Genetics of Fire Blight Susceptibility in Single- and Multi-Parental Segregating Populations in Apple (Malus x domestica) 
Jugpreet Singh1, Awais Khan1, Katchen Julliany Pereira Silva1, Elsa Desnoues1, Alvin Randall1, Jie Arro2, C. Thomas Chao2 and 
Gan-Yuan Zhong2, (1)Plant Pathology and Plant-Microbe Biology, Cornell University, Geneva, NY, (2)USDA-ARS, Geneva, NY 
Fire blight, caused by gram negative bacteria Erwinia amylovora, leads to significant losses in apple production worldwide. Utilization of host 
genetic resistance can contribute to reducing its impact. However, susceptibility to infection depends on genetic background of cultivars, 
virulence levels of bacterial strains, and environmental conditions. We carried out a multi-population analysis to understand the genetic 
mechanisms associated with fire blight susceptibility in apple (Malus x domestica). Two bi-parental populations (GMAL 4591 and GMAL 4592) 
and one multi-parental populations with F1 individuals randomly selected from 7 segregating populations were evaluated for leaf and shoot traits 
and fire blight necrosis. Single nucleotide polymorphism (SNP) markers were obtained using genotyping-by-sequencing (GBS) and used to 
conduct an association analysis to identify marker-trait relationships. Leaf and shoot growth and necrosis showed a range of variation in three 
segregating populations. Association mapping identified several genomic regions associated with necrosis and percent lesion length in leaf 
(PLLL) and shoot (PLLS). Very few genomic regions controlling PLLL and PLLS were common between the three mapping populations. PLLL 
exhibited marker associations on chromosomes 2, 4, and 7 in the GMAL 4591, chromosome 7 and 9 in the GMAL 4592 populations, and across 
seven different chromosomes in the multi-parental population. These results suggest that genotypic background can significantly influence fire 
blight susceptibility of different apple cultivars. Some of the identified genomic regions also coincide with previously reported fire blight QTLs 
from domesticated apples. These QTL regions can further be explored for fine mapping of candidate genes. 
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Comparative Analysis of Peach and Apple Transcriptomes from Early Developing Fruit 
Muzi Li1, Kelsey D. Galimba2, Ann Callahan2, Christopher Dardick2, Sridhar Hannenhalli1, Stephen M. Mount1 and Zhongchi Liu1, 
(1)Dept. of Cell Biology and Molecular Genetics, University of Maryland, College Park, MD, (2)USDA-ARS Appalachian Fruit 
Research Station, Kearneysville, WV 
Rosaceae is a single plant family with 3,000 species including several economically important fruits (strawberry, raspberry, peach, apple and 
pear), which provides an ideal system to study genetic mechanisms underlying the evolution of fruit development. Peach and apple are two 
species from the same subfamily of Rosaceae (Spireaeoidae) with publicly available high-quality genomes. Peach and apple share a basic flower 
structure of five sepals, five petals, and numerous stamens. However, their fruit flesh is developed from distinct part of the flower post-
fertilization. In peach, the mesocarp of the ovary wall develops into the fleshy fruit and the endocarp lignifies to form a hard stone surrounding 
the seeds, while in apple, the hypanthium enlarges and becomes the fleshy fruit. To understand the evolution of fleshy fruit diversity, we 
dissected four specific floral compartments at four critical early stages of peach and apple fruit development in triplicate. A total of 96 RNA-seq 
libraries were made and sequenced. We are examining differentially expressed genes and isoforms and developing co-expression networks to 
identify toolkit genes that regulate fruit development. We are especially interested in investigating the dynamics of gene families known to play 
important roles in fruit development, including auxin and GA pathway genes and MADS box transcription factors.  
 
PO0671: Fruit Species 
Novel NGS-Based Genomic Platform Reveals Unexploited Variability of Prunus persica (L. batch) for Future Genetic 
Breeding of Peach  
Maximiliano M. Aballay1, Gabriel H. Valentini1, Natalia C. Aguirre2, Carla Filippi2, Maria E. Daorden1 and Gerardo Sánchez1, 
(1)Instituto Nacional de Tecnología Agropcuaria (INTA), San Pedro, Argentina, (2)CONICET, Hurlingham, Argentina 
Peach is a diploid (2n=2x=16) specie with a small genome (265Mb), compared to other economically important crops. Due to its self-
compatibility and long generation periods, modern peach cultivars have a narrow genetic variability. Therefore novel germoplasms are 
continuously pursued for breeding purposes. The advance of Next Generation Sequencing (NGS) technologies allows high-throughput 
genotyping at a reasonable cost but in the case of peach, were scarcely developed. At present, a standard Genotyping By Sequencing (GBS), 
based in a single restriction with ApekI to reduce genome complexity, was applied in peach. We compared 6 double restrictions with the 
restriction generated with ApeKI to find that the combination of PstI/MboI retained the highest number of loci in concordance with in silico 
analysis. With this novel GBS platform, a diverse peach germoplasm collection composed of 190 genotypes was analysed. The libraries were 
sequenced (HiSeq 1500 Illumina) to obtain a total of 207052814 of paired-end (2x250bp) reads. The mapping against peach genome allowed the 
identification of 107760 SNP. Phylogenetic and population structure analyses sugested that a group of Bolivian traditional peaches and feral 



germoplasms of Argentine shares a common origin that probably goes back from the colony period where this specie was introduced in the 
American continent by the Spanish. Principal Component Analysis (PCA) from genomic data showed that these ancestral germoplasms differ 
largely from modern peach cultivars. Our results in combination with some outstanding trait of these genotypes (high yield/vigour, pathogen 
resistance, thermal requirements, etc.) encourage their use in peach breeding programs. 
 
PE0672: Fruit Species 
Identification of Metabolite and Lipid Profile Associated with Mealiness in Peach 
Victoria Lillo1, Alonso Espinoza1, Romina Pedreschi2, Reinaldo Campos-Vargas3 and Claudio Meneses3,4, (1)Centro de 
Biotecnología Vegetal, Universidad Andres Bello, Santiago, Chile, (2)Pontificia Universidad Católica de Valparaíso, Escuela de 
Agronomía, Quillota, Chile, (3)Centro de Biotecnología Vegetal, Universidad Andrés Bello, Santiago, Chile, (4)FONDAP, Center 
for Genome Regulation, Universidad Andres Bello, Santiago, Chile 
Peach [Prunus persica (L.) Batsch] is the third most important temperate fruit crop considering fruit production and harvested area in the world. 
Chile is among the top ten in the peach and nectarine production, and it is the first peach fruit exporter to the northern hemisphere. Exporting 
peaches and nectarines represents a challenge due to the long distance between our country and the final destination. For this reason, fruits must 
be placed in cold storage (CS) for a long time, which can induce a physiological disorder known as chilling injury (CI). The main symptom of CI 
is mealiness which is perceived as non-juicy fruit by consumers. The purpose of this work was to identify and compare the fruit metabolic and 
the lipidome profiles between two siblings from Venus x Venus population contrasting for juice content after long cold storage. Fruits were 
analyzed in harvest (E1) and after 21 days at 0°C (E3). A total of 119 metabolites and 197 lipids were identified by GC-MS and UHPLC-QTOF 
MS/MS. Differences between both contrasting siblings are observed mainly in organic acid and sugars, and lipids such as phosphatidylcholines 
and diacylglycerols. Our results indicate that some of the top metabolites could be used as biomarkers associated with mealiness at harvest and 
after cold storage. This work was support by FONDECYT 1160584, Genoma 4 G13i10005 and Consortium Biofrutales-CORFO 13CTI250-
SP04. 
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Genetic Structure and Allele Diversity for Ripening Date and Soluble Solids Content QTLs Linked on Chromosome 4 in 
Peach 
Lichun Cai1, Cassia Da Silva Linge2, Amy Iezzoni1 and Ksenija Gasic2, (1)Michigan State University, East Lansing, MI, 
(2)Clemson University, Clemson, SC 
A genomic region of particular interest for peach breeding is a quantitative trait locus (QTL) cluster at the middle of chromosome 4. QTLs for 
bloom date, ripening date, soluble solids content, fruit weight, and various disease resistance are reported to map to this region. Therefore, an 
understanding of genetic structure and allele diversity for this complex locus is critical to enable marker-assisted selection in breeding programs. 
The plant material evaluated was a pedigreed population (n=351) that included multiple F1 and F2 families from the Clemson University peach 
breeding program. QTL detection was done using FlexQTLTM software that is designed to concurrently analyze multiple pedigree-linked 
populations. Major QTLs for ripening date and soluble solids content were consistently identified within this QTL cluster in multiple years. 
Based on the QTL intervals identified in this study, we selected eight SNPs for haplotype (allele) construction for this QTL region which 
spanned a physical position from 10,981,971 bp to 12,523,245 bp (Peach Genome v2.0). A total of eight haplotypes were identified and 
significant differences in traits values were found among different haplotype combinations (QTL diplotype). Favorable alleles at this QTL cluster 
for both ripening date and soluble solids content were determined. Taken together, these results advance our understanding of the genetic basis of 
ripening date and soluble solids content and facilitate selection of new peach cultivars with improved fruit quality that target the desired ripening 
time. 
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Unraveling Regulatory Mechanisms of the Slow-Ripening Phenotype in Peach 
Gerardo Nuñez1, Lissette Ulloa1, Álvaro Barahona1, Reinaldo Campos-Vargas1, Francisca Blanco1 and Claudio Meneses1,2, 
(1)Centro de Biotecnología Vegetal, Universidad Andrés Bello, Santiago, Chile, (2)FONDAP, Center for Genome Regulation, 
Universidad Andres Bello, Santiago, Chile 
Peach has been used as a model for the Rosaceae family for comparative and functional genomic. Several published work have proposed to NAC 
transcription factor as candidate gene responsible for the slow-ripening (SR) trait and as a key gene for ripening process. SR fruits are able to 
remain firm on the tree until to the winter, its softening rate and ethylene (C2H4) production tends to zero during shelf life period. The aim of 
this study is to unravel some regulatory mechanisms controlling ripening process. We performed a RNA-seq analysis between a slow-ripening 
individual versus a melting fruit during stages of fruit development. We identified 5,471 DEG regulated by the absence of ppNAC72 in the last 
stages of fruit development. On the other hand, we compare the transcripts expression profiles through cluster analysis and 32 were found to co-
expressed with ppNAC72 identified as possible direct-targets. Among these, four are described as transcription factors and, possibly with 
ppNAC72 are the major regulators of the SR phenotype. These results are the first approach to determine possible target-candidate genes of 
ppNAC72 that would be contributing to the generation of slow ripening trait. This work was supported by FONDECYT 1160584. 
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Preliminary Study on Genes Involved in Vigor and Development in Prunus Rootstock-Scion Interactions 
Álvaro Montesinos1, Jérôme Grimplet1, M.J. Rubio-Cabetas1 and Angel Fernandez i Marti2, (1)Unidad de Hortofruticultura, Centro 
de Investigación y Tecnología Agroalimentaria de Aragón (CITA), Zaragoza, Spain, (2)University of California Berkeley, 
Berkeley, CA 
For new almond planting, low vigor-conferring scion/rootstock combinations are currently preferred to establish semi-high and super-high 
density orchards. Thus, breeding for low vigor rootstocks and manageable tree architecture cultivars represent two important challenges. 
Therefore, we need to understand how the interaction of rootstock vigor and branch architecture affects development and adaption in almond. 



Previous studies in angiosperms have shown a relation between genes related to floral transition and to vigor. For exploring this interaction, we 
analyzed phloem tissue of two hybrid rootstocks: ‘RootPac-40’ and ‘Garnem’, representing low and high vigor respectively, with and without a 
scion. The study was conducted through dormancy (November) to floral transition (January and March). Forty-six genes related to 
developmental processes and hormonal response were selected to study their expression by RT-qPCR using the Fluidigm platform.  
During the time course, genes involved in vegetative development were overexpressed, while genes inhibiting growth were repressed, which 
relates to the resumption of metabolic activity. Expression of auxin-response genes differed between individuals, with higher levels of expression 
in March in the low vigor rootstock, ‘RootPac-40’. In grafted plants, the levels of expression between both rootstocks were similar, which shows 
the scion involvement in the auxin response. Strigolactone synthesis gene CCD8 was also upregulated in ‘RootPac-40’ vs ‘Garnem’ (grafted and 
not grafted). No difference was observed between rootstocks for genes involved in other hormonal responses, like ethylene and gibberellins. We 
conclude that the expression of auxin response and strigolactone biosynthesis genes, positively correlated with vigor, is activated early in the 
dwarfing rootstock ‘RootPac-40’. 
 
PE0676: Fruit Species 
The Effect of Root Traits on Gene Expression and Fire Blight Susceptibility of Grafted Scions in Apple (Malus x domestica) 
Awais Khan, Jugpreet Singh, Jack Fabrizio, Elsa Desnoues and Katchen Julliany Pereira Silva, Plant Pathology and Plant-Microbe 
Biology, Cornell University, Geneva, NY 
Resistant rootstocks have been used for regulation and control of various diseases in apple scion cultivars. Identifying and characterizing the 
exact mechanism regulating rootstock-derived tolerance or resistance can benefit apple productivity. Previous studies have indicated that root 
system architecture directly regulates upper plant growth, but the role of rootstock root traits in providing systemic defense against pathogens is 
unclear. Fire blight is a systemic bacterial disease that causes significant productivity loss in apples. We hypothesized that rootstocks with greater 
root mass can provide better tolerance to fire blight infection. Several scion genotypes were grafted on ‘M7’ rootstocks to determine relationships 
between root traits and fire blight susceptibility. Disease infection varied significantly (p < 0.05) between different rootstock-scion combinations. 
Similar results were also obtained when ‘M7’ rootstocks with different root masses were directly infected with fire blight. A significant (p < 
0.05) negative correlation was observed between disease susceptibility and different root growth traits. To further characterize the molecular 
mechanisms associated with root/disease relationships, differential gene expression was studied in scion tissues of rootstocks with contrasting 
root systems. The gene expression patterns identified differentially expressed genes and pathways that define root-disease interactions in apple. 
These results suggest that root traits of rootstock play a role in regulating disease susceptibility in scion. 
 
PO0677: Fruit Species 
Efficient Genome-Editing of Wild Strawberry Genes, Vector Development, and Validation 
Junhui Zhou, UNIVERSITY OF MARYLAND-CP, COLLEGE PARK, MD 
The CRISPR-Cas9 system is an effective genome editing tool for plant and animal genomes. However, there are still few reports on the 
successful application of CRISPR–Cas9 to horticultural plants, especially regarding germ-line transmission of targeted mutations. We developed 
a high-efficiency genome editing system in the wild strawberry Fragaria vesca and demonstrated its successful application to mutate the auxin 
biosynthesis gene TAA1 and auxin response factor 8 (ARF8). In our system, both Arabidopsis U6 promoter AtU6-26 and the wild strawberry U6 
promoter FveU6-2 were shown to lead to high-efficiency genome editing in strawberry. The progeny of the primary (T0) transgenic plants 
carrying the CRISPR construct was shown to harbor both germline transmitted mutations as well as new mutations, including large deletions 
between the two sgRNA-targeted sites. Both UBQ promoter and YAO promoter driven CAS9 show high efficient genome editing. Further, T1 
seedlings harboring arf8 homozygous knockout mutations grew considerably faster than wild-type seedlings. The floral receptacle of arf8 
homologous mutants are also larger than that of wild type. Both seedling and receptacle phenotype of arf8 suggested a negative role of ARF8 for 
growth. Our results open up exciting opportunities for engineering strawberry and related horticultural crops to improve traits of economic 
importance. 
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Functional Analysis of TM6 MADS-Box Gene in the Octoploid Strawberry By CRISPR/Cas9 Directed Mutagenesis 
Carmen Martín Pizarro, IHSM - University of Málaga - CSIC, Málaga, Spain and David Pose, Departamento de Biología 
Molecular y Bioquímica, Facultad de Ciencias, Universidad de Málaga, Malaga, Spain 
The B-class of MADS-box transcription factors has been studied in many plant species, but remain functionally uncharacterized in Rosaceae. 
APETALA3 (AP3), a member of this class, controls petal and stamen identities in Arabidopsis. In this study, we identified two members of the 
AP3 lineage in the cultivated strawberry (Fragaria x ananassa): FaAP3 and FaTM6. Interestingly, FaTM6, and not FaAP3, shows an expression 
pattern equivalent to that of AP3 in Arabidopsis. Genome editing using CRISPR/Cas9 system is becoming a robust tool for targeted and stable 
DNA mutagenesis. However, whether it can be efficiently used in an octoploid species such as F. x ananassa is not yet established. Here we 
report the application of CRISPR/Cas9 to characterize the function of FaTM6 in strawberry flower development. An analysis by high-throughput 
sequencing of the FaTM6 locus spanning the target sites showed a highly efficient genome editing already in the T0 generation. The phenotypic 
characterization of the mutant lines indicates that FaTM6 plays a key role in anther development in strawberry. Our results validate the 
CRISPR/Cas9 strategy for gene functional analysis in F. x ananassa as an octoploid species, and they offer new opportunities for engineering 
strawberry to improve traits of interest in breeding programs. 
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Evaluation of the Axiom™IStraw35 SNP Array on Wild Octoploid Strawberry, Fragaria virginiana. 
Lise L. Mahoney, UNH, Durham, NH and Thomas M. Davis, University of New Hampshire, Durham, NH 
A pedigree-related population of Fragaria virginiana hybrids was genotyped on the IStraw35 SNP array. The IStraw35 SNP array consists of a 
selected subset of the IStraw90 SNP array markers. The subset of markers on the IStraw35 were chosen to provide a more affordable genotyping 
platform for commercial strawberry breeders. Here we evaluate the performance of the IStraw35 on genotyping of wild octoploid F. virginiana 



germplasm. The parentage of the pedigree included three F. virginiana accessions: FRA1699 from Ontario Canada; and from the US, FRA1408 
from Mississippi, and FRA1455 from Georgia. The pedigree consists of three F1 families, one F2 family, and one back-cross family. In the 
pedigree-related progeny of 60 individuals genotyped on the IStraw35 array, 10,035 markers were considered high quality Poly High Resolution 
markers out of the 35,000 potential SNPs surveyed. The performance indicates the potential for use of the IStraw35 for marker-trait analyses of 
wild Fragaria virginiana germplasm. 
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Dissecting Genetic Diversity and Trichome Analysis in Strawberry 
Kalpalatha Melmaiee, Sathya Elavarthi and Anju Biswas, Delaware State University, Dover, DE 
Antioxidants in strawberry help alleviate chronic illnesses like cardiovascular diseases, cancer, and other health issues. With the awareness of 
importance of nutrition, there is a greater demand for strawberries and have been grown for year round supply in the United States. As 
strawberries containing higher amounts of water combined with soft skin, attracts more pests and diseases hence there is a need for more biotic 
resistant varieties along with nutritional traits. As an initial step towards this goal we are dissecting the genetic diversity of the candidate 
strawberry accessions along with leaf trichome and antioxidants. In this study, we genotyped thirty-three strawberry accessions utilizing thirty-
five SSR markers and phenotyped by observing leaf antioxidant content and trichome density. Based on the SSR marker amplifications, we 
identified two distinct genetic groups, one group is alpine (wild or woody) type strawberry and another group is the cultivated type. In this study, 
we identified 120 alleles with an average of 3.43 alleles per locus. The genetic polymorphism ranged from 0.1461 for the marker ARSFL_9 to 
1.6635 for the marker FG1a/b. All thirty-three accessions were grouped into clusters based on the genetic diversity analysis. From the 
association, the four genotypes named Clancy, Elan hybrid, Record, and Wendy contained more total antioxidant content with high trichome 
density. Strawberry breeding programs can utilize the information from this research during cultivar development and authentication of 
genotypes. 
 
PO0681: Fruit Species 
New Strawberry QTLs for Pleasant Key Aroma Compounds in F1 Population 
Amparo Monfort, IRTA, Centre for Research in Agricultural Genomics (CRAG) CSIC-IRTA-UB-UAB, Barcelona, Spain and Pol 
Rey, IRTA, Centre for Research in Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, Bellaterra, Spain 
Strawberry is a plant with vegetative reproduction whose fruits are highly appreciated due to its organoleptic properties and health benefits. 
Cultivated strawberry (Fragaria x ananassa) is an allo-octoploid species with a fairly small genome, mostly diploidized. Wild strawberry (F. 
vesca) is a diploid species with small and soft, but very aromatic, fruits. The aroma of cultivated strawberry has been widely studied: the profile 
of volatiles obtained by gas chromatography and mass spechtrometry (GC-MS) is above 350 compounds, in particular esters, terpenes, furans, 
lactones, alcohols, aldehydes and sulphur compounds. Analysis of the volatile compounds and the threshold of aroma detection indicate that only 
20 compounds significantly contribute to the aroma of strawberry with esters being the most representative, which give fruity aromas. Other 
important compounds are Z-3 and E2-hexenal which give an unpleasant smell (green aroma) detected in some cultivars. A recent analysis using 
GC-MS for the lines F. vesca Reina de valles and F. vesca Yellow Wonder and a collection of NILs (Near Isogenic Lines) in strawberry 
established the volatilome and the QTL map of wild strawberry for all the compounds (Urrutia et al 2017). To determine the genomic regions 
responsible for the variation in aromatic compounds of cultivated strawberry, we generated a segregating F1 population of the cross between two 
lines segregating for aroma in wild strawberry, “Dream x Starlette” (70 individuals). This population was genotyped with the IStraw35K® array 
giving a map of 28 linkage groups (14,335 SNPs, 3,167 loci) covering >92% of the genome compared with the consensus map. Volatile analyses 
(GC-MS) of the population mature fruit, measured over a period of three years and at different stages of harvest, detected more than 300 
segregating compounds. Analyses of the 19 specific compounds responsible for strawberry aroma revealed 62 QTLs, 14 of them highly 
significant in all of the analyses. We specifically detected a single QTL which regulates accumulation of the esters methyl hexanoate and ethyl 
hexanoate, both responsible for a fruity aroma in strawberry, in a region limited by LG4B. New QTLs will be check for candidate genes, which 
genes are in these regions and select some of these as candidate genes. All these new QTLs should be check in different populations. 
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Unraveling Genomic Structure of Fruity Flavor Gene, FaFAD1, and γ-Decalactone Production in Cultivated Strawberry 
(Fragariaנ ananassa) 
Youngjae Oh1, Saket Chandra1, Zhen Fan1, Jinhe Bai2, Vance M. Whitaker1 and Seonghee Lee1, (1)University of Florida, 
Wimauma, FL, (2)USDA-ARS, U.S. Horticultural Research Laboratory, Fort Pierce, FL 
Fruity flavor is one of the most important quality factors in cultivated strawberry. It has been known that FaFAD1 gene is involved in the 
biosynthesis of γ-decalactone (γ-D), which contributes to fruit aroma and is associated with an increase in sweetness in fruit. We previously 
developed a dominant, high-resolution melting (HRM) marker that is regularly being used for a high-throughput marker-assisted selection 
(MAS) for γ-D producers at the seedling stage. Although it is known that FaFAD1 controls the production of γ-D, its accumulation varies greatly 
between γ-D producing varieties. This phenomenon remains unexplained; thus, in this study, we dissected the genomic structure of FaFAD1 
between γ-D producers and non-producers and developed a codominant functional marker, discerning dose dependent effect on fruity flavor 
intensity. To identify SNPs and InDels associated with γ-D production, the flanking genomic region (100 kb) of FaFAD1 was sequenced with 10 
γ-D producing and five non-producing accessions. Furthermore, for characterizing structural variations of the FaFAD1 region, we screened three 
bacterial artificial chromosome (BAC) libraries (one producer and two non-producers) and identified six BAC clones possessing FaFAD1. These 
clones were sequenced and assembled with the next generation sequencing platform. To determine gene dosage effects in γ-D production, fruits 
from 38 accessions were collected in the field and analyzed for γ-D volatile, using gas chromatography mass spectrometer (GC/MS). 
Surprisingly, our newly developed codominant marker genotype was completely matched with the GC/MS data. Our results provide the evidence 
of allele dosage effect for the production of γ-D in strawberry fruits. 
 
PO0683: Fruit Species 



Gene Discovery for Strawberry Flavor 
Chris Barbey, University of Florida, Gainesville, FL 
Associating crop traits with their underlying genetics is crucial for rapid agricultural improvement. Flavor is frequently cited as the most 
important consumer trait in strawberry, yet progress in this area has been slow due to the genetic and chemical complexity of flavor. Multi-omics 
association of octoploid genetics, genomics, transcriptomics, and metabolomics identified or reconfirmed the basis of many important flavor 
compounds. The compounds include methyl anthranilate, linalool, mesifuran (DMF), γ-Decalactone, butanoic acid ethyl ester, hexanoic acid 
ethyl ester, and others. Fruit transcriptomes from sixty-one lines were assembled using the draft 'Camarosa' octoploid genome (Pat Edger and 
Steve Knapp), and correlated with flavor and aroma QTL regions. This analysis identified expressed genes, and genes containing heritable 
sequence polymorphisms in the QTL region. Transcript levels were compared with genetic data (eQTL analysis) to identify heritable variants 
associated with differential gene expression in the fruit. In several cases, volatile abundance and the differential expression of a published 
biosynthesis gene were both associated with an identical set of subgenomic markers. This approach was applied to identify novel candidate genes 
for various flavors with subgenomic resolution, and present genetic markers for selection of flavor in breeding programs. 
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Population Genetic Analysis of a Global Collection of Fragaria vesca Using Microsatellite Markers 
Hrannar Smári Hilmarsson1, Timo Hytönen2, Sachiko Isobe3, Magnus Göransson4, Tuomas Toivainen2 and Jón Hallsteinn 
Hallsson4, (1)Agricultural University of Iceland, Borgarnes, Iceland, (2)University of Helsinki, Helsinki, Finland, (3)Kazusa DNA 
Research Institute, Kisarazu, Japan, (4)Agricultural University of Iceland, Reykjavik, Iceland 
The woodland strawberry, Fragaria vesca, has been a model organism in plant research. It not only represents the important Rosaceae family 
that includes economically important species such as apples, pears, peaches and roses, but it also complements the well-known model organism 
Arabidopsis thaliana in key areas such as perennial life cycle and the development of fleshy fruit. Analysis of wild populations of A. thaliana has 
shed light on several important developmental pathways controlling, for example, flowering time and plant growth, suggesting that a similar 
approach using F. vesca might add to our understanding on the development of rosaceous species and perennials in general. In this research, 295 
F. vesca plants were analyzed using 56 microsatellite markers with an average of 4.46 alleles per locus. 269 plants were collected in the wild and 
26 individuals were cultivars. Here, the primary aim was to analyze the population structure and distribution of genetic diversity. Our analysis 
partly confirms previous classification of F. vesca subspecies in North America and suggests two groups within the subsp. bracteata. In addition, 
F. vesca subsp. vesca forms a single global population with evidence that suggest that the Icelandic group is a separate cluster from the main 
Eurasian population. 
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Auxin Conjugate Hydrolases in Fragaria vesca Contribute to IAA Homeostasis and Seedling Growth 
Janet P. Slovin1, Qian Tang2, Peng Yu2, Molly Tillmann2 and Jerry D. Cohen3, (1)USDA/ARS Genetic Improvement of Fruit and 
Vegetables Lab, Beltsville, MD, (2)Department of Horticultural Science, University of Minnesota, Saint Paul, MN, (3)Department 
of Horticultural Science, University of Minnesota, St. Paul, MN 
Auxin homeostasis in plants involves complex pathways for biosynthesis, conjugation to small molecules such as amino acids and to 
macromolecules such as proteins and complex carbohydrates, hydrolysis of these conjugates to release free IAA (indole 3-acetic acid) for growth 
and development, as well as utilization of IAA as a hormone and degradation pathways. Recently, using stable isotope labeling and high 
resolution LC-MS, we showed that unlike Arabidopsis, the diploid strawberry F. vesca hydrolyzes IAA-aspartate (IAasp) and IAA-glutamate 
(IAglu), the two IAA-amino acid conjugates found in the achenes, to release IAA for growth of the seedling. We also provided evidence that 
suggests that the hydrolysis reactions occur in different cellular compartments. The edible part of the strawberry, the receptacle, has long been 
known to enlarge in response to auxin produced by the developing achenes, the botanical true fruit. The classical literature describes a pattern of 
free auxin (indole-3-acetic acid; IAA) accumulation in the developing berry suggestive of active metabolic and/or transport activity that sustains 
the enlargement of the receptacle after embryo development is complete. If conjugated IAA moves from the developing achene for receptacle 
enlargement, as suggested by Kang et al (2013), IAA conjugate hydrolysis would play an important role in strawberry production. By homology 
to hydrolases from Arabidopsis, we have identified 6 IAA-amino acid hydrolase genes in the F. vesca genome. In silico analysis predicts that 
three of the encoded enzymes are localized to the chloroplast and three are most probably localized to the endoplasmic reticulum. Five of the six 
genes are expressed in growing seedlings, and three are expressed in early developing achenes (Hollender et al 2014). We have focused first on 
gene expression and cellular localization of FveILL3, an IAA-amino acid hydrolase related to Medicago truncatula IAR33, which has been 
shown to hydrolyze IAasp. FveILL3, like Arabidopsis ILL3, is predicted to localize to the chloroplast and does not have a KDEL endoplasmic 
reticulum retention sequence. 
 
PE0686: Fruit Species 
Finding Candidate Genes and Natural Variations in the QTL Locus, FaRCg1, Conferring Resistance Against Colletotrichum 
gloeosporioides in Cultivated Strawberry (F.×ananassa) 
Saket Chandra1, Ashlee Anciro1, Michael A Hardigan2, Steven J. Knapp2, Vance M. Whitaker1 and Seonghee Lee1, (1)University 
of Florida, Wimauma, FL, (2)Department of Plant Sciences, University of California, Davis, Davis, CA 
Colletotrichum crown rot (CCR) of strawberry caused by Colletotrichum gloeosporioides is one of the most common and destructive diseases in 
strawberry growing regions of the southern United States. Most of major commercial cultivars grown in Florida are susceptible to CCR, and it is 
important to develop new varieties with increased CCR resistance. We recently identified the QTL, FaRCg1, conferring resistance to CCR in 
cultivated strawberry. The identification of resistant alleles at this resistance locus can be a great avenue for CCR resistance breeding in 
strawberry. Thus, we performed RNA sequencing to identify candidate genes for the FaRCg1-mediated resistance using two cultivars, ‘Florida 
Elyana’ (resistant) and ‘Florida Festival’ (susceptible). Approximately, one billion reads were generated using Illumina next-generation 
sequencing, and 15,896 differentially expressed genes (DEGs) were identified between ‘Florida Elyana’ and ‘Florida Festival’. These DEGs 
were involved in the pathway of redeployment pathogen defense, cutin biosynthesis and photosynthesis. Interestingly, the positive regulation of 



cell killing was found to be exclusive in the resistant cultivar, ‘Florida Elyana’. We annotated the DEGs located at the FaRCg1 region, and found 
that Jasmonate-induced protein, GDSL esterase/lipase, pectinesterase, subtilisin-like protease, ABC transporter, TIFY transcription factor and 
protein kinase genes were significantly upregulated in response to the infection of C. gloeosporioides. Sequence polymorphisms present in the 
DEGs were investigated to develop functional markers. The results of this study will shed light on the mechanisms underlying the FaRCg1-
mediated resistance and provide resource to identify molecular markers for marker-assisted selection CCR resistance in strawberry. 
 
PO0687: Fruit Species 
Integrated Karyotyping of Woodland Strawberry (Fragaria vesca) with Oligopaint FISH Probes 
Yonghua Han, School of Life Science, Jiangsu Normal University, Xuzhou, China 
Chromosome identification is critical for many aspects of cytogenetic research. However, for Fragaria vesca, definitive identification of the 
individual chromosomes is almost impossible because of their small size and high similarity. Here we demonstrated that bulked oligonucleotide 
(oligo) probes can be used as chromosome-specific DNA markers for chromosome identification in F. vesca. Oligos specific to an entire 
pseudochromosome in the draft genome of F. vesca were identified and synthesized as a library. In all, we synthesized 6 oligo libraries 
corresponding to 6 pseudochromosomes of F. vesca, respectively. These libraries were amplified and labeled as probes for fluorescence in situ 
hybridization (FISH). Two rounds of multicolor FISH analysis were sequentially conducted on the same metaphase cells with each round 
including three probe libraries, which permitted simultaneous identification of all chromosomes of F. vesca. Moreover, 45S and 5S rDNA were 
mapped to chromosomes 1, 2 and 7, respectively. A karyotype of metaphase chromosomes was constructed, which was the first FISH-based 
molecular cytogenetic karyotype of F. vesca. Our study can serve as a basis for future comparative cytogenetic research through cross-species 
chromosome painting using bulked oligo probes and will facilitate applied breeding technologies that rely upon identification of chromosomes in 
the genus Fragaria. 
 
PE0688: Fruit Species 
Participation of XTHs in Cell Wall Remodelling During Development and Ripening of the Chilean Strawberry Fruit 
Maria A. Moya-León and Raul Herrera, Institute of Biological Sciences - University of Talca, Talca, Chile 
The Chilean strawberry fruit (Fragaria chiloensis) is nonclimacteric, grows constantly along development and ripening, and softens intensively 
during the last stages of development. Changes in fruit size and texture are mainly due to changes in the structure and/or composition of the cell 
wall. Fruit cell wall is mainly composed by polysaccharides (cellulose, pectins and hemicelluloses) and structural proteins and ions; several non-
covalent interactions between the components enable a complex structure and provide strength. Remodeling of cell wall structure is mediated by 
the orchestrated participation of a complete set of cell wall degrading enzymes. During development and ripening of F. chiloensis fruit there is a 
reduction in the total content of cell wall polysaccharides. In order to understand the metabolism of hemicelluloses, we isolated two xyloglucan 
transglycosilase/hydrolase genes from F. chiloensis. FcXTH1 is highly expressed during softening of the fruit, while FcXTH2 remains almost 
constant along fruit development, although it is highly expressed in leaves. Both genes were expressed in Pichia pastoris demonstrating that 
FcXTH1 displays transglycosilase activity, while FcXTH2 displays mainly hydrolase activity. The protein model of both proteins was built 
through homology modelling, and by docking analysis we were able to explain their interaction with xyloglucans of different structures. In 
addition, glycosylation of FcXTH1 is important for its substrate selectivity and protein stability. This knowledge contributes to further 
understand the remodelling of plant cell wall during fruit development and ripening.  
Financing support from Fondecyt 1171530 project. 
 
PO0689: Fruit Species 
From QTL Mapping to Gene Cloning: Phytophthora Crown and Root Rot Resistance, FaRPc2, in a Complex Allo-
Octoploid Strawberry 
Seonghee Lee1, Saket Chandra1, Youngjae Oh1, Upinder Gill1, Young-Hee Noh1, Yi-Tien Lu1, Michael A Hardigan2, Steven J. 
Knapp2 and Vance M. Whitaker1, (1)University of Florida, Wimauma, FL, (2)Department of Plant Sciences, University of 
California, Davis, Davis, CA 
Phytophthora crown rot (PhCR) caused by Phytophthora cactorum is one of the most important soil-borne diseases in cultivated strawberry 
worldwide. Improved disease resistant varieties offer the most sustainable and economical solution to this problem. We previously identified a 
major quantitative trait locus (QTL) for PhCR resistance, FaRPc2, located on the distal end of linkage group (LG) 7D of the octoploid 
strawberry, F. xananassa. In this study, the resistance FaRPc2 locus was finely mapped into an approximately 350 kb genomic region, and 
searched candidate genes for the FaRPc2-mediated resistance. With Illumina RNA-sequencing, we identified a total of 549 genes differentially 
expressed (DEGs) specifically in resistant accessions possessing FaRPc2. Of these, three DEGs located in the FaRPc2 region significantly 
upregulated in response to the pathogen infection. In addition, nine resistant genes in the the FaRPC2 region were selected for further analyses. 
We identified putative functional polymorphisms from several candidate genes and developed markers to test their co-segregation with PhCR 
resistance in diverse breeding populations. To clone the putative gene for FaRPc2, we developed three bacterial artificial chromosome (BAC) 
libraries (one susceptible and two resistant accessions) and screened for unique BAC clones possessing the FaRPc2 candidate genes. Each BAC 
library consisted of 32,000 clones with an average insert size of 100 kb, representing 5-fold haploid genome coverage. Approximately 300 BAC 
clones were identified for the genomic region of FaRPc2. Subgenome-specific high-throughput markers tightly linked to FaRPc2 were used to 
identify BAC clones possessing FaRPc2 putative gene, and further analyzed by next-generation sequencing platforms. 
 
PE0690: Fruit Species 
Genomic Analysis of Complex Fruit Quality Traits in Black Raspberry (Rubus occidentalis) 
Matthew Willman1, Jill M. Bushakra2, Nahla Bassil3, Chad Finn4, Michael Dossett5, Penelope Perkins-Veazie6, Courtney A. 
Weber7, Christine Bradish8, Gina Fernandez9, Joseph C. Scheerens1, Lisa R. Dunlap1 and Jonathan Fresnedo Ramirez10, (1)The 
Ohio State University, Wooster, OH, (2)USDA/ARS, NCGR, Corvallis, OR, (3)USDA-ARS National Clonal Germplasm 
Repository, Corvallis, OR, (4)USDA-Agricultural Research Service, Corvallis, OR, (5)BC Berry Cultivar Development Inc., 



Agassiz, BC, Canada, (6)Professor, Plants for Human Health Institute, North Carolina State University, Kannapolis, NC, (7)Cornell 
University, Geneva, NY, (8)Avoca Inc., Merry Hill, NC, (9)North Carolina State University, Raleigh, NC, (10)Deparment of 
Horticulture and Agronomy, The Ohio State University, Wooster, OH 
Genetic mapping of pomological traits is limited for black raspberry (BR) and small fruit crops in general. Recent availability of genomic 
resources for BR, including a chromosome-scale annotated genome assembly, enable the interrogation and understanding of genetic control of 
important horticultural and fruit quality traits. Data produced from a multi-environment trial of two BR mapping populations have been used to 
estimate quantitative trait loci (QTL) and genotype-by-environment interactions (GEI) for BR fruit quality traits. Approximately 300 genotypes 
were evaluated over three years at four locations representative of current U.S. BR production. Analyzed traits include fruit mass, seed mass, 
seed fraction, and drupelet count. Finlay-Wilkinson regression and genotyping-by-sequencing derived genomic relationship matrices were used 
to describe GEI and identify stable genotypes over location ´ year combinations. QTL mapping shows five regions of the BR genome involved in 
the control of these traits. Interestingly, a four megabase region containing several hundred genes on chromosome 1 is shown to influence 
drupelet count, seed mass, and infructescence mass. Further, influence of this region on drupelet count is stable across all test locations. These 
findings are expected to guide further genetic characterization of fruit quality, management of breeding germplasm, and development of 
improved BR cultivars for U.S. production. In addition, this work may contribute to the genomic characterization of other Rosaceous crops. 
 
PO0691: Fruit Species 
Segregation of Aphid Resistance from 3 Wild Sources in Black Raspberry Cross Populations and Exploration of Genetic 
Basis of Aphid Resistance with IsoSeq Technology 
Christina Mulch, Oregon State University Department of Horticulture, Corvallis, OR, Nahla Bassil, USDA-ARS National Clonal 
Germplasm Repository, Corvallis, OR, Kelly Vining, Oregon State University, Corvallis, OR, Chad Finn, USDA-Agricultural 
Research Service, Corvallis, OR and Michael Dossett, Agriculture and Agri-Food Canada, Agassiz, BC, Canada 
Black Raspberry (Rubus, occidentalis) is a U.S. Pacific Northwest specialty crop prized for its unique flavor profile and nutritional attributes. 
Market expansion depends on production, which is currently hindered by aphid vectored viruses, such as Black Raspberry Necrosis virus. 
Natural, genetic resistance to aphids has been identified from three geographic sources: Maine(US), Michigan(US), and Ontario(CA). These 
sources are being utilized to breed cultivars with durable aphid resistance. We have developed three new segregating populations to study the 
genetic basis of aphid resistance. Segregation of resistance in each of these populations was evaluated phenotypically by aphid inoculation. 
Differential expression in 10 resistant, and 10 susceptible seedlings is being evaluated with IsoSeq (Full-Length Isoform Sequencing) . We plan 
on preforming fine mapping of QTL( Quantitative Trait Loci ) for aphid resistance in each of these populations using previously developed 
microsatellite markers and new markers identified using IsoSeq. Our goals are to use these resources to develop useful genetic markers for each 
source of resistance, and to allow pyramiding of these resistance loci in new breeding populations. 
 
PE0692: Fruit Species 
Identification of Gene(s) Involved in Prickle Development in Red Raspberry (Rubus idaeus L.) Using RNA Sequencing 
Archana Khadgi, Cornell University, GENEVA, NY and Courtney A. Weber, Cornell University, Geneva, NY 
Red raspberry (Rubus idaeus L.) is a globally commercialized specialty crop with growing demand worldwide. Presence of prickles on the stems, 
petioles and underside of the leaves complicates both harvesting of raspberry fruits and field management of canes. To understand prickle 
production in red raspberry, we generated a population segregating for prickle development utilizing the heterozygous prickled cultivar 
‘Caroline’ (Ss) and the homozygous prickle-free cultivar ‘Joan J’ (ss). Scanning electron microscopy of the stems, petioles and leaves revealed 
presence of glandular trichomes to be strongly correlated to prickle development. Quantitative trait loci (QTL) mapping of single nucleotide 
polymorphisms (SNPs) developed through genotype-by-sequencing (GBS) identified one QTL in a 1 Mb region with 186 genes associated with 
the trait. 3’ RNA sequencing was then performed on epidermal tissue of both prickled and prickle-free parents and progenies. 67 genes within the 
QTL region that were significantly differentially expressed after Benjamini-Hochberg adjusted p-value correction were considered important for 
prickle development and were further analyzed. Expression pattern revealed down-regulation of some vital development related transcription 
factors which includes R2R3-MYB, MADS-box and others in both prickle-free parents and progenies. These transcription factors could be the 
potential key regulators of the prickle production. This study provides new knowledge in understanding prickle development mechanisms in red 
raspberries and provides a valuable insight for genetic engineering to produce prickle-free raspberry cultivars and possibly other Rubus species 
such as blackberry and black raspberry. 
 
PO0693: Fruit Species 
Transcriptome Analysis of Aronia melanocarpa Fruit Identifies Genes Involved in Polyphenol Biosynthesis 
Jonathan Mahoney1, Liam Iorio1, Jill L. Wegrzyn2, Mark H. Brand1 and Huan-zhong Wang1, (1)University of Connecticut, Storrs, 
CT, (2)Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT 
Native to eastern regions in North America, the genus Aronia is a group of deciduous shrubs in the Rosaceae family, subtribe Pyrinae. Interest in 
Aronia fruit has increased because of their high levels of antioxidants and polyphenols and wide adaptability to various geographic regions with 
few disease and pest issues. Using Illumina RNA-seq, this study is investigating the transcriptome of Aronia fruit development to understand the 
molecular mechanisms involved with Aronia fruit polyphenol biosynthesis. Six accessions of A. melanocarpa (2x) were collected at four 
developmental stages. Anthocyanin content tended to increase at each developmental stage. Mapping to the Malus × domestica genome v1.0 was 
performed with 341.75 million clean reads from 24 samples and about 63 to 69% of the clean reads were aligned. The DEGs identified in a series 
of six pairwise comparisons between the four developmental stages 0v1, 0v2, 0v3, 1v2, 1v3 and 2v3 were 240, 430, 1342, 12, 180 and 1. 
Significant GO Biological terms include pigment biosynthetic process, carbohydrate metabolic process and polysaccharide metabolic process. Of 
the 5656 DEGs, four genes were selected as candidate genes in the flavonoid pathway, MYB114, CHI, F3H, and LAR. All four genes showed 
significant up-regulation between the four developmental stages. Future studies will focus on additional functional annotation of DEGs, gene 
validation, and function of structural and regulatory genes in the polyphenol biosynthetic pathways. 
 



PE0694: Fruit Species 
Transcription Factor Interactions and Regulation of Polyphenol Biosynthesis in Aronia melanocarpa Fruit 
Liam Iorio, Jonathan Mahoney, Mark H. Brand and Huan-zhong Wang, University of Connecticut, Storrs, CT 
Polyphenols, primarily in the form of anthocyanins and proanthocyanidins are produced in various plant tissues and are associated with red and 
purple pigmentation. These molecules have an important role in plant disease resistance, protection from UV-radiation, and as a form of 
antioxidants for human health. Aronia melanocarpa fruits have been reported to have one of the highest sources of dietary polyphenols. RNA-
sequencing was conducted on A. melanocarpa fruit at various time points during fruit development and candidate genes were selected to have a 
role in regulation of polyphenol biosynthesis. A dual luciferase assay was conducted using promoters from key biosynthetic genes in the 
polyphenol pathway from Arabidopsis thaliana. Two candidate transcription factors, MYBC1 and MYB114, were shown to activate multiple 
promoters indicating that they likely regulate polyphenol biosynthesis in A. melanocarpa. Future studies will focus on investigating the function 
of structural and regulatory genes in the polyphenol biosynthetic pathways by using yeast two-hybrid screening and transient transformations. 
 
PO0695: Fruit Species 
Freeze Response Regulation in Vaccinium corymbosum (L.) Floral Buds 
Lauren Elizabeth Redpath1, Robert Franks2, Amanda M. Hulse-Kemp3, Ross Whetten4, Thomas Ranney5 and Hamid Ashrafi2, 
(1)North Carolina State University, Holly Springs, NC, (2)North Carolina State University, Raleigh, NC, (3)USDA-ARS-GBRU, 
Raleigh, NC, (4)Department of Forestry & Environmental Resources, Raleigh, NC, (5)North Carolina State University, Mills River, 
NC 
Budbreak in blueberries is a function of bud development and dormancy regulation. Subtropical climates can signal premature budbreak in 
southern highbush blueberries (SHB). Post budbreak, buds become more susceptible to freeze events. The objective of this study was to 
determine the differentially expressed genes of SHB cv. ‘O’Neal’ floral buds prior to budswell and post-budbreak. Floral buds were exposed to 
either non-freezing (4 °C) or freezing conditions (-12 °C) and stored at 4 °C for physiological recovery for periods of either 1 day or 1 week. 
Samples were flash frozen, and RNA was extracted. A total of 24 stranded mRNA-Seq libraries (8 treatments x 3 biological replications) were 
paired-end sequenced to generate 185 Gbp of raw reads. Differentially expressed genes were greatest in comparisons physiological recovery time 
with 1,751 uniquely expressed unigenes. Temperature had 1,047 uniquely expressed unigenes, and tissue had 636 uniquely expressed unigenes. 
The heatmap and subcluster analysis of the differentially expressed genes indicated upregulation in samples treated to freezing temperatures with 
one-day recovery. A large percentage (≥25%) of unigenes involved in steroid degradation, glycosylphosphatidylinositol (GPI)-anchor protein 
biosynthesis, and stilbenoid biosynthesis were associated with unigenes from freeze treated floral buds with one-day recovery. These enzymatic 
pathways are associated with cold stress and acclimation, as well as plant defense. Understanding the regulation of these pathways in blueberry is 
a foundation for implementation for marker assisted breeding for cold tolerance in blueberry. 
 
PE0696: Fruit Species 
Discovery of Resistance Genes in Blueberry Genomes 
Ana Maria Bocsanczy1, Crystal Conner1, Juliana Benevenuto2, Patricio R. Munoz2 and David J. Norman1, (1)University of Florida, 
Apopka, FL, (2)University of Florida, Gainesville, FL 
Blueberry production in North America has rapidly expanded with an estimated 25% growth during the last 15 years. In Florida the blueberry 
industry is growing faster than the national average becoming more important for the state economy. An emerging blueberry disease, bacterial 
wilt, caused by Ralstonia solanacearum, has been identified in multiple locations, threatening blueberry production because in the current warm 
temperatures of the southern U.S., it can become epidemic and devastate entire fields. Control of R. solanacearum is difficult because its 
diversity, its long survival in soil and water bodies, and its wide host range. No single control method has been found to be completely effective. 
Therefore, the development of resistant varieties is critical, especially in areas where the pathogen is endemic. Most of the southern highbush 
varieties are susceptible to R. solanacearum, however, rabbiteye blueberries are resistant. In this study, we sequenced the whole-genome of a 
susceptible southern highbush cultivar and a resistant genotype of rabbiteye using Illumina PE platform in order to identify R-genes and compare 
the repertoire of both species. Resistance genes (R-genes) are predicted in the genomes by probabilistic methods using as model the most 
characterized superfamily of R-genes (NB-LRR), which has specific conserved domains. Sequences are modelled using a training set of 
confirmed R-genes and scored against out draft genomes using Hidden Markov Models (HMM). Further R-gene enrichment and sequencing 
(RenSeq) workflow will be used combined with long-read sequencing using MinION™ (Oxford Nanopore Technologies) to improve gene 
annotation and identify alleles. 
 
PO0697: Fruit Species 
Detecting Active Members of the Blueberry Rhizosphere Microbiome via SIP and rRNA Operon Profiling with the Oxford 
Nanopore MinION 
James Polashock, USDA - ARS, Chatsworth, NJ, Joseph Kawash, ORISE/USDA-ARS, Chatsworth, NJ and Lee Kerkhof, 
Department of Marine and Coastal Sciences/Rutgers University, New Brunswick, NJ 
Highbush Blueberry (Vaccinium corymbosum L.) is a long-lived woody perennial that grows in unique (acidic, sandy, nutrient poor) soils. 
Although blueberry fields can remain productive for decades, older fields decline in overall plant health and productivity. To begin addressing 
soil health, we characterized the active members of the rhizosphere microbiome by stable isotope probing (SIP) and rRNA operon profiling. 
Field soils from 2 sites within 2 farms were incubated with 13C-15N-Bioexpress Cell growth medium (mostly amino acids; Cambridge Isotope 
Labs, Tewksbury, MA) with or without sterile blueberry plants for 36 h. Controls were incubated with 12C-14N-Bioexpress. The 13C-15N DNA 
was separated from the 12C-14N-DNA by ultracentrifugation. Bacterial rRNA operons were amplified from 13C-15N-DNA and sequenced on 
the MinION using an R9.4 chemistry-1D kit. Over 900K raw reads were obtained in 9h and screened by Discontinuous MegaBlast against the EZ 
BioCloud 16S rRNA gene database. Nearly 150K reads passed QA/QC (>1200 bp alignment). Blast results indicated over 80% of the raw reads 
had sequence identity between 80-90% which allows for accurate OTU calling. Preliminary results show; 1) DNA synthesis from 13C-15N 
Bioexpress is dominated by 3 bacterial phyla-Proteobacteria, Firmicutes, and Actinobacteria, including Bacillus spp. (n=385), BetaProteobacteria 



spp. (n=298), GammaProteobacteria spp. (n=98), Actinobacterial spp. (n=266); 2) There was no major difference in active bacteria with/without 
plants for the top 10 species of the Beta Proteobacteria or the Bacillus group, 3) Only slight differences could be observed in the active 
Actinobacteria. Efforts are underway to characterize the 13C-15N-eukaryotic rRNA operons in the samples. 
 
PE0698: Fruit Species 
Genetic Diversity in the Southern Highbush Blueberry Cultivars Assessed by ddRAD-Seq 
Mao Fujikawa1, Ebrahiem Babiker2, Soichiro Nishiyama3, Hisayo Yamane3, Kenta Shirasawa4 and Ryutaro Tao3, (1)Graduate 
School of Agriculture, Kyoto University, Japan, Kyoto, Japan, (2)USDA-Agricultural Research Service, Poplarville, MS, 
(3)Graduate School of Agriculture, Kyoto University, Kyoto, Japan, (4)Kazusa DNA Research Institute, Kisarazu, Japan 
Southern highbush blueberry (SHB) was developed by crosses between northern highbush [NHB (V. corymbosum L. 2n=4X=48)] and Florida’s 
indigenous blueberry species (V. darrowii Camp. 2n=2X=24) to expand the geographic limits of highbush blueberry production. Due to the 
multiple times use of interspecific hybridization in breeding process, all SHB cultivars are assumed to contain genomic segments introduced 
from one or more of the Vaccinium species, resulted in germplasm showing phenotypic variation for different traits. Because of the complex 
genome and lack of molecular tools, the genetic diversity and population structure of SHB germplasm have never been fully assessed. The 
objectives of this study were to (i) analyze the population structure and the differentiation process of blueberry cultivar groups, and (ii) assess a 
diverse panel of SHB genotypes for fruit quality and phenology traits to identify genomic regions associated with traits of interest. Here we 
generated genome-wide SNPs of 168 SHB accessions, 30 NHB accessions, 15 rabbiteye blueberry (RE) and 10 diploid species including V. 
darrowii, V. corymbosum, V. elliottii, V. tenellum, and V. pallidum, by using double digest restriction-site associated DNA sequencing (ddRAD-
seq) method. In PCA analysis, RE cultivars could be clearly distinguished from highbush cultivars. Although NHB and SHB were grouped 
together, we could find particular principal components that partially discriminate between them. Collectively, our genome-wide SNP analysis 
based on ddRAD-seq appeared to be a promising approach to assess the introgression history of SHB from various Vaccinium species. 
 
PO0699: Fruit Species 
Cranberry Reference Genome Improvement using Long-Read GridION Sequence Data 
Joseph Kawash, ORISE/USDA ARS, Chatsworth, NJ, James Polashock, USDA-ARS, Chatsworth, NJ, Todd Michael, J. Craig 
Venter Institute, La Jolla, CA and Nicholi Vorsa, Rutgers University, New Brunswick, NJ 
The application of variant identification from genome wide association studies and quantitative trait loci (QTL) analysis for the purpose of 
molecular breeding relies on a well-assembled, complete, and accurate reference genome. The identification and transfer of desired heritable 
traits from a donor genotype, frequently comes with undesirable linkages, impeding development of improved cultivars. A previous draft 
cranberry (Vaccinium macrocarpon) reference genome consisted of 229,745 scaffolds, covering 420Mbp, and containing 36,364 predicted genes. 
The current implementation of the reference genome has been improved upon using GridION long read (N50 length of 28 kB) sequence 
technology from Oxford Nanopore. The sequence run generated 30x coverage that was assembled using minimap/miniasm with a consensus built 
using racon. The resulting assembly was 487 Mb in in size across 124 contigs, with an N50 contig length of 15 Mb and the longest contig 
reaching 37 Mb. The genome size estimate of 487 Mb is consistent with that estimated by flow cytometry. Gene families for flavonoids and 
disease resistance were remapped to the new assembly and synteny between the two genomes was assessed. This improved reference genome 
assembly has already facilitated the identification of reliable quantitative trait markers in two QTL populations as well as provided improved 
regional resolution of QTL loci for the identification of candidate genes. This reference genome should facilitate for fine mapping and 
elucidation of causative mutations of desirable QTL phenotypes. 
 
PE0700: Fruit Species 
Characterization and Molecular Mapping of a Low Citric Acid Trait in Cranberry Fruit 
Stephanie K Fong1, Joseph Kawash2, Jennifer Johnson-Cicalese3, James Polashock4 and Nicholi Vorsa1, (1)Rutgers University, 
New Brunswick, NJ, (2)ORISE/USDA ARS, Chatsworth, NJ, (3)Rutgers University, Chatsworth, NJ, (4)USDA - ARS, 
Chatsworth, NJ 
The American cranberry (Vaccinium macrocarpon) is renowned for its tart taste, thus, cranberry products require significant amounts of added 
sugar for palatability. However, added-sugar is considered a health risk, particularly regarding metabolic syndrome disease. The tart taste in 
cranberry is quantified by titratable acidity (TA) in citric acid equivalents. Commercially grown cranberries are significantly tarter than Granny 
Smith apples: cranberries range in TA between 2.3-3.0%, whereas Granny Smith apples have a TA of only about 0.8%. The concentration of 
citric acid, a primary contributor to TA in cranberry, ranges from 8 to 11 mg/g fresh weight in commercial cultivars. An undomesticated 
germplasm accession was identified with significantly reduced TA (≈1.5%), resulting from low citric acid (≈ 1 mg/g). This is the first 
characterization and molecular mapping of a low citric acid trait in cranberry. The observed phenotypic segregation indicated that the low citric 
acid trait is largely recessive and consistent with single-locus Mendelian inheritance, although some progenies deviate from expected segregation 
ratios. Bulk segregant analysis using simple sequence repeat (SSR) markers identified a SSR marker within 1 cM of the locus (cita). 
Homozygosity for the low acid SSR marker allele results in the lowest citric acid levels. However, three SSR alleles segregating in a biparental 
cross indicated that the cita locus is multiallelic with partial dominance. Genotyping-by-sequencing identified additional single nucleotide 
polymorphisms marker haplotypes which further resolved the cita locus. These markers will facilitate marker assisted selection for low citric acid 
phenotypes and the development of reduced acidity cranberry cultivars. 
 
PO0701: Fruit Species 
Analysis of Heterozygosity upon Selfing Cycles of Cranberry 
Joseph Kawash, ORISE/USDA-ARS, Chatsworth, NJ, James Polashock, USDA-ARS, Chatsworth, NJ and Nicholi Vorsa, Rutgers 
University, New Brunswick, NJ 
Cranberry is an important Vaccinium crop that is believed to suffer from low diversity in germplasm and breeding populations, arising from a 
genetic bottleneck during the Pleistocene ice age. To assess risks associated with inbreeding depression and sterility while enabling phenotypic 



selection from common parental germplasm, an assessment of heterogeneity and inbreeding tolerance was performed in cranberry (Vaccinium 
macrocarpon). We have generated five selfing cycle lines descending from common parental cultivars –Stevens, Wilcox, Pilgrim, and Ben Lear 
– resulting in up to the 6th - 10th generation self-offspring. ‘Stevens’, ‘Wilcox’ and ‘Pilgrim’, being derived from crosses between unrelated 
varieties, would represent the highest level of heterozygosity in cranberry. Genotyping by Sequencing (GBS), utilizing two different restriction 
enzymes (NdeI and Msp1) for library construction, was used to estimate loss of heterozygosity during each selfing generation. We have assayed 
the parental lines to determine base-line heterozygosity is between 5% and 7% with reductions of heterozygosity between generations of 11%-
29%. Parental genotypes were also assayed for regions of homozygosity, to identify previously lost regions of diversity, and to survey potentially 
affected biological pathways that may be critical for viability or where the introduction of diversity may yield desired phenotypic variation. We 
have also outlined potential hot spots of diversity, normalized to regional GBS cut site frequency, within the genome where heterozygosity 
appears to be maintained. 
 
PE0702: Fruit Species 
De Novo Genome Sequencing and Hybrid Assembly of Punica granatum, a Complex Fruit Genome 
Nripendra Vikram Singh1, Roopa Sowjanya P.1, Shilpa Parashuram1, Prakash Patil1, Babu K. Dhinesh1, Jyotsana Sharma1, Harish 
Kothandaraman2, Sailu Yellaboina2, Umesh K. Reddy3 and Dushyant Singh Baghel2, (1)ICAR-National Research Centre on 
Pomegranate, Solapur, India, (2)Nucleome Informatics Private Limited, Hyderabad, India, (3)Department of Biology, West 
Virginia State University, Institute, WV 
Pomegranate (Punica granatum L.) belongs to the family Lythraceae, it is considered as a powerhouse of nutritional values and medicinal 
properties and by virtue of which it is placed in the coveted category of ‘Super Fruit’. Pomegranate is a strategic crop for ensuring nutritional and 
livelihood security in water scarce regions and is definitely one of the most remunerative horticultural crops of semi-arid tropics. Due to its 
versatile adaptability and hardy nature it can be grown under diverse agro climatic conditions across the globe. Global annual production of 
pomegranate is about 6 million tons and India being the global leader alone produces more than 40 % of the total global production. The Indian 
pomegranate industry is ruled by a single cv. ‘Bhagwa’ which has medium sized red fruits and sweet and soft red arils yielding up to 30 kg fruits 
per tree.  
With the objective of capturing the genome information of the ruling Indian pomegranate variety, a highly contiguous hybrid genome assembly 
for pomegranate cv. Bhagwa utilizing Illumina, PacBio Sequel, 10X Chromium Genomics has been carried out. The assembled genome contains 
roughly 309Mb of the total estimated 350Mb pomegranate genome with 5.36Mb and 131 Kb of N50 and N90, respectively. The genome has 
been assembled in 1194 scaffolds with 29083 genes annotated spanning 30% of the genome. The genome contained 8.07Mb of unfilled gaps. 
The longest scaffold length was 18.60 Mb. Ab initio and lineage specific modeling and masking, masked 44% of the genome, to be harbored in 
repeats with major constituents being LTRs and DNA elements comprising of 84Mb of the total 133Mb. Publicly available assemblies of the 
Chinese Cultivars i.e Taishanhong and Dabenzi portray 274Mb and 328Mb of the 350-356Mb genome, with an N50 of 2.3Mb and 1.7Mb, 
respectively.  
We are using optical mapping and Hi-C approaches for further improvement of assembly. The high quality genome sequence information will 
act as valuable resource to dissect the economically important traits and accelerate pomegranate breeding program. 
 
PO0703: Fruit Species 
Genetic Diversity and Population Structure Analysis of the California Avocado Germplasm using SNP Markers. 
Nilwala S Abeysekara1, Barbara Freeman2, Brandon McKee3, Aidan Shands3, Mary Lu Arpaia3, David N. Kuhn2 and Patricia 
Manosalva3, (1)Department of Microbiology and Plant Pathology, University of California-Riverside, Riverside, CA, (2)USDA-
ARS-SHRS, Miami, FL, (3)University of California- Riverside, Riverside, CA 
Avocado (Persea americana) is an economically important major fruit crop grown across the world with California being the largest producer in 
the United States. Avocado is subdivided into three botanical races: Persea americana var. americana(West Indian); var. guatemalensis 
(Guatemalan); and var. drymifolia (Mexican). Clear identification of the genetic diversity and population structure of avocado accessions is 
crucial for conservation and breeding purposes. Over 230 avocado accessions of the University of California-Riverside (UCR) germplasm 
collection were genotyped with 384 avocado single nucleotide polymorphism (SNP) markers. Markers were evenly distributed among all 
chromosomes and selected from a set of avocado SNPs generated from a previous study. Accessions were grouped by affinity propagation. A 
phylogenetic tree was generated with the neighbor joining method and data were further analyzed with Principal Components Analysis (PCA). 
All three analyses demonstrate that the UCR germplasm collection consists of accessions from all three landraces and hybrids with the majority 
being of Mexican origin. No West Indian x Mexican hybrids were detected in our collection. Mislabeling of accessions within the germplasm 
collection were also identified. Based on affinity group analysis, self-pollinated and outcrossed progeny of known maternal parentage were 
identified. Inference of potential paternal parents of progeny of known maternal parentage and assessment of the population structure of the 
germplasm collection are in progress. This study provides a new set of tools for an efficient avocado germplasm characterization and curation as 
well as for improving avocado rootstock breeding. 
 
PE0704: Fruit Species 
Mapping of Quantitative Trait Loci for Fruit Morphological Traits in Snake Melon (Cucumis melo var. flexuosus) 
Hiroki Matsuo1, Sachiko Isobe2, Kenta Shirasawa2 and Yosuke Yoshioka3, (1)Graduate School of Life and Environmental 
Sciences, University of Tsukuba, Tsukuba, Japan, (2)Kazusa DNA Research Institute, Kisarazu, Japan, (3)Faculty of Life and 
Environmental Sciences, University of Tsukuba, Tsukuba, Japan 
Melon (Cucumis melo L.) is one of the most important species of Cucurbitaceae family. Fruits at both mature and immature stages have been 
consumed in many ways, resulting in the tremendous diversity and distinctive features in fruit morphology. Genetic analysis of fruit 
morphological traits is expected to lead not only to understand genetic mechanism for the diversity, but also to develop efficient breeding 
techniques. In this study, we focused on fruit morphological difference between muskmelon (var. reticulatus) and snake melon (var. flexuosus). 
The use of next-generation sequencing (NGS) methods has helped the genotyping of mapping populations for identification of candidate 



genomic regions for phenotypic traits. We constructed a high density genetic linkage map by using restriction-site associated DNA sequencing 
(RAD-seq), and performed QTL analysis for fruit morphological traits. A total of 1260 SNPs were detected by RAD-seq in 160 F2 population 
derived from a cross between snake melon and muskmelon. The final map included 1204 SNPs distributed on 12 linkage groups (LGs) and was 
2954.9 cM in total length with average of 2.5 cM between adjacent markers. Using this map and phenotypic data of fruit morphology, a total of 
15 QTLs were detected for eleven fruit morphological traits by the composite interval mapping (CIM). RAD-seq data was successfully used to 
rapidly construct high-density genetic map with SNP markers in F2 population, and to detect QTLs for important fruit morphological traits in 
melon. 
 
PO0705: Fruit Species 
Genomewide Transcriptome Analysis across the Reciprocal Grafts Involving Watermelon and Bottle Gourd to Study 
Effects on Fruit Quality  
Marleny Garcia-Lozano, Purushothaman Natarajan, Sudip Kumar Dutta, Carlos Ortiz, Yan R. Tomason, Thangasamy 
Saminathan, Padma Nimmakayala and Umesh K. Reddy, Department of Biology, West Virginia State University, Institute, WV 
Grafting has been used for a long time not only to provide resistance to different abiotic and biotic factors, but also to improve fruit quality of 
scions without undergoing a long-term breeding process. However, the effects of grafting in fruit quality are still in conflict since this method can 
also create deleterious effects on fruits. The possible quality characteristics that can be modified after grafting could be fruit appearance (size, 
shape, color), firmness, texture, flavor (sugar, acids and aroma volatiles) and health-related compounds such as minerals, vitamins and 
carotenoids. Despite the wide knowledge on changes in fruit quality by using grafting in agriculture, very little is known about the molecular 
mechanisms of rootstock-regulation in terms of fruit quality. The study of transcriptional changes may reveal grafting responsive genes that 
mediate the effects of rootstocks on fruit quality, which are still unknown. In this study, we performed a comprehensive transcriptome analysis of 
different tissues (root, stem, leaf and fruit) of grafted watermelon onto bottle gourd rootstock and its reciprocal grafted set to determine the 
regulatory networks mediating grafting on the sensory features of watermelon. Sixteen RNASeq libraries representing different tissues of 
grafting were sequenced using paired-end chemistry with Nextseq500 to generate about 25 million reads per sample. The quality filtered reads 
from different tissues were mapped to the genomes of watermelon and bottle gourd in order to obtain the differentially expressed genes (DEGs). 
The comprehensive analysis of the DEGs will be presented. 
 
PE0706: Fruit Species 
Genome Resequencing of Watermelon to uncover Single Nucleotide Polymorphism Associated with Functional Traits 
Geung-Joo Lee1, Saminathan Subburaj1, Gilwoo Son2 and Subok Choi3, (1)Chungnam National University, Daejeon, South Korea, 
(2)Hyundae Seed Co. Ltd, Gyeonggi, South Korea, (3)Asia Seed Co., Ltd, Seoul, South Korea 
Development of molecular markers targeting functional traits including flesh color, lycopene content, sweetness, fruit shape and size, etc, are still 
important in watermelon market, but those traits still remain more genetic studies to be applied to the molecular breeding field. In this study we 
conducted whole genome resequencing (WGRS) of 30 watermelon inbred lines exhibiting ranges of fruit shape and color, fruit size, growth 
habit, and some nutrient content. The WGRS produced raw reads of 34,800,000 to 41,900,000 per accession, which reach about 3,518,799,499 to 
4,236,980,805 bp long. On average, each watermelon inbred line possessed the genome coverage of 18.4X, indicating that size of the re-
sequenced genomes is close to reference genome (97103). After trimming of raw reads, the ratio of the total length of raw reads over the trimmed 
reads were calculated, which resulted in 59.8 to 66.46% of original number of reads, covering 10.2 to 12.6X of watermelon genome. Mapping of 
reads revealed that re-sequenced inbred lines consisted of filtered SNPs ranged maximum to 295K, attributing 68% and 32% to transition and 
transversion types, respectively. A total of 2,369 polymorphic SNPs between two bulks varying flesh color and lycopene content grouped into 
red flesh colored lines with higher lycopene content and yellow or orange colored lines with low lycopene content. The identified SNPs for flesh 
colors were distributed in five chromosomes, which were further verified by comparing with phenotypic observations.  
 
PO0707: Fruit Species 
Fine-Mapping of a Major Quantitative Trait Locus Qdff3-1 Controlling Flowering Time in Watermelon 
Winnie Gimode1, Josh Clevenger2 and Cecilia McGregor1, (1)University of Georgia, Athens, GA, (2)Mars Wrigley Confectionery, 
Athens, GA 
Flowering time is crucial in watermelon (Citrullus lanatus) production as it determines time of fruit set. Early flowering is desirable because it 
enables crops to escape biotic and abiotic stresses intensified by long production cycles. Production of seedless watermelon is also reliant on 
synchronized flowering of diploid pollenizers and the triploid watermelon cultivars. Incorporation of single nucleotide polymorphisms (SNPs) 
for marker assisted selection (MAS) of flowering time in watermelon breeding would potentially aid in selection for the early flowering trait, 
which would shorten the production time. Moreover, seedless watermelon breeding would be enhanced through appropriate triploid-diploid 
pairings. A major quantitative trait locus Qdff3-1 (12-17Mb) associated with days to female flower (R2≈50%) was previously identified on 
chromosome 3 of watermelon. This region includes three candidate genes: FT, TEMPRANILLO and PIP-kinase. The objective of this study was 
to determine more precisely the interval of Qdff3-1 and the gene controlling flowering time in watermelon. QTL-seq was used to validate the 
locus and identify SNP markers on an F6 recombinant inbred line (RIL) mapping population. Kompetitive Allele Specific PCR (KASPTM) assays 
were developed for the SNPs for high throughput genotyping. Potential markers for selection were tested on the RIL and a panel of differential 
cultivars to establish marker-trait association and determine their applicability in MAS for flowering time in watermelon. To further delineate the 
QTL, recombinants were selected from the RIL and 376 F2 plants for population development and phenotyping. The locus has been delineated to 
a 239kb region which includes 15 genes. 
 
PE0708: Fruit Species 
Non-Synonymous SNP in Leucine-Rich Repeat Determines Anthracnose Resistance in Watermelon, a Mechanism is 
Evolutionary Conserved 



Yoon Jeong Jang1, Minseok Seo2, Craig P. Hersh3, Sun-Ju Rhee4, YongJae Kim5, Bal-Kum Han1 and Gung-Pyo Lee1, (1)Dept of 
Integrative Plant Science, Chung-Ang University, Ansung, South Korea, (2)Department of Medicine, Harvard Medical School, 
Boston, MA, (3)Harvard Medical School, Boston, MA, (4)Department of Plant Sciences, The University of Cambridge, Ansung, 
United Kingdom, (5)Partner Seeds Co., Ltd., Anseong, South Korea 
The anthracnose caused by Colletotrichum affects the survival in watermelon and diverse plants. Despite this importance, resistance associated 
gene and their molecular mechanism are poorly understood. Herein we found non-synonymous SNP located in leucine-rich repeat as resistance 
marker for the anthracnose race 1 in the watermelon, using combination of diverse genetic analyses on two genetics data. Identified SNP was 
validated segregating populations and 59 watermelon accessions using high resolution melt assay and Sanger sequencing. We demonstrate that 
same amino-acid substitution, arginine-to-lysine, can be observed in other plants, and it is particularly conserved in the Cucurbitaceae and 
Fabaceae. We propose conserved motif, IxxLPxSxxxLYNLQTLxL, found in 1007 orthologues/paralogues from the 89 plant species, and 18 
residues could determine resistance for disease caused by external invaders. We believe this study provides a step forward in understanding the 
anthracnose resistance in watermelon and overall plants, and the functional and evolutionary insight of the leucine-rich repeat protein. 
 
PO0709: Fruit Species 
Identifying Latania Scale (Hemiberlesia lataniae) Resistance Markers in Kiwifruit (Actinidia chinensis). 
Casey D Flay, Plant & Food Research, Tauranga, New Zealand, Vaughan Symonds, IMBS, Massey University, Palmerston North, 
New Zealand, Svetla Sofkova-Bobcheva, Massey University, Palmerston North, New Zealand and Paul Datson, Plant & Food 
Research, Auckland, New Zealand 
Kiwifruit production is a multi-million dollar export industry in New Zealand. Among the biotic threats to this industry are various insect pests, 
including latania scale (Hemiberlesia lataniae). Breeding for plant resistance is the most efficient way of reducing pest numbers on fruit; 
however, utilizing conventional means to breed kiwifruit for resistance can be prohibitively slow and expensive. As an alternative approach, 
microsatellite markers associated with resistance to H. lataniae were developed in a small A. chinensis var. chinensis segregating family. One 
marker was associated with the resistance phenotype in the training population and related validation population. In a related GBS genotyped 
population segregating for resistance, plants with recombination in the identified marker region were phenotyped. From those data, a single QTL 
on linkage group 10 was identified with a LOD score of 30.  
Breeding kiwifruit for resistance to H. lataniae is a practical move toward a healthier, cheaper and more environmentally friendly form of food 
production. This would benefit kiwifruit producers by reducing market access issues, decreasing the need for pest control, and decreasing the 
risks associated with spray residues. 
 
PE0710: Fruit Species 
Genetic Diversity Analysis of Ananas comosus Based on Horticultural Traits and Molecular Markers 
Jou-Yi Lee, Department of Horticulture, Chiayi Agricultural Experiment Station, Taiwan Agricultural Research Institute, Chiayi, 
Taiwan, Jau-Yueh Wang, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan and Ching-Shan 
Kuan, Department of Horticulture, Chiayi Agricultural Experiment Station, Chiayi City, Taiwan 
Pineapple (Ananas comosus (L.) Merr.) is the top yielding fruit in Taiwan and carries much value on the basis of variety diversity and fruit 
processing industry. In this study, we investigated the phenotypic traits of 80 pineapple accessions, including plant height, leaf stage, crown 
length, peduncle splitting, fruit weight, fruitlet number, total soluble solids, titratable acidity, TSS/acid ratio, etc. Results showed that plant height 
ranged from 61.4 to 121.4 cm; fruit weight ranged from 129.3 to 2223.0 g; crown length from 3.4 to 43.8 cm; fruitlet number ranged from 48 to 
195; and total soluble solids ranged from 5.1 to 22.5 °Brix. The data supported our hypothesis that our pineapple accessions was highly 
diversified at the morphological level. On the other hand, the diversity of 18 of these varieties were evaluated using 15 SSR and ISSR DNA 
markers. We detected on average 3.4 alleles per locus. These pineapples were divided into three clusters based on the phylogeny tree using 
UPGMA. Accessions with serious peduncle splitting were all in the first cluster, indicating high similarity. 
 
PO0711: Fruit Species 
Recent Amplification of Microsatellite-Targeting Miniature Inverted-Repeat Transposable Elements (MT-MITEs) in the 
Pineapple Genome 
Lianyu Lin, Texas A&M AgriLife Research and Extension Dallas Center, Dallas, TX and Qingyi Yu, Texas A&M AgriLife 
Research, Dallas, TX 
Miniature inverted-repeat transposable elements (MITEs) are a group of non-autonomous elements that play important roles in genome 
organization and evolution. We performed genome-wide identification and characterization of MITEs in the pineapple genome. The top two 
MITE families, accounting for 29.1% of all MITEs and 3.8% of the genome, have insertion preference in (TA)n dinucleotide microsatellite 
regions and exhibit a higher tendency to form multimers. The genomics distribution of the top two MITE families showed a high correlation with 
(TA)n/(GA)n/(CT)n microsatellite. We therefore named these MITEs microsatellite-targeting MITEs (MT-MITEs). Among the 21,994 full-
length MT-MITEs identified, 46.2% of them were present as multimers. The MT-MITEs show a high sequence conservation, suggesting that 
they were recently amplified in the pineapple genome. Transcriptomic analysis revealed that the genes with MT-MITEs embedded or nearby 
have a significantly higher level of expression than the rest genes. Pair-wise comparative analysis revealed a similar proportion and a strong 
collinearity of MT-MITEs among the pineapple varieties MD2 and F153 and a wild pineapple relative, Ananas bracteatus accession CB5, 
suggesting the amplification of MT-MITEs occurred before the divergence between A. comosus and A. bracteatus. Further small RNA-seq and 
methylation analysis revealed a higher level of siRNA expression and methylation in MT-MITEs than other MITEs, suggesting the burst of MT-
MITEs has been detected by the host surveillance. 
 
PE0712: Fruit Species 
mRNA and lncRNA Transcriptomes Reveal Insights into Dynamic Homoeolog Regulation of Allopolyploid Heterosis in 
Newly Synthetic Tetraploid Cucumis × Hytivus 



Panqiao Wang, Nanjing Agricultural University, Nanjing, China 
The allotetraploid new species (Cucumis hytivus), also known as amphidiploid, is a hybrid of wild relative Cucumis hystrix (HH) and cultivated 
cucumber Cucumis sativus (CC). It is superior to its parents in terms of its vigor and adaptability through chromosome doubling. In order to 
better understand the molecular basis of heterozygous heterogeneity, we used next-generation sequencing technology to perform mRNA and 
lncRNA transcriptome analysis on allotetrapolyploid and their parents in Cucumis. The results showed that the non-additively expressed protein-
coding genes accounted for less, but it was associated with increased ammonia cleavage activity, decreased microtubules and photosynthetic 
activities. And more than 40% of differentially expressed genes were biased toward maternal HH expression level. In addition, lncRNAs show 
non-additive expression after polyploidization, which may lead to differential expression of important target genes, mainly enriched in ammonia-
lyase, and the photosystem constitutes related function. In summary, transcriptome data provide a differential expression pattern of lncRNA-
mediated parental homologous genes in alloploidy plant, which may help explain the heterosis formation of allotetraploid in Cucumis. 
 
PO0713: Fruit Species 
QTL Mapping of Cucumber Fruit Surface Properties 
Stephanie Rett1, Yuhui Wang2, Yiqun Weng2,3 and Rebecca Grumet1, (1)Department of Horticulture, Michigan State University, 
East Lansing, MI, (2)Department of Horticulture, University of Wisconsin, Madison, WI, (3)USDA-ARS, Vegetable Crops 
Research Unit, Madison, WI 
Epidermal cells synthesize and secrete precursors of cuticle and epicuticular waxes, forming a protective layer that restricts water loss and 
protects against infection by pathogens. In cucumber fruit, properties associated with epidermal cell structure and cuticle deposition vary among 
cultivars and developmental stages. Our previous analyses showed that cuticle deposition is largely completed by the end of exponential fruit 
growth [~16 days post pollination (dpp)]. This study explores natural variation of fruit surface properties in two cultivars of cucumber for which 
draft genomes and a single nucleotide polymorphism (SNP) array are available: Chinese fresh market type, Chinese Long ‘9930’(CL), and 
pickling type, ‘Gy14’. Fruit were sampled from an S7:S8 Gy14 x CL recombinant inbred line (RIL) population (n=112) at 16 dpp. Fresh tissue 
samples were cross-sectioned, stained for lipids with Sudan IV, and evaluated for: cuticle thickness, depth of cuticular intercalations, epidermal 
cell dimensions, and number and size of lipid bodies. QTL analysis identified candidate regions on chromosomes 1 (intercalation depth, 
epidermal cell height, and diameter of lipid bodies) and 4 (epidermal cell width and number of lipid bodies). Markers pertaining to these two 
regions were used to screen for recombinants in an extended RIL population (n=372) of which 108 lines were selected for fine mapping. 
Recombinant lines were grown in the field, harvested at 20 dpp and prepared for analysis, as described above. Phenotype data is being collected 
for these recombinants to be used with genotype data to narrow candidate regions. 
 
PE0714: Fruit Species 
Comparative Transcriptomics Reveals Suppressed Expression of Genes Related to Auxin and the Cell Cycle Contributes to 
the Resistance of Cucumber against Meloidogyne incognita 
Xing Wang, Nanjing Agricultural University, Nanjing, China 
Meloidogyne incognita is a devastating nematode that causes significant losses in cucumber production worldwide. Although numerous studies 
had laid emphasis on the susceptible response of plants after nematodes infection, the exact regulation mechanism of M. incognita-resistance in 
cucumber remains elusive. The verification of an introgression line ‘IL10-1’ with M. incognita-resistance provides the opportunity to unravel the 
resistant mechanism of cucumber against M. incognita. In present study, analysis of physiological responses and transcriptional events between 
IL10-1 (resistant line) and CC3 (susceptible line) were conducted after M. incognita infection. Physiological observation results showed that 
abnormal development of giant cells and M. incognita were observed in IL10-1, which were the main differences with CC3. Furthermore, Gene 
ontology (GO) analysis revealed that genes encoding cell wall proteins were up-regulated in IL10-1, and the highly expressed Lipid transfer 
protein gene (Csa6G410090) might be the principal regulator. At the same time, analyses of gene expression profiles revealed more auxin-related 
genes were suppressed in IL10-1 compared with CC3, which correspond with the lower level of IAA in the root of IL10-1. In addition, poor 
nucleus as an obvious phenomenon of abnormal giant cells in IL10-1 were related to inhibited cell cycle, and the F-box domain Skp2-like genes 
related to cell cycle were down-regulated in IL10-1, while more of them were up-regulated in CC3. All these findings indicate that suppressed 
expression of genes related to auxin and cell cycle as well as the highly expression of cell wall proteins play important roles in the abnormal 
development of giant cells, which hinders the development of M. incognita, thus causing the IL10-1 to be resistant to M. incognita. Knowledge 
from this research will be a useful foundation for developing effective strategies in M. incognita-resistance breeding. 
 
PO0715: Fruit Species 
Gene Expression Dynamics of Age-Related Resistance of Cucumber to Phytophthora capsici 
Ben N. Mansfeld, Michigan State University, East Lansing, MI and Rebecca Grumet, Department of Horticulture, Michigan State 
University, East Lansing, MI 
Cucumber (Cucumis sativus) fruit are largely susceptible to infection by Phytophthora capsici. However, some cucumber cultivars develop a 
fruit surface-associated age-related resistance (ARR) to P. capsici. Young, rapidly growing fruit are highly susceptible, but become resistant as 
they complete exponential growth [~16 days post-pollination (dpp); 2-3 weeks prior to ripening]. Analyses of peel of ARR expressing and non-
expressing uninoculated fruit identified gene expression and metabolomic changes associated with resistance possibly functioning as preformed 
defenses. We further performed transcriptomic analyses of inoculated fruit at resistant (16 dpp) and susceptible (8 dpp) ages, providing a unique 
opportunity to examine compatible and incompatible interactions in the same genotype. Strong transcriptional changes were observed at 4 hours 
post inoculation (hpi), with approximately 2000 genes differentially expressed in either age, suggesting an early initial response to infection. At 
24 and 48 hpi, susceptible 8 dpp fruit continued to mount defense along with strong downregulation of genes involved in photosynthesis, cell 
wall synthesis and modification, lipid and cuticle biosynthesis, cell division and growth. In contrast, resistant 16 dpp samples largely 
downregulated defense responses while upregulating photosynthesis and other biological processes. Together these results suggest that in ARR-
expressing fruit, a successful defense is mounted within the first 24 hours. To understand the dynamics of infection during the first 24 hours, 
inoculated and control samples were collected at 0, 2, 4, 8, 12, 18, 24 hpi, from both resistant (16 dpp) and susceptible (8 dpp) fruit. 3’RNAseq 



was performed to assay gene expression and weighted co-expression networks will be analyzed to identify key regulatory hubs contributing to 
resistance during the first 24 hours. 
 
PE0716: Fruit Species 
Comparative Analysis of Chloroplast Genomes of a Synthesized Allotetraploid Cucumis × Hytivus and its Diploid Parents 
Yufei Zhai, Nanjing Agricultural University, Nanjing, China 
Allopolyploids, formed by interspecific hybridization and genome doubling, play important roles in plant speciation. The nuclear-cytoplasmic 
interaction is of importance during the process of allopolyploidy, however is understudied due to the lack of experimental system. The new 
synthetic allotetraploid Cucumis ×hytivus, obtained through wide cross between cucumber (C. sativus var. ‘BeijingJietou’) and its wild relative 
species (C. hystrix), offers a unique model system for analyzing early cytonuclear evolution in allopolyploidization, which contain two sets of 
nuclear genomes from both parents, chloroplast genome from female parent and mitochondrial genome from male parent. In this study, complete 
chloroplast sequences from allotetraploid C. ×hytivus and both of its diploid parents were assembled via high throughput sequence. The length of 
their chloroplast genomes ranged from 154,673 to 155,760 bp, and their gene contents, gene orders, and GC contents were similar to each other. 
Single nucleotide polymorphisms (SNPs) and insertions and deletions (InDels) analysis between C. ×hytivus and its female parent C. hystrix 
resulted in much of polymorphisms, and the relatively lower ratio of Ts/Tv as 0.37 have been found in the process of the chloroplast genome 
evolution along with Cucumis interspecies hybridization and polyploidy. Nine intergenic regions with rich variation were identified through 
comparative chloroplast genome analysis in the Cucumis subgroup. A molecular phylogeny based on the complete chloroplast genome sequences 
were corresponding with the earlier studies on the evolution relationship of Cucurbitaceae family and clarified the evolution and taxonomic 
position of the synthetic allotetraploid species. Overall, the results provide new insights into the cytonuclear evolution of allopolyploidization. 
 
PO0717: Fruit Species 
Exploring the Genetic Basis of Maternally-Transmitted Cold Tolerance in Cucumber 
Madeline W. Olberg, University of Wisconsin - Madison, Madison, WI and Michael J. Havey, USDA-ARS and University of 
Wisconsin, Madison, WI 
Cucumber is a warm-season crop that can be severely damaged by short periods of cold temperatures. Growers would benefit from cold tolerant 
cucumbers by preventing crop loss in inclement weather as well as by allowing for earlier planting and harvest, thus avoiding heavy late-season 
disease pressure. Maternally-inherited cold tolerance exists in the heirloom cucumber variety, ‘Chipper.’ In cucumber, the chloroplast, 
mitochondrial, and nuclear genomes are maternally, paternally, and biparentally transmitted, respectively. This indicates that this cold tolerance 
may be conditioned by the chloroplast genome. Chloroplast DNA and RNA were extracted and sequenced from doubled haploids (DHs) of cold-
tolerant ‘Chipper’ and susceptible ‘Straight 8’ and ‘9930’ and from reciprocal hybrids of these DH lines, respectively. A non-synonymous SNP 
was detected in one of the ATP synthase subunits of the chloroplast genome of ‘Chipper.’ This SNP was also confirmed in the transcriptome of 
reciprocal hybrids with ‘Chipper’ as the maternal parent. RNA-seq revealed no editing of this SNP in transcripts. Protein variants will be 
confirmed by targeted proteome analysis of the reciprocal hybrids. This protein variant may be conferring cold tolerance via altered retrograde 
signaling, priming ‘Chipper’ to handle cold stress. Identification of the genetic basis of cold tolerance in ‘Chipper’ should provide potential 
targets of selection for cold tolerance in cucumber, as well as other warm-season crops. 
 
PE0718: Fruit Species 
Okra (Abelmoschus esculentus) as a Model for Crop Development in an Interdisciplinary Undergraduate Course on 
Domestication 
Patrick A. Vigueira and Cynthia C. Vigueira, High Point University, High Point, NC 
The undergraduate Honors Scholar Program at High Point University has recently incorporated a number of curricular revisions, including the 
addition of a sophomore-level interdisciplinary course on scientific reasoning. These courses introduce students to the fundamental processes of 
science through the exploration of current topics and inquiry-based laboratory experiences. In the Fall 2018 semester, we led students in a 
discussion of cases, causes, and consequences of domestication of plants and animals. In the laboratory component of the course, we used okra 
(Abelmoschus esculentus) breeding to introduce the process of domestication and the methods by which modern crops are generated. Okra is a 
culinary vegetable crop that tolerates drought and poor soil conditions. Therefore, it has the potential to serve as an important tool to mitigate 
food insecurity and malnutrition. Despite the attention it has garnered as a nutrient-dense “superfood”, okra becomes visibly slimy when sliced 
and cooked due to its high mucilage content and is often rejected as a food for this reason. We used mutational breeding techniques to select for 
plants that produced fruit with reduced mucilage in an effort to develop improved okra cultivars. Over the course of the semester, our students 
explored the genetic basis of mucilage production in okra by using comparative genetic techniques to identify and sequence candidate genes. By 
incorporating plant breeding into our interdisciplinary course, we hope to cultivate the students’ intellectual curiosity and plant the seeds of 
appreciation for the role scientists play in the generation agricultural technology. 
 
PO0719: Fruit Species 
Identification and Distribution of the Nucleotide-Binding Leucine-Rich Repeat Gene Family in Musa 
Amanda Cristina Araújo, Tatiana D. Miranda Pinheiro, Erica C. S. Rego, Gabriel S. C. Alves, Fernando C A Fonseca, Jose Dijair 
Antonino-Souza Jr and Robert N. G. Miller, Universidade de Brasília, Brasília, Brazil 
Many commercial banana varieties (Musa spp.) are susceptible to pests and diseases, as a consequence of sterility and narrow genetic 
background. Fertile wild relatives possess greater diversity and represent potential sources of disease resistance genes (R-genes). The largest 
family of plant R-genes encode protein receptors of the nucleotide-binding, leucine-rich repeat class (NLR). Conserved motifs in such genes in 
diverse plant species offer a means for isolation of candidate genes in banana involved in plant immunity. A computational strategy was 
developed for conserved motif discovery in NLR domains in R-genes from the reference genome Musa acuminata ssp. malaccensis (DH-Pahang) 
and homologues in the Musa genus. Reference genome sequences from DH-Pahang were screened using Hidden Markov models for pfam NBS-
LRR signature domains (NB-ARC, TIR, RPW8 and LRR). A resultant species-specific HMM profile was then employed via a hmmsearch to 



identify target loci in Musa acuminata genotypes ssp. burmannica (var. Calcutta 4), ssp. banksii (Banksii), ssp. zebrina (Maia Oa), Musa 
balbisiana (PKW) and Musa itinerans (Yunnan). We identified 76, 70, 33, 60, 61 NBS-LRR type genes and 104, 34, 92, 39, 77 partial NBS 
genes, respectively for Calcutta 4, Banksii, Maia Oa, PKW and Yunnan. Using specific biotinylated RNA baits for target enrichment, a combined 
approach of R-gene sequence enrichment (RenSeq) and single-molecule real-time sequencing (SMRT RenSeq) is underway to clone multiple 
NLR genes in Musa genotypes. Full length NLR sequences will provide insight into the organization and evolution of R-genes in Musa and offer 
considerable application in crop improvement for disease resistance. 
 
PE0720: Fruit Species 
Characterization of Components of Genetic Resistance in the Pathosystem Musa acuminata - Pseudocercospora musae 
Tatiana D. M. Pinheiro1, Erica C. S. Rego1, Fernando C. A. Fonseca1, Gabriel S. C. Alves1, Edson Perito Amorim2, Claudia Fortes 
Ferreira2, Roberto C. Togawa3, Marcos M. C. Costa3, Priscila Grynberg3 and Robert N. G. Miller1, (1)Universidade de Brasília, 
Brasília, Brazil, (2)Embrapa Cassava and Tropical Fruits, Cruz das Almas, Brazil, (3)Embrapa Recursos Genéticos e Biotecnologia, 
Brasília, Brazil 
Banana (Musa spp.) is one of the world's most important crops. Whilst wild species are generally fertile, many commercial varieties are sterile. 
As a result of limited genetic variation, such cultivars are frequently susceptible to pests and diseases. Sigatoka leaf spot, caused by the fungal 
pathogen Pseudocercospora musae, leads to considerable yield losses in banana. Accessing the genomic information of fertile wild genotypes of 
Musa can improve our understanding of disease resistance mechanisms and serve as a guide to develop disease resistant cultivars. The aim of this 
study was to identify and characterize genetic components of resistance to P. musae in Musa acuminata. Leaf RNA samples were extracted from 
M. acuminata subsp. burmannicoides var. Calcutta 4 (resistant) at 3 and 12 days after inoculation (DAI) with fungal conidiospores, and paired-
end sequenced using lllumina HiSeq 4000 technology. In this study 30,790 genes were mapped against the M. acuminata ssp. malaccensis var. 
Pahang reference genome. A total of 1,073 differentially expressed genes (DEGs) were identified at 3DAI, in relation to non-inoculated controls. 
Of these, 180 DEGs are potentially involved in disease resistance and defense responses to the fungus. Notable modulated transcripts related to 
stress responses included LRR receptor-like serine/threonine-protein kinases, pathogenesis related proteins, MYB and WRKY transcription 
factors, MAP kinases and endochitinases. DEGs identified as potentially involved in resistance responses and validated by RT-qPCR will 
contribute to the elucidation of disease resistance mechanisms, benefiting breeding programs for the development of resistant Musa genotypes. 
 
PO0721: Fruit Species 
Characterization of microRNAs in Musa acuminata Induced during Interaction with Pseudocercospora musae 
Erica C. S. Rego1, Tatiana D. M. Pinheiro1, Fernando C. A. Fonseca1, Gabriel S. C. Alves1, Edson Perito Amorim2, Claudia Fortes 
Ferreira2, Roberto C. Togawa3, Marcos M. C. Costa3, Priscila Grynberg3 and Robert N. G. Miller1, (1)Universidade de Brasília, 
Brasília, Brazil, (2)Embrapa Cassava and Tropical Fruits, Cruz das Almas, Brazil, (3)Embrapa Recursos Genéticos e Biotecnologia, 
Brasília, Brazil 
Endogenous microRNAs (miRNAs) are small non-coding RNAs that regulate gene expression at the post-transcriptional level by cleavage or 
repression of mRNA translation. MiRNAs in plants regulate diverse cellular processes, including defense responses to biotic stresses. Banana 
(Musa spp.), a monocotyledonous crop cultivated throughout tropical regions, is susceptible to numerous diseases due to sterility and a narrow 
genetic background. Pseudocercospora musae, the causal agent of Sigatoka leaf spot disease, is an important fungal pathogen of banana, causing 
losses due to reduction in functional leaf area. Here, leaf RNA samples were extracted from Musa acuminata subsp. burmannicoides, var. 
Calcutta 4 (resistant), at 3 and 12 days after inoculation (DAI) with conidiospores. Following small RNA library construction, samples were 
sequenced using lllumina HiSeq 2500 technology. High quality sequences were mapped against the M. acuminata ssp. malaccensis var. Pahang 
reference genome and plant miRNAs were predicted using the programs Mireap and ShortStack. A total of 155 conserved miRNAs belonging to 
29 miR-families were identified, together with 21 predicted novel miRNAs. At 3DAI, 12 miRNAs from six miR-families plus six novel miRNAs 
were significantly differentially expressed between inoculated and control samples. At 12DAI, similar numbers were observed, with 12 miRNAs 
from 10 different miR-families and three novel miRNAs regulated after inoculation. Potential host gene targets of miRNAs were predicted using 
TargetFinder. The characterization of miRNAs in M. acuminata and their role in gene expression modulation during interaction with P. musae 
provides resources for the development of efficient methods for control of Sigatoka leaf spot disease. 
 
PE0722: Fruit Species 
Transcriptomic Profiling of Xanthomonas Wilt Disease Resistant and Susceptible Genotypes of Banana 
Leena Tripathi1, Trushar Shah1, Jaindra Tripathi1, Kariuki Muiruri1 and Manpreet S. Katari2, (1)International Institute of Tropical 
Agriculture (IITA), Nairobi, Kenya, (2)New York University, New York, NY 
Banana Xanthomonas wilt disease, caused by Xanthomonas campestris pv. musacearum (Xcm), is the most important production constraint of 
banana affecting livelihood of millions of people in east Africa, which is the largest banana-producing and -consuming region in Africa. The 
impacts of BXW disease are both rapid and extreme with significant reductions in production leading to estimated economic losses of about $2-8 
billion over the decade. All cultivated varieties of banana are susceptible to Xcm and only the progenitor species Musa balbisiana was found to 
be resistant. To understand the defence mechanism of resistance and susceptibility of banana genotypes, the transcriptome analysis of disease 
resistant wild type banana ‘Musa balbisiana’ and highly susceptible banana cultivar ‘Pisang Awak’ challenged with Xcm was performed through 
RNA sequencing using Illumina HiSeq™ 2500. The number of differentially expressed genes (DEGs) was higher in Musa balbisiana in 
comparison to Pisang Awak. The DEGs were further mapped to the biotic stress pathways. Our results suggested activation of both PAMP-
triggered basal defense and R protein-mediated defense in Musa balbisiana as early response to Xcm infection. This study reports the first 
comparative transcriptome profile of the susceptible and resistant genotype of banana during early infection with Xcm and provide insights on 
the defense mechanism in Musa balbisiana, which can be used for genetic improvement of commonly cultivated banana varieties. 
 
PO0723: Fruit Species 
To Generate New Technologies (genes) for Foc 1 Resistance in Sukali Ndizi Dessert Banana 



Jimmy Tindamanyire, NARL, Kawanda, Uganda 
Jimmy M. Tindamanyire1, Reuben S. Tendo1, Jerome Kubiriba1 

1 National Banana Research Programme, National Agricultural Research Laboratories, Kawanda, Uganda 
Although bananas and plantains are important, their productivity is still very low (less than 30% of the potential yield) largely due to pests and 
diseases, mainly nematodes, weevils and Fusarium wilt. Fusarium wilt, a soil borne vascular wilt disease of bananas is caused by Fusarium 
oxysporum f. sp. cubense race 1 (Foc 1) which mainly affects the dessert and juice producing bananas. In mid 1850s, Foc 1 wiped out Gros 
Michel based dessert banana industry in the South and Central Americas. Consequently, the current global dessert market share is dominated by 
Cavendish which is resistant to Foc 1 but now susceptible to Foc tropical race 4 (Foc TR4). The dessert banana industry in Uganda is dominated 
by Gros Michel and apple banana (Sukali Ndizi) both susceptible to Foc 1. 
The perennial nature of banana and polycyclic disease hinder development of management strategies. There are no effective biological, chemical 
and cultural measures to control Foc. In fact, cultural practices propagate rather than control Foc. Therefore, only host resistance seems to 
effectively control Foc. 
Some conventionally bred hybrids are available but do not meet consumer acceptability standards (fruit pulp texture, taste and smell), a 
hindrance to commercial release and uptake by farmers and consumers. This problem can more appropriately be addressed by biotechnology. 
Using genetic engineering, the team at NARL-Kawanda has previously used some genes with no success. Recent studies indicate that tolerance 
in banana to Foc is associated with early up-regulation of cell wall-strengthening genes in the roots. 
The NARL-Kawanda team will therefore explore genes available in available germplasm to isolate genes for Foc resistance and hopefully 
develop Foc resistant bananas, more acceptable to consumers in East and Central Africa. We believe this workshop/meeting is very important for 
relevant information and partnerships to support the above initiative. 
 
PE0724: Fruit Species 
Integrative Taxonomy and the Future of Theobroma cacao L. (Malvaceae) 
Adam Negrin, Museum of Caffeine, New York, NY 
Theobroma cacao L., the source of modern chocolate, is a tropical New World fruit tree and cash-crop of great worldwide economic importance. 
Research on the genomics of T. cacao is now progressing alongside genotyping of populations, marker-assisted selection of existing genetic 
accessions, and breeding of disease-resistant varieties. To date, there have been limited investigations on the evolution of cacao within a broad 
natural history context, employing comparative analyses across the taxonomic background of wild relatives of Theobroma and Herrania species. 
Future studies will advance such research using a systems biology approach, employing metabolomic, taxonomic, functional ecology, and 
genomics methodologies to understand species evolution within an integrative taxonomy. 
 
PO0725: Fruit Species 
Profiling Genome-Wide DNA Methylation in Identical Twin Almonds to Explore Aging and Non-Infectious Bud-Failure 
Katherine M D'Amico, The Ohio State University, Wooster, OH, Thomas M. Gradziel, University of California, Davis, CA, Tea 
Meulia, Ohio State University, Wooster, OH and Jonathan Fresnedo Ramirez, Deparment of Horticulture and Agronomy, The Ohio 
State University, Wooster, OH 
The phenomenon of aging is universal as all eukaryotes age; however, perennial plants seem to defy aging as they experience cycles of 
dormancy, vegetative, and reproductive growth while exhibiting prolonged longevity. Despite the negative impacts aging can have on crop 
production and yield, the process is poorly understood and research neglected for perennial crops such as fruit and nut trees. This study explores 
differential patterns of DNA methylation as biomarkers for aging in almond, an economically important nut crop for the US. Using monozygotic 
twin almond pairs with discordant exhibition of non-infectious bud failure (BF), an aging related disorder, whole-genome bisulfite sequencing 
was performed to search for differentially methylated regions (DMRs) in the almond genome. Sequencing reads were mapped back to the 
reference genome, and methylated bases were called to distinguish genome-wide methylation patterns. Identified DMRs and other quantifiable 
features derived from the bisulfite sequencing are being analyzed to determine their association with phenotypic data from and within the twin 
pairs, namely BF exhibition. Results from this work will provide additional information to almond breeding and production efforts and expand 
our current understanding of BF exhibition and aging in perennial crops. Translation of this information will enable opportunities to address BF 
in almond breeding and nursery propagation, as well as interrogate aging in other Rosaceae crops in which the topic is an issue but remains 
unexplored. 
 
PE0726: Fruit Species 
Genetic Characterisation of Wild Macadamia Germplasm 
Thuy Thi Phuong Mai1, Mobashwer Alam1, Craig Hardner2, Robert Henry2, Andrzej Kilian3 and Bruce Topp1, (1)Queensland 
Alliance for Agriculture and Food Innovation, The University of Queensland, Nambour, QLD, Australia, (2)Queensland Alliance 
for Agriculture and Food Innovation, The University of Queensland, Brisbane, QLD, Australia, (3)Diversity Arrays Technology Pty 
Ltd, Bruce, ACT, Australia 
Macadamia (Macadamia integrifolia, M. tetraphylla and hybrid) is an Australian native crop that produces a globally marketed premium nut. 
The existing cultivars rely upon a limited gene pool that has exploited only two of the four species. The cultivars are also no more than four 
generations from the wild. Introducing more diverse germplasm will broaden the genetic base for future achievement in yield and quality and 
better adaptation for changing environments. Analysis of genetic diversity and population structure provides information for breeding and 
conservation strategies. Previous genomic studies on macadamia were limited to cultivars and few accessions of wild germplasm or based on 
small numbers of molecular markers. Our study aims to develop a detailed insight into the genetic diversity and population structure of 306 wild 
accessions of four species and hybrids from the existing ex-situ collections using large number of high-throughput markers. We reported 47,811 
silicoDArT and 13,331 SNP markers, of which we selected 4.710 silicoDArT and 2.872 SNP were selected for further analysis after screening 
with quality parameters including call rate, reproducibility and one ratio. The expected heterozygosity (HE), percentage of polymorphic 
information content (PIC), Shannon’s index (I) of silicoDArT and SNP markers were 0.10, 54.06%, 0.17 and 0.12, 58.11%, 0.20, respectively. 



Principal coordinates analyses (PCoA) divided accessions into three main clusters. This study also described the population structure and enabled 
the resolution of species status of accessions from unknown origin or mixed populations. The results will be useful for the future exploitation of 
the wild macadamia germplasm. 
 
PO0727: Fruit Species 
Genome-Enviroment Associations Suggest Local Climate Adaptation in Native Carya Populations 
Motoyuki Ishimori1, Hideki Takanashi1, Kazuma Fukami1, Kimberly Cervantes2, Atsushi Nagano3, Hiromi Kanegae1, L.J. 
Grauke4, Nobuhiro Tsutsumi1, Jennifer J. Randall2 and Hiroyoshi Iwata1, (1)The University of Tokyo, Tokyo, Japan, (2)New 
Mexico State University, Las Cruces, NM, (3)Ryukoku University, Kyoto, Kyoto, Japan, (4)USDA ARS Pecan Breeding & 
Genetics, Somerville, TX 
The genus Carya includes economically important nut trees, such as pecan (C. illinoinensis) and hickory. Pecan and the wild relatives are 
natively distributed from the southern Mexico via Texas to the part of the Midwestern United States. To accelerate the utilization of native Carya 
trees as future breeding materials, it is essential to exactly evaluate genetic diversity of native Carya populations. In USDA-ARS Pecan Breeding 
& Genetics collaborating New Mexico State University, total 1,000 accessions are recorded and preserved as the National Collection of Genetic 
Resources for Pecans and Hickories. In this study, we examined genetic differentiation among native Carya subpopulations and the relationship 
to geographical distribution by genome-wide RAD-Seq markers.  
Based on genome-wide markers, we estimated the number of ancestors (subpopulation) of native Carya at 10. Of 10 subpopulations (A1-A10), 
A8 and A9 were distantly-related to the other subpopulations and include only the wild relatives of C. illinoinensis. In addition to 10 native 
subpopulations, the part of native Carya was obviously derived from several ancestors (we named these the “MIX” group). Native 
subpopulations showed distinct patterns in geographical distribution, and the degree of genetic admixture reflected geographical distance among 
subpopulations. A4 and A7 (distributed in the southern and the central Mexico, respectively) showed higher pairwise FST to the other 
subpopulations, suggesting the historical specificity of the area. Both of precipitation and temperature were quite different among native habitats 
of each subpopulation, which supports the possibility that genetic differentiation had been induced through local adaptation. 
 
PE0728: Fruit Species 
Chloroplast Genome Sequences of Carya illinoinensis from Two Distinct Geographic Populations 
Xinwang Wang1, Hormat Shadgou2, Jerry Jenkins3, Jeremy Schmutz3, Jennifer J. Randall2, Jane Grimwood3 and L.J. Grauke1, 
(1)USDA ARS Pecan Breeding & Genetics, Somerville, TX, (2)New Mexico State University, Las Cruces, NM, (3)HudsonAlpha 
Institute for Biotechnology, Huntsville, AL 
Pecan (Carya illinoinensis) is the most economically important member of the Carya genus and has been collected and evaluated across its broad 
geographic range in the process of crop improvement. In this study we obtained complete chloroplast genome sequences from two pecan 
genotypes, 87MX3-2.11 and the ‘Lakota’ cultivar (160,545 and 160,819 bp in length respectively). The chloroplast genome of C. illinoinensis 
maintains the conserved structure typical of Juglandaceae and most land plants, and is a circular molecule that includes a large single-copy (LSC) 
and a small single-copy (SSC) region, separated by a pair of inverted repeats (IRa and IRb). There were 111 genes found on the 87MX3-
2.11chloroplast genome and 110 on ‘Lakota’. Compared to C. sinensis, Cyclocarya and Juglans chloroplast genomes which each have 108 
genes, there were no gene loss or transfer events. Instead, the pecan accessions shared an additional tRNA gene (trnI-TAT), while 87MX3-2.11 
has two unique tRNA genes (trnS-AGA and trnY-ATA) and ‘Lakota’ has one (trnN-ATT). The nucleotide divergence between the two pecan 
chloroplast genomes reflects the genetic diversity of geographically separated populations of the species. Genomic divergence was also 
confirmed by the phylogenetic relationship of 19 whole chloroplast genome sequences representing Juglandaceae taxa. The complete chloroplast 
genome sequences in this study provide a foundation for understanding the influences of geographical adaptation, gene flow and horticultural 
trait inheritance, in order to develop functional genomic tools for regional selection and pecan breeding. 
 
PO0729: Fruit Species 
DEG Studies of Flower Initiation Genes in Protandrous and Protogynous Pecan Varieties 
Hormat Shadgou1, Jeremy Schmutz2, Jane Grimwood2, Jerry Jenkins2, Joe Song1, Richard Heerema1, L.J. Grauke3 and Jennifer J. 
Randall1, (1)New Mexico State University, Las Cruces, NM, (2)HudsonAlpha Institute for Biotechnology, Huntsville, AL, 
(3)USDA ARS Pecan Breeding & Genetics, Somerville, TX 
Pecan [Carya illinoinensis (Wangenh.) K. Koch] is a monoecious and heterodichogamous tree in the Juglandaceae family. Pecan is indigenous to 
North America and is the most economically important species of all the hickories. Pecan production is impacted by a phenomenon called 
“alternate bearing”. Alternate bearing is defined as the tendency of fruit trees to produce fruit in a two-year cycle, with high fruit numbers in one 
year followed by significantly lower numbers of fruit in the next year. Alternate bearing in pecan is largely driven by fluctuations in the 
production of pistillate flowers. Understanding the genetic mechanisms that govern flowering is essential to address alternate bearing. 
Differentially expressed genes in fully formed staminate flowers and pistillate flowers were analyzed sing RNA-Seq. This data is useful in 
determining the expressed genes in the fully formed floral tissues, but our interest is in determining which genes are involved in initiation of 
pistillate and staminate flowers. Twenty-eight RNA-Seq libraries from bud tissues collected from protandrous (Western) and protogynous 
(Wichita) varieties in 2016 and 2017 were analyzed for expression of floral initiation-related genes. As expected, initial analysis between 
protandrous and protogynous pecan varieties indicate differences in expression of genes typically associated with male flowering in other plant 
species. Differential gene expression analysis of the flowering genes from protogynous and protandrous varieties could potentially reveal the 
genes and the mechanism of alternate bearing. 
 
PE0730: Fruit Species 
Genome-Wide Association (GWAS) of Pecan Scab Resistance in a Provenance Collection 



Yanina Alarcon1, Clive H. Bock2, Jarrod Steele1, Yuhong Tang3, Bruce W. Wood2, Charles Rohla1 and Maria J. Monteros1, 
(1)Noble Research Institute, Ardmore, OK, (2)USDA-ARS Fruit and Tree Nut Research, Byron, GA, (3)Noble Research Institute, 
LLC, Ardmore, OK 
Pecan (Carya illinoinensis) is a tree species native to North America that is vulnerable to scab disease caused by the plant pathogenic fungus 
Venturia effusa. Infection can result in severe foliar damage and yield loss on susceptible cultivars, which continue to be widely grown. Although 
fungicide applications reduce disease severity, multiple applications are required, which is costly and may negatively impact the environment. 
Furthermore, the scab pathogen has developed resistance to several classes of fungicide making their long-term use a questionable strategy. The 
objectives of this research was to identify resistance genes for pecan scab in a provenance collection consisting of over seven hundred trees that 
represent the natural range of the species in the USA and Mexico. Individual tree scab susceptibility ratings were collected in Byron, GA for 
multiple years. Genotyping-by sequencing (GBS) was used for genotyping as part of a genome-wide association study (GWAS) for scab 
resistance. Two statistical models were evaluated for the scab ratings from each year and significant SNPs associated with scab resistance and 
susceptibility were identified. The genomic resources developed can be used for GWAS of additional horticultural traits including tree 
morphology. Overall, we have increased our understanding of pecan scab resistance aimed at deploying sustainable, genetics-based and durable 
host resistance solutions to manage scab on pecan in the field and decrease the dependency on expensive and sometimes ineffective fungicide 
applications. 
 
PO0731: Fruit Species 
Comparative Genomics of the Juglandaceae 
Alexander Trouern-Trend1, Taylor Falk1, Sumaira Zaman2, Kristian A. Stevens3 and Jill L. Wegrzyn1, (1)Department of Ecology 
and Evolutionary Biology, University of Connecticut, Storrs, CT, (2)Department of Computer Science and Engineering, University 
of Connecticut, Storrs, CT, (3)Department of Evolution and Ecology, University of California, Davis, Davis, CA 
Juglans, the most speciose genus in the walnut family (Juglandaceae) represents most of the family’s commercially valuable fruit and wood-
producing trees and includes several species used as rootstock in agriculture for their resistance to various physical and biological stressors.  
We present the full structural and functional genome annotations of six members of Juglans and one outgroup within Juglandaceae (Juglans 
regia, J. cathayensis, J. hindsii, J. microcarpa, J. nigra, J. sigillata and Pterocarya stenoptera) using the BRAKER2 semi-unsupervised gene 
prediction pipeline and additional in-house developed scripts and tools. The sizes of these genomes range between 641 Mb (J. nigra) and 992 Mb 
(P. stenoptera). For each of the 7 annotations, gene predictors were trained using 19 tissue-specific J. regia transcriptomes, which offered a 
gradient of genome-evidence phylogenetic distance. Additional evidence (EnTAP pipeline) and filters (gFACs) were applied to multiexonic and 
monoexonic putative genes predicted by BRAKER2 to yield between 29,000 and 47,000 high-confidence gene models per species. Comparison 
of gene models to the BUSCO embryophyta dataset suggested that, on average, genome completeness was 86.8%. We utilized these annotations 
to assess gene family evolution within Juglans and also between Juglans and selected species from across the breadth of Embryophyta. Finally, 
an ancient whole genome duplication that took place in a common ancestor of Juglandaceae was dated using site substitution comparative 
analysis. 
 
PE0732: Fruit Species 
New Strawberry QTLs for Pleasant Key Aroma Compounds in F1 Population 
Amparo Monfort, IRTA, Centre for Research in Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, Bellaterra (Barcelona), 
Spain and Pol Rey, IRTA, Centre for Research in Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, Bellaterra, Spain 
Strawberry is a plant with vegetative reproduction whose fruits provide higher added value. Cultivated strawberry (Fragaria x ananassa) is an 
allo-octoploid species with a fairly small genome, mostly diploidized. Wild strawberry (F. vesca) is a diploid species with small and soft, but 
very aromatic, fruits. The aroma of cultivated strawberry has been widely studied: the profile of volatiles obtained by gas chromatography and 
mass spechtrometry (GC-MS) is above 350 compounds, in particular esters, terpenes, furans, lactones, alcohols, aldehydes and sulphur 
compounds. Analysis of the volatile compounds and the threshold of aroma detection indicate that only 20 compounds significantly contribute to 
the aroma of strawberry with esters being the most representative, which give fruity aromas. Other important compounds are Z-3 and E2-hexenal 
which give an unpleasant smell (green aroma) detected in some cultivars. A recent analysis using GC-MS for the lines F. vesca Reina de valles 
and F. vesca Yellow Wonder and a collection of NILs (Near Isogenic Lines) in strawberry established the volatilome and the QTL map of wild 
strawberry for all the compounds (Urrutia et al 2017). Moreover, in the last years, we have generated tools for massive genotyping in cultivated 
strawberry that facilitate the construction of SNP-based maps. To determine the genomic regions responsible for the variation in aromatic 
compounds of cultivated strawberry, we generated a segregating F1 population of the cross between two lines segregating for aroma in wild 
strawberry, “Dream x Starlette” (70 individuals). This population was genotyped with the IStraw35K® array giving a map of 28 linkage groups 
(14,335 SNPs, 3,167 loci) covering >92% of the genome compared with the consensus map. Volatile analyses (GC-MS) of the population mature 
fruit, measured over a period of three years and at different stages of harvest, detected more than 300 segregating compounds. Analyses of the 19 
specific compounds responsible for strawberry aroma revealed 62 QTLs, 14 of them highly significant in all of the analyses. We specifically 
detected a single QTL which regulates accumulation of the esters methyl hexanoate and ethyl hexanoate, both responsible for a fruity aroma in 
strawberry, in a region limited by LG4B. New QTLs will be checked for candidate genes, which genes are in these regions and will be select 
some of these as candidate genes. All these new QTLs should be validate in different populations. 
 
PO0733: Fruit Species 
Whole-Genome Resequencing Study of the USDA Collection of Citrullus amarus Plant Introductions 
Sandra E. Branham1, Amnon Levi1, Shan Wu2, Zhangjun Fei2, Alvaro G. Hernandez3 and Patrick Wechter1, (1)USDA-ARS, 
Charleston, SC, (2)Boyce Thompson Institute, Cornell University, Ithaca, NY, (3)University of Illinois at Urbana-Champaign, 
Urbana, IL 
Sustained selection pressure for desirable horticultural characteristics during domestication has narrowed the genetic diversity of cultivated 
watermelon (Citrullus lanatus L.), resulting in a loss of genes/alleles conferring disease resistance. Citron melon, although recently reclassified 



from a watermelon subspecies (C. lanatus subsp. citroides) to a separate species (Citrullus amarus), readily crosses with cultivated watermelon 
and has substantially higher genetic diversity. Multiple independent evaluations of the USDA Citrullus plant introduction (PI) collection for 
resistance to various diseases and pests have identified resistant C. amarus germplasm, with a number of these screens failing to find resistance 
in any other Citrullus species. Despite the vital importance of C. amarus as a resource for improvement of cultivated watermelon, no genetic 
studies of the USDA collection of C. amarus have been reported. Here we present the analysis of a whole-genome resequencing study (20X 
coverage) of all available C. amarus PIs (N=133) from the USDA germplasm collection. Over 24 million genetic variants were identified and 
used to examine the genetic diversity, relatedness and population structure of citron melon. 
 
PE0734: Legumes, Soybean, Common Bean, and related 
legumefederation.org: A Federation of Legume Data Providers Promoting Data Standards and Providing Software 
Solutions for Cross-Platform Comparative Legume Research 
Jacqueline D. Campbell1, Joel Berendzen2, Connor T. Cameron2, Ethalinda Cannon3, Steven Cannon4, Agnes P. Chan5, Yongwook 
Choi5, Alan Cleary2, Amanda M. Cooksey6, Sudhansu Dash2, Andrew Farmer2, David Grant7, Sam Hokin2, Wei Huang1, 
Christopher D. Town5, Akshay Yadav1, Nathan T. Weeks7, Andrew Wilkey7 and David Fernandez-Baca1, (1)Iowa State University, 
Ames, IA, (2)National Center for Genome Resources (NCGR), Santa Fe, NM, (3)Corn Insects and Crop Genetics Research Unit, 
USDA-ARS, Ames, IA, (4)USDA–Agricultural Research Service, Corn Insects and Crop Genetics Research Unit, Ames, IA, (5)J. 
Craig Venter Institute, Rockville, MD, (6)University of Arizona, Tucson, AZ, (7)USDA-ARS-CICGRU, Ames, IA 
The “Legume Federation” is an NSF-funded project to foster data standards, distributed tool development and comparative analysis to support 
research across the legume family. The fundamental mission is to enable improved agricultural productivity for legumes by integrating genomic, 
genetic and breeding data across species to identify common molecular basis for important traits. Tools and resources added in the last year to a 
freshly-redesigned web portal (https://www.legumefederation.org/) include improvements to the interactive genetic map viewer (cmap-js), new 
legume-focused gene families, a tool for placing user-submitted gene sequences into gene families and phylogenetic trees, improvements to the 
tool for exploring genome and gene scale synteny between legume species (Genome Context Viewer or GCV), and multiple improvements to the 
collection of seven legume InterMine instances. Participating Genomic Data Portals (GDPs) currently include, but are not limited to: 
MedicagoGenome (http://medicagogenome.org ), SoyBase (https://soybase.org ), PeanutBase (https://peanutbase.org ), the Legume Information 
System (https://legumeinfo.org ), CyVerse (https://www.cyverse.org ), Phytozome (https://phytozome.jgi.doe.gov ), Climate Resilient Chickpea 
Lab (http://chickpealab.ucdavis.edu ), NSF Cowpea Genome Project (https://www.nsf.gov/awardsearch/showAward?AWD_ID=1543963 ), 
Alfalfa Breeder’s Toolbox (https://www.alfalfatoolbox.org/ ), Medicago Hapmap project (http://www.medicagohapmap.org ), KnowPulse 
(http://knowpulse.usask.ca ), and the Cool Season Food Legume Database (https://www.coolseasonfoodlegume.org). Our intent is to showcase 
tools available for adoption by groups working with other clade-based systems to provide an incentive to align their efforts with ours. 
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legumeinfo.org: A Resource to Facilitate Basic Research and Crop Improvement in Legumes 
Jacqueline D. Campbell1, Joel Berendzen2, Connor T. Cameron2, Ethalinda Cannon3, Alan Cleary2, Sudhansu Dash2, David Grant4, 
Sam Hokin2, Wei Huang1, Scott R. Kalberer4, Nathan T. Weeks4, Andrew Farmer2 and Steven Cannon5, (1)Iowa State University, 
Ames, IA, (2)National Center for Genome Resources (NCGR), Santa Fe, NM, (3)Corn Insects and Crop Genetics Research Unit, 
USDA-ARS, Ames, IA, (4)USDA-ARS-CICGRU, Ames, IA, (5)USDA–Agricultural Research Service, Corn Insects and Crop 
Genetics Research Unit, Ames, IA 
A major goal of the Legume Information System (LIS; legumeinfo.org) is to assist researchers in discovering important trait, genomic and 
genetic data for legume crops and model species. Currently, LIS hosts annotated genomes for 15 legume species. LIS partners with other plant 
data resources including Araport/JCVI, SoyBase, PeanutBase, Phytozome, the NSF Cowpea Genome Project, the Cool Season Food Legume 
Database, KnowPulse and others to integrate genomic, genetic and trait data by providing links to other legume data sets not housed at LIS. New 
features added in the past year include: new legume-focused gene families for all legume genes; a new gene expression module showing tissue-
specific expression patterns for several species; numerous improvements to the Genomic Context Viewer (for exploring genomic micro- and 
macro-synteny), and InterMine interfaces for seven legume species. InterMine provides powerful query tools for investigating sets of genomic 
features - for example, to examine gene expression for a set of genes. LIS is funded by the USDA-ARS and is jointly developed and maintained 
by the National Center for Genome Resources (NCGR) and the USDA-ARS at Ames, Iowa. LIS is a member of the AgBioData consortium, 
which works to create database products that are more FAIR (Findable, Accessible, Interoperable and Reusable); and is a participant in the NSF-
funded “Legume Federation” project that promotes sharing common resources and standards among its member databases. 
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Cool Season Food Legume Genome Database: A Resource for Pea, Lentil, Faba Bean and Chickpea Genetics, Genomics and 
Breeding 
Jodi L. Humann1, Sook Jung1, Chun-Huai Cheng2, Taein Lee2, Ping Zheng1, Morgan Frank1, Deah McGaughey1, Kristin Scott1, 
Katheryn Buble3, Jing Yu1, Heidi Hough1, Clarice J Coyne4, Rebecca McGee5 and Dorrie Main1, (1)Washington State University, 
Pullman, WA, (2)Washington State University, Pullman, Pullman, WA, (3)Washington State University, Pulmman, WA, (4)USDA 
ARS, Pullman, WA, (5)USDA-ARS, Pullman, WA 
The Cool Season Food Legume Genome database (CSFL, www.coolseasonfoodlegume.org) is a curated and integrated database resource for 
genomics, genetics, and breeding research of chickpea, lentil, pea, and faba bean. CSFL currently contains three annotated genome sequences for 
Cicer sp.; annotated reference transcriptomes analyzed from published RNA-seq and EST data for all four crops; 167 genetic maps; 137,268 
markers; 2,952 QTL; 2,429 germplasm; metabolic pathways for the Cicer sp. genomes; and synteny data for the Cicer sp. genomes with links to 
genes, mRNA, orthologs and function. Tools include the genome browser JBrowse, Synteny Viewer, MapViewer, PathwayCyc, BLAST+, and 
the Breeding Information Management System (BIMS), an online system to manage and analyze private breeding data. BIMS works with Field 
Book, an Android app used to efficiently collect the field data. Public cool season legume phenotype data from the USDA-GRIN database is 



available to explore with BIMS by all CSFL users. Genes and transcripts, maps, markers, germplasm, QTL, sequences and publications can be 
queried through the search interfaces on CSFL with results available to download. CSFL is built using the Tripal database platform supported by 
USDA NRSP10, the USA Dry Pea and Lentil Council, Northern Pulse Growers Association, USDA-ARS and Washington State University. 
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Navigating NCBI Resources for Plant Genomics 
Anjana Raina Vatsan1, Terence D. Murphy2 and Francoise Thibaud-Nissen1, (1)National Center for Biotechnology Information, 
National Library of Medicine,, Bethesda, MD, (2)National Center for Biotechnology Information, National Library of Medicine, 
National Institutes of Health, Bethesda, MD 
The	  Eukaryotic	  Genome	  Annotation	  Pipeline	  at	  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).	  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_.	  Expert	  curation	  ensures	  accurate	  and	  full-‐length	  representation	  of	  nucleotide	  and	  protein	  sequences	  and	  to	  resolve	  data	  conflicts	  and	  
ambiguities.	  Gene	  and	  protein	  names	  are	  assigned,	  and	  publications	  added,	  when	  available.	  Gene-‐specific	  data	  is	  available	  in	  NCBI’s	  Gene	  
resource	  (https://www.ncbi.nlm.nih.gov/gene/)	  which	  integrates	  information	  from	  multiple	  data	  sources,	  both	  internal	  and	  external.	  Gene	  
annotation	  and	  related	  data	  can	  be	  explored	  in	  NCBI’s	  Genome	  Data	  Viewer	  (https://www.ncbi.nlm.nih.gov/genome/gdv/)	  .	  RefSeq	  data	  can	  
be	  accessed	  from	  the	  RefSeq	  homepage	  https://www.ncbi.nlm.nih.gov/refseq/	  or	  can	  be	  downloaded	  from	  the	  FTP	  directory	  at	  
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/plant/Glycine_max/.	   
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A High-Resolution Comparative Transcriptomic Analysis of Legume Nodules 
Lise Pingault, University of Nebraska-Lincoln, Lincoln, NE, Jennifer Brooks, University of Oklahoma, Norman, OK and Marc 
Libault, University of Nebraska Lincoln, Lincoln, NE 
Nodulation is a biological process resulting from the symbiotic interaction between soil bacteria (rhizobia) and legume plants leading to the 
formation of novel root organ, the nodule. In the nodule, the bacteria fix and assimilate the atmospheric nitrogen for the plant. Similar to other 
organs, nodules are composed by different cell types. Notably, nodule cells can be divided depending on their infection by rhizobia: rhizobia-
uninfected cells are characterized by 2C of genomic DNA, where C is the haploid DNA content. Oppositely, rhizobia-infected cells can reach 4, 
8, 16, 32, 64C, etc. of genomic DNA content. We took advantage of the differences in ploidy levels between rhizobia-infected and -uninfected 
cells of the nodules to precisely analyze their respective transcriptomes to better understand legume-rhizobia symbiosis per se. To do so, 
developing and mature soybean nodules and mature medicago nodules were harvested at 32 days after rhizobia inoculation. Upon isolation of 
two population of nodule nuclei (i.e., 2C and ≥4C) using fluorescence-activated nuclei sorting (FANS), we generated medicago and soybean 
nucRNA-seq (nuclei RNA-seq) libraries. Among the 161 differentially expressed soybean genes, 33 are potentially controlling nodulation based 
on their orthologous relationships with previously characterized nodulation genes in M. truncatula, P. vulgaris, and L. japonicus. More 
specifically, 15 and 18 of these soybean genes are up-regulated in the rhizobia-uninfected cells (e.g., EFD, HAP2 or RIP1) and in the rhizobia-
infected cells (e.g., NIN, NSP1 or CYCLOP), respectively. These results support the unique transcriptional regulation occurring in legume 
nodule cells according to their interaction with rhizobia. 
 
PO0739: Legumes, Soybean, Common Bean, and related 
Comparative Genomics of Angiosperms Reveals Insight into the Evolution of Mechanisms Underlying Nodulation and 
Nitrogen Fixation 
Xinxin Yi, College of Life Science and Technology of Huazhong Agricultural University, Wuhan, China, Qing Xu, Huazhong 
Agricultural University, Wuhan, China and Jack Chen, Simon Fraser University, Burnaby, BC, Canada 
Root nodule symbiosis is a remarkable adaptation which enables plants to acquire nitrogen directly from the atmosphere. Only 10 of the 
approximately 600 families of angiosperms have been found to be capable of nitrogen fixation that they are scattered in four orders: Fabales, 
Rosales, Cucurbitales, Fagales. Among these species, only legume and Parasponia species (Cannabaceae) establish nitrogen-fixing nodules with 
rhizobium, while other species establish nitrogen-fixing nodules with actinomyce. To explore the genomics mechanisms responsible for the 
differential formation of nitrogen-fixing nodules with two groups of bacteria, we collected data for all of the species that have completed 
genomic sequencing in nitrogen-fixing clade. In a genome-wide comparative analysis of 16 plant species, including 10 species which symbiosis 
with rhizobium and 6 species which symbiosis with actinomyces, we discovered candidate genes important for symbiosis with different bacteria. 
Besides the candidates of the genome-wide analysis of phylogeny-based orthologs, we successfully annotated 91,91 and 100 significant 
candidate genes that have been reported to be involved in the process of nodulation and nitrogen fixation in soybean, medicago and lotus, 
respectively. Using these newly established genes, we performed genomic collinearity and selective pressure analysis, which helped us identify 
genes that are rapidly evolving and genes that are relatively conserved. Taken together, through comparative analysis of plant species capable of 
nitrogen fixation, we will reveal insights into evolution of nitrogen-fixing nodules with rhizobium or actinomyce, this will help us to understand 
the evolution and functional importance of nitrogen-fixing nodules. 
 
PE0740: Legumes, Soybean, Common Bean, and related 
SoyBase: The USDA-ARS Soybean Genetics and Genomics Database 
David Grant1, Rex Nelson1, Kevin H. Feeley1, Shawn Conners1, Anne V. Brown1, Jacqueline D. Campbell2, Nathan Weeks1, Wei 
Huang2 and Steven B. Cannon1, (1)USDA-ARS-CICGRU, Ames, IA, (2)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 additions to the controlled vocabularies (ontologies) for soybean growth, development and phenotypic traits, soybean genes, biparental 
and GWAS QTL, and genome sequences and annotations. 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 (https://soybase.org) contains the SoyBase Toolbox, which provides quick access to a search of SoyBase, the SoyCyc 
metabolic pathways, the data download page, a genome sequence BLAST tool, and direct links to the genetic and sequence maps. An extensive 
navigation menu and site description provides facile access to all sections of SoyBase. Searching at SoyBase uses an underlying trait-based 
approach to return all information that is 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, gene annotation and expression. Pedigrees 
for entries in the Soybean Uniform Trials and PVP certificates have recently been updated. SoyBase includes an extensive RNA-Seq gene atlas 
and innovative tools for identifying fast neutron-induced mutants affecting genes or traits of interest. Several 'omics tools, for example a GO 
Term Enrichment tool, enable sophisticated queries on lists of genes. 
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SoySNP Registry: A Database of Soybean Variant Data 
Anne V. Brown, Shawn Conners, Nathan Weeks, Rex Nelson, David Grant and Steven B. Cannon, USDA-ARS-CICGRU, Ames, 
IA 
There are over 230,000 soybean accessions in germplasm repositories worldwide, making the identification of truly unique accessions difficult. 
High throughput genotyping costs have dropped sufficiently to enable dense genotyping of large germplasm collections. Nevertheless, large 
challenges remain due to the sheer volume of such genotype data. Comparisons between genotyping projects are additionally complicated by 
lack of common markers among data sets, differences in accession names, SNPs called from different reference genomes, and by inconsistent 
data formats. Here we describe a new database for soybean genotyping data. All SNPs are assigned a new SNP ID and SNPs common between 
multiple datasets will have the same identifier. Old names (ex. rs and ss IDs) are kept and will be searchable. This database will be the foundation 
for developing new interactive tools for soybean breeders at SoyBase. 
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Rapid NIL Development through Identification of Genetic Heterogeneity within Accessions in the USDA Soybean 
Germplasm Collection 
Nicole T. Mihelich1, Jean-Michel Michno2, Steven E. Mulkey3, Adrian O. Stec3 and Robert M. Stupar3, (1)Department of 
Horticulture, University of Minnesota, St. Paul, MN, (2)United States Department of Agriculture, Agricultural Research Service, 
Saint Paul, MN, (3)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 
Soybean is a valuable crop for the United States and the rest of the world. The genetic diversity of cultivated soybean is narrow due to a strong 
domestication bottleneck and intense selection in modern breeding. This narrow genetic base limits the identification of genetic loci responsible 
for traits of interest to breeders. A major approach to identify the genomic basis of desirable traits is through near-isogenic lines (NILs). While 
NILs are a useful approach for trait mapping and characterization, creating such lines are costly and time-consuming. Thus, other resources and 
techniques for NIL development have arisen for trait mapping and validation alongside rapidly evolving genomic tools. NILs are now often 
derived from heterogeneous inbred families (HIFs) instead of repeated backcrossing, allowing for faster, cheaper development, as well as QTL 
mapping of more complex phenotypes with molecular markers. Despite the long-held assumption that elite varieties are highly homogeneous, 
within-accession variation has been observed in elite germplasm of various crop species, including the soybean reference cultivar ‘Williams 82’. 
However, the investigation of within-accession heterogeneity has been limited to select cultivars, and has not been evaluated on a germplasm-
wide scale. The USDA Soybean Germplasm Collection, containing over 20,000 wild and cultivated soybean accessions, has been recently 
genotyped with over 42,000 single nucleotide polymorphism markers. In this study, this SoySNP50K genotyping data was used to develop a 
pipeline for detecting genetic heterogeneity within accessions throughout the entire Soybean Germplasm Collection. Accessions in the collection 
with detected heterogeneity in a genomic region of interest could be used as HIFs for rapid NIL development for virtually any region of the 
genome. This heterogenous accession and interval detection can be a valuable new tool for trait mapping and gene validation to uncover 
untapped variation and advance efforts in soybean breeding. 
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Strengthening Undergraduate Plant Science Teaching in HBCU Through Research Experience and Community 
Engagement 
Jiazheng (John) Yuan, Abdelmajid Kassem, Daniel Okunbor, Briana Davis and Trinity Reid, Fayetteville State University, 
Fayetteville, NC 
Fayetteville State University (FSU) is a institution of the University System of North Carolina and it is the second-oldest public university in the 
state. FSU mainly offers the bachelor’s degrees and more and more master and doctoral levels of academic degrees have been provided. With 
more than 6,100 students and about 300 students registered as biology and forensic science majors, FSU is among the most diverse Historically 
Black Colleges and Universities (HBCU) in the nation. In order to improve biology teaching for undergraduate students in the HBCU, the NSF 
funded project “Implementation Project: Strengthening Student Success in STEM (S4)” led by Dr. Daniel I. Okunbor has provided a unique 
opportunity to achieve mentoring in research and increasing the learning ability of all undergraduate students. The project also offers a platform 
to stimulate students’ interests in their majors and to inspire them to be self-oriented learners through research experience and community 
engagement. The objectives of the project are also to motivate undergraduate students with ability of critical thinking through experimental 
design, implement, data collection, and analysis. In our labs, two S4 students conducted the research project named “Selection and mapping 
soybean quality and disease resistant traits in Williams 82 X Forrest (WxF) RIL population”. The part of the goal of this research project was to 
identify QTL associate soybean quality traits and investigate the correlation of Kudzu bug with soybean maturity in WxF population. Through 
the research activity supported by S4, the S4 students have gained significant research experience. In FSU, our undergraduate students have also 
engaged in the community service through storm garden design within their General Botany class and tried to support the University handling the 



chronic issues such as soil erosion and storm water pollution on the campus. By conducting research activity and community engagement 
service, the undergraduate students in the Department of Biology have learned to utilize the research and community service based pedagogical 
practice to improve their learning and outcomes and at the mean time enhance the overall recruitment, persistence, retention, and graduation 
rated for the students in the Department of Biological sciences and STEM in general at FSU. 
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Comparing Selection Accuracy of Phenotypic and Genomic Selection in a Multi-Environment Yield Trial 
Lais Andrade Pereira1, Alencar Xavier1,2, Caio C Vieira3, William Muir1 and Katy Martin Rainey1, (1)Purdue University, West 
Lafayette, IN, (2)Corteva, Johnston, IA, (3)University of Missouri, Columbia, MO 
Cultivated soybean yield increase in North American had an average of 0.41 bushels/acre/year from 1960 to 2015, of which half can be attributed 
to phenotypic selection. Despite all this success, phenotypic selection can be time consuming and laborious. The deployment of molecular tools 
can help to accelerate yield gain and improve breeding efficiency. From all those molecular tools available, genomic selection (GS) has become 
the predominant strategy of applying molecular markers for selection of complex traits in plant breeding programs. However, GS is a relative 
new technique that still holds technical problems and its application in soybean is rarely addressed. We compared phenotypic (BLUP) versus 
genomic-estimated breeding values (GBLUP) for selection of high-yield lines from multi environments trials utilizing the SoyNAM population. 
The trials for early and late maturity classes were grown in 11 environments.The GBLUP selected lines showed higher yield than BLUP selected 
lines for both maturity groups. From the ten best lines, considering yield, for early group, four lines came from GBLUP selection, including the 
highest yielding line, two lines came from BLUP selection and four were selected by both methods. When considering the late maturity group, 
five lines came from GBLUP selection, none of them were selected only by BLUP and 5 were selected by both methods. Our results support that 
the employment of genomic selection in soybean breeding programs can be successful. 
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Genetic Architecture of Soybean Biomass Development Derived from Field-Based High-Throughput Phenotyping 
Fabiana Moreira, Miguel Lopez, Monica Herrero Huerta, Keith Cherkauer and Katy Martin Rainey, Purdue University, West 
Lafayette, IN 
Traditionally, genetic mapping treats plant`s phenotypic traits as static points (i.e. measure once in the growing season). As a consequence, 
information regarding plant functioning and activation of genes and interacting gene networks at different stages of plant development and in 
responses to an environmental stimulus are lost. Biomass accumulation is a dynamic process that progressively occurs throughout plant 
development. High-throughput phenotyping (HTP) enables the screening of thousands of genotypes in multi-location field trials relatively 
effortless, making it possible to track biomass accumulation from images of the same experimental plot throughout the course of its life cycle. 
The objectives of this study are to develop a HTP methodology for soybean biomass phenotyping and to reveal the quantitative properties of 
temporal biomass accumulation in the context of growth analysis and dynamic trait dissection. For that, a random subset of 32 families from the 
SoyNAM panel, resulting in 384 lines, were grown in field trials in three environments. Weekly destructive biomass measurements of a small set 
of the panel were taken, as well as unmanned aerial platform-based multi-spectral imaging of the field up to 78 days after planting. The images 
were used to derive different reflectance vegetation indices to predict biomass accumulation. The model using green ratio vegetation index 
(GRVI) resulted in the highest coefficient of determination (R2 = 0.87) to estimate biomass in soybean. We estimated biomass for all the plots 
and fitted to a logistic growth curve. We are performing a functional mapping for biomass accumulation over time. 
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Joint Genotyping of Nucleotide and Structural Variants in Soybean using BayesTyper 
Marc-André Lemay1, Jonas Andreas Sibbesen2, Davoud Torkamaneh3, Anders Krogh2 and Francois Belzile1, (1)Laval University, 
Quebec, QC, Canada, (2)Bioinformatics Centre, University of Copenhagen, Copenhagen, Denmark, (3)University of Guelph and 
Laval University, Quebec, QC, Canada 
Structural variants (SVs) are increasingly acknowledged as a significant component of plant genetic polymorphism, and as such have been found 
to underlie variation in many traits of agricultural importance. In plants, however, most variant calling relies on mapping-based approaches 
which perform poorly in the discovery of SVs, especially of mid- and large-sized insertions as these are not represented in the reference genome. 
In order to obtain a more comprehensive overview of the genetic variation among a set of Canadian soybean lines, we called single nucleotide 
polymorphisms (SNPs) as well as SVs in 30 such lines using a combination of mapping- and de novo assembly-based approaches. As mapping-
based approaches, we used Platypus to call SNPs and small indels and LUMPY to call larger SVs. We also implemented a pipeline for variant 
discovery from de novo assembly by using SOAPdenovo2 for assembly, LAST for aligning the contigs against the reference genome, and 
AsmVar for retrieving the variants observed from these alignments. We used BayesTyper to jointly genotype all discovered variants in the 30 
lines by directly interrogating their read k-mers for support for the different alleles. We find that the assembly-based approach leads to a 
comparable number of insertions and deletions in the lower size range, thereby correcting the under-calling of insertions typically observed in 
mapping-based approaches. This shows that de novo assembly of even low- and medium-depth sequencing data can provide valuable insights for 
structural variant discovery. 
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The Local Context of Fast Neutron-Induced and Endogenous Variation in Soybean (Glycine max) 
Maria Fernanda Rodriguez1, Corey K Carter1, Skylar Wyant1, Robert M. Stupar1, Wayne A. Parrott2, Scott A. Jackson2 and Peter 
L. Morrell1, (1)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN, (2)University of Georgia, 
Athens, GA 
The mutagenic effects of ionizing radiation have long been exploited as a means to create genetic novelty. The use of fast neutron bombardment 
as a mutagen has been especially popular in plants, but the full spectrum of induced mutations is poorly understood. While most commonly 
known for creating structural variation (e.g., deletions and duplications), fast neutrons also generate single nucleotide point mutations. The 



specific context in which mutations are more likely to occur matters because the immediate flanking nucleotides can make classes of large effect 
mutations, such as stop codons, less probable. Within the context of a larger study on mutation types and frequencies, we investigate the effect of 
genomic context on point mutations in fast neutron mutagenized soybean. First, we examine if there is a difference in the nature of mutations 
induced by fast neutron mutagenesis when compared to standing variation. Then we look if frequency and class of mutations (transition or 
transversion) are impacted by the local context. The local context is the nucleotide composition of the sequence immediately flanking the 
mutation. By comparing published data from 30 soybean lines subject to fast neutron mutagenesis and 106 diverse soybean lines we identify the 
differing nature of induced versus endogenous variation. 
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Identification of Loci Associated with Flowering Time and 100-Seed Weight Using Genome-Wide Association Study in 
Soybean 
Taeyoung Lee1, Moon Young Kim2, Jungmin Ha3, Sangrea Shim3, Eunsoo Lee3, Hakyung Kwon3, Eunbi Jo3 and Suk-Ha Lee4, 
(1)Seoul National University, Seoul, Korea, Republic of (South), (2)Plant Genomics and Breeding Institute, Seoul, South Korea, 
(3)Seoul National University, Seoul, South Korea, (4)Department of Plant Science, Seoul, South Korea 
Flowering time and 100-seed weight are important agronomic traits determining their usage in soybean, however, genetic factors associated with 
the traits are largely unknown even though several QTLs studies and genome-wide association studies (GWAS) about the traits have been 
conducted to date. For this reason, we investigated loci associated with flowering time and 100-seed weight using genome-wide association study 
of Korean soybean collections consisting of 201 Korean soybean landraces and 99 Korean soybean cultivars. We identified that 13 and 133 loci 
were significantly associated with flowering time and 100-seed weight, respectively. The GWAS spots identified in this study were co-localized 
with 111 QTLs and 16 GWAS spots previously identified. Totally, 9 and 13 candidate genes, including GIGANTEA and auxin-induced protein 
13, were identified for flowering time and 100-seed weight, respectively. We observed that alleles of the loci co-located with the candidate genes 
were highly associated with phenotypes. By means of epistatic GWAS, a number of epistatic interactions between two loci were identified. 
Among them, 16 epistatic interactions of two loci co-located with flowering time genes were supposed as strong candidates regulating flowering 
time. This study will provide better understand about genetic regulators of flowering time and 100-seed weight in soybean. 
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Allelic Diversity Underlying Marker-Trait Associations in Soybean Breeding Germplasm 
Robert Bruce1, Davoud Torkamaneh2, Francois Belzile3, Chris M Grainger1, Milad Eskandari4 and Istvan Rajcan1, (1)University of 
Guelph, Guelph, ON, Canada, (2)University of Guelph and Laval University, Quebec, QC, Canada, (3)Laval University, Quebec, 
QC, Canada, (4)University of Guelph-Ridgetown, Ridgetown, ON, Canada 
Understanding marker-trait associations (MTA) and their underlying alleles within breeding germplasm allows breeders to make informed 
decisions during plant selections. To study this process at a breeding program scale 266 genotypes released between 1907 and 2016 from the 
University of Guelph soybean breeding programs at Guelph, ON, CA and Ridgetown, ON, CA were grown in multi-year, multi-location field 
trials. This germplasm was sequenced using genotyping-by-sequencing (GBS) and the Fast-GBS pipeline, resulting in 42k SNPs and further 
imputed using Beagle to 3.8M SNPs with 102 Canadian lines of whole-genome sequencing data (WGS) as a reference panel. After marker 
filtration 77k SNPs were used in genome-wide association using the FarmCPU method with 16 agronomic and seed traits. Significant MTA were 
identified for maturity (five loci corresponding to known maturity genes in soybean), seed oil (three loci), seed protein (five loci), seed weight 
and yield. These loci are being haplotyped (Haplotype Miner software) to identify the underlying alleles under selection in the breeding 
germplasm. For example using the significant region identified as the E2 gene, the allele frequency during decades of plant selection was 
assessed to determine that breeders have been selecting for e2 allele over E2 allele in the southern Ontario region. This allele-scale data for 
breeding germplasm highlights the effects of selection within individual breeding programs and will help breeders in choosing the best 
combination of parents in crossing the next generation of high-yielding soybean cultivars. 
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Loss of Protein Alleles at Expense of Improving Yield during Soybean Cultivar Development 
Avjinder Kaler, University of Arkansas, Fayetteville, AR 
In the US, soybean breeding efforts have focused primarily on yield. Yield has improved over the years, but soybean protein concentration has 
declined at the estimated rate of 0.03% per year. There is clearly a negative correlation between protein and yield, but there is a need to 
understand why protein concentration has declined over the past 80 years at the genetic level. The objective of this study was to identify the 
favorable alleles for protein, how these favorable alleles and their effects changed during cultivar development over the years, and how favorable 
alleles for protein are associated with yield. We performed genome-wide association mapping (GWAM) of protein on two datasets: (1) 35 
diverse panels consisting of approximately 400 genotypes per panel that were obtained from the soybean germplasm collection and (2) the 
SoyNAM population protein data obtained from eight environments. These GWAM identified 339 markers associated with protein, which were 
present in at least four panels and these markers were also confirmed using previously reported protein QTLs. The favorable alleles and allelic 
effects were used to calculate the breeding values for whole soybean germplasm collections. We observed a negative correlation of favorable 
alleles and breeding values of protein with favorable alleles and breeding values of yield. One case study, which showed the whole parentage 
history of cultivar development, indicated that when yield was improved by adding favorable alleles during cultivar development, the favorable 
alleles for protein were decreasing and unfavorable alleles were increasing. Some of alleles were common between yield and protein, but they 
had opposite directions on the allelic effect. This study may be useful in identifying the germplasm for development of high yielding soybean 
varieties with higher protein concentration. 
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Phenotypic Characterization of Root System Architecture Traits in a Collection of Early Soybean Accessions from Canada 
Waldiodio Seck and Francois Belzile, Laval University, Quebec, QC, Canada 



A better understanding of plant root architecture and function is essential to improve resource-use efficiency in agricultural systems and to 
increase the resistance of crops towards environmental stresses. Roots are underground, which prevents their direct observation and limits their 
detailed characterization. The genetic basis of root system architectural (RSA) in crops is poorly understood although RSA is thought to be a 
complex trait controlled by many genes. Numerous quantitative trait loci (QTL) that regulate RSA have been identified in some crops, but 
limited work has been carried out in soybean. In this work, RSA traits were measured in a panel of 140 early soybean accessions (MG0) from 
Canada using rhizoboxes, transparent plastic enclosures in which plants are grown in vermiculite. Root systems were photographed and image 
analysis softwares were used to measure various components of RSA. Significant phenotypic differences for RSA traits (root length, depth, 
angle, diameter, lateral root number, fresh and dry weight) were found. Significant positive correlations were also found between some traits. 
The same panel of accessions was characterized through a mixed genotyping approach (GBS and WGS ) to yield a catalog of ~5M SNPs. The 
phenotypic and genotypic data obtained will be used for to perform a genome-wide association study (GWAS) to identify genomic regions 
harboring genes associated with RSA. These markers can ulitmately serve to develop crops with better root systems to ensure productivity in 
stressful environments. 
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Transcription Factor Regulatory Networks in Soybean Seed Development 
Leonardo Jo, University of California Davis, Davis, CA 
Soybean (Glycine Max) is the most widely cultivated and consumed oilseed crop in the world. Understanding the regulatory mechanisms that 
govern soybean seed development can provide opportunities to improve the quality of this important crop. Seed development is divided into two 
main phases, morphogenesis and maturation. The morphogenesis phase is characterized by a series of cell division and differentiation events that 
establish the basic body plan of the plant. Following morphogenesis, the seeds enter the maturation phase which is characterized by the 
accumulation of storage compounds and the embryo’s acquisition of desiccation tolerance. Because seed development is a complex yet highly 
coordinated period of the plant life cycle, the temporal and spatial control of the biological events that occur are crucial to ensure the proper 
development of the plant. Therefore, the transcriptional control of genes involved in seed development needs to be highly coordinated. To define 
the transcription factors involved in soybean seed development we analyzed whole-genome transcriptome datasets to identify a group of co-
expressed genes whose spatial and temporal expression patterns correlated with processes that occur in the embryo during the maturation phase. 
Several transcription factors that regulate seed development were identified in the clusters, including LEAFY COTYLEDON1 (LEC1), 
ABSCISIC ACID INSENSITIVE3 (ABI3), BASIC LEUCINE ZIPPER67 (bZIP67) and ABA-RESPONSIVE ELEMENT BINDING 
PROTEIN3 (AREB3). To identify target genes that are transcriptionally regulated by LEC1, ABI3, bZIP67 and AREB3, we performed 
chromatin immunoprecipitation and differential gene expression analyses during the early maturation stage. Detailed analysis of target genes 
showed a complex transcription factor regulatory network in which different combination of transcription factors are involved in controlling 
distinct biological programs in soybean embryos. Analysis on transcription factors binding regions revealed cis-regulatory modules that are 
important to determine the expression of genes involved with distinct biological programs that occurs during seed development. DNA sequence 
motif enrichment analyses suggested that the formation of distinct transcriptional complexes is determined by the presence of unique 
combinations of DNA motifs in the cis-regulatory modules. Transient analysis in protoplasts isolated from soybean embryos revealed that these 
elements are crucial to determine the functionality of specific cis-regulatory modules. We also observed that distinct sets of transcription factor 
complexes formed due their ability to physically interact to each other. These results are helping to elucidate the complex transcriptional 
regulatory networks that control distinct processes that occur during soybean seed development. 
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Validation of Potential Genetic Introgression Introduced by Intersubgeneric Hybridization between Glycine max and G. 
tomentella 
Lucas Borges dos Santos1, Xing Wu2, Wei Wei3, João Paulo Gomes Viana1, Anete P Souza4, Matthew E. Hudson3 and Steven J. 
Clough5, (1)University of Illinois at Urbana Champaign, Urbana, IL, (2)Yale University, New haven, CT, (3)University of Illinois, 
Urbana, IL, (4)University of Campinas, Campinas, Brazil, (5)USDA-ARS / University of Illinois, Urbana, IL 
Soybean domestication has led to reduced genetic diversity. This reduced diversity is a challenge for soybean breeding programs trying to 
enhance yield or other beneficial traits such as resistance to diseases and pests. Intersubgeneric hybridizations have been made between soybean 
(Glycine max var. Dwight) and Glycine tomentella, a wild perennial relative of soybean (Singh and Nelson, TAG2015). We sequenced a derived 
G. tomentella x G. max line, 12ST4-5, that had undergone 5 backcrosses to Dwight followed by at least 4 selfings, using the GemCode 
Technology by 10X Genomics. Likewise, we also sequenced Dwight. Both genomes were de novo assembled using Supernova 2.0 software. 
Genome specific contigs generated by the assemblies were aligned to each other to identify possible structural variants present in 12ST4-5, but 
not present in Dwight. Our analysis identified 102 putative insertions longer than 1 kb. BLAST software was used to align the putative G. 
tomentella introgressed DNA identified in 12ST4-5 to the entire Dwight genome assembly, as well as to the soybean reference genome, Williams 
82 to ensure that there were not the result of incorrectly assembled soybean sequences.After filtering, we selected the longest 10 insertion 
sequences (approximately 1 – 6kb) that were not found in either soybean genome for PCR analyses to determine if these insertions are of 
soybean origin or G. tomentella origin. 
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Soybean Tilling by Target Capture Sequencing (TbyTCS) Applications: Identification and Functional Analysis of the 
GmSACPD Gene Family in Soybean 
Naoufal Lakhssassi, Zhou Zhou and Khalid Meksem, Southern Illinois University Carbondale, Carbondale, IL 
Gel-based TILLING presents limitations to study complex traits such as oil composition due to multiple genes that are present with high copy 
number and chromosomal segment duplications within the soybean genome. In this study, we demonstrated the effectiveness of Tilling by target 
capture sequencing (TbyTCS) as an alternative and novel technique for the identification of several mutants within a mutagenized population 
(more than 4000 EMS mutants). TbyTCS is a method that allows quick identification of mutations within a large number of genes in a TILLING 
population, and it is a reliable method for the characterization of several genes simultaneously within a mutagenized population. The application 



of high-throughput NGsequencing technologies to a large mutagenized TILLING populations has proven to be a powerful tool for functional 
genomics, gene network, and gene pathways engineering. Interestingly, we successfully applied this technology to soybean and identified 
mutations in hundreds of genes involved in oil, protein, carbohydrate, auxin, and cytokinin pathways. In addition, mutants within large number 
of gene families controlling different agronomical traits such us flowering, nodulation, lateral root, flooding, etc. has been identified. Here, we 
demonstrate the effectiveness of the TbyTCS to study the Stearoyl-acyl carrier protein desaturase (GmSACPD) gene family in soybean. 
Characterization of the mutants reveals a novel role of the GmSACPD-D member in plant development and unsaturated fatty acid synthesis. 
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Metabolic Effect of Germination and Elicitation in Soybean Cultivars 
Yuji Sawada1, Kai Uchida1, Muneo Sato1, Mami Okamoto1, Yutaka Yamada1, Koji Ochiai2, Toyoaki Anai3, Satoshi Watanabe3, 
Izumi Yasutani4, Hiroki Ohta4, Hiroyuki Enoki4 and Masami Yokota Hirai1, (1)RIKEN Center for Sustainable Resource Science, 
Yokohama, Japan, (2)Daiz Energy Co., Ltd., Kumamoto, Japan, (3)Saga University, Saga, Japan, (4)Toyota Motor Corporation, 
Aichi, Japan 
Soybean isoflavonoids contents have important roles for plant physiology and human nutrition as health promoting. The isoflavonoids 
accumulation patters have broad range of variation because the biosynthesis and accumulation patters are affected by multiple factors: 
germination stages, environmental stress and genetic variations. The optimization of the isoflavonoids accumulation condition is a goal of cost 
effective utilization of soybean metabolites. In this study, we establish an evaluation method for metabolic change of germination and elicitation 
(inoculation of Aspergillus oryzae) in soybean cultivars. Using time serious analysis of soybean sprout, time points of for elicitation and 
sampling were defined at 2 days and 4 days after germination. The optimized conditions were applied to 8 cultivars. Using the LC-MS based 
metabolomics, 151 metabolites were successfully measured by a criteria: S/N > 3 and RSD < 30%. In the co-accumulation analysis based on the 
Pearson’s product moment correlation coefficient (PCC > 0.8), specific groups were generated as follows: isoflavonoids, flavonoids, saponin and 
amino acid. In the isoflavonoids group, the glyceollin was clearly show that the elicitation specific accumulation. The glyceollin contents can be 
categorized in three type of accumulation patterns in the cultivars: high (one cultivar), middle (three cultivars) and low (four cultivars). These 
results showed that the metabolic evaluation can define the isoflavonoids accumulation patterns among the cultivars and the potential of 
metabolic breeding in the cultivars. 
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Genome-Wide Identification of Long Non-Coding RNAs in Soybean 
Agnieszka Golicz, Mohan B Singh and Prem L Bhalla, The University of Melbourne, Melbourne, Australia 
Recently, long noncoding RNAs (lincRNAs) have emerged as important regulators of many biological processes in plants and animals. However, 
the number, characteristics and expression pattern of lncRNAs in the agriculturally important plant, soybean are still mostly unknown. Soybean 
is an important legume crop providing over 50 percent of oilseed production globally and can fix atmospheric nitrogen. Soybean genome is a 
complex paleopolyploid and exhibits many vegetative and floral development complexities. Soybean cultivars have strict photoperiod 
requirements affecting its productivity. Molecular control including the role of lincRNAs in these legume-specific developmental processes 
remains unknown. To address this gap in our knowledge, we used over one billion RNA-seq read pairs from 37 samples representing nine tissues 
to discover 6,018 lincRNA loci. Our results showed that the lincRNAs were shorter than protein-coding transcripts and had lower expression 
levels but were more sample specific expression. Few of the loci were observed to be conserved in two other legume species chickpea [Cicer 
arietinum] and Medicago (Medicago truncatula), but almost 200 homeologous lincRNAs in the soybean genome were detected. Protein-coding 
gene-lincRNA co-expression analysis suggested the involvement of lincRNAs in signal transduction, developmental, and stress response. 
Positional analysis of lincRNA loci pointed in transcriptional regulation. Further, lincRNA expression from centromeric regions was noted in 
actively dividing tissues, indicating possible roles in cell division. Our analysis also revealed 23 lincRNAs potentially associated with agronomic 
traits. 
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Genome-Wide Association Analysis of Minerals Elements Content in Soybean Seeds 
Sidiki Malle and Francois Belzile, Laval University, Quebec, QC, Canada 
Soybean is an important source of protein, oils and carbohydrates, as well as other beneficial nutrients such mineral elements. Mineral nutrients 
play a crucial role in the biochemical and physiological functions of biological systems. The enhancement of seed mineral nutrient content via 
genetic improvement is considered as the most promising and cost-effective approach compared alternative means for meeting the dietary needs. 
The amount of minerals in the seed depends on environmental factors and is most likely controlled by many genes. The identification of genomic 
regions associated with seed mineral accumulation can accelerate crop improvement through marker-assisted selection. The overall objective of 
this study was to perform a GWAS analysis of mineral nutrient (Ca, K, P and S) content in seeds on a core set of 137 soybean lines that are 
representative of the diversity of soybeans cultivated in Canada. This panel was grown in three environments (2 reps/site) and seed mineral 
nutrient was measured using a portable x-ray fluorescence (P-XRF) spectrometer. The lines were genotyped using a combined GBS and WGS 
approach resulting in a catalogue of over 2M SNPs with a minor allele frequency > 0.05. After pruning to remove markers in high LD (r2>0.9), a 
final catalogue of 243K SNPs providing genome-wide coverage were used to identify significant marker-trait associations. Markers associated 
with seed mineral content identified in this study will be used for marker-assisted selection to improve the nutritional quality of soybeans and 
help in the identification of candidate genes. 
 
PE0758: Legumes, Soybean, Common Bean, and related 
Genomic, Evolution and Structure Analysis for Pectin Methylesterase Inhibitors in Soybean 
Jinlong Liu and Xin Wang, Nanchang university, Nanchang, China 
PMEIs (pectin methylesterase inhibitors) are known to control the activities of pectin methylesterases (PMEs), which consequently regulate the 
pectin methylesterification status. However, the role of PMEI genes in Glycine max (soybean), an important economical crop, is poorly 



understood. In this study, 168 Glycine max PMEI (GmPMEI) genes were identified. A total of 104 syntenic ortholog pairs were detected. Most 
homologous gene pairs experienced purifying selection with ω (Ka/Ks) ratios lower than 1 in evolution. More than 20 flower-specific GmPMEI 
genes and 9 root-specific GmPMEI genes were identified by expression pattern analysis. compared to control, the expression of over 80 
GmPMEI genes in leaves were changed over two folds under drought stress. By combining the analyses of expression and evolution, we 
speculated that the function of GmPMEI genes may have changed. This work provides basic information of PMEI genes in soybean and 
contributes to the further functional studies of GmPMEI genes.  
Keywords: soybean, PMEI, pectin methylesterase inhibitors  
Funding: This research was funded by the National Natural Science Foundation of China (grant Nos. 31560558). 
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Altered Expression of the Ubiquitin E3-Ring Ligase AiP2 Increases Soybean Seed Protein Content 
Monica Schmidt and Eliot Herman, University of Arizona, Tucson, AZ 
Sixty percent of soybean’s value is derived from its seed protein content, yet while soybean acreage and productivity have both increased in 
recent years this has been accompanied with a gradual decrease in its seed protein content. Increasing soybean protein content without an 
accompanying loss in oil is needed to maintain soybean’s economic viability and to contribute to global food sustainability. Altering seed protein 
content is limited by proteome rebalancing reducing variability of seed protein content by mitigating the consequences of even large changes of 
seed protein composition. A seed-specific functional genomics experiment was used to alter soybean’s endogenous E3 ring ubiquitin ligase 
(AiP2) expression and resulted in both elevated protein seed content and enhanced free amino acids content without a concomitant reduction in 
oil content. The resulting soybean seeds exceed stakeholder goals for increasing soybean’s protein content without impacting seed oil content. 
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Soybean Mutant FM6-847’s Seed Protein and Oil Contents in North Carolina 
Courtney Barnes1, Aeisha McClelland2, Yepez Vanessa2, Jiazheng (John) Yuan2, Naoufal Lakhssassi3, Safiah Kassem4, Brandon 
Murphy2, Devonta Hooker2, Barbara Brown2, Khalid Meksem5 and Abdelmajid Kassem2, (1)Southern Illinois University, 
Carbondale, IL, (2)Fayetteville State University, Fayetteville, NC, (3)Department of Plant Soil and Agricultural Systems, SIUC, 
Carbondale, IL, (4)Pine Forest High School, Fayetteville, NC, (5)Southern Illinois University Carbondale, Carbondale, IL 
Soybean [Glycine max (L.) Merr.] protein and oil contents are complex polygenic traits affected by many factors including genotype and 
environmental conditions. The high yielding mutant FM6-847 was developed from cultivar ‘Forrest’ through ethyl methanesulfonate (EMS) 
mutagenesis at Southern Illinois University (SIUC). The mutant and three USDA reference lines (LD00-2817, LD06-7620, and LD07-3395) 
seeds were provided by SIUC (Dr. Meksem). The objective of this study was to compare seed protein and oil contents of the FM6-847 mutant 
with those of the USDA reference lines grown in a field in North Carolina. The results showed that 100-seed weight (100-SW) of the mutant 
FM6-847 was significantly higher (p<0.056) than 100-SW of the three reference lines. Likewise, the mutant’s protein content was significantly 
higher (p<0.09) than the protein contents of the reference lines. However, the mutant’s plant height (PH), pod number (PN), seed number (SN), 
total seed weight (TSW), and oil contents were not significantly higher than the reference lines with p values of (p<0.18), (p<0.11), (p<0.1), and 
(p<0.22), respectively. The mutant FM6-847 is a stable line, generated higher protein content and seed weight but lower oil content; therefore, it 
will increase yield and profit benefitting farmers not only in NC but also in other parts of the US. 
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Looking Beyond the Obvious: Parameterizing Soybean Canopy Architecture to Measurable Traits 
Suma Sreekanta1, Allison Haaning1, Kamaldeep S. Virdi1, Anna N. Hofstad1, Austin A. Dobbels1, Jacob Meierhofer2, Danica 
Mooney-Jones2, Fumiaki Katagiri3, Aaron Lorenz4, Robert M. Stupar1 and Gary J. Muehlbauer1, (1)Department of Agronomy and 
Plant Genetics, University of Minnesota, St. Paul, MN, (2)College of Biological Sciences, University of Minnesota, St. Paul, MN, 
(3)Department of Plant and Microbial Biology, University of Minnesota, St.Paul, MN, (4)University of Minnesota, St. Paul, MN 
Canopy architecture (CA), a composite of many individual traits, is an important determinant of light interception, photosynthesis and yield. CA 
traits and their genetic control are not well studied in soybeans. Our aim is to deconstruct CA into distinct measurable traits to study their 
correlation to light interception and canopy coverage. A set of 40 soybean lines that displayed visual differences in CA were selected. Using a 
combination of high-throughput technologies like unmanned aircraft system to estimate canopy coverage and ground based images processed 
with open source software such as imageJ, we parameterized CA into more than 50 traits. Principal components analysis of the traits showed that 
the variation between genotypes could be explained most by traits relating to the uppermost seven nodes of the soybean plant that we called 
crown architecture. Canopy coverage is highly correlated with light interception and crown architecture while light interception was also highly 
correlated with plant shape attributes. Multiple regression analysis revealed that crown architecture and plant shape traits have the highest 
contribution to canopy coverage during early development, but at later stages, plant height predominantly explains canopy coverage. Select CA 
traits were measured in a panel of approximately 400 maturity group-I USDA germplasm lines and major Quantitative trait loci (QTL) associated 
with some of the traits were identified. We found the major QTL underlying canopy coverage and branch angle traits were coincident suggesting 
that branch angle may be a major factor in determining canopy coverage in soybeans. 
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Mapping of QTLs Associated with Carbon Isotope Ratio in Soybean Using a Recombinant Inbred Population. 
Sumandeep Bazzer1, Jeffery D. Ray2, James R. Smith2, Felix B. Fritschi3, Avjinder Kaler1 and Larry C. Purcell1, (1)University of 
Arkansas, Fayetteville, AR, (2)USDA-ARS, Stoneville, MS, (3)Division of Plant Sciences, University of Missouri, Columbia, MO 
Carbon isotope ratio (δ13C) is positively related with water use efficiency, which is an important physiological trait associated with drought 
tolerance. Soybean genotypes PI567201D (low WUE) × PI416997 (high WUE) were used to develop a F6:9 derived recombinant inbred 
population with the objective of identifying genomic regions associated with δ13C. The experiment was conducted in three environments to 
evaluate δ13C. Combined analysis of variance showed significant (P ≤ 0.001) effects of genotype, environment, and genotype x environment 



interaction on δ13C. Within-environment heritability ranged from 0.64 to 0.89 and was 0.84 across environments. Genotyping-by-sequencing 
(GBS) was used to construct a high-density linkage map with 2735 SNPs and generated 20 linkage groups with total map length of 3253 cM. 
Inclusive composite interval mapping identified seven QTLs (LOD scores ≥ 3.0) in four environments on chromosomes Gm06, Gm12, Gm17, 
and Gm20. The additive effect of these QTLs varied from 0.09 to 0.23‰ and explained 4 to 26% of phenotypic variation. One QTL on Gm20 
was stable across environments and explained 19% of phenotypic variation with an additive effect of 0.17‰. The favorable allele for this stable 
QTL was from PI567201D. These identified QTLs were co-localized with genomic regions associated with carbon isotope ratio, canopy wilting, 
drought index, and other physiological traits that were identified in previous drought related studies. These identified genomic regions may be an 
important resource in improving drought tolerance using marker assisted selection. 
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The Genome of the Soybean Cyst Nematode (Heterodera glycines)  
Rick Masonbrink1, Thomas Maier1, Usha Muppirala1, Arun S. Seetharam1, Etienne Lord2, Parijat S. Juvale1, Jeremy Schmutz3, 
Nathan Johnson4, Melissa G. Mitchum5, Dmitry Korkin6, Sebastian Eves-van den Akker7, Benjamin Mimee2, Matthew E. Hudson8, 
Andrew J. Severin1 and Thomas J. Baum1, (1)Iowa State University, Ames, IA, (2)Agriculture and Agri-Food Canada, Gouin, QC, 
Canada, (3)Hudson Alpha, Huntsville, AL, (4)Worcester Polytechnic Institute, Boston, MA, (5)University of Missouri, Columbia, 
MO, (6)Worcester Polytechnic Institute, Worcester, MA, (7)University of Cambridge, Cambridge, United Kingdom, (8)University 
of Illinois, Urbana, IL 
Soybean Cyst Nematode (SCN), an obligatory and sedentary plant parasite, causes over a billion-dollar yield loss annually. The costs and 
environmental hazards of current nematicides, and the emergence and spread of SCN populations that overcome the limited available sources of 
natural resistance are exacerbating the problem. Since effectors, the proteins secreted by SCN into host root tissues are critical to overcoming 
host defenses, understanding the mechanisms of effector acquisition, diversification and selection is needed to improve SCN management 
practices. Toward this end, we present a draft genome assembly of the SCN. Using PacBio long read technology, we assembled and annotated 
738 contigs into 123Mb with 29,769 genes. The genome contains significant numbers of repeats (34%), tandem duplicates (18.7MB) and 
horizontal gene transfer events (151 genes). Using this genome we explored potential mechanisms for how effectors originate, duplicate, and 
diversify. Specifically, we found that horizontal gene transfer events are not frequently associated with known effectors, tandem duplications are 
abundant and have greater proportions of effectors than non-duplicated regions, and a large proportion of genes in the genome overlap with 
repetitive elements. 
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Protein-Protein Interactions May Contribute to Soybean Nematode Resistance 
Jia Dong, University of Illinois at Urbana-Champaign, Urbana, IL and Matthew E. Hudson, University of Illinois, Urbana, IL 
The soybean Rhg1 locus has been demonstrated to play an important role in resistance of the soybean cyst nematode (SCN) Heterodera glycines. 
In order to better understand the mechanism of this resistance, we performed yeast two-hybrid assays employing two bait proteins from the 
Rhg1-locus: the α-SNAP protein (Glyma18g02590) and a protein of unknown function (Glyma18g02610). From this assay, we identified a 
number of protein-protein interactions of varying strengths as quantified by an α-Gal assay in yeast. After identifying and quantifying the 
strength of these interactions, we next sought to determine whether these interactions play a role in SCN resistance. We therefore employed 
CRISPR genome editing to delete the newly-identified proteins as well as the Rhg1-locus α-SNAP protein and Glyma18g02610. We found that 
individual deletion of the α-SNAP protein, Glyma18g02610 as well as the newly-identified interacting partners increased soybean susceptibility 
to nematode infection by SCN assay. We believe these results will lead to greater understanding of soybean resistance to nematode infection and 
may suggest new strategies to improve SCN resistance. 
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Genetics Characterization of a Dominant Susceptible Phenotype to Asian Soybean Rust Disease 
Wei Wei1, Xing Wu2, Alexandre Garcia3, Matthew E. Hudson1 and Steven J. Clough4, (1)University of Illinois, Urbana, IL, (2)Yale 
University, New haven, CT, (3)TMG - Tropical Melhoramento e Genética, Cambé, Brazil, (4)USDA-ARS / University of Illinois, 
Urbana, IL 
Plant resistance genes (R genes) are normally dominantly inherited and their corresponding susceptible alleles inherited recessively. The R gene, 
Rpp1, is dominant over susceptibility, but an unexpected soybean line named TMG06-0011 exhibited dominant susceptibility when crossed with 
two resistant Rpp1-carrying lines, PI594760B and PI561356, and the dominant susceptibility maps to the Rpp1 locus (Garcia et al. Crop Science 
2011). Currently two mechanisms of dominant susceptibility are proposed: 1.) the Rpp1 locus in TMG06-0011 makes siRNAs that interfere with 
Rpp1, or 2.) the RPP1 protein functions as a dimer or in a complex and the non-functional Rpp1 allele results in non-functional Rpp1 complexes. 
Preliminary siRNA results were inconclusive, and therefore we are sequencing the Rpp1 region in PI594760B, PI561356, and TMG-0011. 
Fosmid subclones of the corresponding region in each genotype were screened via PCR using primers based on the draft whole genome 
assemblies (sequenced by 10X Genomics technology). Overlapping fosmids were sequenced with Oxford Nanopore and refined with Illumina 
Miseq reads using Pilon. Fosmid contigs from 90 – 125 kb were assembled and gene annotation predictions were made with support from RNA-
Seq data. The results indicated that the Rpp1 locus in each of the resistant plants contains three NBS-LRR genes, while the TMG06-0011 line 
contains one. Causal differences have yet to be determined, as there are numerous variations between these NBS-LRR genes, and candidate 
genes will need to be assayed by transformation. The new sequence data will allow for the re-evaluation of a role of siRNA in the dominant 
susceptible. 
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Differential Gene Expression Reveal a Range of Genes Associated with Response Against Sclerotinia Stem Rot in Soybean 
Cultivars 



André Luiz de Lima Passianotto1, Francois Belzile2 and Istvan Rajcan1, (1)University of Guelph, Guelph, ON, Canada, (2)Laval 
University, Quebec, QC, Canada 
Sclerotinia stem rot (SSR), caused by the pathogen Sclerotinia sclerotiorum, also known as white mould (WM), is an important fungal disease 
that affects soybean (Glycine max [L.] Merr.) production in cool and moist environments. The Northern United States and Canada are regions 
where the climate is conducive to the development of this disease leading to significant losses in yield and grain quality. No complete resistance 
has yet been identified in soybean, although a number of quantitative trait loci (QTL) have been reported for partial resistance to SSR. Modern 
DNA technologies such as whole-genome sequencing (WGS), genotyping-by-sequencing (GBS), quantitative trait locus (QTL) analysis and 
RNA-Seq offer an opportunity to dissect the complex nature of the underlying genetics controlling partial resistance to WM in soybean across 
different plant populations. The objective of this study was to use previously published information (QTL mapping) combined with RNA–Seq 
analysis and phenotyping using a reproducible inoculation method to elucidate genomic regions controlling partial resistance to white mould in 
different genotypes. Fourteen plant introductions (PIs) and 20 Canadian cultivars with known partial resistance and susceptible phenotypes were 
genotyped. Phenotypic variation between genotypes that were partially resistant (PR) and susceptible (S) were detected, lesions ranging 13 mm 
from 19 mm for PR genotypes to dead plant in the S. Ninety-two genes were identified using the combination of RNA-Seq and genotyping/QTL 
data for analysis of individual candidate genes that contribute to partial resistance against S. sclerotiorum. 
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Transcriptomic Analysis of Avr-Rps Gene Expression in an Incompatible Soybean-Phytophthora sojae Interaction As 
Influenced By Apoplastic Deposition of Silicon 
Aliyeh Rasooli zadeh1, Caroline Labbe1, Humira Sonah2, Francois Belzile3 and Richard R. Bélanger4, (1)University Laval, Quebec 
City, QC, Canada, (2)University Laval, Québec, QC, Canada, (3)Laval University, Quebec, QC, Canada, (4)University Laval, 
Quebec Cityq, QC, Canada 
Silicon (Si) is reported to offer protection to plants particularly against biotrophic and hemibiotrophic pathogens, although the mechanisms 
behind this specificity are unknown. In the interaction soybean-Phytophthora sojae, Si has been shown to confer incompatibility between the 
plant and the pathogen. In the same manner, the expression of Avr genes in P. sojae triggers the expression of corresponding soybean Rps 
(Resistance to P. sojae) genes and leads to resistant phenotypes. The objective of this study was to exploit the incompatible P. sojae-soybean 
pathosystem to investigate how Si fertilization affects the expression of Rps-Avr genes under Si treatment as a means to test the hypothesis that 
the deposition of Si in the apoplast interfered with effectors-receptor expression. Based on the phenotypic responses, both Si-treated, and Si-
deprived plants showed resistant phenotypes when they were inoculated with P. sojae carrying an Avr gene associated with the corresponding 
Rps gene in soybean plants. However, based on the expression of Avr-Rps genes, it appears that a differential expression under Si treatment, 
especially at 4 dpi, would indicate that different mechanisms are at work to explain the incompatible interactions. These results could contribute 
to explain the elusive prophylactic properties of Si against plant pathogens. 
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Genetic Analysis of Glycine max to Colonization by Rhizophagus intraradices 
Michelle L. Pawlowski1, Tri D. Vuong2, Henry T. Nguyen2 and Glen L. Hartman3, (1)University of Illinois, Urbana, IL, 
(2)University of Missouri, Columbia, MO, (3)USDA-ARS, Urbana, IL 
Food security in the world is threatened by an ever-growing human population, increasing impacts of climate change, and by abiotic and biotic 
limitations. Proactive measures are necessary to alleviate these factors by introducing more environmentally friendly farming practices. 
Microbial communities, such as arbuscular mycorrhizal fungi (AMF, Rhizophagus intraradices), are known to provide a plethora of benefits to 
plants, including nutrient uptake, drought tolerance, and plant protection against diseases. Genotypic variation to AMF colonization has been 
identified in some crop plants, including soybean; however, the genetics controlling levels of colonization in soybean are unknown. The 
objective of this study was to determine if a genetic component in soybean controls the level of colonization by AMF species,. Percent root 
colonization by R. intraradices was measured on a panel of 350 diverse soybean genotypes. Colonization differed (P < 0.001) among genotypes 
and ranged from 11-70%. A genome-wide association study (GWAS) using a whole-genome resequencing-derived SNP dataset identified five 
significant SNP markers associated with R. intraradices colonization. Candidate genes associated with these SNPs include genes for microbial 
recognition, defense responses, and cell wall modifications. These findings provide insights into the influence of soybean genotypes on R. 
intraradices colonization. The results may be useful to develop soybean cultivars with a more effective relationship with AMF thus increasing 
the efficacy of using these microbes to benefit soybean production. 
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Genome-Wide Association Study (GWAS) of Seed Transmission of Soybean Mosaic Virus Using Two Diverse Population 
Panels 
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) causes significant reductions in soybean yield and seed quality. In North America, seedborne infections are the 
primary sources of inoculum for SMV infections. Therefore, resistance to SMV seed transmission 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 from the USDA Soybean 
Germplasm Collection were evaluated for seed transmission rates and seed coat mottling caused by SMV using two different SMV strains. To 
identify loci associated with the two traits, the phenotypic data and single nucleotide polymorphism (SNP) data from the SoySNP50K dataset 
were analyzed using GAPIT and rrBLUP. A single significant locus for SMV seed transmission was identified on chromosome (chr) 9 in the 
second population. The high LD region on chr 9 contained a predicted nonsense-mediated RNA decay gene and pectin methylesterase inhibitor 
(PMEI) genes, which are involved in restricting virus movement in plants. Two loci were significantly associated with degree of SMV-induced 
seed coat mottling, one on chr 3 and one on chr 9. The high LD regions on chr 3 and 9 contained predicted PMEI genes and the chalcone 
synthase 6 (CHS6) gene, respectively. CHS6 is involved in stress-induced anthocyanin biosynthesis, which could be involved in seed-coat 



mottling. Marker-assisted selection (MAS) and genomic selection (GS) were compared for prediction accuracy of SMV seed transmission rate. 
This study provides the most comprehensive analysis of loci associated with seed transmission of an economically important plant virus 
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QTL Discovery in Soybean Related to Stink Bug Resistance using the Multivariate MIM Approaches 
Milene Möller1, Brian Diers2, Michelle da Fonseca Santos1, João Ricardo Bachega Feijó Rosa3, Steven J. Clough4, Maria Imaculada 
Zucchi5, José Maurício Terasawa6 and José Baldin Pinheiro7, (1)ESALQ - University of São Paulo, Piracicaba, SP, Brazil, 
(2)University of Illinois, Urbana, IL, (3)Departamento de Genética, Escola Superior de Agricultura Luiz de Queiroz/ Universidade 
de São Paulo (USP-ESALq/USP), Piracicaba, Brazil, (4)USDA-ARS / University of Illinois, Urbana, IL, (5)Secretariat of 
Agriculture and Food Supply of São Paulo State, Piracicaba, Brazil, (6)Departamento de Genética/ESALQ/USP, Piracicaba - SP, 
Brazil, (7)ESALQ, University of São Paulo, Piracicaba - SP, Brazil 
Losses in soybean yield due to stink bugs attack are greater than 30% and seed germination compromising can be greater than 50%. This study 
aimed to identify QTL (Quantitative Trait Loci), for stink bug resistance traits and agronomic traits using the multivariate multiple interval 
mapping. An F2 mapping population of 228 plants derived from a biparental cross between IAC-100 and CD-215 was used for genotyping. An 
F2:3 population was developed to evaluate eight stink bug resistant traits and seven. A total of 417 SNP markers, 61 SSR, 30 AFLP and 8 TRAP 
markers were mapped into 20 soybean linkage groups. The total map length was 2,814.82 cM with an average of 5.46 cM between markers. QTL 
mapping for those traits was performed using univariate (MIM) and multivariate (MT-MIM) multiple interval mapping, with main QTL effects 
estimates. MIM analysis identified a total of 60 QTL, through 13 soybean linkage groups, with 29 QTL related to stink bug resistant traits and 31 
QTL related to agronomic traits. The traits were divided into nine groups for MT-MIM analysis considering their correlation coefficient. Twenty 
different genomic regions were identified showing a very high QTL clustering. For most of the traits, phenotypic variation estimates for MT-
MIM models were higher than MIM models. MT-MIM analysis showed 13 genomic regions controlling at least one of the evaluated traits which 
were not identified at MIM analysis. Comparison between identified QTL and QTL database at Soybase demonstrated that some QTL were 
similar to those described in the different genetic background. However, 56 QTL detected in the present study were described for the first time in 
literature. Eight genomic regions identified with MT-MIM analysis and eight QTL identified with MIM analysis explain a great amount of 
phenotypic variation. 
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Characterization of Lesion Mimics in Medicago truncatula 
Raja Sekhar Nandety1, Sunhee Oh1, Upinder Gill2, Hee-Kyung Lee1, Xinji Zhang1, Liang Sun1 and Kiran kumar S. Mysore1, 
(1)Noble Research Institute, Ardmore, OK, (2)University of Florida, Wimauma, FL 
The misregulation of hypersensitive response (HR) cell death in plants often leads to development of lesion mimics. Lesion mimic mutant 
phenotypes were identified in Medicago truncatula R108 genotype through a forward genetics screen of Tnt1 insertion lines. We have identified 
more than 15 different mutant phenotypes that produce spontaneous lesions of various degree. These phenotypes are studied through T2 
generation and are shown to be heritable. Some of the phenotypes also include reduced Rhizobium induced nodulation, reduced leaf chlorophyll 
content, presence of Thylakoid cell membrane damage, high amounts of reactive oxygen species (ROS) generation and elevated expression of 
PR genes (PR3 and PR4). Previously, TAIL-PCR and next generation sequencing methodologies were applied to obtain the flanking sequence 
tags (FSTs) for the Tnt1 insertion lines. In order to capture all the FSTs adjacent to Tnt1 retrotransposons in a cost effective manner, we have 
developed the Tnt1-based Sequence capture method, in which we synthesized four 5’ biotinylated xGen Lockdown probes (IDT) of 120 bp using 
the terminal LTR regions of Tnt1. Barcoded illumina libraries were prepared individually for 21 M. truncatula Tnt1 insertion lines. After 
hybridization capture, Tnt1 fragment-enriched-libraries were sequenced using Illumina miseq platform. The data obtained from this capture 
technology can enhance the recovery of the FSTs previously identified through TAIL-PCR methods. This capture technology method is further 
modified using Roche Nimblegen SeqCap Ez method, to capture FSTs of Tnt1 and MERE1 (an endogenous retrotransposon of M. truncatula). In 
addition to capturing FSTs, in the new method we will be capturing sequences of ~160 genes known to play a role in nodulation. This is 
necessary to determine any unintended mutations in these genes. 
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A Conditional Gene Co-Expression Network for Aphanomyces Root Rot Response in Lentil 
Matthew T. McGowan1, Rebecca McGee1, Afef Marzougui1, Yu Ma1, Sindhuja Sankaran1 and Stephen P. Ficklin2, (1)Washington 
State University, Pullman, WA, (2)Dept of Horticulture, Washington State University, Pullman, WA 
Aphanomyces Root Rot (ARR) is a disease of grain legumes caused by an oomycete pathogen Aphanomyces euteiches Drechs (Ae). Lentil (Lens 
culinaris) is a legume crop species that is particularly vulnerable to this disease due to a lack of effective fungicides or resistant varieties. 
Therefore, the development of resistant cultivars is crucial to mitigating the impact of this disease on lentil producers. Specifically, identifying 
genes involved in lentil immune responses are of particular use to breeders because they can be selected for or modified within a breeding 
population to potentially improve resistance. Previously, USDA lentil germplasm collections were screened for resistance to ARR and multiple 
non-commercial varieties exhibited partial resistance . To better understand the genetic contribution to variation in ARR resistance, gene 
expression and phenomic characteristics were collected from lentil accessions exhibiting either susceptibility or partial resistance following 
inoculation with Ae. Multiple phenomic measurements related to ARR infection were taken including visual scores, shoot and root dry biomass, 
and digital RGB/hyperspectral imaging. Gene expression was measured by extracting RNA from resistant and susceptible lentil accession 6 and 
24 hours post-inoculation with Ae. A conditional gene co-expression network was constructed with publically available bioinformatics pipelines, 
GEMmaker and KINC . The network was then tested for functional enrichment and conditional expression patterns were tested for correlation to 
known experimental conditions such as treatment and ARR resistance levels. In the future, this co-expression network will be combined with 
GWAS analysis to identify specific genes, expression modules, and biomarkers for use in a marker assisted selection program to improve ARR 
resistance in lentil. 
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Genomic Selection for Nutritional Traits and Cooking Time in Common Bean (Phaseolus vulgaris L.) Using Genotyping By 
Sequencing 
Paulo Izquierdo1, Dennis Katuuramu1 and Karen Cichy2, (1)Michigan State University, East Lansing, MI, (2)Michigan State 
University & USDA-ARS, East Lansing, MI 
Common bean (Phaseolus vulgaris L) is an important source of minerals and proteins in the human diet. However, breeding for those traits is 
complicated due to it is some expensive quantify them. Another important trait that unfortunately has been considered secondary in common 
bean is the cooking time (CT). CT is very important in rural areas of Africa but this trait takes a lot of time and effort to quantify. In the present 
study, we describe the initial assessment of the predictive ability of a genomic selection model for cooking time, protein, and zinc concentration 
in 207 lines of the Andean diversity panel of common bean using single nucleotide polymorphism (SNP) markers identified by Genotyping by 
Sequencing. In overall, prediction accuracy increased when the training population size increase as well. The prediction accuracy ranged from 
0.31 (cooking time) to 0.55 (Zn concentration). Although the accuracies were not high, it is important to note that those accuracies were higher 
on the extreme phenotypes (top and bottom 10%), reaching prediction accuracies of 0.76 on Zn concentration. The above indicates that genomic 
selection has potential use in traits that have difficulties to be integrated routinely in common bean breeding programs due to the costs and/or 
efforts that are necessaries to quantify them. We conclude that genomic selection is a powerful tool to facilitate the germplasm selection for high 
concentration of zinc and protein in grain and to reduce the cooking time in common bean leading to more efficient and integral breeding 
programs. 
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Utilizing Dry Bean Breeding Populations in Genome Wide Association Studies  
Kristin J Simons1, Robin S Lamppa2, Albert J Vander Wal1, John P Posch1, Julie S Pasche2, Phillip McClean3 and Juan M. 
Osorno1, (1)North Dakota State University, Department of Plant Science, Fargo, ND, (2)North Dakota State University, Department 
of Plant Pathology, Fargo, ND, (3)North Dakota State University, Genomics and Bioinformatics Program, Fargo, ND 
Public breeding program efforts are often divided between breeding for selection/cultivar development and gene mapping and function. The ideal 
situation would combine both approaches using the same breeding material. Dry bean is uniquely suited for testing this hypothesis since two 
major gene pools, Andean and Middle American, and different market classes with different population structures are found within the same 
species and breeding program. Over 700 breeding lines from the North Dakota State University Dry Bean Breeding Program, in either 
preliminary or advanced breeding trials across both gene pools and 7 U.S. market classes, were genotyped using GBS. Phenotypic data for 
resistance to common bacterial blight (CBB) tested in the GH were used as the proof-of-concept trait. Also, field data for seed weight were used 
to further validate the use of breeding populations for GWAS. After filtering, over 30,000 and 40,000 SNP were produced in the Andean and 
Middle American gene pools, respectively. GWAS detected 14 regions (including SAP6 and SU91) associated with CBB resistance. However, 
only one new region was found in the Andean gene pool compared to four regions within the Middle American gene pool. Seven genomic 
regions associated with seed weight, two of which are new regions on chromosome 2, were found within the Middle American gene pool. 
Similar results have been found for other traits of agronomic importance. These results demonstrate the feasibility of using the same breeding 
crosses for both cultivar development and gene mapping. New markers developed will be highly applicable within the breeding program for 
marker assisted selection. 
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Genetic Analysis of Photoperiod Sensitivity in Common Bean 
Marta Santalla1, Jacqueline Vander Schoor2, Emily C. Perez-Wright2, Valérie F.G. Hecht2, Ana M. González1, Antonia Fernández-
Lozano3, Fernando Yuste-Lisbona3, Rafael Lozano3 and James L. Weller2, (1)Plant Genetics Development Group. Misión Biológica 
de Galicia (MBG)-Spanish National Research Council (CSIC), Pontevedra, Spain, (2)School of Plant Science, University of 
Tasmania, Hobart, Australia, (3)Departamento de Biología y Geología (Genética), Centro de Investigación en Biotecnología 
Agroalimentaria (BITAL), Almería, Spain 
Common bean (Phaseolus vulgaris L.) is an important grain legume domesticated independently in Mesoamerican and Andean South America 
approximately 8000 years ago. Wild forms are tropical facultative short-day legumes, and the prevalence of photoperiod insensitivity among the 
most widely cultivated beans indicates that day-neutrality is a recently acquired trait, most likely the result of selection pressure applied during 
domestication and more recent breeding efforts. In this study, we present a genetic analytical approach that harnesses the recent advances in 
genomics for the prediction of loss-of-function (LOF) mutations of domestication-related candidate genes. These results demonstrate the 
conserved importance of candidate genes in adaptation of this short-day legume species and help to focus breeding programs aimed at improving 
common bean productivity.  
Acknowledgements: This work was financially supported by the Ministerio de Ciencia, Innovación y Universidades (AGL2017-88174-R) and 
UE-FEDER Program. 
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Transcriptome Profiling Analysis Reveals Key Regulatory and Metabolic Pathways during Fruit Maturation of Common 
Bean 
Ana M. González1, Cristina Gómez-Martín2, Ricardo Lebrón2, Michael Hackenberg2, José L. Oliver2, Fernando Yuste-Lisbona3, 
Rafael Lozano3 and Marta Santalla1, (1)Plant Genetics Development Group. Misión Biológica de Galicia (MBG)-Spanish National 
Research Council (CSIC), Pontevedra, Spain, (2)Computational Epigenomics Lab, Evolutionary. Genomics and Bioinformatics 
Group. Dept. of Genetics, Inst. of Biotechnology, University of Granada., Granada, Spain, (3)Departamento de Biología y Geología 
(Genética), Centro de Investigación en Biotecnología Agroalimentaria (BITAL), Almería, Spain 



Common bean (Phaseolus vulgaris) is a major legume crop worldwide, providing a critical source of protein. Following the release of the 
common bean genome, have emerged several transcriptome projects comprising different developmental stages and environmental conditions. 
Nevertheless, the global transcriptional patterns of fruits during maturation remain unknown. Here, we used RNA-seq to compare immature and 
mature stages of pod development between two contrasting genotypes. Analysis of the differentially expressed genes (DEG) indicated that a 
large amount of the transcriptional programs operating during maturation are shared between both genotypes but also highlight important stage 
developmental differences, mainly involved in transmembrane transporter activity, carbohydrate metabolism and photosynthesis. These findings 
constitute a starting point for further characterization of the pod developmental process and help to focus breeding programs aimed at improving 
common bean quality and productivity.  
Acknowledgements: This work was financially supported by the Ministerio de Ciencia, Innovación y Universidades (AGL2014-51809-R, 
AGL2015-64991-C3-1-R, AGL2017-88702-C2-2-R and AGL2017-88174-R) and UE-FEDER Program. 
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Genetic Basis of Seed Size-Related Traits in the Two Major Gene Pools of Common Bean 
Atena Oladzadabbasabadi1, Maria G. Tobar-Pinon2, Alec Smasal3, Juan M. Osorno3 and Phillip McClean1, (1)North Dakota State 
University, Genomics and Bioinformatics Program, Fargo, ND, (2)Instituto de Ciencia y Tecnología Agrícolas (ICTA), Villa 
Nueva, Guatemala, (3)North Dakota State University, Department of Plant Science, Fargo, ND 
Seed size-related traits are very important for plant fitness, seed weight and subsequently, seed yield. Understanding the genetic and molecular 
mechanisms underlying seed size-related traits in common bean (Phaseolus vulgaris L.) will benefit marker-based breeding and open up new 
insights into the evolutionary history of the gene pools of common bean. We investigated the genetic basis of seed size-related traits on 664 
genotypes representing three Middle American races (Mesoamerican, Durango-Jalisco, Guatemala) and 278 genotypes representing three 
Andean races (Chile, Peru, Nueva Granada). The length (mm), width (mm) and height (mm) of five seeds for each genotype were measured with 
a digital caliper and Least Square Means (LSMeans) of each trait and size ratios (width/length, height/width and length/height) were calculated. 
The large scale SNP haplotype maps generated with genome-by-sequence (GBS). Approximately 280 million GBS reads for each gene pool were 
mapped against the most recent assembly of P. vulgaris genome sequence. Mesoamerican/Durango-Jalisco (n=265k SNPs), Guatemalan (n=104k 
SNPs), and Andean (n=211k SNPs) HapMaps were developed using gene pool specific SNPs. Multi-trait genome-wide association studies 
(GWAS) identified a cluster of SNPs with high LD at Pv02 (47.55-47.60 Mbp interval) associated with seed size-related traits in all panels. SNPs 
at this genomic region were mapped within or near six gene models. Two of these gene models, Phvul.002G307600 (encoding for a profilin 
protein) and Phvul.002G308100 (encoding for IQ-domain 26), have been known to be associated with many cellular process including cell and 
embryo development, respectively. Single trait GWAS analyses also discovered distinct genetic factors related to each seed size-related trait in 
different panels, which confirms that the parallel domestication event progressed using a different suite of genes within each gene pool. 
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Investigation of Pod Shattering in Common Bean 
Travis Allen Parker, UC Davis Department Of Plant Sciences, Davis, CA 
Pod shattering is critical for the survival of wild legumes, but has been strongly selected against during domestication. To date, the genetic 
factors that influence pod shattering have been poorly studied in common bean, a major legume for human consumption. Using QTL mapping, 
we identified a locus responsible for much of the variation in pod shattering in a recombinant inbred population. We then used Sanger 
sequencing to identify a polymorphism that may be causally responsible for this variation. Genome-wide association studies have confirmed the 
role of this locus in a larger population. Our results also indicate that pod shattering is related to eco-geographic race and local adaptation in 
common bean. 
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Genetic Associations and Conditionally Neutral Alleles from Three Decades of Multi-Environment Phenotyping Trials in 
Common Bean 
Alice H. MacQueen, University of Texas at Austin, Austin, TX, Jeffrey W. White, USDA-ARS, Maricopa, AZ, Phillip McClean, 
Dept of Plant Sciences, North Dakota State University, Fargo, ND and Tom Juenger, The University of Texas at Austin, Integrative 
Biology, Austin, TX 
Crop improvement programs expend considerable resources on multienvironment trials (METs) to generate phenotypic data. These data are 
impossible to duplicate for the sole purpose of genetic research and offer valuable insights into genetic change under strong artificial selection. 
The Cooperative Dry Bean Nursery (CDBN) is one such MET, grown at 75 locations over more than 30 years. Here we sequenced 327 varieties 
from the CDBN and established a genome-wide association mapping population which uses phenotypes from this MET. The multi-decadal 
nature of the CDBN allowed us to track the introduction and effects of candidate genomic regions associated with major phenotypic changes 
after the 1970s. We also conducted a joint analysis of QTL effects in multiple conditions using the R package mashr to test for and estimate 
effect sizes of QTL in a subset of locations. We report on the distribution of effect sizes of QTL across locations and discuss candidate genomic 
regions with conditional neutrality. A region on chromosome one (Pv01) was associated with five phenotypes related to vegetative or 
reproductive growth, and a region on Pv11 was associated with six disease phenotypes. The region on Pv01 included a novel candidate that may 
improve yield in the domesticated Andean gene pool by up to 16%. 
 
PE0780: Legumes, Soybean, Common Bean, and related 
Genetic Diversity of Snap Bean Germplasm from Brazil 
Jessica Delfini de Paula Iácono1, José dos Santos Neto2, Alison Fernando Nogueira2, Luriam A. B. Ribeiro2, Leandro S. A. 
Gonçalves3, Vania Moda-Cirino2 and Paul Gepts4, (1)Universidade Estadual de Londrina/ University of California, Davis, Davis, 
CA, (2)Instituto Agronômico do Paraná, Londrina, Brazil, (3)Universidade Estadual de Londrina, londrina, Brazil, (4)University of 
California, Davis, CA 



Brazil is the world’s largest common bean (Phaseolus vulgaris L.) producer, especially dry beans, as well the largest consumer. However, the 
demand for snap beans is increasing. Snap beans are a differentiated form of common bean; the final product for consumption is the stringless 
pod. They have social importance in the country, because they provide additional income for family farmers. A snap bean breeding program, 
specifically for Brazilian growing conditions, is urgently needed. The first step in this program is a genetic diversity analysis among 102 snap 
bean accessions from the Instituto Agronômico do Paraná - IAPAR - germplasm bank using AFLP and a comparison with 230 Brazilian dry 
beans accessions. We will compare the levels of genetic diversity of snap and dry beans. We will also show differentiation between climbing 
(most of the current cultivars) and determinate snap beans, since bush types have several advantages compared to climbing types. Finally, we 
will discuss future directions regarding sequencing, phenotypic screening, and genome-wide association studies. 
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Pathotype-Specificity of Angular Leaf Spot in Common Bean – Genome Wide Association Studies and Implication for 
Resistance Breeding in Latin America and Africa 
Michelle Maria Nay, ETH Zürich, Zürich, Switzerland, Bodo Raatz, International Center for Tropical Agriculture (CIAT), Cali, 
Colombia, Clare T. M. Mukankusi, International Centre for Tropical Agriculture (CIAT)-Uganda, Kampala, Uganda and Bruno 
Studer, ETH Zurich, Zurich, Switzerland 
Common bean (Phaseolus vulgaris L.) is an important food security crop because of its high protein level and affordable price. However, beans 
are frequently attacked by pests and diseases. One of the most devastating fungal bean diseases is angular leaf spot (ALS), responsible for yield 
losses of up to 80%.  
Although pathotype-specificity of ALS resistance has been reported in common bean, little is known about the efficiency of resistance loci 
against different pathotypes. Here we conducted GWAS for ALS resistance in a large diversity panel of common bean. Surprisingly, only two of 
the five previously described resistance loci were found to be significantly associated with ALS resistance when tested with pathotypes from 
Colombia and Uganda in the field and greenhouse. The resistance locus on chromosome 4 was effective against one particular pathotype, while 
the resistance locus on chromosome 8 was effective in all trials. The latter locus was further dissected to characterize the haplotype-specific 
effect on ALS resistance: Of the eleven haplotypes at this locus, one haplotype was conferring broad-spectrum resistance and six haplotypes 
were showing pathotype-specific effects.  
To the best of our knowledge, our study is the first to describe ALS resistance in such a diverse panel of common bean, tested with an extensive 
diversity of pathogen isolates on two continents. Our research also highlights the importance of understanding ALS pathotype-specificity to 
enable durable resistance management strategies for common bean. Molecular markers co-segregating with resistance loci or haplotypes will 
facilitate breeding for pathotype-specific ALS resistance. 
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Genomic Regions of Common Bean Associated with Resistance to Different Strains of Race 65 of Colletotrichum 
lindemuthianum 
Larissa Carvalha Costa1, Qijian Song2, Márcio E. Ferreira3 and Elaine Aparecida de Souza1, (1)Departament of Biology, 
Universidade Federal de Lavras, Minas Gerais, Brazil, (2)USDA-ARS, Soybean Genomics and Improvement Lab, Beltsville, MD, 
(3)Embrapa Recursos Genéticos e Biotecnologia, Genetics Lab, Brasília - DF, Brazil 
The development of cultivars resistant to Race 65 of Colletotrichum lindemuthianum is a major goal of common bean breeding programs. Little 
progress has been made toward this goal due to the high pathogenic variability of strains classified as Race 65. The objective of this study was to 
identify quantitive trait loci (QTL) controlling resistance to four strains of Race 65 in a diverse panel of 189 common bean accessions from the 
Germplasm Bank, Universidade Federal de Lavras, Brazil. Plants were evaluated for resistance to the strains in a randomized complete block 
design with three replicates. Each replicate consisted of five plants per genotype inoculated with a strain. The BARCBEAN6K_3 Illumina 
BeadChip was used to genotype the common bean accessions and the TASSEL software employed in genome-wide association analysis. High 
phenotypic variability of disease resistance to different Race 65 strains was observed, confirming the pathogenic variability of the four strains 
used in this study. Significant association of SNP marker loci with phenotype indicated that the genomic regions controlling resistance to Race 
65 varied according to the strains used for inoculation. A major QTL on Pv10 and QTLs at different positions of Pv04 have been mapped, 
suggesting that there are different loci conferring resistance to different strains of Race 65. A thorough evaluation and mapping of resistance loci 
is necessary in order to obtain common bean cultivars pyramided with genes for resistance to Race 65. 
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Genome Resources for Cowpea (Vigna unguiculata [L.] Walp) 
Maria Muñoz-Amatriain1, Stefano Lonardi2, Qihua Liang2, Shengqiang Shu3, Steve Wanamaker4, Sassoum Lo1, Alan H. Schulman5, 
Jaakko Tanskanen5, Tingting Zhu6, Ming-Cheng Luo6, Hind Alhakami2, Rachid Ounit2, Abid Md. Hasan2, Jerome Verdier7, Philip 
A. Roberts8, Jansen R. P. Santos8, Arsenio D. Ndeve8, Jaroslav Doležel9, Jan Vrána10, Samuel A. Hokin11, Andrew Farmer11, Steven 
B. Cannon12, Pei Xu13 and Timothy J. Close1, (1)Department of Botany & Plant Sciences, University of California Riverside, 
Riverside, CA, (2)Department of Computer Science & Engineering, University of California, Riverside, CA, (3)DOE Joint Genome 
Institute, Walnut Creek, CA, (4)Department of Botany & Plant Sciences, University of California, Riverside, CA, (5)Natural 
Resources Institute (Luke) & University of Helsinki, Helsinki, Finland, (6)Department of Plant Sciences, University of California, 
Davis, Davis, CA, (7)INRA Research Institute of Horticulture and Seeds (IRHS), Beaucouze, France, (8)Department of 
Nematology, University of California Riverside, Riverside, CA, (9)Institute of Experimental Botany, Olomouc, Czech Republic, 
(10)Institute of Experimental Botany, Centre of the Region Haná for Biotechnological and Agricultural Research, Olomouc, Czech 
Republic, (11)National Center for Genome Resources (NCGR), Santa Fe, NM, (12)USDA-ARS-CICGRU, Ames, IA, (13)Zhejiang 
Academy of Agricultural Sciences, Hangzhou, China 



Cowpea, Vigna unguiculata L. Walp, is a diploid warm-season legume with a genome size of ~600 Mb. Cowpea is the most important food-
protein crop for subsistence farmers in sub-Saharan Africa, and it is also widely grown in Latin America, South America, parts of Asia, Southern 
Europe and the United States. The Global Food Security Reauthorization Act of 2018 (H. R. 5129) identified twelve target countries, several of 
which are African nations that rely on cowpea. Current genome resources include a publicly available, annotated reference genome of the 
African variety “IT97K-499-35” accessible through Phytozome (phytozome.net) and the Legume Information System (legumeinfo.org), and an 
iSelect genotyping array for over 50,000 SNPs (Munoz et al. 2017). This reference genome (v1.0) was produced using PacBio sequencing (91x 
coverage) together with two BioNano optical maps and ten genetic maps containing 44,003 unique SNPs. The pseudomolecules contain 519.4 
Mb of superscaffold sequences. Sequencing of three additional genomes representing cowpea diversity has been completed using Chicago® plus 
Dovetail™ Hi-C, with three others in progress. 
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Developing a Rapid and Highly Efficient Cowpea Regeneration and Transformation System using Embryonic Axis Explants 
Ping Che, DuPont Pioneer, Johnston, IA and Shujun Chang, Marissa K. Simon, Marc C. Albertsen and Todd J. Jones 
Cowpea is one of the most important legume crops planted worldwide, especially in Sub-Saharan Africa and Asia. However, cowpea genetic 
improvement is limited due to inefficient in vitro shoot regeneration, Agrobacterium-mediated T-DNA delivery and transgenic selection. Here, 
we report a rapid and highly efficient in vitro shoot regeneration system using embryonic axis explants isolated from imbibed mature seeds. We 
find that removal of the shoot apical meristem by cutting through the middle of epicotyl stimulates direct multiple shoot organogenesis from the 
cotyledonary node (cot-node) tissue. Furthermore, the application of a ternary transformation vector system using an optimized pVIR accessory 
plasmid greatly increased Agrobacterium-mediated gene delivery. The utilization of chloroplast transit peptide (CTP)-SPCN as the selectable 
marker enables more efficient transgenic selection and plant recovery. Transgenic cowpea plantlets develop exclusively from the cot-nodes in 
less than 2 months, and at a high frequency up to 20%. 
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Orphan Genes Are Involved in Drought Adaptations and Ecoclimatic-Oriented Selections in Domesticated Cowpea 
Guojing Li1, Xinyi Wu1, Yaowen Hu1, Maria Muñoz-Amatriaín2, Jie Luo1, Ying Wang1, Xiaohua Wu1 and Pei Xu1, (1)Zhejiang 
Academy of Agricultural Sciences, Hangzhou, China, (2)University of California Riverside, Riverside, CA 
Orphan genes (OGs) are genes that are restricted to a single species or a particular taxonomic group. To date, little is known about the functions 
of OGs in domesticated crops. Here, we report our findings on OG-environmental adaptation relationships in cowpea (Vigna unguiculata). We 
identified 578 expressed cowpea OGs, of which 73.2% were predicted to be noncoding. Transcriptomic analyses revealed a strikingly high rate 
of OGs that were drought-inducible in roots only compared with conserved genes. Coexpression analysis further revealed the possible 
involvement of OGs in known stress response pathways. Overexpression of UP12_8740, a drought-inducible OG, conferred enhanced tolerance 
to osmotic stresses and soil drought. By combining Capture-Seq and fluorescence-based Kompetitive allele-specific PCR (KASP), we efficiently 
genotyped SNPs on OGs across a 223-line cowpea germplasm collection. Population genomic parameters, including PIC, He, pi, and Tajima’s D 
statistics, that were calculated based on these SNPs showed distinct signatures between the grain- and vegetable-type subpopulations of cowpea. 
This work reinforces that OGs are a valuable resource for identifying new genes related to species-characteristic environmental adaptations and 
fosters new insight that artificial selections on OGs might have contributed to balancing the adaptive and agronomic traits in domesticated crops 
in various eco-climatic conditions. 
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Phenotypic Evaluation and Mapping Genomic Regions for Yield and Phosphorus Use Efficiency in Cowpea 
Mohammed B. Saba1, Muhammad F. Ishiyaku2, Muhammad L. Umar2, P. B. Tongoona1, Vernon Gracen3 and Daniel D 
Dzidzienyo1, (1)West Africa Centre for Crop Improvement, Accra, Ghana, (2)Institute for Agricultural Research Ahmadu Bello 
University, Zaria, Nigeria, (3)Department of Plant breeding and Genetics, Cornell University,, Ithaca, NY 
Cowpea (Vigna unguiculata (L.) Walp) is a protein rich grain legume providing food, fodder and income for all its value chain stakeholders. 
Poor soil fertility especially low available phosphorus (P), the most critical nutrient after nitrogen is common in growing areas of the tropics. 
Improving cowpea for its ability to yield well under low-P soil and optimum soil P conditions appears to be more sustainable and cost effective 
than resorting to high use of phosphate fertilizer, which add to the cost of production and pose threat to environment. In this study, marker-traits 
associations were performed to map genomic loci and SNP markers associated with P use and uptake efficiency in cowpea using 132 
recombinant inbred lines and 14, 660 SNP markers. RIL lines were grown on low and high P field soils and P use efficiency traits and grain yield 
were determined. Significant QTLs associated with P use efficiency under low and high P conditions were identified on seven of the 11 
chromosomes of cowpea. This study lays foundation for molecular breeding of cowpea for development of P efficient varieties. 
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Ghanaian Consumer Preferences in Cowpea (Vigna unguiculata [L.] Walp) 
Ira A. Herniter, Department of Botany & Plant Sciences, University of California - Riverside, Riverside, CA, Zhenyu Jia, 
University of California, Riverside, CA and Francis Kusi, CSIR - Savanna Agricultural Research Institute, Tamale, Ghana 
Cowpea (Vigna unguiculata [L.] Walp) is a major source of calories in sub-Saharan Africa. Ghana is a major producer of cowpea, outputting 
206,378 metric tonnes in 2016. The vast majority of cowpea is produced by smallholder farmers, mostly in the north of the country. Farmers sell 
to merchants based in towns, who in turn sell to petty market vendors who sell to consumers. In marketplaces 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. In order for breeders to 
develop new varieties which will be taken up by the population it is necessary to determine what traits people prefer. Previous studies along these 
lines have examined various countries or parts thereof in West Africa, including portions of Ghana. However, no study as of yet has examined 
the whole of the country. 
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A Survey on Farmers’ Production Constraints, Perceptions and Preferences of Cowpeas in Buhera District, Zimbabwe 
Gabriel Vusanimuzi Nkomo1, S Moosa1 and Maletsema Alina Mofokeng2, (1)Central University of Technology, Bloemfontein, 
South Africa, (2)Agricultural Research Council-Grain Crops, Potchefstroom, South Africa 
A survey was carried out to assess the farmers’ production constraints and traits and types of varieties of cowpeas that they prefer. A semi 
structured questionnaire was used in the survey in Buhera District in Zimbabwe March and April of 2018. Women farmers dominated the survey 
as they were 52 % of the surveyed population and men occupied 48% of the total population. All participants concurred that cowpeas were used 
for domestic consumption first. Eighty three per cent of farmers cited shortage, unavailabity and cost of fertilizer, 16% of farmers acknowledged 
that they do not have access to quality seed and 1% cited labour as the major constraint in cowpea production. In field production of cowpeas 
81% of farmers cited aphids, 3% thrips, 3% legume borer and 2% pod borer as the main pests. The other 11% of interviewed farmers were not 
able to positively identify field pests. Yield from 100 to 500kg however 48% of farmers harvested 200kg.In production and storage 91% of 
farmers’ ranked rust as the major disease, 2% storage rots, 1% anthracnose and 1% downy mildew. In storage, weevils were a major challenge on 
stored grain. farmers preferred the sweet types of cowpeas for consumption and only 1% had no particular choice. On variety preference 99% of 
farmers agreed that they needed high yielding varieties per unit area and only 1% was not quite sure. Fifty two per cent of farmers preferred 
varieties that are resistant to diseases such as rust while 48% did not consider diseases as of paramount importance. On grain size 56% of farmers 
were not worried about the size of the grain while 44% preferred bigger cowpea grains. A paltry 2% of farmers were interested in large pod size 
while 98% did not regard it as important. Thirteen per cent of farmers were interested in climbing varieties while 87% preferred high grain yield 
as of utmost importance. Three per cent of farmers preferred cowpeas with plenty of biomass for livestock feed while 97% were mainly 
concerned with grain yield. The level of education of the farmers varied from 58% secondary, 28 % primary and 14% tertiary. Fourty nine per 
cent of farmers had total plot size of 2 hectares,7% had 3 hectares and above while 1% had 4 hectares and above. Constraints to cowpea farming 
identified included insect pests, diseases, drought, weeds and harvesting difficulties. The survey showed that there is a need to breed for both 
biotic and abiotic factors such as drought and moisture stress as well as against pests and diseases.  
Key words: abiotic, anthracnose, biotic, pod borer, pod shape and pod size 
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Using Genomics Tools to Improve Cowpea for High Yield and Stress Resilience in Uganda 
Isaac Onziga Dramadri1, Patrick O Ongom2, Bruno Awio2, Sadik Kassim3, Zwenhamo Albert Chiteka2, Paul T Gibson2 and 
Richard Edema1, (1)Makerere University Regional Centre for Crop Improvement, Kampala, Uganda, (2)Makerere University, 
Kampala, Uganda, (3)National Agricultural Research Organization, Kampala, Uganda 
Cowpea (Vigna unguiculata L. Walp.) is native to Africa and one of the most important grain legumes consumed in sub-Saharan African (SSA) 
and developing world. In Uganda, cowpea grain, fresh pods, and leaves contribute significantly to food and nutritional security, income and soil 
fertility enhancement of small-scale farmers especially in the semi-arid regions. To increase genetic gain for yield and resilience to abiotic and 
biotic stress, while addressing farmer/consumer preferred attributes and the potential of developing value-added product lines. The program has 
assembled a diverse germplasm base consisting of 250 local and exotic lines, 384 lines representing the diversity in a large global collection, and 
260 Cowpea Multiparent Advanced Generation Intercross (MAGIC) population. The mini-core and MAGIC populations, fully genotyped with 
47K SNP’s have been provided by the cowpea breeding program at University of California-Riverside, in cooperation with IITA, Nigeria. 
Marker discovery and validation supports genomic-informed breeding. The program has placed 15 pre-release lines in the national performance 
trails in collaboration with the Uganda national cowpea-breeding program (at NaSARRI). Over 1000 derived lines (F6) are in testing from elite 
by elite crosses for various traits. These unique and diverse genetic materials and genomic tools provide excellent opportunity for development of 
improved varieties.  
Keywords: Cowpea (Vigna unguiculata L. Walp.), genomics tools, stress resilience, germplasm enhancement. 
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Mung Bean (Vigna radiata) Breeding Efforts at Iowa State University 
Kulbir Sandhu, Iowa State University, Ames, IA 
Iowa’s agriculture is dominated by two major crops, corn and soybean, which are mainly used primarily as a feed source although soybean serves 
a dual purpose: source of protein for livestock feed and oil. The combination of market requirements and various diversification drivers such as 
sustainable agriculture and food security necessitate the introduction of new specialty crops that will complement corn, soybean and cover crops. 
It will also be essential that the new specialty crop works within the farm infrastructure for equipment’s, chemicals, inputs and storage while 
bringing complimentary marketing prospects. The warm season legume crops belong to the genus Vigna fits the above description. There are two 
major Vigna species, radiata (Mung bean) and mungo (urd bean). Mung beans are fast growing (90-115 days) summer food grain crop which 
gives farmer an option of an alternative crop in their production system. It can be a part of double cropping, stand-alone full season crop in case 
of early crop failure, high value cash crop, or a special cover crop. The main objectives of the Iowa State University Mung Bean breeding 
program are: (1) large scale phenotypic screening of the USDA germplasm collection for identification mung and urd bean accessions suitable 
for the mid-western US states, primarily Iowa (2) characterize important production and morphological traits in the Iowa growing conditions, (3) 
initiate a plant breeding program that will include important traits for eventual marker based selection and generating insights. 
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Identification of Seed Sized Related QTLs of Mungbean 
Jun Hee Jung1, Eunsoo Lee1 and Suk-Ha Lee2, (1)Seoul National University, Seoul, South Korea, (2)Department of Plant Science, 
Seoul, South Korea 
Mungbean, Vigna radiata (L.) R. Wilczek, is an agriculturally important crop providing essential nutrients to many people across the world. 
Various aspects of seed traits can affect the yield including seed length, hundred seed weight or seeds per pod. We have selected two accessions 
Seonhwanogdu, VC1973A, and Kyung-Ki Jaerae #5, V2984 to compare their phenotype. V2984 is a Korean landrace that has several traits that 



requires improvements compared to elite cultivars such as VC1973A. The traits measured for the comparison of two accession were seed length, 
seed width and seed thickness, seeds per pod, and 100 seeds weight. We found that VC1973A had statistically significantly longer seed and 
heavier 100 seeds weight than V2984. On the other hand, V2984 had more seeds per pod than VC1973A. We measured the previously 
mentioned traits on 187 recombinant inbred lines to discover QTL region regulating various seed related traits. Using 187 RIL population and 
genetic map consisting of 1,321 SNP markers and further 672 SNP markers, we found QTL regions involved in various seed traits. The study, in 
addition to our previous findings, can further our current understanding of genetic factors inflicting seed traits and can aid breeding cultivars to 
increase the yield potential of mungbean plant. 
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Genomics of Salt Tolerance in Wild Species of the Genus Vigna 
Ken Naito, National Agriculture and Food Research Organization, Tsukuba, Japan 
The genus Vigna comprise several important legume crops such as cowpea (V. unguiculata), mung bean (V. radiata), black gram (V. mungo) and 
azuki bean (V. angularis). In addition to those, bambara ground nut (V. subterrania) is increasing its cultivation areas because of its drought 
tolerance. Other domesticated species are local crops but tuber cowpea (V. vexillata) is interesting because it makes not only seeds but tubers, 
which reminds us of “pomato.”  
However, the most important feature of this genus is the diversity of wild species. Vigna species are widespread throughout the tropics and 
subtropics, including harsh environments such as marine beach, limestone karsts, deserts and swamps. As such, though not being well-studied, 
the wild Vigna species are a reservoir of genes for tolerance to biotic and abiotic stresses.  
Currently we have been focusing on salt tolerance, because it is an important issue but no salt tolerant crops have been realized. To unveil the salt 
tolerance of wild Vigna species, we started by sequencing the whole genomes of some wild species. We also performed bi-parental crosses to 
identify genetic loci involved in salt tolerance. In addition, we use transcriptome analyses and some imaging techniques to fully understand the 
mechanisms of salt tolerance in the wild. 
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Diversity, Heteroplasmy and Inheritance of Chloroplasts in Marama Bean (Tylosema esculentum) 
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. Comparisons of the 
chloroplast genome from 86 different individuals representing diverse germplasm has identified a series of polymorphisms. Some of these 
polymorphisms show heteroplasmy, with 2 bases present at particular sites. Most of the heteroplasmic sites have the same ratio of the two 
alternatives, indicating that marama may harbor two different chloroplast genomes. Surveying specific sites in progeny from individuals showed 
that the ratio of the different chloroplast genomes did not directly represent the maternal parent. The inheritance was consistent with the presence 
of two different chloroplasts which segregated randomly. The occurrence of different chloroplasts within a single individual is therefore also 
consistent with biparental inheritance of the chloroplasts in marama. 
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Nodulation Genes of Chickpea (Cicer arietinum L.) 
Phoebe N. Calica, Davao Doctors College, Davao, Philippines 
Chickpea (Cicer arietinum) is the second most widely grown legume in the world. Climate change along with the incidence of fungal diseases is 
affecting the production and yield. The nodulation and associated nitrogen fixation ability of chickpea are critical parameters for crop yield and 
sustainability. The nodulation ability of legumes is controlled by an internal autoregulation of nodulation (AON) mechanism. Comparative 
genomic approaches were used in this study to identify the central components in the AON pathway of chickpea. This includes the identification 
of CaNARK, which encodes a LRR receptor kinase that acts to regulate root nodule numbers. Furthermore, CLE peptide genes (CaRIC1, 
CaRIC2 and CaNIC1), CaRND1, CaRDN2, CaRDN3, CamiRNA172, CaNNC1, CaNOD40 and CaNFR1/5 were identified. CLE and other 
nodulation genes found were orthologs of Medicago truncatula nodulation genes. Expression of all nodulation genes was confirmed by 
inoculating Cicer arietinum plants with Mesorhizobium ciceri. 
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Optimization of Genomic Selection Implementation in an Inbred Annual Breeding Program 
Nicholas Santantonio and Kelly Robbins, Cornell University, Ithaca, NY 
Genomic selection (GS) is a new technology that promises to increase the rate of genetic gain through selection of unobserved individuals. This 
is particularly appealing to breeders of populations that are expensive to phenotype, have long generation times or are otherwise difficult to select 
on. GS enabled rapid cycling is billed as the primary driver for increased genetic gain, yet the use of genome wide markers has many other direct 
applications in a plant breeding program. In inbred annual breeding programs, a few genetically superior individuals must be identified for 
release as varieties regularly while population improvement happens on a longer time scale. Genome wide markers have been shown to aid in 
prediction of correlated traits, such as performance in correlated environments. Using GS to predict correlated traits may limit the number of 
replications, traits measured, or the number of evaluation environments, allowing for an increase in the total number of lines under consideration 
for release. For example, highly heritable traits that are easy to measured in earlier generations or on single plants may be used to increase the 
accuracy of and select on correlated, but less heritable or expensive traits. However, it is unclear at how and when this should be implemented in 
the breeding program for maximizing the probability of obtaining good individuals. Using genetic parameters estimated from an ICRISAT 



chickpea population, we design a simulation to determine the most effective strategies for implementation of genome wide information into the 
breeding program. We also provide results and an update on the routine implementation of genomic selection into an inbred annual breeding 
program. 
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Interspecific Cicer Transcriptome Divergence Under Drought Stress 
Susan M Moenga, Yunpeng Gai and Douglas R Cook, University of California-Davis, Davis, CA 
Cicer arietinum, cultivated chickpea has over 100-fold less genetic variation relative to its immediate wild progenitor, Cicer reticulatum, with the 
excess variants potentially contributing to divergent, adaptive responses to drought, the most limiting stress to chickpea production, globally. We 
characterized drought response strategies in wild and cultivated chickpea with their associated transcriptome profiles. Two C. 
reticulatumaccessions, Savur_063 and Kalkan_064 and two cultivars with contrasting water-use strategies, ICC14778 (drought tolerant) and 
ICC8058 (drought sensitive) were assayed for early physiological and transcriptional responses to mild and severe drought. After four weeks at 
80% available soil water (ASW), each accession was subjected to either mild (40% ASW), severe drought stress (20% ASW) or maintained at 
80% ASW as non-stressed controls. Both wild accessions were more conservative in water use as inferred from both temporal and cumulative 
transpiration under both stress and non-stress conditions. To identify the specific genes and underlying networks that are perturbed under drought 
stress, RNAseq libraries from leaf RNA at 1 week after stress imposition were prepared for single read sequencing on Hiseq4000. Transcript 
abundance, differential gene expression and gene expression correlation was inferred using various tools such as EdgeR, Noiseq, maSigPro and 
WCGNA following mapping to the Kabuli v.2, C. arietinum reference genome. Global expression profile clusters under mild and severe drought 
stress were distinct between the two Cicer species as well as among accessions as inferred from RNAseq. Among other processes, ABA 
synthesis and metabolism, peroxidase-mediated ROS scavenging and DNA repair were up-regulated while cellular growth was down-regulated 
in all four accessions. Apyrases, known to positively regulate stomatal opening were found to be downregulated in Savur_063, Kalkan_064 and 
the tolerant ICC14778 potentially contributing to reduced water loss. Specific pathways in lipid and secondary metabolism were up-regulated in 
wild accessions only. Accession-specific gene modules corresponding to increasing stress severity, and associated hub genes were also identified 
for functional association. 
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The Genetic Basis of the Divaricating Woody Plant Architecture: QTL Mapping in Sophora (Fabaceae) 
Vaughan Symonds, Institute of Fundamental Science, Massey University, Palmerston North, New Zealand 
Understanding the origins and transitions of organismal form remain central foci of modern evolutionary biology; however, for particular groups, 
e.g. woody plants, we know little about the molecular genetic changes responsible for transitions in growth form. In New Zealand, ~10% of 
woody plant species have independently evolved from a tree form to a dramatically intertwined shrubby form known as “divaricating”. Despite 
its prevalence, nothing is known about the genetic origins of this growth form. Utilising segregating F2 populations developed from interspecific 
crosses between Sophora prostrata (open tree form) and S. tetraptera (densely shrubby divaricate form), we have developed the first molecular 
markers and linkage maps for the group. Phenotype data for 10 traits that combine to yield the divaricating form were collected and used for 
QTL mapping. Our results provide the first insights into the genetic basis of the evolutionary shift between two dramatically different woody 
plant architectures.  
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Tracking of Wild Allele Introgressions in a Peanut Chromosome Segment Substitution Line Population Using High 
Throughput Phenotyping 
Davis M. Gimode1, Ye Chu2, Soraya Bertioli3, David Bertioli3, Corley Holbrook4, Josh Clevenger5, Daniel Fonceka6, Wesley 
Porter7 and Peggy Ozias-Akins8, (1)Institute of Plant Breeding, Genetics and Genomics, University of Georgia, Tifton, GA, 
(2)Department of Horticulture, University of Georgia, Tifton, GA, (3)Center for Applied Genetic Technologies, University of 
Georgia, Athens, GA, (4)United States Department of Agriculture - Agricultural Research Service, Tifton, GA, (5)Mars Wrigley 
Confectionery, Athens, GA, (6)CERAAS, Thies, Senegal, (7)Crop and Soil Sciences, University of Georgia, Tifton, GA, 
(8)University of Georgia, Tifton, GA 
Currently, high throughput genomics aided breeding is being tested in peanut research. This has been facilitated by the recent development of 
high quality genomic resources, a phenomenal feat considering the genetic heritage of cultivated peanut. Its recent polyploidization, self-
pollinating breeding system, and domestication bottleneck have resulted in a crop with reduced diversity. To harness polymorphism from its wild 
relatives, a chromosome segment substitution line (CSSL) population was created via the tetraploid route to interspecific hybridization. The 58K 
peanut Affymetrix SNP chip was used to characterize the genetic makeup of the population. To associate the genotypic differences with specific 
traits, phenotype data was manually collected in 2017. In 2018, field based high throughput phenotyping (HTP) techniques were deployed to 
alleviate some of the drawbacks of manual phenotyping such as labor and time intensiveness. Sensors mounted on an unmanned aerial vehicle 
(UAV) were used to acquire data on normalized difference vegetative indices (NDVI), canopy temperature and canopy dimensions. A 
combination of aerial imaging and manual scoring showed that CSSL 100, CSSL 84, CSSL 111 and CSSL 15 were potentially resistant to 
tomato spotted wilt virus (TSWV), a devastating disease in South Georgia. Using a CSSL population, this study has enabled us to propose that 
chromosome segments from peanut wild relatives may be a potential source of TSWV resistance in the cultivated genetic background. 
 
PO0799: Legumes, Soybean, Common Bean, and related 
Evaluation of Linkage Disequilibrium, Population Structure, and Genetic Diversity in the U.S. Peanut Mini Core Collection 
Paul I. Otyama1, Andrew Wilkey2, Roshan Kulkarni1, Teshale Mamo3, Ye Chu4, Josh Clevenger5, Dan O. Connor6, Graeme 
Wright6, Stanley W. Dezern7, Greagory MacDonald8, Noelle Anglin9, Ethalinda Cannon10, Peggy Ozias-Akins11 and Steven B. 
Cannon2, (1)Iowa State University, Ames, IA, (2)USDA-ARS-CICGRU, Ames, IA, (3)ORISE Fellow, USDA- Agricultural 
Research Service, Corn Insects and Crop Genetics Research Unit, Ames, IA, 50011, USA,, Ames, IA, (4)Department of 



Horticulture, University of Georgia, Tifton, GA, (5)Mars Wrigley Confectionery, Athens, GA, (6)Peanut Company of Australia, 
Kingaroy, Australia, (7)University of Florida, Gainesville, Gainesville, FL, (8)University of Florida, Gainsville, FL, (9)International 
Potato Center, Lima, Peru, (10)Corn Insects and Crop Genetics Research Unit, USDA-ARS, Ames, IA, (11)University of Georgia, 
Tifton, GA 
Due to the recent domestication of peanut from a single tetraploidization event, relatively little genetic diversity underlies the extensive 
morphological and agronomic diversity in peanut cultivars today. To broaden the genetic variation in future breeding programs, it is necessary to 
characterize germplasm accessions for new sources of variation and to leverage the power of genome-wide association studies (GWAS) to 
discover markers associated with traits of interest. We report an analysis of linkage disequilibrium (LD), population structure, and genetic 
diversity, and examine the ability of GWA to infer marker-trait associations in the U.S. peanut mini core collection genotyped with a 58,000 SNP 
array.  
LD persists over long distances in the collection, decaying to r2= half decay distance at 3.78 Mb. Structure within the collection is best explained 
when separated into four or five groupings (K = 4 and K = 5). At K = 4 and 5, accessions loosely clustered according to market type and 
subspecies, though with numerous exceptions. Out of 107 accessions, 43 clustered in correspondence to the main market type subgroup whereas 
34 did not. The remaining 30 accessions had either missing data or were classified as mixed. Phylogenetic network analysis also clustered 
accessions into approximately five groups based on their genotypes, with loose correspondence to subspecies and market class.  
Genome wide association analysis was performed on these lines for 12 seed quality traits. Significant marker associations were identified for 
arachidic and behenic fatty acid compositions, which despite having low bioavailability in peanut, have been reported to raise cholesterol levels 
in humans. Other traits such as blanchability showed consistent associations in multiple tests, with plausible candidate genes. Based on GWA, 
population structure as well as additional simulation results, we find that the primary limitations of this collection for GWA studies are 
population size and significant remaining structure. These results can be used to improve GWA results in future studies. 
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Characterization of Dehydrins in the Fabaceae Family Reveals a Wild Arachis Novel Gene Antagonist in Its Response to 
Abiotic and Biotic Stresses 
Ana Zotta Mota1, Thaís N Oliveira2, Christina C. Vinson3, Thomas C. R. Williams3, Marcos M. C. Costa4, Ana C. G. Araujo5, 
Etienne Danchin6, Maria F. Grossi de Sa7, Patricia M. Guimarães8 and Ana C. M. Brasileiro9, (1)EMBRAPA, BRASILIA, Brazil, 
(2)Embrapa, Brasilia, Brazil, (3)Universidade de Brasilia, Brasilia, Brazil, (4)Embrapa Recursos Genéticos e Biotecnologia, 
Brasília, Brazil, (5)EMBRAPA, Brasilia, Brazil, (6)INRA, Antibes, France, (7)Embrapa Genetic Resources and Biotechnology, 
Brasília, Brazil, (8)Embrapa Recursos Genéticos e Biotecnologia, Brasilia, Brazil, (9)EMBRAPA Recursos Genéticos e 
Biotecnologia, Brasília, DF, Brazil 
Dehydrins (DNH) belong to the LEA (Late Embryogenesis Abundant) protein family and are involved in the response to several abiotic stresses. 
The presence and organization of three conserved segments (K-, Y-, and S-segments) allowed the division of DHN proteins into five groups 
YnSKn, Kn, SKn, YnKn, and KnS. In the present study, the DHN protein family was characterized in eight Fabaceae species through molecular 
phylogeny, exon/intron organization, protein structure and tissue-specificity expression. A total of 20 DHN genes were identified in these 
species, encompassing three out of the five subclasses (YnSKn, SKn, and Kn) and sharing a similar gene organization and protein structure. The in 
silico expression analysis of DHN genes in Arachis duranensis, A. ipaënsis, Glycine max and Medicago truncatula revealed that their tissue-
specific regulation is related to the presence/absence of the Y-segment. The overexpression of the AdDHN1, isolated from A. duranensis in 
Arabidopsis thaliana plants conferred an improved tolerance to abiotic stresses (freezing and drought), but also an increased susceptibility to the 
root-knot nematode Meloidogyne incognita compared with the WT plants. These results indicated that AdDHN1 could play an antagonist role in 
the responses to both abiotic and biotic stresses through an antagonist crosstalk between abscisic acid and jasmonic acid signaling pathways. 
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Genetic Diversity of Groundnut Genotypes Based on SSR Markers 
Olivia Chipeta, African Centre for Crop Improvement, University of KwaZulu-Natal, Pietermaritzburg, South Africa, Maletsema 
Alina Mofokeng, Agricultural Research Council-Grain Crops, Potchefstroom, South Africa, Julia Sibiya, School of Agricultural, 
Earth & Environmental Sciences, University of KwaZulu-Natal, Pietermaritzburg, South Africa and Amelework Assefa, 
Agricultural Research Council-Vegetable and Ornamental PLants, Pretoria, South Africa 
Groundnut is one of the most important oil crops grown worldwide for human and animal consumption. It is a good source of oil and protein. 
Knowledge of genetic diversity among the genotypes is essential for genetic conservation and breeding. The objective of the study was to assess 
the presence of genetic diversity among fifty-four groundnut genotypes maintained in the Agricultural Research Council-Grain Crops using SSR 
markers. The groundnut genotypes were planted in a field in Potchefstroom, North West Province, South Africa, in 2016/17 growing season and 
young leaves were harvested at seedling stage for analysis. Extracted DNA was primed with twenty SSR primers and amplified through PCR. 
Polymorphic index content (PIC) values were calculated for each marker. The dendrogram was constructed on the basis of allelic data from 
twenty SSR markers across the selected genotypes. The PIC ranged between 0.32 and 0.89 with an average mean of 0.71. The allele number 
ranged between 3 and 15 per locus (mean = 8.10). The major allele frequency ranged between 0.16 and 0.82 (mean = 0.35). Gene diversity 
ranged between 0.32 and 0.9 (mean = 0.75). Heterozygosity across most loci’s ranged between 0.03 and 1.00 (mean = 0.57). Cluster analysis 
based on the pooled data from both genomic and genic SSRs revealed a dendrogram, which could distinguish all the genotypes. The genotypes 
from Southern Africa and other countries were clustered into two groups. There was vast genetic diversity among the genotypes tested, which 
will be essential for conservation and breeding purposes of groundnut. 
 
PE0802: Legumes, Soybean, Common Bean, and related 
Identification of a Major QTL on Chromosome A01 Associated with Resistance to Tomato Spotted Wilt Virus (TSWV) in 
Peanut 



Gaurav Agarwal1, Josh Clevenger2, Sandip M Kale3, Hui Wang1, Manish K Pandey3, Albert Culbreath1, Rajeev K Varshney3 and 
Baozhu Guo1, (1)University of Georgia, Tifton, GA, (2)Mars Wrigley Confectionery, Athens, GA, (3)ICRISAT, Hyderabad, India 
Peanut cultivars released in recent years are vital to have some levels of resistance to Tomato spotted wilt virus (TSWV). A recombinant inbred 
line (RIL) mapping population derived from the cross of SunOleic 97R and NC94022(best resistance to TSWV in the field), was used in this 
study to identify the QTLs associated with the resistance. Whole genome re-sequencing was performed on the parents and 140 RILs. A genetic 
linkage bin-map was constructed, containing 5,816 bins and 20 linkage groups, which represented 11,106 single nucleotide polymorphism (SNP) 
markers. Using this bin-map, we identified three QTLs associated with resistance to TSWV, which were all on chromosome A01. One QTL with 
the largest contribution of 36.51% to the phenotypic variation was within physical distance of 89.5 Kb. This genome region harbors a cluster of 
genes coding for chitinase family protein, strictosidine synthase-like protein, and LRR receptor kinase. SNPs associated with this QTL were used 
to develop KASP markers, and the validated KASP markers can be deployed in breeding programs. The use of WGRS based bin mapping 
approach in crops with complex genomes like peanut can allow for the fine mapping of quantitative traits like disease resistance as this study 
demonstrates. Identifying resistance gene-rich regions with high resolution also allows for potential map-based cloning and development of 
selectable markers for use in disease resistance breeding. 
 
PO0803: Legumes, Soybean, Common Bean, and related 
Evaluation and Utilization of DNA "Barcodes" to Enhance the Efficacy of Clover Species Identification  
Courtney Van Laten, Mariana Olivencia, Mohammed Abourahma, Malik Abdeljaber, Mohammad Salah, Ereni Kourkouvis, 
Michelangelo Gualandri, Reema Martini and Howard M. Laten, Loyola University Chicago, Chicago, IL 
Accurate identification and cataloging of plant genomic resources are essential for agronomy management, genetic diversity characterizations, 
and phylogenetic analyses. Expert collectors and seed bank staff and curators do their best to attain high levels of accuracy and reliability, but 
some ambiguities are inevitable. At least 16 clover species are actively cultivated worldwide and synthetic hybrids with enhanced growth 
characteristics and greater environmental tolerances have been sought for many years. An extensive phylogenetic study of the genus Trifolium, 
based on the DNA sequences of two “barcode” regions (nuclear ribosomal DNA internal transcribed spacer (ITS) and chloroplast trnL intron 
sequences) from single accessions representing 218 species, was published in 2006. Inter-species variation in these regions was sufficient to fully 
resolve closely related species and subspecies in this and in a second, smaller 2006 study. We amplified and sequenced the nuclear ITS, the 
chloroplast trnL intron, and a commonly amplified region of chloroplast matK from over 100 additional clover accessions from the USDA 
germplasm collection in order to add DNA sequence data to features evaluated for species determination. In addition to providing valuable data 
on specimens without species designations, we found a small number of possibly mislabeled accessions and discovered a fair number of 
accessions with two or more previously unreported polymorphisms within the ITS of rDNA arrays, reflecting incomplete concerted evolution. 
We also found several instances of intra-species variation. Although we are using a low throughput protocol, the project is ideally suited for an 
undergraduate research environment with modest resources. 
 
PE0804: Legumes, Soybean, Common Bean, and related 
Towards Genomic Selection for Improving Yield and Persistence in White Clover 
Grace O. Ehoche1,2, M. Z. Zulfi Jahufer1, Andrew G. Griffiths3, Jennifer A Tate2, Peter J. Lockhart2, Greig Cousins4, Jessica 
O'Connor1, Sai Krishna Arojju5, Anna Larking1, Ruy Jauregui1 and Brent A. Barrett6, (1)AgResearch Grasslands, Palmerston North, 
New Zealand, (2)Massey University, Palmerston North, New Zealand, (3)AgResearch, Palmerston North, New Zealand, (4)PGG-
Wrightson Seeds, Palmerston North, New Zealand, (5)AgResearch Grasslands Research Centre, Palmerston North, New Zealand, 
(6)AgResearch, Grasslands Research Centre, Palmerston North, New Zealand 
White clover (Trifolium repens L.) is an important forage legume in temperate grasslands and improved pastures, providing quality feed and 
plant-available nitrogen. Cultivar development is complex, involving selecting among heterozygous parental candidates within heterogeneous 
populations. Genomic Selection (GS) uses a statistical model developed with genotypic and phenotypic information from a training population to 
predict the breeding value of individuals. Compared to typically implemented white clover breeding strategies, GS may enable earlier and more 
accurate selection of parents with high breeding values and access variation within and among families.  
Using Residual Maximum Likelihood analysis, 200 white clover half-sib (HS) families were assessed in two environments for a simple trait 
implicated in persistence, hydrocyanic acid content (HCN); and a complex trait, dry matter yield (DMY), using first year results from an ongoing 
four-year trial. First year data show significant (P<0.05) additive genetic variation for both traits. Family mean narrow-sense heritability was 
high for HCN content (0.82) and moderate for DMY (0.43). There was no correlation between HCN and DMY. Using genotyping-by-
sequencing, 110,000 SNP markers were identified and used to fit a KGD-GBLUP (Dodds et al. BMC Genomics 2015 16:1047) genomic 
prediction model. Prediction accuracy using first year data, assessed by cross-validation, was 0.11 for DMY and 0.38 for HCN. Our ongoing 
hypothesis is that multi-year data will improve DMY prediction accuracy. We’re testing this hypothesis within a wider continuing project 
comparing response to selection via GS relative and traditional breeding methodologies in ryegrass and white clover, to help inform future 
breeding strategies in forages. 
 
PO0805: Legumes, Soybean, Common Bean, and related 
Cercis: A Non-Polyploid Genomic Relic within the Generally Polyploid Legume Family 
Jacob Scott Stai, Iowa State University, Ames, IA and Steven Cannon, USDA–Agricultural Research Service, Corn Insects and 
Crop Genetics Research Unit, Ames, IA 
Based on genome sequences for more than a dozen diverse legume species, we conclude that there is a plausible model for the “ur-legume 
genome” in the genus Cercis. The genome of Cercis canadensis lacks evidence for any polyploidy events known or hypothesized to have 
occurred within legumes. Earlier reports indicate that a duplication occurred early in the Caesalpinioideae clade, and another is inferred just 
preceding the Papilionoid radiation. We also infer an early duplication within the Cercidoideae – though not affecting Cercis itself. There is 
evidence for a genome duplication early in Bauhinia, which we argue is likely due to allotetraploidy involving the Cercis progenitor and another 



other diploid species that existed at the time of the polyploidy event. Examining other genome assemblies and gene families, we conclude that 
most (perhaps all) other legume species have a history of polyploidy. 
 
PE0806: Legumes, Soybean, Common Bean, and related 
Genome Sequence of White Lupin, a Model to Study Root Developmental Adaptations 
Bárbara Hufnagel and Benjamin Peret, CNRS, Montpellier, France 
White lupin (Lupinus albus; 2n=50) stands out as a model legume species since it is the only crop producing cluster roots, one of the most 
outstanding developmental adaptations to nutrient-scarce environments. We report a high-quality chromosome-scale assembly of white lupin 
genome, together with an extensive transcriptome data from ten different organs of that species. We took advantage of single-molecule real-time 
technology, in combination with short-reads sequencing and optical and genetic maps in order to have a successful assembly. The final assembly 
size is 451Mb with a N50 of 17Mb. About 96% (434Mb) of the assembled genome is included on the 25 pseudo-chromosomes. The structural 
annotation identified 38 258 coding genes and 3129 ncRNA, being 97.3% genes anchored on the pseudo-chromosomes. A majority (94.6%) of 
the 1440 genes in the Plantae BUSCO dataset were identified in the annotation, which is suggestive of a complete assembly and annotation. 
White lupin genome revealed to be laden with gene duplications and repetitive elements. It presents extensive duplication blocks inside its own 
genome and also a high degree of synteny with the close legumes species Lupinus angustifolious and Medicago truncatula. This genome is a 
valuable resource and represents a keystone for legumes genomics research. 
 
PO0807: Legumes, Soybean, Common Bean, and related 
Lupins a Challenging Set of Polyploids: Comparative Chromosome and Transcriptome Analyses Among Old World Lupins 
Karolina Susek1, Wojciech K. Bielski1, Katarzyna Czyż1, Brian Abernathy2, Magdalena Tomaszewska1, Magdalena Kroc1 and 
Scott A. Jackson2, (1)Institute of Plant Genetics, Polish Academy of Sciences, Poznan, Poland, (2)Center for Applied Genetic 
Technologies, University of Georgia, USA, Athens, GA 
Polyploidisation is widely recognized as an important process in speciation and evolution across eukaryotes. It is now widely accepted that over 
80% of plant species have experienced at least one WGD events during their evolutionary history. However, molecular genetic mechanisms 
underlying lupin genome evolution remain unclear. The Lupinus genus diverged from other legumes approximately 60 million years ago. Old 
World Lupins (OWL), in contrast to the New World Lupins, show a higher variability not only in chromosome number, but also in the basic 
chromosome number and genome size. Comparative cytogenetic mapping using BACs have been used toidentify homeologous chromosome 
regions and karyotype variation of related lupins. Based on our observation and along with phylogeny data, we hypothesize that multiple and 
complex structural reshufflings occurred in OWL karyotypes during evolution. Chromosome fusion/fission rearrangements are among the 
important forces that shape the structure of plant karyotypes, leading to chromosome reduction. In addition to cytogenetics, we have studied of 
homeologous (polyploidy-derived) genes using transcriptome sequencing. The transcriptomes of lupins and other Genisteae species, used as 
outgroup, were assembled into species-specific sets of genes and then compare based on average orthogroup count for each species. These 
analyses underlie complexity of the structure and function of lupin genomes. As such, high level of similarities between lupins illustrate that 
diploidization process(s) could play pivotal role in shaping current wild and crop lupin genomes.  
This work was supported by the National Science Centre, Poland (grants no. 2011/03/B/NZ2/01420 and 2015/18/M/NZ2/00422). 
 
PE0808: Legumes, Soybean, Common Bean, and related 
Ethiopian Lupins for Food and Feed 
Jemma L. Taylor, Natural Capital and Plant Health, Royal Botanic Gardens, Kew, Ardingly, United Kingdom, Heather Sanders, 
Secure Harvests Ltd, Bradford on Avon, United Kingdom, David McNaughton, Soya UK Ltd, Southampton, United Kingdom, 
Andrew Sergeant, Accord Associates LLP, Teddington, United Kingdom, Likawent Yeheyis, Amhara Regional Agricultural 
Research Institute (ARARI), Bahir Dar, Ethiopia and Matthew Nelson, Natural Capital and Plant Health, Royal Botanic Gardens, 
Kew, London, United Kingdom 
White lupin (Lupinus albus) is a grain legume with high protein and fibre content, suitable for both human food and livestock feed. Wild lupins 
and early landraces are extremely bitter due to high levels of quinolizidine alkaloids. Traditionally, most of the alkaloids in seeds are removed in 
running water or by repeated soaking to leave a delicious and nutritious snack known as lupini (Italy), altramuces (Spain) or gibto (Ethiopia). 
Low alkaloid (sweet) mutants were discovered in Germany in the 1930s and subsequently used to breed the sweet cultivars used for animal feed 
production in Europe, South America and Australia. In Ethiopia, there is a serious shortage of protein sources for animal feed and there is interest 
in using lupins to meet some of this protein demand. However, Ethiopian landraces are all bitter and removal of alkaloid by soaking is 
impractical for large-scale feed production. Sweet European cultivars are ill-adapted to Ethiopian conditions where diseases limit yield potential. 
Therefore, we are seeking to identify the gene that confers sweetness in European cultivars to allow efficient transfer of the sweetness trait into 
Ethiopian landraces to create sweet, locally-adapted cultivars.  
In parallel to this Ethiopia-focused research, we are investigating the molecular mechanism underlying reversion from sweet to bitter experienced 
by the European cultivar ‘Dieta’. We compared the sequences in pools of sweet and bitter Dieta individuals using QTLseq (a form of bulked 
segregant analysis) in order to determine the region(s) of the genome implicated in this reversion to bitterness. Initial results indicate that the 
main sweetness locus (pauper) is not responsible for this reversion. Further genomic and transcriptomic analyses are underway to identify the 
gene(s) involved in reversion to bitterness in Dieta, which will be used in controlling seed quality in commercial seed production. 
 
PO0809: Legumes, Soybean, Common Bean, and related 
Advances in Genomics Studies of the Andean Lupin (Lupinus mutabilis)  
Julio Solis-Sarmiento, Felix Camarena-Mayta, Jeny Perez-Huamanlazo, Amelia Huaringa-Joaquin and Raul Blas-Sevillano, 
UNIVERSIDAD NACIONAL AGRARIA LA MOLINA, Lima, Peru 
Lupinus mutabilis, known as tarwi, chocho or pearl lupin, is a specie of major importance in the familiar agriculture in the Andean region. The 
richest diversity of tarwi is found in Peru with more than two thousand accessions in current germplasm banks. Although L. mutabilis is specie 



that exhibits many domesticated traits including large seeds and water permeable seed coats, its seeds contain higher alkaloid levels than other 
domesticated lupin. This study was conducted to gain knowledge of genes and markers of great importance for molecular breeding and genetic 
studies of lupin. To date, no transcriptome and genome analyses have explored the genes associated with important agronomical traits of L. 
mutabilis. Using NGS-based RNA sequencing (RNA-seq) and whole genome sequencing has allowed us to identify genes implicated in alkaloid 
metabolism and traits associated with seed domestication of relevance for tarwi. Furthermore, we present results of new simple sequence repeats 
markers. This study provides new tools and perspectives for breeding of Andean lupin. 
 
PE0810: Legumes, Soybean, Common Bean, and related 
A Tale of Two Systems: Microbiome Diversity of Wild and Cultivated Chickpeas 
Betsy Alford, University of California-Davis, Davis, CA 
Soil is among the most complex and understudied of microbial habitats, with an estimated 10,000 to 50,000 different species in a single gram of 
soil. Plants depend on soil and the constituent microorganisms for a range of services, including nutrient acquisition. Most domesticated crops 
are cultivated in areas distant from their center of origin. Domestication typically involves reduction in plant genetic diversity, and it is vital to 
understand the extent to which the structure, diversity and functions of the plant microbiome have been conserved through domestication. Wild 
chickpea populations of Cicer reticulatum and C. echinospermumoffer an attractive system to elucidate plant-microbe interactions associated 
with domestication. The ecology and genomics of wild chickpea, which is confined to a ~100 km2region of SE Turkey, have been well 
characterized by our lab, with detailed surveys of host population, soil and climatic factors. Previous research in this project identified factors 
that drive microbial community structure in longstanding wild populations of C. reticulatum and C. echinospermumto understand the impact of 
domestication and agronomic factors on microbial communities associated with the derived cultivated species, C. arietinum.The fundamental 
analytical method of the work is culture-independent sequencing of bulk DNA with 16S rDNA amplicon sequencing, with the goal of assigning 
microbial taxa and enumerating their abundance. The study system includes the natural environments of SE Turkey, but also thousand years-old 
cultivated sites at sites of secondary crop diversification in India (~6KYA) and Ethiopia (~3KYA), and recent <100 year sites of cultivation in N. 
America. Correlations of microbial taxa frequencies with edaphic and environmental variation will estimate the impact of ecological factors on 
community structure in natural systems, as will a common garden reciprocal soil transplant experiment involving Turkish soils in an attempt to 
discern the relative importance of plant genotype and soil type. Finally, a greenhouse experiments in agricultural soils will be conducted to 
estimate the resiliency of microbial community structure to common US agronomic inputs, such as nitrogen supplementation. This project aims 
to elucidate the change in relationship between plant host, symbiont, microbiome, and environmental factors in the context of domestication of 
the plant host and soils to identify potential impacts on plant health. 
 
PO0811: Legumes, Soybean, Common Bean, and related 
Down in the Beans: Challenges and Solutions to Recovering and Using Historic Soybean Yield Trial Data 
Benjamin W. Campbell1, Liana Nice1, Ana M. Poets2, Peng Zhou3 and Aaron Lorenz4, (1)Department of Agronomy and Plant 
Genetics, University of Minnesota, St. Paul, MN, (2)University of Minnesota, Saint Paul, MN, (3)Department of Plant and 
Microbial Biology, University of Minnesota, St. Paul, MN, (4)University of Minnesota, St. Paul, MN 
The Uniform Soybean Tests (Northern Region) cooperative regional yield trials have been conducted by public universities in the Upper 
Midwest since 1941 with support from USDA-ARS. These yield trials improve breeders’ selection efforts by providing a way for public 
institution breeders to test their new experimental lines in more diverse environments. This historical data presents a valuable resource for future 
breeding efforts as this data could be used for trait mapping and to train genomic selection models. The talk will cover challenges faced, 
solutions found, and results produced during efforts to recover and use data from the past 25 years of the cooperative yield trials (1993-2017). 
 
PE0812: Maize, Sorghum, Millet, Sugar Cane, and related 
Curation of Corn RefSeq to Provide a Robust Resource for Research and Annotation 
Brian Smith-White, National Center for Biotechnology Information (NCBI/NLM/NIH), Bethesda, MD and Terence D. Murphy, 
National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health, Bethesda, MD 
The Reference Sequences (RefSeq) project at NCBI aims to provide a comprehensive set of well-annotated sequence records for a diverse set of 
organisms. RefSeq records serve as the foundation for NCBI’s Gene resource, which provides an integrated view of gene information including 
gene transcript and protein products, genome annotation, publications demonstrating function of the gene product(s), information about 
expression, and links to pertinent resources both within NCBI and outside NCBI. Together, RefSeq and Gene provide information for nearly one-
thousand eukaryote genomes, including a diverse set of agriculturally-important species.  
Corn has been targeted for additional in-depth curation of sequence and gene records by NCBI staff and in collaboration with MaizeGDB. 
NCBI’s curation efforts target a variety of potential gene annotation problems such as insertions or deletions in coding regions that result in 
frameshifts, loci that are likely to be non-functional pseudogenes, cultivar-specific sequences including genes not found in the B73 reference 
genome, and incomplete or otherwise poorly annotated gene models. Efforts are made to assign informative gene and protein names in 
collaboration with MaizeGDB to minimize nomenclature conflicts. To date, nearly 9000 curated RefSeq sequence records for over 8500 genes 
have been created, supplemented by a comprehensive gene annotation set for both protein-coding and non-coding loci produced by NCBI’s 
Eukaryotic Gene Annotation Pipeline. These data are available through a variety of NCBI resources including BLAST, and via FTP and NCBI’s 
e-utilities APIs. 
 
PO0813: Maize, Sorghum, Millet, Sugar Cane, and related 
Evaluating Community Curation Approaches for Improving Annotation on Maize Classical Gene Models 
Cristina F. Marco1, Marcela Tello-Ruiz2, Rajdeep Khangura3, Michelle C. Stitzer4, Hao Wu5, Sirjan Sapkota6, Junpeng Zhan7,8, 
Pengfei Qiao9, Rachael Wasikowski10, Fei-Man Hsu11, Michael Okoro12, Doreen Ware2 and Dave Micklos1, (1)DNA Learning 
Center, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (2)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
(3)Department of Biochemistry, Purdue University, West Lafayette, IN, (4)Department of Plant Sciences, University of California, 



Davis, CA, (5)Department of Genetics, Development, and Cell Biology, Iowa State University, Ames, IA, (6)Institute for 
Translational Genomics, Clemson University, Clemson, SC, (7)School of Plant Sciences, University of Arizona, Tucson, AZ, 
(8)Donald Danforth Plant Science Center, St. Louis, MO, (9)School of Integrative Plant Science, Cornell University, Ithaca, NY, 
(10)Department of Biological Sciences, University of Toledo, Toledo, OH, (11)Graduate School of Frontier Sciences, University of 
Tokyo, Chiba, Japan, (12)Center of Genomics and Systems Biology, New York University, New York, NY 
The classical maize gene families have been very well studied by the maize genetics community. These genes are a gold standard for maize 
genetics as plenty of information is available for them and the majority have been cloned from cDNA.  
Through the first genomic annotation Jamboree for the reference Maize B73 (B73RefGen_V4), we developed a model to involve students in the 
improvement of maize gene models.  
419 unique genes in 308 distinct families were filtered by two new approaches: 1) gene tree visualization alignment tool, and 2) MAKER-P 
quality metrics.  
A set of 10-20 classical genes were scored by three students weekly using the Gramene’s gene tree visualization alignment tool until the list of 
419 genes was covered. Once every round was completed, the genes flagged were reviewed and the results scored. A total of 72 genes flagged by 
2 of 3 curators were deemed “suspicious” and lined up for analysis with the Apollo genome annotation tool. Of those, 26 genes were excluded 
due to complex splice patterns (> 4 transcripts) and one failed visual analysis in the gene tree alignment tool.  
An additional 129 genes were identified using the MAKER-P metrics AED<0.5 /QI2[0.33-0.75]. Of those, 76 genes were excluded due to 
complex spliced patterns. In the end, 12 genes were deemed suspicious by both approaches (gene tree visualization and P-MAKER metrics).  
Eighty-five genes curated and annotated in Apollo by the students are now being validated using RT-PCR. Annotation errors included missing 
exons, setting exon boundaries, identification of non-canonical splice sites or missing UTRs.  
Further tests are being performed to determine if these methods might be used to better predict gene models and develop workflows to automate 
the curation process.  
Sponsored by the NSF-funded MaizeCODE (IOS-1445025) and Gramene (IOS-1127112) projects. 
 
PE0814: Maize, Sorghum, Millet, Sugar Cane, and related 
Using MaizeMine for Genomic Data Integration and Meta-Analysis 
Jack M Gardiner1, Md Shamimuzzaman1, Deborah A Triant1, Justin J Le Tourneau1, Amy T Walsh1, Carson M Andorf2 and 
Christine G. Elsik1, (1)Division of Animal Sciences, University of Missouri, Columbia, MO, (2)USDA-ARS Corn Insects and Crop 
Genetics Research Unit, Iowa State University, Ames, IA 
The availability of high-throughput genomic technologies has accelerated the generation of massive quantities of genomic datasets. Maize 
researchers often wish to perform comparative analysis between their own datasets and published or publicly available data. MaizeMine 
(http://maizemine.maizegdb.org), MaizeGDB’s data mining warehouse, enables researchers without scripting skills to integrate their data with 
publicly available data and perform meta-analysis. The MaizeMine List tool allows users to upload identifiers to create custom lists, perform set 
of operations such as unions and intersections, and execute template queries with lists. Users can easily compare their results with published 
results by uploading genomic coordinates or identifiers. MaizeMine uses the InterMine data warehousing system to integrate genomic sequences 
from the B73_RefGen_v3 and B73_RefGen_v4 genome assemblies, three sets of gene annotations (AGPv3, AGPv4, RefSeq), Gene Ontology 
(GO), protein annotations (UniProt), protein families and domains (InterPro), homologs (Ensembl Compara), pathways (CornCyc, KEGG, Plant 
Reactome), and single nucleotide variants (dbSNP). MaizeMine also provides pre-computed variant effects and expression levels based on RNA-
seq data from the Zea mays Gene Expression Atlas (NCBI BioProject PRJNA171684). Database cross references facilitate easy gene identifier 
conversion between AGPv3, AGPv4 and RefSeq. MaizeMine provides simple and sophisticated search tools, including a keyword search, built-
in template queries with intuitive search menus, and a QueryBuilder tool for creating custom queries. 
 
PO0815: Maize, Sorghum, Millet, Sugar Cane, and related 
Gene Copy Number Variation in the Maize Pan-Genome 
Margaret Woodhouse1, Ethalinda Cannon2, R. Kelly Dawe3, Matthew B. Hufford1, Doreen Ware4, Arun S. Seetharam1, David 
Hufnagel1, Joshua Stein4 and Nancy Manchanda1, (1)Iowa State University, Ames, IA, (2)Corn Insects and Crop Genetics Research 
Unit, USDA-ARS, Ames, IA, (3)University of Georgia, Athens, GA, (4)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
A pan-genome represents the full complement of diversity within a clade, or the union of all genes or SNPs across a representative selection of 
genomes. There are many ways to represent a pan-genome. MaizeGDB is collaborating with the NAM (Nested Mapping Population) Sequencing 
Consortium to represent the maize pan-genome at the gene level. The 25 NAM founders are all being sequenced and annotated using the same 
technologies and methods, providing an excellent opportunity to explore pan-genome diversity with a consistent set of genomes and annotations. 
Here we present our approach, which will include grouping genes into three categories: "core" (present in all genomes), "common" (present in 
many but not all), and "rare" (present in one or very few) 
 
PE0816: Maize, Sorghum, Millet, Sugar Cane, and related 
European Flint Genomes Complementing the Maize Pan- and Coregenome 
Nadia Kamal1, Iris Fischer1, Alevtina Ruban2, Nina Opitz3, Michael Seidel1, Caroline Marcon3, Heidrun Gundlach1, Manuel 
Spannagl1, Andreas Houben2, Thomas Presterl4, Milena Ouzunova4, Frank Hochholdinger3, Klaus F.X. Mayer1, Eva Bauer5, Chris-
Carolin Schön5 and Georg Haberer1, (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), Gatersleben, Germany, (3)INRES Crop Functional Genomics, University of Bonn, Bonn, Germany, (4)KWS SAAT AG, 
Einbeck, Germany, (5)Technical University Munich, Freising, Germany 
Maize exhibits an enormous genetic diversity and can be grouped into a variety of major germplasms including flint and dent corn. All currently 
available reference genomes focus on US dents. Here we report the analysis of reference genomes for four European flint lines: (F7, EP1, DK105 
and Petkuser) All varieties were assembled to pseudo-chromosomes using the DeNovoMagic™ pipeline (N50: 6 - 10 Mb). The excellent quality 



of the assemblies is demonstrated through the high consistency between the physical and genetic map derived from a cross of PH207 (dent) and 
EP1. Comparative studies and whole genome alignments of two dent and our four flint references revealed line- and germplasm-specific as well 
as core genomic regions shared by all six lines. Notably, the core genome clusters around low recombinogenic, (peri-)centromeric regions. 
Detailed inspection of the gene content suggests that genic presence/absence variation has a minor contribution to germplasm differences while 
repeats account for most of the observed variation and breakpoints of whole genome alignments. In support of this, in situ hybridization revealed 
a high plasticity of knob regions within our lines. In contrast to genic variation, reprogramming of the regulatory code seems to discriminate flint 
and dent germplasms to a greater extent. We identified several hundred differentially expressed genes in a panel of 12 genotypes of each flint and 
dent including well characterized genes, such as genes involved in starch metabolism. Additionally, detailed genomic and transcriptomic analysis 
of economically important storage proteins greatly illustrate the benefits of several reference genomes. 
 
PO0817: Maize, Sorghum, Millet, Sugar Cane, and related 
Comparative Analyses of NAM Founder Lines Using Whole Genome Assemblies. 
Arun S. Seetharam1, Margaret Woodhouse1, Jianing Liu2, David E. Hufnagel1, Sarah Pedersen1, Kapeel Chougule3, Joshua Stein3, 
Doreen Ware3, R. Kelly Dawe2 and Matthew B. Hufford1, (1)Iowa State University, Ames, IA, (2)University of Georgia, Athens, 
GA, (3)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
Nested association mapping (NAM) population of maize was established by crossing twenty-five diverse corn lines, also known as NAM 
founder lines, to B73. These founder lines represent a broad cross section of modern maize diversity. prior data show that gene content can differ 
by more than 5% across lines and that as much as half of the functional genetic information lies outside of genes in highly variable intergenic 
spaces. To capture and utilize this variation, we are generating high quality genome assemblies for all NAM founder inbreds and a twenty-sixth 
line containing abnormal chromosome 10. Preliminary results from six NAM founder lines, generated from long length PacBio Sequencing with 
BioNano scaffolding, shows very detailed sturcutral variation among the genomes. Once all the genome sequencing is performed, we plan to do 
detailed comparative analyses to identify and to catalog the maize pangenome, and to assess the role of structural variation such as presence-
absence variation and copy number variation in the determination of agronomic traits. 
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Implementation of Unmanned Aerial Systems as a Tool in the Texas Maize (Zea mays L.) Breeding Program 
Steven Anderson1, Lonesome Malambo2, Anjin Chang3, Marcin Jurek4, Sorin Popescu2, Jinha Jung3, Dale Cope5, Alex 
Thomasson6 and Seth Murray1, (1)Department of Soil and Crop Sciences, Texas A&M University, College Station, TX, 
(2)Department of Ecosystem Science and Management, Texas A&M University, College Station, TX, (3)School of Engineering and 
Computer Sciences, Texas A&M University - Corpus Christi, Corpus Christi, TX, (4)Department of Statistics, Texas A&M 
University, College Station, TX, (5)Department of Mechanical Engineering, Texas A&M University, College Station, TX, 
(6)Department of Biological and Agricultural Engineering, Texas A&M University, College Station, TX 
Unmanned aerial systems (UAS) accompanied with light-weight airborne sensors present the opportunity to rapidly phenotype breeding 
populations, aiding in dissection of genetics underlying quantitative traits in plants. In the Texas environment, maize (Zea mays L.) plant height 
(PHT) is highly correlated (r = 0.61) to grain yield and is hypothesized to indicate abiotic stress tolerance. Unfortunately, PHT is a resource 
intensive phenotype that is commonly collected at the conclusion of the growing season for maize (Zea mays L.). Through the implementation of 
UAS technologies we are now capable of assessing PHT throughout the growth season using structure-from-motion (SfM) algorithms with very 
little resource inputs. Weekly UAS imaging was collected at the Texas A&M research farm for three years (2016-2018) across three genetic 
mapping populations the national Genomes to Fields hybrid trial across two (dryland, irrigated) and three (dryland optimal planting, irrigated 
optimal planting, irrigated delayed planting) environmental treatments, respectfully. 
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Streamlining Breeding Strategies through Data Mining of Genomics, Phenomics, and Environments 
Tingting Guo1, Xianran Li1, Adam E. Vanous1, Qi Mu1, Randall J. Wisser2 and Jianming Yu1, (1)Iowa State University, Ames, IA, 
(2)University of Delaware, Newark, DE 
Data mining and knowledge discovery have been attracting a significant amount of attention. In agriculture, enormous data from genomics, 
phenomics and environments are generated daily. With the feasibility, effectiveness, and scalability of data mining techniques, rethinking and 
redesigning the selection and breeding process become pertinent. Changes can be proposed to establish genotype-phenotype relationship so that 
efficient designs can be made to optimize genomic prediction of hybrid performance. Changes can also be made to establish genotype-
phenotype-environment relationship so that hidden patterns and specific factors underlying phenotypic plasticity can be identified and utilized to 
conduct in-season and on-target performance prediction.  
To efficiently establish genotype-phenotype relationship, we conducted a multi-specie (maize, wheat, and rice) hybrid performance prediction 
study. Maize hybrids (276) were generated from diverse founder inbreds, 2,556 wheat hybrids were from an early-stage hybrid breeding system, 
and 1,439 rice hybrids from an established hybrid breeding system. Patterns of genomic relationships and phenotypic variation were 
systematically explored from clustering, graphic network analysis, and genetic mating scheme perspective to optimize training set design. Our 
analysis showed that optimized training set designs significantly outperformed random sampling and other methods that consider either 
minimizing the prediction error variance (PEV) or maximizing the generalized coefficient of determination (CD). Design optimization and 
pattern mining are expected to further enhance future studies of complex traits in crops.  
To explore genotype-phenotype-environment relationship, we conducted a multi-environment trial for a rice population with 176 recombinant 
inbred lines (RILs) across 3 years. A complex flowering time variation across environments, or phenotypic plasticity, was observed. The 
underlying plasticity genes (Hd1, Hd2, Hd5, and Hd6) and their interactions dynamically responded to the environments their exposed. The 
integration of environmental index and genomics enables to predict the performance of untested genotypes in untested environment. Tracing the 
haplotype network and geographic distribution of these four genes of the global rice germplasm (The 3,000 Rice Genomes) indicated preferential 
alleles were selected for local adaptation. Knowledge discovered from data mining greatly improves our strategies in modern plant breeding. 
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Recent Advances in Maize Doubled Haploid Technology 
Ursula K. Frei, Siddique Imran Aboobucker, Benjamin Thomas Trampe, Henrique Uliana Trentin, Anderson Verzegnazzi, Arthur 
Pereira-Da-Silva, Alejandro M. Ledesma, Nicholas A. Noerman, Ruidong Wang and Thomas Lubberstedt, Iowa State University, 
Ames, IA 
Doubled Haploid (DH) technology is used for rapid inbred line development, marker-assisted backcrossing, gene stacking, population 
improvement schemes, exploitation of genetic resources, and facilitates variety protection, genetic analyses and gene identification. DH lines can 
be produced by in vitro and in vivo techniques. To date, in vivo maternal haploid induction is most successful. Consequent screening and 
development in maize converted haploid induction from an obscure phenomenon to a key technology with reasonably high rate of haploids over 
several decades. From the first haploid inducer Stock 6 to modern inducer lines, induction rates increased with an apparent upward trend relative 
to the year of release. Most recently, the first maize gene involved in maternal haploid induction has been isolated. Haploid identification is still 
mostly done using the R1-nj kernel marker. Additional markers such as red root mediated by Pl1, as well as automated kernel sorting procedures 
based on high oil xenia effects have been implemented, and respective inducers developed. Use of colchicine is the established procedure for 
artificial genome doubling. However, genotypes with high levels of spontaneous haploid genome doubling (SHGD) ability have been identified 
and may overcome the need of using artificial genome doubling and transplanting, and thus increase the efficiency of DH line development 
substantially. Application of SHGD in plant breeding and in the context of genetic resource introgression will be discussed. 
 
PO0821: Maize, Sorghum, Millet, Sugar Cane, and related 
Effect of the Genotype By Environment Interaction Complexity on the Prediction Ability of Maize Hybrids 
Filipe Couto Alves1, Giovanni Galli2, Filipe Inácio Matias2, Miriam Suzane Vidotti2, Júlia Silva Morosini2, Gustavo de los 
Campos1 and Roberto Fritsche Neto2, (1)Department of Epidemiology and Biostatistics, Michigan State University, East Lansing, 
MI, (2)Genetics Department, “Luiz de Queiroz” College of Agriculture, University of São Paulo, Piracicaba, Brazil 
The complexity of the genotype x environment (GxE) interaction potentially affects the prediction accuracy of multi-environment models. 
Besides, the prediction ability of maize single-crosses can be improved by modeling additive and non-additive effects, especially for traits 
showing a high degree of heterosis such as grain yield. Thus, we aimed to measure the effect of the GxE interaction complexity on the predictive 
ability of multi-environment prediction models. Hence, we compared the predictive ability of models accounting for additive or both additive and 
dominance effects in eight scenarios contrasting for the GxE interaction complexity. The scenarios were derived by fitting the data considering 
on the stratification of trials according to environmental conditions and GGE-Biplot analyses. Prediction abilities were obtained using four cross-
validation systems based on the sampling of hybrids (CV1 and CV2) and half-sib families (CV3.1 and CV3.2) by environments. The additive-
dominance model provided higher prediction abilities than the additive model in most of the scenarios. The difference between models was 
larger when previous phenotypic data of hybrids or families (CV2 and CV3.2) were available. Furthermore, we reported a linear relation between 
prediction ability and the GxE complexity. Finally, our findings indicate that sampling entire half-sib families by environments (CV3.2) achieves 
similar prediction abilities to those observed when only hybrids are sampled (CV2). Our results suggest that in genomic-based breeding 
programs the breeder can plan the trials to increase the prediction accuracy of non-tested families by targeting specific families for particular 
environments. 
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Development of a Gene-Based Breeding System in Maize: Accurate Prediction of Hybrid Grain Yields from Their Parents  
Meiping Zhang1, Yun-Hua Liu1, Chantel F. Scheuring1, Xiaoli Qi2, Jacob Pekar1, Sing-Hoi Sze3, Wenwei Xu4, Seth Murray1 and 
Hong-Bin Zhang1, (1)Department of Soil and Crop Sciences, Texas A&M University, College Station, TX, (2)College of Life 
Science, Jiamusi University, Jiamusi, China, (3)Department of Computer Science and Engineering and Department of Biochemistry 
and Biophysics, Texas A&M University, College Station, TX, (4)Texas A&M AgriLife Research, Lubbock, TX 
Gene-based breeding (GBB) is an innovative breeding method that we recently developed by making full use of the genes controlling the 
targeted traits for enhanced plant and animal breeding. Three genic datasets are used for GBB individually or jointly: (i) the number of favorable 
alleles (NFAs), (ii) genic SNPs/InDels as DNA markers, and (iii) the expression profiles of the genes controlling the targeted trait(s). We 
previously cloned over 9,000 genes controlling agronomic traits in maize and demonstrated that GBB is extremely powerful and efficient for 
enhanced and accelerated breeding in both maize and cotton. This study further shows that the grain yields of maize hybrids could be predicted 
using any of the three genic datasets of the cloned ZmF1GY genes contained in their parents at a prediction accuracy of r > 0.80 (P = 0.00E+00). 
Moreover, the accuracy of hybrid grain yields predicted from their parents were highly stable across environments and across populations. 
Therefore, it is possible to dramatically enhance and accelerate hybrid cultivar breeding through gene-based breeding. Heterotic hybrids have 
been widely used in many field and vegetable crops for agriculture and GBB enables not only efficiently selecting the superior progeny, but also 
accurately selecting the most desirable materials for breeding and wisely designing crosses that maximally combine the favorable alleles and 
heterotic genotypes of the genes controlling the targeted traits into progeny. Therefore, GBB is promising to break through the current breeding 
bottlenecks and continue substantial crop improvement, thus helping feed the world. 
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Divergent Selection for Shoot Apical Meristem (SAM) Size Induces Correlated Changes in Adult Plant Phenotypes 
Aaron M Kusmec1, Samuel Leiboff2, Brianne Conlon3, Michael Scanlon3 and Patrick S. Schnable1, (1)Department of Agronomy, 
Iowa State University, Ames, IA, (2)University of California-Berkeley, Albany, CA, (3)Cornell University, Ithaca, NY 
The shoot apical meristem (SAM) is responsible for the development of all aboveground organs in plants. Previous research demonstrated that 
SAM volume in maize correlates with agronomically important adult plant traits including height to primary ear and days to anthesis. To further 
investigate these correlations, we bred two populations of maize divergently selected for large and small SAM volumes. Direct phenotypic 
selection for SAM size is difficult because measurement of SAM volume is a destructive assay. Here, we report the use of genomic selection 



beginning with a diverse panel of 382 maize inbreds to develop divergent populations. After three cycles of selection for increased or decreased 
SAM size, doubled haploid lines (DHLs) were produced. These DHLs were phenotyped for SAM volume to determine the efficacy of genomic 
selection and for adult plant phenotypes to examine correlated selection responses. These populations will serve as a resource for further analyses 
of the relationship between SAM volume and adult traits, as well as potential limits to selection. 
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Sequence, Assembly and Annotation of Maize Inbred Line B104: A Maize Transformation Resource 
Nancy Manchanda1, Carson M Andorf2, Nicholas Lauter3, Ian Braun4, Margaret Woodhouse1, Kan Wang1, Carolyn J. Lawrence-
Dill1 and Matthew B. Hufford1, (1)Iowa State University, Ames, IA, (2)USDA-ARS Corn Insects and Crop Genetics Research Unit, 
Iowa State University, Ames, IA, (3)USDA-ARS, Ames, IA, (4)Bioinformatics and Computational Biology Program, Department 
of Genetics, Development, and Cell Biology, Ames, IA 
Emergence of new gene editing tools like CRISPR-Cas systems and TALENs have heightened the need to develop new and efficient 
transformation technologies in plants including maize. However, maize transformation is not straightforward. Not all lines are easily transformed 
and therefore genome edited. The maize genome reference sequence, for example, is currently based on the B73 inbred line, which is not readily 
transformed. Thus, the motivation for this project is to assemble a maize inbred line which is highly similar to the B73 reference genome but 
transformable. B104 meets these criteria. The availability of a B104 genome sequence would allow mapping of genetic variants between B73 and 
B104 and help illuminate the genetic architecture of the transformability trait. Here we describe an initial version of the de novo hybrid assembly 
generated by incorporating PacBio and Illumina mate pair and paired end data. Additionally, we describe our strategy for structural and 
functional annotation of B104 gene models using a customized version of the Maker-P pipeline (that is informed by RNA-Seq data collected 
across ten distinct plant tissues) and GO-MAP. This new assembly of B104 will represent an improvement in both sequence contiguity and 
completeness of gene annotations relative to the existing draft assembly and will provide basic insights into the genetic basis of plant 
transformation. 
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Implications of Two Zea mays Thiamine Biosynthetic Genes, Zthi2 and ZTHI3 in Breeding and Genetic Engineering for 
Synthesis and Accumulation 
Temitope Ojuolape Salaam1,2, Idowu A. Taiwo2, Khalid O. Adekoya2 and Olusesan Omidiji2, (1)Federal Institute of Industrial 
Research, Oshodi, Lagos, Nigeria, (2)University of Lagos, Akoka, Yaba, Lagos, Nigeria., Lagos, Nigeria 
Thiamine is a critical vitamin required for growth and development in living organisms. Plants, fungi and bacteria are able to synthesis it de novo 
however, man and animals depend on exogenous sources to meet their dietary requirements. The thiamine biosynthetic pathway has been 
extensively studied in Arabidopsis, Zea mays and Escherichia coli. The genes involved are Z-thi1 and Z-thi2, ZTHIC, ZTHI3, Ztpk1 and Ztpk2 
which code for thiazole synthase, pyrimidine synthase, pyrimidine-phosphate kinase/thiamine mono-phosphate synthase and thiamine 
pyrophosphokinase respectively. Hence, it is necessary to determine the interplay that may exist between metabolites, gene expression and 
enzymes activities in Zea mays varieties for thiamine breeding programme. A total of 41 Zea mays inbred lines (33 from IITA Ibadan, Nigeria 
and 8 from the seed bank of Crop Functional Genomics, Universitat Bonn, Germany) were used in this study. Biochemical (HPLC and 
spectrophotometry) and molecular techniques (qRT-PCR, SDS-PAGE, Western blotting and sequencing) were employed. Our result shows that a 
significant positive correlation exists between Zthi2 expression and seed thiamine accumulation thus making it a “candidate” gene for seed 
thiamine bioaccumulation in Zea mays. ZTHI3 had the highest expression (2.13 - 4.23) but its corresponding enzyme, TMPS, had the least 
activity (0.080 - 1.424 pmol.mg�1protein.min�1). Western blot shows two distinct bands corresponding to the active di-meric (95 kDa) and 
inactive mono-meric (55 kDa) forms of the TMPS protein suggesting a post translational mechanism of regulating its activity. Our results further 
suggest that TMPS is a rate limiting enzyme in the thiamine biosynthetic pathway. 
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What Is the Role of the Minor Decarboxylation Pathway in Maize C4 Photosynthesis? 
Jennifer Arp1, Sarit Weissmann1, Indrajit Kumar2, Tom Brutnell3, Todd C. Mockler2, Stephen P. Moose4 and Douglas K Allen5, 
(1)Donald Danforth Plant Science Center, St. Louis, MO, (2)Donald Danforth Plant Science Center, Saint Louis, MO, (3)Viridis 
Genomics Consulting, Chesterfield, MO, (4)University of Illinois, Urbana-Champaign, Urbana, IL, (5)USDA ARS, St. Louis, MO 
Photosynthesis is a critical component of agricultural productivity that presents a great opportunity for genetic improvement. One way plants 
have improved photosynthesis is through carbon concentrating mechanisms; however, even these pathways could be fine-tuned for greater 
efficiency. C4 photosynthesis utilizes a carbon concentrating mechanism achieved through complicated anatomical and metabolic pathway 
architecture to overcome inefficiencies caused by the oxygenation reaction of Rubisco and photorespiration. Maize is an important crop that uses 
C4 photosynthesis and has excellent genetic resources. Maize uses a combination of two C4 pathways—the major decarboxylase is NADP malic 
enzyme (NADP-ME), but as much as a quarter of flux has been shown to use the phosphoenolpyruvate carboxykinase (PEPCK) pathway. In this 
project, a transposon-based mutagenesis approach was taken to knock out components of the C4 pathway in maize. The pepck1::Ds mutant was 
measured for photosynthetic parameters using gas exchange and 13CO2 labeling. The mutant was also grown in a nitrogen responsive field site in 
2017 and 2018 to assess the transcriptional response, yield component traits, and nitrogen use efficiency. A double mutant knocking out 
components of both the NADP-ME and PEPCK pathways was generated, and was unable to grow after exhausting its seed reserves, showing the 
necessity of a C4 concentrating mechanism in maize. 
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Discovery and Biosynthesis of Terpenoid Defense Compounds in Maize (Zea mays) 
Katherine M. Murphy1, Sibongile Mafu2, Yezhang Ding3, Eric Schmelz3 and Philipp Zerbe1, (1)University of California, Davis, 
Davis, CA, (2)University of Massachusetts, Amherst, Amherst, MA, (3)University of California, San Diego, La Jolla, CA 



Terpenoids are a major component of maize (Zea mays) chemical defenses to mount a response to environmental challenges. Using a genome-
wide search, we have discovered previously hidden components of the maize diterpenoid biosynthetic network. These molecules are abundant in 
maize field-grown roots of common cultivars, and are strongly induced under both oxidative stress and fungal elicitation with Fusarium 
pathogens. Select pathway intermediates also exhibit anti-fungal activity in vitro against several Fusarium species. Using the an2 maize mutant 
lacking kauralexin and dolabralexin diterpenes, we have also shown that these metabolites impact rhizosphere microbial community 
composition. These findings expand the known biosynthetic capacity of maize diterpenoid defenses as a target for understanding and improving 
maize stress resilience. 
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Study of Heat Tolerance in Maize 
Junping Chen1, James P McNellie2 and Jianming Yu2, (1)USDA-ARS, Lubbock, TX, (2)Iowa State University, Ames, IA 
Few studies have examined the genetic architecture of heat stress tolerance in field grown Zea Mays(maize). To meet the challenges of feeding a 
growing population, a better understanding of the genetic and molecular mechanisms controllingheat stress tolerance is required. To address this 
knowledge gap, we evaluated two bi-parental recombinant inbred line populations (B73 × NC350 and B73 × CML103) for leaf and tassel heat 
stress tolerant traits. Irrigation ensured well-watered conditions to remove confounding effects of drought stress. Two foliar traits were evaluated, 
leaf firing and leaf blotching, and when possible, were scored at three vegetative stages. Phenotyping occurred following a heat stress event, 
defined as three consecutive days with maximum air temperature greater than 36°C. We detected 22 significant QTL, 15 in B73 × NC350 and 7 
in B73 × CML103. There was little difference in QTL number and position for traits measured at multiple vegetative stages. Leaf firing and leaf 
blotching QTL largely co-localized. The development of leaf firing (death of leaf tissue) was differentiable between parents. The parental forms 
of leaf firing were not significantly correlated, and QTL did not co-localize. Fourteen QTL explained less than 10% of variation. This study is a 
preliminary step in unraveling the genetic control of heat stress tolerance in maize. These results are relevant for the genetic improvement of 
maize due to the importance of B73 in forming the foundation of modern dent germplasm. 
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Drought Tolerance in Maize: Using Multiparent QTL Mapping to Cast a Wide Net 
Sarah Odell, University of California, Davis, Davis, CA, Jeffrey Ross-Ibarra, University of California, Davis, CA and Daniel E. 
Runcie, University of California Davis, Davis, CA 
Maize is one of the most important crops in the world, as well as a widely-used model organism for understanding plant genetics and biology. 
Plant responses to drought stress are complex and involve many pathways, but our understanding of it, and our ability to breed more drought 
tolerant crops is crucial in the face of a growing population and an increasingly extreme and unpredictable climate. The search for quantitative 
trait loci (QTL) that explain complex traits such as drought tolerance has been ongoing in many species. Methods such as biparental QTL 
mapping and genome wide association studies (GWAS) each have their own advantages and limitations. Multiparent advanced generation 
intercrossing (MAGIC) populations contain more recombination events and genetic diversity than biparental mapping populations and reduce the 
confounding factor of population structure that is an issue in association mapping populations. This poster presentation will discuss the results of 
using a MAGIC population of double haploid maize lines created from 16 diverse founders to perform QTL mapping, and future plans to 
compare the QTL found to expression QTL identified from RNASeq data of the population. 
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Appraisement of the Potential for Genomic Prediction to Improve Husk Traits in a Maize Association Panel 
Zhenhai Cui1, Haixiao Dong1, Ao Zhang2, Yanye Ruan2, Yan He3 and Zhiwu Zhang1, (1)Dept. of Crop and Soil Science, 
Washington State University, Pullman, WA, (2)Shenyang Agricultural University, Shenyang, China, (3)China Agricultural 
University, Beijing, China 
Husk, the leafy outer covering ear in maize, has multiple functions, including protecting ears from diseases infection and dehydration. On the 
other side, shorter, less, thinner and narrower husk make it faster to reduce moisture for harvesting. Intensive studies have been conducted to 
reach the appropriate husk by understanding the genetic bases of related traits, including husk length (HL), husk layer number (HN), husk 
thickness (HT) and husk width (HW). The challenge is that the marker-assisted selection is less effective as the QTLs and associated genetic loci 
identified by linkage analyses and association analyses only explain a small proportion of total phenotypic variation. In conjunction with the 
success of genomic selection (GS) on other traits in maize and other species, it is well worthy to explore the potential of taking the shortcut to 
directly identify the superior inbred lines on husk related traits. In this study, we conducted a variety of validations by varying sampling 
proportions and subpopulations of an association population with 508 inbred lines from Stiff stalk (SS), Non-stiff stalk (NSS), Tropical 
subtropical (TST) and the rest mixture. We found that HT had higher heritability than the rest traits. Correspondingly, HT has the highest 
prediction accuracy, which was over 70% for using 90% of the current panel to predict the rest. These results demonstrate the potentials of GS 
for maize husk breeding, especially on HT. 
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Uncovering the Mystery of Ufo1 in Maize 
Jin Cui1, Kameron Wittmeyer2, Debamalya Chatterjee1, Pearl Chang3, Jui-Hsien Rita Lu3, Ming-Ren Yen3, Pao-Yang Chen3, Tzuu-
fen Lee4, Blake Meyers5 and Surinder Chopra1, (1)Department of Plant Science, Pennsylvania State University, University Park, 
PA, (2)Pennsylvania State University, University Park, PA, (3)Institute of Plant and Microbial Biology, Academia Sinica, Taipei, 
Taiwan, (4)DuPont Pioneer, Des Moines, IA, (5)Donald Danforth Plant Science Center, St. Louis, MO 
The maize Unstable factor for orange1 (Ufo1) is a dominant mutation that causes ectopic phlobaphene accmulation in various tissues and 
developmental defects. The Ufo1 mutant exhibits poor penetrance and low expressivity, which is also associated with variable degree of 
expression and hypmethylation of pericarp color1 (p1), a Myb transcription factor involved in phlobaphene biosynthesis regulation. Previous 



fine mapping analysis narrows Ufo1 gene to a 40 Mb region in chromosome 10 near the centromere. Here, we present evidence that a gene of 
unknown function is responsible for the mutant phenotype.  
Meanwhile, genome-wide data analysis uncovers unique features about this mutant. First, GO term enrichment analysis from RNA-seq data 
shows upregulation and downregulation of genes involved in flavonoid biosynthesis pathway and ribosome biogenesis, respectively. Second, a 
strong correlation between 24-nt small RNA (sRNA) expression and DNA methylation (CHH context, H correspond to A, T or C) is found, 
suggesting the involvement of RNA-directed DNA methylation (RdDM) pathway, although Ufo1 itself is not a component of RdDM. Third, 
Ufo1 mutant exhibits elevated CG gene body methylation, which may be associated with lower sRNA level in the upstream promoter region. 
Last, exon usage analysis uncovers widespread alternative exon usage, among which genes involved in nucleotide binding are over-represented. 
Manual inspection also suggests that alternative exon usage could be associated with gene body methylation. It is still unclear what causes the 
increase of gene body methylation and differential exon usage but functional analysis of the Ufo1 gene may help us understand its intrinsic 
epigenetic mechanisms. 
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Discovery of Expressable Gene Sets of Sorghum and Maize by Machine Learning with Omics Data 
Laura de Boer, University of California San Diego, La Jolla, CA 
Determining which predicted gene models produce functional products is an exciting challenge in genome-wide biology. While the number of 
predicted gene models from plant genomes can exceed 60,000, the plant research community has detected transcript products from only a subset 
of these genes, and an even smaller subset have detected protein products. Gene homology and expression evidence is often used to curate a high 
confidence group of genes from full gene model sets, e.g. the filtered versus working gene sets of maize. An open question is whether genes 
outside of these curated high confidence sets are expressable at the protein level. A random-forest based approach utilizing gene DNA 
methylation patterns as model features was used to identify the expressable gene sets of two staple food crops. These expressable gene sets were 
defined with high accuracy for sorghum and two diverse inbred lines of maize, at both the transcript and protein level. CG and CHG methylation 
levels of the gene body, specifically for exons, were the most important features for model accuracy. While sorghum and the maize inbreds have 
similar gene content, the expectation is that phenotypic differences between species or inbreds is driven by differences in the proteome. Synteny 
between grasses was leveraged to identify gene models which are predicted to be uniquely expressable between species and which may explain a 
portion of the phenotypic diversity between species. 
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Time-Series GWAS using Non-Parametric Regression and Machine Learning 
Chenyong Miao, University of Nebraska Lincoln, Lincoln, NE 
Genome sequencing and genotyping technologies have facilitated the success of genome-wide association studies (GWAS) in the past decade. 
Compared to genomics and genotyping, until recently approaches to phenotyping had remained reasonably stable for quite some time. However, 
the role of collecting trait data as the primary bottleneck in quantitative genetics has spurred an interest in new high throughput approaches to 
plant phenotyping, including image-based phenotyping. In principle, image-based phenotyping should be non-destructive, high throughput and 
less labor intensive than conventional phenotyping. However, several challenges remain including the extraction of numerical traits from 
thousands or tens of thousands of images and developing appropriate statistical approaches to linking genotype to traits which change 
dynamically over time. Here we use hyperspectral image data generated from the sorghum association panel (SAP), a set of ~400 diverse 
sorghum lines, during the transition from vegetative to reproductive development to perform a time-series GWAS analysis. After distinct plant 
organs were identified in each hyperspectral image, measurements were extracted for each observed timepoint and nonparametric regression was 
employed to estimate missing timepoints for each individual. The timing of vegetative to reproductive transition was determined using a 
convolutional neural network (CNN) trained using images of sorghum plants with and without panicles. Our results suggest that time-series 
GWAS leveraging different statistical and machine learning approaches can significantly increase the power to identify causal variants in 
associated traits relative to single timepoint GWAS at a mature developmental stage. 
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Shared Genetic Control of Root System Architecture between Zea mays and Sorghum bicolor 
Zihao Zheng1, Stefan Hey1,2, Zaki Jubery3, Huyu Liu1,4, Yu Yang1,4, Lisa Coffey1, Brandi Sigmon5, James C Schnable5, Frank 
Hochholdinger2, Dan Nettleton6, Baskar Ganapathysubramanian3 and Patrick S. Schnable1,4, (1)Department of Agronomy, Iowa 
State University, Ames, IA, (2)INRES Crop Functional Genomics, University of Bonn, Bonn, Germany, (3)Department of 
Mechanical Engineering, Ames, IA, (4)Department of Plant Genetics & Breeding, China Agricultural University, Beijing, China, 
(5)Department of Agronomy and Horticulture, University of Nebraska-Lincoln, Lincoln, NE, (6)Department of Statistics, Iowa 
State University, Ames, IA 
Unveiling the genetic control of RSA (root system architecture) in crops via large-scale GWAS (genome-wide association study) requires high-
throughput pipelines for root collection and phenotyping. We developed CREAMD (Core Root Excavation using Compressed-air), a high-
throughput pipeline for root collection in field, and COFE (Core Root Feature Extraction), a semi-automated pipeline for extraction of RSA traits 
from images. CREAMD COFE was applied to diversity panels of two crop species; the maize and sorghum diversity panels consisted of 369 and 
294 genotypes, respectively. Six RSA-traits were extracted from images collected > 3,300 maize roots and > 1,470 sorghum roots. SNP-based 
GWAS identified 87 unique TAS (trait-associated SNPs) for RSA of maize and 115 unique TAS for RSA of sorghum. RSA-associated genes 
from maize and sorghum included seven pairs of syntenic genes, providing evidence for shared genetic architecture of RSA between these two 
species. An additional 60 RSA-associated maize genes were identified via eRD-GWAS. In total, 137 unique maize RSA candidate genes were 
detected via SNP-based GWAS and eRD-GWAS, among which 21 (15%) are known to affect RSA in maize or other species. In addition, eQTL 
(expression quantitative loci) mapping showed regulatory interconnections among RSA candidate genes, and co-expression analysis revealed 
coordinated regulation among RSA candidate genes and cloned root genes. 
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Sorghumbase, an Online Portal for the Sorghum Community 
Ivar P. Meijs, Andrew Olson, Marcela Tello-Ruiz, Liya Wang, Sharon Wei and Doreen Ware, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY 
Sorghumbase aims to provide a portal that enables researchers and growers of sorghum to exploit data management resources, relevant biological 
knowledge and genetic resources in a manner that effectively addresses the needs of the sorghum community. It uses the Ensembl infrastructure 
to manage genomes, gene annotation, variation, and expression data. It provides custom views of these data tailored to the needs of the sorghum 
researchers. In addition it aggregates and curates research, maps the network of researchers that operate in the United States and informs 
members of the sorghum community about projects and events in sorghum. 
 
PE0836: Maize, Sorghum, Millet, Sugar Cane, and related 
Structural Variants in Rio Sweet Sorghum Using PacBio Long-Read and Illumina Sequencing 
Kittikun Songsomboon, UNC Charlotte, Charlotte, NC 
Sweet sorghum [Sorghum bicolor (L.) Moench] is an important sugar crop with high genomic diversity. Genetic variation is a result of structural 
variants (SV) including copy number variants (CNV), deletion, insertions, inversions, and translocations. Due to the availability of genome 
assembly of BTx623 population and the genome sequence of Rio sweet sorghum from both PacBio long-read (Pacific Biosciences, Menlo Park, 
CA) and Illumina sequencing, we here report the structure variation of Rio sweet sorghum. 
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Gene Presence-Absence Variation in Sweet Sorghum Identified Using Both PacBio Long-Read and Illumina Short-Read 
Sequencing 
Kittikun Songsomboon, UNC Charlotte, Charlotte, NC and Elizabeth Cooper, University of North Carolina at Charlotte, 
Kannapolis, NC 
Sorghum [Sorghum bicolor (L.) Moench] is an important cereal crop that has been bred for diverse purposes. Sweet sorghum varieties are 
primarily characterized by their ability to accumulate high concentrations of sugars in their stalks, but also exhibit differences in height and 
maturity patterns when compared to other types of sorghum. To better understand the genomic differences between sweet and grain sorghums, 
we identified and characterized gene presence-absence polymorphisms using both long and short read data. We aligned Pacbio and Illumina 
sequences from a single sweet sorghum line, ‘Rio’, to grain-type reference genome, ‘BTx623’, using NGMLR and BWA, respectively. Structural 
variation (SV) analysis was conducted by pbsv for the Pacbio data and Pindel for Illumina sequences. While we found that the initial SV call sets 
from the two different methods had less than 50% overlap, filtering the Pindel data to remove both very small (<20bp) and very large (>20kbp) 
variants significantly improved the consistency across methods. After applying these criteria, we identified a small set of presence-absence 
variations (PAVs, length longer than 500 bp) occurring between the sweet and grain type sorghums. Of these, there were several deletions in Rio 
that spanned 80% or more of a predicted gene sequence, likely resulting in complete loss of function. These occurred most frequently in genes 
with NBS-LRR disease resistance domains. This finding is consistent with what has been observed in other plant species, where NBS-LRRs are 
known to evolve rapidly and exhibit both copy number and sequence polymorphism at the population level. 
 
PE0838: Maize, Sorghum, Millet, Sugar Cane, and related 
Exploiting Sorghum Genetic Resources for Increased Grain Yield and Stress Tolerance to Suit the Meal and Brewery 
Industries in Uganda  
Paul T Gibson1, Richard Edema2, Patrick Obia Ongom1, Isaac Dramadri1 and Albert Chiteka1, (1)Makerere University, Kampala, 
Uganda, (2)Makerere University Regional Centre for Crop Improvement, Kampala, Uganda 
Sorghum (Sorghum bicolor (L.) Moench) is the second most important cereal in Africa, with 20 million tons produced per year. It’s a major 
staple food and a raw material for the brewing industry in Uganda. We have designed a model sorghum breeding program for Uganda; 
demonstrating the best breeding practices intended to deliver high yielding and stress tolerant varieties, coupled with improved qualities for meal 
and beer production. Unique sets of sorghum genetic materials have been assembled. A sorghum Multiparent Advanced Generation Intercross 
(MAGIC) population was sought from Purdue sorghum breeding program. This population includes 200 pure inbreds fully genotyped with 
96,000 SNP markers. A Sorghum Association Panel (SAP) was obtained from the U.S Germplasm National Plant Germplasm System (NPGS). 
The SAP is a subset of a world collection of sorghum including 349 lines, fully genotyped with 2065,000 SNP markers. Preliminary evaluation 
of the MAGIC inbreds and their hybrids for grain yield revealed significant differences between the hybrids and the inbreds, with most of the 
hybrids outperforming the inbreds and the local checks. The inbreds and hybrids also displayed diversity in maturity periods with the earliest 
hybrid flowering at 60 days after planting. The genetic materials are being profiled for nutritional qualities that suit the bread and beer industries. 
These germplasm sets can be mined virtually for any trait and the existing molecular marker information is being utilized for gene discoveries. 
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Genetic Diversity and Population Structure of Wild Sorghum Collections in Taiwan 
Wei-hsun Hsieh1, Chih-hui Chen2, Yuan-ching Tsai3, Hsien-chun Liao2 and Yann-rong Lin1, (1)Department of Agronomy, 
National Taiwan University, Taipei, Taiwan, (2)Endemic Species Research Institute, Nantou, Taiwan, (3)Department of Agronomy, 
National Chiayi University, Chiayi, Taiwan 
Sorghum (sorghum bicolor (L.) Moench) is one of the most important crop in the world, and it’s also an important resource for feed, fiber and 
biofuel. In recent years, crop wild relatives become more and more important because they may possess unknown but valuable genes which 
could be applied to future research. The purpose of this study is to investigate the genetic diversity and differentiation of wild sorghum 
populations in Taiwan, and to analyze the phylogeny of different species. Twenty-five SSR markers were used to conduct genetic diversity 
analysis of 123 wild sorghum collections. These collections were divided into 5 subpopulations, S. propinquum, S. halepense, S. bicolor, S. 
bicolor subsp. arundinaceum and S. vulgare var. technicum. The highest gene diversity (0.848) was observed in S. halepense, instead, the lowest 



one (0.39) was observed in S. vulgare var. technicum. The level of genetic differentiation between S. bicolor subsp. arundinaceum and S. vulgare 
var. technicum is the highest (FST = 0.47) and the lowest one (FST = 0.088) was detected between S. bicolor subsp. arundinaceum and S. 
propinquum. Finally, five subpopulations could clearly be clustered by the neighbor-joining tree and principle coordinate analysis for further 
clarification of the relationship among S. halepense, S. propinquum, S. bicolor and S. bicolor subsp. arundinaceum. It’s inferred that gene flow or 
introgression among them might occur and resulted in identical-by-state. Our study laid a foundation for sorghum genus research in Taiwan, and 
hope to apply to the breeding program of sorghum in Taiwan. 
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Genome-Wide Association Study of Temporal Response to Cold Stress in Sorghum bicolor 
Erica Agnew, Greg Ziegler, Scott Lee, Noah Fahlgren, Ivan Baxter, Todd C. Mockler and Nadia Shakoor, Donald Danforth Plant 
Science Center, Saint Louis, MO 
Sorghum bicolor is a promising bioenergy crop because of its high yields and cellulosic biomass accumulation with long growing seasons. 
However, in early growth phases, sorghum is sensitive to cold stress, preventing early planting in temperate environments. Cold temperature 
adaptability is vital for the successful cultivation of bioenergy sorghum at higher latitudes and elevations, and for early season planting to extend 
the growing season. Identification of genes and alleles that enhance biomass accumulation of sorghum grown under early cold stress can lead to 
improved sorghum bioenergy breeding.  
377 lines from the Sorghum Bioenergy Association Panel (BAP) were grown in a controlled environment with an early cold treatment. The BAP 
accessions are racially, geographically, and phenotypically diverse. The plants were weighed, watered, and imaged daily to measure growth 
dynamics and water-use efficiency. Daily, non-destructive imaging allowed for temporal analysis of traits in response to cold stress. As the 
temperature increased, top performing lines showed distinct growth patterns. Genome-wide association studies (GWAS) of the temporal growth 
data identified both a priori and new candidate genes related to bioenergy traits and potentially controlling early cold stress responses. GWAS 
also detected time specific QTL strongly associated with phenotypic traits, permitting an investigation into the temporal genetic basis to cold 
stress response at different stages of development. We found that QTLs for highly heritable growth-related traits turned “on/off” as the 
temperature increased and plants developed, and were able to identify whether an allele at a given SNP correlates to significant differences in 
phenotype. 
 
PO0841: Maize, Sorghum, Millet, Sugar Cane, and related 
Phenotypic Assessment of Seedling Cold Response in Sorghum bicolor (L.) Moench: Application of a Variable Treatment 
Regime 
Jacobo Sanchez1, Benildo G. de los Reyes1, Yves Emendack2, Glen B. Ritchie1, Rosalyn A. Shim1 and Chad Hayes2, 
(1)Department of Plant and Soil Science, Texas Tech University, Lubbock, TX, (2)USDA-ARS, Lubbock, TX 
Grain sorghum is of tropical origin but it has been introduced into regions with temperate climates. Originating in Africa, the crop was grown in 
diverse conditions throughout the continent including the highlands of Ethiopia. Singh (1985) reported that a high number of entries from 
Ethiopia performed well in his multi-location trials for cold tolerance. This germplasm pool can prove useful for the introgression of the trait into 
existing germplasm that can then be deployed in strategic regions where cold tolerance would help extend the production window. While field 
studies are always desirable when screening germplasm for cold tolerance, often times land resources and man-power limit the scope of such 
trials in so far as how many entries can be screened. For this reason, performing temperature-controlled experiments to screen a larger number of 
entries can be very useful in identifying germplasm with potential for the cold tolerance trait. A review of the literature shows that a large 
number of controlled-temperature studies in sorghum often involve a narrow range of temperature regimes that, too often, do not represent what 
a plant experiences in ‘real world’ field conditions. As such, the interpretation of results from these experiments can be limited in scope. Here, 
we present a concept for improving the phenotypic evaluation of sorghum for cold tolerance as well as the broader application of the concept in 
screening for abiotic stress tolerance in plants. 
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Exploring Plant Height Plasticity Observed in Natural Environments 
Qi Mu, Xianran Li and Jianming Yu, Iowa State University, Ames, IA 
Plant phenotypes are determined by genetics, environment, and their interactions. Phenotypic plasticity describes that a genotype behaves 
differently when exposed to different environments. When multiple genotypes are showing different levels of phenotypic plasticity, genotype by 
environmental interactions (G x E) are present. Unraveling G x E is crucial to understanding plant local adaptability, which can be utilized in 
breeding, and provide new solutions in times of climate change. Recently, we established a joint genomic regression analysis (JGRA) framework 
to dissect the complex flowering time plasticity observed in natural environments by leveraging an explicit environmental index. In this study, 
we hypothesized that plant height G x E interactions can be unraveled and explained in a similar manner. The objectives were to 1) uncover the 
patterns of sorghum plant height plasticity in diverse environments; 2) predict performance in new environments; 3) identify and dissect the 
genetic determinants to explain the observed G x E interactions. Our results indicated that varied degree of plasticity in plant height of sorghum 
lines could be explained, modeled, and predicted with a biologically meaningful environmental index. High prediction accuracy (r=0.90) was 
achieved by using this environmental index. The effects of three height QTLs changed dynamically across environments, contributing to the 
observed G x E. In conclusion, by combining environmental and genomic components, we were able to explain and predict sorghum plant height 
under natural conditions. 
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Genetic Analysis of Biomass Traits in Sorghum Bicolor 
Deepak Vitrakoti, University of Georgia, Athens, GA 
Sorghum has huge potential as a biofuel crop because of its high biomass productivity, low-input requirement and wide range of adaptability. 
Development of genetic linkage map will help to dissects the quantitative trait loci (QTL) and provide molecular tools for genetic improvement 



of biomass traits. The population was generated by crossing PI329311 X Grassl. For genotyping, 180 genotypes from F2: 3 population were 
used. GBS libraries were made using the enzymes PstI-MspI. After filtering the raw SNPs, 2048 high quality SNP markers were used to 
construct genetic linkage map. Phenotypic measurements for biomass traits such as plant height, stalk diameter, biomass weight was collected for 
two years. QTL analysis for these traits are being carried out in QTL Cartographer using Composite Interval Mapping. Results and details for 
mapping will be presented in the poster.  
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Semi-Automated Feature Extraction from RGB Images for Sorghum Panicle Architecture GWAS  
Yan Zhou1, Srikant Srinivasan2, Seyed Vahid Mirnezami1, Aaron M Kusmec3, Qi Fu4, Maria G. Salas Fernandez1, Baskar 
Ganapathysubramanian1 and Patrick S. Schnable3, (1)Iowa State University, Ames, IA, (2)IIT Mandi, Mandi, India, (3)Department 
of Agronomy, Iowa State University, Ames, IA, (4)China Agriculture University, Beijing, China 
The manual collection of inflorescence phenotypes can be time-consuming for the large populations needed to conduct GWAS and is difficult for 
multi-dimensional traits such as volume. A semi-automated phenotyping pipeline (Toolkit for Inflorescence Measurement, TIM) was developed 
and used to extract uni- and multi-dimensional features from images of 1,064 sorghum panicles from 272 genotypes comprising a subset of the 
Sorghum Association Panel (SAP). GWAS detected 35 unique SNPs associated with variation in inflorescence architecture. The accuracy of the 
TIM pipeline is supported by the fact that several of these trait-associated SNPs (TASs) are located within chromosomal regions associated with 
similar traits in previously published QTL and GWAS analysis of sorghum. Additionally, sorghum homologs of maize and rice genes known to 
affect inflorescence architecture are enriched in the vicinities of TASs. Finally, our TASs are enriched within genomic regions that exhibit high 
levels of divergence between converted tropical lines and cultivars, consistent with the hypothesis that these chromosomal intervals were targets 
of selection during modern breeding. 
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Development of Perennial Sorghum Through QTL Identification of Genomic Regions Impacting Rhizomatousness 
Tara Maireid Conway, Plant Genome Mapping Laboratory, UGA, Athens, GA, Wenqian Kong, Plant Genome Mapping 
Laboratory, Athens, GA, T. Stan Cox, The Land Institute, Salina, KS and Andrew H. Paterson, Plant Genome Mapping Laboratory, 
University of Georgia, Athens, GA 
The replacement of annual cereal crops with perennial varieties has great potential for increased ecosystem resilience and improved food 
security. Sorghum (S. bicolor) the world’s fifth most important cereal crop, is an ideal target for perenniality due to its close relation to two wild 
perennial grasses, S. halepense and S. propinquum, and its potential to grow across highly diverse landscapes. The key to perenniality lies in the 
development of rhizomes, subterranean stems that sprout to form the next season’s crop. Quantitative trait locus (QTL) analysis of progeny 
derived from an S. bicolor x S. halepense cross can illuminate genomic regions impacting rhizomatousness and contribute to marker-assisted 
selection in breeding, increasing the efficiency of perennial sorghum germplasm development. An F2 population of 300 individuals segregating 
for rhizomatousness was generated by crossing two morphologically different parents, Sorghum bicolor BTx623 and Sorghum halepense 
Gypsum 9E and planted in a completely randomized design in Watkinsville, GA. Seed-heads were taken from F2 plants to generate the F3 
population, which were grown in two environments: Watkinsville, GA and Salina, KS. Plants were phenotyped for each environment and are 
being genetically mapped. Initial phenotypic analysis indicated some heritability of rhizomatous traits, but also strong environmental influence. 
Future QTL mapping results will be compared across environments and to prior research in S. bicolor x S. propinquum populations to distinguish 
“consensus” QTLs from those that are “novel” to S. halepense, contributing to perennial germplasm development. 
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Genome Wide Association Studies for Root System Architecture in Sorghum (Sorghum bicolor (L) Moench) 
Kassahun Bantte Bisetegn and Temesgen Matiwos Menamo, Jimma University, Jimma, Ethiopia 
Sorghum is the third most important cereal crop in Ethiopia. However, drought is the major abiotic stress affecting its production, leading to huge 
crop failures despite the crop’s inherent drought tolerance abilities. The root system architecture (RSA) of plants influences adaptation to water-
limited conditions, determining the capacity of a plant to access soil water. Hence, better understanding of the genetic variation of RSA and 
identification of genomic regions associated with these traits could improve sorghum for water-limited areas. To explore the extent of genetic 
variation for components of RSA and identify genomic regions associated with RSA, we screened 1,757 genotypes and conducted genome-wide 
association studies for root angle. The experiment was conducted in a greenhouse using purpose-built root chambers filled with red soil in a row 
and column design. Significant genetic variation for nodal root angle was found among the genotypes, ranging from 13.5° to 30.4°, with a 
moderate to high heritability of 59-85%. A genome wide association study using 940 genotypes with high-density markers (50,367 SNP) 
identified a total of 31 unique genomic regions associated with nodal root angle on chromosomes 2, 3, 4, 7, 8 and 9. We conclude that genome-
wise association studies in sorghum is feasible in identifying genomic regions associated with nodal root angle, creating the opportunity for 
marker-assisted breeding for this trait in improving sorghum for adaptation in water-limited environments.  
Key words: Sorghum, Root architecture, Genome-wide Association Studies 
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Transcriptome Analysis of Drought-Resistant and Sensitive Sorghum in Response to Water Stress 
Farida Olden, kysu, Frankfort, KY 
Drought occurring at the post-anthesis stage inflicts severe damages to plant production. With the threat of global warming, selecting for drought 
tolerance is the only sustainable way to quell water unavailability. Sorghum is one of the best adapted cereals to abiotic stress; the tolerance to 
late-stage drought exhibited by certain cultivars such as SC56 is, therefore, crucial for plant improvement. In this work, RNA-seq analysis of 
SC56 and Tx7000, a sensitive cultivar, was performed to identify bioprocesses and genes underlying water stress resistance.  
The gene ontology analysis revealed translation (GO:0006412) as a clear-cut key process conditioned by water conditions and intrinsic drought 
resistance of the varieties. Translation was downregulated in SC56 and Tx7000 under water restriction compared to the controls. Comparing the 



genotypes, SC56 upregulated ‘translation’ compared to Tx7000 under both normal and drought conditions. In addition to ‘translation’, under 
irrigation, 27 bioprocesses were upregulated by SC56 compared to Tx7000, while no bioprocesses were upregulated by Tx7000. Also, in 
addition to ‘translation’, under drought, SC56 compared to Tx7000 upregulated 10 bioprocesses while no bioprocesses were upregulated by 
Tx7000. Under watered conditions, SC56 surpasses Tx7000 in the overall biosynthesis activity (GO:0009058), ‘regulation of biological quality’ 
(GO:0065008), and specifically ‘cellular homeostasis’ (GO:0019725). Under water stress, SC56 also significantly outperformed Tx7000 by 
maintaining general biosynthesis activity and overexpressing ‘vitamin B6 binding’ function (GO:0070279). This later result is especially 
important since increased vitamin B6 content was shown to be associated with higher biomass and resistance to abiotic stress in genetically 
engineered Arabidopsis. 
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Genes Controlling the Alkali Spreading Phenotype and Starch Quality Attributes in Sorghum 
Stefanie Griebel1, Richard P. Westerman2, Molly M. Webb3, Charles A. Addo-Quaye4, Bruce A. Craig2, Osvaldo H. Campanella2, 
Clifford F. Weil2, Brian P. Dilkes5 and Mitchell Tuinstra6, (1)Frau, West Lafayette, IN, (2)Purdue University, West Lafayette, IN, 
(3)former Purdue University, West Lafayette, IN, (4)Lewis-Clark State College, Lewiston, ID, (5)Department of Biochemistry, 
Purdue University, West Lafayette, IN, (6)Purdue University, WEST LAFAYETTE, IN 
Sorghum, an important staple food crop for millions of people in Africa and Asia, is consumed for its starchy endosperm. Starch structure 
determines cooking properties, processing quality, and starch digestibility. The rapid method for screening starch in rice known as Alkali 
Spreading Value (ASV) has been adapted to sorghum to identify variants in starch quality. A population of sorghum EMS mutants was screened 
and mutants with strong ASV phenotypes were identified. Whole genome sequencing of these mutants revealed candidate SNPs in genes related 
to starch biosynthesis. Each mutant was crossed to BTx623 and segregation analyses showed that mutations in genes for starch synthase and 
starch branching enzyme co-segregated with the ASV phenotype. Each mutant was evaluated for variation in starch quality traits including starch 
gelatinization temperature (GT), amylose and amylopectin content and ratio, and viscosity. Mutants in starch synthase exhibited lower GT, little 
change in amylose content and slightly lower viscosity than starches from nonmutant plants. Starch branching enzyme mutants exhibited higher 
starch GT, higher amylose values and lower viscosity than nonmutant starches. Mutations in starch branching enzyme had a dosage dependent 
effect on amylose content. Alleles contributing to novel starch traits are being introgressed into elite temperate and tropical sorghum varieties for 
crop improvement. Sorghum starches with unique attributes may play a role in new food and beverage products. 
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Abortion of Pedicellate Spikelets in Sorghum Is Mediated By Jasmonic Acid 
Zhanguo Xin1, Gloria Burow2, Chad Hayes2, Yves Emendack2, Junping Chen2 and Doreen Ware3, (1)USDA ARS, Lubbock, TX, 
(2)USDA-ARS, Lubbock, TX, (3)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
Most grasses produce two types of spikelets (grass flowers). The sessile spikelets, which are directly attached to the inflorescence branches, are 
usually fertile and capable of producing grains. The pedicellate spikelets, which are attached to the inflorescence branches through a short petiole 
called pedicel, bear occasionally anthers but no ovary and eventually abort without producing grain. However, the mechanisms that regulate the 
abortion of the pedicellate spikelets remain unclear. To address this issue, we isolated a series of sorghum [Sorghum bicolor (L.) Moench] 
multiseeded (msd) mutants in which both the sessile and pedicellate spikelets bear bisexual flowers and produce viable grains. Using bulk 
segregant analysis of next-generation sequencing data, we identified the Msd1 as a TCP (Teosinte branched/Cycloidea /PCF) transcription factor. 
RNAseq revealed that jasmonic acid (JA) biosynthetic enzymes are transiently activated in pedicellate spikelets. Young msd1 panicles have 50% 
less JA than wild type (WT) panicles, and application of exogenous JA can rescue the msd1 phenotype. Our results revealed a new mechanism 
for increasing gain number per panicle with the potential to boost grain yield and provided insight into the regulation of plant inflorescence 
architecture and development in sorghum and other cereals. 
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Genomics of Sorghum Local Adaptation to Parasitic Witchweed 
Emily S Bellis1, Victoria Deleo1, Elizabeth Kelly1, Claire Lorts1, Zhenbin Hu2, Geoffrey P. Morris2, Claude W. dePamphilis1 and 
Jesse Lasky1, (1)The Pennsylvania State University, University Park, PA, (2)Department of Agronomy, Kansas State University, 
Manhattan, KS 
Parasitic weeds limit global food security. One of the most damaging species, Striga hermonthica, parasitizes sorghum, millet, rice, maize, and 
sugarcane and is a major biotic constraint to food production across Africa. Here we integrate environmental niche modeling of parasitic 
witchweed and genomic data from sorghum landraces to identify regions of the sorghum genome exhibiting strong signatures of association with 
parasite distribution. Alleles previously implicated in Striga resistance are relatively rare among landraces but exhibit significant associations 
with parasite distribution. This approach is a promising strategy to identify novel loci important for mediating interactions between hosts and 
their coevolving pathogens or parasites. 
 
PO0851: Maize, Sorghum, Millet, Sugar Cane, and related 
INVICTA: An Innovative Proposal for Healthy Seedcane Large Scale Production. 
Maria Natália Guindalini Melloni1, Izadora Farina Pastore1, Michelle Dias Pacheco1, Luciana R. Pinto2, Alexandre Palma Boer 
Martins3 and Silvana Creste Souza4, (1)IAC- Sugarcane Center, Ribeirão Preto, Brazil, (2)Centro de Cana, Instituto Agronômico, 
Ribeirão Preto, SP, SAO PAULO, Brazil, (3)Centro de Cana, Ribeirão Preto, Brazil, (4)Centro de Cana - Instituto Agronômico, 
Ribeirao Preto, Brazil 
In vitro propagation represents a powerful tool applied to the sugarcane genetic breeding, serving as a successful strategy for rapid multiplication 
of genotypes. The fact that sugar cane presents a series of systemic diseases, many of them transmitted clonally, must be considered in the 
process of in vitro production in order to avoid the propagation of infected plants and consequently, the spread of diseases. Using 
biotechnological and artificial lighting (LED) tools, we have developed the INVICTA technology for large scale production of healthy sugarcane 



seedlings using temporary immersion bioreactors. The INVICTA process is subject to a strict quality control, which involves attesting the genetic 
identity of each plant produced by DNA fingerprinting and having its phytosanitary quality assured by molecular biology methods. These 
procedures guarantee the indexation of all plants for the main sugarcane’s systemic bacterial diseases, such as Xanthomonas albilineans (causal 
agent of leaf scald disease), Leifsonia xyli subsp xyli (causal agent ratoon stunt disease), both indexed by quantitative PCR (TaqmanTM qPCR) in 
addition to the Mosaic virus and Sugarcane Yellow leaf virus, indexed by RT-PCR. The number of plants per 5-L bioreactors is genotype-
dependent, ranging from 300 to 1100 plants and with multiplication rates ranging from 1: 9 to 1:33 in a 21-day cycle. Considering five 
subcultives of 21 days each, it is possible to produce 300.000 new plants in six months, using only one meristem tip. The result of the INVICTA 
technology is the production of plants of high genetic and phytosanitary quality, leading to high potential of production to feed sugarcane 
multiplication nurseries. INVICTA was created from an intense demand of the sugar and alcohol sector for the production of healthy sugarcane 
seedlings, since only the in vitro propagation is not enough to guarantee the health of the material multiplied by tissue culture. The results from 
INVICTA seedling nurseries show that it is possible to exceed sugarcane productivity and longevity to levels not yet reached: multiplication 
nurseries reach yields of 250 t / ha within 13 months. Furthermore, crop longevity can now be designed for up to 12 years, provided that 
appropriate phytosanitary controls are carried out. 
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Genomic Selection with Allele Dosage Information in Sugarcane 
Lorena G. Batista1, Luciana R. Pinto2, Estela A. Costa3, Melina C. Mancini3, Fernanda Z. Barreto4, Anete P Souza5 and Gabriel R 
A Margarido6, (1)University of São Paulo, Piracicaba, Brazil, (2)Centro de Cana, Instituto Agronômico, Ribeirão Preto, SP, SAO 
PAULO, Brazil, (3)University of Campinas - UNICAMP, Campinas, Brazil, (4)Federal University of Sao Carlos, Araras, Brazil, 
(5)University of Campinas, Campinas, Brazil, (6)University of Sao Paulo, Piracicaba, Brazil 
Modern sugarcane cultivars are derived from interspecific hybrids between Saccharum officinarum and S. spontaneum, backcrossed with S. 
officinarum. The result is a highly polyploid genome that has a varying number of chromosomes in each homology group (i.e. aneuploidy). In 
this context, genomic selection models for sugarcane must not only include the allelic dosage of markers but also account for the different ploidy 
levels between markers. By genotyping-by-sequencing 180 sugarcane genotypes from a bi-parental F1 progeny we obtained estimates of ploidy 
and allele dosage of 4,806 single-nucleotide polymorphisms (SNPs). Phenotypes for stalk diameter, stalk weight, stalk height and brix were 
evaluated in two sites, during 2008 and 2009 for the first site and 2012 through 2014 for the second site. We used the SNP data to estimate 
genomic covariance matrixes for additive and digenic dominance effects that were then used for prediction of breeding values using mixed model 
analysis. Prediction accuracies were obtained through 500 runs of cross-validation, in which we randomly sampled one tenth of the genotypes to 
be used as the validation set for predicting breeding values, using the remaining genotypes for model training. Median of accuracy values ranged 
from 0.27 to 0.36 and were lower when allele-dosage information was not included in the model. We were able to obtain genomic predictions of 
breeding values using a high number of SNPs with information of dosage and ploidy. Our results indicate that this is the most feasible strategy so 
far for deploying genomic selection in sugarcane breeding programs. 
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S. spontaneum Distribution in Commercial Hybrid Sugarcane Cultivars 
Julie K. Nguyen1, Xingtan Zhang2, Xiaokai Ma2 and Ray Ming1,2, (1)University of Illinois at Urbana-Champaign, Urbana, IL, 
(2)FAFU and UIUC-SIB Joint Center for Genomics and Biotechnology, Fuzhou, China 
Sugarcane (Saccharum spp.) is an economically important crop for sugar and ethanol production. Modern sugarcane cultivars are interspecific 
allo-autopolyploid hybrid, derived from crosses between S. officinarum and S. spontaneum followed by backcrossing to S. officinarum to recover 
high sugar content and high biomass yield. Modern sugarcane hybrid cultivars contain about 85-90% S. officinarum genome and 10 – 15% S. 
spontaneum genome. Using recently published S. spontaneum AP85-441 genome, we assessed the fraction of S. spontaneum in modern hybrid 
sugarcane cultivars. The Brazilian hybrid cultivar SP80-3280 is composed of approximately 12.25% of S. spontaneum sequences, and the 
introgression of S. spontaneum chromosomes are randomly distributed in all 32 chromosomes of the reference genome. The same pattern of 
genome wide distribution of integrated fraction of S. spontaneum was observed in 15 re-sequenced hybrid cultivars. Our results reinforced the 
conclusion that S, spontaneum is autopolyploid, and homologous chromosomes were recombining randomly after the divergence of S. 
spontaneum accessions. The S. spontaneum AP85-441 reference genome facilitates genomic research and sugarcane improvement. 
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Allelic Expression Profile in Sugarcane across Tissues and Genotypes 
Claudio Benicio Cardoso- Silva1, Melina C. Mancini2, Danilo A. Sforça2, Luciana R. Pinto3 and Anete P Souza4, (1)University of 
Campinas- UNICAMP, Campinas, Brazil, (2)University of Campinas - UNICAMP, Campinas, Brazil, (3)Centro de Cana, Instituto 
Agronômico, Ribeirão Preto, SP, SAO PAULO, Brazil, (4)University of Campinas, Campinas, Brazil 
Commercial sugarcanes were originated by interspecific hybridization between polyploid sugarcane species, and they are aneuploid with high 
ploidy level. Despite of its economic importance as a resource of raw sugar, alcohol, and recent advances with two genomes recently published, 
genetic and genomic of sugarcane are a vast field yet to be explored. Several studies had shown that allelic expression is sensitive to dosage 
effects, tissue types, and may be influenced, for example, by sub-genome dominance. Nowadays, Allelic expression dynamics are poorly 
understood in complex polyploid organisms, including sugarcane. Here, a genic SNP approach was used to investigate correlation between 
genomic and expression allelic frequencies through different sugarcane tissues. RNA-Seq libraries were constructed using leaf, root, bud, mature 
stalk, and immature stalk from the SP80-3280 and IACSP93-3046 hybrids. First of all, we obtain genomic allele frequencies from 290 genic SNP 
loci genotyped by Mass Spectrometry and estimated using SuperMASSA software. Second, RNA-Seq reads were mapped on genic loci reference 
sequences using bowtie2 to estimating expression allelic frequency. The bam files were used for SNP calling by Freebayes software. Then, the 
*vcf files were filtered with an implemented in-house script, in order to extract the expression allelic frequencies of the loci. As a result, a total of 
208 loci had allele expression information in at least one tissue. We found a moderate correlation (from r= 0.55; leaf to r= 0.76; bud) between 
allelic frequency (genomic) and expression frequency (RNA-Seq) maybe indicating that probably most of the alleles are being equally expressed. 



In other hand, we observed some alleles with low genomic frequency and high expression frequency (SugSNP0373, SugSNP0112, and 
SugSNP0686). This may be an evidence that some alleles are preferentially expressed. Additionally, we found tissue-specific and genotype-
specific expression pattern, while some genes had their expression pattern unchanged independently of the genotype or tissue observed. These 
finds are the first report on allelic expression in sugarcane and it is fundamental to our understanding of molecular mechanisms related to allelic 
expression in polyploid organisms. 
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Mapping QTL for Cold-Tolerant Photosynthesis in Saccharum spontaneum for Introgression into Sugarcane 
Wittney D. Mays1, Vanessa S. Gordon2, Lindsay V. Clark3, Chifumi Nagai4 and Erik J. Sacks3, (1)University of Illinois, Dept 
of Crop Sciences, Urbana, IL, (2)USDA-ARS Sugarcane Field Station, Canal Point, FL, (3)Dept of Crop Sciences, 
University of Illinois, Urbana, IL, (4)Hawaii Agriculture Research Center, Kunia, HI 
Sugarcane (Saccharum spp.) production in the US is currently limited to a very narrow geographic area due the need for a tropical climate. 
Although commercial sugarcane loses most of its photosynthetic capacity when exposed to cold temperatures, better cold tolerance is observed in 
some of its wild relatives. A cross was performed with the cold-tolerant S. spontaneum ‘US87-1019’ as the female parent and the cold-sensitive 
sugarcane cultivar ‘CP00-1074’ as the male parent. Approximately 20% of progeny were the result of self-fertilization according to preliminary 
genetic data, with the remaining 80% being true hybrids. Of the total seedling population, 474 individuals were genotyped using RAD-seq and 
phenotyped for photosynthetic activity under cold conditions. Fv/Fm (maximum quantum yield of photosystem II) was measured on plants at 
25°C day/20°C night, then after three and seven days at 10°C day/5°C night. The parents and progeny were sequenced on eight Illumina HiSeq 
4000 lanes, yielding variants at over 65,000 tag locations across a draft version of the S. spontaneum genome, with a median read depth of 44 in 
the progeny and 200 in the parents. Allele dosage was estimated using the software polyRAD, and single marker analysis was used to identify 
QTL for retention of photosynthetic rate at cold temperatures. Our results will facilitate the introgression of genes for cold-tolerant 
photosynthesis into commercial sugarcane, increasing its potential range of cultivation. 
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Quantitative Trait Loci Related to Sugar Traits in Saccharum Spp. Hybrids 
Md Sariful Islam1, Xiping Yang2, Sushma Sood3, Jack Comstock4, Fenggang Zan5 and Jianping Wang2, (1)Sugarcane Production 
Research Unit, USDA-ARS, Canal Point, FL, (2)Agronomy Department, University of Florida, Gainesville, FL, (3)Sugarcane 
Production Research Unit, USDA ARS, Canal Point, FL, (4)Sugarcane Field Station, USDA-ARS, Canal Point, FL, (5)Yunnan 
Sugarcane Research Institute, Kaiyuan, China 
Sugarcane is one of the most important crops in the tropical and sub-tropical regions worldwide. The main goal of sugarcane breeding programs 
is releasing new cultivars with improved sugar content, disease resistance and agronomic traits. Molecular markers linked to the sugar yield 
would greatly facilitate the development of sugarcane cultivars with higher sugar content. In this study, quantitative trait loci (QTL) associated 
with sugar and yield related traits were identified using a segregating F1 population derived from two Saccharum spp. hybrids. Specifically, 
BRIX, POL, recoverable sugar content (SC), fiber content (FC), moisture content (MC), juice purity, stalk diameter (SD), and stalk weight (SW) 
data were collected from a replicated field trial of a bi-parental population. A total of 36 and nine QTL for sugar and yield related traits, 
respectively were identified using a high density genetic map with markers developed by genotyping-by-sequencing. Of the 45 detected QTL, 
seven QTL were associated with each of the three sugar related traits BRIX, POL, and SC; six QTL with FC and MC; three QTL with juice 
purity; four QTL with SD; and five QTL with SW. The QTL explained a total of phenotypic variations of 70.90, 61.80, 61.68, 68.67, 91.62, 
33.00, 49.91, and 64.49 % for BRIX, POL, SC, FC, MC, purity, SD, and SW, respectively. Upon validation, markers from the identified QTL 
would be useful in marker-assisted selection for selecting superior cultivars with these traits. 
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Integration of Metabolic Networks and Transcriptomic Data to Unravel Mechanisms of Sugarcane Smut Disease 
Hugo V. S. Rody1, Natália S Teixeira-Silva1, Patricia D C Schaker2, Andressa P Bini3, Giselle de Carvalho4 and Claudia B. 
Monteiro-Vitorello1, (1)University of São Paulo, Piracicaba, Brazil, (2)Universidade Tecnológica Federal do Paraná, Toledo, 
Brazil, (3)Centro de Cana - Instituto Agronômico, Ribeirão Preto, Brazil, (4)Instituto SENAI de Inovação em Biomassa (SENAI), 
Três Lagoas, Brazil 
Sugarcane smut is caused by the biotrophic fungus Sporisorium scitamineum, leading to important economic losses. Herein, we integrated 
metabolic networks and transcriptomic data from two contrasting sugarcane genotypes regarding the level of smut resistance, aiming at 
unraveling the mechanisms of disease progression. Reads were input to CLC software using a total of 88,488 sugarcane transcripts as the 
reference. Diferentially Expressed Genes (DEG) were investigated using DESeq2. Sugarcane metabolic networks were modeled, at steady-state, 
using functional annotation from Sorghum bicolor obtained from KEGG database, and based on graph theory. Proteins were set as the nodes for 
biological interpretation, with the connections among nodes given by directed edges based on the substrate-product relationship among proteins 
reactions. Centrality degree values were used to rank the nodes, and the k-means clustering method to classify each of them into one of three 
categories: little-, intermediate-, or super-connected. Proportions of DEG were higher in the super-connected category than in the little-connected 
in both sugarcane genotypes, suggesting the modulation of super-connected proteins in the smut-sugarcane pathosystem. For instance, in the 
Phenylpropanoid sub-network, the super-connected node of PTAL enzyme was found down- and up-regulated in the susceptible and resistant 
genotypes, respectively. Three little-connected enzymes from the raffinose family oligosaccharides sub-network were down-regulated in the 
resistant genotype. This analysis showed differences in the gene expression profiles between the targeted smut-resistant and susceptible 
sugarcane genotypes regardless of the degree of connections the nodes have in the established metabolic network of sugarcane. 
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Characterization of Alternative Splicing Patterns Modulated by Biotrophic Smut Pathogen in Sugarcane 



Renesh H Bedre1, Sonia Irigoyen1, Patricia D C Schaker2, Claudia B. Monteiro-Vitorello3, Jorge A Da Silva1 and Kranthi K. 
Mandadi4, (1)Texas A&M AgriLife Research, Weslaco, TX, (2)Universidade Tecnológica Federal do Paraná, Toledo, Brazil, 
(3)University of São Paulo, Piracicaba, Brazil, (4)Texas A&M AgriLife Research and Extension, Weslaco, TX 
Alternative splicing (AS) is a key posttranscriptional process in eukaryotes that promotes transcriptome and proteome diversity during growth, 
development, and response to stress. Genome-wide studies of AS in sugarcane (Saccharum spp.) are lacking, mainly due to absence of a high-
quality sequenced reference genome, its complex genome architecture and polyploidy. Here, we attempted to analyze sugarcane isoform-level 
transcriptome and AS landscapes, modulated during infection with smut fungus (Sporisorium scitamineum), using a hybrid approach using 
Sorghum bicolor reference-based and Trinity de novo mapping tools. Approximately 16,039 and 15,379 transcripts were detected (≥2 FPKM) at 
5 and 200 days after infection (DAI), respectively. A conservative estimate of isoform-level expressions suggests that approximately 5,000 
(14%) of sugarcane genes are alternatively spliced. Differential expression analysis of the miss-spliced genes in healthy and smut-infected 
sugarcane revealed ~896 AS events modulated at the different stages of infection. Gene family and gene-ontology based functional enrichment 
analysis of the differentially-spliced genes revealed overrepresented functional categories such as cell-wall, defense, and redox homeostasis 
pathways. Together, our study provided the first glimpse and insights into the AS landscapes of sugarcane altered during smut disease 
interactions. 
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A Saccharum G-Protein-Coupled Receptor, ShGPCR1 Confers Tolerance to Abiotic Stress in Sugarcane 
Manikandan Ramasamy1, Mona B. Damaj1, Carol Vargas-Bautista2, Victoria Mora1 and Kranthi K. Mandadi1, (1)Texas A&M 
AgriLife Research and Extension, Weslaco, TX, (2)Texas A&M University, College Station, TX 
Sugarcane and energy cane (Saccharum spp. hybrids) are prominent sources of sugar-based ethanol and lignocellulosic biomass feedstocks 
globally. Abiotic stresses including drought, salinity and cold result in significant yield-losses and are major impediments to attain maximum 
sugar, biomass and biofuel yield potential in these elite feedstocks. G-protein coupled receptors (GPCRs) are responsible for transmembrane 
signal transduction of diverse extracellular stimuli during plant growth and development, and stress responses. The role of GPCRs in abiotic 
stress has been well characterized in model plants but not in commercial crops. In the present study, we identified and isolated a GPCR protein 
(ShGPCR1) from Saccharum spp. hybrids and characterized its role in abiotic stress tolerance. Analysis of the amino acid sequence of ShGPCR1 
revealed the characteristic transmembrane domains with an extracellular N-terminal region putatively involved in ligand binding and an 
intracellular C-terminal region that interacts with a heterotrimeric G-protein. Endogenous transcript levels of ShGPCR1 were enhanced in leaves 
and culms subjected to salinity, drought and cold stresses, as detected by qRT-PCR. Sugarcane lines overexpressing ShGPCR1 showed increased 
tolerance to cold stress with up to 40% survival after exposure (3 weeks at 4°C followed by 4 h at -5°C). The functional relevance of ShGPCR1 in 
salt and drought tolerance is in progress. Together, these findings suggest that ShGPCR1 is a promising candidate for the development of 
Saccharum varieties that are better suited to marginal environments. 
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Switchgrass Transcriptional Responses to a Range of Biotic Stresses 
Nathan A. Palmer, Serge Edme, Rob Mitchell and Gautam Sarath, USDA-ARS Wheat, Sorghum, and Forage Research Unit, 
Lincoln, NE 
Switchgrass (Panicum virgatum) is being developed as a biomass feedstock, and as more land area is used for switchgrass production, biotic 
stressors can become increasingly prevalent. In this study, a meta-analysis of multiple biotic stress related transcriptomic experiments was 
undertaken. These biotic stress experiments consist of investigating switchgrass trainscriptional responses to two feeding guilds of insects 
(piercing-sucking aphids: greenbugs and yellow sugarcane aphids, and chewing: fall army worms) and two pathogen infections (fungal rust and 
Panicum mosaic virus). These stressors were applied to two switchgrass ecotypes (upland Summer and lowland Kanlow), as well as a hybrid 
experimental strain (Summer ♀ x Kanlow ♂ ). The goal of this study is to highlight shared and stressor or ecotype specific transcriptomic 
responses. 
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Whole Genome Sequencing of a Setaria Sp. Variant Exhibiting High Transformability 
Peter Thielen, Johns Hopkins University Applied Physics Laboratory, Laurel, MD 
The genus Setaria represents approximately 100 annual and perennial species, and is distributed worldwide in forms ranging from domesticated 
crops to weedy varieties. S. viridis is an emerging C4 model organism and the wild progenitor of the food crop S. italica (foxtail millet). An 
initial genome was published for S. italica in 2012, and a small number of reference genomes are either publicly or privately available for S. 
viridis. To facilitate the use of Setaria spp. for genetic manipulation, we have sequenced an S. viridis variety that demonstrates significantly 
higher transformability than the A10 cultivar often used for laboratory manipulation. This de novo assembly was generated using a hybrid 
assembly approach that integrates Oxford Nanopore and Illumina datasets. Here we describe phenotypic characteristics, hybrid genome 
assembly, comparison with publicly available assemblies, and applications for genetic manipulation. 
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Use of Molecular Markers for Precise Identification of Brachiaria Cultivars 
Karoliny Nagib De Sales1, Marco Antonio Machado2, Mariane de Mendonça Vilela3, Sanzio Barrios3 and Ana Luisa Azevedo2, 
(1)Universidade Federal de Juiz de Fora, Juiz de Fora, Brazil, (2)Embrapa Dairy Cattle, Juiz de Fora, Brazil, (3)Embrapa Beef 
Cattle, Campo Grande, Brazil 
The genus Brachiaria is the most used forage in the tropics and accounts for more than 80% of pastures in Brazil. The annual demand for 
certified seeds of tropical forage species in Brazil reaches 50 thousand tons of which 75% is destined to the domestic market and 25% to export. 
One of the major concerns in the seed market is related to piracy and the use of seeds with little or no guarantee of genetic purity. In this way, the 
development of tools specially designed to handle the genetic purity and quality of seeds is required by forage production systems in Brazil. 



Therefore, the objective of this work is to develop a molecular fingerprinting panel to be used in the characterization of Brachiaria cultivars. A 
total of 21 Brachiaria cultivars registered by the Brazilian Ministry of Agriculture, Livestock, and Food Supply were genotyped with 30 
microsatellite markers. Young leaves were collected for DNA extraction and amplification of the DNA fragments was done by PCR. The 
analysis of DNA amplicons was done by capillary electrophoresis, using the MegaBACE 1000 DNA sequencer. A total of 150 alleles were 
detected among the cultivars what made possible to identify 10 unique alleles and more than 30 rare alleles. With this molecular pattern, all 
cultivars could be precisely fingerprinted using 5 to 10 microsatellites markers. For each cultivar, the best combination of molecular markers was 
developed and could be used for DNA tests in accredited labs. With the use of the molecular panel set, the genetic origin of each commercialized 
seed could be certified and contributes to the genetic quality of the product acquired by the producer. 
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Comparative Analysis of Complete Chloroplast Genomes in Erianthus Species 
Shin-ichi Tsuruta1, Suparat Srithawong2, Benjawan Ruttawat3, Weerakorn Saengsai3, Masumi Ebina4, Makoto Kobayashi4, 
Yoshifumi Terajima1, Amarawan Tippayawat3 and Suchirat Sakuanrungsirikul5, (1)Japan International Research Center for 
Agricultural Sciences (JIRCAS), Okinawa, Japan, (2)KhonKaen University, KhonKaen, Thailand, (3)KhonKaen Field Crops 
Research Center, KhonKaen, Thailand, (4)National Agriculture and Food Research Organization (NARO), Tochigi, Japan, (5)Khon 
Kaen Field Crops Research Center (KKFCRC), Khon Kaen, Thailand 
The genus Erianthus is a member of the subtribe Saccharinae within the Andropogoneae and comprises seven closely related species. Erianthus 
species are useful for phylogenetic study of the Saccharum complex and have a potential as breeding materials for bioenergy crop development 
and improvement of sugarcane cultivars. In Thailand, two wild species have been identified: E. arundinaceus with different ploidy levels (2n = 
40, 60) and E. procerus (2n = 40). We have been collecting these genetic resources across the whole of Thailand from the 1990s. A number of 
recent studies on genetics and breeding of E. arundinaceus have been reported, but studies in these fields on E. procerus are scarce. In this study, 
we determined the complete chloroplast genome sequence of E. procerus. Alignment of this sequence with that previously reported for E. 
arundinaceus demonstrated a high degree of conservation in gene content and order. We found SSR, indel, and SNP variations, which could be 
useful for species identification and analysis of their evolution. We used these data to characterize reproducibility of inter-specific varieties and 
phylogenetic relationships in the Thai Erianthus. This is the first report of phylogenetic and evolutionary relationships inferred from maternally 
inherited variation comprehensively detected within Erianthus species. Our study provides an important framework for understanding the 
phylogenetic and evolutionary aspects of economically important genera Erianthus. 
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Differential Gene Expression Analysis of Flower Development in Ravenna Grass (Tripidium ravennae) 
Nathan A. Maren1, Rishi Aryal1, Darren Touchell2, Hamid Ashrafi1 and Thomas Ranney2, (1)North Carolina State University, 
Raleigh, NC, (2)North Carolina State University, Mills River, NC 
The emergence of biomass industries has seen the exploration of diverse crops to sustain a consistent and efficient feedstock supply. Perennial 
grasses have emerged as a significant contributor to the biomass feedstock portfolio. Perennial C4 grasses in the Poaceae Subtribe Saccharinae 
including Miscanthus, Saccharum and Tripidium are characterized by having high biomass accumulation rates, disease and insect resistance, 
broad adaptability, and low input requirements. However, in some environments these plants can become weeds. Floral development is the 
penultimate transition in the lifecycle completion of vascular plants and has been associated with invasive species potential. While the gene 
regulatory processes of flowering and inflorescence development are described in annual monocotyledonous plants, fewer perennial grasses have 
been examined. To build our understanding of the genetic architecture of flowering in perennial grasses, a structural and functional gene 
annotation of flowering was pursued within the diploid Tripidium ravennae (Syn. Erianthus ravennae). RNA-seq libraries were generated from 
tissue collected at 10 stages of reproductive development with three biological replicates. Poly-adenylated RNA was purified from high quality 
RNA extracts and strand specific libraries were prepared for paired end sequencing. Full length cDNA libraries were prepared for the same to 
identify isoform expression characteristics and aid in the annotation of our genomic assembly. After data preprocessing, short read transcriptome 
assembly was developed yielding a primary short read assembly composed of 157,257 contigs (N50=1.3 kb). The results of differential gene 
expression and isoform analysis for sample specific flower development will be discussed. 
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Challenges for Polyploid Tropical Grasses Breeding: Genetic Mapping Using Allelic Dosage 
Anete P Souza1, Rebecca C. U. Ferreira1, Leticia A. C. Lara2, Lucimara Chiari3, Sanzio Barrios3, Cacilda do Valle3, Jose R 
Valerio3, Fabricia Z. V. Torres3 and Antonio A. F. Garcia2, (1)University of Campinas, Campinas, Brazil, (2)University of São 
Paulo (ESALQ/USP), Piracicaba - SP, Brazil, (3)Embrapa Beef Cattle, Campo Grande, Brazil 
Tropical forage grasses are widely sown across the global, and especially American tropics, where they have drastically increased the efficiency 
of beef cattle production. Urochloa spp. and Megathyrsus maximus are most economically important forage grasses in Brazil, where they are 
planted on 170 Mha, accounting for 85% of sown pasture land. These forage grasses are polyploid and apomictic, which makes genetic studies 
challenging; therefore, the number of currently available genetic resources is limited affecting the advancement of molecular breeding. Recent 
advances allow generating high-density single nucleotide polymorphism (SNP) genotype data and estimating the allele dosage of SNP for 
mapping studies in these species. Dense GBS genetic maps have been developed from intraspecific F1 progeny with contrasting parents to several 
traits for four important forage grass species: Urochloa decumbens, U. humidicola, U. ruziziensis and Megathyrsus maximus. These are the first 
genetic maps for tropical grasses using SNPs with allele dosage, making possible most robust genetic analysis and providing relevant genetic 
information. Genetic map of U. decumbens allowed detecting three QTL to spittlebug (Notozulia entreriana) resistance, an important insect pest 
that attacks the Brazilian pastures, providing new insights into the architecture of this trait. Our results represent an essential evolution for 
polyploid studies and are the first step towards possible marker-assisted selection (MAS) and genomic selection (GS) in tropical forage grass, 
subjects of great interest in genetic improvement programs for economically important plant species. 
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In-Season and On-Target Prediction for Traits of Complex Plasticity in Diverse Environments 
Xianran Li, Xin Li, Tingting Guo, Qi Mu and Jianming Yu, Iowa State University, Ames, IA 
The bottleneck of understanding and leveraging phenotypic plasticity, the varied performance of same genotype, is the quantification of relevant 
environmental stimuli from natural environments. I will present the JGRA framework established from our multi-environment trial with a 
sorghum RIL population. 
The RIL population were grown across 4 years at three fields spanning latitude from 18˚ to 42˚. We recorded a complex flowering time pattern 
from these seven tested environments. We discovered that photothermal time (PTT = GDD × day length) from a growth period (18-43 days after 
planting) can be used to quantify external stimuli of each environment as its high correlation with mean flowering time. By leveraging PTT, the 
complex flowering time can be explained, modelled, and predicted with a simple straightforward model. The power of in-season and on-target 
prediction from this model was empirically validated with data from next two seasons. 
Encouraged by the successful application for bi-parental populations, we are expanding the applications of JGRA framework into in-season and 
on-target forecasting other traits for diverse and elite crop germplasm. 
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The Genomes of 1376 Wild Sunflowers Reveal the Role of Genetic and Structural Variants in Adaptation 
Marco Todesco1, Natalia Bercovich1, Gregory L. Owens2, Jean-Sébastien Légaré1, Dylan O. Burge1 and Loren H. Rieseberg1, 
(1)University of British Columbia, Vancouver, BC, Canada, (2)University of California, Berkeley, CA 
Wild sunflower species display a staggering amount of genetic and phenotypic variation, and are adapted to a variety of (often harsh) 
environments. They represent both a fantastic system to study the genetic basis of adaptation, and a valuable source of novel alleles for 
improvement of cultivated sunflower. To investigate the genetic basis of adaptive variation in wild sunflowers, and to obtain a better 
understanding of their intra- and inter-specific genome variation and evolution, we re-sequenced the genomes of 1493 individuals for three 
species (Helianthus annuus, H. petiolaris and H. argophyllus), selected from a novel collection spanning most of their natural range. We grew 
1376 of the individuals that were re-sequenced in a common garden experiment, and collected phenotypic information for several dozen 
developmental, morphological and physiological traits. We then performed genome wide association studies (GWAS) for the phenotypic traits, 
and conducted population genomic studies for each of the three species using a newly developed method (lostruct), which can detect 
polymorphic inversions from resequencing data. Interpretation of these analyses was greatly aided by the concurrent development of a new, high 
quality reference assembly for the sunflower cultivar HA412.  
GWAS identified strong associations for several phenotypic traits. For example, homologs of several Arabidopsis flowering time regulators, 
including FT and FLM, were found to play a major role in regulating flowering in wild sunflower populations, and a single MYB transcription 
factor is responsible for most of the variation for ultraviolet nectar guides (a trait known to have a major impact on pollination rates) in wild H. 
annuus. Lostruct analyses revealed more than 50 large (>5 Mb) putative inversions segregating in the three species. Some inversions were 
exclusive to specific habitats, suggestive of a role in local adaptation. Analysis of the GWAS results is consistent with this role. GWAS signals 
for several traits, including flowering time and C:N ratios, are large (up to 130 Mb) and perfectly overlap with predicted inversions. Overall our 
results support theoretical predictions that chromosomal inversions aid adaptation by reducing recombination between locally adapted alleles. 
Such inversions could also provide a rapid means for developing locally adapted crops. 
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The Effects of Combinatorial Stress on Wild and Cultivated Sunflower 
Emily L. Dittmar, Rishi R. Masalia and John M. Burke, University of Georgia, Athens, GA 
Understanding plant responses to environmental stress may help inform breeding strategies aimed at producing more resilient crops. However, 
many studies that investigate the effects of stress are performed in controlled environmental conditions that alter a single stressor. Under natural 
conditions, plants may be exposed to a combination of different stressors acting simultaneously. Determining the extent to which plants exhibit 
novel responses when exposed to multiple stressors is a crucial step towards understanding how results from lab studies can inform plant 
breeding strategies aimed at producing robust plants under a variety of realistic field conditions. Of particular interest is understanding patterns of 
gene expression. Recent evidence suggests that the presence of multiple stressors operating simultaneously may produce novel patterns of gene 
expression that are not observed under individual stressors. The current study aims to understand whether two abiotic stressors (high salt and low 
nutrients) have interacting effects on plant performance and gene expression in the cultivated sunflower (Helianthus annuus L.) and its wild 
relatives.  
The stress response of cultivated sunflower was compared to that of its wild ancestor, (also H. annuus), and a wild relative adapted to coastal 
environments, H. argophyllus. Because it is believed that stress tolerance has been lost during domestication, efforts to breed more stress-tolerant 
crops often cross agricultural species with their wild relatives. However, the degree to which wild species have greater stress tolerance than 
domesticated species is often difficult to assess due to differences in growth form that preclude direct comparisons of fitness. Instead, this study 
investigates gene expression in a comparative framework. Patterns of gene expression that have been conserved over evolutionary time-scales are 
likely to have beneficial effects on fitness. Identifying whether otherwise-conserved stress responses in wild species are not present in their 
domesticated relatives would provide evidence that stress tolerance has been lost during domestication and would identify candidate genes for 
plant breeding aimed at increasing stress tolerance in crops.  
Finally, like many crops, domesticated sunflower exhibits heterosis which has led to its development as a hybrid crop. The current study assessed 
gene expression and performance in three sets of parental lines and their hybrid offspring to determine the degree to which heterosis may be 
explained by alterations in gene expression. 
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Genetic and Molecular Dissection of a Downy Mildew Resistance Gene Pl17 in Sunflower (Helianthus annuus L.) By Whole 
Genome Re-Sequencing 



Guojia Ma1, Qijian Song2, William Underwood3, Xuehui Li1 and Lili Qi3, (1)North Dakota State University, Fargo, ND, (2)USDA-
ARS, Soybean Genomics and Improvement Lab, Beltsville, MD, (3)USDA-ARS, Fargo, ND 
Downy mildew (DM), incited by the oomycete pathogen Plasmopara halstedii, is one of the most severe diseases that affect sunflower 
production worldwide. The gene Pl17 conferring resistance to DM was previously mapped to an interval of 3.2 Mb on linkage group (LG) 4 of 
the sunflower genome. In the present study, DNA sequences in the Pl17 region were retrieved from the whole genome sequences of inbred lines 
HA412-HO and XRQ and used to develop 94 pairs of primers for the amplification of 55 SSR and 39 STS loci. Saturation mapping narrowed 
down the Pl17 interval to 150 and 584 kb in the two reference genome assemblies, respectively. Pl17 donor line HA 458 was further re-sequenced 
at 40× coverage and 64 SNP markers were developed in the targeted regions in the two reference genomes. Of these SNP markers, a total of 16 
were positioned in the proximate region of Pl17 based on analysis of 3,008 F2 plants, and Pl17 was mapped in an interval of 11 kb on the XRQ 
assembly. Candidate gene HanXRQChr04g0095641 for Pl17 was identified from the XRQ genome, which belongs to TIR-NBS-LRR gene class. 
Marker validation in 96 diverse sunflower lines indicated that six of 16 SNP markers were diagnostic for Pl17 and could differentiate Pl17 from 
Pl19 and Pl22, two DM resistance genes close to Pl17 in LG4. These novel findings provide insight into the genetics of Pl resistance genes in 
sunflower and will facilitate molecular studies and breeding for sunflower DM resistance. 
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Genome Editing in Flax in Response to Stress? 
Christopher Cullis, Case Western Reserve University, Cleveland, OH 
The flax genome can be rapidly modified within a single generation in response to the growth environment. The variations do not appear to be 
due to either random mutations or 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 
 
PO0871: Oilseeds, Sunflower, and related 
Mapping Rust and Powdery Mildew Resistant Genes in Flax 
Lester W. Young1, Jean-Paul Trouve2, Adrien Speck2, Randy Kutcher1, Rachid Khalid3, Frank You4, Sylvie Cloutier4 and Helen 
M. Booker1, (1)University of Saskatchewan, Saskatoon, SK, Canada, (2)Terre de Lin, Saint Pierre le Viger, France, (3)Agriculture 
and AgriFood Canada, Morden, MB, Canada, (4)Agriculture and Agri-Food Canada, Ottawa, ON, Canada 
We used bioinformatics and molecular markers to map locations for the K gene for rust resistance and a gene conferring resistance to powdery 
mildew in flax. QTLseq was used to identify disease resistance loci in pools of individuals segregating for disease resistance. The K gene is 
located on LG5 while the powdery mildew resistance gene is located on LG13. HRM markers were mapped across the regions and markers 
located within 1 cM of the putative gene identified. Two pairs of tandemly repeated genes were found with homology to the Arabidopsis RWP-8 
gene family, which confers broad resistance to powdery mildew. 
 
PE0872: Oilseeds, Sunflower, and related 
Molecular Mechanism Involved in the Regulation of Chrysanthemum CmMLO17 to the Infection of Alternaria tenuissima 
Ye Liu, Jingjing Xin and Fadi Chen, Nanjing Agricultural University, Nanjing, China 
Chrysanthemum（Chrysanthemum morifolium）is one of the ten traditional famous flower and one of the four important cut flowers all over the 
word, which is of high ornamental and economic values. The black leaf spot disease caused by the fungi Alternaria tenuissima, is one of the most 
severe diseases during chrysanthemum production. We have previously screened candidate CmMLO17 from full transcripts generated from 
chrysanthemum infected by Alternaria tenuissima, and get the stably over-expressed and RNAi of CmMLO17 in chrysanthemum. When 
CmMLO17 was stably over-expressed in chrysanthemum, the plants showed an increased sensitivity to A. tenuissima, and the RNAi of 
CmMLO17 in chrysanthemum lead to resistant to A. tenuissima. Then we identified its function by analyzing the expression pattern of the 
relevant CmMLO17 and its subcellular localization; and we also screened and verified genes regulated downstream by CmMLO17 by 
transcriptomic analysis; by using the yeast-two-hybrid，we screened the interacting proteins with CmMLO17, and by BiFC assays, we validate 
the interation proteins in vitro. Above all, we identified the function and clarify the mechanism of CmMLO17 involved in the response of 
chrysanthemum to the infection of A. tenuissima. Our study enriched molecular mechanisms of chrysanthemum in response to pathogen 
infection, which meanwhile will provide a theoretical basis for the control of leaf spot disease caused by A. tenuissima and the disease resistant 
breeding of Chrysanthemum. 
 
PO0873: Oilseeds, Sunflower, and related 
Identification of High Oleate Mutant from Peanut Wild Relatives 
Ming Li Wang, Brandon Tonnis and Shyamalrau P. Tallury, USDA-ARS, PGRCU, Griffin, GA 
Crop wild relatives (CWR) are potentially useful genetic resources for cultivar improvement through genetic introgression. The Plant Genetic 
Resources Conservation Unit (PGRCU) of USDA-ARS in Griffin, GA maintains a large collection of peanut wild species. Over 200 accessions 
representing 45 wild species were regenerated in the greenhouse and their seed quality traits (including oil and protein content, fatty acid 
composition) were evaluated. One accession, Grif 7610 from Arachis veigae (formerly Arachis sylvestris) contained high percentages of oleic 
acid (55.5%) and very long-chain (C≥22) fatty acids (25.8%). It was identified as high oleate and very long-chain fatty acid mutant. A C37T 
substitution was identified by sequencing the coding region of FAD2, resulting in the nonsense mutation Q13* (a premature stop codon). This 



functional mutation may significantly reduce the fatty acid desaturase (FAD) activity and result in the enhanced oleate level. Utilizing this unique 
germplasm accession from the peanut wild relatives as genetic material for improving peanut seed quality through genetic introgression is 
discussed. 
 
PE0874: Oilseeds, Sunflower, and related 
Breeding for Increased Blackleg Resistance in the Pacific Northwest 
Ashley Job, Jack Brown, Jim B. Davis and Megan Wingerson, University of Idaho, Moscow, ID 
Brassica oilseed crops, such as canola, rapeseed and mustards, have become an important part of the cropping system in the Pacific Northwest 
(PNW). Their use as feedstock for biofuels is attractive as our need for sustainable alternative fuel sources increases. Subsequently, preventing 
disease outbreak is a high priority for growers and breeders. Blackleg is a fungal disease caused by Leptosphaeria maculans which infects many 
Brassicaceae crops. Yield losses due to blackleg can be severe, up to 80%, causing substantial losses in revenue for farms. Infection begins at the 
seedling stage and spreads to the stems as plants mature, causing large cankers which restrict vascular flow, resulting in crop lodging, pre-mature 
pod shatter, and yield loss. Until recently, blackleg had not been found in the PNW, but it is now widely observed. Genetic resistance is the most 
important, effective, and economical defense. Qualitative resistance has been identified in several Brassicaceae species; however, these single R-
gene forms of resistance are easily overcome. New resistance genes need to be found, and ideally quantitative resistance groups are needed for 
breeding new oilseed varieties with more durable resistance to blackleg. A genetically diverse population of winter B. napus was screened for 
blackleg resistance using greenhouse grown seedlings. All germplasm lines were also phenotypically assessed for blackleg resistance at two 
northern Idaho locations. This information will augment the genotypic data (SNP’s) which has already been compiled. Data from these 
experiments will be used to identify molecular markers for single and polygenic resistance to accelerate future breeding efforts. 
 
PO0875: Oilseeds, Sunflower, and related 
A Large-Scale Analysis of Resistance Gene Analogs Encoding NLR Domains in the Genus Elaeis 
Mariana de Lima Santos1, Gabriel S. C. Alves2, Michelle Guitton Cotta3, Fernando C. A. Fonseca2, Roberto C. Togawa4, Marcos 
M. C. Costa4, Alexandre Alonso Alves5, Robert N. G. Miller2 and Manoel Teixeira Souza Junior5, (1)University of Lavras, Lavras, 
Brazil, (2)Universidade de Brasília, Brasília, Brazil, (3)University of Brasília, Brasília, Brazil, (4)Embrapa Recursos Genéticos e 
Biotecnologia, Brasília, Brazil, (5)Embrapa Agroenergy, Brasília, Brazil 
Oil palm (Elaeis guineensis) is responsible for the majority of the world’s vegetable oil supply, with application in cosmetic, pharmaceutical, 
food and biofuel industries. Due to susceptibility of this crop to a number of diseases, with considerable constraint to production, the 
introgression of resistance genes into elite genotypes offers a means for integrated control and mitigation of disease losses. Resistance genes 
analogs (RGAs) encoding intracellular receptor proteins with nucleotide binding (NBS) and leucine-rich repeat (LRR) domains are known to be 
major players in plant immunity, implicated in pathogen effector recognition and initiation of defense responses. Conserved motif discovery for 
domains was performed with a computational annotation pipeline to identify and characterize NBS-LRR genes present in complete and draft 
genome sequences of E. guineensis and the closely related species E. oleifera. Hidden Markov Model (HMM) profiles were employed for 
identification of genes encoding proteins containing NBS-LRR structural elements. A HMM nucleotide profile resulted in the identification of 
338 NBS-LRR sequences in the reference genome E. guineensis (E5), with 220 NBS-LRR genes and 118 partial NBS genes. A resultant species-
specific HMM profile was then employed via an hmmsearch to identify homologous loci in E. guineensis var. Jacq, R10/1 Dura and E. oleifera. 
Together with a diversity characterization of the NBS domain across accessions, using primers targeting conserved motifs, phylogenetic analysis 
of sequences identified shared structural domains in protein homologues for E. guineensis, E. oleifera, Phoenix dactylifera, Glycine max, 
Brachypodium distachyon and Arabidopsis thaliana, enabling classification of Elaeis spp. sequences into distinct groups. 
 
PE0876: Oilseeds, Sunflower, and related 
Genome Structural Variation Associated with Disease Resistance in Brassica napus 
Iulian Gabur1, Regine Delourme2, Andreas von Tiedemann3, Sebastien Faure4, Christophe Jestin5, Frank Breuer6, Susan 
Volkmann6, Emmanuelle Dyrszka7, Christian Obermeier8 and Rod Snowdon8, (1)Justus Liebig University, Giessen, Germany, 
(2)UMR1349 INRA-Agrocampus Ouest-Université Rennes1, IGEPP-Institut de Génétique, Environnement et Protection des 
Plantes, Le Rheu, France, (3)Department of Crop Sciences, Plant Pathology and Crop Protection Division, Georg August 
University, Goettingen, Germany, (4)BIOGEMMA, Mondonville, France, (5)Terres Inovia, Thiverval-Grignon, France, (6)KWS 
SAAT DE, Einbeck, Germany, (7)Syngenta, Saint-Sauveur, France, (8)Department of Plant Breeding, Justus Liebig University, 
Giessen, Germany 
Comparative analysis of structural organization and allelic diversity associated with resistance factors to important fungal oilseed rape diseases 
was performed within a French-German consortium (GeWiDis - “Exploiting genome wide diversity for disease resistance improvement in 
oilseed rape”). Disease resistance screening of Blackleg (Leptosphaeria maculans), Sclerotinia stem rot (Sclerotinia sclerotiorum) and 
Verticillium stem striping (Verticillium longisporum) was done using a B. napus Nested Association Mapping (NAM) panel in greenhouse and 
field experiments at different locations across Germany and France. Genome-wide association analysis (GWAS) identified many significant 
marker trait associations including a number of new regions for resistance to all three diseases. Overlapping quantitative trait loci (QTL) for 
multiple disease resistance were also revealed. We investigated the localization of resistance factors and their relationships with regard to 
polyploidy, duplications, homoeologous and nonhomeologuos translocations, or other structural rearrangements. Analyses of resistance factors 
involved in this three diseases and their positive/negative correlations in regions that are subjected to structural variation is a promising tool that 
allows a better understanding of the genetic basis of quantitative resistance in B. napus. Sequence capture analysis of 1314 genes from the co-
localizing QTL regions revealed new candidate genes involved in multi-disease resistance (MDR). 
 
PO0877: Rice 
De Novo Assembly of the indica Rice IR64 Genome Using Nanopore Sequencing and Linked-Read Sequencing 



Tsuyoshi Tanaka1, Ryo Nishijima2, Shota Teramoto1, Yuka Kitomi1, Takeshi Hayashi1, Yusaku Uga1 and Taiji Kawakatsu2, 
(1)Institute of Crop Science, NARO, Tsukuba, Japan, (2)Institute of Agrobiological Sciences, NARO, Tsukuba, Japan 
After the completion of genome sequencing of Oryza sativa ssp. japonica cv. Nipponbare by International Rice Genome Sequencing Project in 
2004, the genome sequencing of O. sativa was performed by reference-based resequencing and de novo assembly using next generation sequence 
platforms. Reference-based resequencing was a powerful method to detect polymorphisms used for QTL analysis and genome-wide association 
study (GWAS). However, this method is not applicable for the missing regions and more diversified regions in a reference genome. Even though 
de novo assembly enables us to construct genome sequence without any reference data, only short-read data have shown truncated scaffolds in 
many residues. Recently, developments of new sequencing technologies, such as PacBio sequencing systems, enable us to determine genome 
sequences with high resolution by de novo assembly methods. In this study, we constructed O. sativa ssp. indica cv. IR64 reference genome by 
de novo hybrid assembly method using MinION provided by Oxford Nanopore Technologies and Chromium system provided by 10x Genomics. 
By using several software, such as supernova, canu and quickmerge, IR64 genome of 367 Mbp with 1770 scaffolds was constructed. By using 
marker information, erroneous assembly was revised and chromosome assignments was performed. In addition, we compared IR64 assembly 
with Nipponbare (IRGSP-1.0) and R498 (Chinese Academy of Science) genomes for the evaluation. We will use the reference genome for the 
better transcriptome analysis. 
 
PE0878: Rice 
Application of a Novel, Targeted Sequencing-Based Genotyping Approach for Cost Effective Marker Assessment in O. 
sativa 
Andrew Barry1, Kruti Patel2, Amy Emerman2, Sarah Bowman2, Evan Mauceli2, Charles Elfe2, Scott Adams2, Jonathon S. Dunn2, 
Susan E. Corbett2, Brandan S. Desmond2, Eileen T Dimalanta1, Fiona J Stewart1, Theodore B Davis1 and Cynthia Hendrickson2, 
(1)New England Biolabs, Ipswich, MA, (2)Directed Genomics, Ipswich, MA 
Decreases in sequencing costs have increased the availability of public SNP databases while necessitating development of targeted genotyping 
assays for use in marker assisted genomic selection for a variety of crop species. NEBNext Direct is a novel, hybridization-based target 
enrichment approach that has been optimized for use in genotyping applications to increase the number of assays that can be performed in a 
single reaction, while providing sequencing coverage depth suitable for SNP identification. The approach enables high-levels of multiplexing of 
both isolates and markers, allowing enrichment of hundreds of thousands of SNP targets in a single hybridization reaction, and the protocol is 
easily completed in a single day.  
We developed a panel covering the 2,015 single nucleotide polymorphisms previously identified as markers for polymorphism detection in O. 
Sativa. Here, we will demonstrate the application of this panel to cost-effectively enrich defined SNP markers in a highly specific and uniform 
manner prior to next-generation sequencing. 
 
PO0879: Rice 
Organelle Genome Analysis Classified 1495 Rice Hybrids into 5 Groups and Identified Common Polymorphisms Within 
Each Group 
ZhouLin Gu, national center for gene research, ShangHai, China 
The genetic basis for heterosis in rice hybrid has been well elucidated based on nuclear genome. However, we have little knowledge about 
cytoplasmic genome for hybrids. In this study, we analyzed the cytoplasmic genomes of a collection of 1495 elite hybrid rice (Oryza sativa) 
varieties, and had hybrids cytoplasm divided into 5 groups which were corresponding to 5 major types of male sterile lines. Using low coverage 
Whole Genome Resequencing data, we could have mitochondrial and chloroplast genomes assembled for 5 representative hybrid varieties from 5 
groups, respectively. Based on the assembly, we found that there were certain polymorphisms locating in gene region and they could result in 
dramatic change for their coding products. Our results showed that, in hybrid population, cytplasmic genome also contained abundant 
polymorphisms. It might provided clue for further uncovering mechanism of heterosis at organelle genome level. 
 
PE0880: Rice 
GWAS using Rice Nested Association Mapping Population Revealed Agronomically Important QTLs 
Akira Abe1, Hiroki Yaegashi1, Shinsuke Nakajo2, Tomoaki Fujioka2, Yuki Ota2, Kaori Oikawa1, Hiroe Utsushi1, Yumiko 
Ogasawara1, Hideko Kikuchi1, Motoki Shimizu1, Hiroki Takagi1 and Ryohei Terauchi1,3, (1)Iwate Biotechnology Research Center, 
Kitakami, Japan, (2)Iwate Agricultural Research Center, Kitakami, Japan, (3)Laboratory of Crop Evolution, Kyoto University, 
Kyoto, Japan 
To exploit the natural variation of rice, we generated a Nested Association Mapping (NAM) population using a Japanese elite cultivar 
“Hitomebore” as the common parent. Hitomebore was crossed with 20 rice accessions (founders) that represent a wide genetic diversity of Oryza 
sativa, and the resulting F1 progeny have been used to generate recombinant inbred lines (RILs) with the single-seed descent method. Finally, we 
have established a total of 3,000 RILs of F8-F10 generations with the progeny of each cross represented by 30 – 250 lines. The 21 parental 
accessions were subjected to whole-genome sequencing at an average depth of 30 x using Illumina platform, resulting in 0.1M-1.6M SNPs 
detected between "Hitomebore" and each founder. Subsequently, the 3,000 RILs were re-sequenced at 3 x depth, and their genotype datasets 
have been generated based on 47,000 SNPs after SNP-calling, imputation and a filtering. This NAM population has been grown in the paddy 
field and various agronomic traits have been measured, including days to heading, flag leaf size, SPAD value, tiller angle, panicle number per 
plant, grain number per panicle, grain size and root length. We performed genome-wide association analysis (GWAS) based on the mixed model 
considering population structure (Q)+ Kinship (K) to calculate the P-values using the “rrBLUP” R package. GWAS using the rice NAM 
population successfully detected not only major QTLs but also minor QTLs controlling the important agronomic traits. 
 
PO0881: Rice 
GradingPoolSeq - New Method to Map QTLs 
Shican Tang, Institute of Plant Physiology & Ecology,SIBS,CAS, shanghai, China 



In plant genetics, most agriculturally important traits are manipulated by several quantitative trait loci (QTL), thus making it difficult in genetic 
dissection for minor phenotypic effects. Here we developed a new method “GradingPoolSeq” for QTL mapping through high-throughput 
sequencing of multiple DNA pools. Unlike other conventional time-consuming methods, we could detect the QTLs of complex traits 
simultaneous by sequencing an analyzing multiple pools of F2 progeny based on their phenotypes. We successful identify the QTLs underlying 
heading date within 400kb regions by this approach. The validation of this new method proves broad applications in the field of QTL mapping 
and could greatly accelerate the process of robust QTL dissections and isolations. 
 
PE0882: Rice 
Phenotypic Diversity and Homoeologous Expression Rewiring in Synthetic Tetraploidy Rice Population 
Yue Sun and Ying Wu, Northeast Normal University, Changchun, China 
Allopolyploidization, that is, concomitant merging and doubling of two or more divergent genomes in a common nucleus/cytoplasm, is known to 
instantly alter genomewide transcriptome dynamics, a phenomenon referred to as “transcriptomic shock.” However, the immediate effects of 
transcriptomic alteration in generating phenotypic diversity at the population level remain underinvestigated. Here, we employed the 
MassARRAY-based Sequenom platform to assess and compare orthologous, allelic and homoeologous gene expression status in two tissues (leaf 
and root) of a set of randomly chosen individuals from populations of parental rice subspecies (indica and japonica), in vitro “hybrids” (parental 
mixes), reciprocal F1 hybrids and reciprocal tetraploids at the 5th-selfed generation (S5). We show that hybridization and whole genome 
duplication (WGD) have opposing effects on allelic and homoeologous expression in the F1 hybrids and tetraploids, respectively. Whereas 
hybridization exerts strong attenuating effects on allelic expression differences in diploid hybrids, WGD augments the intrinsic parental 
differences and generates extensive and variable homoeolog content which triggers diversification in expression patterning among the tetraploid 
plants. Coupled with the vast phenotypic diversity observed among the tetraploid individuals, our results provide experimental evidence in 
support of the notion that allopolyploidy catalyses rapid phenotypic diversification in higher plants. Our data further suggest that largely 
stochastic homoeolog content reshuffling rather than alteration in total expression level may be an important feature of evolution in young 
segmental allopolyploids, which underlies rapid expression diversity at the population level. 
 
PO0883: Rice 
Regulation of Recipient Parent’s Genomic Structure Via Epigenetic Patterns from Donor Parent Lead to Transgressive 
Segregants in Rice 
Ai Kitazumi1, Isaiah Pabuayon1, Rakesh Kumar Singh2, Glenn 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 Banos, Philippines 
Transgressive segregants represent products of extensive shuffling of extraneous genome, reestablishing of epigenetic landscapes, and 
recuperation from the initial ‘genome shock’ to regulate gene expression and status of transposable elements (TEs). In this study, we examined 
the genome restructuring and DNA methylation profiles of a panel of recombinant inbred lines (F8-RILs) from a cross of the salinity-susceptible 
cultivar IR29 and the salinity-tolerant landrace Pokkali. This comparative panel includes transgressive offspring with stronger tolerance than 
Pokkali (i.e. positive transgressive) and those with weaker tolerance than IR29 (i.e. negative transgressive), with an aim of understanding how 
recombinant genomes are reconfigured and how non-parental sequence variation is established after multiple rounds of recombination. To 
understand the contribution of genome reshuffling events to genotype performance beyond the parental lines, we investigated large chromosome 
rearrangements (e.g. duplication, deletion, inversion, and translocation). Chromosome conformation capture (Hi-C sequencing) suggests that 
positive transgressive F8-RILs inherited much of their genome structures from IR29 while exhibiting higher epigenome and TE profile similarity 
to Pokkali. The high similarities in methylation profile indicate possible inheritance of TE regulatory mechanisms from Pokkali. Meanwhile, the 
genome structure inheritance from IR29 is an interesting complementary feature found in this panel. Gains and consequences resulting from this 
complementation are further analyzed via Iso-seq analysis and parallel mRNA/siRNA sequencing. We present here intricacies in genome and 
epigenome restructuring in transgressive progeny to help understand how genetic potential can be maximized for stress tolerance, beyond simple 
gene introgressions. 
 
PE0884: Rice 
Out of Africa: Exploring the African Germplasm for Sustainable Rice Production in Future Climates 
Sophie Cowling, University of Nottingham, Loughborough, United Kingdom 
Drought is the main cause of yield losses in Asian rice (Oryza sativa), which is projected to increase in response to climate change. African rice 
(Oryza glaberrima) evolved independently to Asian rice and is relatively more tolerant to many abiotic stresses, including drought, as a result of 
adaptation to the harsh African environment. The identification of drought trait-related genes in African rice could be used for crop improvement 
in commercial Asian rice. This study uses 155 whole-genome sequenced African rice accessions to screen for heritable variation in drought 
related traits from a whole plant perspective; correlating the impact of root system architecture (RSA) with above ground physiology. Here we 
have found that the accessions display significant variation (P=<0.0001) in stomatal conductance (gs), density and speed of opening & closing. 
These above-ground findings have been linked to the correlation of high gs with dense RSA and conversely with low gs. Using this 
comprehensive phenotyping screen a genome wide association study is currently in progress to identify genomic regions of interest and select 
candidate genes for further characterisation.  
This study uses an exciting new genomic resource to bridge the gap between genomic characterisation and the translational use for crop 
improvement in future changing climates. 
 
PO0885: Rice 
Exploring the Genetic Potential within Traditional Philippine Pigmented Rice 
Edwige Gaby Nkouaya Mbanjo1, Huw Jones2, Xavier G. I. Caguiat3, Socorro Carandang1, John Carlos Ignacio1, Marilyn C. 
Ferrer3, Nese Sreenivasulu1, Lesley A. Boyd2 and Tobias Kretzschmar1,4, (1)International Rice Research Institute (IRRI), Los 



Baños, Philippines, (2)National Institute of Agricultural Botany (NIAB), Cambridge, United Kingdom, (3)Philippine Rice Research 
Institute (PhilRice), Muñoz, Philippines, (4)Southern Cross University, East Lismore, Australia 
The majority of rice consumed globally is polished white rice. Unpolished rice, however, can produce grains with brown, red or purple pericarp, 
known as pigmented rice. Pigmented rice landraces are still grown by ethnic communities for their health, nutritional and cultural value.  
In this study, we undertook an analysis of the genetic variation in a collection of 696 pigmented rice accessions held at PhilRice in the 
Philippines using 1,536 SNPs markers. A core collection of 307 lines representing all administrative regions of the Philippines, and 
predominately composed of japonica and indica subspecies was established from the 696 collected accessions. Grouping by region of origin 
indicated that most genetically diverse rice accessions originated from the Cordillera Administrative Region (CAR) in the far north of the 
Philippines, and in the regions of Davao and Caraga in the southeast. The majority of the genetic variation was within regions (82.38%) rather 
than between regions (10.23%), with the remaining variation being within rice accession (7.39%). A pairwise comparison of accessions by 
region indicated that both local and long distance exchange of rice accessions had occurred. A comparison with pigmented rice accessions from 
the neighbouring countries of Taiwan, Laos, China and India revealed a close relationship between accessions from Taiwan, supporting the 
hypothesis of southward diffusion of Austronesians from Taiwan to the Philippines.  
This core collection is a valuable asset for genetic dissection of nutritional components, and will contribute to the improvement of the nutritional 
value of rice and development of high-yielding pigmented rice varieties.  
Key Words: rice, SNPs, Philippines, germplasm, pigmented, nutritional 
 
PE0886: Rice 
Genetic Mechanisms for the Independent Origins of Weedy Rice (Oryza sativa) in Korea 
Cynthia C. Vigueira and Patrick Vigueira, High Point University, High Point, NC 
Red rice is an aggressive, weedy form of cultivated rice (Oryza sativa) that infests crop fields and is a primary factor limiting rice productivity in 
the United States and worldwide. As the weedy relative of a genomic model species, red rice is extremely well suited to serve as a model for 
understanding the genetic and evolutionary mechanisms by which weediness evolves. Previous work has focused on the evolution of weediness 
in red rice from the southern United States which resulted from de-domestication events from both Indica and Aus cultivars. Here we explore the 
evolution of weedy rice in Korea using 48 sequence tagged sites (STS loci). We find that Korean weedy rice evolved from two independent de-
domestication events from Japonica and Indica cultivars. Low levels of genetic diversity found in Korean weeds likely results from population 
bottlenecks during de-domestication. The repeated evolution of weedy traits during these four independent events allows for a unique 
opportunity to explore the genetic mechanisms that can underlie de-domestication and lead to weediness. Three candidate genes that underlie 
weedy traits (Bh4 which is involved in hull pigmentation, Rc which is involved in pericarp pigmentation, and Sh4 which is involved in seed 
shattering) were sequenced in Korean weeds and compared to global collections of wild, weedy, and cultivated rice. We find that Korean weeds 
contain cultivar specific alleles, wild alleles that were likely maintained through standing variation, as well as unique alleles to weedy rice. These 
findings help further our understanding of the genomic mechanisms of weed evolution. 
 
PO0887: Rice 
The Earliest Rice Accessions Cultivated in Taiwan Must be japonica Type  
Yue-ie C. Hsing, Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan 
Genetic data for traditional Taiwanese (Formosan) agriculture is essential for tracing the origins on the East Asian mainland of the Austronesian 
language family, whose homeland is generally placed in Taiwan. We report on botanically informed linguistic fieldwork of the agricultural 
vocabulary of Formosan aborigines, which converges with earlier findings in archaeology, genetics and historical linguistics to assign a lesser 
role for rice than was earlier thought, and a more important one for the millets. We also present the results of an investigation of domestication 
genes in a collection of traditional rice landraces maintained by the Formosan aborigines over a hundred years ago. We demonstrate that the 
earliest rice accessions cultivated in Taiwan must be japonica type. In addition, the genes controlling awn length, shattering, caryopsis color, 
plant and panicle shapes contain the same mutated sequences as modern rice varieties everywhere else in the world, arguing against an 
independent domestication in south China or Taiwan. The genome sequencing analysis also indicates these japonica rice accessions are between 
temperate and tropical japonica rice. Early and traditional Formosan agriculture was based on foxtail millet, broomcorn millet and rice. We thus 
suggest that the pre-Austronesians expanded south along the coast from that region after c. 5000 BCE to reach northwest Taiwan in the second 
half of the 4th millennium BCE. 
 
PE0888: Rice 
Analysis of a Large Collection of Vietnamese Native Rice Lines Reveals Novel Genomics Variants 
Bruno A. Santos1, Jannet Higgins2, Tran Dang Khanh3, Khuat Huu Trung4, Jose De Vega2, Le Huy Ham3 and Mario Caccamo1, 
(1)NIAB, Cambridge, United Kingdom, (2)Earlham Institute, Norwich, United Kingdom, (3)Institute of Agricultural Genetics, 
Hanoi, Viet Nam, (4)AGI, Hanoi, Viet Nam 
Rice (Oryza sativa) is the staple food for half of the world’s population and the second most produced crop after maize. Increases in rice yield 
are, however, not keeping pace with population growth. In addition climate change and loss of arable land put further pressure on rice 
production. The mining and characterisation of allelic diversity within rice cultivars is a key step to facilitate the use of molecular markers for 
breeding. It is therefore important that researchers and breeders have access to information from the wide range of rice genotypes available in 
germplasm collections.  
Vietnamese native lines are currently underrepresented in the reference rice collections: only 38 lines from Vietnam were included in the 3k 
genomes project. The rapid selection of rice varieties to counteract challenges linked to climate change will greatly contribute to food security in 
Vietnam and enhance current breeding programmes.  
In this project a panel of 619 rice lines from Vietnam’s national seedbank have been sequenced using low-pass coverage whole genome 
sequencing (WGS) at the Earlham Institute. Sequencing data has been analysed using a bioinformatics platform for variant discovery. The 
resulting variants were then subsequently filtered and combined with those coming from the 3k genome project. In this poster we show the 



population structure and diversity between these two sets to identify areas of the genome under positive selection. Finally, the marker density of 
the panel is suitable for future genome wide association studies (GWAS). 
 
PO0889: Rice 
Role of Alternative Polyadenylation Dynamics in the Divergence of Two Rice Subspecies Japonica and Indica 
Qian Zhou1, Haihui Fu2, Xiaohui Wu1 and Qingshun Quinn Li3, (1)Xiamen University, Xiamen, China, (2)Xiamen university, 
Xiamen, China, (3)Western University of Health Sciences, Pomona, CA 
Alternative polyadenylation (APA) is a widespread post-transcriptional mechanism that regulates gene expression through mRNA metabolism, 
playing a pivotal role in modulating rice (Oryza sativa L.) phenotypic traits. However, little is known about APA-mediated regulations 
underlying the distinct characteristics between two major rice subspecies, Indica and Japonica. Using poly(A)-tag sequencing approach, 
polyadenylation (poly(A)) site profiles were investigated and compared pairwise from germinating to mature stage between Indica and Japonica, 
and extensive differentiation in APA profiles were detected genome-wide. Genes with subspecies-specific poly(A) sites were found to contribute 
to subspecies characteristics particularly in disease resistance of Indica and cold-stress tolerance of Japonica. In most tissues, differential usages 
of APA sites exhibited apparent impact on the gene expression profiles between subspecies, and were significantly enriched in quantitative trait 
loci (QTL) related to yield traits, such as spikelet number and 1000-seed weight. In leaves of booting stage, APA site switching genes displayed 
global 3′ UTR shortening with increased expression in Indica compared with Japonica, and they were overrepresented in the porphyrin and 
chlorophyll metabolism pathway. This phenomenon may lead to higher chlorophyll contents and photosynthesis in Indica than in Japonica, 
being associated with their differential growth rates and yield potentials. We further constructed an online website for querying and visualizing 
the poly(A) atlas in these two rice subspecies. Our results suggest that APA may largely involve in developmental differentiations between two 
rice subspecies, especially in leaf characteristics and stress response, broadening our knowledge of the post-transcriptional genetic basis 
underlying the divergence of rice traits. 
 
PE0890: Rice 
Lessons from Natural Variations: Artificially Induced Heading Date Variations for Improvement of Regional Adaptation in 
Rice 
Yong Hu, Huazhong Agricultural University, wuhan, China, Shuangle Li, huazhong agricultural university, Wuhan, China and 
Yongzhong Xing, Huazhong Agricultural University, Wuhan, China 
Flowering time (or heading date) is an important quantitative trait in rice (Oryza sativa) that determines its adaptation to specific cultivation areas 
and growing seasons. However, breeding of flowering time is currently relying on laborious selections and combinations of different alleles of 
various genes. Here, we cloned a cis-variant allele of Ehd1 that regulated not only heading date but also yield potential. Genetic analysis revealed 
that Ehd1 acted downstream of Ghd7 as a negative regulator of yield potential, and expression divergence of Ehd1 negatively correlates with 
phenotype variations including heading date and grain yield. Moreover, regardless of genetic background, manipulations of the expression of a 
single gene, Ehd1, are sufficient for recreating beneficial heading date variations which could be subjected to the selection of best suitable lines 
for local environment conditions. Beyond a deeper understanding of transcriptional control of quantitative traits, this study provided an effective 
and flexible strategy for breeding rice cultivars to maximize grain production for any region of cultivation. 
 
PO0891: Rice 
A Genetic Catalog of Oryza glaberrima for Biotic and Abiotic Stresses and Grain Quality 
Nana Kofi Abaka Amoah, Africa Rice Center, Bouake, Cote d'Ivoire 
Oryza glaberrima, a cultivated rice species is neither phenotypically nor economically attractive as its counterpart O. sativa. Nevertheless, it is a 
good reservoir for important resistance traits to numerous biotic and abiotic stresses. This has, therefore, intensified the interest by breeding 
programs across the world, to use O. glaberrima in improving the adaptability of O. sativa to several stresses. The Genetic Resource Unit (GRU) 
of Africa Rice Center (AfricaRice); a leading pan African rice research organization, holds in storage over 2000 O. glaberrima accessions. 
Unfortunately, not much effort has gone into characterizing these accessions for the inherent traits they may possess. Presently, there is a 
network, Excellence in Breeding (EIB) Platform, constituted to modernize and improve efficiency in breeding through the provision of cutting-
edge services and technologies. In collaboration with a genotyping service provider called Intertek-Agritech, this network has designed and 
validated SNP markers that are specific to grain quality traits, biotic and abiotic stresses specially for use by AfricaRice. This poster presents a 
proper catalogue for 1000 O. glaberrima accessions based on their allelic profile for drought, submergence, bacteria leaf blight and blast, 
fragrance and chalkiness. Over 100 O. glaberrima accessions studied possessed favorable alleles for drought (DTY12.1 and DTY3.1), bacteria 
leaf blight (Xa21), submergence and chalkiness (Chalky5). This newly acquired knowledge will serve as a reference catalog which will support 
informed utilization of the available O. glaberrima accessions in breeding for improved rice varieties. This will facilitate the development of new 
varieties with better adaptability to stresses and will transcend into the improvement of livelihoods in the rice value chain and as well address 
food insecurity issues in the sub-region. 
 
PE0892: Rice 
Identification of Novel Mutations in Genes Involved in Silicon and Arsenic Uptake and Accumulation in Rice 
Thomas H. Tai, USDA, Agricultural Research Service, Davis, CA and HyunJung Kim, Dept. of Plant Sciences, UC Davis, Davis, 
CA 
Novel mutations in rice genes involved in silicon (Si) and arsenic (As) transport (Lsi1, Lsi2) and vacuolar sequestration of As (OsABCC1) were 
identified using reverse genetics. TILLING by sequencing of chemically-induced mutants (n = 2,048) resulted in the detection of 61 putative 
mutations. Following removal of mutations predicted to be synonymous or residing in introns, 21 of 23 nonsynonymous mutations were 
confirmed by Sanger sequencing. Thirteen M3 lines harboring homozygous mutant alleles (three lsi1, nine lsi2, and one Osabcc1) were identified 
for phenotyping. Altered sensitivity to germanium (Ge), a phytotoxic analog of Si, was observed in three lines. The lsi1 lines NM-E1746 and 
NM-3403 had increased tolerance whereas the lsi2 line NM-3036 was more sensitive, however, this phenotype appears unrelated to the mutation. 



Analysis of the straw from field-grown plants revealed that NM-E1746 and NM-3403 were the only lines with significant reductions in total Si. 
Both mutants also had significant increases in total As and NM-3403 exhibited higher grain total As. The third lsi1 mutant (NM-3380) and two 
lsi2 mutants (NM-2902 and NM-2249) had increased straw total As. Increased grain total As was observed in NM-2902, NM-2249, and a third 
lsi2 mutant NM-E2244. Interestingly, NM-4903 (Osabcc1) had the highest total Si and was also the only line to have significantly reduced straw 
and grain total As. These novel mutant alleles represent useful genetic resources for the further dissection of Si, As, and Ge transport in rice and 
enhancing rice productivity and quality. 
 
PO0893: Rice 
Mapping Grain Quality Traits Using Genotyping-By-Sequencing in Recombinant Inbred Line Population in Rice  
Sang-Nag Ahn1, Cheryl Adeva2, Jun Hyun Cho3, Sun-Ha Kim2, Hyun-Sook Lee4 and Changsoo Kim5, (1)Dept. of Agronomy, 
Chungnam National University, Daejeon, South Korea, (2)Chungnam National University, Daejeon, South Korea, (3)Department of 
Southern Area Crop Science, National Institute of Crop Science, Miryang, South Korea, (4)Dept. of Agronomy, Chungnam 
National University, Daejeon, Korea, Republic of (South), (5)Department of Crop Science, Chungnam National University, 
Daejeon, Korea, Republic of (South) 
Genotyping-by-sequencing (GBS) is the most recent approach that facilitates and allows efficient and high-density single nucleotide 
polymorphism (SNP) discovery and genotyping; thus, can be used in several genetic studies such as QTL mapping in a variety of crop species 
and populations. GBS is widely used in indica/japonica population background or interspecific cross population background but fewer reports on 
japonica/japonica population background. In this study, 92 F6 recombinant inbred lines derived from two japonica cultivars, Dodam (high in 
resistant starch (RS)) and Hwayeong (a non-waxy cultivar), were evaluated to construct QTL map for agronomic and grain traits. A total of 1,848 
SNPs were identified using the GBS technique and subsequently used to construct a physical map. Thereafter, single marker analysis identified 
one, two, five, one, two, three, and four QTLs for amylose content, RS content, iron concentration, zinc concentration, manganese concentration, 
calcium concentration, and early heading trait, respectively. One major QTL was identified and mapped on chromosome 2 resulting to an 
increased amylose content and RS which was similar to previous report. In addition, another QTL that could be possibly involved in increasing 
the RS was also identified on chromosome 11. However, additional studies and analyses will be still carried out for further confirmation of the 
identified QTL for RS on chromosome 11. Using high-density SNP markers for QTL mapping through GBS technique offers proof for various 
applications in rice research and breeding. However, big gaps were observed in genomic regions of the F6 RILs resulting to non- detection of 
SNPs in some specific regions. This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea 
government (MSIT)(No. 2017R1A2B2007554). 
 
PE0894: Rice 
Dissecting Genetic Basis of Grain Shape and Chalkiness Traits in Hybrid Rice Using Multiple Collaborative Populations 
Jiashun Miao1, Junyi Gong2, Qiang Zhao3, Yan Zhao4, Qi Feng5, Qilin Zhan6, Shihua Yang2, Xuehui Huang7 and Bin Han8, 
(1)Institute of plant physiology and ecology, SIBS, CAS, Shanghai, China, (2)China National Rice Research Institute, zhejiang, 
China, (3)National Center for Gene Research and Institute of Plant Physiology and Ecology, Chinese Academy of Sciences, 
shanghai, China, (4)National Center for Gene Research,Chinese Academy of Sciences, Shanghai, China, (5)National Center for 
Gene Research, Shanghai, China, (6)NCGR, shanghai, China, (7)Shanghai Normal University, Shanghai, China, (8)National Center 
for Gene Research, Shanghai Institute of Plant Physiology and Ecology, CAS-Center of Excellence for Molecular Plant Sciences, 
Chinese Academy of Sciences, Shanghai, China 
Through the efficient use of heterosis, hybrid rice varieties generally have a higher level of grain yields than inbred varieties. However, grain 
quality has now become one of the most important targets in hybrid rice breeding for meeting consumer demands. Grain shape and chalkiness are 
two important components of rice grain quality. For genetic dissection of these complex traits, we selected 17 representative hybrid crosses and 
constructed large genetic populations consisting of totally 10,074 F2 lines. We carefully phenotyped these F2 lines for grain length, grain width, 
grain length-to-width ratio, chalky grain rate, chalk size and degree of chalkiness, all of which showed a broad phenotypic distribution in the 
population. Hierarchical clustering of all the six traits showed the correlations among grain shape traits and those among chalkiness traits were 
relatively strong. However, there were only very weak correlations between grain length-to-width ratio and degree of chalkiness, implying that 
the genetic architectures for the two traits should be different. We generated a high-density genotype map for the rice lines through resequencing. 
A total of 1,482,139 single nucleotide polymorphisms (SNPs) were used in GWAS. Through conducting GWAS using the panel combining all 
the F2 lines, we identified 36 GWAS loci underlying grain length-to-width ratio and 32 GWAS loci underlying chalky grain rate (P < 10-5). 
Several loci response for both grain shape and chalkiness. According to the genotypic information of the GWAS loci, we were able to predict 
grain length-to-width ratio, grain length, grain width with 78.67%, 73.53%, 58.10% accuracy, respectively. We believe that the strong 
associations identified here could be important targets for marker assisted selections of low chalkiness grains in rice breeding. 
 
PO0895: Rice 
Grain Chalkiness Characterization of a Rice Diversity Panel and its Association with Genomic Regions 
Stanley Omar PB. Samonte1, Darlene L. Sanchez1, Jasper Benedict B. Alpuerto1, Leon C. Holgate1, Michael J. Thomson2, Karina 
Y. Morales2, Yubin Yang1, Rodante E. Tabien1, Lloyd T. Wilson1, Zongbu Yan1 and Peyton A. Croaker1, (1)Texas A&M AgriLife 
Research, Beaumont, TX, (2)Texas A&M University, College Station, TX 
Rice breeding programs rogue very high yielding lines if their grain quality, such as chalkiness, is below standard. Rice grain chalkiness, which 
is quantitatively inherited and highly affected by environment, results from differences in light reflected from numerous air spaces between 
loosely packed starch granules. The objectives of this study are: (1) to evaluate a rice diversity panel for phenotypic and genetic variation in grain 
chalkiness; and (2) to identify genomic regions that are associated with chalkiness using genome-wide association studies. Sampling plots of 220 
entries (including five check cultivars) were established using an augmented randomized complete block design at Texas A&M AgriLife 
Research at Beaumont in 2018. For each entry at maturity, rice samples were harvested, and whole milled rice was evaluated for chalkiness using 
an S21 rice grain analyzer. Preliminary estimates of chalky area ranged from 12.4 to 87.3%, with a mean of 39.1%. High grain quality cultivar 



Presidio had a chalky area of 20.6% and chalky grain (percentage of grains with at least 50% chalky area) of 1.1%. Variance components and 
broad-sense heritability of chalkiness will be estimated. High-throughput AgSeq genotyping technology is ongoing at the Texas A&M AgriLife 
Genomics and Bioinformatics Service (TxGen) at Texas A&M University at College Station. Using a GWAS linear mixed model, phenotype and 
genotype data will be analyzed to estimate genetic diversity and SNP-trait associations. Results from this study will be useful in increasing 
genomic selection efficiency and improving grain quality of high yielding rice lines. 
 
PE0896: Rice 
Genetic Dissection of Grain Weight Trait in Aromatic Rice 
Anurag V. Daware1, Ranjith K. Ellur2, Ashok K. Singh2, Swarup K. Parida3 and Akhilesh K. Tyagi1,4, (1)National Institute of Plant 
Genome Research, New Delhi, India, (2)Indian Agriculture Research Institute, New Delhi, India, (3)University of Delhi, South 
Campus, NEW DELHI, India, (4)University of Delhi, South Campus, New Delhi, India 
Rice is an important staple food crop, targeted extensively for genetic improvement to ensure global food security amidst changing climatic 
scenario. Grain size and grain weight are among the most vital yield-contributing quantitative traits in rice. Although, large numbers of 
genes/QTLs regulating grain size/weight in rice are being identified and functionally characterized, so far most of these genes have failed to 
explain said trait variation existing within aromatic (Basmati) rice accessions. This anomaly can primarily be ascribed to possible regulation of 
grain size/weight in aromatic rice by population (aromatic) specific genomic sequence variants as indicated by recent pan-genome studies. In this 
context, possible involvement of either entirely different set of novel genes or different alleles of already known/cloned genes in regulating grain 
size/weight trait variation in aromatic rice accessions cannot be ruled out. Henceforth, considering the immense economic importance of 
aromatic rice, identification of superior natural allelic variants of known as well as novel genes/QTLs governing grain size/weight in aromatic 
rice will be crucial for increasing global aromatic rice production. Considering above mentioned possibilities, efforts have been made in current 
investigation to delineate major genes/QTLs regulating grain size/weight trait in aromatic (Basmati) rice. To accomplish this, integrated genomic 
strategies including QTL mapping and association analysis was deployed in developed trait-specific natural and association mapping 
populations. The identified genes/QTLs will essentially be useful for marker-assisted genetic improvemnt to develop high-yielding aromatic 
(Basmati) rice varieties. 
 
PO0897: Rice 
OsNF-YC10, a Seed Preferentially Expressed Gene Regulates Grain Width by Affecting Cell Proliferation in Rice 
Xin Wang and Jinlong Liu, Nanchang university, Nanchang, China 
Grain size and shape (grain length, width and thickness) are important factors in determining the yield and quality of rice. In this study, OsNF-
YC10, a member of the NF-Y transcription factor family encoding a putative histone transcription factor, was cloned and characterized. qRT-
PCR and mRNA in situ hybridization analysis revealed that OsNF-YC10 was highly expressed in endosperm and spikelet hull at late 
developmental stages. The results showed that OsNF-YC10 was a nuclear protein showing transcription activation activity. The osnf-yc10 lines, 
produced using CRISPR/Cas9 technology, showed narrow, thin and light grains. Cytological experiments revealed significantly reduced cell 
number of spikelet hull in osnf-yc10 lines compared with that in WT. Narrow, thin, and light grains were found consistently in OsNF-YC10 
RNAi transgenic lines. Moreover, the number of cells decreased in the grain-width direction than WT. These results indicated that OsNF-YC10 
plays an important role in determining grain size and shape. OsNF-YC10 was further revealed to influence the expression of GW8 (a positive 
regulator of grain width), GW7 (a negative regulator of grain width) and cell cycle-regulated genes CYCD4, CYCA2.1, CYCB2.1, CYCB2.2, 
E2F2. Taken together, it is suggested that OsNF-YC10 regulates the grains size and shape by influencing the cell proliferation of spikelet hulls.  
Key words: grain size and shape; CRISPR and RNAi; spikelet hulls; cell proliferation  
Funding: This research was supported by grants from the National Natural Science Foundation of China (31760080) 
 
PE0898: Rice 
Functional Analysis of Reduced Tiller Number 1 in the Regulation of Rice Tillering 
Jiyao Wang, Institute of Genetics and Developmental Biology, CAS, Beijing, China 
Tiller number is one of major agronomic traits that determine rice plant architecture and grain yields. However, the underlying molecular 
mechanisms are still limited.  
Here we report the characterization of a low-tillering rice mutant reduced tiller number 1 (rtn1). The low-tillering of rtn1 was attributed to the 
defect of tiller bud outgrowth rather than initiation. Gene cloning and analysis revealed that RTN1 encodes a nucleus-localized chromatin 
remodeling factor, which harbors ATPase activity and transactivation activity. RTN1 was ubiquitously distributed in various organs, 
predominately in the young tissues and primordial cells. Furthermore, RIN1 Interacting Protein 7 (RIP7), a transcriptional regulator, was 
identified through yeast-two-hybrid screening, and the mutation in RIP7 resulted in the low-tillering phenotypes. More interestingly, RIP7 could 
increase the transactivation activity of RTN1, whereas this activity was compromised in RIP7 knockout mutant. Through RNA-seq analysis, we 
found that RTN1 and RIP7 could coordinately regulate the expression of multiple common downstream genes. Further studies showed that the 
contents of strigolactone increased in rtn1, and the strigolactone biosynthesis-deficient mutant d10 and signaling-deficient mutant d14 could 
rescue the low-tillering phenotypes of rtn1, indicating that the regulation of rice tiller number mediated by RTN1 depends on the strigolactone 
pathway.  
In summary, our study cloned a novel gene RTN1 involved in the control of rice tillering, indicated that the chromatin remodeling protein plays 
essential roles in the regulation of shoot branching. More importantly, we revealed a novel genetic pathway mediated by chromatin remodeling 
factor - strigolactone and shed light on the understanding of strigolactone pathway and shoot branching development in higher plants. 
 
PO0899: Rice 
Genome-Wide Association Study for Panicle Structure in Japanese Rice Varieties 
Shiori Yabe1, Hiroe Yoshida2, Hiromi Kajiya-Kanegae3, Eiji Yamamoto4, Erina Fushimi2, Masanori Yamasaki5, Hiroyoshi Iwata3, 
Kaworu Ebana6, Takeshi Hayashi7 and Hiroshi Nakagawa2, (1)Institute of Crop Science, NARO, Ibaraki, Japan, (2)Institute for 



Agro-Environmental Sciences, NARO, Ibaraki, Japan, (3)The University of Tokyo, Tokyo, Japan, (4)Kazusa DNA Research 
Institute, Kisarazu, Japan, (5)Food Resources Education and Research Center, Graduate School of Agricultural Science, Kobe 
University, Kasai, Hyogo, Japan, (6)Genetic Resources Center, NARO, Tsukuba, Japan, (7)Institute of Crop Science, NARO, 
Tsukuba, Japan 
Rice panicle structure has an impact on grain filling efficiency through the capacities of sink and transportation within a panicle. Capturing QTL 
controlling the panicle structure will help to design the ideotype of panicle structure that produces high grain yield. In the present study, using 
155 Japanese rice varieties that were cultivated in 2015 (one cropping season) and 2016 (two cropping seasons), we developed a method for 
describing panicle structure excluding the panicle size based on the 3-dimensional spline model with tensor product basis. Treating the genotype-
specific feature quantities that were extracted from the panicle structure model as phenotypic values, we conducted genome-wide association 
study (GWAS) to detect QTL controlling panicle structure (i.e., pattern of branching and production of spikelets). The GWAS could detect 
multiple loci for several panicle structure feature quantities. The results were similar among cultivation environments. Some known QTL related 
to number of grains in a panicle were also detected in the present study, although the panicle structure feature quantities had excluded panicle 
size information. These known QTL were detected for only limited number of feature quantities. This result suggests that our panicle structure 
description method helps us to understand genetic mechanism of increased grain number in high yield varieties and role of each QTL for the 
panicle structure. 
 
PE0900: Rice 
Phenotypic Characterization and Genome-Wide Association Studies on Main Culm Panicle Node Number and Maximum 
Node Production Rate in Rice 
Darlene L. Sanchez1, Stanley Omar PB. Samonte1, Jasper Benedict B. Alpuerto1, Leon C. Holgate1, Michael J. Thomson2, Karina 
Y. Morales2, Yubin Yang1, Rodante E. Tabien1, Lloyd T. Wilson1, Endang M. Septiningsih2, Zongbu Yan1, Peyton A. Croaker1 and 
Jean-Philippe Pellois2, (1)Texas A&M AgriLife Research, Beaumont, TX, (2)Texas A&M University, College Station, TX 
Main culm panicle node number (MCPNN, the node number on which the panicle is borne) and maximum node production rate (MNPR) are 
primary phenotypic plant traits that have significant positive direct effects on yield-related traits in rice. However, phenotyping and genetic 
analyses of these traits have not been well-studied. The objectives of this study are: (1) to assess the phenotypic and genetic diversity for 
MCPNN and MNPR in a rice diversity panel; and (2) to identify genomic regions associated with both traits using genome-wide association 
studies (GWAS). A total of 220 diverse rice accessions were grown in Texas A&M AgriLife Research Center at Beaumont in 2018 for 
phenotypic characterization and genetic studies. Variance components were computed to estimate broad-sense heritability for each trait. Wide 
variation was observed for the two traits, with MCPNN ranging from 8.14 to 20.91 nodes, and MNPR ranging from 0.009 to 0.020 nodes/degree 
day > 10oC. MCPNN and MNPR had highly significant effects and explained 63.8% of the variation in degree days to heading, a trait directly 
affected by MCPNN and MNPR. Heritability estimates were 0.38 and 0.94 for MNPR and MCPNN, respectively. Genotyping using high-
throughput AgSeq technology is ongoing at the Texas A&M AgriLife Genomics and Bioinformatics Service (TxGen) at College Station, after 
which genetic diversity and SNP-trait associations using GWAS linear mixed model will be determined. Understanding the genetic basis of 
MCPNN and MNPR is expected to increase genomic selection efficiency and result in improved rice grain yields. 
 
PO0901: Rice 
Desired Control of Root System Architecture Through Genes of the DRO1 Family 
Yuka Kitomi1, Naho Hara2, Sawako Kawai1, Noriko Kanno1, Eiko Hanzawa3, Masaki Endo2, Jianzhong Wu1, Tadashi Sato4 and 
Yusaku Uga1, (1)Institute of Crop Science, NARO, Tsukuba, Japan, (2)Institute of Agrobiological Sciences, NARO, Tsukuba, 
Japan, (3)Graduate School of Life Sciences, Tohoku University, Sendai, Japan, (4)Graduate School of Agricultural Science, Tohoku 
University, Sendai, Japan 
Changing plant shape is one of the most effective ways of crop breeding. We have previously demonstrated that altering the root system 
architecture by cloning and characterizing DEEPER ROOTING 1 (DRO1), a quantitative trait locus (QTL) responsible for controlling root 
growth angle, improves drought avoidance in rice. We also identified a rice QTL named quantitative trait locus for SOIL SURFACE ROOTING 
1 (qSOR1) that is involved in determining the root growth angle. Non-functional allele of qSOR1 showed soil-surface rooting in paddy and 
upland fields. Cloning of qSOR1 revealed that qSOR1 shared high sequence similarity with DRO1, and its expression level was negatively 
regulated by auxin same as that of DRO1. We developed four near-isogenic lines possessing one possible combination of functional and/or non-
functional allele of DRO1 and qSOR1 in the genetic background of lowland rice IR64 (DRO1/qSOR1, DRO1/qsor1, dro1/qSOR1, and 
dro1/qsor1). Each of these lines exhibited a characteristic root system architecture as was expected, and thus, demonstrated the suitability of 
using different combinations of DRO1 and qSOR1 to design root system architecture as per requirement. 
 
PE0902: Rice 
Genome-Wide Association Study of Protein and Amylose Concentration in Brown and Milled Grains in a Rice Diversity 
Panel 
Jasper Benedict B. Alpuerto1, Stanley Omar PB. Samonte1, Darlene L. Sanchez1, Leon C. Holgate1, Peyton A. Croaker1, Michael 
J. Thomson2, Rodante Tabien1, Lloyd T. Wilson1 and Zongbu Yan1, (1)Texas A&M AgriLife Research, Beaumont, TX, (2)Texas 
A&M University, College Station, TX 
Improved grain quality of high-yielding rice is advantageous for producers, as it is one of the key determinants of cultivar marketability. Grain 
protein and amylose concentrations affect milling and eating quality. High grain protein concentration could reduce head rice percentage and is 
associated with lower taste quality. In the Texas rice industry, fluffy and firm rice is the preferred texture. High amylose percentage in grain leads 
to firm and non-sticky rice when cooked. In this study, a rice diversity panel of 220 accessions (indica and japonica) was used to perform a 
genome-wide association study. This study’s objectives are to evaluate phenotypic and genotypic variation in protein and amylose concentrations 
in brown and milled rice, and to identify genomic regions associated with these variations. All genotypes were grown in Texas A&M AgriLife 
Research Center at Beaumont in 2018. A Kett Near Infrared Grain Tester was used to estimate grain protein and amylose concentrations. There 



was a negative correlation between grain protein concentration and grain quality evaluation value based on Kett standards. A wide variation, 
ranging from 6.1 to 11.0%, was observed in brown rice protein percentage. After milling, preliminary data suggest significant variation in protein 
concentration, ranging from 5.1 to 11.9%. Processing of amylose data is underway. Genotyping using high-throughput AgSeq is also ongoing in 
Texas A&M AgriLife Genomics and Bioinformatics Service at College Station. Results of this study will provide information on variability in 
genomic regions controlling grain quality and aid in the enhancement of breeding selection and cultivar development. 
 
PO0903: Rice 
Study of Phenolic Compounds Content Related Genes of Rice (Oryza sativa L.) Using Genome-Wide Association Study 
Tae-Ho Ham, Yoonjung Lee and Ill-Min Chung, Konkuk University, Seoul, South Korea 
Phenolic compounds are consisted of a hydroxyl group bonded directly to an aromatic hydrocarbon group, are classified based on the number of 
carbons and phenolic cycles. In plant, phenolic compounds are major secondary metabolites, and are expressed to various color just like yellow, 
red, brown and purple on leaves, flowers and fruits. They play important roles in plant development, in protection against UV radiation, 
attraction of insects for pollination and plant defense responses in and also have beneficial health effects in humans. Cultivated 125 rice 
germplasm were analyzed by LC and 15 rice germplasm were selected gradually. As a result of GWAS with re-sequencing data and phenolic 
compounds content using genome association and prediction intergrated tool (GAPIT-Minor Allele Frequencies > 0.05), 89 single nucleotide 
polymorphisms (SNP) on chromosome 1, 7 and 9 were observed by applying a significance threshold of –logP>6 determined by QQ plot. 
According to FDR values, 54 SNP marker was selected to identified the genes related phenolic compounds content in rice. 
 
PE0904: Rice 
Dissecting a Heterotic Gene Through Comprehensive Mapping Informs a New Rice-Improvement Strategy 
Changsheng Wang, National Center for Gene Research, CAS, Shanghai, China 
Hybrid rice breeding for exploiting hybrid vigour (heterosis) has greatly boosted grain yield, making a great contribution to the solving of food 
crisis. The genomic architecture of heterosis reveals that partial dominance of heterozygous locus for yield-related traits plays an important role 
in rice hybrid breeding . However, the heterotic genes contributing to heterosis remain largely unknown in rice. This is partly due to the fact that 
large-scale genotyping for genetic populations to map multiple quantitative trait loci (QTL) underlying complex traits is still labor intensive and 
time-consuming.  
Firstly, in this study, we reported development of a new QTL mapping approach “GradingPoolSeq”, which was based on combining high-
throughput sequencing with bulked-segregant analysis (BSA), and was to score and assign F2 generations derived from a distant cross of parental 
lines exhibiting contrasting phenotypes into three or more graded groups based on their measured phenotypic values. Secondly, we performed 
this method and map-based cloning to rapidly dissect a heterotic QTL GW3p6 (OsMADS1) from the female line (male-sterile line) which 
contributed greatly to heterosis in a super-hybrid rice variety Guang-Liang-You-676. The isogenic line (NIL) NIL-Fuhui676::GW3p6 was thus 
generated by introgressing the GW3p6 allele from the female line Guangzhan63-4S into the male line Fuhui676, and showed highly improved 
grain yield compared to Fuhui 676, and the NIL-Fuhui676::GW3p6 pyramiding another heterotic gene PN3（Panicle Number 3） could reach 
almost equality grain yield to that of the super-hybrid rice variety Guang-Liang-You-676.  
These results demonstrated that the heterotic genes could be rapidly mapped and cloned through comprehensive mapping approaches. More 
importantly, this study showed that it is possible to achieve high level of grain production without the needs to construct hybrids by crossing 
inbreed parental lines. 
 
PO0905: Rice 
Identification of New Allelic Variation of lpa1 Gene Associated With Significant Reduction of Seed Phytic Acid in Rice 
(Oryza sativa L.) 
Kishor Doddanakatte Shivaramegowda, Choonseok Lee and Hee-Jong Koh, Seoul National University, Seoul, South Korea 
In plants, phytic acid [PA, myo-inositol-1,2,3,4,5,6-hexakisphosphate (InsP6)] is a major component of organic phosphorus and accounts for upto 
85% of total phosphorus (P) in the seeds. PA chelates positively charged mineral cations and functions as an anti-nutrient. Therefore, much 
attention has been focused on the development of low phytic acid (lpa) rice cultivars. In rice,OsLpa1 is considered as a key gene for PA 
biosynthesis. In the present study, we showed genetic and molecular identity of lpa phenotype in Sanggol rice mutant. The genetic analysis of F2 
population derived from a cross between wild cultivar and Sanggol mutant with locus specific marker revealed co-segregation with phenotype 
and showed a single recessive gene inheritance. Sequence analysis revealed lpa1-3 allele, a new allelic variant of OsLpa1 gene (Os02g0819400) 
associated with significant reduction of seed PA content in Sanggol lpa mutant. The lpa1-3 contains a point mutation (C623T) at fourth exon of 
the predicted coding region resulting Thr208Ile amino acid change in Sanggol lpa mutant. 3D Structure modeling of Lpa1 indicated that myo-
inositol 3-monophosphate [Ins(3)P1] kinase was able to bind with the active site of the Lpa1 protein with ATP as a cofactor for catalysis of 
enzyme. Further, Thr208 in the loop adjacent to the entry site of binding pocket indicates Thr208Ile amino acid changes could be involved in 
regulating enzyme activity via phosphorylation. Therefore, we suggest that substitution of Thr208Ile might cause decreased enzyme activity in 
Sanggol lpa mutant, consequently resulting in reduced PA biosynthesis. 
 
PE0906: Rice 
GWAS Analysis on Preharvest Sprouting Characteristics Using indica and japonica Reference 
Myeong Hyun Min, Kyu-Won Kim, Sang-Ho Chu and Yong-Jin Park, Kongju National University, Chungnam, South Korea 
This study was conducted to investigate preharvest sprouting(PHS) characteristics in 378 rice accessions including Asian cultivated rice. We 
performed genome-wide association study (GWAS). GWAS analysis was performed to detect significantly associated SNPs with preharvest 
sprouting (PHS) response tested in field for two years independently. SNP genetic variation used Japonica reference, IRGSP-1 and Indica 
reference, MH 63. we found Specific Significant SNPs in Indica group. Based on this finding, Indica specific genes were suggested to work a 
fundamental active role in Indica group comparing Japonica group. 
 



PO0907: Rice 
Complex Genetic Variation and Physiology of Anaerobic Germination in Rice 
Lina Castano-Duque1, Sharmistha Ghosal2, Fergie Quilloy2, Thomas Mitchell-Olds1 and Shalabh Dixit2, (1)Duke University, 
Durham, NC, (2)IRRI, Los Banos, Philippines 
To improve food security in the developing world, the current trend in rice production is to shift from transplanting seedlings to direct sowing of 
seeds. Following heavy rains, direct-sowed seeds may need to germinate under flooded, anaerobic conditions, but most rice genotypes cannot 
survive these conditions. To identify complex trait loci associated to anaerobic germination (AG), we integrated phenotypic germination 
information with a 700K SNP data base from the rice 3K genome initiative for genome-wide association studies (GWAS). Using 109,440 seeds, 
we quantified AG% in 2,700 (wet season) and 1,500 (dry season) rice genotypes and performed GWAS, followed by post-GWAS analysis that 
encompassed a generalized SNP-to-gene set analysis, metanalysis and a network dense module search. We determined that transcription factors 
linked to ethylene responses or genes involved in several metabolic processes are significantly associated with AG. SNP-to-gene, meta- and 
dense module network GWAS analyses identified genes that have shown changes in gene expression in response to AG in previous experiments. 
We found two significant gene-sets involved in sphingolipids metabolism, whose function in AG has not been characterized. In our network-
GWAS analysis we evaluated the top 100 network modules; these modules showed genes involved in a wide variety of metabolic processes. 
Among the genes in the top 100 modules subnetwork, we found a fatty acid desaturase that also was significant in the SNP-to-gene set analysis. 
We determined that anaerobic germination percentages are highest among indica subpopulations, and AG is a polygenic trait with complex 
physiological differences among rice genotypes. We selected several genes of interest to perform further functional genomics analyses. Currently 
we are characterizing these genes’ relationship to flooding in rice mutants by doing genetic, physiological and biochemical experiments. 
 
PE0908: Rice 
Toward the Characterization of qSub8.1 for Super Submergence Tolerance in Rice 
Yu-Ya Liang1, Rodante E. Tabien2, Miguel A. López3, Matt Prior3, Sean Cabanlit3, Julia Bailey-Serres3 and Endang M. 
Septiningsih1, (1)Texas A&M University, College Station, TX, (2)Texas A&M AgriLife Research, Beaumont, TX, (3)University of 
California-Riverside, Riverside, CA 
Extreme weather events have increased the number of severe flooding events that affect agriculture, including rice production both in the US and 
internationally.Heavy rainfall can cause rice plants to be completely submerged that can reduce grain yield or completely destroy the plants. 
Recently, a new submergence tolerance QTL, qSub8.1was identified from a population derived from Ciherang-Sub1 and IR10F365 that may 
have a complimentary effect with the known submergence tolerance regulator SUB1A during vegetative stage development. Our goal is to 
identify the gene(s) underlying qSub8.1and investigate its mode of action in enhancing submergence tolerance in conjunction with SUB1A. Fine 
mapping is underway to narrow down the qSUB8.1 QTL. Ciherang-Sub1, Ciherang, and IR64-Sub1 were sequenced with 150 bp pair-end whole 
genome shotgun sequencing (Illumina HiSeq4000) to develop markers to identify recombinants and genetic variation. Use of the Trimmomatic-
SOAPdenovo2-mumMER3 pipeline for genome assembly resulted in genome size estimates of 354.4, 343.7, and 344.7 Mb, respectively; with 
N50 values of 25.1 kb, 25.4 kb and 26.1 kb, respectively. To evaluate interactions between qSub8.1 and SUB1A we performed RNA-sequencing 
transcriptome analyses on the shoot basal region of four genotypes that differ in the presence and absence of both loci/QTL. The data indicate 
qSub8.1reinforces the quiescence strategy conferred by SUB1A during submergence. In addition to producing qSub8.1NILs through crossing, we 
are also using CRISPR/Cas9 to knock out the SUB1A allele in Ciherang-Sub1 and IR64-Sub1 via Agrobacterium-mediated transformation and 
the downstream analysis is currently underway. Funded by NIFA 2017-67013-26194.  
Keywords: Submergence, rice, SUB1, qSub8.1, genome assembly, genome editing, transcriptomics 
 
PO0909: Rice 
Molecular Genetic Analysis of Drought Resistance and Productivity in US Rice Cultivars 
Yheni Dwiningsih, Anuj Kumar, Julie Thomas, Sara Yingling and Andy Pereira, Crop, Soil and Environmental Sciences 
Department, University of Arkansas, Fayetteville, AR 
Rice is the staple food for half of the world population, with USA as the third largest exporter of rice, with an export value of US$ 1.8 billion. 
Rice also uses 2-3 times the water as other food crops and uses 30% of the world’s freshwater resources world-wide. Stability of rice production 
is facilitated by economic use of water, which is most essential during flowering and grain formation. In our research we screened adapted US 
rice cultivars, comprising tropical japonica rice genotypes, for drought resistant (DR) and water use efficiency (WUE) traits to search sources for 
breeding US rice cultivars for a water saving agricultural system. A RIL population derived from varieties Kaybonnet (DR) and ZHE73 
(sensitive), termed K/Z RILs, was available from the USDA Dale Bumpers National Rice Research Center and chosen for genetic analysis of 
DR/WUE traits. The RIL population was screened in Fayetteville (AR) by controlled drought stress treatment at flowering, and the effect of 
stress quantified by grain yield parameters number of grains/panicle and yield/panicle. Based on the DR scores a primary genetic screen was 
done using bulked segregant analysis (BSA), where sets of 10 DR and sensitive RIL plants were used for screening of markers to find 
polymorphisms linked to the traits grain yield and number seeds/panicle under drought. From this BSA screen, a total of 6 polymorphic markers 
were identified, with most of the SSRs containing a single allele fragment of 100-400 bp size. The SSR markers with potential of linkage to 
drought resistance are RM9, RM109, RM236, RM114, RM131 and RM139. Presently additional methods are being used to map the DR and 
generate markers for screening and selection, to provide a foundation for molecular breeding of drought resistance in US rice.  
Keywords: Bulk segregant analysis (BSA), drought resistance, grain yield, SSR markers,  
http://www.worldstopexports.com/rice-exports-country/  
Rutger, J.N., Tai T.H. (2005) Registration of K/Z mapping population of rice. Crop Sci 45:2671-2672.  
 
PE0910: Rice 
Epigenetic Response to Salt Stress in Rice 
Dongyang Zheng, Lei Wang, Xiucai Pan and Wenli Zhang, State Key Laboratory for Crop Genetics and Germplasm Enhancement, 
Nanjing Agricultural University, Nanjing, China 



The elucidation of epigenetic responses of salt-responsive genes facilitates understanding of the underlying mechanisms that confer salt tolerance 
in rice. However, it is still largely unknown how epigenetic mechanisms are associated with the expression of salt-responsive genes in rice and 
other crops. In this study, we reported tissue-specific gene expression and tissue-specific changes in chromatin modifications or signatures 
between leaf and root tissues in response to salt treatment. Our study indicated that chromatin states (CSs) with combinations of marks, rather 
than an individual mark, played crucial roles in the differential expression of salt-responsive genes between leaf and root tissues. Most 
importantly, CS7 containing the bivalent marks H3K4me3 and H3K27me3, with a mutual exclusion of functions with each other, displayed 
distinct functions in the expression of differentially expressed genes in both tissues. Specifically, H3K27me3 in CS7 mainly suppressed the 
expression of DEGs in root tissue, while H3K4me3 affected the expression of down- and up-regulated genes, possibly by antagonizing the 
repressive role of H3K27me3 in leaf tissue. Our findings indicate distinct impacts of the chromatin states on differential expression of salt-
responsive genes between leaf and root tissues in rice, which provides an important background for understanding chromatin-based epigenetic 
mechanisms that might confer salt tolerance in plants. 
 
PO0911: Rice 
Coupling of Growth and Defense Potentials from Genetically Diverse Parents Lead to Superior Salt Tolerance in 
Transgressive Segregants of Rice: Systems Biology Evidences Supporting Genomic Selection 
Isaiah Pabuayon1, Ai Kitazumi1, Kevin R. Cushman1, Harkamal Walia2, Rakesh Kumar Singh3, Glenn Gregorio3 and Benildo G. 
de los Reyes1, (1)Department of Plant and Soil Science, Texas Tech University, Lubbock, TX, (2)University of Nebraska Lincoln, 
Lincoln, NE, (3)International Rice Research Institute, Los Banos, Philippines 
Characteristics that enhance salt tolerance are 1) exclusion of toxic ions, 2) osmolyte production (i.e. proline, trehalose), and 3) reactive oxygen 
species (ROS) scavenging. For abiotic stress, a multi-pronged approach combining these mechanisms is needed to maximize a plant’s tolerance. 
Such genotypes can be made by genetic recombination. Genetically diverse parents can yield different combinations of alleles in their progeny 
that can optimally combine to outperform both parents. In our study, we revisited the cross between two genetically distinct rice lines, IR29 and 
Pokkali, and found a novel line that combines all the three main tolerance mechanisms. Image-based phenotyping confirmed these results, 
showing that one of the main advantages of the tolerant progeny is the drastic reduction of growth penalty. Analysis of transcriptome and 
metabolite data show different routes these genotypes use to achieve tolerance. In terms of the metabolite profile, the tolerant lines show a high 
degree of similarity to one another, separate from the other lines analyzed which showed severe salt stress symptoms. The tolerant lines seem to 
display a more efficient management of primary metabolic pathways through plant architecture inherited from IR29. In comparison, high growth 
rates for the susceptible lines appearing to be from Pokkali were unsustainable under stress and led to high growth penalties. Gene networks were 
mapped to determine complementary genes, helping achieve increased tolerance. Repeated recombination events leading to genetic network 
rewiring may have led foundational defense mechanisms possibly from Pokkali to combine with the beneficial growth factors coming from IR29. 
 
PE0912: Rice 
GWAS for Detecting Salt Stress Response Genes in Germination Stage in Rice (Oryza sativa L.) 
Mijeong Kim, So-Yeon Kim and Joohyun Lee, Konkuk University, Seoul, South Korea 
In present study, we performed GWAS analysis to identify genes related response to salt stress while germination in rice. Seed of 137 rice 
varieties were germinated under 250nM NaCl solution for 10 days in 12� in 40% of relative humidity chamber conditions. Each 137 rice 
varieties seeds of germination rate, germination speed, germination energy, germination uniform rate and shoot length were measured. GWAS 
analysis was conducted. The result of GWAS showed 11 SNPs associated with germination salinity stress. Among 11 candidate genes, 2 
candidate genes were regarded as related with germination rate, 2 candidate genes were detected by germination energy. Interestingly, 3 
candidate genes which assumed germination speed, but 2 genes were known as Hypothetical proteins. In addition, 2 candidate genes related with 
shoot length and 2 candidate genes which detected by germination uniform rate were Hypothetical proteins. The candidate genes through GWAS 
is required to further research for discover genes which concerned with rice germination under salinity stress. 
 
PO0913: Rice 
Association Mapping for Salinity Tolerance in a Sample of the Brazilian Rice Germplasm  
Victoria Freitas De Oliveira1, Eduardo Venske2, Latoia Maltzahn1, Raissa Martins da Silva3, Cintia Garcia1, Kenneth McNally4, 
Antonio Costa De Oliveira5 and Camila Pegoraro1, (1)Plant Genomics and Breeding Center, Crop Science Department, Eliseu 
Maciel College of Agronomy, Universidade Federal de Pelotas, Capão do Leão, Brazil, (2)Federal University of Pelotas, Capão do 
Leão, Brazil, (3)Federal University of Pelotas, Pelotas-RS, Brazil, (4)International Rice Research Institute, Los Baños, Philippines, 
(5)Universidade Federal de Pelotas, Pelotas-RS, Brazil 
Salinity is a problem for rice cultivation in many parts of the world. Breeding rice cultivars for salt stress tolerance is of high importance for 
cultivation in affected areas. Molecular markers can be used for assisted breeding and association mapping can aid the process of trait linked 
marker discovery. The aim of this study is mapping QTL related to salinity tolerance in a diverse panel of Brazilian rice accessions. Thus, 69 
accessions were genotyped using 7K SNPs at Genotyping Services Laboratory – IRRI / Philippines. These accessions were phenotyped under 
hydroponic conditions, in which the relative performance between control and stress condition (40 mM NaCl) was calculated for each genotype, 
with 5 replications. The traits measured were shoot and root length and dry mass. The genotyping data was filtered, population structure using a 
Bayesian method and a kinship matrix were calculated. Using Tassel v.5.2.44, the Mixed Linear Model was applied for association mapping. 
Different significance thresholds were adopted for each trait. For shoot length, three SNPs showed higher significance (chr 1, 7 and 8), for root 
length, 2 SNPs were more expressive (chr 4 and 9), for shoot dry mass, one SNP was more significant, in chr 4, and, finally, for root dry mass, 
one SNP showed more expressive significance, located on chr 8. The further step of this work is mining genes within the QTL mapped. These 
SNPs can be used in breeding programs in marker assisted selection approaches aiming to develop improved rice cultivars regarding salinity 
tolerance. 
 
PE0914: Rice 



Heat-Shock Inducible CRISPR/Cas9 System Generates Heritable Mutations in Rice 
Bhuvan Pathak, Soumen Nandy, Shan Zhao and Vibha Srivastava, University of Arkansas, Fayetteville, AR 
Transient expression of CRISPR/Cas9 is an effective approach for limiting its activities and improving its precision in genome editing. Here, we 
describe the heat-shock inducible CRISPR/Cas9 system for controlled genome editing, and demonstrate its efficiency in the model crop, rice. 
Using a soybean heat-shock protein gene promoter and the rice U3 promoter to express Cas9 and sgRNA, respectively, we developed the heat-
shock (HS) inducible CRISPR/Cas9 system, and tested its efficacy in targeted mutagenesis. Two loci were targeted by transforming rice with 
HS-CRISPR/Cas9 vectors, and the presence of targeted mutations was determined before and after the HS treatment. We found only a low rate of 
targeted mutagenesis before HS, but an increased rate of mutagenesis after HS treatment among the transgenic lines. Specifically, only ~11% of 
transformants showed characteristic insertions-deletions at the ambient room temperature, but a higher percentage (~45%) of callus lines 
developed mutations after a few days of HS treatment. Analysis of regenerated plants harboring HS-CRISPR/Cas9 revealed that targeted 
mutagenesis was suppressed in the plants but induced by HS, which was detectable by Sanger sequencing after several weeks of HS treatments. 
Most importantly, the HS-induced mutations were transmitted to the progeny at a high rate, generating monoallelic and biallelic mutant lines that 
independently segregated from Cas9. Taken together, this work shows that HS-CRISPR/Cas9 is a controlled and reasonably efficient platform 
for genome editing, and therefore, a promising tool for limiting genome-wide off-target effects and improving the precision of genome editing. 
 
PO0915: Rice 
Transient Heat Stress Alters the Temporal Gene Expression Dynamics During Early Seed Development in Rice 
Jaspreet Sandhu, University of Nebraska- Lincoln, Lincoln, NE 
In recent decades, abiotic stresses are becoming a major harmful factor for crop productivity and among abiotic stresses, temperature spike can 
dramatically decrease the yield of staple crops, such as wheat and rice. Among different aspects of rice development, early seed development 
(ESD) exhibit high sensitivity to thermal stress. For example, even transient increases in ambient temperature at early seed development 
negatively impact the seed size at maturity. Our preliminary study with transient heat stress applied at different stages of ESD revealed that 1-2 
Days after flowering (DAF) are most sensitive to thermal stress. To understand the impact of transient heat stress on temporal dynamics of gene 
regulatory networks active during rice early seed development (ESD), we explored the spatiotemporal transcriptome of developing seeds under 
control (28°C) and stress (35°C) conditions. Our findings suggest that gene co-expression networks changes in response to heat stress. Using 
differential co-expression network analysis, we identified key hub genes which could be thermal regulators of ESD. Presently, we are 
characterizing the molecular functions of theses candidate genes using CRISPR/Cas9 based gene editing approaches 
 
PE0916: Rice 
Impact of Temperature Stress During Late Grain Filling on Head Rice Yield 
Fawad Ali, Southern Cross University, Australia, LISMORE, Australia 
Global climate change represents a threat to the productivity of staple crops, including rice (Oryza sativa). Rice is sensitive to heat stress, but the 
impact of heat stress during grain filling on rice yields and grain quality traits such as % head rice yield has not been fully resolved. In the present 
study, we evaluated the impact of increased heat stress events in two japonica (Baru, Lemont) and one indica rice cultivar (Teqing) along with 
Californian line M205 (japonica) in a controlled environment. The lines are the parents of two existing mapping populations (Baru × M2O5 and 
Teqing × Lemont). A 10 d heat stress event (31/23oC, 33/24oC and 35/25oC: day/night, 12h/12h) was applied to all cultivars from 10 days after 
50% flowering/anthesis (DAF) to 20 DAF compared to a control treatment (28/21oC; day/night for 12h/12h). The percentage head rice yield 
(%HRY, the yield of whole grain milled rice divided by the paddy yield) is determined by losses due to grain cracking during the milling 
process. The milling process involves de-hulling and polishing operations, yet few studies on %HRY quantify losses during each separate 
operation. We observed that losses during de-hulling increased as the severity of heat stress intensified but yield losses during polishing were 
variable. Two way ANOVA (heat stress and genotype as factors) indicated M205 had significantly (P < 0.05) higher % grain cracking losses 
during de-hulling than Teqing > Lemont > Baru under control environment and extreme heat stress regime. Grain breakage percentage during 
polishing under control environment was significantly higher in Teqing than Lemont, M205 and Baru, where Baru and M205 had same level of 
grain cracking during polishing. But under extreme heat stress level of 35/25oC Baru, M205 and Teqing had same level of grain breakage (68 %, 
63 % and 67 %) except Lemont (35 %). In the 31/23oC treatment, %HRY in Baru was significantly different to M2O5 (52 vs 45 %) and %HRY 
of Lemont (42 %) was significantly higher than that of Teqing (35 %) suggesting that this treatment would be optimal for subsequent heat stress 
studies on the mapping populations. 
 
PO0917: Rice 
Disruption of Regulation By Warmer Nights in Rice 
Jigar Desai1, Lovely Mae Lawas2, S.V. Krishna Jagadish3 and Colleen J Doherty1, (1)North Carolina State University, Raleigh, 
NC, (2)IRRI, Metro Manila, Philippines, (3)Kansas State University, Manhattan, KS 
In rice, a small increase in nighttime temperatures results in reduced grain yield and quality. In contrast to increased daytime temperatures, a 1°C 
increase in temperature at night results in up to 10% yield loss in rice. How day and night temperature increases produce opposite effects on yield 
is not well understood. The molecular effects of warmer nighttime temperatures (WNT) have not been evaluated in field-grown conditions where 
daily fluctuations between day and night temperatures exceed the increase in nighttime temperature (2-3°C) that produces detrimental effects. 
Here we describe the molecular effects of warmer nights during the reproductive phase in field-grown rice panicles acclimated to a 2-3°C 
increase in night temperatures. As previously reported, WNT have a significant negative impact on yield. We observe that this mild increase in 
nighttime temperature results in genome-wide disruption of timing of gene expression (transcriptional timing) in panicle tissue. Transcripts with 
a rhythmic pattern of expression in control conditions are more sensitive to WNT than transcripts that are not rhythmically expressed. We also 
observe major shifts in metabolite levels in response to warmer nights. The large, global effects on both transcription and metabolism we observe 
suggest that, on exposure to WNT, the tight coordination between internal molecular events and the environment is disrupted in the flowering 
panicle. These system-wide perturbations of timing in responses to WNT may affect coordination of the molecular timing of activities and the 
identification of affected transcripts and metabolites identifies potential molecular mechanisms driving sensitivity to nighttime temperatures and 
candidates to improve tolerance. 



 
PE0918: Rice 
Effects of Elevated Nighttime Temperature on Photosynthesis Model Parameters of Diverse Rice Genotypes 
Megan A. Reavis1, Anuj Kumar2, Sara Yingling2, Andy Pereira2 and Kusum Naithani1, (1)University of Arkansas, Fayetteville, 
AR, (2)Crop, Soil and Environmental Sciences Department, University of Arkansas, Fayetteville, AR 
Meeting the growing demand for food in a changing climate is the topmost priority of the 21st century. Rice is an especially important cereal 
crop globally because it provides the majority of the daily calories to more than 30% of the world’s population. Breeding stress-resilient rice 
varieties is a viable solution, as information about genetic variations and their role in stress tolerance is becoming available due to advancement 
in technology. We evaluated phenotypic traits related to photosynthesis and activity of photosystem II of nine diverse rice genotypes comprising 
temperate and tropical Japonica, Indica, Aus, and intercrossed lines under ambient (30� day/22� night) and elevated (30� day/28� night) 
nighttime temperature in the greenhouse. Measurements were taken during vegetative and reproductive growth stages. Our results show that the 
elevated nighttime temperature reduced photosynthesis in most genotypes, but the reduction in photosynthesis was less pronounced in genotypes 
more tolerant to heat. The higher temperature increased nighttime respiration in all genotypes, but less in those tolerant genotypes. Nighttime 
respiration in sensitive genotypes was more affected by the elevated temperature than heat tolerant genotypes. Screening of new genotypes will 
continue to be important as the global climate changes, so that food crops can thrive in the more stressful climate of the future. Our integrated 
approach, combining physiological data and photosynthesis modeling, adds a new dimension to understanding plant stress tolerance and provides 
improved information for plant breeders to improve crop yield under stress conditions. 
 
PO0919: Rice 
Identification of Multiple Tolerance QTL Based on Cold Stress Severity 
Naoki S. Shimoyama, Marquette University, Milwaukee, WI 
Global Climate Change is causing significant temperature fluctuations occurring with more frequency and severity. Therefore, it is necessary to 
develop crops able to weather these increasingly unstable conditions. Moreover, negative effects to traditional crop regions due to natural 
disasters also illustrate the need to develop crops suitable for cultivation in non-traditional areas. Domesticated rice, Oryza sativa, is a cold 
sensitive staple crop feeding approximately half of the world population. Understanding the mechanisms of cold stress tolerance responses in rice 
will aid in the development of rice varieties that can withstand unstable weather conditions. To this end, we assessed, low temperature seedling 
survivability (LTSS) and electrolyte leakage (EL) at different cold temperatures (4°C, 8°C, 10°C, 12°C, and 16°C) in 360 cold stressed cultivars 
from the USDA Rice Diversity Panel 1 (RDP1). The LTSS from the different temperatures were used to determine the Median Lethal Low 
Temperature (LT50) for each cultivar. These three traits were used to for quantitative trait locus (QTL) mapping to identify potential mechanisms 
involved in cold stress tolerance. While multiple QTL were found in each trait and temperature, very few overlapping QTL exist. This suggests 
that each trait and temperature could involve different genes to achieve cold tolerance. 
 
PE0920: Rice 
Detection of Spikelet Fertility Related Genes in Rice Under Low-Temperature By GWAS 
Yu-Jin Yang and Seung-Hyun Kim, Konkuk University, Seoul, South Korea 
Cold stress at early young microspore stage affects rice yield. In the present study, we investigated seed setting rate of 120 rice varieties under 
low temperature, and analyzed it using Genome-wide association study with GAPIT. The 120 rice varieties stored at 12 � at early young 
microspore stage for 4 days and recovered at normal condition until harvest. GWAS was conducted to identify SNPs.. In result of GWAS 
showed 2 SNPs on chromosome 4 (16,524,555) and 11 (17,329,346) based on Manhattan plot. We found 12 genes which were located within 
~50kbps on chromosome 4 (16,474,555 bps to 16,574,555 bps) and 11 genes on chromosome 11 (17,292,346 bps to 17,379,346 bps). To narrow 
the range, we conducted Haplotype analysis. Four candidate genes were detected on chromosome 4, no significant related genes on chromosome 
11. Among the candidate genes, 2 genes were already known as coding cold stress related proteins. However 2 other genes were related with 
Hypothetical conserved proteins. Therefore, additional study is required to identify genes which associated with spikelet fertility treated under 
low temperatures at early young microspore stage. 
 
PO0921: Rice 
Characterization and Genetic Analysis of a Spotted Leaf Sheath Mutant Involved in Early Senescence and Defense 
Response in Rice 
Dongryung Lee, Zhuo Jin and Hee-Jong Koh, Seoul National University, Seoul, South Korea 
Lesion mimic mutants (LMMs) commonly exhibit spontaneous cell death similar to the hypersensitive defense response that occurs in plants in 
response to pathogen infection. Several lesion mimic mutants have been isolated and characterized, but their molecular mechanisms remain 
largely unknown. Here, a spotted leaf sheath (sles) mutant derived from japonica cultivar Koshihikari is described. The sles phenotype differed 
from that of other LMMs in that lesion mimic spots were observed on the leaf sheath rather than on leaves. The sles mutant displayed early 
senescence, as shown, by color loss in the mesophyll cells, a decrease in chlorophyll content, and upregulation of chlorophyll degradation-related 
and senescence-associated genes. ROS content was also elevated, corresponding to increased expression of genes encoding ROS-generating 
enzymes. Pathogenesis-related genes were also activated and showed improved resistance to pathogen infection on the leaf sheath. Genetic 
analysis revealed that the mutant phenotype was controlled by a single recessive nuclear gene. Genetic mapping and sequence analysis showed 
that a single nucleotide substitution in the sixth exon of LOC_Os07g25680 was responsible for the sles mutant phenotype and this was confirmed 
by T-DNA insertion line. Taken together, our results revealed that SLES was associated with the formation of lesion mimic spots on the leaf 
sheath resulting early senescence and defense responses. Further examination of SLES will facilitate a better understanding of the molecular 
mechanisms involved in ROS homeostasis and may also provide opportunities to improve pathogen resistance in rice. 
 
PE0922: Rice 
Screening on Bakanae Disease Resistance of Rice Core Collection and GWAS Analysis 



Sang-hyeon Jin1, Seong-gyu Jang1, So-Yeon Park1, Da-Eun Im1, San Mar Lar1, Sun Tae Kim2 and Soon Wook Kwon1, (1)Pusan 
National University, Miryang, South Korea, (2)Department of Plant Bioscience, Pusan National University, Miryang, South Korea 
Rice Bakanae disease is caused by Fusarium species, mainly F. fujikuroi. This disease can be result of considerable yield loss because it make 
rice die or bear empty grains. Bakanae disease had not been big problem in Korea over the last few decades. But recently, increased bakanae 
disease incidence has been reported because of some reasons like spreading organic farming and global warming. Hot water treatment and 
fungicides, the most common management practice for bakanae disease, have their own limit to handle the problem completely. In this situation, 
developing a resistant variety would be most efficient way to prevent danger. However we don't have enough information about gene related to 
bakanae disease and only a few rice varieties have resistance to bakanae disease. For this reason, this study was performed to find bakanae 
resistance locus and genetic resources which can be material to develop bakanae resistant variety. We inoculated 137 varieties (rice core 
collection seeds contain 56 temperate japonica lines, 39 indica lines, 19 tropical japonica lines, 8 aus lines, 3 aromatic lines and 2 admixture 
lines) with isolate CF283 and evaluated their phenotypic variation. Also we did GWAS analysis with observed data. As a result, we could select 
resources which have strong resistance to bakanae disease. In addition, we could identify 2 major region using GWAS analysis. One of them 
located on the short arm of chromosome 1 share same position with qBK1_628091. Whereas the other region on chromosome 4 is a novel locus. 
This result can contribute to develop breeding system of bakanae disease resistant variety immediately.  
This work was supported by National Research Foundation of Korea(NRF) grant funded by the Korean government(NRF-2018R1A4A1025158) 
 
PO0923: Tomato, Potato, Pepper, and related 
Breaking Self-Incompatibility in Diploid Potato using the CRISPR/Cas9 System 
Felix E. Enciso1, Norma C. Manrique Carpintero2, Satya Swathi Nadakuduti1, C. Robin Buell3, Daniel Zarka1 and David Douches1, 
(1)Department of Plant, Soil, and Microbial Sciences, Michigan State University, East Lansing, MI, (2)Michigan State University, 
East Lansing, MI, (3)Department of Plant Biology, Michigan State University, East Lansing, MI 
Potato breeding programs rely on the discovery and introgression of genes of interest. However, the polyploid nature of potatoes hampers the 
fixation of desirable alleles in new cultivars. Therefore, creating inbred diploid potatoes represents an alternative strategy for obtaining 
homozygous lines. Diploid potatoes possess self-incompatibility (SI) that forces outcrossing resulting in heterozygosity in the majority of alleles, 
limiting inbred line development. In the gametophytic SI system, the S-locus F-box protein expressed in the pollen does not recognize its own 
Shaplotype of the style (S-RNase), expressed in the pistil, producing cytotoxic effects that inhibit the elongation of self-pollen tubes. The aim of 
this project was to generate a targeted knock-out (KO) of the S-RNaselocus in SI potato lines using Clustered Regularly Interspaced Short 
Palindromic Repeats/CRISPR-associated systems (CRISPR/Cas9) technology in an effort to avoid self-pollen degradation. Using S-RNasegenes 
known to function in the Solanaceae gametophytic SI mechanism, we identified S-RNasealleles with flower-specific expression in two diploid 
self-incompatible potato lines using genome resequencing data. S-RNasegene mapped to chromosome 1 within the peri-centromeric region 
consistent with the localization of the S-locus to a low recombination region on chromosome 1. S-RNaseKO lines were obtained using a dual 
single-guide RNA strategy in which premature stop codons were generated. After self-pollination, fruits were set in selected KO and produced 
viable T1 seeds, and a Cas9-free KO line. Our results suggest that creating S-RNase KO can contribute to utilization of SC as a first step for the 
generation of commercial diploid cultivars. 
 
PE0924: Tomato, Potato, Pepper, and related 
The G2P-SOL Project: Harnessing the Genetic and Phenotypic Diversity of the Four Major Solanaceae Crops 
Giovanni Giuliano, ENEA-Casaccia Res Ctr, Roma, Italy 
Understanding and utilizing crop genetic diversity is key to the sustainability of agriculture in the face of a changing environment and the 
appearance of new pests. G2P-SOL is an EU-funded project that aims at fulfilling the full potential of the tens of thousands of genetic accessions 
of the four major Solanaceous food crops (potato, tomato, pepper and eggplant) that are stored in genebanks worldwide. It comprises 19 partners 
and 13 external cooperating institutions/companies from Europe, Asia, and the Americas. Over 60,000 accessions and prebreeding materials of 
the four crops are stored in the G2P-SOL partner genebanks. Available phenotypic and passport data from these repositories have been collected 
and stored in a unified, open access database. High-throughput genotyping of over 30,000 accessions has been completed and is shedding light 
on the worldwide genetic diversity and population structure of these crops, the extent of duplication between different genebanks, and will allow 
the mapping of novel QTLs for key agronomic traits in segregating populations. Core collections representative of the genetic variability of each 
crop have been constructed and will be extensively phenotyped in the last two years of the project. 
 
PO0925: Tomato, Potato, Pepper, and related 
High-Quality de novo Reference Genome Assembly of Tomato Using Single-Molecule Technologies 
Prashant S Hosmani1, Mirella Flores-Gonzalez1, Henri van de Geest2, Gabino F. Sanchez Perez2, Sander A. Peters3, Zhangjun 
Fei4, James J. Giovannoni5, Lukas A. Mueller1 and Surya Saha1, (1)Boyce Thompson Institute, Ithaca, NY, (2)Plant Research 
International, Wageningen University & Research, Wageningen, Netherlands, (3)Wageningen University & Research, Wageningen, 
Netherlands, (4)Boyce Thompson Institute, Cornell University, Ithaca, NY, (5)Boyce Thompson Institute for Plant Science, Ithaca, 
NY 
Tomato (Solanum lycopersicum) is a model plant system to study fruit development and is an economically important crop plant. Here we 
describe our efforts to improve the tomato reference genome and annotation. Previous genome was assembled using 454 short-read and BAC 
sequences. PacBio long-reads were used to assemble the new version of the tomato genome with a significant improvement regarding the 
genome contiguity (contig N50 5.5 Mb). Assembled contigs were scaffolded into 12 pseudomolecules using the Hi-C chromosome conformation 
capture method. A more contiguous genome (version SL4.0) and diverse RNA-Seq datasets, have enabled us to improve existing gene models 
and identify novel gene models. Genome guided transcript assembly (HISAT + StringTie) along with PacBio Iso-Seq yielded near complete gene 
set (31,837 protein-coding genes) covering 94% complete single-copy BUSCO markers. Assembled transcriptome along with trained gene 
prediction methods within MAKER will be used to create new ITAG annotation (version 4.0). SGN tools, such as Jbrowse, BLAST, Tomato 



Expression Atlas (TEA) and Virus-Induced Gene Silencing (VIGS) tool will also be presented. Apollo platform for community based manual 
curation will also be made accessible with the new SL4.0 genome and ITAG 4.0 annotation.  
All data and tools are available through the SOL Genomics Network website (SGN, https://solgenomics.net ) and FTP site 
(ftp://ftp.solgenomics.net/tomato_genome/). 
 
PE0926: Tomato, Potato, Pepper, and related 
High-Throughput Screening of 2300 Genetic Markers in S. lycopersicum Using the Nebnext Direct Multiplexed Genotyping 
Approach 
Bjoern Textor1, Amy Emerman2, Kruti Patel2, Sarah Bowman2, Scott Adams2, Brandan S. Desmond2, Jonathon S. Dunn2, Andrew 
Barry3, Susan E. Corbett2, Charles Elfe2, Evan Mauceli2 and Cynthia Hendrickson2, (1)New England Biolabs GmbH, Frankfurt am 
Main, Germany, (2)Directed Genomics, Ipswich, MA, (3)New England Biolabs, Ipswich, MA 
Targeted DNA sequencing is rapidly being adopted for the molecular screening of markers during selective crop breeding. For these applications, 
the need for cost-effective and high-throughput technologies to process large numbers of samples is imperative. Here we describe a novel 
capture-by-hybridization method for targeted genotyping of crops. This simple workflow allows processing of up to 9216 samples in a single 96-
well plate within 7 hours and is easily automated.  
The NEBNext Direct multiplexed genotyping approach can target 100 to 5000 markers from up to 96 samples within a single hybridization. Here 
we developed a panel targeting 2300 SNPs in the tomato crop, S. lycopersicum. Baits were placed within 75 nucleotides of the targeted SNPs, 
allowing for an efficient sequencing run of 75 bases of target sequencing, 8 bases of sample barcode, 8 bases of hybridization barcode, and 12 
bases of a unique molecular identifier for filtering PCR duplicates. After an initial screening of the panel, the bait concentrations were adjusted 
by performance to ensure uniform coverage of the targets. The optimized panel resulted in greater than 90% of the sequencing reads mapping to 
targeted regions and highly uniform coverage, with a minimum SNP coverage of at least 20 unique reads. As a result, this approach reduced the 
cost and increased the throughput of crop sequencing while generating robust data to reliably genotype multiple varieties of S. lycopersicum. 
 
PO0927: Tomato, Potato, Pepper, and related 
The Hallmark of AgriSeqTM Technology: Highly Reproducible Genotype Calls and Identification of Novel Genotypes 
Krishna Reddy Gujjula1, Livio Baselgia2, Jason Wall1, Haktan Suren1, Prasad Siddavatam1, Jeanette Schmidt3 and Rick Conrad1, 
(1)Thermo Fisher Scientific, Austin, TX, (2)Thermo Fisher Scientific, Schlieren, Switzerland, (3)Thermo Fisher Scientific, Santa 
Clara, CA 
Amplicon based targeted Genotyping-By-Sequencing (GBS) has enabled scientists to screen for known variants in a high throughput and cost 
effective way. GBS with AgriSeqTM technology provides greater flexibility to study a set of known markers (SNPs, INDELs and structural 
variants) that can be multiplexed into a single genotyping panel. We evaluated the performance of AgriSeqTM technology for genotype call rate, 
concordance between replicates, and ability to identify novel variants within the targeted regions. We evaluated six GBS panels ranging from 377 
to 5736 markers that represent both animal and plant kingdoms.  
The average genotyping marker call rate across all panels was approximately 95% and the average genotyping marker concordance between 
replicates ranges from 96% to 99%. In addition to the genotype calls on the investigating markers, AgriSeqTM technology reports several novel 
(de novo) genotypes from the targeted amplicon regions. The average novel genotype concordance between replicate samples was approximately 
97%. Moreover, the proportion of novel calls as variants in publicly available databases (NCBI and Ensembl) was statistically (p.value << 0.01) 
much higher than that could be explained by random error.  
The ability to design panels ranging from few hundreds to several thousand genotypes for both animals and plants shows the versatility of the 
AgriSeqTM technology. The high concordant calls for hotspots and novel genotypes indicate that the AgriSeqTM technology results are highly 
reproducible while maintaining high call rates. The high reproducibility of results shows the robustness of AgriSeqTM technology in spite of 
several sources of variations such as sample heterogeneity, library prep, sequencing runs and human error while simultaneously genotyping 
known markers and discover biologically relevant novel markers  
For Research Use Only. Not for use in diagnostic procedures. 
 
PE0928: Tomato, Potato, Pepper, and related 
Pan-Genome Analysis Reveals Extensive Gene Loss during Tomato Domestication and Uncovers a Rare Allele Regulating 
Fruit Flavor 
Lei Gao1, Itay Gonda1, Honghe Sun1, Qiyue Ma1, Kan Bao1, Elizabeth A. Burzynski2, Tara L. Fish3, Gavin Sacks2, Theodore 
Thannhauser3, Majid R. Foolad4, Denise Tieman5, Yimin Xu1, Esther van der Knaap6, Maria J. Díez7, Jose Blanca7, Joaquin 
Cañizares7, Sanwen Huang8, Harry Klee5, James J. Giovannoni1,3 and Zhangjun Fei1,3, (1)Boyce Thompson Institute, Cornell 
University, Ithaca, NY, (2)Food Science, Cornell University, Ithaca, NY, (3)USDA-ARS Robert W. Holley Center for Agriculture 
and Health, Ithaca, NY, (4)Department of Plant Science, Penn State University, University Park, PA, (5)University of Florida, 
Gainesville, FL, (6)University of Georgia, Institute of Plant Breeding, Genetics & Genomics, Athens, GA, (7)Instituto Universitario 
de Conservación y Mejora de la Agrodiversidad Valenciana (COMAV), Valencia, Spain, (8)Agricultural Genomics Institute at 
Shenzhen, CAAS, Shenzhen, Guangdong, China 
Modern tomatoes have narrow genetic diversity limiting their potential for further improvement. We have constructed a tomato pan-genome 
using genome sequences of 725 phylogenetically and geographically representative accessions, capturing additional ~5,000 genes absent in the 
reference genome. Presence/absence variation (PAV) analyses of the pan-genome revealed substantial gene loss and intense negative selection of 
genes and promoters during tomato domestication and improvement. The lost or negatively selected genes are enriched for important traits, 
especially disease resistance. Analysis of the tomato pan-genome identified a rare allele in the promoter of TomLoxC that has been strongly 
selected against during domestication. TomLoxC encodes a 13-lipoxygenase and has been shown to be essential for C5 and C6 green-leaf volatile 
production in tomato fruits. Our analysis uncovered an ~4-kb substitution in its promoter region. The two identified alleles were 149 bp upstream 
of the transcriptional start site: a 4,724-bp allele present in the reference Heinz genome (reference allele) and a 4,151-bp non-reference allele 



captured in our pan-genome. The non-reference allele was present in 89.7% of SP, 15.1% of SLC, and only 2.2% of SLL heirlooms. QTL 
mapping, and analysis of transgenic plants revealed a novel role for TomLoxC in the production of apocarotenoids, which contribute to desirable 
tomato flavor. Tomato accessions harboring both the rare and common alleles have higher TomLoxC expression than those homozygous for 
either allele. 
 
PO0929: Tomato, Potato, Pepper, and related 
Clarification of the Genome Structure of Micro-Tom, a Model Cultivar of Tomato (Solanum lycopersicum) 
Hideki Nagasaki1, Kenta Shirasawa1, Sachiko Isobe1, Pierre Baldet2, Christophe Rothan3, Ken Hoshikawa4, Mohamed Zouine5, 
Koh Aoki6 and Hideki Hirakawa1, (1)Kazusa DNA Research Institute, Kisarazu, Japan, (2)Functional Genomics of Fruit 
Development, UMR 1332 – INRA, Villenave d’Ornon, France, (3)INRA UMR, Villenave d'Ornon, France, (4)Biological 
Resources and Post-harvest Division, Japan International Research Center for Agricultural Sciences, Japan, Ibaraki, Japan, 
(5)INPT-ENSAT, Toulouse, France, (6)Osaka Prefecture University, Sakai, Japan 
Micro-Tom is one of the 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. Since the whole genome sequencing of 
Heinz 1706 had been determined, the genome sequence of Micro-Tom was determined by reference guided assembly using 454 FLX reads. 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. The total coverage was 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 (named SLM_r1.1). On the other hand, the high quality pseudomolecule of Micro-Tom MM (Sol_mic1.0) has been 
built using the optical mapping of BioNano and long read sequencing of Chromium 10x and PacBio by INRA group of France. The scaffolds of 
SLM_r1.1 were mapped to Sol_mic1.0 by NUCmer in MUMer3.23, and 640 of them were chosen under the condition of 50% length coverage, 
and then we built a pseudomolecule of Micro-Tom S9. Furthermore we performed SNP and indel analyses between Sol_mic1.0 and the 5 Micro-
Tom varieties (FRA, BRA, JPN, NIVTS, and USA), present some phenotypes between them. 
 
PE0930: Tomato, Potato, Pepper, and related 
Modifying Non-Coding Region to Enable Fruit Weight Variation for Crop Improvement 
Qiang LI, University of Georgia, ATHENS, GA 
The world is experiencing rising demands for crop production, there is therefore an urgent need to accelerate breeding of higher yield crops. 
Fruit/seed weight is quantitative trait which is controlled by many QTLs. Fine-tuning gene expression rather than deleting or inactivating the 
proteins they encode is most likely to benefit breeding, especially for quantitative traits.  
SlKLUH, also known as FW3.2, is the second major gene controlling fruit mass in tomato. SlKLUH encodes a cytochrome P450 of the 78A class 
and several orthologs are known to regulate organ size in other crops such as rice, wheat, peppers, soybean and sweet cherry. Therefore, KLUHs 
are critical for crop improvement that should be exploited to create higher yielding varieties to meet the rising demand for crop production in the 
world. However, nature hasn't provided enough genetic variation for tomato yield traits for breeders to work with. CRISPR/Cas9 is a promising 
way to exploit genetic variation in plants.  
There is a potential regulatory M9 SNP in the promoter of SlKLUH that is significantly associated with the fruit mass, however, little is known 
about the role of this M9 SNP in SlKLUH expression, which is positively correlated with fruit mass. To access the role of this M9 SNP and 
create novel genetic diversity encompassing a full range of fruit weight variation, CRISPR/Cas9 was used to target M9 SNP in wild-type 
LA1589 and semi-cultivated tomato VIR1011.  
To date, 23 and 15 mutant alleles were identified in LA1589 and VIR1011, respectively. Preliminary analysis in LA1589 indicated quantitative 
variation in fruit weight among different homozygous mutants. In addition, 3 conserved motifs were identified in the promoters of SlKLUH 
homologues in other crops, providing clue for other crop yield improvement via CRISPR/Cas9. Therefore, this study is not only suitable to 
generate novel quantitative variation that can accelerate crop yield improvement, it can also provide insights into application of CRISPR/CAS9 
for functional validating QTL in non-coding region in plants.  
 
PO0931: Tomato, Potato, Pepper, and related 
Metabolic Interaction between Tomato Scion and Rootstock Under Salt Treatment 
Chao Song1, Tania Acuna1, Michal Meir1, Simon Barak1, Shimon Rachmilevitch1 and Aaron Fait2, (1)Ben-Gurion University of the 
Negev, Midreshet Ben-Gurion, Israel, (2)Ben-Gurion University of the Negev, Blaustein Insts for Desert Research, Sde Boqer 
campus, Israel 
Salinity is an increasingly expansive problem limiting plant growth and affecting crop production. Grafting is regarded as a promising tool to 
improve the resistance to soil salinity. Understanding the mechanisms mediating the rootstock affecting the scion is key to broaden the salinity 
optimum for crops cultivars. In our experiment, we used tomato (Solanum lycopersicum) cv M82 grafted onto 254 different tomato rootstocks, 
including wild and commercial races and cherry tomatoes. Salt treatment was applied at a concentration of 200 mM NaCl and plant tissue was 
collected in consecutive weeks for metabolite profiling, ROS estimation, transcript analysis. Plant height, branches per plant, fresh weight of 
shoot and fruit were measured at harvest. Results showed that grafting same scion onto different rootstocks resulted in phenotypic diversificaiton. 
Compared with M82 self-grafted (control), the MDA content was regarded as the trait with highest CV and standard deviation cross the 
populations, whereas the ratio of fruit weight to total weight was the trait with the lowest CV. 8 best and 4 worst tomato lines were screened from 
254 lines based on fruit fresh weight, harvest index and MDA content in comparison to control. Metabolic data showed that both of proline and 
serine decreased compared with control cross the populations. Among the screened lines, these best lines accumulated more amino acids, such as 
alanine, valine and glycine, than worst lines. Further metabolic and transcriptive analysis are being processed to understand the mechanisms that 
scion was mediated by the rootstock 
 



PE0932: Tomato, Potato, Pepper, and related 
Ectopic Overexpression of a Key Player in the Cold Response Pathway of Cold-Tolerant Species in Tomato Fruit Provides 
Insight into the Development of Postharvest Chilling Injury 
Karin Albornoz and Diane Beckles, UC Davis, Davis, CA 
Postharvest chilling injury (PCI) is a physiological disorder that compromises tomato fruit quality, reducing shelf-life, negatively impacting the 
fresh market tomato industry, and increasing both consumer dissatisfaction and postharvest losses. PCI has been extensively studied, but 
practical solutions remain elusive, due in part to its complexity. The domestication of cultivated tomato (Solanum lycopersicum L.) in tropical 
and subtropical regions explains its cold-sensitivity throughout its life cycle and in all tissues, including fruit. In the cold-tolerant Arabidopsis 
thaliana, the CBF gene family of transcription factors (AtCBF1-3) plays a critical role in the development of the cold response by regulating the 
expression of cold-responsive genes. In the cold-tolerant wild tomato relative, Solanum habrochaites, ShCBF1 ectopic overexpression increases 
the cold-tolerance of Arabidopsis plants. In tomato, AtCBF1 constitutive overexpression increases chilling tolerance but plants show 
developmental defects. We hypothesize that inducing CBF1 overexpression, specifically in cold-stored fruit, by chemical- or cold-inducible 
expression systems, will reduce PCI without affecting plant development. To test this hypothesis, cv. Micro-Tom was independently transformed 
with three transgenic constructs: 1) a chemical-inducible system requiring dexamethasone application to induce AtCBF1 expression and 2) a 
cold-inducible construct carrying the RD29A promoter to induce ShCBF1, or 3) SlCBF1 expression. Harvested fruit were stored at 2.5°C for up 
to 4 weeks, to induce PCI. Molecular, physiological and biochemical markers evaluated fruit tolerance to PCI. Results provide insights into the 
evolutionary nature of this disorder and open opportunities for the development of robust and long-term solutions in the future. 
 
PO0933: Tomato, Potato, Pepper, and related 
Towards the Development of Heat Resilient Tomato Cultivars  
Michal Lieberman-Lazarovich1, Golan Miller1, Shaoul Graph2, Fengde Wang3, Prashant Kumar Singh1, Tzion Doitsh1 and Rotem 
Zelingher4, (1)Agricultural Research Organization, Volcani Center, Rishon Lezion, Israel, (2)Northen Research and Development 
Station, MIGAL, Kiryat Shmona, Israel, (3)Shandong Academy of Agricultural Sciences, Jinan, China, (4)AgroParisTech, Paris, 
France 
In an era of global warming, increasing episodes of weather extremes and population growth, the issue of food security is of top importance. 
Among the various effects of climate change, elevated temperatures are a major threat to crop productivity. Current adaptations to high 
temperatures via agricultural management systems are insufficient to sustain yield, therefore breeding for heat tolerant crops is crucial. We aim at 
improving reproductive heat-stress tolerance in tomato, one of the most important vegetable crops worldwide. Most past efforts have 
concentrated on a limited number of traits. Since yield under heat-stress is a highly complex trait, a more comprehensive view is needed. Here we 
have utilized genetic diversity between tomato cultivars that differ in their capability to set fruit under high temperatures, and performed detailed 
developmental and physiological characterization in order to find the array of traits that underlies heat-tolerance. We observed significant 
differences between the tested cultivars that are associated with their heat-stress-tolerance potential, such as chlorophyll content, pollen and 
inflorescence characteristics. Further analyses of these traits under optimal vs. heat-stress conditions will allow the identification of a set of traits 
that are associated with heat-tolerance in tomato. In a future perspective, focusing on commercial cultivars facilitates the translation of the 
findings into breeding programs aiming at developing heat-tolerant tomato cultivars. 
 
PE0934: Tomato, Potato, Pepper, and related 
Identification of Loci Associated with Heat Tolerance Using Genome-Wide SNPs in Tomato 
Lan T. Trinh1, Joon-Hyung Ahn2 and Sung-Chur Sim1, (1)Sejong University, Dept. of Bioresources Engineering, Seoul, South 
Korea, (2)Asia Seed R&D center, Icheon, South Korea 
Tomato is a major vegetable and grown widely in diverse climates around the world. High temperature as an abiotic stress affects different 
growth stages including flowering and fruit development. Therefore, heat tolerance has been an important trait in tomato breeding programs. Our 
study was conducted to investiage quantitative trait loci (QTL) for heat tolerance via genome-wide association study (GWAS) in a panel of 162 
processing varieties. To evaluate heat tolerance in this panel, we examined three traits including number of normal flowers (NF1), number of 
normal fruits (NF2), and electrolyte leakage (EL) in a field trial using randomized complete block design with three replicates. The Axiom 
tomato 55K SNP array was used to genotype the 162 varieties. Of the polymorphic 51,214 SNPs, a subset of 46,960 SNPs was selected with a 
missing data rate of < 20% for GWAS. We identified a total of 21 loci on 10 chromosomes using the compressed mixed linear model: 10 loci for 
NF1 at P < 10-4, seven loci for NF2 at P < 10-6, and four loci for EL at P < 10-6. These loci explained 9.91 - 26.24% of the total phenotypic 
variance. In the vicinity of these loci, an in silico analysis revealed candidate genes involving in plant stress responses including heat and drought 
stress. Our results will be a useful resource for marker-assisted selection to improve heat tolerance in cultivated tomato. 
 
PO0935: Tomato, Potato, Pepper, and related 
Genetic Characterization of Tomato Pollen Viability and Pollen Number Under Heat Stress 
Yu-Fu Fang1, Yan-Chen Lin1, Maria José Gonzalo2, Yi-Chen Lee1, Inmaculada Najera3, Teresa Montero4, Isabel Cordoba4, David 
Gil4, Carlos Baixauli3, Roland Schafleitner5, Antonio Granell2, Antonio J. Monforte2, Peter Hanson5 and Kaiyi Chen1, (1)National 
Taiwan University, Taipei, Taiwan, (2)IBMCP, Valencia, Spain, (3)Centro de Experiencias de Cajamar, Paiporta, Spain, (4)Enza 
Zaden España S.L., Sta. Mª del Aguila, Spain, (5)World Vegetable Center, Tainan, Taiwan 
High temperature reduces the fruit set rate in tomatoes. The pollen viability and pollen number were recognized as major factors involving in the 
reduction of setting fruits. In the current study, an F8 recombinant inbred line population derived from a cross of CA4, the heat-sensitive variety, 
and CLN1621, the heat-tolerant variety was used to investigate the genetic factors responsible for maintaining pollen viability and pollen number 
under heat stress by the strategies of quantitative trait locus (QTL) mapping and gene expression profiling. The results showed the two traits, 
pollen viability and pollen number, were highly correlated. Over sixteen thousand single nucleotide polymorphisms discovered in the gene 
expression profiling data were used to construct the high-density genetic map. The genetic mapping analyses revealed that two major QTLs were 
consistently identified in repetitive trials.  



 
PE0936: Tomato, Potato, Pepper, and related 
Identification and Characterization of Late Blight Resistance QTLs in a Tomato RIL Population Using Genotyping-By-
Sequencing and RNA-Seq Approaches 
Mengyuan Jia, Department of Plant Science and The Intercollege Graduate Degree Program in Plant Biology, Penn State 
University, University Park, PA, Hamid Ashrafi, North Carolina State University, Raleigh, NC and Majid R. Foolad, Department of 
Plant Science, Penn State University, University Park, PA 
Late blight (LB), caused by oomycete Phytophthora infestance, is one of the most devastating diseases of the cultivated tomato (Solanum 
lycopersicumL.) worldwide. It is responsible for significant economic losses due to reduction in tomato fruit yield and cost of fungicide 
application. Environmental concerns and pathogen resistance associated with excessive use of fungicides have driven researchers to seek out host 
resistance in tomato. Recently, we reported an accession (PI 270443) of the wild tomato species Solanum pimpinellifolium with LB resistance 
stronger than all commercially available LB-resistant tomato cultivars. The present study aims to map, fine map and characterize genes/QTLs for 
LB resistance in PI 270443 using an advanced recombinant inbred line (RIL) population (F10), developed from a cross between this accession 
and a LB-susceptible tomato breeding line. A high-density genetic linkage map with 8,554 SNPs (1,198 bin markers) was constructed using a 
genotyping-by-sequencing (GBS) approach. Subsequently, a high-resolution QTL analysis identified two LB resistance QTLs on chromosomes 7 
and 10. This information will facilitate the transfer of LB resistance from accession PI 270443 to elite tomato breeding lines via marker-assisted 
selection. Currently, fine mapping of the QTLs and differential gene expression analyses via RNA-seq experiments are underway to identify and 
characterize the underlying resistance genes. 
 
PO0937: Tomato, Potato, Pepper, and related 
Identification and Mapping of Late Blight Resistance QTLs in the Wild Tomato Accession PI 224710 (Solanum 
pimpinellifolium) 
Sihui Gao, Department of Plant Science and the Intercollege Graduate Degree Program in Plant Biology, Penn State University, 
University Park, PA, Hamid Ashrafi, North Carolina State University, Raleigh, NC and Majid R. Foolad, Department of Plant 
Science, Penn State University, University Park, PA 
Late blight (LB), caused by the oomycete Phytophthora infestans, is one of the most destructive diseases of the cultivated tomato (Solanum 
lycopersicum L.) worldwide. As new and more aggressive clonal lineages of P. infestans have continued to emerge, it is of great importance to 
identify and characterize new sources of host resistance. Recently, we identified Solanum pimpinellifolium accession PI 224710 to be highly 
resistant to several P. infestans clonal lineages in the United States, including the prevalent lineage US-23. The goals of the present study were to 
identify, map and characterize LB resistance genes in PI 224710. An F2 population (n = 1,721), derived from a cross between this accession and a 
LB-susceptible tomato breeding line, was screened for LB resistance under greenhouse conditions. A total of 43 resistant and 27 susceptible 
plants were selected, based on the disease performance of F2 individuals and their corresponding F3 progeny families. Using SolCAP Illumina 
Infinium Array, 1,769 polymorphic SNP markers were identified between parental lines, of which 469 non-redundant markers were used to 
construct a genetic linkage map. A trait-based QTL analysis resulted in the identification of three major QTLs on chromosomes 6, 9, and 10 that 
were associated with LB resistance in PI 224710. This information may facilitate marker-assisted transfer of resistance from PI 224710 to the 
cultivated tomato. Near-isogenic lines (NILs) are being developed and differential gene expression analysis and RNA-seq experiments conducted 
towards identification and characterization of the underlying resistance genes. 
 
PE0938: Tomato, Potato, Pepper, and related 
Specialized Metabolism Profiling Identifies Lineage-Specific Acylsugar Characteristics within the Solanaceae Family 
Craig A. Schenck, Daniel Lybrand and Robert Last, Michigan State University, East Lansing, MI 
Sugar esters (acylsugars) are specialized metabolites produced within the trichomes by restricted species of the nightshade family (Solanaceae), 
which includes tomato, potato, and pepper. Acylsugars consist of a sugar core (typically sucrose), and depending on species, up to five acyl 
chains esterified on the sugar backbone. Acylsugars act as defense compounds in plants and also have industrial applications. Tremendous 
variation in acylsugar types and abundance exist within Solanaceae yet, aside from the Solanum genus, little is known about acylsugar diversity, 
tissue specificity, and synthesis of acylsugars in other Solanaceae lineages. Acylsugar profiling was performed with many wild and cultivated 
accessions of Physalis philadelphica (tomatillo) collected throughout Mexico, which revealed substantial differences in acylsugar types and 
abundance. Of all the tissue types screened, acylsugars were highly abundant on fruit surfaces - where trichomes are absent - and only detectable 
at trace amounts in other tissues, such as leaf and stem surfaces. These data suggest that acylsugars are produced and secreted by the fruit. 
Scanning electron microscopy of the fruit surface revealed potential secretory structures near the receptacle that may biosynthesize and secrete 
acylsugars. The recently published Physalis pruinosa (sister to tomatillo) genome was mined for genes potentially involved in acylsugar 
biosynthesis, which are currently being biochemically characterized. Transcriptomics, in vitro biochemistry, and cell biology approaches will be 
used to identify the acylsugar biosynthetic pathway and the mechanism that has allowed for acylsugar production outside of trichomes in 
Physalis. 
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Copy Number Variation (CNVs) of Twelve Potato Genomes of Varying Ploidy 
Maria Kyriakidou1, Noelle Anglin2, David Ellis2, Helen H. Tai3 and Martina Stromvik1, (1)Department of Plant Science - McGill 
University, Ste. Anne de Bellevue, QC, Canada, (2)International Potato Center, Lima, Peru, (3)Agriculture and Agri-Food Canada, 
Fredericton, NB, Canada 
Copy Number Variation (CNV) events have significant impact on various components or plant phenotypic variation resulting in plant evolution 
and adaptation. Further, a great number of genes affected by CNVs contribute to diversity of many agronomic traits. Potato (Solanum tuberosum 
L.) is the third most important staple crop globally, with a highly heterozygous and complex genome. Previously, significant efforts for potato 
improvement have been made, including CNV detection studies that unraveled significant roles in potato adaptation. However, in order to study 



novel traits at a larger scale, it is necessary to expand available genomic and transcriptomic resources. In this study, structural variation was 
identified in genome for twelve potato landraces of varying ploidy including four diploid landraces (S. stenotomum subsp. stenotomum, S. 
phureja, S. xajanhuiri, S. bukasovii, plus two accessions from S. stenotomum subsp. goniocalyx,) three tetraploids (S. tuberosum subsp. andigena 
(2 accessions), S. tuberosum subsp. tuberosum), two triploids (S. juzepczukii, S. chauca) and one pentaploid (S. curtilobum). The CNV analysis 
showed that in most of the genomes, the number of the genes affected by deletions was greater than those affected by duplications. The genomes 
were divided in smaller bins for the identification of regions in the genomes enriched with CNV affected genes. Chromosomes 1, 4, 9, 11 and 12 
are particularly interesting because they had significant number of genes affected by CNVs across the genomes. Gene Enrichment Analysis of 
these regions identified genes involved in metabolic processes of polysaccharides, environmental stress tolerance, and response to disease. 
 
PE0940: Tomato, Potato, Pepper, and related 
Genetic Mapping of Self-Compatibility in Diploid Potato Using Genotyping By Sequencing. 
Kyle M. Gardner, Katheryn Douglass, Hielke De Jong, David De Koeyer and Helen H. Tai, Agriculture and Agri-Food Canada, 
Fredericton, NB, Canada 
Recently there has been renewed interest in developing diploid potato as an inbred line based crop for potential hybrid breeding. Most diploid 
Solanum tuberosum germplasm is naturally self-incompatible (SI), however several mutants that inhibit SI have been identified, particularly from 
wild species such as S. chacoense, and these have been used to produce a limited number of advanced generation inbred lines. However, to 
effectively produce enough self-compatible (SC) germplasm to support diploid breeding programs it will be prudent to identify and characterize 
SI inhibiting mutants from multiple genetic backgrounds. Here we present results of genetic mapping the SI inhibitor QTL from a self-
compatible diploid S. tuberosum clone CD320-02 using genotyping by sequencing (GBS). A total of 180 progenies, from a cross between clones 
CD320-02 (SC) and 12938-06 (SI), were genotyped for ~4000 SNP markers and phenotyped for SC/SI, tuber skin colour, tuber shape, and 
flower colour. We constructed a saturated genetic map spanning ~1000 cM of the potato genome and validated our genetic marker data by 
successfully identifying the known QTLs underlying flower colour, including the R locus on chromosome 2 and F locus on chromosome 10, and 
the major QTLs underlying distribution of pigment to the tuber skin and tuber shape on chromosome 10. We identified one major QTL for SC 
which localized to the distal portion of chromosome 12 within a region of extended segregation distortion. We discuss efforts to identify 
candidate genes within this region and report ongoing work to convert GBS based SNPs to a high resolution melting assay for rapid 
identification of SC individuals. 
 
PO0941: Tomato, Potato, Pepper, and related 
Genome Wide Association and Genomic Prediction of Fry Colour in Potato. 
Stephen Byrne, Fergus Meade, Denis Griffin, Francesca Mesiti and Dan Milbourne, Teagasc, Crop Science Department, Carlow, 
Ireland 
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 is avoided by using 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 breed potato varieties that can be stored below 80C without suffering from low temperature sweetening. Our goal is to use marker-assisted 
selection (MAS) to predict phenotypes for processing quality at early stages in the breeding cycle, where phenotyping for this trait is not 
practical. We have accumulated genotype and phenotype data on over 700 potato entries. A genome-wide association study (GWAS) identified a 
QTL for fry colour on chromosome ten of potato, and we were able to predict fry colour ‘off-the-field’ with good accuracy using molecular 
markers (0.74). Our ability to predict fry colour after long term storage at low temperature was lower (0.61). We were also able to determine 
predictive accuracy for fry colour ‘off-the-field’ in a new validation population using all markers (0.63), and interestingly predictive ability did 
not drop when only using the top 100 SNPs identified with the GWAS. 
 
PE0942: Tomato, Potato, Pepper, and related 
Frame Shift and Missense Mutations in SGT2 and Game 4 Lead to Low Glycoalkaloid Content and Altered Expression of 
Glycoalkaloid Biosynthesis Genes in Diploid Potatoes 
Bourlaye Fofana1, Ashok Somalraju1, Jason McCallum1, Kaushik Ghose2 and David Main1, (1)Agriculture and Agri-Food Canada, 
Charlottetown, PE, Canada, (2)Department of Plant and Soil Science, Texas Tech University, Lubbock, TX 
Potato is the third most consumed food crop by humans after rice and wheat. In the potato breeding continuum, breeders face the challenge of 
reducing anti-nutritional factors such as steroidal glycoalkaloids (SGAs) through recurrent crosses. Despite all efforts, and depending on variety 
and postharvest handling conditions, some released potato varieties still show high levels of SGA. We developed an EMS mutagenized diploid 
potato population and phenotyped 246 mutant lines, 21 wild types and 3 commercial varieties for the SGA trait. Sixteen percent of the mutant 
lines showed lower SGA content compared to the wild type potato lines and the commercial varieties. An ampliseq sequencing was conducted 
using a panel of 9 target genes including SGT1, SGT2, SGT3, Game 4a, Game 4b, Game 6, Game 7, Game 11, and Game12 to understand the 
mutational events underlying the low SGA phenotypes. An RNAseq transcriptomic analysis was further conducted in a mutant line showing a 
low SGA content and in its wild type counterpart to identify the SGA biosynthetic genes whose expression might be altered in mutant lines. 
Frame shift and missense mutations leading to loss-of-function were identified in SGT2 and Game 4 genes of the EMS-induced mutant lines and 
correlated alteration of SGA biosynthesis gene expression was observed in the mutant potato lineThe data will be presented and further discussed 
in the context of generating a large potato pre-breeding germplasm for improving quality and agronomic traits in potato. 
 
PO0943: Tomato, Potato, Pepper, and related 
The Genomic Basis of Sexual Differentiation in a Recently Evolved Dioecious Species (Solanum appendiculatum) 
Meng Wu1, Rafael F. Guerrero1,2, Matthew W. Hahn1,2 and Leonie C. Moyle1, (1)Department of Biology, Indiana University, 
Bloomington, IN, (2)Department of Computer Science, Indiana University, Bloomington, IN 



Solanum appendiculatum is among the few dioecious species found in the economically important genus Solanum (family Solanaceae). Males in 
this species bear staminate flowers. Females are morphologically hermaphroditic but functionally pistillate because their pollen, while viable, 
lacks the apertures required for pollen tube germination (i.e., pollen grains are inaperturate). Both the morphological characters of S. 
appendiculatum and its close phylogenetic relationship with hermaphrodite species suggest that sexual differentiation in this lineage is very 
recent. However, the genetic mechanisms of dioecious sex determination have not yet been studied in this, or in any other, Solanum species. 
Here, we de novo assembled the genome of S. appendiculatum (assembly size: ~750 Mbp; N50: 0.92 Mbp) and annotated ~35,000 high-
confidence genes. RNA-seq indicates that very few genes (< 20) are differentially expressed between males and females at early stage flower 
buds, while ~100 genes show sex-biased expression in mature (morphologically differentiated) flowers. Interestingly, multiple female-biased 
genes (including pectin acetylesterase) are involved in pectin biosynthesis, a pathway that has been functionally associated with pollen wall 
development. For example, overexpressing pectin acetylesterase PAE1 results in severe male sterility and the loss of pollen apertures in 
Nicotiana (also Solanaceae) (Gou et al. 2012). Two female-biased pectin acetylesterase genes also represent a pair of recently duplicated genes 
unique to S. appendiculatum. We are using whole genome resequencing data from six males and six females to further refine sex-linked and sex-
specific regions, and to investigate genomic changes involved in the earliest stages of sex determination evolution in this lineage. 
 
PE0944: Tomato, Potato, Pepper, and related 
Differential Gene Expression Analysis of Resistance Response to Meloidogyne chitwoodi Introgressed from Wild Species 
Solanum bulbocastanum into Cultivated Potato 
Sapinder Bali1, Kelly Vining2, Cynthia Gleason3, Hassan Mojtahedi4, Charles R Brown4 and Vidyasagar R Sathuvalli1, (1)Oregon 
State University, Hermiston, OR, (2)Oregon State University, Corvallis, OR, (3)Washington State University, Pullamn, WA, 
(4)United States Department of Agriculture, Prosser, WA 
Meloidogyne chitwoodi Golden, commonly known as Columbia root-knot nematode (CRKN) is a microscopic, soil borne pest of potato 
prevalent in the Pacific Northwest region of the United States. It has a very short life cycle and infects both potato roots and tubers. Nematode 
infected tubers develop visible external as well as internal defects reducing the market value of the crop. Presently, the use of fumigants is the 
only effective way to control this pest but these chemicals pose high risk to the surrounding environment and human health. Hence, nematode 
resistant commercial potato varieties could be the long-term solution to this problem. Germplasm screening identified race specific resistance to 
CRKN from wild, diploid potato species from Mexico, Solanum bulbocastanum (accession#22). This resistance was introgressed into the 
tetraploid potato clone, PA99N82-4 using protoplast fusion and subsequent back crossing. Differential gene expression between resistant clone, 
PA99N82-4 and susceptible variety, ‘Russet Burbank’ during the course of nematode infection indicate that the resistance in PA99N82-4 is 
likely caused by the hypersensitive response (HR), which might be leading to inhibition of the feeding site formation. Further, the upregulation 
of pathogenesis-related (PR-1) gene indicates Salicylic acid accumulation as an immediate host response. In addition, polyamines like, spermine 
and spermidine may play a critical role in the defense response mechanism, which warrants further validation. 
 
PE0946: Tomato, Potato, Pepper, and related 
Whole Genome Sequencing of Capsicum annuum ‘Dempsey’ Using Pacbio and Hi-C 
Siyoung Jang1, Jinkwan Jo1, Jin-Kyung Kwon1, Doil Choi2 and Byoung-Cheorl Kang1, (1)Seoul National University, Seoul, South 
Korea, (2)Dept of Plant Science Seoul National University, Seoul, South Korea 
Peppers including pungent and non-pungent varieties are an important vegetable crop worldwide. During the past two decades, there has been a 
great progress in molecular breeding and genomics in pepper. Most of important traits including disease resistance and secondary metabolite 
have been tagged by molecular markers. Furthermore, genome sequence assemblies for three Capsicum species including C. annuum, C. 
chinense, and C. baccatum have developed by the short-read sequencing, and are available for genetic study and molecular breeding. However, 
current pepper genome sequences need to be improved because they are composed of a large number of small scaffolds with N50 ranging from 
55 Kb in Zunla-a to 2.47 Mb in CM334. Long-read sequencing can improve genome assemblies for large and complex plant genomes by 
increasing sequence reads up to 1 Mb. In this study, we report an improved C. annuum genome assembly of a non-pungent line ‘Dempsey’ at the 
chromosomal scale using single-molecule sequencing (Pac-Bio) and chromosome conformation capture technologies (Hi-C). Our assembly 
featured contig N50 sizes of 18.3 Mb and 257 Mb after Pac-Bio sequencing and Hi-C scaffolding, respectively. The genome size of Dempsey 
was estimated to be 3.03 Mb. Top 12 contig lengths were ranged from 332 Mb to 173 Mb with total length of 3.0 Mb demonstrating that 99.9% 
of sequenced reads were assembled. The validity of the assembly was further demonstrated using a genetic map with skim sequencing of a 
population and with continuities of gaps presented in the previous genome assemblies. 
 
PO0947: Tomato, Potato, Pepper, and related 
Born to be –Introgressed with a– Wild (Eggplant) 
Maria de la O Plazas-Avila1, Jaime Prohens2, Pietro Gramazio2, Edgar Garcia-Fortea2, Gloria Villanueva2, Maria D. Lerma2 and 
Santiago Vilanova2, (1)Institute of Conservation and Breeding of the Valencian Agrodiversity/ Polytechnic University of Valencia, 
VALENCIA, Spain, (2)COMAV-UPV, Valencia, Spain 
Crop wild relatives (CWRs) are a great source of genetic diversity for breeding crops for adaptation to climate change. Introgression lines (ILs) 
sets containing genetic material of CWRs in the genetic background of crops are important tools for plant breeding programs. Unlike many of its 
wild CWRs, eggplant (Solanum melongena) is susceptible to abiotic stresses such as drought. We are developing three new sets of ILs with the 
CWRs S. insanum (primary genepool and wild ancestor of eggplant), S. dasyphyllum (secondary genepool) and S. elaeagnifolium (tertiary 
genepool) using high-throughput genotyping for marker-assisted selection. Through the combination of existing libraries and de novo SNP 
mining, SPET (Single Primer Enrichment Technology) was able to dramatically increase the number of detected markers compared to the 
number of markers used in earlier selection steps for the two of the backcross populations (with S. insanum and S. dasyphyllum) that had gone 
through previous rounds of genotyping for selection. Highest numbers of polymorphisms were detected in the most distantly related species (S. 
elaeagnifolium) and lowest for the most closely related wild relative (S. insanum). The new advanced backcross materials obtained displayed a 
wide phenotypic diversity for morphological traits. Some of the selected materials showed evidence of enhanced tolerance to drought. The new 



eggplant ILs sets containing introgressions from wild relatives will allow broadening the genetic base of eggplant and may contribute to the 
development of improved eggplant cultivars for multiple traits, but in particular for adaptation to stresses derived from climate change. 
 
PE0948: Tomato, Potato, Pepper, and related 
Metabolic Profiling of a Recombinant Inbred Eggplant Population Reveals Key Metabolic QTLs Controlling Fruit 
Nutritional Quality 
Maria Sulli, ENEA (Italian National Agency for New Technologies, Energy and Sustainable Economic Development), Rome, Italy 
and Maria Sulli, Lorenzo Barchi, Gianluca Francese, Laura Toppino, Giuseppe Mennella, Sergio Lanteri, Giuseppe Leonardo 
Rotino and Giovanni Giuliano 
Eggplant (Solanum melongena L.), with a global production of 50 Mt in 2016 (FAOSTAT), represents the third most important crop of the 
Solanaceae family after potato and tomato, and is an important component of many people’s daily diet. Two eggplant lines differing with respect 
to several key agronomic traits, i.e. ‘305E40’ and ‘67/3’, were crossed, and a population of 157 F8 Recombinant Inbred Lines (RILs) obtained. 
The line ‘67/3’ was used for the generation of a reference genome sequence and, following the resequencing of the line ‘305E40’ and GBS of the 
RILs, high density genetic and physical maps were developed. Thanks to the availability of genomic and genetic information and the advances in 
metabolic profiling strategies, we investigated the genetic basis and metabolic QTLs determining eggplant fruit quality. Untargeted MS analysis 
unveiled 8 metabolites in flesh and 12 in peel, belonging to the anthocyanin, glycoalkaloid, and polyamine classes, with a differential 
accumulation in the two parental lines. Following metabolic profiling of the RILs, we identified several metabolite quantitative trait loci 
(mQTLs) associated to the accumulation of those metabolites. Data on the dominance-recessivity relationships of these compounds in the F1 
hybrid suggested the possible molecular nature of the mutations underlying the mQTLs, which are being investigated by positional cloning. 
 
PO0949: Tomato, Potato, Pepper, and related 
Genomic Resources to Elucidate the Molecular and Genetic Basis of Nicotiana benthamiana - Phytophthora cinnamomi 
Interactions 
Patricia Manosalva1, Rodger Belisle2, Aidan Shands1, Natasha Jackson2, Guangyuan Xu2, Aureliano Bombarely3 and Liliana M. 
Cano4, (1)University of California- Riverside, Riverside, CA, (2)University of California Riverside, Department of Microbiology 
and Plant Pathology, Riverside, CA, (3)Virginia Tech, Department of Horticulture, Blacksburg, VA, (4)University of Florida, IFAS, 
Indian River Research and Education Center, Fort Pierce, FL 
Avocado Phytophthora Root Rot, caused by Phytophthora cinnamomi, is the major constrain for avocado production worldwide. Despite the 
importance of this pathogen, the molecular and genetic basis of plant-P. cinnamomi interactions are largely unknown. Functional genomics 
studies to identify genes associated with resistance is challenging in avocado and other tree hosts due to limitations associated with tree biology 
and lack of reference genomes and efficient transformation systems. To circumvent these limitations, we established a new Nicotiana 
benthamiana-P. cinnamomi pathosystem and developed a detached leaf assay, which coupled to dual RNAseq analysis and high-quality 
reference genomes, allow us to conduct functional studies of candidate genes in this pathosystem. Defense responses against P. cinnamomi in 
this model plant were similar to those reported in avocado and other hosts after pathogen infection. Genes involved in hormone signaling, 
receptor-like kinases, NBS-LRRs, transcription factors, secondary metabolism and production of antimicrobial compounds, and pathogenesis-
related (PR) were differentially expressed (DE) after infection. Functional validation of several DE genes was conducted by transiently 
overexpressing or silencing these candidate genes in N. benthamiana. The genome sequence of the P. cinnamomi isolate used in this study was 
used as reference genome for pathogen transcriptome analyses. We found several P. cinnamomi RXLR type effectors differentially regulated at 
different stages of pathogen infection. The identification of candidate genes from the pathogen and host associated with virulence and resistance 
respectively can then be modified or used to generate resistant avocado rootstock varieties using biotechnology or through traditional breeding.  
 
PE0950: Tomato, Potato, Pepper, and related 
Parental Genetic Distance and Transposable Element Load Influence Transposable Element Dynamics in Young Nicotiana 
Allotetraploids 
Corinne Mhiri1, Christian Parisod2, Julien Daniel1, Maud Petit1, K. Yoong Lim3, François Dorlhac de Borne4, Ales Kovarik5, 
Andrew Leitch3 and Marie-Angèle Grandbastien1, (1)Institut Jean-Pierre Bourgin, INRA Versailles, Versailles, France, 
(2)Ecological Genomics, Institute of Plant Sciences, Bern, Switzerland, (3)Queen Mary University of London, London, United 
Kingdom, (4)Imperial Tobacco Group, Bergerac, France, (5)Institute of Biophysics, Brno, Czech Republic 
As postulated by Barbara McClintock, allopolyploidy (interspecific hybridization associated with genome duplication) would represent a 
genomic shock, involving genome changes driven by transposable elements. To explore this hypothesis, we compared the recently formed (< 
1MYA) allotetraploids Nicotiana arentsii, N. rustica and N. tabacum with their progenitor diploids, and with synthetic hybrids. 
We used SSAP (sequence-specific amplification polymorphism) to compare the dynamics of six transposable elements in these allopolyploids, 
their diploid progenitors, and in corresponding synthetic hybrids. 
We show that element-specific dynamics in young Nicotiana allopolyploids reflect their dynamics in diploid progenitors. Transposable element 
mobilization is not concomitant with immediate genome merger, but occurs within the first generations of allopolyploid formation. In natural 
allopolyploids, such mobilizations correlate with imbalances in the repeat profile of the parental species, which increases with their genetic 
divergence. Other restructuring leading to locus loss is immediate, non-random, and targeted at specific subgenomes, independently of cross 
orientation. 
The observed correlation between transposable element mobilization in Nicotiana allopolyploids and quantitative imbalances in parental 
transposable element loads supports the genome shock hypothesis proposed by Barbara McClintock. 
 
PO0951: Tomato, Potato, Pepper, and related 
Analysis of Genome Sequence of Nightshade Species Solanum lycopersicoides 



Puneet Kaur Mangat1, Ritchel G. Gannaban1 and Rosalyn A. Shim2, (1)Texas Tech University, Lubbock, TX, (2)Department of 
Plant and Soil Science, Texas Tech University, Lubbock, TX 
Solanum lycopersicoides is a nightshade relative of tomato that thrives in the western slopes of the main Andean cordillera in the region of the 
Chile-Peru frontier. It has been reported to have resistance to a wide range of fungal, bacterial, viral diseases and Lepidopteran worms, as well as 
tolerance to low temperature stress. S. lycopersicoides can be used as an important resource to provide novel genetic diversity in cultivated 
tomato that has been lost during domestication. Genome of S. lycopersicoides accession LA1964 was sequenced using Illumina HiSeq 
sequencing to construct 151-bp paired-end libraries. The trimmed reads were assembled using the ABySS 2.0 assembler and PAGIT toolkit using 
version SL3.0 of the tomato genome sequence as reference. The assembly generated total scaffold length of 1,452,602,585 bp with 6,874,225 
numbers of scaffolds having largest scaffold of 46,755 bp and 2,141 bp N50 value. GMATA software was used for simple sequence repeats 
(SSRs) mining which identified 56,901 SSRs with motifs ranging from 2-8 bp. Non-coding RNAs (miRNA, tRNA, eRNA, snoRNA, snRNA) 
were identified using Infernal. tRNAscan-SE program was used to predict transfer RNA. Gene predictor AUGUSTUS along with annotation 
pipeline, MAKER was used to predict gene models by using tomato genome as reference. This study will have applications in leveraging 
research on other nightshade species sharing the same genome as S. lycopersicoides. 
 
PE0952: Wheat, Barley, Oat, and related 
The International Wheat Genome Sequencing Consortium (IWGSC) 
The International Wheat Genome Sequencing Consortium1, Rudi Appels2, Ute Baumann3, Hikmet Budak4, Isabelle Caugant1, 
Kellye Eversole1, Etienne Paux5 and Sébastien Praud6, (1)IWGSC, Lee's Summit, MO, (2)University of Melbourne, Melbourne, 
Australia, (3)The University of Adelaide, Urrbrae, South Australia, Australia, (4)Montana State University, Bozeman, MT, 
(5)GDEC, INRA, UCA, Clermont-Ferrand, France, (6)LIMAGRAIN, CHAPPES, France 
Bread wheat, the staple food for 35% of the world’s population, is the last major crop species to benefit from a reference genome sequence. The 
IWGSC, with 2,400 members in 68 countries, is an international, collaborative consortium, established in 2005 by a group of wheat growers, 
plant scientists, and public and private breeders focused on delivering genomic tools and resources for wheat improvement.  
In 2018, the IWGSC completed Phase I when it published the first high quality reference sequence of the bread wheat variety Chinese Spring 
(IWGSC RefSeq v1.0). The IWGSC RefSeq v1.0 represents 94% of the hexaploid wheat genome organized in 21 chromosome-like 
pseudomolecules; it identifies the structural features of the wheat genome, including 107,891 high confidence gene in their genomic context, 
along with 4.7 million molecular markers. This sequence allows for analyses to a level that has never been achieved before. Phylogenomic 
analyses indicated specific amplification of gene families characterized the hexaploid genome when compared to diploid progenitors and other 
closely related species. A transcription atlas from 850 RNA-Seq datasets representing all stages of wheat phenological development revealed 
novel co-expression networks including some with relevance to flowering time. This work lays the foundation for genomics-based crop 
improvement in wheat in response to challenges imposed by population expansion and climate change.  
As the IWGSC enters Phase II of its activities, an overview of its recent achievements will be presented, along with an outline of its future 
activities. 
 
PO0953: Wheat, Barley, Oat, and related 
A Wheat Exome Capture Panel Designed using the IWGSC Bread Wheat Reference Assembly 
Jake Enk, Arbor Biosciences, Ann Arbor, MI 
The International Wheat Genome Sequencing Consortium (IWGSC) recently released the best-resolved wheat genome sequence and associated 
annotations ever generated. Thanks to the fully contiguous chromosomal scaffolds reconstructed via directly sequencing each sub-genomic 
homeolog, the true sequence and locations of each coding region of Chinese Spring strain are now accessible. This enables unprecedented 
opportunities in wheat crop improvement. In close collaboration with the IWGSC, Arbor Biosciences developed an exome targeted sequencing 
kit that captures more than 90% of the exons identified in the reference sequence’s accompanying high-confidence annotation set. By combining 
optimized probe sequence engineering, a unique synthesis platform, and stoichiometric balancing led by iterative development stages, the kit is 
both high-performance and extremely affordable. Here we describe the exome capture kit's performance characteristics as applied to a variety of 
wheat samples, showing highly uniform and comprehensive coverage of the exonic annotations at minimal sequencing expenditure. Through 
continued close collaboration with the IWGSC, Arbor Biosciences plans further refinements to the existing capture panel, as well as generation 
of optional add-on modules targeting promoter regions, lower-confidence annotated exons, and exons from other wheat strains. 
 
PE0954: Wheat, Barley, Oat, and related 
Improved Genome Sequence of Wild Emmer Zavitan With the Aid of Optical Maps 
Tingting Zhu1, Le Wang1, Juan C. Rodriguez1, Karin R. Deal1, Raz Avni2, Assaf Distelfeld2, Pat McGuire1, Jan Dvorak1 and Ming-
Cheng Luo1, (1)Department of Plant Sciences, University of California, Davis, Davis, CA, (2)School of Plant Sciences and Food 
Security, Tel Aviv University, Tel Aviv, Israel 
Wild emmer (Triticum turgidum ssp. dicoccoides) is the progenitor of all modern cultivated tetraploid wheat. Its genome is large (> 10 Gb) and 
contains over 80% repeated sequences. The successful whole-genome-shotgun assembly of the wild emmer (accession “Zavitan”) genome 
sequence (WEW_v1.0) was an important milestone for wheat genomics. In an effort to improve this assembly, an optical map of accession 
Zavitan was constructed using Bionano Direct Label and Stain (DLS) technology. The map spanned 10.4 Gb. This map and another map 
produced earlier by us with the NLRS technology were used to improve the current wild emmer assembly. The WEW_v1.0 assembly was based 
on 151,912 scaffolds and 3,102 of these could be confidently aligned with the optical maps and 47 were found to be chimeric. These were 
disjoined and new super-scaffolds were generated with the aid of the optical maps, which reduced scaffold number to 149,252 and increased the 
N50 from 6.96 Mb to 72.63 Mb. The resulting 485 super-scaffolds were aligned and oriented on the genetic map and new WEW_v2.0 
pseudomolecules were constructed. As an advance over the WEW_v1.0 pseudomolecules, the WEW_v2.0 pseudomolecules incorporated 333 
scaffolds (68.51 Mb) which had not been originally anchored, had new locations of 226 scaffolds (554.84 Mb) which had been incorrectly 
placed, and re-oriented 332 scaffolds (394.83 Mb) which had been incorrectly oriented. 



 
PO0955: Wheat, Barley, Oat, and related 
Inclusive Evaluation of the Tetraploid Wheat Germplasm based on the Svevo Durum Wheat Genome Sequence Assembly 
Marco Maccaferri1, Raj K Pasam2, Danara Ormanbekova3, Benjamin Kilian4, Sara G. Milner5, Elisabetta Mazzucotelli6, Anna-
Maria Mastrangelo7, Elisabetta Frascaroli8, Hakan Ozkan9, Steven S. Xu10, Shiaoman Chao10, Assaf Distelfeld11, Curtis Pozniak12, 
Matthew Hayden13, Nicola Pecchioni14, Roberto Tuberosa15, Reem Joukhadar16 and Luigi Cattivelli17, (1)University of Bologna, 
DISTAL, Bologna, Italy, (2)Department of Economic Development, Jobs, Transport and Recourses, AgriBio Centre for 
AgriBioscience, Bundoora, VIC, 3083, Australia., Bundoora, Australia, (3)DipSA, University of Bologna, Bologna, Italy, (4)The 
Global Crop Diversity Trust (GDCT), Bonn, Germany, (5)IPK Gatersleben, Stadt Seeland, Germany, (6)CREA-GB,, Fiorenzuola d' 
Arda, Italy, (7)CREA-MAC, SS42, 24126 Bergamo, Foggia, Italy, (8)Department of Agricultural Sciences, University of Bologna, 
Bologna, Italy, (9)University of Cukurova, Adana, Turkey, (10)USDA-ARS, Fargo, ND, (11)School of Plant Sciences and Food 
Security, Tel Aviv University, Tel Aviv, Israel, (12)University of Saskatchewan, Saskatoon, SK, Canada, (13)School of Applied 
Systems Biology, AgriBio, La Trobe University, Melbourne, Australia, (14)CREA - Research Centre for Cereal and Industrial 
Crops, Foggia, Italy, (15)DISTAL, University of Bologna, Bologna, Italy, (16)DEDJTR, AgriBio, Bundoora, Australia, (17)CREA-
GB, Research Centre for Genomics and Bioinformatics,, Fiorenzuola d' Arda, Italy 
Triticum turgidum genetic resources are a wide reservoir of diversity, valuable for both durum wheat and common wheat pre-breeding, as 
highlighted by the success of synthetic wheats. However, a comprehensive analysis of these resources is lacking. 
As part of the Svevo durum wheat genome sequencing, we assembled a Global Tetraploid wheat Collection (GTC) of 1,856 accessions from 11 
tetraploid wheat taxa, including wild and domesticated emmer (WEW and DEW) durum landraces (DWL) and modern durum wheat cultivars 
(DWC). We used the iSelect 90K SNP array anchored to the Svevo genome to investigate population structure and selection/demography 
signatures. 
We traced: i) the inheritance of haplotype blocks from either the North-eastern or Southern Levantine Fertile Crescent (Turkey) WEW 
populations to whole DEW germplasm, with a 0.65/0.35 overall inheritance ration, ii) the two subsequent independent but similar star-like 
dispersal patterns associated to DEW and DWL evolution, with six main populations each. 
Durum wheat most probably originated from the Southern-levant DEW. Ethiopian emmer and durum, T. turanicum and T. carthlicum were the 
most differentiated with minimal contribution to modern durum. Modern durum originated mostly from the North-African and Transcaucasian 
DWL populations. WEW, with the highest genome-wide diversity, provided the reference for assessing the diversity reductions associated to 
domestication and breeding. Numerous strong diversity depletions signals were observed primarily for the WEW-to-DEW transition. These 
signals progressively consolidated through domestication and breeding. Specific DEW-to-DWL signals were also observed. Diversity reduction 
index (DRI), Fst, haplotype-based XP-EHH and hapFLK and spatial pattern of site frequency spectrum (XP-CLR) metrics were considered. 
Frequently two or more indexes occurred in overlapping regions (selection clusters). In total, 104 pericentromeric (average size of 107.7 Mb) and 
350 non-pericentromeric (average size of 11.4 Mb) clusters were identified. WEW-to-DEW and DEW-to-DWL transitions mostly involved 
extended pericentromeric regions tagged by DRI and Fst, while the DEW-to-DWL and DWL-to-DWC transitions were mostly associated to 
numerous XP-EHH and XP-CLR signals. We carried out a comprehensive projection of the published tetraploid QTLome and investigated the 
genome-wide QTL distribution and co-location between meta-QTLs and demography/selection signals. The usefulness of the GTC to elucidate 
the evolutionary patterns associated to loci, haplotype blocks and causative sequence variants for traits of breeding interest like cadmium-
cumulation in grains, grain size and disease resistance loci are reported. 
 
PE0956: Wheat, Barley, Oat, and related 
CRISPR/Cas9 Knock-out of a Farnesyltransferase Gene to Improve Drought Tolerance in Wheat.  
Patricia Vail, Stephen Pearce and Karl Ravet, Colorado State University, Fort Collins, CO 
Climate models predict more frequent and prolonged drought conditions in agricultural regions posing a challenge to wheat production. 
Development of varieties expressing novel traits maintaining high yields during drought is a priority for wheat breeding programs in the future.  
Abscisic acid (ABA) regulates stomatal closure and controls evapotranspiration. In Arabidopsis, Enhanced Response to ABA1 (ERA1) encodes a 
subunit of a farnesyl transferase protein that negatively regulates ABA signaling. Era1-null mutants increased drought tolerance through ABA 
stimulated stomatal closure, reducing water loss through transpiration. [1]. In wheat, Virus Induced Gene Silencing (VIGS) of the orthologous 
ERA1 gene conferred transient enhanced drought tolerance, suggesting a conserved role as a negative regulator of drought response[2].  
We are using CRISPR/Cas9 to develop ERA1 knockout alleles to improve drought tolerance. Six gRNAs were assembled into a single, 
multiplexed plasmid to target the three homoeologs of ERA1 in hexaploid wheat and were transformed into protoplasts to determine editing 
efficiency. We will use biolistics to transform winter wheat varieties and test plants carrying deletions under water limited conditions using 
greenhouse and field assays.  
[1] Jalakas P., Huang Y., Yeh Y., Zimmerli L., Merilo E., Kollist H., Brosché M., (2017).  
The role of ENHANCED RESPONSES TO ABA1 (ERA1) in Arabidopsis Stomatal Responses Is Beyond ABA signaling. Plant Physiol. 174: 
665–671.  
[2] Manmathan H., Shaner D., Snelling J., Tisserat N., Lapitan N., (2013)  
Virus-induced gene silencing of Arabidopsis thaliana gene homologues in wheat identifies gee conferring improved drought tolerance. J Exp 
Bot. 64(5): 1381-1392 
 
PO0957: Wheat, Barley, Oat, and related 
Comparative Analysis of Whole Exome Sequencing (WES) Tools in Wheat 
Halise Busra Cagirici1, Sezgi Biyiklioglu1, Bala Ani Akpinar2 and Hikmet Budak3, (1)Sabanci University, Istanbul, Turkey, 
(2)University of Helsinki, Helsinki, Finland, (3)Montana State University, Bozeman, MT 
It is currently a very exciting time for wheat genomics study. With the recent releases and availability of the wheat reference genomes, the 
mining of the wheat exome for the variants responsible for important traits of interest is becoming ever more readily available. However, as with 



all analysis, there is a need to ensure that results are both reliable and reproducible. Although calling for variants is relatively straightforward 
with two major steps; read alignment and variant calling, choice of the best tools at each stage of the analysis is not. There have been concerns 
raised in the literature regarding that impact of method choice on these ever-important metrics of result quality.  
In response, research has been conducted to better characterize such impacts in organisms including human, where exome sequencing plays a 
large role in the clinic settings, and Arabidopsis. However, such attention has yet to be turned to wheat; an organism that relies still on the mining 
of exome data to characterize underlying variation. As such, there is therefore a need to better characterize and understand how different methods 
affect the analysis of whole exome sequencing in common bread wheat (Triticum aestivum).  
This study aims to meet these requirements by assessing the outcome of various methods at all stages in a whole exome sequencing (WES) 
analysis pipeline. We sequenced exome of 48 elite wheat cultivars analyzed and compared different tools. This WES data from hexaploid wheats 
to compare the bioinformatics pipelines with the help of IWGSCRefSeqV1. 
 
PE0958: Wheat, Barley, Oat, and related 
Genotyping by Multiplexed Sequencing: A Robust and Adaptable Platform for Genomic Selection in Wheat 
Travis M. Ruff1, Elliott J. Marston2, Jonathan D. Eagle2, Marcus A. Hooker2, Daniel Z. Skinner3 and Deven R. See1, (1)USDA-
ARS/Washington State University, Pullman, WA, (2)Washington State University, Pullman, WA, (3)USDA-ARS, Pullman, WA 
As genotyping technologies continue to evolve, so have their throughput and multiplexing capabilities. Currently, the most used genotyping 
methods in Triticum aestivum L. (common wheat) are the Illumina Infinium 90K wheat SNP chip and genotyping by sequencing (GBS). Both 
technologies have aided wheat researchers to move from marker-assisted selection to genomic selection but each platform has disadvantages. We 
present a PCR-based genotyping technology that multiplexes thousands of amplicons with high-throughput capabilities and can be adapted to 
most genotyping projects. The current genotyping by multiplexed sequencing (GMS) protocol multiplexes 2,242 SNP markers and can be 
sequenced on the Ion Torrent or Illumina next generation sequencing platforms. Presently, the average distance between markers on each 
chromosome is 2.33 cM, the average number of markers per chromosome is 107, and 30% of GMS markers amplify both the locus of interest as 
well as homeoalleles. In addition to these SNP markers are 62 known informative markers (KIMs). The KIMs were converted from markers that 
have been valuable in marker-assisted selection in wheat improvement. GMS results are the product of direct amplicon sequencing. Therefore, 
this protocol yields data which can be reproduced unlike GBS experiments and generates more accurate data than technologies such as the 
Illumina Infinium assay, komeptitive allele-specific PCR, and others, which rely on scatter plot analyzes. 
 
PO0959: Wheat, Barley, Oat, and related 
Understanding the Complexity of Wheat Prolamin Locus Regions using High-Quality Sequences generated by PacBio Long 
Reads and Bionano Maps 
Yong Q. Gu, USDA ARS, Western Regional Research Center, Albany, CA 
 
PE0960: Wheat, Barley, Oat, and related 
Wheat Exome Capture for Gene Mapping via Bulked Segregant Analysis 
Zhongxu Chen, Sichuan Agriculture University; Tcuni Life Science;, CHENGDU, China and Jirui Wang, Sichuan Agricultural 
University, CHENGDU, China 
The new reference genome of bread wheat was published by The International Wheat Genome Sequencing Consortium (IWGSC) this year, 
researcher can be able to do better research on functional genes.  
Bulked segregant analysis (BSA) is an efficient method to rapidly map genes responsible for mutant phenotypes. But with a large genome, whole 
genome sequencing (WGS) for wheat BSA is too expensive and hardly ever used. Instead of WGS, Bulked segregant RNA-seq (BSR) was 
widely used for gene mapping. Unfortunate RNA-seq relies on the plant tissue and the time sample prepared. So BSR always miss a lot of genes 
and has imbalance genome coverage. Also, RNA editing will make discrete changes to specific nucleotide sequences within an RNA molecule 
after it has been generated by RNA polymerase.  
In our study, we provide a new designed wheat exome capture probe based on the new wheat reference genome and some other varieties. The 
new probe has 260M target and more than 140,000 genes with exon and untranslated region. We applied it for mutants sequencing and bulk 
segregant analysis. It performs easy sample prepare (DNA from any tissue on any time), more comprehensive genome coverage and accurate alle 
frequencies than BSR. It turns out that bulked segregant exome capture (BSE) is a low-cost and high-efficient tool for wheat genetic study. 
 
PO0961: Wheat, Barley, Oat, and related 
DNA Forensics to Identify the Bad Players of Wheat Quality 
Emily Delorean, Cameron Amos and Jesse Poland, Department of Plant Pathology, Kansas State University, Manhattan, KS 
The quality of products produced from wheat flour dependents largely on gluten proteins. Gluten proteins form inter- and intra- molecular bonds, 
constructing a large matrix that gives rise to the strength and extensibility of the dough and final product. Not all gluten proteins play well in the 
matrix, and result in poor quality products. Therefore, breeding programs must continually monitor the quality of lines to ensure consumer 
acceptance. In this research, we used the extensive sequence information from online databases and wheat genome assembles to identify many 
small segments of gluten genes that differed between alleles. These diagnostic k-mers were then built into a bioinformatics pipeline that searches 
sequencing data of breeding lines to determine the gluten alleles present. This approach has the potential to offer a low cost, high throughput 
alternative to gel methods of gluten genotyping in breeding programs. 
 
PE0962: Wheat, Barley, Oat, and related 
Using Machine Learning for Oscillatory Pattern Identification in Wheat Genomics Data 
Laura-Jayne Gardiner1, Susan Duncan2, Rachel Rusholme-Pilcher2, Hannah Rees2, Anthony Hall2 and Ritesh Krishna3, (1)IBM 
Research UK, Warrington, United Kingdom, (2)Earlham Institute, Norwich, United Kingdom, (3)International Business Machines, 
Manchester, United Kingdom 



We aim to create a computational framework around large-scale time course transcriptomics datasets that have been generated by the Earlham 
Institute, UK to understand key regulatory mechanisms in hexaploid wheat genome. Wheat is a key crop of global importance and we initially 
focus on the biological process of circadian regulation that has been found to underpin many agronomic traits. Genes involved in the circadian 
clock show rhythmic expression patterns of approximately 24 hours that can be defined using parameters such as period, phase and amplitude.  
Machine learning can be used to identify patterns within high volume genomics datasets. We use 48-hour RNA-seq time-course experimental 
data from wheat to identify rhythmic expression patterns. These patterns are then translated to build machine learning models so that downstream 
they can be used to make predictions. The models can be enriched by importing annotations from various related public databases and can be 
used to predict genes that match expression profiles indicative of circadian rhythms.  
We demonstrate the application of machine learning approaches to identify data patterns in genomics datasets. This methodology can be applied 
to a wide range of genomics problems to reduce the time, cost and effort to identify patterns using predictive models. This work is part of an 
ongoing collaboration between IBM Research UK and the Earlham Institute. The expansive computational infrastructure that is available within 
IBM brings cutting-edge computational science as well as applicable technologies, such as data-centric cognitive computing to support UK 
research. 
 
PO0963: Wheat, Barley, Oat, and related 
Accelerating Improvement in Wheat End-Use Quality through Genome-Wide Association Mapping and Genomic Selection  
Shichen Zhang-Biehn1, Allan K. Fritz2, Guorong Zhang3, Rebecca A. Miller4 and Jesse Poland1, (1)Department of Plant Pathology, 
Kansas State University, Manhattan, KS, (2)Department of Agronomy, Kansas State University, Manhattan, KS, (3)Department of 
Agronomy, Kansas State University, Hays, KS, (4)Department of Grain Science and Industry, Kansas State University, Manhattan, 
KS 
In hard winter wheat breeding, there is a considerable challenge for addressing both yield and baking quality. Selection for end-use quality is 
expensive and time-consuming, being relegated to the final stages of the breeding program. In this study, our objectives were to identify genetic 
variants underlying baking quality traits through genome-wide association mapping (GWAS) and develop improved genomic selection(GS) 
models. A total of 462 advanced breeding lines planted at different locations during 2015-2017 were genotyped through genotyping-by-
sequencing (GBS) and profiled for baking quality to different extent. Best linear unbiased prediction(BLUP) of each phenotype was calculated 
and used in the GWAS and GS analyses. Significant GWAS signals were found for some of the quality traits. However, no significant signal was 
found for loaf volume; this could be due to the nature of a polygenic trait controlled by many genes with small effects. Early generation selection 
with GS not only shorten the breeding cycle time but also dramatically increase the number of lines could be pre-selected. Univariate GS models 
showed 0.34-0.55 predictive ability for different quality traits. Loaf volume is a complex and difficult-to-measure trait. However, it is usually 
correlated with some secondary quality traits, such as flour protein, mixograph absorption, mixograph mix time, which are easier to measure and 
less expensive. By including these secondary traits as predictor variables along with GBS data and/or correlated response variables, predictive 
ability for loaf volume increased by 12-15%. 
 
PE0964: Wheat, Barley, Oat, and related 
Increasing Genetic Gain in Wheat through Speed Breeding and Genomic Selection  
Biructawit B. Tessema1, Huiming Liu1, Anders Christian Sørensen1, Jeppe R. Andersen2 and Just Jensen1, (1)Center for 
Quantitative Genetics and Genomics, MBG, Aarhus University, Tjele, Denmark, (2)Nordic Seed, Galten, Denmark 
Conventional wheat breeding program take several years to release an improved variety for yield and, generally, annual genetic gain is slow. This 
study was set to investigate how much genetic gain can be increased by (1) speeding generation advancement in wheat breeding program and (2) 
implementing genomic selection in both speed breeding and conventional wheat breeding programs. Speed breeding is a technology that allows 
rapid generation advancement through utilizing extended period of light to accelerate growth rate of a plant. Breeding programs that run for 30 
years was simulated for both conventional and speed breeding program. For conventional breeding program, every year a new breeding cycle is 
initiated while for the speed breeding program, four generations (F1 to F4) were produced in one year. All the breeding cycles run in parallel for 
30 years. Four different scenarios were tested (1) speed breeding with only phenotypic selection, (2) speed breeding with genomic selection, (3) 
conventional phenotypic selection, and (4) conventional genomic selection. Selection was performed on three different generations. At F2, 
phenotypic selection was performed on breeder’s visual preference. At F5 and F6, either phenotype or Genomic Estimated Breeding Value 
(GEBV) was used to select on yield. The genetic gain was remarkably increased with the breeding strategy that used speed breeding together 
with genomic selection, showing that genetic gain can be drastically increased through reduction of generation time and increased selection 
accuracy. The lowest genetic gain was seen on conventional wheat breeding strategy using phenotypic selection only. 
 
PO0965: Wheat, Barley, Oat, and related 
Genetic Diversity in Historical and Modern Wheat Varieties of the Pacific Northwest 
Sajal Sthapit1, K Marlowe2, Jonathan D. Eagle1, Travis Ruff3, Marcus A. Hooker1, Daniel Z. Skinner4 and Deven R. See3, 
(1)Washington State University, Pullman, WA, (2)USDA-ARS Wheat Health, Genetics, and Quality Research, Pullman, WA, 
(3)USDA-ARS/Washington State University, Pullman, WA, (4)USDA-ARS, Pullman, WA 
The goal of the study is to explore how genetic diversity in wheat cultivated in the Pacific Northwest (PNW) states of Idaho, Oregon and 
Washington has varied over time. Genotyping by Multiplexed Sequencing (GMS) was used to genotype 260 wheat varieties released for 
cultivation in the PNW region between 1904 and 2018. The varieties were categorized by decade of release and gene diversity was calculated 
using 485 markers with mean distance of 7.8 cM between them. The mean polymorphic information content (PIC) value of the markers was 0.18. 
Markers on chromosome 5A were most informative with a PIC value of 0.30 and markers on chromosome 4D were the least informative (PIC = 
0.01). Overall gene diversity was greater in spring varieties (0.180) than in winter varieties (0.150). Gene diversity also remained stable across 
decades for both spring and winter varieties. However, principal component analysis suggests the spring varieties of today have genetically 
diverged from the older spring varieties despite maintaining similar gene diversity. By contrast, modern winter varieties as a group maintained 
genetic similarity with older winter wheat varieties. 



 
PE0966: Wheat, Barley, Oat, and related 
SNP Genotyping and Agro-Morphological Characterization of a Central-European Wheat Landrace Collection and 
Modern Wheat Cultivars 
András Cseh1, Krisztina Balla2, Tibor Kiss2, Marianna Mayer2, Zita Berki2, Ádám Horváth2, Péter Poczai3 and Ildikó Karsai2, 
(1)Centre for Agricultural Research, Hungarian Academy of Sciences, Martonvásár, Hungary, (2)Centre for Agricultural Research, 
the Hungarian Academy of Sciences, Martonvásár, Hungary, (3)Organismal Evolution and Biology, Viikki Plant Science Centre, 
University of Helsinki, Finland, Helsinki, Finland 
Increasing the genetic diversity of cultivated wheat (Triticum aestivum L.) will have a direct influence on food security and the future of 
sustainable agriculture. Genetic variation is the basis for adaptation of the crop to any future challenge. Wheat landraces are better adapted than 
modern cultivars to changing climate conditions and stress environments due to their population genetic structure, buffering capacity, and a 
combination of morpho-physiological traits. Studies on bread wheat landrace collections reveal a high level of genetic diversity and suggest a 
rich source of alleles not used in modern breeding. A large set of the old Central European landraces were collected during 1950-60 and 
preserved in the Gene Bank collection of Hungary representing an important legacy and providing a vast and largely untapped source of genetic 
variation, which can be utilized for wheat improvement.  
The aim of the present work is to provide detailed genotyping and phenotyping data on the complete landrace collection encompassing 200 
landrace populations in parallel to 70 modern wheat cultivars. Genotyping was carried out using a high-density 20K Illumina SNP genotyping 
array with 17.905 gene-based SNP probes. We characterised the ecological adaptation of landraces and wheat cultivars through measuring 
phenological and morphological traits under field conditions. Determination of the high temperature tolerance of the landrace collection was 
carried out in controlled growth cabinets. Structure and cluster analyses showed considerable differences within and among landraces and 
identified cultivars suitable for breeders to select genetically distant parents.  
AC gratefully acknowledges a Marie Skłodowska-Curie Fellowship Grant (H2020-MSCA-IF-2016-752453-LANDRACES) from the European 
Union. This study was financially supported by National Research, Development and Innovation Office of Hungary (K129221) and Hungarian 
research grant GINOP-2.3.2-15-2016-00029.  
 
PO0967: Wheat, Barley, Oat, and related 
Genotyping and Diversity Analysis of CIMMYT Bread Wheat Breeding Lines 
Sandesh Kumar Shrestha1, Susanne Dreisigacker2, Shuangye Wu1, Ravi Prakash Singh2, Suchismita Mondal2, Philomin Juliana2, 
Jose Crossa2 and Jesse Poland1, (1)Department of Plant Pathology, Kansas State University, Manhattan, KS, (2)International Maize 
and Wheat Improvement Center (CIMMYT), Texcoco, Mexico 
As part of the USAID Feed the Future Innovation Lab, about 53,525 wheat lines from the CIMMYT bread wheat bread program from the year 
2013 to 2018 were genotyped for evaluating genomic prediction and genome-wide association mapping of multiple economically important traits 
including grain yield, agronomics and disease resistance. Tassel GBS v5 pipeline was used for genotyping-by-sequencing (GBS) and calling 
single nucleotide polymorphism (SNP) against Chinese Spring RefSeq v1.0. Most of the chromosomes had missing SNPs in the proximal region. 
To access the diversity along the proximal region of the chromosomes, 1000 CIMMYT lines were analyzed together with 332 association 
mapping panel. Nucleotide diversity, Tajima’s D and minor allele frequency showed the low diversity and probable large haplotype block on the 
proximal region of chromosomes in CIMMYT bread wheat breeding lines. 
 
PE0968: Wheat, Barley, Oat, and related 
Evolution of Genome Structure in Allohexaploid Wheat 
Yuannian Jiao, Institute of Botany, The Chinese Academy of Sciences, Beijing, China 
Several chromosomal translocation events have been found in hexaploidization wheat. However, it remains unclear when these well-known 
translocations occurred and whether novel specific structural variations occurred during modern breeding of wheat cultivars. Here, we globally 
identified chromosomal structure variations in the reference genome of the modern wheat cultivar AK58 and compared these variations with 
those in the landrace Chinese Spring (CS) and in progenitor genomes. We found ten additional novel chromosomal translocation events in 
addition to the four previously known translocations in wheat. The ten translocations were further dated, including three in diploid progenitor 
genomes, four in tetraploid AABB and three specifically in hexaploid wheat, which are firstly reported. We also found 112 single gene 
translocations occurred in AK58, in which 23 were shared with CS, which supports genomic translocations occurred in all chromosomes of 
wheat. Based on GO enrichment analysis, genes located in translocated regions tend to function in response to defense, stress and stimulus and 
function in various nucleotide binding. Finally, our results suggested that genome structural variations occurred frequently in wheat and its 
progenitor genomes, especially after the allopolyploidization events, which may accelerate the diploidization process. 
 
PO0969: Wheat, Barley, Oat, and related 
Complete Chloroplast DNA Sequences of Georgian Indigenous Polyploid Wheats (Triticum spp.) and B Plasmon Evolution 
Mari Gogniashvili1, Nato Kotaria2, Adam Kotorashvili2 and Tengiz Beridze1, (1)Institute of Molecular Genetics, Agricultural 
University of Georgia, Tbilisi, Georgia, (2)National Centre for Disease Control and Public Health, Tbilisi, Georgia 
Three types of plasmon (A, B and G) are present for genus Triticum. Plasmon B is detected in polyploid species - Triticum turgidum L. and 
Triticum aestivum L. By now, 21 complete sequences of chloroplast DNA of the genus Triticum is published by different authors. Many 
inaccuracies can be detected in the sequenced chloroplast DNAs. Therefore, we found it necessary to study of plasmon B evolution to use only 
those sequences obtained by our method in our laboratory. Complete nucleotide sequences of chloroplast DNA of 11 representatives of Georgian 
wheat polyploid species were determined. Chloroplast DNA sequencing was performed on an Illumina MiSeq platform. Chloroplast DNA 
molecules were assembled using the SOAPdenovo computer program. Using T. aestivum L. subsp. macha var. palaeocolchicum as a reference, 5 
SNPs werei dentified in chloroplast DNA of Georgian indigenous polyploid wheats. 38 and 56 bp inversions were observed in palaeocolchicum 
subspecies. The phylogeny tree shows that subspecies macha, durum, carthlicum and palaeocolchicum occupy different positions. According the 



simplified scheme based on SNP and indel data the ancestral, female parent of all studied polyploid wheats is an unknown X predecesor, from 
which four lines were formed. 
 
PE0970: Wheat, Barley, Oat, and related 
Using an Association Mapping Panel of Triticum aestivum for Multivariate Association Mapping of High-Throughput 
Phenotyping Data 
Megan Calvert1, Byron Evers2, Xu Wang2 and Jesse Poland2, (1)Kansas State University, Manhattan, KS, (2)Department of Plant 
Pathology, Kansas State University, Manhattan, KS 
The development of high-throughput technologies in both genomics and phenomics has resulted in a surplus of data available for analysis and 
implementation. These high-throughput technologies are generally deployed in breeding programs, as the need to increase the genetic gain in 
these populations is high. These methods allow multiple traits to be measured at multiple time points over the growing season. Breeding program 
populations are not optimally designed for genome wide association studies and it is often not known what regions of the genome are being 
influenced by the use of high-throughput phenotyping (HTP). In this study we extensively phenotype a diverse population of 299 released winter 
wheat varieties, genotyped through Wheat Coordinated Agricultural Project with the 90K Infinium chip, over 4 years to identify regions of the 
genome influencing grain weight. The presence of multiple phenotypes, over multiple time points for each line allowed for the use and 
comparison of several multivariate genome-wide association mapping software’s and phenotype combinations. A region on the beginning of 
chromosome 4B shows significant association with several of the multivariate models created, and an over-representation of inositol-3-phosphate 
synthase activity Gene Ontology terms. Inositol-phosphate is a major form of phosphate in wheat kernels and this pathway is expected to affect 
grain weight. 
 
PO0971: Wheat, Barley, Oat, and related 
Genome Wide Association of Hyperspectral Indices in Hexaploid Wheat: Exploiting High-Throughput Phenotyping 
Ryan Joynson1, Gemma Molero2, Francisco Piñera-Chavez2, Laura-Jayne Gardiner1, Carolina Rivera-Amado2, Anthony Hall1 and 
Matthew Reynolds2, (1)Earlham Institute, Norwich, United Kingdom, (2)International Maize and Wheat Improvement Center 
(CIMMYT), Texcoco, Mexico 
One of the major challenges for plant scientists is increasing wheat (Triticum aestivum) yield potential (YP). A significant bottleneck for 
increasing YP is achieving increased biomass through optimization of Radiation Use Efficiency (RUE) along the crop cycle. Exotic material such 
as landraces and synthetic wheat has been incorporated into breeding programs in an attempt to alleviate this, however their contribution to YP is 
still unclear. To understand the genetic basis of biomass accumulation and RUE we applied genome-wide association study (GWAS) to a panel 
of 150 elite spring wheat genotypes including many landrace and synthetically derived lines. The panel was evaluated for 31traits over two years 
under optimal growing conditions and genotyped using the 35K Wheat Breeders array. Marker-trait-association identified 94 SNPs significantly 
associated with yield, agronomic and phenology related traits along with RUE and biomass at various growth stages that explained 7–17 % of 
phenotypic variation. Additionally we show that landrace and synthetic derivative lines showed higher thousand grain weight (TGW), biomass 
and RUE but lower grain number (GNO) and harvest index (HI). Our work demonstrates the use of exotic material as a valuable resource to 
increase YP. Thus, achieving greater genetic gains in elite germplasm while also highlighting genomic regions and candidate genes for further 
study. 
 
PE0972: Wheat, Barley, Oat, and related 
Genome-Wide Association Study in a Minnesota Nested Association Wheat Mapping Population 
Ahmad Sallam1, Prabin Bajgain2, Gina Brown-Guedira3, Gary J. Muehlbauer4, James A Anderson1 and Brian J. Steffenson1, 
(1)University of Minnesota, St. Paul, MN, (2)University of Minnesota, St Paul, MN, (3)USDA/ARS PSR, Raleigh, NC, 
(4)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 
The Minnesota iCor spring wheat nested association mapping population (MiCSWN) was developed to exploit the genetic diversity of the 
USDA-ARS wheat core collection (iCor). To select diverse parents for the MiCSWN, the wheat iCor (N=2,200) was initially genotyped with 
5,600 SNP markers, which subdivided the germplasm into four groups based on cluster analysis. Then, about 100 accessions from each of the 
four groups were selected to capture the greatest genetic and geographic diversity possible. These ~400 selections were then planted in 
Minnesota and evaluated for several agronomic traits. In the end, 30 diverse spring-type accessions with desirable agronomic traits were selected 
as parents and crossed with the Minnesota spring wheat cultivar RB07. Twenty-five of these crosses were successful, resulting in F1 plants that 
subsequently backcrossed to RB07 and then selfed six times to generate 2,038 RILs. The MiCSWN and twenty-six parents were genotyped with 
20,312 SNP markers generated by the genotyping-by-sequencing platform. SNP reads were aligned against the new wheat genome assembly to 
get physical distances for all markers. The MiCSWN and parents were phenotyped in two Minnesota environments for heading date, height, test-
weight, and protein content. To identify quantitative trait loci (QTL) for these traits, three different association mapping models where used. 
Several major genes and large effect QTL were identified in the population. 
 
PO0973: Wheat, Barley, Oat, and related 
The Deployment of Newly Designed and Published Molecular Markers to Assess Yield Related Traits amongst Selected 
Spring and Winter Wheat Genotypes 
Timmy A Baloyi1, Tebogo Oliphant2, Tsepiso Hlongoane3 and Toi John Tsilo2, (1)Agricultural Research Council, Bethlehem, 
South Africa, (2)Agricultural Research Council - Small Grain Institute, Bethlehem, South Africa, (3)Agricultural Research Council 
- Small Grains, Bethlehem, South Africa 
Wheat grain yield is influenced by a number of factors including the phenology of the plant. The number of rachis nodes (spikelets) per spike can 
determine the overall grain yield of a genotype. Thus, genotypes with more spikelets per spike could have an increased yield. The number of 
spikelets per spike is also influenced by the duration of reproductive development, which has an effect on flowering time. Spring and winter 
wheat genotypes have different developmental stages, in which head emergence and flowering time are influenced by the timing or transition 



between vegetative to reproductive growth; and this in turn has an influence on yield. Leaf initiation phase may also be a major determinant of 
flowering time has been shown to be associated with reproductive growth. The FLOWERING LOCUS T1 (FT1) a cereal orthologue of 
Arabidopsis Thaliana floral promoter promotes flowering when the VRN1 protein binds to the promoters of VRN2 and FT1. FT1 is repressed by 
a VRN2 protein that blocks flowering in long days prior to vernalization in winter wheat. In this study, published and designed molecular 
markers associated with flowering time and vernalization have been deployed to screen psring and winter wheat genotypes. The molecular 
marker data together with the phenotypic data (yield component data) has been utilized to assess grain yield. 
 
PE0974: Wheat, Barley, Oat, and related 
A Major Gene for Grain Yield Is Located within the Short Arm of Chromosome 1b with Abnormal Recombination Rate in 
Common Wheat 
Chia-Cheng Kan, Carol Powers, Fang Miao, Brett F. Carver and Liuling Yan, Oklahoma State University, Stillwater, OK 
Winter bread wheat (Triticum aestivumL., 2n=42x, AABBDD) cultivars ‘Duster’ and ‘Billings’ have occupied significant acreages in the 
southern Great Plains for their outstanding yielding ability and baking quality. In our previous study, we discovered a major quantitative trait 
locus (QTL) QYld.osu-1BSfor grain yield in a doubled haploid (DH) population derived from the single cross of Duster and Billings. The Duster 
allele at the QYld.osu-1BSlocus increased yield by 16% in 2014 and 23% in 2015, when the population was tested under field conditions. 
However, no crossover was observed among 42 GBS markers mapped in the population of 260 DH lines. In this study, we screened up to 4524 
individual plants within F2:4lines, but the targeted region exhibited an extremely low recombination rate. The gene responsible for the QYld.osu-
1BS has been delimited within a 25 Mb region. Unique sequences have been observed in the targeted region in Duster, compared with 57 
cultivars and breeding lines with various genetic backgrounds. These unique sequences have been developed as KASP markers for development 
of novel varieties with increased grain yield in winter wheat. 
 
PO0975: Wheat, Barley, Oat, and related 
GrainGenes : Integrating Genetics and Genomics 
Victoria Carollo Blake, Montana State University, Bozeman, MT, Gerard R. Lazo, USDA Agricultural Research Service, WRRC, 
Albany, CA, Eric Yao, Department of Bioengineering, Berkeley, CA, Berkeley, CA, Steve L. Michel, USDA-ARS-WRRC / 
GrainGenes, Albany, CA and Taner Z. Sen, USDA-ARS / GrainGenes, Albany, CA 
GrainGenes (https://wheat.pw.usda.gov) is the USDA/ARS database for wheat, barley, rye, oat, and relatives. In 2018, GrainGenes continued to 
focus on genome-centric data with the addition of new genome browsers including a JBrowse instance for the Wheat Chinese Spring IWGSC 
RefSeq v1.0 genome assembly. Large curated mapping projects available via the comparative mapping tool CMap were added to GrainGenes 
including the 2018 Oat Consensus map (99,846 markers) and the Spring Wheat Nested Association Mapping (NAM) population based on 2,100 
recombinant inbred lines from 28 families used to construct 588 chromosome-specific genetic maps. In collaboration with WheatIS 
(http://wheatis.org) to provide a single-access data index resource for wheat and its relatives, GrainGenes provided indices for >16,000 
germplasm lines, 548 QTL, 101 map data sets and 3,119 wheat genes from the Wheat Gene Catalog at Komugi. 
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Alterations in Mitochondrial Genes Controlling Oxidative Phosphorylation Are Key Determinant of Natural and Artificial 
Seed Ageing in Wheat (Triticum aestivum) 
Zaheer Ahmed, Deptt, PBG, University of Agriculture Faisalabad, Pakistan, Faisalabad, Pakistan and Rizwana Maqbool, 
Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad, Faisalabad, Pakistan 
Unpredictable viability loss over the time of seed storage is a challenge in the management of ex situ stored plant genetic resources and seed 
stored for next generation production. The seed viability loss is directly associated with crop production and sustainable agriculture. However, 
the mechanism of seed viability loss under long term storage is still unclear. Here, an attempt was made to investigate the patterns of alterations 
in mitochondrial DNA (mtDNA) which may occur in the embryo of naturally or artificially aged wheat seeds using 53 pairs of mtDNA genes 
and repetitive region-specific primers. Thirteen wheat genotypes exposed to natural aging (NA) or accelerated aging (AA) treatments, exhibiting 
different germination rates, were assayed. It was observed that the quantity and quality of extracted mtDNA were affected under NA and AA 
treatments. The polymerase chain reaction (PCR) performed with extracted mtDNA revealed that, out of 53 primers 38 primers exhibited normal 
amplification patterns under all treatments. Six primers targeting: nad6 (NADH dehydrogenase subunit 6); rrn18-2 (ribosomal RNA 18-2); atp4 
(ATP synthase subunit 4); R5-159-1; R7-262-4 and R8-19-1 did not amplify any product in all genotypes. The other 9 primers targeting: atp6-
1(ATP synthase subunit 6); cox2 (cytochrome c oxidase subunit 2); rps2 (ribosomal protein S2); nad4.2 (NADH dehydrogenase subunit 4 
region2; cox1 (cytochrome c oxidase subunit 1); R1-262-start-1; R8-84-4; R10-257-start-4; R10-368-start-5 resulted in amplification of two or 
more distinct bands. It was also determined that during seed ageing mtDNA breakage may occur between19000-84000 bp of mtDNA sequence 
resulting in the loss of atp6-1, atp6-2 and cob genes leading to seed death. The mtDNA alteration patterns showed that genes involved in 
oxidative phosphorylation were found to be considerably affected by ageing treatments. These findings are useful for understanding the process 
and involvement of mtDNA in seed ageing under NA or AA treatments.  
Submitter's E-mail Address: zahmed758@gmail.com; zaheer.ahmed@uaf.edu.pk 
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Identification of Large-Scale Genomic Rearrangements during Wheat Evolution and the Underlying Mechanisms 
Inbar Bariah1, Danielle Keidar-Friedman1 and Khalil Kashkush2, (1)Department of Life Sciences, Ben-Gurion University, Beer-
Sheva, Israel, (2)Department of Life Sciences, Ben-Gurion University, Beer-Sheva, Israel, Beer-Sheva, Israel 
Following allopolyploidization, nascent polyploid wheat species react with massive genomic rearrangements, including deletion of transposable 
element-containing sequences. While such massive rearrangements are considered to be a prominent process in wheat genome evolution and 
speciation, their structure, extent, and underlying mechanisms remain poorly understood. In this study, we retrieved ~3500 insertions of a 
specific variant of Fatima, one of the most dynamic long-terminal repeat retrotransposons in wheat from the recently available high-quality 



genome drafts of Triticum aestivum (bread wheat) and Triticum turgidum ssp. dicoccoides or wild emmer, the allotetraploid mother of all modern 
wheats. The dynamic nature of Fatima facilitated the identification of large (i.e., up to ~1 million bases) Fatima-containing insertions/deletions 
(InDels) upon comparison of bread wheat and wild emmer genomes. We characterized 11 such InDels using computer-assisted analysis followed 
by PCR validation, and found that they occurred via unequal intra-strand recombination or double-strand break events. In most cases, InDels 
breakpoints were located within transposable element sequences. Additionally, we observed one case of introgression of novel DNA fragments 
from an unknown source into the wheat genome. Our data thus indicate that massive large-scale DNA rearrangements might play a prominent 
role in wheat speciation. 
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MSH2 is Required for Obligate Crossover Formation in Wheat 
Daisy Ogle1, Stuart Desjardins2, Inna Gutterman2, James Simmonds3, Cristobal Uauy4, Kostya Kanyuka5 and James David 
Higgins2, (1)University of Leicester, LEICESTER, United Kingdom, (2)University of Leicester, Leicester, United Kingdom, 
(3)John Innes Center, Norwich, United Kingdom, (4)John Innes Centre, Norwich, United Kingdom, (5)Rothamsted Research, 
Harpenden, United Kingdom 
In wheat, meiotic crossovers (COs) are skewed towards the ends of the chromosomes. Consequently ~30% of genes rarely or never recombine, 
which is problematic for wheat breeders as it results in linkage-drag, where beneficial traits co-segregate with undesirable traits. An increase in 
the number or position of COs in ‘cold’ recombination regions would allow for the separation of gene blocks and reduce linkage-drag.  
MutS homolog 2 (MSH2) is a DNA mismatch repair gene that supresses recombination between divergent sequences during meiosis. Previous 
work in Arabidopsis F1 hybrids has shown a 40% increase in COs in the absence of msh2 compared to wild type, showing promise for increasing 
recombination in crop species. To assess the role of MSH2 in wheat we have generated knockout mutant lines using the tetraploid Kronos 
TILLING population, and reduced its expression in hexaploid wheat through virus-induced gene silencing (VIGS).  
In the tetraploid TILLING lines, msh2 was lethal in 52% of cases and those that grew to maturity were dwarfed plants with abnormal floral 
morphology. At meiotic metaphase I, the mean number of chiasmata per nucleus decreased by around 40%, with an increase in univalents. This 
meiotic phenotype was partially reproduced in hexaploid wheat by VIGS with an 8% reduction in the mean number of chiasmata per nucleus. 
MSH2 therefore appears to have a role in the class I pathway and the formation of the obligate CO. An antibody raised against TaMSH2 has been 
generated and immunolocalisation experiments are ongoing. 
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Centromere Driven Nuclear Polarization and Distinct Stages of Synapsis Initiations Promote Homologous Chromosome 
Pairing and Allelic Recombination 
Adel Sepsi1, Attila Fabian2, James David Higgins3, Katalin Jager2, Pat Heslop-Harrison3 and Trude Schwarzacher3, (1)Centre for 
Agricultural Research Hungarian Academy of Science, Martonvásár, Hungary, (2)Centre for Agricultural Research Hungarian 
Academy of Science, Martonvasar, Hungary, (3)University of Leicester, Leicester, United Kingdom 
Equal distribution of genetic material at meiosis requires homologous maternal and paternal chromosomes to synapse and exchange their genetic 
information. Achieving homologous rather than deleterious ectopic exchange implies that synapsis initiation and crossover maturation is 
preceded by an accurate homology recognition of entire chromosomes. This critical process is accompanied by a global chromatin remodeling 
whereby centromeres and telomeres are gathered at opposite poles of the nuclear periphery stretching the chromatin between them. Based on 3D 
ImmunoFISH we show that in bread wheat (2n=6x=42, AA BB DD) synapsis initiates in two stages whereby subtelomeres juxtapose earlier than 
chromosome arms. While subtelomeric synapsis advanced from the distal regions internal euchromatic regions paired progressively with 
multiple synapsis elongation events. Prior to subtelomeric synapsis emergence chromosome axis alignments were less than 300 nm apart and 
axes occasionally coalesced revealing a highly compact chromatin state. Initiation of subtelomeric synapsis corresponded to a partial nuclear 
depolarization that released the centromere clusters from the periphery and was reflected by more distant axis alignments (300-500nm). We 
speculate that recognition between homologous DNA sequences likely takes place during the polarized, compact chromatin state, and that 
interstitial elongation happens not until a more relaxed nuclear arrangement. Full synapsis relying on numerous homology recognition events 
thus depends on an extensive mechanical control partially governed by telomere- and centromere dynamics.  
We acknowledge funding from the European Union (FP7/2007-2013, Marie Curie Actions, REA grant agreement no. 625835), the Hungarian 
Scientific Research Fund (OTKA, proposal ID 124266) and the Hungarian Academy of Sciences (János Bolyai Research Scholarship and KEP-
5/2017). 
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Pleiotropic Effect of Introgressed Durum Wheat Alleles on Yield, Agronomic and Quality Traits in Hexaploid Bread Wheat 
Brittney H. Brewer and Luther Talbert, Montana State University, Bozeman, MT 
Introgression of novel alleles for yield and its component traits into elite germplasm has potential to improve yield potential. However, 
pleiotropic effects on introgressed alleles may have either positive or negative impacts. Hexaploid bread wheat and tetraploid durum wheat have 
been cultivated in similar geographic areas for approximately 10,000 years. Based on the crossing barrier due to ploidy differences, it is probable 
that different favorable alleles for yield-related traits have accumulated in the two crops. We identified favorable QTL alleles from durum wheat 
in a recombinant inbred line population from a cross of Mountrail durum wheat and Choteau bread wheat. The purpose of this study is to utilize 
near-isogenic lines (NIL) to determine the impact of durum wheat alleles at six QTL impacting yield components in several hexaploid wheat 
backgrounds and in different environments. The NIL were developed by crossing three hexaploid spring bread wheat varieties with five 
hexaploid lines derived from the original Choteau/Mountrail cross. Data from 2017 and 2018 showed that QTLs selected for a single yield 
component showed interrelated impacts on additional yield components. Pleiotropic effects in association with the durum alleles were observed 
on several phenological and agronomic traits, as well as end use quality. Environment had an observable impact on QTL effect, as larger effects 
were observed in environments with high resource abundance. Results suggest that alleles from durum wheat impacting grain yield may be 



useful for the improvement of hexaploid spring wheat. However, interrelationships of yield components, pleiotropic interactions, and 
environment will impact the value of durum wheat alleles in hexaploid wheat backgrounds. 
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Molecular Breeding Opportunities and Challenges for Complex Trait Recombination on Wheat Chromosome 4B 
Ron E. Knox1, Firdissa Bokore1, Richard Cuthbert1, Samia Berraies1, Brent McCallum2, Maria Antonia Henriquez2, Santosh 
Kumar3, Andrew Burt3, Tom Fetch3, Catherine Munro4, Sridhar Bhavani5, Isabelle A. Piche1, Heather L. Campbell1, Brad Meyer1, 
Yuefeng Ruan1, Vijai Bhadauria1, Amidou N'Diaye6, Curtis J Pozniak6, Andrew G. Sharpe7 and Ron DePauw8, (1)AAFC SCRDC, 
Swift Current, SK, Canada, (2)AAFC MRDC, Morden, MB, Canada, (3)AAFC BRDC, Brandon, MB, Canada, (4)Plant and Food 
Research, Lincoln, New Zealand, (5)CIMMYT, Nairobi, Kenya, (6)University of Saskatchewan, Saskatoon, SK, Canada, (7)Global 
Institute for Food Security, Saskatoon, SK, Canada, (8)Advancing Wheat Technology, Swift Current, SK, Canada 
A challenge in breeding is assembling desirable alleles of priority traits into a coupling configuration. Detailed marker-trait analysis of breeding 
germplasm provides opportunity for targeted molecular breeding with directed assembly of favourable alleles. A doubled haploid population of 
up to 775 lines from ‘Carberry’/’AC Cadillac’ was assessed in specialized nurseries in Canada, Kenya and New Zealand for different traits that 
included leaf, stem and yellow rusts, pseudo-black chaff, Fusarium head blight (FHB), height, maturity and shattering. The lines of the 
population were genotyped using the 90K Infinium iSelect assay and quantitative trait locus (QTL) analysis was performed. A complex genomic 
region associated with leaf and stem rust resistance, reduced plant height (rht1), maturity, shattering and FHB resistance was identified on 
chromosome 4B. Favourable alleles for reduced height, leaf and stem rust and shattering resistance were contributed by Carberry. Early maturity, 
pseudo-black chaff and improved resistance to FHB were contributed by AC Cadillac. A locus for yellow rust resistance and a second locus for 
leaf rust resistance, both from Carberry, flanked the complex locus. To take advantage of the FHB resistance, for example, will require more 
detailed mapping to determine if the resistance is linked to or pleiotropic with other favourable traits such as reduced height. 
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Genomic Prediction Cross-Validation Schemes for Multiple Environments and Populations in Wheat  
Umesh Rosyara, Jose Crossa, Juan Burgueño and Susanne Dreisigacker, International Maize and Wheat Improvement Center 
(CIMMYT), Texcoco, Mexico 
In genome-wide prediction, models are evaluated using different cross-validation (CV) methods. Such methods provide estimates for accuracy 
which sets expectations for likely genetic gain for genomic selection (GS). Conventionally, CV are often done by randomly dividing the data set 
with n cases into a number of folds (K) followed by using K-1 folds in model training and remaining fold as test set. Such schemes, many times, 
not properly utilize information such as environmental (e.g. years, locations, seasons, management practices or cycles) or relatedness information 
(e.g. populations or families). As result the accuracy estimations are biased which can lead to surprises in amount of genetic gain achieved. In 
presence of high Genotype x Environment (GXE) and population stratification, across year, location, cycle or population predictions in plants are 
many times very low due to different issues such as shifting relatedness, differences underlying QTL and QTL environment effects. Cross 
population/year/location/cycle prediction accuracy decreases as proportion of shared QTL decreases. In addition, likelihood of shared QTLs 
decreases when the populations or environments are distantly related. One of difficulty to address is that the effective QTLs are very difficult to 
detect in known (eg. for a location or population) or forecast in unknown (eg. unknown year) circumstances. For accurate accuracy estimates, we 
need to consider magnitude of GXE or population stratification while performing CV. In this poster, using simulated data and wheat breeding 
experiments as an example, we have discussed different CV schemes that can consider the environmental or relatedness information in 
calculation of accuracy. 
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Resource Allocation Optimization for Cultivar Testing Modeling Micro and Macro-Environmental Variability  
Pablo M Gonzalez Barrios, University of Wisconsin at Madison, Madison, WI, Luis Diaz Garcia, Instituto Nacional de 
Investigaciones Forestales, Agrícolas y Pecuarias, Aguascalientes, Mexico and Lucia Gutierrez, University of Wisconsin - Madison, 
Madison, WI 
The efficient use of resources is one of the key factors for successful plant breeding programs. Controlling micro and macro-environmental 
variability is an effective way of improving the testing efficiency and the selection of superior genotypes. Common experimental designs in 
genotypic testing usually use replicated or un-replicated experiments at each location but balanced across locations. Some studies suggest that the 
increase in population size even at the expense of balanced experiments might be beneficial if genotype by environment interaction (GEI) is 
modeled. The objective of this study was to compare strategies for micro and macro-variability control that include GEI information, and to 
optimize resource allocation in multi-environment trials (MET). Five experimental designs combined with four spatial correction models were 
compared for efficiency under three experimental sizes using simulations under a real yield variability map. Additionally, six resource allocation 
strategies were evaluated in terms of accuracy and expected response to selection. Remarkably, one of our proposed strategies (i.e. Mega-
Environmental Design, MED with 60% of replicated plots) had the largest response to selection when compared with other standard approaches. 
This strategy uses historical mega-environments (ME) to unbalance genotypic testing within ME and models GEI. The MED was the best 
resource allocation strategy and could potentially increase selection response up to 46% in breeding programs when genotypes are evaluated in 
MET. 
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Using the Wheat Genome Sequence to Develop Superior Cultivars 
Vikas Belamkar1, Jesse Poland2 and P. Stephen Baenziger1, (1)Department of Agronomy and Horticulture, University of 
Nebraska-Lincoln, Lincoln, NE, (2)Department of Plant Pathology, Kansas State University, Manhattan, KS 
The key goals of plant breeding in the current era are no different from the pre-genome-sequence era; for example, increasing genetic gain, 
developing biotic and abiotic resistant cultivars and superior hybrids. Historically, development of a cultivar has primarily relied on visual 



measurements in the field. However, many of the phenotypic traits are influenced by the environmental conditions, genotype-by-environment 
and genotype-by-year interactions and thus obtaining true estimates of a breeding line can be challenging. This is especially true in early 
generation breeding (yield) trials where the testing is done for a single year or in a limited number of environments. In this context, the 
availability of high-quality genome sequence and genome-wide markers generated using genotyping-by-sequencing (GBS) combined with 
quantitative genetics approaches such as genome selection is bringing a paradigm shift in cultivar development. The University of Nebraska – 
Lincoln (UNL) breeding program is actively leveraging this to aid in cultivar development and understanding the genetic architecture of traits. 
Nearly ~8,000 breeding lines have been genotyped so far using GBS. This has resulted in a high-density linkage map (~3,000 SNPs), 
identification of likely candidate genes for biotic and abiotic traits using genome-wide association studies (~30,000 SNPs), and increased the 
accuracy of selection using genomic selection (>50K SNPs). We will present the evaluation and utilization of genomics-assisted breeding with 
emphasis on genomic selection for cultivar development. 
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Long-Term Prediction of Biparental Crosses: A Comparison among Phenotypic and Genomic Methods 
Rafael Storto Nalin, University of São Paulo (ESALQ/USP), Brazil; University of Wisconsin, Madison, Madison, WI, Martin 
Quincke, Instituto Nacional de Investigación Agropecuaria, Colonia, Uruguay, Antonio Augusto Franco Garcia, University of São 
Paulo (ESALQ/USP), Piracicaba - SP, Brazil and Lucia Gutierrez, University of Wisconsin - Madison, Madison, WI 
The selection of crosses is a fundamental part of a breeding program, and the use of an adequate strategy is crucial. A good strategy should 
balance the selection and maintenance of genetic diversity throughout cycles of breeding, aiming for long-term genetic gains. Among the 
methods proposed in the literature, we can highlight the genomic prediction with simulated offsprings, which can be used to estimate the mean 
and genetic variance of each combination of candidate parents, providing useful information to the breeder. However, as far as we know, there 
are no reports on how this method performs concerning long-term genetic gain. Thus, the goal of this study was to evaluate how genomic 
prediction with simulated offsprings performs compared with the traditional phenotypic selection across five cycles of breeding. In silico and 
data-based simulation was used to investigate these approaches in terms of genetic gain and parameters related to the genetic diversity. We 
simulated an In silico standard wheat breeding program, with a capacity to evaluate 1000 lines per cycle. We considered different scenarios for 
the heritability, number of populations and the number of offspring per population. A real dataset of 1465 wheat inbred lines was also used to 
perform simulations. In this case, markers were randomly assigned to be genes. The genomic prediction method provided higher genetic gains 
than the phenotypic approach. However, the fast decrease in the genetic diversity parameters, indicate the need to impose a restriction on the 
number of times a genotype is a parent. 
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Solutions for Improving Agroecosystem and Crop Efficiency for Water and Nutrient Use 
Giovanni Laidò1, Ivano Pecorella2, Marco Maccaferri3, Sergio Saia4, Pasquale De Vita1 and Nicola Pecchioni2, (1)CREA - Cereal 
Research Centre, Foggia, Italy, (2)CREA - Research Centre for Cereal and Industrial Crops, Foggia, Italy, (3)University of 
Bologna, DISTAL, Bologna, Italy, (4)CREA - Research Centre for Cereal and Industrial Crops, Vercelli, Italy 
The first results of project SolACE are shown, together with the objectives and methods of the whole project. The WP4 of the project is aiming 
to obtain novel breeding strategies and tools for selection of wheat resilient co combined water and nutrient stresses. One task aimed to identify 
genomic loci and gene-based SNP markers associated to variation in above- and below-ground traits in relation to adaptation to combined 
stresses. Association mapping results are presented for the SolACE 250 durum wheat elite panel phenotyped for yield-related, quality and other 
agronomic relevant traits in combined drought and N stress conditions. 
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Stviv: A Tool for Spatiotemporal Vegetation Interpretable Variation Explained By Landscape, Weather and Cover Crop 
Types 
Yuanhong Song1, Samuel R. Revolinski1, Yuan Wang2 and Zhiwu Zhang1, (1)Dept. of Crop and Soil Science, Washington State 
University, Pullman, WA, (2)Dept. of Mathematics & Statistics, Washington State University, Pullman, WA 
Assessment of crop performances at production scale is critical for production management, fertilization recommendation, marketing, and 
breeding to optimize genetic and environmental interaction. The Landsat 8 satellite remote sensing has the potential to be a cost-effective 
solution to fit such need. As normalized difference vegetation index (NDVI) is one of the most commonly used vegetation indexes to predict 
important performances such as yield. We developed a tool to derive Spatio Temporal Vegetation Interpretable Variation (STVIV). Google Earth 
Engine cloud computing is used for image data collection and filtering, System for Automated Geoscientific Analyses (SAGA GIS) software 
package is used for data preprocessing, and R language environment for visualization and statistical analyses. The current incorporated factors 
include landscape, weather, and cover crop types which jointly explained 60.78% of total NDVI variation in Palouse area of Pacific Northwest in 
the US. The marginal contributions were 29.4%, 18.25%, and 48.25%, for landscape, weather, and cover crop types, respectively. The partial 
contributions were 4.74%, 0.06%, and 30.72%, for landscape, weather, and cover crop types, respectively. STVIV allow users to investigate any 
area of their interest without prerequisite knowledge in remote sensing and geographic information system (GIS). The source code and help 
documents are freely available at GitHub (https://github.com/ssnnt/STVIV). 
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A Genome Wide Association Study of Stay-Green Traits in a Large Germplasm Collection of Hexaploid Bread Wheat Using 
SNP Markers 
Felipe Moraga1, Fernando Guerra2, Dalma Castillo3 and Alejandro del Pozo1, (1)Centro de Mejoramiento Genético y Fenómica 
Vegetal, Facultad de Ciencias Agrarias, Universidad de Talca, Talca, Chile, (2)Laboratorio de Genética y Biotecnología Forestal, 
Instituto de Ciencias Biológicas, Universidad de Talca, Talca, Chile, (3)Centro Regional Investigación Quilamapu, Instituto de 
Investigaciones Agropecuarias, Chillán, Chile 



Wheat is among major cereals cultivated worldwide and is the main cereal consumed in mediterranean environments, including Chile. In 
mediterranean climate regions, wheat and other annuals crops are frequently exposed to water deficit and/or terminal drought stress from heading 
to grain filling, which reduce the grain yield and yield components. Considering the consequences associated to terminal drought on crop 
productivity during the grain-filling period, breeding programs must identify useful traits related with crop performance under water-limited 
conditions to accelerate cultivar development and release of new high-yield cultivars with more tolerance to water stress. Drought increases 
senescence in crops, by accelerating chlorophyll degradation, leading to a decrease in leaf area, canopy photosynthesis and ultimately reduces 
yield. However there is evidence that stay-green phenotypes with delayed senescence can improve the plant performance under drought 
conditions.  
Genetic variation is the basis for adaptation of crop to any future challenge. Association mapping has been proposed to detect polymorphic 
genetic markers involved in phenotypic variations and may prove useful in identifying interesting alleles for breeding purposes. Using this 
approach, a genome wide association mapping (GWAS) was developed on a collection of 180 cultivars and advanced semi-dwarf lines of spring 
bread wheat (Triticum aestivum L.) to search for genomic regions controlling senescence dynamics (stay-green trait). The aim of this work is to 
provide detailed genotyping and phenotyping data of this large germplasm collection and tested for genotyping-by-sequencing-derived SNP 
markers across the hexaploid wheat genome.  
Acknowledgements: To CONICYT-PCHA/Doctorado Nacional/2016-21161520, project Fondecyt 1150353 and Doctorado en Ciencias Agrarias, 
Universidad de Talca. 
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Temperature Regulation of Abscisic Acid/Gibberellin Balance and Germination in Wheat Seeds 
Tran-Nguyen Nguyen1, Conrad Izydorczyk2, Pham Anh Tuan2 and Belay T. Ayele1, (1)Department of Plant Science, University of 
Manitoba, Winnipeg, MB, Canada, (2)University of Manitoba, Winnipeg, MB, Canada 
Plant hormones such as abscisic acid (ABA) and gibberellin (GA), and environmental factors such as temperature are important regulators of 
seed dormancy and germination. ABA inhibits germination or induces and maintains dormancy while GA is known to promote the germination 
process. Temperature above or below the optimal range has a negative effect on seed germination. However, much less is known about the 
molecular mechanisms underlying temperature regulation of the ABA/GA in seeds of crop specie such as wheat. To better understand this 
phenomenon, this study investigated changes in wheat seed germination and expression patterns of genes involved in ABA and GA metabolism 
under sub- and supra-optimal temperature conditions. Inhibition of wheat seed germination in response to suboptimal temperature is associated 
with upregulation of embryonic ABA biosynthetic genes, TaNCED1 and TaNCED2 and increased ABA level, and downregulation of the GA 
biosynthetic genes, TaGA20ox and TaGA3ox2, and reduced GA level. In contrast to the delayed germination phenotype it induced, supraoptimal 
temperature caused increased expression level of embryonic GA biosynthetic genes, TaGA20ox and TaGA3ox2, and thereby elevated embryonic 
GA level. However, the supraoptimal temperature also caused increased expression level of the TaNCEDs and enhanced embryonic ABA levels. 
Our results overall show that temperature regulation of wheat seed germination is mediated by alteration in the expression of specific ABA and 
GA metabolic genes, and therefore ABA and GA levels. 
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Positional Cloning of a Mutant Allele Resulting in Spontaneous Death of the Entire Seedling in Wheat 
Haiyan Jia, Shulin Xue, Lei Lei, Min Fan, Tian Li, Ragu Nagarajan, Brett F. Carver and Liuling Yan, Oklahoma State University, 
Stillwater, OK 
A lethal mutation is often induced in a gene that is essential to growth or development of an organism, and the lethal allele in its homozygous 
dominant or recessive state causes the death during the early stages of development. In humans and animals, many lethal genes have been 
functionally characterized, but little is known about the genetic form of lethality, apoptosis or necrosis in crops. Here we report the lethal allele 
TaDES1 for death of the entire seedling in a mutant of hexaploid common wheat. Due to the presence of TaDES1, the whole plant death was 
auto-activated during two or three weeks after planting in the absence of any pathogen or external stimulus. Phenotypic and genotypic 
segregations observed in F1, BC1F1 and F2 offspring plants carrying TaDES1 fit a single-gene Mendelian model. TaDES1 has been mapped 
within a 100 kb region on chromosome 3D by integration of genotyping by sequencing (GBS) markers and phenotypes of an F2 population. The 
positional cloning of TaDES1 will initiate our understanding of protein signals from lethality, programmed cell death, and autoimmunity in 
plants. Unravelling molecular mechanisms of the gene underlying lethality in plant species will help to identify the essential gene network or 
pathway for the potential to increase viability and productivity in crops. 
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Next Generation Markers for Ms3, a Dominant Male Sterility Gene in Wheat 
Mary J. Guttieri, USDA Agricultural Research Service, Manhattan, KS 
Cultivated bread wheat (Triticum aestivum L.) is a predominantly autogamous crop with low rates of natural outcrossing in the absence of 
environmentally or chemically-induced male sterility. The reproductive system of wheat has limited the use of recurrent selection as a breeding 
strategy and is a logistical barrier to production of a large number of backcross progeny for complex gene pyramiding programs. The Ms3 
dominant male sterility trait has been deployed in some programs, and proposed as a strategy for recurrent selection, for utilization of exotic 
germplasm, and for high-throughput targeted hybridization. Seedling identification, or seed identification, of Ms3/ms3 progeny from fertilization 
of an Ms3/ms3 spike would improve the efficiency of Ms3-facilitated breeding strategies.  
Ms3 was previously localized to the centromeric region of chromosome 5A with an RFLP marker, which was not sequenced and is no longer 
available. The centromeric location of Ms3 limits the prospects for utilizing existing SNP-based marker sets, which are derived principally from 
gene-rich regions with higher recombination. The benefit of the centromeric location is that, once identified, a broadly informative marker would 
provide a reliable predictor of the male sterile phenotype.  
A set of 429 hybrids incorporating the Ms3 trait were constructed, both within hard winter wheat adapted to the Great Plains of the United States, 
and between these winter wheats and Asian spring wheats. Hybrid plants were visually evaluated for the male sterile phenotype, both at anthesis 
and at final harvest. DNA extracted from these plants was sequenced using restriction enzyme-based reduced representation sequencing (GBS). 



Polymorphisms among the sequence tags were identified by a reference-based SNP calling pipeline in TASSEL. Association of polymorphic tags 
localized to chromosome 5A with the male sterile phenotype was tested using case-control association analysis in JMP Genomics. Two highly 
significant (LOD>30) SNP-trait associations were obtained, both with absolute association of a specific tag sequence with the male sterile 
phenotype.  
These SNP-trait associations provided the foundation for development of high-throughput markers for the Ms3-associated male sterile phenotype 
that can be incorporated into routine marker selection regimes in wheat breeding programs designed to utilize Ms3, either as a mechanism for 
increasing recombination or for increasing hybridization efficiency. 
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Evaluation of Hybrid Vigor in Southern Soft Winter Wheat 
Zachary James Winn, University of Arkansas, Springdale, AR 
Wheat (Triticum aestivum L.) is the most widely cultivated crop in the world and is an important staple in the global diet. As the global 
population increases, so too will the demand for food. To evade a biocapacity deficit, plant breeders must collaborate to increase the grain yield 
potential of wheat. Crossing two inbred lines can result in progeny that significantly outperform their parents; this phenomenon is known as 
heterosis. In this study, nine soft red winter wheat parental lines adapted to the southeastern United States were emasculated and subsequently 
crossed to each other to create 36 unique F1 hybrid plant lines. F1 seed was planted in a randomized complete block design in Georgia, Louisiana, 
Texas, North Carolina and Arkansas and phenotyped for grain yield, agronomic traits and yield components. Better-parent (BPH), mid-parent 
(MPH), and commercial (CH) heterosis values for grain yield were calculated. Lines grown in Winnsboro, Louisiana experienced a range 
between -18% to 11% for MPH, -28% to 8% for BPH, and -18% to 9% for CH. Lines grown in Plains, Georgia outperformed those in 
Winnsboro, experiencing MPH between -13% to 32%, BPH between -21% to 29%, and CH between -20% to 10%. Mariana, Arkansas had MPH 
between -37% to 42.6%, BPH between -53% to 13%, and CH between -9% to 15%. Genome-by-sequencing (GBS) was performed on the nine 
parental lines, which will be utilized in developing genomic predictions for hybrid wheat performance. 
 
PO0993: Wheat, Barley, Oat, and related 
Exploiting an Exome-Sequenced EMS Population in Bread Wheat to Manipulate Canopy Architecture 
Andy L Phillips, Stephen G. Thomas, Alison K. Huttly, Jackie Freeman and Peter Hedden, Rothamsted Research, Harpenden, 
United Kingdom 
Canopy architecture plays an important role in cereal crops, contributing to many aspects of yield and stress resilience. In diploid cereals such as 
rice and barley, recessive alleles in hormone signalling pathways have been used to generate beneficial phenotypes such as semi-dwarf stature 
and increased floret number. However, in hexaploid wheat, recessive alleles have rarely been exploited as loss-of-function of one homoeologue 
is frequently masked by functional copies within the other two genomes. Wheat canopy improvement has, therefore, been reliant on dominant, 
gain-of-function alleles such as dwarfing alleles of Rht-1. Using an exome-sequenced, EMS-mutagenized population of bread wheat cv. Cadenza 
(Krasileva et al. 2017 Proc Natl Acad Sci USA 114) we have identified loss-of-function alleles in a range of hormone biosynthetic and signalling 
genes, stacking mutations in each homoeologue to modify canopy traits. Data will be presented on a variety of mutant phenotypes resulting from 
lesions in the gibberellin, brassinosteroid and strigolactone pathways. 
 
PE0994: Wheat, Barley, Oat, and related 
Genetic Analysis of Physiological Traits to Increase Grain Partitioning in High Biomass Elite Spring Wheat Lines 
Aleyda Sierra-Gonzalez1, Gemma Molero2, Matthew Reynolds2, Carolina Rivera-Amado2, Francisco Piñera-Chavez2, Ryan 
Joynson3, Anthony Hall3, John Foulkes1 and Sivakumar Sukumaran4, (1)The University of Nottingham, Leicestershire, United 
Kingdom, (2)International Maize and Wheat Improvement Center (CIMMYT), Texcoco, Mexico, (3)Earlham Institute, Norwich, 
United Kingdom, (4)International Maize and Wheat Improvement Center (CIMMYT), Texcoco CP, Mexico 
Strategies for achieving genetic gains in yield potential must combine enhanced above-ground dry matter as well partitioning to the grain 
(harvest index). The present study aligned with NIFA-IWYP (International Wheat Yield Partnership) project N-IWYP700* aimed to identify 
grain partitioning traits that help maximize grain yield in high biomass backgrounds.  
A High Biomass Association Panel (HiBAP) comprised of 150 spring wheat elite genotypes was phenotyped in 2015-16 and 2016-17 at 
CIMMYT experimental station Norman E. Borlaug located in NW Mexico. Physiological traits measured included biomass, plant length (height, 
spike, awns, peduncle, internode 2 & 3), organ DM partitioning (spike, leaf lamina, true stem and leaf sheath) and fruiting efficiency (# of grain 
set per unit spike dry weight) at anthesis (GS65) + 7 days and at harvest, biomass, grain yield, yield components and harvest index was 
measured. BLUEs (Best Linear Unbiased Estimators) from the cross-year analysis and molecular markers generated using the 35K Wheat 
Breeders Axiom array were used to carry out a genome-wide association study (GWAS).  
Novel marker-trait associations for the grain partitioning traits were identified mainly in chromosomes 5B and 6A; resulting in 13 at anthesis 
(e.g. LamPI, spike length) and 9 at harvest (e.g. HI, FE_GSP). More detailed results will be presented and their potential application in breeding 
programs in marker-assisted selection discussed.  
*Results from harvest stage have already been reported by Molero et al., 2018 (submitted for publication). 
 
PO0995: Wheat, Barley, Oat, and related 
Understanding the Genetic Basis of Spike Fertility, Harvest Index, and Yield Related Traits in US Soft Wheat under Hot 
and Humid Environments Through Genome-Wide Association Study 
Sumit Pradhan Shrestha1, Jahangir Khan1, Muhsin Avci1, Dipendra Shahi1, Jia Guo1, Guihua Bai2, Senthold Asseng1 and Md 
Babar1, (1)University of Florida, Gainesville, FL, (2)Hard Winter Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS 
Moderate heat stress accompanied by periodic extreme heat events during post anthesis stage causes significant yield losses in wheat in many 
wheat growing areas of the world including soft wheat growing regions of the USA. Identifying and understanding the genetic basis of novel 
traits is essential for genetic improvement of wheat under heat stress condition. Spike fertility (SF) is an important trait to improve the grain 



partitioning and yield in wheat. In the present study, we identified unique QTLs related to SF under post anthesis heat stress conditions in a soft 
wheat panel of 252 diverse genotypes through genome wide association analysis (GWAS) by using 49,405 GBS-SNPs markers. The panel was 
phenotyped under high (HT) and moderate (MT) heat stressed environments for two years. Mean yield of the panel was 225 and 478 g m-2 under 
HT and MT environments, respectively. Analysis of variance showed significant genotype, environment, and genotype- environment interaction 
effects on SF and 14 other morphological and yield related traits. Broad sense heritability of yield (56%) and SF (51%) were moderate. SF 
showed strong correlation with yield (r=0.43***), grain number (r=0.66***), grain filling rate (r=0.43***) and harvest index (r=0.35***). 
GWAS analysis identified 221 significant markers (p < 0.0005) associated with 16 measured traits, including 11 markers for yield and 20 
markers for SF. Markers associated with multiple traits were observed on chromosomes 3A, 3B, 6D, 7B, 7D which could be potential target for 
further validation study and used for marker assisted breeding for the improvement of yield, grain number, and harvest index under post anthesis 
heat stressed conditions. 
 
PE0996: Wheat, Barley, Oat, and related 
Genomic Selection for Predicting Spike Fertility and Biomass Partitioning Traits Using Multiple Soft Wheat Populations 
Jia Guo1, Dipendra Shahi1, Sumit Pradhan Shrestha1, Jahangir Khan1, mohammad Maksud Hossain2, AFM Shafiqul Islam3, Guihua 
Bai4 and Md A. Babar1, (1)University of Florida, Gainesville, FL, (2)University of florida, Gainesville, FL, (3)university of 
Florida, Gainesville, FL, (4)Hard Winter Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS 
Genomic selection (GS) can potentially increase the genetic gain for grain production of wheat. Estimates of prediction accuracy of GS require 
validation using data from empirical experiments. Spike fertility (SF), the ratio between grain number and spike chaff dry weight, has approved 
to be an important trait related to wheat grain yield. In this study, we evaluated the genomic estimated breeding value (GEBV) of SF and biomass 
partitioning traits, using two soft wheat populations under a heat stressed environment. We characterized two association panels (total = 527 
lines) in two seasons from 2016 to 2018 at two locations (Citra, FL and Quincy, FL). All 527 lines from both panels were phenotyped and 
genotyped using a genotyping-by-sequencing (GBS) approach. A total of 49,538 and 28,108 SNP markers were generated and used in estimation 
of GS model accuracy. A 5-fold cross-validation method was used to compare the prediction accuracies of a penalty-based model (rr-BLUP) and 
a Bayesian-based model (BayesC). Our results showed significant variation and associations in our panels for SF and biomass partitioning 
related traits. Cross validation using BayesC and rr-BLUP models showed moderate-high GS accuracy between 0.16 to 0.24, 0.43 to 0.54, and 
0.32 to 0.47 for SF, Grain number per spike (GNSPK), and harvest index (HI), respectively. BayesC outperformed rr-BLUP for SF and HI 
especially when larger numbers of SNPs were used. Two models showed similar results for GNSPK. 
 
PO0997: Wheat, Barley, Oat, and related 
Identifying Novel Alleles Contributing Increased Spike Partitioning Index and Fruiting Efficiency at Anthesis Plus 7 Days in 
US Soft Wheat Through Genome Wide Association Study 
Dipendra Shahi1, Jahangir Khan1, Muhsin Avci1, Sumit Pradhan Shrestha1, Jia Guo1, mohammad Maksud Hossain2, AFM Shafiqul 
Islam3, Guihua Bai4, Matthew Reynolds5, Gemma Molero5, Sivakumar Sukumaran6, John Foulkes7, Esten Mason8 and Md A. 
Babar1, (1)University of Florida, Gainesville, FL, (2)University of florida, Gainesville, FL, (3)university of Florida, Gainesville, 
FL, (4)Hard Winter Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS, (5)International Maize and Wheat Improvement 
Center (CIMMYT), Texcoco, Mexico, (6)International Maize and Wheat Improvement Center (CIMMYT), Texcoco CP, Mexico, 
(7)The University of Nottingham, Leicestershire, United Kingdom, (8)University of Arkansas, Fayetteville, AR 
The genetic gain of wheat yield has to be doubled than current rate to meet the food demand for almost 10 billion people expected at 2050. One 
way to increase the yield of wheat is to differentiate the useful and non-useful assimilates, and direct more proportion of useful assimilates 
towards grain production. This can be done by utilizing various partitioning traits that would increase harvest index, grain number, and ultimately 
grain yield. Spike partitioning index (SPI) and fruiting efficiency (FE) are two important partitioning traits which can be genetically manipulated 
to increase grains per m2 by making more of the total assimilates available to reproductive structures at anthesis plus 7 days. The main objective 
of the study was to develop new breeder-friendly molecular markers for grain partitioning traits that permit photosynthetic products to be 
consistently translated to grain yield through genome-wide association study (GWAS). A 248 US soft wheat association panel was characterized 
for SPI and FE at two locations in Florida (Quincy and Citra) for two years (2017 and 2018). The panel was genetically characterized by 49,538 
SNP markers using a Genotype by Sequencing (GBS) approach. Both traits were significantly correlated with harvest index, grain number and 
grain yield. Genome wide association (GWAS) analysis showed significant marker trait association. The findings of the present study could 
potentially be utilized further for genomic selection in breeding program to improve harvest index, grain number and yield in wheat.  
Acknowledgement: This research was supported by NIFA-IWYP award, 2017-67007-25929 
 
PE0998: Wheat, Barley, Oat, and related 
Genome-Wide Association Study Navigates Wheat Spike Compactness (C) Locus to Domestication Q Gene Homolog Gene 
Taparg on 2DL Near Centromere 
Meijing Liang1, Haixiao Dong1, Scott Wesley Carle2, Nuan Wen2, Jacob Lamkey2, Arron H. Carter2, Zhiwu Zhang1 and Kimberly 
Garland-Campbell3, (1)Dept. of Crop and Soil Science, Washington State University, Pullman, WA, (2)Washington State 
University, Pullman, WA, (3)USDA ARS Wheat Health, Genetics and Quality Research Unit, Pullman, WA 
Club wheat (Triticum compactum) is more resistant to shattering than other domesticated wheat. Furthermore, low gluten content makes club 
wheat a special class for baking, such as sponge cakes. The effort to find the compact locus (C) using cytogenetic methods goes back to the 
1950s. Multiple experiments narrow down the C locus to the long arm of chromosome 2D. In 2008 Johnson et al conducted linkage analyses 
with two populations. The F2 population mapped the C locus to a 99Mb region (131 to 328 Mb) and Recombinant inbred line population mapped 
the C locus to a 62Mb region (282 to 343 Mb). The overlap region is 46 Mb (282-328). In this study, we used a wheat association panel with 469 
lines, of which 172 lines were club wheat and 297 lines were non-club wheat. A total of 15,229 SNPs from the 90K DNAChip were used in a 
Genome-Wide Association Study to map the C locus. The strongest associated SNP is wsnp_Ex_c25311_34578436 located at 320 Mb. The 
nearby (8Mb away) gene is TaPARG, the homolog to the domestication Q gene on chromosome 5A. TaPARG is a member of the AP2/EREBP 



transcription factor gene family, playing a significant role in plant growth and development. The homolog of TaPARG is responsible for panicle 
changes in transgenic rice. These results suggest that TaPARG could be a good candidate for the C locus.  
 
PO0999: Wheat, Barley, Oat, and related 
QTL Identification and Kasp Markers Development for Productive Tiller and Fertile Spikelet Numbers in Two High 
Yielding Hard White Spring Wheat Cultivars  
Rui Wang1, Yuxiu Liu2, Kyle Isham1, Weidong Zhao1, Justin Wheeler1, Natalie Klassen1, Yingang Hu2, J. Michael Bonman3 and 
Jianli Chen1, (1)University of Idaho, Aberdeen, ID, (2)Northwest A&F University, Yangling, China, (3)USDA-ARS, Aberdeen, ID 
Selecting high-yielding wheat cultivars with more productive tillers per unit area (PTN) combined with more fertile spikelets per spike (fSNS) is 
difficult. QTL mapping of these traits may aid understanding of this bottleneck and accelerate precision breeding for high yield via marker-
assisted selection. PTN and fSNS were assessed in four to five trials from 2015 to 2017 in a doubled haploid population derived from two high-
yielding cultivars “UI Platinum” and “SY Capstone”. Two QTL for PTN (QPTN.uia-4A and QPTN.uia-6A) and four QTL for fSNS (QfSNS.uia-
4A, QfSNS.uia-5A, QfSNS.uia-6A, and QfSNS.uia-7A) were identified. The effects of the QTL were primarily additive and, therefore, pyramiding 
of multiple QTL may increase PTN and fSNS. However, the two QTL for PTN were positioned in the flanking regions for the two QTL for fSNS 
on chromosome 4A and 6A, respectively, suggesting either possible pleiotropic effect of the same QTL or tightly linked QTL and explaining the 
difficulty of selecting both high PTN and fSNS in phenotypic selection. Kompetitive allele-specific PCR (KASP) markers for all identified QTL 
were developed and validated in a recombinant inbred line (RIL) population derived from the same two cultivars. In addition, KASP markers for 
three of the QTL (QPTN.uia-6A, QfSNS.uia-6A, and QfSNS.uia-7A) were further validated in a diverse spring wheat panel, indicating their 
usefulness under different genetic backgrounds. These KASP markers could be used by wheat breeders to select high PTN and fSNS. 
 
PE1000: Wheat, Barley, Oat, and related 
Positional Cloning of a Major Gene Controlling Spikelet Number in Common Wheat (Triticum aestivum L.) 
Xiaoyu Zhang, Haiyan Jia, Brett F. Carver and Liuling Yan, Oklahoma State University, Stillwater, OK 
Wheat grain yield consists of three components: spikes per plant, grains per spike, and grain weight. Grains per spike can be dissected into two 
subcomponents: spikelets per spike and grains per spikelet. An increase in any of these components may directly contribute to grain yield. A 
spikelet develops as a terminal meristem on the spike and later differentiates into the floral meristem. A spikelet may produce 5 to 10 florets, 1 to 
5 of which will set seeds. In this study, a major quantitative trait locus (QTL) for spikelet number was initially mapped by using genotyping-by-
sequencing (GBS) to genotype an F2 population generated from a cross of two common wheat cultivars, ‘CItr17600’ and ‘Yangmai18’. The gene 
responsible for the QTL was delimited within a 3 Mb genomic region on the long arm of chromosome 7B by mapping 1,875 F3:4 plants. A total 
of 24 recombination events has been anchored in the targeted region, and further phenotyping and genotyping of these critical recombinant plants 
in next generation will determine the precise location of the candidate gene for spikelet number in common wheat. 
 
PO1001: Wheat, Barley, Oat, and related 
Mapping of a Major Locus Controlling Spike Rachis Length in Common Wheat (Triticum aestivum L.) 
Min Fan, Oklahoma State University, Stillwater, OK and Xiaoyu Zhang, Haiyan Jia, Jizhong Wu, Daijin Zhang, Liuling Yan 
Wheat yield can be increased by modifying the spike morphology. Wheat spike rachisis not only an organ that produces spikelets and thus grains, 
but also an organ that contributes assimilates to grain yield due to its photosynthetic capacity in green area and direct connection with grains. 
Previous evidence has indicated that the spike length has a significant influence on seed production.In this study, we found a major quantitative 
trait locus (QTL) for the spike rachis lengthin an F2population that was generated from a cross of two common wheat cultivars, ‘CItr17600’ and 
‘Yangmai18’. The population was genotyped by using genotyping-by-sequencing (GBS) approach. Furthermore, the peak of the QTL for the 
spike rachis lengthwas associated with the Q gene that was cloned for the domestication of wheat spike morphological traits including plant 
height, spike length, and rachis fragility. Sequencing results showed a novel haplotype of the Qgene that was associated with spike rachis length. 
The allelic variation in the Q gene relies not only on the predicted protein sequences but also on miRNA172 that is located in the coding region 
of the Qgene. The pleiotropic affects of the new Qallele on grain yield and yield components are being evaluated. The unique sequence of the 
novel Qallele has been developed as KASP markers for modification of spike morphologyin wheat. 
 
PE1002: Wheat, Barley, Oat, and related 
Characterization, Validation, and Deployment of Chromosome 6BL and 7AL QTLs for Grain Yield Components in Hard 
Winter Wheat 
Andrew M. Katz, Patrick Byrne, Scott Haley and Stephen Pearce, Colorado State University, Fort Collins, CO 
The United Nations has estimated that food production will need to increase by 70% by 2050 to adequately feed a global population of 9.7 billion 
people. As wheat accounts for 20% of global human caloric consumption, improvement in wheat yields will be essential to meet this goal. Yield 
is a complex, multigenic trait, determined by individual components including grain size and spikelet number per spike. A GWAS of a hard 
winter wheat association-mapping panel identified a QTL on the 6BL chromosome arm for spikelet number per spike. The Great Plains hard 
white winter wheat cultivar Platte and hard white winter wheat experimental line CO940610 were identified as polymorphic in the 6BL region. A 
population of recombinant inbred lines generated from the two parents, grown over the 2016-2017 season, validated the 6BL QTL effect on 
spikelet number per spike with an additive effect size of 0.39 spikelets from the Platte allele (%R2=11.8, n=224). The favorable effect on spikelet 
number was not accompanied by a negative effect on kernel weight. We are using exome sequencing data generated from the parental lines to 
map the causative genetic variant underlying this QTL. SNPs identified from the exome sequencing data will be used to introgress the spikelet 
number QTL into two Colorado advanced lines and three high biomass lines from the International Maize and Wheat Improvement Center 
(CIMMYT). The employment of novel genomic tools and resources in wheat provides unprecedented opportunities to identify allelic variation 
underlying individual yield components, and ultimately to develop higher yielding wheat varieties. 
 
PO1003: Wheat, Barley, Oat, and related 



Fine Mapping of a Grain Yield QTL on the 2D Chromosome of Bread Wheat (Triticum aestivum) 
Jonathan D Turkus1, Jyotirmoy Halder2, Sunish Sehgal2 and Eric Olson1, (1)Michigan State University, East Lansing, MI, 
(2)South Dakota State University, Brookings, SD 
Increasing crop yields is an ever more crucial endeavor as the global human population continues its near exponential growth. One strategy to 
meeting future food demands is identifying and incorporating yield-enhancing genes into elite crop lines. Wheat (Triticum aestivum, 2n=6x=42 
AABBDD), which supplies a fifth of all calories consumed worldwide, can reap the benefits of the genetic variation found in the D-genome 
progenitor, Aegilops tauschii (2n=2x=14 DD), which may supply yield-boosting alleles. A nested association mapping population of the D-
genome (DNAM) was created from direct hybridization of the hard white winter variety, KS05HW14, and seven Ae. tauschii accessions and 
backcrossing the F1 progeny twice to KS05HW14 to regain euploidy. BC2F4derived lines from the DNAM population were phenotyped for grain 
yield in Manhattan, KS; Hays, KS; and Richville, MI in 2015 and 2016, and Marianna, AR; Champaign, IL; Brookings, SD; and Pullman, WA in 
2016.  
A population segregating for only D genome alleles was yield tested across all US winter wheat environments. A genome-wide association 
analysis of grain yield identified multiple large effect QTL. Linkage analysis of grain yield and seed dimension have precisely defined a QTL 
region on chromosome 2DS with the wheat parent contributing the positive effect allele. KASP markers were used to characterize BC2F6HIFs 
with recombination events between 22.4Mb and 29.5Mb on 2DS. The recombination breakpoints of homozygous recombinants are being more 
precisely defined by genotyping all genes across the interval by sequence capture. Detailed genotypic information on the HIFs will be used in the 
fine mapping and positional cloning of the causal yield impacting gene. 
 
PE1004: Wheat, Barley, Oat, and related 
Fine Mapping a Grain Yield QTL Introgressed into Bread Wheat from D-Genome Donor Aegilops tauschii 
Jyotirmoy Halder1, Eric Olson2 and Sunish Sehgal1, (1)South Dakota State University, Brookings, SD, (2)Michigan State 
University, East Lansing, MI 
Wheat (Triticum aestivum L.) provides approximately one-fifth of the total calorific input of the World's population globally. A steady increase 
in productivity with environmentally sustainable inputs will be required to secure a future global food demand. Aegilops tauschii, the D-genome 
donor of hexaploid wheat is a potential source of agronomically important traits, which can easily be transferred to bread wheat through 
hybridization. In this study, we are focusing on characterizing a grain yield QTL from Ae. tauschii (ac. TA1615) transferred to hexaploid hard 
white winter wheat (KS05HW14) that is located on the distal 6-16 Mb region of the short arm of chromosome 7D. This QTL explains ~4% of the 
phenotypic variation in grain yield. Our major goal is to develop a high-density map and identify the gene determining an increase in grain yield. 
The parents (KS05HW14 and TA1615) of the mapping population were genotyped using exome capture and 800 SNPs were identified in the 
target region. Sixty (60) SNP based KASP markers flanking the QTL region were evaluated and several co-dominant markers were identified for 
screening F6 progeny from two heterozygous F5 plants to identify unique recombinant genotypes. We have evaluated F6 progeny of ~800 
individuals and so far identified 15 potential recombinants. The recombinants will be densely genotyped and evaluated in yield trials for fine 
mapping of the 7DS QTL. 
 
PO1005: Wheat, Barley, Oat, and related 
Source-Sink Mechanisms Differentiating Winter Wheat Exposed to a Range of Night-Time Temperatures During Grain 
Filling 
Amaranatha Reddy Vennapusa, Impa Somayanda, David Sebela, Raju Bhemanahalli and S.V. Krishna Jagadish, Kansas State 
University, Manhattan, KS 
Climate change is altering the global mean temperature, with a differential increase in minimum night-time temperature compared to the 
maximum day-time temperature. High night temperature (HNT) induces significant yield and quality losses in wheat. Though the adverse effects 
of HNT stress on winter wheat growth and yield are documented, source-sink mechanisms underlying HNT responses during the sensitive grain-
filling stage is not understood. A controlled environment chamber study was carried out to understand the biochemical and molecular responses 
in contrasting winter wheat genotypes exposed to a sequential increase in night-time temperature (15 to 27 �C), with a common day-time 
temperature (30 �C). The wheat plants were exposed to different night-time temperature starting from complete flowering in the main tiller, until 
maturity. On 7 and 14 days after stress, spike and flag leaves from the three primary tillers were collected from four replicate plants, per 
treatment in each genotype. Samples were immediately frozen in liquid nitrogen and stored at -80 �C for biochemical and molecular analysis. At 
maturity, the plants were harvested, growth and yield parameters were recorded. HNT induced significant alterations in yield and biochemical 
responses (membrane stability, reactive oxygen species production, and their scavenging ability). HNT treatments affected the expression of 
starch and sugar biosynthesis genes in source and sink tissues. The mechanisms elucidated provides different entry points to improve HNT 
tolerance during the grain-filling stage in winter wheat. 
 
PE1006: Wheat, Barley, Oat, and related 
Allelic Variation in TaPHS1 and TaMKK3 Control the Majority of PHS Variation in Winter Wheat 
Justin Vetch1, Phil Bruckner1, Bob Stougaard2, John M. Martin3 and Mike Giroux1, (1)Montana State University, Bozeman, MT, 
(2)University of Georgia, Athens, GA, (3)Montana State Univ, Bozeman, MT 
Preharvest sprouting (PHS) of wheat (Triticum aestivum L.) is an important phenomenon that results in weather dependent reductions in grain 
yield and quality across the globe. Due to the large annual economic losses, breeding PHS resistant varieties is of great importance. The current 
studies aim is to assess the impact of three genes previously demonstrated to separately impact PHS. The impact of allelic variation of TaPHS1 
(also called TaMFT), TaMKK3, and TaVp1 in a winter wheat double haploid population adapted to Montana was assessed by measuring PHS 
susceptibility over two field seasons. PHS susceptibility was measured by harvesting wheat heads at physiological maturity and quantifying the 
level of sprout after seven days in a mist bench. The results indicate that TaPHS1 and TaMKK3 control the majority of PHS susceptibility and 
suggest that the effects of TaMKK3 are masked by the presence of the TaPHS1 PHS susceptible allele. TaPHS1 and TaMKK3 PHS resistant 
alleles that confer greater seed dormancy at physiological maturity are important to include in new wheat varieties to decrease PHS 



susceptibility. This knowledge can be used to implement marker assisted selection to improve PHS resistance in winter wheat breeding programs 
using perfect markers, opposed to linked markers. 
 
PO1007: Wheat, Barley, Oat, and related 
Genome Wide Association Mapping of Agronomic and Quality Traits in Pyramided Wheat Lines 
Tsepiso Hlongoane, Agricultural Research Council - Small Grains, Bethlehem, South Africa 
Bread wheat (Triticum aestivum L.) is the most important and strategic food crop at global level. Given the gradual decrease in land and rapid 
increase in global population, high yield is one of the most important targets in wheat breeding. Genome wide association mapping has become 
widespread method of quantitative trait locus (QTL) identification on of many crop plants including wheat. Its benefit over traditional bi-parental 
mapping approaches depends on the extent of linkage disequilibrium in the mapping population. The aim of the study is to investigate the genetic 
basis of yield and grain quality traits in the pyramided wheat lines using association mapping approach, and identify linked molecular markers 
for marker assisted selection. For this reason, a total of 400 wheat genotypes were evaluated for yield, quality and other agronomic traits under 
rain fed and irrigated conditions for two years at the Agricultural research Council Small Grain. 
 
PE1008: Wheat, Barley, Oat, and related 
A Major QTL for Tolerance to Heat Induced Floret Sterility in Wheat – Progress in Characterization and Positional 
Cloning 
Nicholas Charles Collins1, Million Erena1, Hamid Shirdelmoghanloo1, Mohammed Mizanur Rahman1, Sigrid Heuer2, Shane 
Hildebrand3 and Livinus Emebiri3, (1)The University of Adelaide, Urrbrae, Australia, (2)Rothamsted Research, Hertfordshire, 
United Kingdom, (3)Graham Centre for Agricultural Innovation, NSWDPI, Wagga Wagga, Australia 
A cross between the Australian wheat (T. aestivum L.) varieties Waagan and Drysdale was used to examine the genetics of heat tolerance. Heat 
treatments (3d, 37/27 °C day/night) were applied using a growth chamber, either just prior to head emergence or at early grain filling, to assess 
effects on floret fertility and final grain size, respectively. The two types of responses produced separate sets of QTL, demonstrating distinct 
underlying tolerance mechanisms. A major tolerance QTL on the short arm of chromosome 2B controlled up to 45% of the variation for floret 
fertility under heat stress. The expression of the 2B tolerance was incompletely dominant and sporophytic (resulting from gene expression in 
diploid cells). Heat-treated plants carrying the intolerance allele from cv. Drysdale tended to produce non-dehiscent anthers with pollen grains 
lacking starch. Developing anthers were most heat sensitive after meiosis, at around the uninucleate pollen stage. Curiously, there was also a 
segregation distortion effect mapping at or near the 2B locus, favouring transmission of the cv. Drysdale allele, under either heat or control 
conditions. We have presently mapped the 2B locus to an interval of 0.7 cM and 6.3 Mb. Anther sections will be examined to determine the 
cellular basis of the tolerance/sensitivity. Trials of near-isogenic lines are in progress to see if the 2B tolerance is expressed in the field. 
 
PO1009: Wheat, Barley, Oat, and related 
Sequence-Based Mapping Identifies AWNS1, a Candidate Gene for Awn Suppression in Wheat 
Noah D DeWitt1, Mohammed Guedira1, Eddie Lauer1, Jose Martin Sarinelli1, Priyanka Tyagi1, Paul Murphy1, Daolin Fu2, QunQun 
Hao2 and Gina Brown-Guedira3, (1)North Carolina State University, Raleigh, NC, (2)University of Idaho, Moscow, ID, (3)USDA-
ARS/NCSU Crop & Soil Science, Raleigh, NC 
A focus of wheat genetics research is the characterization of genes contributing to yield. Awns are stiff, hair-like structures that grow from wheat 
spikelets and are associated with greater yield and grain size in some environments. Although the B1 locus on the long arm of chromosome 5A is 
a major determinant of awn suppression, no gene or mechanism of action has yet been identified. Using association mapping, we identified a 
GBS SNP marker located distally on 5AL (5A28417) predictive of awn status in a panel of 640 winter wheat breeding lines, indicating that B1 
was the determinant of awn suppression in this germplasm. Analysis of historical data available for the panel determined 5A28417 was 
significantly associated with test weight. Analysis of spike morphology and kernel traits was undertaken in a 358 RIL population developed from 
a cross between awned soft winter wheat cultivar LA95135 and awnless cultivar SS-MPV57. Awn suppression in the population co-segregated 
with 5A28417 and was co-located with QTL for number of spikelets per spike, kernel weight and kernel length. Fine-mapping located B1 to a 
region containing only two predicted genes, including a C2H2 zinc finger transcription factor 219 bp from 5A28417 that we named AWNS-A1. 
Deletions encompassing both genes were present in awned mutants of the awnless cultivar Brundage. Polymorphisms in the AWNS-A1 coding 
region were not observed in diverse wheat germplasm. However, sequencing of wheat lines representing different marker haplotypes in the 
region identified a deletion 4 kb downstream of AWNS-A1. A marker for this deletion was highly predictive of awn suppression in a collection of 
diverse wheat accessions, and indicates that AWNS-A1 is likely the major determinant of awn suppression in global wheat germplasm. AWNS-A1 
is more highly expressed in developing spikes of awnless individuals, suggesting a mechanism for awn suppression. 
 
PE1010: Wheat, Barley, Oat, and related 
Improved Markers and Candidate Genes for PRE-Harvest Sprouting QTL in Wheat 
Mark Jordan, Agriculture & Agri-Food Canada, Morden, MB, Canada and Frank You, Agriculture and Agri-Food Canada, 
Ottawa, ON, Canada 
Pre-harvest sprouting (PHS) is a condition where warm, wet and humid weather conditions cause germination of the grain to begin while still on 
the mother plant prior to harvest. QTLs for sprouting index were found on wheat chromosomes 3B, 4A and 7D in the AC Domain x RL4452 bi-
parental mapping population (Cabral et al. 2014, BMC Plant Biology 14:340) which had been genotyped and mapped using single nucleotide 
polymorphism (SNP) markers. The 7D QTL corresponded to a maturity QTL and is associated with variation in the coding sequence of Vrn-D3 a 
gene known to affect flowering time. The 4A gene was found to be a MAPKK gene (Torada et al. 2016, Curr. Biol. 26:782). The 3B QTL 
flanking markers define a region of 185 Mbp in the wheat RefSeq 1.0 genome sequence containing over 1180 annotated high confidence genes. 
The genomic region between flanking markers was used to identify SNPs between the parental genotypes in a sequence database derived from 
exome capture sequencing of Canadian wheat genotypes. 1492 SNPs were identified in 288 annotated genes. These genes were examined for 
expression and genes with expression in developing seeds identified. This further narrowed down the list of candidate genes. These SNPs will be 



useful to further narrow down the QTL region and provide robust markers for selection of lines with increased tolerance to pre-harvest sprouting. 
Markers for the chromosomes were used to genotype a collection of Canadian wheat lines to identify elite breeding material carrying PHS 
tolerant alleles. 
 
PO1011: Wheat, Barley, Oat, and related 
Transcriptome Analysis of Near-Isogenic Lines Targeting a Major 3AL Locus for Pre-Harvest Sprouting Resistance in 
Wheat 
Xingyi Wang, University of Western Australia, Perth, Western Australia, Australia 
Pre-harvest sprouting (PHS) is one of the most important traits in wheat breeding programs. However, PHS resistance is a quantitative trait, 
which makes the genetic understanding and breeding the trait a challenge. Near-isogenic lines (NILs) can turn a complicated quantitative trait 
into a qualitative Mendelian factor and are therefore valuable for development of molecular markers and for identification of gene(s) responsible. 
In this study, five pairs of near-isogenic lines (NILs) were developed and confirmed for a major QTL located on the long arm of chromosome 3A 
contributing to PHS resistance in wheat. The presence of the PHS resistance allele from the resistant parent increased the resistance to sprouting 
on spikes by 26.7% – 96.8% with an average of 73.8%, and increased seed dormancy by 36.9% – 87.2% with an average of 59.9% across the 
NILs. Two pairs of the NILs were selected and their transcriptomic analyses were done to compare gene expression profiles between the pairs 
associated with the 3AL locus, and to identify candidate genes linked to the resistance locus. A total of 1,010 differentially expressed genes 
(DEGs) were detected to be located on the long arm of chromosome 3A. Of these DEGs, 38 were commonly identified in both the two NIL pairs. 
Biological functions for 12 of them were known to be involved in regulating gibberellic acid (GA), which is a key plant hormone controls seed 
dormancy. These results expand the current understanding of PHS resistance regulated by the 3AL locus, and the candidate genes identified will 
be useful for developing gene-based makers for marker assisted selection and for further fine mapping and functional study. 
 
PE1012: Wheat, Barley, Oat, and related 
Myo-Inositol Phosphate Synthase: A Molecular Switch Influencing Plant Growth and Stress Response  
Naveen Sharma, Department of Plant Molecular Biology, University of Delhi, New Delhi, India and Paramjit Khurana, 
Department of Plant Molecular Biology, New Delhi, India 
L-myo-inositol phosphate synthase (MIPS; EC 5.5.1.4) is been involved in abiotic stress tolerance and its disruption leads to spontaneous cell 
death and enhanced pathogen tolerance. However, the molecular mechanism underlying the role of MIPS in growth, immunity and abiotic stress 
tolerance remains uncharacterized. To delve deeper into the conserved molecular mechanism of MIPS action during growth and stress conditions, 
we characterized the overexpression transgenic of TaMIPS and mutant lines of AtMIPS1. Transcriptome analysis revealed the activation of 
ET/JA dependent immune response in transgenics and the SA defense response in the mutants. Pull-down analysis revealed the interaction of 
TaMIPS2 with ethylene synthesis (ACO3) and signaling protein (CTR1) component. Due to the established role of ethylene during the 
skotomorphogenesis, we investigated the role of myo-inositol in ethylene response during hook formation. Our results suggest an essential 
requirement of MIPS for the ethylene response thus regulating the growth and immunity status of the plant. 
 
PO1013: Wheat, Barley, Oat, and related 
Comparing the Response of Bread Wheat Genotypes to Salinity Stress  
Priyanka Priyanka and Kanika Kumar, Indian Agricultural Research Institute, New Delhi, India 
Wheat is among major cereals consumed and cultivated all over the globe. However, abiotic stress such as salinity stress is affecting its yield 
worldwide. Although high genetic variability with reference to salinity tolerance exists in wheat gene pool. In depth understanding of molecular 
and physiological mechanisms underlying salinity tolerance is lacking. Kharchia Local (KL), an Indian landrace of bread wheat (Triticum 
aestivum L.) is known for its tolerance to salinity stress. It has been widely used as a valuable genetic resource for developing salt tolerant 
varieties. In the present study, six bread wheat genotypes viz. KL, KRL1-4, HD 3086, HD 2967, HD 2687 and Bobwhite were assayed for the 
expression of vacuolar TaNHX1 (Na+(K+)/H+) antiporter gene. This gene is specifically associated with vacuolar Na+ sequestration. Various 
physiological parameters were also studied at different developmental growth stages. Tissue specific molecular analysis of KL showed highest 
up regulation of TaNHX1 gene at seedling stage. This indicated an early response to salinity stress as compared to other genotypes. The TaNHX1 
gene isolated from KL was over expressed in salt susceptible wheat genotypes via different transformation methods. Further validation of 
putative wheat transgenics is going on. The present study was aimed at understanding the response to salinity stress in susceptible and tolerant 
wheat genotypes and will provide valuable insight into mechanisms of salinity tolerance in the tolerant genotypes. 
 
PE1014: Wheat, Barley, Oat, and related 
Expression of Perennial Growth Habit and Salt-Stress Tolerance in Wheat x Wheatgrass Amphiploids Depends on the Dose 
of Wheatgrass Genomes 
Juliya Abbasi, Pat McGuire and Jan Dvorak, Department of Plant Sciences, University of California, Davis, Davis, CA 
Wheatgrasses of genera Lophopyrum and Thinopyrum are perennial and highly tolerant of salinity. Introgression of both traits to wheat has been 
an important objective that has been pursued for many decades by wheat geneticists. Both traits are expressed in amphiploids and disomic 
substitution lines of individual wheatgrass chromosomes in the wheat genetic background. To investigate factors affecting the expression of both 
traits in the wheat genetic background we developed amphiploids from crosses of wheat with wheatgrasses ranging from diploids to decaploids 
and evaluated the expression of both traits. Eight amphiploids differing in the dose of wheatgrass genomes, and their wheat and wheatgrass 
parents, were grown in a field trial for two years and above-ground biomass was cut twice a year. After one year, only wheatgrass parents and the 
amphiploids possessing four or five pairs of wheatgrass genomes were still alive. The amphiploids with one or two pairs of wheatgrass genomes 
as well as wheat parents were all dead. We conclude that the expression of the wheatgrass perennial habit is dependent on the wheatgrass genome 
dose and is only partially expressed in the octoploid and decaploid wheat x wheatgrass amphiploids. Similar dependence on genome dose was 
observed with the expression of salinity tolerance in these amphiploids in greenhouse solution cultures. 
 



PO1015: Wheat, Barley, Oat, and related 
A Major QTL on Chromosome 6A affects Chlorosis Development in Spring Wheat subjected to Waterlogging Stress 
Tove Sundgren1, Tatiana Belova2, Anne K. Uhlen2 and Morten Lillemo2, (1)Yara International ASA, Oslo, Norway, (2)Norwegian 
University of Life Sciences, Aas, Norway 
Waterlogging causes major yield losses in wheat worldwide. There is potential to improve waterlogging tolerance through breeding, but the 
genetics of the trait is still poorly understood. In this genome-wide association study (GWAS), we aimed at detecting quantitative trait loci (QTL) 
for waterlogging stress in the field. A panel of 181 spring wheat lines were evaluated for waterlogging tolerance over two years in artificially 
waterlogged hill plot trials. The following traits were assessed: foliar chlorosis, relative plant height, heading delay, number of spikes, an overall 
condition score and principal component (PC) scores obtained from PC analyses. Genetic associations were determined between the phenotypic 
traits and SNP markers of the Affymetrix 35K and Illumina iSelect 90K SNP arrays. Significant SNP markers of both arrays were assigned a 
physical position by comparing their sequences with the wheat reference genome sequence in BLAST. Sixteen QTL were defined on 
chromosomes 1B, 3B, 5BL, 6AL and 7A. Eight markers: three on 1B, four on 6AL and one on 7A were significant in both experimental years. 
Markers of QTL6A.2 were highly significant for foliar chlorosis. A haplotype analysis of QTL6A.2 showed that lines of one haplotype group 
were significantly more chlorotic than others, and one of the SNP markers within this region was predicted to be associated with prolyl-4-
hydroxylase, a catalyzer of the transcription factor HIF (Hypoxia Induced Factor), a key regulator of oxygen homeostasis in mammals and 
possibly involved in plant responses. The results from this study provide new insights into promising genomic regions for improvement of 
waterlogging tolerance in wheat. 
 
PE1016: Wheat, Barley, Oat, and related 
Breeding Strategies to Fight a Cereal Killer 
Paula Silva1,2, Giovana Cruppe1, Lidia Calderon3, Barbara Valent1 and Jesse Poland1, (1)Department of Plant Pathology, Kansas 
State University, Manhattan, KS, (2)Instituto Nacional de Investigación Agropecuaria (INIA), Colonia, Uruguay, (3)Asociación de 
Productores de Oleaginosas y Trigo (ANAPO), Santa Cruz de la Sierra, Bolivia (Plurinational State of) 
Wheat blast (WB), caused by Magnaporthe oryzae Triticum pathotype, is an emerging disease in South Asia, with the potential to devastate 
wheat production. WB was first reported in Brazil in 1985, however, it was not until its emergence in Bangladesh in 2016 that international 
attention began to focus on this disease. To date, only four major resistance genes have been identified controlling WB (Rmg2, Rmg3, Rmg7, and 
Rmg8). Currently, only Rmg8 still holds potential for effectiveness under field conditions. Recently, the 2NVS fragment from the wild relative 
Aegilops ventricosa was reported to contain the only useful source of wheat head blast resistance. However, there is unclear information 
regarding the level of resistance conferred by 2NVS in different genetic backgrounds. Moreover, there is no information regarding which genes(s) 
on 2NVS are responsible for effectively fighting blast. This project aims to i) characterize the WB resistance conferred by the alien fragment 
2NVS and ii) search for new resistance genes in the wild relative Ae. tauschii. For the 2NVS characterization, EMS populations were developed 
derived from five 2NVS bread wheat varieties showing different levels of blast resistance. These will be tested under field conditions in Bolivia in 
order to select for susceptible plants and segregating lines. For the exploration of new resistance genes, we are evaluating 156 Ae. tauschii 
strangulata lines under controlled conditions. Resistant lines will be selected and, using whole genome sequencing data, we expect to 
characterize new WB resistance genes. Overall, these breeding strategies will help researchers and breeders to better understand the disease and 
breed germplasm resistant to WB. 
 
PO1017: Wheat, Barley, Oat, and related 
Mining Vavilov Wheat Landraces for Seedling Stripe Rust Resistance 
Raghvendra Sharma1,2, Peng Zhang3, Sami Hoxha3, Vikas Venukumaran4, Hemlata Bharti5, Adnan Riaz2, Evans Lagudah1, Lee 
Hickey2 and Sambasivam Periyannan1,2, (1)Commonwealth Scientific and Industrial Research Organisation, Canberra, Australia, 
(2)Centre for Plant Science, Queensland Alliance for Agriculture and Food Innovation, University of Queensland, Brisbane, 
Australia, (3)Plant Breeding Institute, University of Sydney, Cobbitty, Australia, (4)Indian Agricultural Research Institute, Indian 
Council of Agricultural Research (ICAR), Wellington, Tamil Nadu, India, (5)Directorate of Medicinal and Aromatic Plant 
Research, Indian Council of Agricultural Research (ICAR), Anand, Gujarat, India 
Wheat is one of the most important staple food and agricultural crop worldwide. Along with meeting the needs of the growing world population, 
the wheat production in major growing regions is challenged by the emergence of widely virulent fungal pathogens. These include aggressive 
races of stripe rust pathogen (Puccinia striiformis f. sp. tritici) that have appeared in wheat fields in Australia, India, China, Europe, Africa, the 
Middle East and New Zealand. Routinely, stripe rust disease is effectively managed using genetic resistance. However, due to the lack of genetic 
diversity, many current wheat varieties are susceptible or vulnerable to the recently evolved stripe rust races. Therefore, new sources of 
resistance from unexplored materials, such as landrace and wild wheat collections are required urgently. Hence, the present study aims to identify 
and characterize novel genes for resistance in landraces collected by famous Russian botanist Nikolai Ivanovich Vavilov in the early 1900s. In 
initial screening of 300 accessions with prevalent Australian Pst races, we identified six highly resistant landrace accessions. Segregating 
mapping populations were developed to identify the resistance genes and linked molecular markers that will permit transfer of resistance in elite 
breeding materials. Furthermore, we aim to isolate the genes by recently developed mutagenesis and resistance gene enrichment and sequencing 
(MutRenSeq) approach. Along with the use of linked or gene specific markers for rapid gene selection, we will be using speed breeding facilities 
to accelerate the development of resistant wheat varieties. 
 
PE1018: Wheat, Barley, Oat, and related 
Pursuing the Partial Stripe Rust Resistance QYr.sgi-4A.1 Gene of the Wheat Cultivar Kariega 
Renée Prins1,2, Corneli de Klerk3, Willem H. P. Boshoff2, Michael Abrouk4, Jan Bettgenhaeuser4, Hancko Minnaar2, Zakkie A 
Pretorius2, Jaroslav Doležel5, Hana Šimková5, Elsabet Wessels3, Marizanne Horn6 and Simon G. Krattinger4, (1)CenGen (Pty) Ltd 
& Stellenbosch University, Worcester, South Africa, (2)University of the Free State, Dept Plant Sciences, Bloemfontein, South 



Africa, (3)CenGen (Pty) Ltd, Worcester, South Africa, (4)King Abdullah University of Science and Technology, Thuwal, Saudi 
Arabia, (5)Institute of Experimental Botany AS CR, Olomouc - Holice, Czech Republic, (6)Sensako (Pty) Ltd, Napier, South Africa 
The hard-red spring wheat cultivar Kariega has exhibited high levels of adult plant resistance to stripe rust, controlled by Lr34/Yr18/Sr57/Pm38, 
QYr.sgi-2B.1 and QYr.sgi-4A.1, for more than 20 years. Following four backcrosses to the original susceptible mapping population parent 
Avocet S, a doubled haploid line was developed that contains the slow-rusting QTL (QYr.sgi-4A.1) target. Subsequent to EMS treatment of 
Avocet S + QYr.sgi-4A.1 seeds a number of putative mutant lines were identified in a field trial in 2017. An optimised greenhouse phenotyping 
method and field trials in 2018 validated the ranking of mutants. Furthermore, two additional mutants were identified in a set of 20 lines whose 
phenotypes were ambiguous in the 2017 field trial. Recent advancements in wheat genetics resulted in the development of molecular 
technologies and tools that allow for more rapid wheat gene cloning. Through Targeted chromosome-based cloning via long-range assembly 
(TACCA) a high quality de novo assembly of the target chromosome was obtained. MutChromSeq of the validated mutants is in progress. The 
cloning of QYr.sgi-4A.1 will broaden our knowledge of an agriculturally important, yet poorly-understood resistance mechanism. 
PO1019: Wheat, Barley, Oat, and related 
 
Modifications of Wheat MYC4 and MYB21 Transcription Factors Gave Rise to New Rust Resistant Germplasms 
Bernard M. Nyamesorto, Montana State University, Bozeman, MT 
A major challenge to resistance breeding in bread wheat (Triticum aestivum L.) is limited genetic diversity in its genome. The traditional 
approach to combating this problem is introgression of resistant genes from other closely related species into elite but susceptible cultivars. This 
strategy is often associated with linkage drag. Creating resistance within wheat’s own genome is a panacea to the challenges surrounding this 
method. Biotrophic plant pathogens such as wheat rusts are known to manipulate their host’s genes as means of overcoming host defense 
response and acquiring nutrients. Hence modifying the genes targeted by these pathogens in wheat could enhance host resistance. We conducted 
this study to identify the host genes targeted by rust pathogens in wheat. In a preliminary experiment in which resistant and susceptible near-
isogenic wheat lines were challenged by rust pathogens, transcriptome analysis showed that wheat transcription factors (TFs) of MYC4-1B 
homeolog and MY21-3B homeolog were upregulated only in the susceptible line from 3dpi. Subsequently, when these genes were down-
regulated in susceptible Chinese Spring using Barley Mosaic Virus Induced Gene Silencing (BSMV) assay, the silenced plants became resistant 
to rust pathogens. Loss-of-function mutations created in these homeologs via Ethyl methanesulfonate mutagenesis conferred resistant to rust 
pathogens. Consequently, this study led to the development of new rust resistance germplasms. 
 
PE1020: Wheat, Barley, Oat, and related 
Leaf Rust Induced Hypersensitive-like Response in EMS Mutated Wheat 
John Fellers, USDA ARS, Manhattan, KS 
Puccinia triticina is a wheat obligate biotrophic pathogen causes severe yield losses worldwide. Generally, single, major gene resistance has been 
used to provide protection against infection, but because of high rates mutation in the pathogen, resistance genes have a limited window of 
effectiveness. Broad spectrum, minor resistance wheat genes appear to be involved in the biotrophic interaction of rust and wheat. Thus, an EMS 
mutagenesis approach was taken to identify other genes involved in host-pathogen interactions. M1 lines of leaf rust susceptible Thatcher were 
infected with P. triticina race BBBD to identify individuals with reduced infection. One line, 531, was found to have an induced hypersensitive-
like response when infected with spores. The response was pronounced at 4 dpi and further developed into necrotic lesions by 14 dpi. Newly 
emerged, non infected leaves did not have lesions. Bulk segregate analysis of cDNA from F2:3 families are being sequenced and the results will 
be presented. 
 
PO1021: Wheat, Barley, Oat, and related 
Genetic Mapping of Leaf Rust Resistance Gene Lr70 in Wheat 
Colin Hiebert, Agriculture & Agri-Food Canada, Morden, MB, Canada and Brent McCallum, Agriculture and Agri-Food Canada, 
Morden, MB, Canada 
Leaf rust, caused by Puccinia triticina Eriks (Pt)., is a wide-spread disease of wheat that is capable of inciting significant yield losses. Leaf rust 
can be controlled by deploying effective leaf rust resistance (Lr) genes in cultivars. However, the Pt population is dynamic and evolves over 
time. For example, in 2011 there were 70 different races (virulence phenotypes) that were identified in Canada alone. To keep pace with 
pathogen evolution different strategies are employed to develop resistant cultivars including identifying new Lr genes and developing DNA 
markers to allow accurate selection of Lr genes. Combining Lr genes can help prolong the effectiveness of resistance but is difficult to achieve by 
phenotype due to epistasis. In 2014, a new Lr gene, Lr70, was identified in the wheat accession KU3198. Initial genetic mapping placed the gene 
on chromosome 5D however the markers did not show close linkage and were not appropriate for selection in breeding programs. Here we report 
the development of SNP assays more suitable for marker-assisted breeding and assess the breadth of resistance conferred by Lr70 when 
inoculated with a panel of Pt races. 
 
PE1022: Wheat, Barley, Oat, and related 
Nested Genomic Best Linear Unbiased Prediction (NBLUP) for Estimating Fusarium Head Blight Resistance in Hard Red 
Spring Wheat  
Vijai Bhadauria1, Ron E. Knox1, Richard Cuthbert1, Yuefeng Ruan2, Brad Meyer1, Curtis J Pozniak3, David Konkin4, Anita Brûlé-
Babel5, Maria Antonia Henriquez6, Shahrokh Khanizadeh7 and Adam Foster8, (1)Swift Current Research and Development Center, 
Agriculture and Agri-Food Canada, Swift Current, SK, Canada, (2)Swift Current Research and Development Center, Swift Current, 
SK, Canada, (3)University of Saskatchewan, Saskatoon, SK, Canada, (4)National Research Council Canada, Saskatoon, SK, 
Canada, (5)University of Manitoba, Winnipeg, MB, Canada, (6)Morden Research and Development Center, Agriculture and Agri-
Food Canada, Morden, MB, Canada, (7)Ottawa Research and Development Center, Ottawa, ON, Canada, (8)Charlottetown 
Research and Development Centre, Charlottetown, PE, Canada 



The genetic improvement of bread wheat (Triticum aestivum) for Fusarium head blight (FHB) resistance is one of the top priorities of the 
Canadian wheat industry and requires capturing the Mendelian sampling of QTL alleles either through phenotyping (phenotypic selection) or 
molecular markers (marker-assisted selection or genomic selection [GS]). Given that the genetic architecture of FHB resistance is complex, 
sampling the Mendelian term would require multi-year and multi-environment phenotyping of inbred lines. GS offers a supplementary approach 
for favourable allele enrichment to the costly, laborious and time-consuming approach of phenotyping, and accelerates the breeding cycle. Here, 
we describe a novel GS model called nested GBLUP (NBLUP), which incorporates prior knowledge of the genetic architecture of FHB 
resistance in the GBLUP model as a fixed effect (extracted from rrBLUP, LASSO and BayesB). Genotypes for 10,863 SNPs in 202 advanced 
hard red spring breeding lines (F9-F11; composed of 5 subpopulations) were obtained using the 90K Infinium iSelect wheat chip and fitted as a 
random effects matrix in the model. The base population was evaluated for visual symptoms in FHB disease nurseries, and FHB index (incidence 
x severity/100) was included in the NBLUP model. Predictions were made on a subpopulation basis using one of the five subpopulations at a 
time as a validation set and the remaining subpopulations were pooled as a training set. The NBLUP model predicted the GEBVs for FHB 
resistance in the validation set with 53.22 (GBLUP + rrBLUP), 56.86 (GBLUP + LASSO), 58.89 (GBLUP + BayesB) and 54.90% (GBLUP + 
rrBLUP + LASSO + BayesB) accuracy ((∑r(uû))/5). Taken together, the NBLUP model outperformed its base model GBLUP by 16 to 22% 
through capturing the linkage disequilibrium between SNP markers and FHB resistance effectively, leading to a higher prediction accuracy. 
 
PO1023: Wheat, Barley, Oat, and related 
A Genome-Wide Association and Cross-Validation Study for Fusarium Head Blight Resistance Traits in Soft Red Winter 
Wheat  
Dylan L. Larkin, University of Arkansas, Fayetteville, AR 
Wheat (Triticum aestivum L.) is a widely produced grain crop, globally, significantly contributing to food security. One of the major diseases 
negatively impacting wheat production is Fusarium head blight (FHB) (Fusarium graminearum), as the FHB pathogen produces the mycotoxin, 
deoxynivalenol (DON), which can be harmful to humans and livestock. It is important to identify sources for partial genetic resistance to FHB in 
order to reduce potential health risks and crop damage. A genome-wide association study (GWAS) was conducted, using 354 soft red winter 
wheat genotypes adapted to the southern United States in an association mapping panel (AMP) to identify novel QTL associated with four FHB 
resistance traits; including incidence, severity, Fusarium damaged kernels (FDK), and DON accumulation. The AMP was grown over eight 
location-years between 2013 and 2017 in a randomized complete block design with two replications. Each location-year was evaluated for the 
four aforementioned traits. Best linear unbiased predictions for each trait were obtained from a linear mixed model across all location-years from 
SAS 9.4 software. Genotyping-by-sequencing (GBS) identified 70,315 single nucleotide polymorphism (SNP) markers using the new IWGSC 
RefSeq v1.0 wheat genome assembly. Marker-trait associations (MTA) were determined using FarmCPU in R v3.5.1 software. Highly 
significant MTA (LOD > 6.15) were observed on chromosomes 4B, 1D, and 1B for incidence; 7B and 7D for severity; 4B, 5D, 3B, and 7D for 
FDK; and 4A for DON accumulation. A genomic prediction cross-validation study was also performed for all four traits using the rrBLUP 
package in R v3.5.1. The trait with the highest prediction accuracy was disease severity, with 57.66 percent; followed by DON accumulation, 
with 57.30 percent; FDK, with 45.68 percent; and disease incidence, with 39.71 percent. These SNP can be implemented by breeding programs 
for marker assisted selection and genomic prediction to improve resistance to FHB. This population can also be used as a training population for 
genomic selection for FHB resistance in the University of Arkansas wheat breeding program. 
 
PE1024: Wheat, Barley, Oat, and related 
Pyramiding Wheat Fusarium Head Blight Resistance Genes from Different Sources using Marker-Assisted Backcrossing 
and Low-Cost Background Selection 
Yaoguang Li1, Amy N. Bernardo1, Paul St Amand2 and Guihua Bai3, (1)Kansas State University, Manhattan, KS, (2)USDA-ARS-
Small Grain Genotyping Lab, Manhattan, KS, (3)Hard Winter Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS 
Wheat Fusarium head blight (FHB), also called wheat scab caused by Fusarium graminearum, is a devastating disease of wheat worldwide. FHB 
can result in severe losses in grain yield and quality. Although the application of fungicides can reduce FHB damage, growing FHB resistant 
wheat is the most effective approach to reduce the losses. Marker-assisted backcrossing (MAB) is an effective method for pyramiding genes 
from different sources and marker-assisted background selection facilitates quick removal of undesired genetic backgrounds from donor parents. 
Multiplex restriction amplicon sequencing (MRASeq) is a new low-cost PCR and next-generation-sequencing-based genotyping method for 
various breeding application. We used MAB to transfer three major FHB resistance QTLs: Fhb1 on chromosome arm 3BS, Qfhs.ifa-5A on 
chromosome arm 5AS, and a QTL on chromosome arm 5AL into two Kansas hard winter wheat cultivars, Everest and Overland, and MRASeq 
for background selection to develop locally adapted FHB-resistant hard winter wheat germplasm lines. After two backcrosses, about 100 lines 
with eight possible combinations of the three genes were selected by gene-linked markers. The marker selected lines were analyzed using 
MRASeq to select the lines with the least backgrounds from the donor parents. The phenotypic data from the first-year experiment revealed that 
the lines with all the three QTLs have the best resistance in both backgrounds. Those selected germplasms with a high level of FHB resistance 
and improved agronomic traits will be released as FHB resistant germplasm for genetic improvement of the FHB resistance in hard winter wheat 
breeding programs. 
 
PO1025: Wheat, Barley, Oat, and related 
Mapping Quantitative Trait Loci for Fusarium Head Blight in Wheat RIL Population Derived from Hard Winter Wheat 
Everest × Overland 
Umara Sahar Rana, Kansas State University, Manhattan, KS and Guihua Bai, Hard Winter Wheat Genetics Research Unit, 
USDA-ARS, Manhattan, KS 
Fusarium head blight (FHB), caused by Fusarium graminearum (Schw), is one of the most important fungal diseases of wheat. FHB drastically 
reduces not only grain yield but also grain quality due to mycotoxins, in particular deoxynivalenol (DON), that is produced by the pathogen 
during infection. Consumption of DON contaminated grain is a major health concern for animal and human. Host resistance is the most effective 
way to combat the disease. Exotic sources of FHB resistance are available for breeding, but poor agronomic traits in those sources prevent direct 



use of them as parents in breeding. In this study, we used genotyping-by-sequencing (GBS) markers and an F6:7 recombinant inbred line (RIL) 
population developed from a cross between Overland and Everest to identify native quantitative trait loci (QTLs) associated with FHB resistance 
in the locally adapted hard winter wheat two cultivars. Overland is moderately resistant, and Everest is moderately susceptible to FHB. The RIL 
population and parents were evaluated for FHB type-II resistance in one field and three greenhouse experiments using randomized complete 
block design with two replications. The RIL population and parents were genotyped using genotyping-by-sequencing (GBS) markers. Composite 
interval mapping (CIM) identified three QTLs for resistance to FHB spread within a spike on the chromosome arms 7AS, 3BS and 4BS from 
Everest and four QTLs on 5AL, 4BS, 4AS and 2DS from Overland. The QTL on the chromosome arm 4BS consistently significant in the three 
experiments and showed significant association with a reduced plant height gene. Single nucleotide polymorphism (SNPs) markers tightly linked 
with QTLs were identified and will be converted into breeder-friendly Kompetitive allele specific PCR (KASP) assays to be used in marker-
assisted breeding in wheat. 
 
PE1026: Wheat, Barley, Oat, and related 
Mapping Quantitative Trait Loci (QTLs) for Fusarium Head Blight Resistance in a Jagger Mutant using Genotyping-by-
Sequencing (GBS) Markers 
Yuzhou Xu, Agronomy Department, Kansas State University, Manhattan, KS, Amy N. Bernardo, Kansas State University, 
Manhattan, KS and Guihua Bai, Hard Winter Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS 
Fusarium head blight (FHB) is one of the most destructive diseases of cereal crops worldwide. Three major types of FHB resistance (Types I, II 
and III) have been reported in wheat. Among them, resistance to spread of FHB symptoms within a spike (type II resistance) is the most stable 
type of resistance and has been extensively investigated. Jagger is a moderately susceptible hard winter wheat cultivar from Kansas. We 
mutagenized Jagger seeds with EMS to create a mutant population. This population was screened for type II FHB resistance in greenhouses and 
three mutant lines were identified to have high FHB resistance. Sequence analysis indicated that those mutants carry susceptible alleles for Fhb1. 
One of themutants, JaggerR1097, was crossed to Jagger and another highly susceptible cultivar Overley to develop recombinant inbred line 
(RIL) populations (JaggerR1097/Overley and JaggerR1097/Jagger).The two RIL populations and their parents were inoculated with Fusarium 
graminearum in the greenhouses to evaluate their FHB resistance and genotyped using genotyping-by-sequencing (GBS). Two linkage bin maps 
were constructed using 816 (JaggerR1097/Overley) and 303 (JaggerR1097/Jagger) unique SNPs. Using those maps, four QTLs were detected for 
Type II resistance on the chromosomes 1B, 2D, 4A and 6B and explained 7.9%, 7.8%, 9.2 % and 5.0% of the phenotypic variation, respectively. 
Among them, two QTLs (2D, 4A) were from mutant parent. The preliminary results indicated that wheat response to FHB infection may be 
regulated by susceptibility genes and the loss-of-function mutations in those susceptibility genes increase wheat FHB resistance. 
 
PO1027: Wheat, Barley, Oat, and related 
Genomic Selection for Fusarium Head Blight Resistance in Durum Wheat 
Raja Ragupathy1, Yuefeng Ruan1, Samia Berraies1, Heather Campbell1, Brad Meyer1, Maria Antonia Henriquez2, Santosh Kumar3, 
Andrew Burt3, Wentao Zhang4, Richard Cuthbert1, Pierre Fobert4 and Ron E. Knox1, (1)AAFC SCRDC, Swift Current, SK, Canada, 
(2)AAFC MRDC, Morden, MB, Canada, (3)AAFC BRDC, Brandon, MB, Canada, (4)National Research Council Canada, 
Saskatoon, SK, Canada 
Fusarium head blight (FHB) is a major disease of durum wheat. FHB infection leads to reduced yield, poor end-use quality and accumulation of 
mycotoxins (deoxynivalenol-DON) in the grain. Several studies suggested that the resistance to FHB is quantitative and involves multiple loci 
with relatively small effects. Hence, prediction of breeding values using genome wide markers is a promising strategy for selection and 
accelerating genetic gain. In this study, different statistical models namely ridge regression-best linear unbiased predictor (rrBLUP, Endelman 
2011), Bayes B (Meuwissen et al. 2001) and reproducing kernel Hilbert spaces (RKHS, Gianola and van Kaam 2008) regression accounting for 
simple marker additive effects, large-effect QTL and epistasis, are being evaluated for implementation in breeding populations. A durum 
diversity panel consisting of 195 individuals, and two doubled haploid populations from the crosses DT707/DT696 and Strongfield/Blackbird 
were genotyped using the 90K Infinium iSelect SNP array. The diversity panel was evaluated for disease incidence, severity and FHB Index in 
the replicated field nurseries in 2015, 2016 and 2017 at two Canadian locations, namely Brandon and Morden. Phenotypic data analysis was 
carried out and least square (ls) means of lines in individual locations combined over years, as well as for individual years combined over 
locations were estimated. Genotype calling using GenomeStudio software (Illumina) resulted in the identification of 6,899 SNPs among 195 
accessions of the durum panel. Genomic prediction using rrBLUP with 80% of the lines as the training set, and the remaining lines as the 
validation set with 100 iterations, suggested average prediction accuracies of 0.57 and 0.52 for Morden and Brandon, respectively. Similarly, the 
mean prediction accuracy was found to be 0.48, 0.34 and 0.39 for the years 2015, 2016 and 2017. Development of genomic prediction models 
using Bayes B and RKHS methods is ongoing. 
 
PE1028: Wheat, Barley, Oat, and related 
FHB Resistance in Durum Wheat Via Epigenome Modification  
Jitendra Kumar1, Steven S. Xu2, Elias Elias3, Ruth Dill-Macky1 and Shahryar F. Kianian4, (1)University of Minnesota, St. Paul, 
MN, (2)USDA-ARS, Fargo, ND, (3)North Dakota State University, Fargo, ND, (4)Cereal Disease Laboratory, United States 
Department of Agriculture-Agricultural Research Service, St. Paul, MN 
Fusarium head blight (FHB), caused by fungal plant pathogen Fusarium graminearum, is a devastating disease of wheat in the U.S. and 
throughout the world. Symptoms in spikelets include premature bleaching and lead to yield and quality losses. Mycotoxins, especially 
deoxynivalenol (DON), associated with Fusarium-contaminated grain pose a significant threat to the health of domestic animals and humans. 
Improving host genetic resistance is an effective means to control FHB. Resistance is a challenge for durum wheat as most of the germplasm are 
susceptible and there is low genetic variation for this trait. Biotic and abiotic stresses can lead to demethylation of immune-responsive genes in 
plants. We aimed at inducing heritable demethylation in durum lines as a novel source of FHB resistance.  
We treated advanced durum breeding lines with 5-methyl-azacytidine that removes CG methylation. Around 500 progeny of the treated plants 
were advanced to the M4 generation. Thirty-two of the 500 M4 lines were selected following preliminary testing. The 32 promising lines and 



eight parental checks were further tested for FHB resistance under greenhouse and field conditions over multiple years. Five of the 32 M4 lines 
consistently showed less than 30% FHB severity, as compared with the parental lines and FHB-susceptible lines, which ranged from 50% to 
100%. Fusarium-damaged kernels (FDK) and DON analyses on grain harvested from inoculated plants further supported the greenhouse and 
field disease assessments. Global methylome level analysis did not show significant differences between the five best performing M4 lines and 
the parental lines from which they were derived; however, transcriptome analysis (with a mean library size of ≈ 200 bp, quality scores of ≥Q30 
and approximate coverage of 32-50 million reads per samples) of the selected M4 lines revealed some highly up- and down- regulated (≥5 folds; 
log2 value) novel candidate genes in M4 lines (E.25.10 and E.25.30) as compared to a susceptible check (Ben). In addition, several known genes 
including, lipid transfer protein, osmotin/thaumatin-like protein and oxidoreductase were ≥5 fold upregulated in the M4 lines as compared to the 
check. The novel candidate genes are being characterized using bioinformatics analysis and reverse genetics approach. We have advanced the 
two most resistant M4 lines, by backcrossing to the parental cultivar, with an aim of testing the stability and inheritance of the resistance. The 
backcross-derived lines were advanced for three generations (BC1:F3) without a selection pressure. The BC1:F3 plants were tested in the field 
together with the resistant M4 lines and the susceptible checks. One fourth of the BC1:F3 lines showed FHB resistance similar to the resistant M4 
lines. The resistant BC1:F3 lines are being further tested in greenhouse. 
 
PO1029: Wheat, Barley, Oat, and related 
Reverse Genomics Analysis of Candidate Genes of T. militinae Powdery Mildew Resistance Locus Qpm.Tut-4A 
Eva Janáková1, Kateřina Holušová1, Irena Jakobson2, Hilma Peuša2, Ritu Dixit1, Jan Vrána1, Jaroslav Doležel1, Jan Bartoš3, Kadri 
Järve2 and Miroslav Valárik1, (1)Institute of Experimental Botany, Olomouc, Czech Republic, (2)Department of Gene 
Technology, Tallinn University of Technology, Tallinn, Estonia, (3)Institute of Experimental Botany, Centre of the Region Haná 
for Biotechnological and Agricultural Research, Olomouc, Czech Republic 
The T. militinae introgression QPm.tut-4A locus in bread wheat was mapped to less than a 0.024 cM and spans 640.8 kbp and 480.2 kbp long in 
cv. Chinese Spring (CS) and T. militinae (TM), respectively. The locus confers race non-specific powdery mildew resistance in both seedling and 
adult plant stage and comprises 12 high confidence protein coding genes. A TILLING population comprising 1200 lines was constructed from 
resistant dihaploid line DH397 carrying only the 4AL introgression with the QPm.tut-4A locus on bread wheat background. Nine of the 
TILLING lines were found to lose the resistance. 4A chromosomes of the TILLING lines were flow sorted amplified and survey sequenced 
together with the DH397 4A chromosome. The data were analyzed using the MutChromSeq approach. This research was financially supported 
by the Czech Republic Ministry of Education, Youth and Sports (award LO1204 from the National Program of Sustainability I), by the Czech 
Science Foundation (award 18-11688S), the Czech Republic Ministry of Agriculture (award QK1710302), and by an IUT 193 grant from the 
Estonian Ministry of Education and Research. 
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GBLUP and LASSO for Predicting Common Bunt Resistance in Bread Wheat 
Vijai Bhadauria1, Isabelle A. Piche1, Ron E. Knox1, Richard Cuthbert1, Yuefeng Ruan1, Heather Campbell1, Brad Meyer1, Curtis J 
Pozniak2, David Konkin3, Reem Aboukhaddour4 and Therese Despins4, (1)Swift Current Research and Development Center, 
Agriculture and Agri-Food Canada, Swift Current, SK, Canada, (2)University of Saskatchewan, Saskatoon, SK, Canada, 
(3)National Research Council Canada, Saskatoon, SK, Canada, (4)Lethbridge Research and Development Centre, Agriculture and 
Agri-Food Canada, Lethbridge, AB, Canada 
Common bunt caused by Tilletia tritici and T. laevis is one of the most important seed-borne diseases of wheat (Triticum aestivum), reducing 
both grain yield and quality while increasing production costs through the use of fungicides. Genetic resistance to Tilletia spp. is a cost-effective 
and environmentally friendly way to control the disease and requires capturing the Mendelian sampling of QTL alleles (e.g., Bt1 - Bt15 and Btp) 
regulating resistance to common bunt either through field phenotyping or the use of molecular markers (marker-assisted selection or genomic 
selection [GS]). GS offers an opportunity to improve phenotyping efficiency by selecting individuals of higher breeding value (GEBV) before 
being tested in field or nurseries, thus accelerating the breeding cycle. Here, we evaluate the performance of two GS models using a five-fold 
cross-validation analysis with 1000 cycles: A line effects model - genomic best linear unbiased predictor and marker (GBLUP) and a marker 
effects model - least absolute shrinkage and operator selection (LASSO) for predicting common bunt resistance levels expressed as percent 
incidence. Genotypes for 10,863 SNPs in 200 advanced bread wheat breeding lines (F9 - F11) were obtained using the 90K Infinium iSelect wheat 
chip and fitted as a random effect (realized genetic relationship matrix in GBLUP and n x p matrix in LASSO) in the models. Taken together, the 
LASSO model estimated the GEBVs for bunt resistance with 4.21% higher accuracy than the GBLUP model (47.44%). This increase in the 
prediction accuracy of LASSO is likely attributed to the reduction in model overfitting, by accounting for only 25 predictor variables (SNPs) 
located on 13 chromosomes. In addition, the LASSO model captured the linkage disequilibrium between SNP markers and QTL conferring 
resistance to common bunt disease effectively, leading to more accurate prediction accuracy of breeding values than the GBLUP model. 
 
PO1031: Wheat, Barley, Oat, and related 
Two Major Dwarf Bunt Resistance QTL were Mapped to a Known and a Novel Locus in Winter Wheat 
Rui Wang1, David Hole2, Tyler Gordon3, Weidong Zhao1, Kyle Isham1, J. Michael Bonman3, Blair Goates3 and Jianli Chen1, 
(1)University of Idaho, Aberdeen, ID, (2)Utah State University, Logan, UT, (3)USDA-ARS, Aberdeen, ID 
Dwarf bunt caused by Tilletia contraversa J.G. Kühn and common bunt caused by T. caries and T. foetida are two wheat destructive disease that 
reduce both grain yield and quality. Breeding bunt resistant cultivars is important in many wheat production areas, especially in those with 
organic wheat system. However, very few molecular markers were developed that can be used in selection of bunt resistance by now. In the 
present study, a doubled haploid (DH) population was developed from the cross of a resistant winter line 'IDO835' and a susceptible winter 
cultivar 'Moreland'. The population was phenotyped in field nursery in Logan, Utah for four growing seasons and genotyped with Illumina 90K 
single nucleotide polymorphisms (SNP) assay. Two major QTL were identified on chromosome 6DL (Q.DB.ui-6DL) and 7AL (Q.DB.ui-7AL), 
explaining up to 41% and 39% of the phenotypic variation, respectively. The comparative study indicated Q.DB.ui-6DL co-located with the Bt9 
gene locus, which was mapped by Steffan et al. (2017) for common bunt resistance and Q.DB.ui-7AL was located at a novel locus for bunt 



resistance. Furthermore, based on the Chinese Spring reference sequence and annotations (IWGSC RefSeq v1.1), both dwarf bunt resistance 
QTL were mapped to R-gene rich regions. The QTL-associated SNPs were converted to Kompetitive Allele Specific PCR markers (KASP) and 
genotyped in a diverse winter wheat panel. The allele effect results from the DH population and the diverse wheat panel demonstrated the 
usefulness of the KASP markers in breeding for dwarf bunt resistance. 
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Genetic Dissection of Snow Mold Tolerance in US Pacific Northwest Winter Wheat Through Association Mapping and 
Genomic Selection 
Dennis Nicuh Lozada, Jayfred Gaham Godoy and Arron H. Carter, Washington State University, Pullman, WA 
Snow mold is an important disease affecting wheat planted in the Pacific Northwest (PNW) region of the US where there is prolonged snow 
cover. The objectives of the current study were to identify genomic regions associated with snow mold tolerance in a diverse panel of PNW 
winter wheat and to evaluate the accuracy of genomic selection (GS) for snow mold tolerance (SMT). An association mapping panel (AMP; 
N=458 lines) was planted in Mansfield and Waterville, WA in 2017 and 2018 and was genotyped using the Illumina 90K SNP array. Association 
mapping conducted using fixed and random model circulating probability unification (FarmCPU) identified 100 significant markers (False 
Discovery Rate, FDR=0.05) across 17 chromosomes, where SNPs on chromosome 5A and 5B coincided with major freezing tolerance and 
vernalization loci. Pyramiding beneficial alleles for significant markers led to improved SMT. Independent validations using the AMP as a 
training population (TP) was used to predict SMT for the Washington State University breeding program using lines evaluated between 2015 and 
2018. Genomic selection resulted in a mean accuracy of 0.56 across all models and marker sets used. Using LD tag-GBS derived SNPs as 
markers and a ridge regression model gave the highest value for accuracy (0.93) using BL2018 as selection candidates. Genetic diversity within 
the TP, trait heritability, and presence of SNPs in LD with SMT QTL were the main factors affecting GS accuracy. The present study identified 
SNP markers associated with SMT and demonstrated the potential of applying GS strategies for improved SMT in PNW winter wheat lines. 
 
PO1033: Wheat, Barley, Oat, and related 
Genome Wide Association Analysis of Resistance to the Wheat Spindle Streak Mosaic Virus in Bread Wheat 
Delphine Hourcade1, Matthieu Bogard1, Michel Bonnefoy2, Frederic Savignard2, Faharidine Mohamadi3, Stephane Lafarge4, 
Philippe Du Cheyron5, Nathalie Mangel3 and Jean-Pierre Cohan3, (1)Arvalis Institut du végétal, Baziège, France, (2)Arvalis Institut 
du végétal, OUZOUER LE MARCHE, France, (3)Arvalis Institut du végétal, BOIGNEVILLE, France, (4)Biogemma, CHAPPES, 
France, (5)Arvalis Institut du végétal, VILLIERS LE BACLE, France 
The Wheat Spindle Streak Mosaic Virus (WSSMV) is a major concern on cereals in Europe and North America. A strong increase in the 
occurrence of WSSMV has been observed in every French region where susceptible cultivars are cultivated. Even if the majority of European 
bread wheat cultivars are resistant, it remains important to have tools to assess the status of newly registered cultivars or breeding lines regarding 
WSSMV resistance. This study describes a genome-wide association study carried out on a panel of 163 cultivars and tested for their resistance 
to WSSMV. Two regions on chromosomes 5B and 7D showed minor effects on WSSMV resistance. More importantly, a large genomic region 
on chromosome 2D explained most of the resistance to WSSMV. More than 99% of the cultivars carrying the “AA” genotype at the most 
associated marker were resistant to WSSMV while 100% of the cultivars showing the “GG” genotype were susceptible. In this study, it has been 
shown also a clear colocation with two previous published QTLs for WSSMV and WYMV (Wheat Yellow Mosaic Virus).This large genomic 
region of 45.8 mega base pairs (Mbp) was found distal to the centromere and showed very high linkage disequilibrium. It is hypothesized that 
this region could correspond to an alien introgression originating from a wild related species. This region contains a total of 2,605 predicted 
genes based on the Chinese Spring IWGSC RefSeq v1.0 including genes potentially involved in plant disease resistance. A Kompetitive Allele 
Specific Polymerase chain reaction (KASP) single-nucleotide polymorphism (SNP) marker was designed in order to identify breeding lines or 
registered cultivars resistant to WSSMV. 
 
PE1034: Wheat, Barley, Oat, and related 
Transcriptome Analysis of Wheat Cultivar Molly Under Heat Stress and Hessian Fly Infestation  
Jiazheng (John) Yuan1, Lieceng Zhu1, Ming Chen2, Jordan O'Neal1 and Daria Brown1, (1)Fayetteville State University, 
Fayetteville, NC, (2)Kansas State University, Manhattan, KS 
The Hessian fly [Mayetiola destructor (Say) HF] is one of the most devastating pests of wheat plants (Triticum aestivium L.) in North America 
and North Africa. The interaction of wheat and HF appeared to be gene for gene fashion where the expression of R gene of wheat plant can 
successfully defeat the pest attack resulting in the death of insect. However, the resistant effects of R genes of on wheat plants to HF infestation 
can be compromised by heat stress. Wheat variety Molly possesses HF resistance genes H13. In this study, we analyzed the RNA-Seq data 
generated from the seedlings of Molly under 6 hours of 35ºC heat stress with and without HF infestation. A significant gene expression change 
has been identified in almost all categories of cellular functions caused by heat stress compared to that of various corresponding treatments. The 
heat stress following HF infestation resulted in both up- and down-regulated major pathways associated with biotic and abiotic stresses such as 
hormonal signaling, cell wall, heat shock, and PR proteins. A total of 8839 differentially expressed genes (DEGs ≤-1 or ≥1 on log2 scale) were 
identified compared with that of HF infestation. In contrast, Hessian fly infestation caused 12 DEGs compared with uninfected controls and the 
up-regulated DEGs in this comparison were related with the functions of cell wall, abiotic stress, and signaling etc. Three down-regulated DEGs 
were found belonging to ethylene responsive element family associated with the biotic stress pathway. Our results also indicated that HF 
infestation after the heat treatment led to significant regulation of major biotic response at the gene expression level, suggesting that wheat 
cultivar Molly appeared to implement a failed strategy to combat the insect invasion compared to that of prior heat stress. Our findings have 
provided a unique platform to decipher the responses of plants to heat stress and analyzed the molecular mechanism of heat-induced loss of plant 
resistance. The information derived from the analysis of transcriptomic dynamics of wheat plant to heat treatments and Hessian fly infestation 
can be used to identify gene in wheat resistance to HF through reverse genetics and develop elite wheat varieties with resistance to Hessian fly 
even under heat stress. 
 



PO1035: Wheat, Barley, Oat, and related 
Development of Single Nucleotide Polymorphic Markers for a Hessian Fly Resistance Gene Using Genotyping-By-
Sequencing (GBS) in Wheat 
Yunfeng Xu1, Guoxia Liu1,2, Xuming Liu3, Mingshun Chen3,4 and Guihua Bai1,4, (1)Department of Agronomy, Kansas State 
University, Manhattan, KS, (2)Biotechnology Research Center, Shandong Academy of Agricultural Sciences, Jinan, China, 
(3)Department of Entomology, Kansas State University, Manhattan, KS, (4)Hard Winter Wheat Genetics Research Unit, USDA-
ARS, Manhattan, KS 
Hessian fly [HF; Mayetiola destructor (Say)] is one of the most destructive insects of wheat and can cause severe wheat yield and quality losses. 
Many genes for HF resistance have been reported, but diagnostic markers for those genes are not available for breeding application. To develop 
user-friendly markers for marker-assisted selection, a population of 251 recombinant inbred line (RIL) was developed from a cross between a 
HF-resistant ‘Seneca’ and a HF-susceptible ‘Bobwhite’. Seneca was reported to carry both resistance genes H7H8. The population was 
phenotyped with HF Great Plains (GP) biotype in greenhouses for HF resistance. A high-density single-nucleotide polymorphism (SNP) linkage 
map was developed by genotyping-by-sequencing (GBS). Using the map, we located one major gene at a 2.0 cM interval between SNPs 
GBS132138 and GBS132225 on the distal end of chromosome arm 6AL in Seneca. This gene explained 55.4 to 59.7% of the phenotypic 
variation for HF resistance. Both SNPs GBS132138 and GBS132225 were converted to Kompetitive Allele-Specific PCR (KASP) markers that 
can used for marker-assisted selection. Seven heterogeneous inbred families (HIFs) were selected from the heterozygous RILs using the KASP 
markers and will be used for fine mapping and cloning of QHf.ksu-6AL. 
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Distribution of Cereal Cyst Nematodes (Heterodera avenae and H. filipjevi) in Eastern Washington State 
Nuan Wen1, Yvonne Manning-Thompson1, Kimberly Garland-Campbell2 and Timothy Paulitz2, (1)Washington State University, 
Pullman, WA, (2)USDA ARS Wheat Health, Genetics and Quality Research Unit, Pullman, WA 
Cereal cyst nematodes (CCN, Heterodera avenae and H. filipjevi), cause substantial world-wide yield loss in small grain cereals such as wheat, 
barley and oat. H. avenae was first detected in the United States in Oregon in 1974 and had spread to northeast Oregon by the mid-1980s. 
Although H. avenae was detected in eastern Washington in 1984, extensive infestations were not noticed until 2010. H. filipjevi, first detected in 
Oregon in 2008, was found in eastern Washington in 2014. Thus an extensive survey was undertaken in eastern Washington and methods were 
developed to distinguish species using DNA sequencing of single cysts. In this study, we surveyed 356 wheat and barley fields in eastern 
Washington from 2007 to 2017. CCN from the infested locations were identified to species level by sequencing the ribosomal internal 
transcribed spacers (ITS) and/or 28S ribosomal RNA (rRNA) genes. The sequences were compared in the GenBank database in the National 
Center for Biotechnology Information (NCBI), to identify speices. The results show that H. filipjevi was primarily confined to southern Whitman 
County, WA; and H. avenae had a wider distribution across the higher precipitation annual cropping area of eastern Whitman County, WA. 
Knowledge of species identification is critical for deployment of host resistance as an effective means of management, since resistance genes for 
one species of CCN may not be effective against the other. 
 
PO1037: Wheat, Barley, Oat, and related 
Grain Protein Content QTLs Identified in a Durum × Wild Emmer Wheat Mapping Population Tested in Five 
Environments 
Andrew Fatiukha1, Naveh Filler1, Gabriel Lidzbarsky1, Abraham B. Korol1, Curtis J Pozniak2, Tzion Fahima1 and Tamar 
Krugman3, (1)Institute of Evolution and the Department of Evolutionary and Environmental Biology, Faculty of Natural Sciences, 
University of Haifa, Haifa, Israel, (2)University of Saskatchewan, Saskatoon, SK, Canada, (3)Institute of Evolution, University of 
Haifa, Haifa, Israel 
Wild emmer wheat (Triticum turgidum ssp. dicoccoides, genome BBAA) was shown to confer high values of grain protein content (GPC) and 
therefore harbors a great potential for improvement of cultivated wheat nutrition value. A recombinant inbred line (RIL) population derived from 
a cross between T. durum var. Svevo and T. dicoccoides (acc. Y12-3) was used for QTL mapping of GPC. Genotyping of 208 F6 RILs (with 15K 
SNP array, TraitGenetics), yielded 4,166 polymorphic SNP markers that were used to construct an ultra-dense genetic map (based on 
MultipointULD software). The resulted map contained 1,510 skeleton markers, with a total length of 2,169 cM and an average distance of 1.5 cM 
between SNPs. Map length of chromosomes ranged between 114.2cM (chr. 1A) to 188.5cM (chr. 5A), with a range of 78 (chr. 4B) to 149 (chr. 
5B) genetic loci per chromosome. GPC was evaluated in the RIL population that was grown in range of environments. These included rain-
shelter greenhouse and open fields characterized in which plants were grown in water-limited and well-watered conditions. A total of 14 GPC 
QTLs were mapped with LOD ranging from 2.7 to 35.9, and PEV ranging from 2.6 to 26.6%. Significant effects were obtained for six QTLs 
under all environments, six under field conditions only, and two under greenhouse conditions only. Major QTLs with favorable alleles from wild 
emmer wheat Y12-3 were identified on chromosomes 4BS, 5AS, 6BS and 7BL. The QTL on 6BS is located in region of the previously identified 
gene (Gpc-B1) from wild emmer wheat, and the QTL on 4BS was previously identified in another RIL population derived from wild emmer 
wheat parent G18-16 crossed with T. durum var. Langdon that confirmed our current results. These results demonstrate the importance of wild 
emmer wheat gene pool as a source for novel alleles to improve GPC in cultivated wheat. 
 
PE1038: Wheat, Barley, Oat, and related 
RNA-Seq BSA reveals the Target Region of Hybrid Incompatibility between Tetraploid Wheat and Wild Diploid Wheat 
Relative Aegilops umbellulata 
Moeko Okada1, Kentaro Yoshida1, Kazuhiro Sato2 and Shigeo Takumi1, (1)Kobe University, Kobe, Japan, (2)IPSR, Okayama 
University, Okayama, Japan 



Aegilops umbellulata Zhuk. is a diploid wild wheat relative with UU genome.Aegilops umbellulata, which has been utilized for bread wheat 
breeding, provides the ability to produce allohexaploids through interspecific crossing to tetraploid wheat. The grass-clump dwarfism is 
frequently observed as a postzygotic reproductive barrier in the triploid ABU hybrids (Okada et al. 2017, 2018).  
To identify a causal gene of the grass-clump dwarfism in the ABU hybrids, we developed molecular markers tightly linked to the U-genome 
causal gene using RNA-seq-based bulked segregant analysis. An Ae. umbellulata accession showing the grass-clump dwarfism in the ABU 
hybrids was crossed with an Ae. umbellulataone showing the wild type phenotype in the hybrid. Then, the F1plant was used as the pollen parent, 
and then crossed with the tetraploid wheat T. turgidum ssp.durum cv. Landon (AABB), generating segregating population of the ABU hybrids. 
We made two sets of bulked RNA derived from the hybrids showing the grass-clump dwarfism and the normal phenotype, and calculated SNP 
index based on their RNA-seq reads. A large number of positions with high SNP index were densely distributed to the chromosome 6U and the 
causal gene was successfully assigned.  
The grass-clump dwarfism appears to be triggered by epistatic interaction between the AB and U genomes. Our discovery of markers tightly 
linked to the U-genome causal gene for grass-clump dwarfism will contribute to elucidating mechanisms of the postzygotic reproductive barrier 
and to utilizing efficiently the Ae. umbellulatagenes in wheat breeding. 
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Genetic Control of Threshability in Wheat-Wheatgrass Hybrids 
Piyush Labhsetwar, Jamie Bugel, Kathryn Turner and Shuwen Wang, The Land Institute, Salina, KS 
Wheat (Triticum spp.) and wheatgrass (Thinopyrum spp.) hybrids have been developed as a perennial crop to reduce the disturbance to soil. 
Nearly all the hybrids are hard to thresh and unsuited for mechanical harvesting because of the wild wheatgrass parents, whereas the present-day 
wheat cultivars are free-threshing because of a mutation in miRNA binding site of Q gene on the chromosome 5A (5Aq, non-free-threshing) 
acquired during domestication. A hybrid named AgCS (Th.elongatum x T.aestivum cv. Chinese Spring) shows speltoid spikes, tenacious glumes, 
and hulled seeds. By contrast, all the disomic addition lines derived from AgCS are as free-threshing as the wheat cultivar Chinese Spring. We 
speculate that mutation(s) might have silenced the wheatgrass Q gene (5Eq) in the chromosome 5E addition line. Conservative primers were 
designed based on wheat Q gene sequences and a partial fragment for 5Eq was identified in Th.elongatum. Then a BAC library was screened and 
a complete sequence for 5Eq was obtained. At the critical miRNA binding site, 5Eq is identical to 5Aq. Gene sequences and expression profiles 
of AgCS and chromosome 5E addition line will be compared to reveal whether mutation(s) has occurred leading to the change of threshability. 
This investigation will be useful in addressing the threshability issue in wheat-wheatgrass hybrids. 
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Chromosome Engineering-Mediated Molecular Mapping and Introgression of Novel Aegilops speltoides-Derived Resistance 
Genes for Tan Spot and Septoria nodorum Blotch Diseases in Wheat 
Wei Zhang, Xianwen Zhu, Mingyi Zhang, Gongjun Shi, Zhaohui Liu and Xiwen Cai, North Dakota State University, Fargo, ND 
Tan spot and Septoria nodorum blotch (SNB) are two important fungal diseases of wheat. Resistance to these two diseases is often observed as 
the lack of sensitivity to the necrotrophic effectors produced by the fungal pathogens, thus exhibits a recessive inheritance pattern. This has 
complicated breeding for resistance to these two diseases. In this study, we identified novel genes for resistance to tan spot and SNB on Aegilops 
speltoides (2n=2x=14, SS) chromosome 2S. They confer dominant resistance in the wheat background, indicating a distinct mechanism of 
resistance. Ae. speltoides chromosome 2S was engineered by inducing meiotic recombination with wheat chromosome 2B for resistance gene 
introgression and molecular mapping. Twenty 2B-2S chromosome recombinants were evaluated for reaction to tan spot and SNB, and were 
delineated by genomic in situ hybridization (GISH) and wheat 90K SNP assay. The resistance genes physically mapped to the sub-telomeric 
region (~ 8 Mb) on the short arm of chromosome 2S, designated TsrAes1 for tan spot resistance and SnbAes1 for SNB resistance. The 2SS-
2BS·2BL recombinants with minimal amounts of Ae. speltoides chromatin containing TsrAes1 and SnbAes1 have been selected for germplasm 
development. In addition, we developed SNP-derived PCR markers (STARPs) closely flanking the Ae. speltoides genomic region harboring 
TsrAes1 and SnbAes1 for marker-assisted selection in wheat breeding. TsrAes1 and SnbAes1 are the first set of tan spot and SNB resistance genes 
identified from Ae. speltoides and SnbAes1 is the first gene identified to condition dominant resistance to SNB in wheat. 
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Bulked Segregant Analysis RNA-Seq (BSR-Seq) Validated a Stem Resistance Locus in Aegilops umbelluata, a Wild Relative 
of Wheat 
Erena Aka Edae, University of Minnesota, St. Paul, MN and Matthew N. Rouse, USDA-ARS Cereal Disease Lab, St Paul, MN 
Abstract  
Many disease resistance genes that have been transferred from wild relatives to cultivated wheat have played a significant role in wheat 
production worldwide. Ae. umbellulata is one of the species within the genus Aegilops that have been successfully used as sources of resistance 
genes to leaf rust, stem rust and powdery mildew. Most recently, a major QTL conferred resistance to the stem rust pathogen races Ug99 
(TTKSK) and TTTTF was mapped on chromosome 2U using genotyping-by-sequencing SNP markers. The objective of the current work was to 
validate the mapping of this gene with an independent bi-parental mapping population and refine the QTL region with a bulk segregant analysis 
approach. A bi-parental population of 154 F3 families was developed from stem rust resistant Ae. umbellulata accession (PI 5422375) and stem 
rust susceptible accession (PI 554395) for independently mapping the previously mapped QTL. For bulk segregant analysis, RNA was extracted 
from a bulk of leaf tissues of 12 homozygous resistant F3 families, and a separate bulk of 11 susceptible homozygous F3 families. The RNA 
samples of two bulks and the two parents were sequenced for SNPs identification. The stem rust resistance QTL that was previously detected on 
chromosome 2U of Ae. umbellulata was mapped in the same region in both populations. With bulk segregant analysis, we were also able to fine 
map the position of the QTL within 3.2 Mbp on chromosome 2U. Although there were a large number of genes in the orthologous region of 
chromosome 2D of Ae. tauschii, we detected only two Ae. umbellulata NLR genes which can be considered as a potential candidate genes. 
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Map-Cloning of Fhb7 and Lr19 derived from Thinopyrum 
Zhongfan Lv, Shandong Agricultural University, Taian,Shandong, China 
The wheatgrass of the Thinopyrum species has been employed for wheat distant breeding for over sixty years, which harbors several extremely 
valuable disease resistant genes, such as major Fusarium head blight resistant gene of Fhb7, wide-spectrum and durable leaf rust resistant gene of 
Lr19, Ug99 resistant gene of Sr25, and barley yellow dwarf virus resistant gene Bydv2 et al. Here, two wheat- Thinopyrum substitution lines, 
7ell(7D) carrying Lr19 and 7el2(7D) harboring Fhb7 were used to construct segregating population and the recombinants on 7E were screened 
and subjected for phenotypic validation. In order to develop genetic markers, the diploid E genome was assembled by a combination of 
sequencing technologies. By genetic analysis of over 200 recombinants, the gene Lr19 was mapped within a interval of 0.07 cM. Then, a 
physical map of 320 Kbp was constructed via BAC by BAC sequencing strategy. Finally, two expressed candidate genes were obtained and 
subjected for transgenic validation. Also, Fhb7 was verified to be flanked by Xf350 and Xf837 with genetic distance of 0.3 cM. In terms of 
application, the ph1b mutant was employed to increase recombination between 7E and 7D. A series of translocation lines harboring short alien 
fragments were transferred to breeding program by MAS, with much improved disease resistance but no or little impact on yield traits. 
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Genotyping by Multiplexed Sequencing in Barley 
Jonathan D. Eagle, Washington State University, Pullman, WA 
Currently genotyping by sequencing (GBS) and single nucleotide polymorphism (SNP) chip technologies are the primary genotyping 
technologies. The GBS protocol is arduous to analyze because it produces random pieces of ligated DNA which is used for SNP discovery. SNP 
chip technology is based on a hybridization technique which results in a dot plot that misrepresents true allelic states. We have developed a 
robust protocol that uses known informative markers from 90k SNP chip and provides more efficient and informative results derived from direct 
sequence reads. This PCR based direct sequencing protocol generates information from markers of interest and provides a more streamline and 
accurate analysis process, by multiplexing thousands of informative markers into a single sequencing run. The marker sets may be customized to 
the species of interest and the objective of the study. We have Identified more than 700 markers that work well in barley with this protocol, 639 
of which are from barley SNP discovery efforts and 557 are from wheat 90k SNP chip. Of the 639 barley markers; 84 map to chromosome 1H, 
95 to 2H, 79 to 3H, 84 to 4H, 140 to 5H, 62 to 6H, and 95 to 7H. 
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Comparing Single-SNP, Multi-SNP and Haplotype-Based Approaches in Association Studies for Major Traits in Barley 
Amina Abed, Laval University, Québec, QC, Canada and Francois Belzile, Laval University, Quebec, QC, Canada 
Genome-wide association studies (GWAS) have been widely used to identify quantitative trait loci (QTL) underlying complex agronomic traits. 
The current GWAS method is a single-locus approach under polygenic background and population structure controls. However, such a model 
does not estimate adequately the marker effects because the model is never correct if a trait is controlled by multiple loci, which is the case for 
most agronomic traits. Testing multiple markers simultaneously with a multi-locus model can be a better alternative for GWAS. Additionally, as 
SNPs are essentially biallelic markers, in most situations, a single SNP will prove incapable of capturing the allelic diversity present in a large 
collection of accessions. Combining adjacent markers into a haplotype and testing haplotypes instead of single markers may be more powerful. 
The objective of this study was to explore the power of different statistical models: (1) a Single-SNP model (2) a Multi-SNP model (3) a 
Haplotype-based model, to compare the results of these approaches and to potentially describe more completely the complex genetic architecture 
of four major traits in spring barley from Eastern Canada (heading time, days to maturity, grain yield and specific weight). The Multi-SNP and 
Haplotype-based approaches identified more genomic regions compared to the Single-SNP approach. Despite an important overlap of significant 
SNPs, especially between the Single-SNP and Haplotype-based approaches, some marker-trait associations were only discovered using a specific 
approach. Considered jointly, these SNPs provide complementary information, and possibly a more complete picture of the genetic architecture 
of complex traits in crops. 
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Strategies of Clustering Environments to Improve Genomewide Selection 
Jeffrey L. Neyhart and Kevin P. Smith, University of Minnesota, St. Paul, MN 
Many of the traits studied by plant breeders are highly complex and influenced by environmental conditions, leading to genotype-environment 
interactions. These interactions may be managed by grouping environments into homogenous clusters, though most clustering methods rely on 
existing phenotypic data, precluding the assessment of unobserved environments. Clusters may be used to optimize genomewide predictions and 
identify locally-adapted genotypes. To investigate this, we phenotyped 233 barley (Hordeum vulgare L.) lines for three quantitative traits in more 
than 40 location-year environments. We explored measurements for calculating the dissimilarity of environments based on the observed 
phenotypic correlation, the physical distance between locations, or environmental covariables such a temperature, rainfall, and soil 
characteristics. For a single target environment, we ranked remaining environments by these dissimilarity measurements and built training sets by 
adding environments sequentially. Adding more distant environments improved predictive ability, but with diminishing returns. Often, training 
sets of fewer, more similar environments led to greater predictive abilities than using data from all environments. These dissimilarity 
measurements were used to hierarchically cluster environments, and predictions were made within clusters. For many dissimilarity 
measurements, predictions using data within a cluster were more accurate that using data from all environments, though these results were trait-
dependent. Overall, the phenotypic correlation measurement was superior, though measurements based on environmental covariables, which 
allow for the prediction of new environments, were only marginally inferior and may be useful in a breeding program. 
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Barley for Better Beer: Low Grain Protein Combined with Drought Tolerance 
Burcu Alptekin, Andreas Fischer, Jamie Sherman and Dylan Mangel, Montana State University, Bozeman, MT 



With over 140 million metric tons of annual production worldwide, barley (Hordeum vulgare) is one of the most extensively grown crops. Barley 
has been utilized as both animal feed and human food together with malting purposes. In recent years, the Great Plains of the U.S. have been 
facing the severe effects of climate change resulting in a significant decrease in crop productivity and end-use quality, particularly for malting 
barley. Drought-induced increase in protein concentration of barley grain affects malting quality severely along with stress-related yield decline. 
The molecular mechanism of drought tolerance in cereals is complex and not fully understood yet; however, candidate genes for tolerance have 
been identified. Barley Glycine-Rich RNA-Binding Protein (HvGR-RBP1) provides higher tolerance against several abiotic stresses including 
drought. This gene is located on barley chromosome 6 and linked with another important gene, HvNAM-1, a transcription factor affecting 
senescence and grain protein content (GPC). In this study, molecular markers for HvGR-RBP1 were developed and used to screen more than 100 
malting barley breeding lines to find recombinants carrying a nonfunctional/low-grain protein allele of HvNAM-1 combined with a functional 
allele of HvGR-RBP1 improving drought tolerance. Screening of HvGR-RBP1 in the varieties ‘Karl’ and ‘Lewis’ revealed the presence of an 
important insertion in the promoter region of GR-RBP1 in Karl which results in impaired gene expression. Selected varieties showed a better 
performance in dryland for kernel weight and yield together with increased percentage of plump kernels. The developed marker will be utilized 
for the selection of varieties which will better cope with drought stress and dry climate conditions. 
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Investigating the Inheritance of CMS-Instability in Winter Barley 
Timm Bernhard, Wolfgang Friedt, Rod Snowdon and Benjamin Wittkop, Department of Plant Breeding, Justus Liebig University, 
Giessen, Germany 
Winter barley (Hordeum vulgare L.) is the third most important crop in Germany, mainly used for animal fodder. As an autogamous cereal, the 
majority of registered barley varieties are true breeding inbred lines. However, breeding efforts are today tending towards the incorporation of 
hybrid varieties, which combine higher yields with a better yield stability and stress tolerance. This has already been demonstrated in former 
investigations.  
For an effective and cost-efficient seed production of hybrid barley a cytoplasmic male sterility (CMS) system is needed to ensure high hybridity. 
The common CMS system found in H. spontaneum is known to be temperature-dependent and photo-sensitive, which currently presents a major 
problem for production of homogeneous hybrid seeds. Besides these environmental factors, the genetic background of potential female lines also 
affects the reversion of sterility, causing seed set in selfed “sterile” mother lines. In former experiments, dependence of both the CMS mother 
lines and their maintainers on the genetic background could be observed. Investigations using BC1S1 populations, derived by crosses of two CMS 
mother lines with various maintainer lines, revealed a clear segregation of the CMS instability trait following a 3:1 ratio (fertile:sterile plants) 
suggesting a monogenic inheritance. The objective of the present study is a genome-wide association study using the phenotyped BC1S1 
populations to investigate the genetic background and to find potential candidate genes. Hence marker-assisted selection regarding the CMS 
instability enables a reliable creation of stable CMS pools. This would be a big advantage for effective and cost-efficient winter barley hybrid 
breeding programs. 
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Comparative Transcriptomics of Meristems Reveals Gene Expression Patterns Underlying Tiller Development in Barley 
Allison Haaning and Gary J. Muehlbauer, Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 
In barley, tillers (axillary branches) develop from axillary meristems (AXM) and are a defining characteristic of shoot architecture in barley. 
However, little is known about gene expression patterns underlying AXM and tiller development. In this study, amplified RNA was sequenced 
from laser microdissected shoot apical meristems (SAM), from which main shoots develop, and AXM at different seedling stages from two 
cultivars, Bowman and Morex. From genes differentially expressed between individual meristems and non-meristem tissues (e.g. leaves), we 
identified a set of 43 genes expressed in nearly all meristems, regardless of type (SAM or AXM), morphological stage (e.g. vegetative or early 
inflorescence), or genotype. Based on broad meristem expression and homology to meristem genes characterized in other species, like 
CLAVATA1, CUP SHAPED COTYLEDON2, and KNOTTED1, it is likely that this set of genes is important for general meristem maintenance 
and function. Furthermore, we identified variation in gene expression profiles based on meristem type, morphological stage, and genotype to 
identify genes that may be important for influencing tiller development. Overall, we found gene expression profiles were distinguished by 
genotype and meristem type, but profiles of different meristem types tended to be more similar if morphological stages were similar. 
Furthermore, clustering based on expression in all meristems identified genes that are likely important for tiller development as some, like 
UNICULME4 and INTERMEDIUM-C (TEOSINTE BRANCHED1 ortholog), have been previously shown to influence tiller outgrowth. 
Upregulation of some genes in AXM and ligule suggest, as in other species, dual function in AXM and leaf development. 
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A Hotspot Region on Chromosome 5H and its Impact on Developmental Traits in Nordic Spring Barley 
Magnus Göransson1,2, Jón Hallsteinn Hallsson1, Morten Lillemo2, Jihad Orabi3, Gunter Backes4, Ahmed Jahoor3,5, Jónatan 
Hermannsson1, Therese Christerson6, Stine Due Tuvesson6, Bo Gertsson6, Lars Reitan7, Muath Alsheikh7, Reino Aikasalo8, Mika 
Isolathi8, Merja Veteläinen8, Marja Jalli9, Lene Krusell10, Rasmus L Hjortshøj10, Birger Eriksen10 and Therése Bengtsson5, 
(1)Agricultural University of Iceland, Reykjavik, Iceland, (2)Norwegian University of Life Sciences, Aas, Norway, (3)Nordic Seed, 
Galten, Denmark, (4)University of Kassel, Kassel, Germany, (5)Swedish University of Agricultural Sciences, Alnarp, Sweden, 
(6)Lantmännen Lantbruk, Svalöv, Sweden, (7)Graminor, Ridabu, Norway, (8)Boreal Plant Breeding Ltd., Jokioinen, Finland, 
(9)Natural Resources Institute Finland (Luke), Jokioinen, Finland, (10)Sejet Plant Breeding, Horsens, Denmark 
The northwards expansion of barley production requires adaptation to longer days, lower temperature and stronger winds during the growing 
season. We have screened the current barley breeding gene pool in the Nordic region with regards to heading, maturity, height, and lodging under 
different environmental conditions in field trials over three years in northern and central Europe. Through a genome-wide association scan we 
have linked phenotypic differences observed in multi-environment field trials to single nucleotide polymorphisms with the aim to understand 



what genetic loci are involved in controlling these important adaptive traits in a panel consisting of the most northerly adapted advanced barley 
genepool that exists.  
Three chromosomal regions showed strong associations with the earliness traits: QDEV.PPP-5H-10, located on chromosome 5H, position 150-
154 cM; QDEV.PPP-6H-3, located on chromosome 6H, position 43-53 cM; and QDEV.PPP-2H-8, located on chromosome 2H, position 49-53 
cM. The end region of chromosome 2H with QDEV.PPP-2H-15 - 17 was associated with early spring vigor. For height and lodging there was a 
clear association on QDEV.PPP-5H-10.  
Despite decades of intense breeding efforts relying heavily on the same germplasm background, our results show that there still exists 
considerable variation within the current breeding gene pool that could be further exploited for breeding early maturing barley for high latitude 
agriculture. This opens possibilities to expand the global cereal cultivation even further northwards. 
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Species Range Limits, Recombination Rate Variation, and Chromosome Inversions Shape the Distribution of Deleterious 
Variants in Wild Barley 
Li Lei1, Chaochih Liu2, Skylar Wyant2, Ana M. Poets3, Ahmad Sallam4, Brian J. Steffenson4, Kevin P. Smith4, Justin Fay5 and Peter 
L. Morrell2, (1)Department of Agronomy & Plant Genetics, University of Minnesota, St.Paul, MN, (2)Department of Agronomy 
and Plant Genetics, University of Minnesota, St. Paul, MN, (3)University of Minnesota, Saint Paul, MN, (4)University of 
Minnesota, St. Paul, MN, (5)Department of Biology, University of Rochester, Rochester, NY 
The distribution of deleterious variants across the genome of individuals and across a species’ range is affected by effective population size (Ne) 
at multiple scales. For example, individuals in peripheral populations may be more prone to the accumulation of deleterious variants than 
individuals from centrally located populations because of frequent population founding and loss. Peripheral populations may also experience 
limited or unidirectional migration. Genomic regions with a low effective recombination rate experience less effective removal of deleterious 
variants by purifying selection. This effect could be amplified within inversions and other structural variants which can dramatically suppress 
recombination and increase linkage disequilibrium (LD). We examine these effects in wild barley (Hordeum vulgare L. ssp. spontaneum), the 
progenitor of cultivated barley (H. vulgare L. ssp. vulgare). Using a combination of SNP genotyping and exome capture resequencing. We 
examine the factors affecting the geographic and genomic distribution of deleterious variants in 179 wild barley accessions.  
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Understanding Programmed Cell Death Pathways by Characterizing Barley Disease Lesion Mimic Mutant 
Wail F Alsolami, Roshan Sharma Poudel, patricK. Gross, Thomas Gross and Robert S. Brueggeman, Department of Plant 
Pathology, North Dakota State University, Fargo, ND 
Programmed cell death (PCR) in plants refers to a rapid and localized cell death that occurs as a result of regular biological process or in 
response to infection or injury. Understanding the molecular mechanisms of PCD will fill key knowledge gaps in regards to plant development or 
resistance mechanisms. Upon pathogen invasion salicylic acid and reactive oxygen intermediate (ROI) signaling responses are triggered that 
contribute to the PCD outcome. Substantial research efforts have been conducted to identify genes involved in these PCD pathways including the 
generation and characterization of lesion mimic mutants that can constitutively express PCD even in the absence of infection. The constitutive 
expression of PCD may be a result of the deletion of gene/s that directly or indirectly suppress PCD when it is not needed. The objective of this 
research is to understand the molecular mechanisms underlying PCD function through the characterization of five fast neutron generated lesion 
mimic mutants in the Steptoe background: FN360, FN361, FN365, FN370 and FN396 . Each mutant expresses a unique phenotype and are not 
allelic. Bi-parental populations were developed for each mutant by crossing with the barley cultivar Morex. The bi-parental populations were 
phenotyped, and genotyped using polymerase chain reaction-Genotyping by Sequencing (PCR-GBS). The genotypic and phenotypic data was 
used to map the mutations. Exom capture was then utilized on each mutant and wildtype Steptoe followed by Illumina sequencing to identify 
candidate mutant genes via comparative analysis within the genetically delimited regions.  
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Introgression of rpg4/Rpg5 Alleles into Doubled Haploid Barley Germplasm Provides Insights into the Genetics of 
Resistance to Race TTKSK of Stem Rust and Provides Resources for Breeders to Develop Resistant Varieties 
Francisco Hernandez1, Brian J. Steffenson2, Kelly Vining1, Tanya Filichkin1, Scott Fisk1, Laura Helgerson1, Brigid Meints1, David 
S. Marshall3 and Patrick M. Hayes1, (1)Oregon State University, Corvallis, OR, (2)University of Minnesota, St. Paul, MN, 
(3)USDA-ARS, Raleigh, NC 
Stem rust (incited by Puccinia graminis f.sp tritici) is a major disease of wheat and barley. Race TTKSK of stem rust is of particular concern 
because most cultivars are susceptible. In order to prepare for the possible arrival of stem rust race TTKSK in North America, we crossed a range 
of barley germplasm - representing different growth habits and end-uses - with donors of Rpg1 and rpg4/Rpg5. The former confers resistance to 
prevalent races of stem rust in North America and the latter confers resistance to race TTKSK. Using doubled haploids produced from these 
crosses, we determined allele type at the Rpg loci and haplotype at 9,000 SNP loci. The doubled haploids were phenotyped for TTKSK resistance 
at the seedling stage. Integration of genotype and phenotype data revealed that Rpg1 was not associated with TTKSK resistance, that rpg4/Rpg5 
was necessary but not sufficient for resistance, and that specific haplotypes at two QTLs were required for rpg4/Rpg5 to confer resistance to 
TTKSK. Adult plant resistance to leaf rust and stripe rust (incited by P. hordei and P. striiformis f.sp. hordei, respectively) was also assessed on 
the doubled haploids in field trials at three locations in the USA over a two-year period. Adult plant resistance to TTKSK was assessed on a 
subset of the doubled haploids in Kenya. Doubled haploids were identified with resistance to all of the rusts, and this germplasm is available to 
the research and breeding communities. 
 
PO1053: Wheat, Barley, Oat, and related 
Alleles of a Barley Receptor-like Protein may confer Dominant Resistance and Susceptibility to Pyrenophora teres f. teres 
Karl M Effertz, North Dakota State University, Fargo, ND 



Net form net blotch (NFNB), caused by the necrotrophic fungal pathogen Pyrenophora teres f. teres (Ptt), results in significant yield loss in 
effected barley fields worldwide. Durable genetic resistance is the most desirable means of controlling this disease, however the genetic nature of 
this pathosystem appears to be exceedingly complex. An important locus in the centromeric region of barley chromosome 6H has been reported 
in several studies investigating Ptt resistance and susceptibility. Our group investigated this locus, which confers dominant susceptibility to Ptt 
isolates 6A and 15A in barley cultivars Rika and Kombar, respectively. Fine mapping of this region led to the identification of a candidate gene, 
encoding a receptor-like protein (RLP) with marked diversity amongst different barley lines. Additionally, we found that an overlapping 6H 
locus confers dominant resistance to a global collection of Ptt isolates in the Ethiopian landrace CIho 5791, which may be controlled by this 
same RLP. We hypothesize that the varying alleles of this RLP confer dominant resistance or susceptibility, depending on the genetic 
background. We present fine mapping and association mapping results, along with qPCR expression data that confirm the role of the different 
alleles of this RLP in the barley-Ptt pathosystem. Elucidating the mechanisms underlying this important locus will aid in breeding robust 
resistance to this damaging disease into elite barley cultivars and provide insight into the forces driving host-pathogen evolution in this complex 
pathosystem. 
 
PE1054: Wheat, Barley, Oat, and related 
Identification of Genomic Regions Associated with Virulence in Pyrenophora teres f. teres Populations 
Anke Martin, Centre for Crop Health, University of Southern Queensland, Toowoomba, Australia and Greg Platz, Queensland 
Department of Agriculture and Fisheries, Warwick, Australia 
Net form of net blotch, an important foliar disease of barley, is caused by the fungus Pyrenophora teres f. teres (Ptt). This fungus is heterothallic 
in nature, and isolates of opposite mating type frequently reproduce sexually. Two Ptt populations were developed in vitro. A Beecher virulent 
isolate (NB29) was crossed to both a Prior virulent (NB85) and a Skiff virulent isolate (HRS09122). Seedling assays were conducted to 
phenotype the progeny using the three barley lines Beecher, Prior and Skiff. Genetic maps were generated consisting of 733 and 524 DArTseq™ 
markers for population NB29/HRS09122 and NB29/NB85, respectively. The average distance between makers was 2.73 and 2.95 cM for the 
NB29/HRS09122 and NB29/NB85 map, respectively. Significant quantitative trait loci (QTL) were identified on five different chromosomal 
regions. The highest QTL peak associated with Beecher virulence was located on chromosome 3, had a LOD score of 12 and explained 36% of 
the phenotypic variance. Five other significant QTL were identified on chromosomes 3, 5, 7 and 8 with LOD scores ranging from 3.0 to 6.6. 
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Fine Mapping and Identification of Leaf Rust Resistance Gene, Rph3 in Barley 
Hoan X. Dinh1, Robert Park2, Davinder Singh2 and Mohammad Pourkheirandish3, (1)The University of Sydney, Cobbitty, NSW, 
Australia, (2)The University of Sydney, Camden, NSW, Australia, (3)The University of Sydney, Faculty of Science, Plant Breeding 
Institute, Cobbitty, Australia 
Barley leaf rust caused by Puccinia hordei is one of the most devastating diseases on barley worldwide. The deployment of resistance genes is 
cost-effective and environmentally friendly method to protect barley harvest. However, the molecular basis of gene-specific resistance responses 
is unknown in this species. The Rph3 gene located on the long arm of chromosome 7H is well known to provide high level of resistance to leaf 
rust since seedling stages. We have shown that this gene is an intermediate dominant as the F1 reaction is between resistant and susceptible. By 
using 182 lines of Tallon x Scarlett RILs population, the resistance gene Rph3 was mapped on the distal region of the chromosome 7HL. High-
resolution mapping was constructed using two F2 segregating populations including Tallon (rph3) x Scarlett (Rph3) with 12,000 gametes plus 
Sloop (rph3) x Alexis (Rph3) with 10,000 gametes. We have found 271 recombinants in 3.85 cM harbouring Rph3 that allowed to delimit the 
genetic distance to 0.041 cM and the physical distance to 96.6 Kb based on Morex physical map. The Rph3 is completely linked with marker 
MLOC_198, and flanked by two other PCR based markers MLOC_190 and MLOC_336 located 0.09 and 0.032 cM to Rph3. In this region, 
based on the Morex reference sequence, there is one gene can be nominated as the candidate of Rph3. The candidate gene contains two novel 
motifs shared by resistance genes including leucine-rich repeat and NB-ARC domain. 
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Genome Wide Association Mapping of Seedling and Adult Plant Resistance to Barley Stripe Rust (Puccinia striiformis f. sp. 
hordei) in India 
Andrea Visioni1, Sanjaya Gyawali2, Rajan Selvakumar3, Om P. Gangwar4, Pradeep S. Shekhawat5, Subhash Bhardwaj4, Ayed Al 
Alabdallt6, Zakaria Kehel7 and Ramesh Verma1, (1)ICARDA, Rabat, Morocco, (2)Washington State University, Mt. Vernon, WA, 
(3)Indian Institute of Wheat and Barley Research, Karnal, India, (4)Indian Council of Agricultural Research, Flowerdale (Shimla), 
India, (5)Rajasthan Agricultural Research Institute, Durgapura, India, (6)University of Jordan, Amman, Jordan, (7)International 
Center for Agriculture Research in the Dry Areas ICARDA, Rabat, Morocco 
Performing genome-wide association mapping (GWAM), we identified and estimated effects of loci underlying quantitative resistance to barley 
stripe rust, caused by Puccinia striiformis f.sp. hordei (Psh). Barley stripe rust occur worldwide and is a major disease in South Asia. The HI-AM 
panel of 261 barley genotypes consisting of germplasm from North and South America, Europe, Australia and from ICARDA barley breeding 
program were screened for Psh resistance at seedling and adult plant stages. Seedling resistance was evaluated with the five prevalent Psh races 
in India. Screening for the adult plant stage resistance was also performed in two different locations by inoculating with a mixture of the five 
races used for seedling screening. Results of GWAM showed a total of 45 QTL located across the seven barley chromosomes for seedling 
resistance to the five races and 18 QTL for adult plant stage resistance. Common QTL for different races at seedling stage were found on all 
chromosomes except on chromosome 1H. Four common QTL associated with seedling and adult plant stage resistance were found on 
chromosomes 2H, 5H, and 6H. Moreover, one of the QTL located on the long arm of chromosome 5H showed stable effects across environments 
for adult plant stage resistance. Several QTL identified in this study were also reported before in bi-parental and association mapping populations 
studies validating current GWAM. However 15 new QTL were found at adult plant stage on all chromosomes except the 4H, explaining up to 
36.79% of the variance. The promising QTL detected at both stages, once validated, can be used for MAS in Psh resistance breeding program 
globally. 
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Characterisation of Barley Resistance to Rhynchosporium 
Anna Avrova1, Lucie Griffe2, Kath Wright3, Micha Bayer3, Max Coulter3, Bianca Buettner4 and Mark Looseley3, (1)James Hutton 
Institute, Dundee, United Kingdom, (2)RAGT Seeds Ltd, Saffron Walden, United Kingdom, (3)James Hutton Institute, DUNDEE, 
United Kingdom, (4)Bavarian State Research Center for Agriculture, Freising, Germany 
Barley is the fourth most widely grown cereal crop in the world, with fungal pathogens represent the main constraint to production. 
Rhynchosporium commune, causes rhynchosporium, one of the most destructive diseases of barley worldwide. It can cause yield loss of up to 
40% and affect grain quality, devalueing the crop. Current relience on fungicides is expensive, and the long asymptomatic phase makes timely 
chemical treatment difficult. The most cost effective and sustainable method of controlling crop pathogens is through effective variatal restance, 
and durable resistance requires the incorporation of a broad range of resistances with diverse functional effects. This strategy is dependent on the 
identification of tightly linked markers to a number of complementary resistance genes.  
To address this demand, several collections of barley genotypes including 660 UK spring barley varieties, 480 Syrian and Jordanian landraces, 
and mapping populations developed from elite varieties were assessed for resistance to a complex natural population of R. commune in a field 
disease nursery at the James Hutton institute in Dundee, Scotland. Genetic analyses of these collections identified a number of QTL, the most 
significant of which collocated with the known position of the major resistance gene Rrs1. Seedling assays with R. commune strain expressing 
the cognate avirulence protein NIP1 confirmed this locus as Rrs1. These results highlight the significant and continuing contribution of Rrs1 to 
barley resistance to rhynchosporium. Associated markers to this, and other resistance loci will provide breeders with the tools to effectively 
design durable resistance into new cultivars. 
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Genome Wide Association Study of Spot Blotch at Seedling and Adult Plant in Morocco and India  
Andrea Visioni1, Sajid Rehman1, Shyam Saran Vaish2, Shiv Pratap Singh3, Siya Ram Vishwakarma3, Sanjaya Gyawali4 and 
Ramesh Verma1, (1)ICARDA, Rabat, Morocco, (2)banaras HinduUniversity, Varanasi, India, (3)Narendra Dev University of 
Agriculture and Technology, Faizabad, India, (4)Washington State University, Mt. Vernon, WA 
Barley spot blotch caused by Cochliobolus sativus is one of the major constrains to barley production worldwide. The aim of this work was to 
identify and estimate effects of loci underlying quantitative resistance to spot blotch at seedling and adult plant stages. A panel of 261 barley 
genotypes (HI-AM) consisting of released cultivars from North and South America, Europe, Australia, advanced breeding lines, and landraces 
from ICARDA barley program, was screened for assessing resistance to spot blotch. Seedling resistance screening was conducted using two most 
virulent isolates from Morocco (ICSB and SB54) while adult plant resistance was assessed at two hot spot locations in India (Faizabad and 
Varanasi) under artificial inoculation using a mixture of virulent isolates prevalent in Uttar Pradesh (India). Both GLM and MLM model were 
employed in Tassel using principal component analysis and Kinship Matrix as covariates. Genome wide association mapping showed a total of 
23 QTL at seedling stage (14 for isolate ICSB and 9 for isolate SB54). 15 QTL were detected for adult plant resistance (6 at Faizabad and 9 at 
Varanasi). Common QTL at seedling stage and adult plant were found across all barley chromosomes. QTL detected explained together the 
73.24% of the variance for seedling resistance to isolate ICSB and 49.26% for isolate SB54. QTL for adult plant explained together 38.32% and 
44.09% at Faizabad and Varanasi, respectively. Several QTL identified in this study were also reported before in bi-parental and association 
mapping populations studies supporting our results. The promising QTL detected at both stages, once validated, can be used for MAS in spot 
blotch resistance breeding program globally. 
 
PO1059: Wheat, Barley, Oat, and related 
The Hijacking of Barley Wall Associated Kinases by Bipolaris sorokiniana to Cause Spot Blotch Disease 
Gazala Ameen1, Thomas Drader2, Shyam Solanki1, Lauren Sager1, Brian J. Steffenson3, Andris Kleinhofs2, Chrysafis Vogiatzis4 
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, (4)North Carolina A&T State University, Greensboro, NC 
Plants have sophisticated layers of immunity receptors that sense the pathogen or host derived cues triggering transcriptional reprogramming to 
initiate defense responses which mostly result in programmed cell death (PCD). This PCD mediated resistance subdues the biotrophic pathogens, 
but can be hijacked by necrotrophs to colonize the resulting dead host cells. We show that barley wall associated kinase (WAK) genes, 
underlying the rcs5 QTL, function as immunity receptors that are hijacked by the necrotrophic fungal pathogen Bipolaris sorokiniana elicitors to 
cause spot blotch disease. The rcs5 genetic interval was delimited to ~0.23 cM, representing an ~234 kb genomic region that contained four 
WAK genes, designated HvWak2, Sbs1, Sbs2 (susceptibility to Bipolaris sorokiniana 1&2), and HvWak5. Post-transcriptional gene silencing of 
Sbs1&2 in the susceptible barley lines Steptoe and Harrington resulted in resistance, thus, the WAKs function as dominant susceptibility genes. 
Transcript analysis of Sbs1&2 showed nearly undetectable expression in resistant and susceptible lines prior to pathogen challenge, however, 
upregulation of both genes specifically occurred in susceptible lines post inoculation. Allele analysis of Sbs1&2 from eight resistant and two 
susceptible barley lines identified sequence polymorphisms associated with disease phenotypes in the promoter regions indicating that 
differential transcriptional regulation by virulent isolates contribute to WAK mediated susceptibility. Virulent isolate apoplastic wash fluids 
induced Sbs1 suggesting regulation by an apoplastic-secreted effector. Thus, the Sbs1&2 genes underlying the rcs5 QTL are the first 
susceptibility/resistance genes identified that confer resistance against spot blotch, a disease that threatens barley and wheat production 
worldwide. 
 
PE1060: Wheat, Barley, Oat, and related 
Fine Mapping of a Dominant Gene Conferring Resistance to Spot Blotch Caused by a New Pathotype of Bipolaris 
sorokiniana in Barley 



Shaobin Zhong1, Rui Wang2, Yueqiang Leng1 and Mingxia Zhao1, (1)Department of Plant Pathology, North Dakota State 
University, Fargo, ND, (2)University of Idaho, Aberdeen, ID 
Spot blotch, caused by Bipolaris sorokiniana, is an economically important disease on barley in the Upper Midwest region of the USA and 
Prairie Provinces of Canada. A new pathotype (pathotype 7, represented by isolate ND4008) of B. sorokiniana has been identified, which is 
highly virulent on barley cultivars with resistance to other pathotypes of the fungus. In this study, we fine mapped a dominant gene conferring 
resistance to pathotype 7 in the barley line PI 235186. Genetic analysis of the F1 and F2 plants from a cross between PI 356741 (highly 
susceptible to ND4008) and PI 235186 (highly resistant to ND4008) indicated that a single dominant gene (Rbs7) controls the resistance in PI 
235186. This result was confirmed by genetic analysis of the F2:3 families and a recombinant inbred line (RIL) population derived from the same 
cross. Bulked segregant analysis using simple sequence repeat (SSR) markers localized Rbs7 on the short arm of chromosome 6H. Additional 
DNA markers were developed from the 6H pseudomolecule sequence of barley cv. Morex and mapped to the genomic region carrying Rbs7 
using the RIL population and F2 recombinants derived from the PI 356741 × PI 235186 cross. Rbs7 was fine mapped between two markers 
(M13.06 and M13.37), which spans a physical distance of 304 kb on Morex chromosome 6H. These results provide a foundation for future 
cloning of the resistance gene and development of user-friendly molecular markers that can be used for development of spot blotch resistant 
cultivars in barley breeding programs. 
 
PO1061: Wheat, Barley, Oat, and related 
Positional Cloning of Two Resistance Genes to Barley Viral Diseases 
Hélène Pidon1, Lisa Eichel2, Neele Wendler3, Antje Habekuss4, Klaus Oldach3, Ping Yang5, Eberhard Laubach6, Frank Ordon7, 
Viktor Korzun8 and Nils Stein9, (1)Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany, (2)The 
Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Seeland, Germany, (3)KWS LOCHOW GmbH, Bergen, 
Germany, (4)Julius Kuehn-Institute (JKI), Federal Research Institute for Cultivated Plants, Institute for Resistance Research and 
Stress Tolerance, Quedlinburg, Germany, (5)Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing, China, 
(6)Nordsaat Saatzucht GmbH, Langenstein, Germany, (7)Julius Kühn-Institut (JKI) Federal Research Centre for Cultivated Plants, 
Institute for Resistance Research and Stress Tolerance, Quedlinburg, Germany, (8)KWS Lochow GMBH, Bergen, Germany, 
(9)IPK Gatersleben, Stadt Seeland, Germany 
Virus diseases are causing high yield losses in crops worldwide. In Europe, Barley yellow dwarf virus (BYDV), transmitted by aphids, and the 
soil-borne Barley yellow mosaic virus (BaYMV) and Barley mild mosaic virus (BaMMV) complex, transmitted by Polymyxa graminis, are of 
prime importance in this respect in barley. Chemical control of viral diseases is environmentally not desirable and, with respect to soil-borne 
vectors, not even possible. Thus, virus resistant cultivars are urgently needed. To date, only two genes providing resistance to BaYMV/BaMMV 
have been cloned. To be able to achieve a durable protection of the crop, challenged by the emergence of virulent isolates, additional resistance 
genes are needed. We are aiming at identifying two loci: rym7, a partial resistance locus to BaMMV, and Ryd4Hb, a dominant resistance gene 
against BYDV. In previous studies, they were allocated to chromosomes 1H and 3H, respectively (Yang et al., 2013; Scholz et al., 2009). We 
selected, phenotyped and genotyped by GBS 232 segmental recombinant inbred lines (RILs) in rym7 interval. Linkage analysis assigned rym7 to 
a 2 Mbp interval annotated with seven high confidence genes. TILLING is ongoing for one of the most promising candidate. Ryd4Hb is derived 
from Hordeum bulbosum, a wild species representing the secondary genepool of barley. Recombination in crosses between H. vulgare and H. 
bulbosum are scarce: the screening of 16,000 F2 plants only allowed to identify less than 120 recombinant plants in a 13.3 Mbp interval. 
Phenotyping and finer genotyping should soon allow to identify candidate genes. 
 
PE1062: Wheat, Barley, Oat, and related 
The Repetitive DNA Landscape in Avena (Poaceae): Chromosome and Genome Evolution Defined by Major Repeat Classes 
in Whole-Genome Sequence Reads 
Qing Liu1, Xiaoyu Li2, Xiangying Zhou2, Mingzhi Li3, Fengjiao Zhang4, Trude Schwarzacher5 and Pat Heslop-Harrison6, (1)South 
China Botanical Garden, Chinese Academy of Sciences, Guangzhou, Guangdong, China, (2)South China Botanical Garden, 
Chinese Academy of Sciences, Guangzhou, China, (3)Genepioneer Biotechnologies Co. Ltd., Nanjing, China, (4)Institute of 
Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing, China, (5)University of Leicester, Leicester, United 
Kingdom, (6)Department of Genetics, University of Leicester, Leicester, United Kingdom 
Common oat (Avena sativa L., AACCDD) was inferred to experience ancient allotetraploidy and subsequent recent allohexaploidy events 
involving C-, A-, and D-genome ancestors (x = 7). Whole-genome sequencing followed by k-mer and RepeatExplorer analyses enabled 
assessment of repetitive DNA composition in common oat and its wild relatives’ genomes. Fluorescence in situ hybridization (FISH)-based 
karyotypes are developed to understand chromosome and repetitive sequence evolution of common oat. The genomes consist of avg. 72.51% 
repetitive DNA motifs, with more abundant Gypsy (avg. 42.81%) than Copia (avg. 16.59%) retrotransposons in four Avena species. FISH 
karyotypes of common oat are constructed by using 25 probes from the identified repetitive sequences, showing all chromosomes are involved 
intergenomic translocations. The C-genome specific motifs are inferred to diverge from common ancestors before the radiation of A- and D-
genome specific motifs; furthermore, the A- and D-genome specific motifs evolve separately. The analyses provide molecular evidence to 
characterize repetitive DNA abundance and composition of Avena genomes, determine different maternal progenitors involved in multiple 
hybridization events of common oat, and facilitate genetic improvement of the crop. Additionally, our data bridge the gaps between 
quantitatively assessing repetitive DNA (repeatome) variation and exploration of driving forces behind the evolutionary success of A. sativa. 
Taken together, the study indicates that the repeat divergence acts as a specific factor to lineage differentiation in Avena. 
 
PO1063: Wheat, Barley, Oat, and related 
Multivariate Genome-Wide Association Analyses Reveal the Genetic Architecture of Fatty Acid Composition in Oat (Avena 
sativa L.) 



Trevor H. Yeats1, Maryn Carlson2, Gracia Montilla3, Owen Hoekenga4, Mark E. Sorrells5, Jean-Luc Jannink6 and Michael A. 
Gore5, (1)Cornell University, Ithaca, NY, (2)University of Chicago, Chicago, IL, (3)Spanish National Research Council (CSIC), 
Cordoba, Spain, (4)Cayuga Genetics Consulting Group, Ithaca, NY, (5)Plant Breeding and Genetics Section, School of Integrative 
Plant Science, Cornell University, Ithaca, NY, (6)USDA-ARS / Cornell University, Ithaca, NY 
Oats (Avena sativa L.) are nutritious and energy-rich, due in part to a high seed oil content (up to 12% w/w). The fatty acid profile of oats is 
generally rich in healthier mono- and polyunsaturated fatty acids, but extensive cultivar-dependent variation in fatty acid content and 
composition exists. This indicates that further optimization of these parameters is possible as part of a broader effort to breed for improved 
nutritional quality. Towards this goal, we assembled a diversity panel of 492 oat cultivars, genotyped them for 29,320 singe nucleotide 
polymorphisms (SNPs), and quantified ten fatty acid methyl esters derived from seed oils using gas chromatography-mass spectrometry (GC-
MS). We leveraged the correlations between different fatty acids, likely due to their participation in shared biosynthetic pathways, for increased 
power in genome-wide association studies (GWAS) of principal components and multivariate GWAS. The latter approach was the most 
powerful, revealing five chromosomal regions supported by a total of 148 SNPs at a 10% false discovery rate. Decomposing the allelic effects in 
these regions revealed three to be associated with variation in total fatty acid quantity, while two were associated with specific changes in fatty 
acid composition. These trends are discussed in terms of well-studied pathways of plant lipid biosynthesis. This work also establishes a 
methodological framework for our ongoing efforts to study and predict oat seed metabolomes in order to improve the health-promoting 
properties of oats through breeding. 
 
PE1064: Wheat, Barley, Oat, and related 
Genetic Mapping of a Seedling Resistance QTL Effective Against the Oat Leaf Blotch Pathogen Pyrenophora avenae 
Alexander Woitas1, Tajinder Grewal2, Curt A. McCartney3 and Aaron D. Beattie1, (1)University of Saskatchewan, Saskatoon, SK, 
Canada, (2)SGS Canada Inc, Saskatoon, SK, Canada, (3)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada 
Oat leaf blotch diseases are caused by a complex of Pyrenophora avenae, Cochliobolus sativus and Stagonospora avenae. Concern exists as to 
the potential harm they pose to oat yield and physical grain quality (i.e. test weight) which can negatively impact production and the potential to 
meet minimum standards of milling quality. Growing resistant varieties is an effective method of control, but very little is known about sources 
and effectiveness of resistant oat germplasm.  
Over four field seasons (2014-2017) P. avenae was identified in 59% of 160 fields surveyed in Saskatchewan, Cochliobolus sativus was present 
in 23% of surveyed fields while S. avenae was identified in 3% of fields. Methods to culture these pathogens on artificial media and to develop 
an effective inoculation procedure to screen oat germplasm were successful. Subsequent work focused on P. avenae due to the high prevalence 
of this pathogen. A panel of 32 oat lines were evaluated with the P. avenae isolates revealing a wide range in pathogenicity, while several oat 
lines with effective resistance were identified.  
QTL mapping using the oat iSelect 6K Genotyping beadchip in the OT3011 x Iowa N2052 and CDC Dancer x AC Ass/S42 populations revealed 
a single major QTL on chromosome 5C that was effective against the four P. avenae isolates evaluated. P. avenae isolates from South Dakota are 
being screened against these populations to determine whether this QTL is effective against isolates from different regions. A TaqMan 
genotyping assay is also being developed to assist with incorporating leaf blotch resistance into future oat varieties. 
 
PO1065: Wheat, Barley, Oat, and related 
Genome Wide Association of Quantitative Resistance to Oat Crown Rust 
Ian McNish, University of Minnesota, St Paul, MN and Kevin P. Smith, University of Minnesota, St. Paul, MN 
Crown rust is the most important disease of cultivated oats. Crown rust is primarily controlled by using fungicides and genetically resistant oat 
cultivars. Genetic resistance is more desirable because it is inexpensive for farmers and poses no risk to the environment. Unfortunately, crown 
rust is notoriously difficult to control using single, large effect size, resistance genes because the pathogen population quickly evolves to defeat 
these genes. Developing quantitatively resistant oat cultivars, where the progression of disease is reduced, is an alternative genetic resistance 
strategy that has been more durable. Quantitative resistance can be a difficult trait to improve because quantitative resistance is phenotypically 
correlated with heading date. Oat plants tend to be most susceptible to infection during grain fill. Plants that mature later in the season have lower 
crown rust severity because they avoid this period of susceptibility when the greatest amount of inoculum is present. Unfortunately, late maturing 
cultivars are undesirable in the northern United States because farmers prefer to finish the oat harvest safely before the corn harvest begins. 
Ideally, we would like to identify crown rust resistance loci not associated with heading date to use in marker assisted selection. Traditional 
univariate genome wide association is not capable of distinguishing between loci controlling a trait of interest and loci controlling traits 
correlated to the trait of interest. It is possible that genetic loci that control resistance could be distinguished from loci that control heading date 
by comparing univariate analyses of the two traits, univariate analysis of crown rust severity using heading date as a covariate, or potentially in a 
multivariate analysis. Our results indicate that loci on linkage groups 1, 15, and 24 are associated with quantitative oat crown rust resistance. 
These loci are distinct from loci associated with heading date and are not impacted by including heading date as a covariate in the GWAS model. 
 
PE1066: Wheat, Barley, Oat, and related 
Exploring Diurnal Rhythmic Gene Expression in Brachypodium distachyon 
Kirk J-M. MacKinnon1, Benjamin J. Cole2, Chang Yu3, Marie Remigereau4, Tomás Duffy4, Steve A. Kay4 and Samuel P. Hazen3, 
(1)Molecular and Cellular Biology Graduate Program, University of Massachusetts, Amherst, MA, (2)DOE, Joint Genome Institute, 
Walnut Creek, CA, (3)Biology Department, University of Massachusetts, Amherst, MA, (4)Department of Neurology, Keck School 
of Medicine, University of Southern California, Los Angeles, CA 
Plants are continuously exposed to varying environmental conditions; some anticipated diurnal changes in light and temperature and others far 
less predictable. Key to adaptation to a diurnal environment is the anticipation provided by the circadian clock, which coordinates broad changes 
in gene expression with a period of about 24 h. Here we present the analysis of RNA sequencing to measure transcript abundance over time in 
Brachypodium distachyon entrained in photo- and thermocycles then transferred to photocycles or thermocycles alone, or constant light and 
temperature conditions. Far fewer transcripts than what has been reported in comparable datasets from Arabidopsis thaliana, maize, rice, poplar, 



and Setaria viridis remained cycling under constant conditions. We also examined changes in alternative splicing that occurred between 
conditions, and determined primary transcripts for all genes. Phase timing for individual genes was fairly consistent across all conditions with the 
exception of free-run where we observed a lengthening of period and a resulting shift in the phase. Exploring the rhythmic transcripts by phase 
we found conserved gene ontology terms associated with particular times of the day. Many of the known circadian clock genes appear rhythmic 
under all four conditions, with several also demonstrating a period change under constant conditions. Furthermore we identified sequence motifs 
enriched in the promoters of similarly phased genes and used published DNA affinity purified sequencing datasets to associate the motifs with 
potential upstream transcription factors influencing the rhythmic expression. In doing so we hope to elaborate on B. distachyon diurnal and 
circadian regulated gene expression. 
 
PO1067: Wheat, Barley, Oat, and related 
Karyotype and Identification of Each Chromosome of Allotetraploid Grassland Plant Leymus chinensis 
Lei Wu and Zhiyong Xiong, Inner Mongolia University, Huhhot, China 
Leymus chinensis (Trin.) Tzvel (2n=4x=28), closely related to Triticeae cereals, is a native perennial rhizomatous grass with high palatability and 
forage value. It is also considered as one of the most promising grass species for grassland rehabilitation and reconstruction in North China. 
However, since the large genome size and as a allotetraploid species with unidentified parental genomic origins, the genome composition and the 
evolutionary history of Leymus chinensis are largely unknown. In this study, we performed low coverage sequencing of Leymus chinensis and 
the composition and abundance of repetitive sequences were analyzed. In addition, the distribution patterns and chromosomal localizations of the 
main ten satellite repeat sequences were characterized by FISH. The fine karyotype was established and each chromosome of Leymus chinensis 
could be identified by using four tandem repeats (CL6, CL121, 5S rDNA and 26S rDNA). We also connected the cytogenetic map of Leymus 
chinensis with the genetic linkage map of wheat using genes as probes. This robust chromosomal identification system will have biological 
applications for the understanding of chromosome structure, chromosome pairing, and genome evolution in Leymus chinensis. 
 
PE1068: Wheat, Barley, Oat, and related 
Genomic Prediction for Leaf Rust Resistance in Hybrid Wheat with High Resolution Exome Sequencing Data 
Yusheng Zhao, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany 
Genome-wide prediction promises to boost selection gain for important agronomic traits. It is well known that relatedness between training and 
test populations strongly affects the prediction accuracy of single-cross hybrids, which makes it challenging to predict new hybrids derived from 
novel parental lines. In our study, we draw advantage of exome capture sequencing to establish powerful genome-wide prediction models for leaf 
rust resistance in a population 1,574 wheat hybrids and their 133 parental lines. We extended genomic best linear unbiased prediction considering 
additive and dominance effects (AD-GBLUP) towards a model allowing for sub-population-specific marker effects (GSAD-BLUP: general and 
sub-population-specific AD-GBLUP). Using the empirical hybrid wheat data, we showed that applying GSAD-BLUP increased the prediction 
ability by 27% for hybrids derived from independent parental lines when compared with AD-BLUP modeling one additive and dominance effect 
for all sub-populations. In addition, we also emphasized the potential of GSAD-BLUP to improve genome-wide hybrid prediction for scenarios 
of genetically diverse parental populations. The experimental findings were further substantiated with computer simulations. Because of the 
advantages of the GSAD-GBLUP model in dealing with hybrids from different parental populations, it may also be a promising approach to 
boost the prediction ability for hybrids bred using genetically diverse heterotic groups. 
 
PO1069: Other Plant Species 
Plant Genomes as a Tool to Study Genome Dynamics in the Context of Different Reproductive Systems 
Wojciech Jesionek, Institute of Biophysics ASCR, Brno, Czech Republic 
Structurally and functionally diverged sex chromosomes have evolved in many animals as well as in some plants. Sex chromosomes represent a 
specific genomic region(s) with locally suppressed recombination. Therefore, repetitive sequences involving transposable elements, tandem 
repeats (satellites and microsatellites), and organellar DNA accumulate on the Y (W) chromosomes.  
The genus Rumex (divided into 4 sub-genera: Acetosa, Acetosella, Platypodium and Rumex) includes species which are hermaphroditic, 
polygamous, gynoecious and dioecious. In Rumex, dioecy appeared around 15–16 million years ago. Phylogenetic studies, based on the nuclear 
and chloroplast DNA analysis, have shown that among dioecious species of sorrel having heteromorphic sex chromosomes, 2 monophyletic 
groups can be distinguished: the first consisting of evolutionarily older species with the sex chromosome system XX/XY, in which male sex is 
determined by the Y chromosome, and second consisting of evolutionarily younger species with the sex chromosome system XX/XY1Y2 and 
with sex determination based on the X:A ratio  
We sequenced selected Rumex species and using graph-based clustering we identified repetitive sequences specific for a single species or a group 
of species. Subsequently, we correlated genome size data with composition and sequence variation of repetitive parts of Rumex genomes. In 
addition, the analysis of these data enabled us to gain novel insights into repeat dynamics across the genus Rumex. 
 
PE1070: Other Plant Species 
Database for the Chromosome-Level Assembly for a Liverwort Marchantia polymorpha 
Yasukazu Nakamura1, Yasuhiro Tanizawa1, Takako Mochizuki1, Sean A. Montgomery2, Chang Liu3, Bence Galik4 and Frederic 
Berger2, (1)National Institute of Genetics, ROIS, Mishima city, Japan, (2)Gregor Mendel Institute of Molecular Plant Biology, 
Vienna, Austria, (3)ZMBP, Allgemeine Genetik , Universität Tübingen, Tübingen, Germany, (4)Vienna Biocenter Core Facilities 
GmbH (VBCF), Vienna, Austria 
Liverworts are the key plants to include in any comparative study for understanding the origin of land plants that currently cover most areas of 
the earth. Marchantia polymorpha is a common liverwort that shows many fundamental features of land plants. International joint research 
project including Joint Genome Institute deduced ca. 19,000 coding genes in the sequenced genome of Marchantia polymorpha. The project 
discovered the low genetic redundancy which regulates developmental events and physiology of the plant. Our group supported to make a 
community annotation system to brush up its genome annotation. The last year, in the conference, we reported the Marchantia genome database, 



MarpolBase ( http://Marchantia.info ), based on the genome ver. 3.1 (Bowman et al., Cell, 2017) information. The chromosome-level genome 
assembly was established using PacBio deep sequencing and Hi-C technology, which is the candidate for the ver. 4 genome of Marchantia 
polymorpha. We are now conducting gene annotation on this new version of the Marchantia genome and will incorporate it into MarpolBase. 
 
PO1071: Other Plant Species 
Patterns of Gene Expression during Shifts in Ploidy and Function in Funaria  
Nasim Rahmatpour, University of Connecticut, Storrs, CT 
The life cycle of all land plants consists of an alternation between a multicellular haploid gametophyte and a multicellular diploid sporophyte, 
linked by sexual reproduction and meiosis. These two generations differ in their ploidy and function: the gametophyte develops sex organs and 
gametes and the sporophyte produces spores via meiosis. The dramatic morphological, developmental and physiological differences between the 
two generations seems correlated with the shifts in ploidy between generations. However, ploidy alone does not determine function and this is 
evident from the occurrence of the polyploid series within plants. Furthermore, apospory and apogamy, two phenomena in which sporophyte and 
gametophyte can readily convert to each other without shift in ploidy, indicate that ploidy is not a determent factor in alternation of generations. 
Apogamy occurs through sporophyte development without fertilization, apospory is the ability of sporophyte to develop homoploid 
gametophyte. Apospory and apogamy are common well-known phenomena in bryophytes and ferns. Apogamy also occurs in angiosperms 
known as apomixis in which seeds are developed directly from maternal tissue without fertilization through inhibition of meiosis either by 
apospory or diplospory. In bryophytes, apogamy is more common in nature and both apospory and apogamy can be induced easily in laboratory 
conditions. For instance, apospory requires harvesting sporophyte at early developmental stage, cutting immature, spear-shaped sporophytes and 
place it on media. Here, we are studying the effect of ploidy on gene expression by contrasting transcriptomes of generations (haploid 
gametophyte, sporophyte and aposporous diploid gametophyte) that differ in function and or ploidy and examine how gene expression changes 
along with shift in ploidy and function. If ploidy shift is not necessary during alternation of generation, how would it effect on gene expression? 
Whether it has influence on gene expression or not and, if its effect interfering with normal moss development are the kind of questions we are 
seeking for an answer. 
 
PE1072: Other Plant Species 
Distinguishing Characteristics of Herbicide Resistance in the Amaranthus tuberculatus (Waterhemp) Transcriptome 
Daniel Kohlhase1, Jamie A. O'Rourke2, Micheal D.K. Owen1 and Michelle A. Graham2, (1)Iowa State University, Ames, IA, 
(2)USDA-ARS-MWA-CICGRU, Ames, IA 
Waterhemp (Amaranthus tuberculatus (Moq.) J.D. Sauer) is a problem weed commonly found in the Midwestern United States that causes 
crippling yield losses in major crop production systems. Since the discovery of p-hydroxyphenylpyruvate-dioxygenase (HPPD, EC 1.13.11.27) 
inhibitor herbicide resistance in waterhemp populations, studies have identified the likely mechanism of resistance and described its inheritance, 
however causal genes remain unknown. To date, no studies have examined genome-wide gene expression changes in response to HPPD 
herbicide treatment in herbicide-resistant and susceptible waterhemp. We developed a de novo waterhemp transcriptome from RNA-seq analyses 
of two waterhemp populations (HPPD-herbicide-resistant and susceptible), from herbicide-treated and mock-treated leaf samples collected three, 
six, twelve, and twenty-four hours after treatment (HAT). This allowed us to identify transcripts specific to a genotype, herbicide treatment, or 
time point. Our results indicate that both waterhemp genotypes responded rapidly to HPPD-inhibiting herbicide (within 3 HAT), long before a 
phenotype was observed. Little overlap in differentially expressed genes was observed between the resistant and susceptible genotypes, 
highlighting dynamic differences in response to herbicide treatment. Digital mapping of differentially expressed genes allowed identification of 
clusters of herbicide-responsive genes and suggests coordinated regulation. Stringent analytical methods identified candidate single nucleotide 
polymorphisms (SNPs) that distinguish the resistant and susceptible genotypes. The waterhemp transcriptome, herbicide-responsive genes and 
SNPs generated in this study provide valuable tools for future studies in waterhemp by numerous plant science communities. This collection of 
resources is essential to study and understand herbicide effects on gene expression in resistant and susceptible weeds. 
 
PO1073: Other Plant Species 
Comparison of Genetic Diversity at Herbicide Resistance Loci in Historical and Contemporary Amaranthus 
Sandra L. Hoffberg and Deren A. Eaton, Columbia University, New York, NY 
Modern agriculture practices that rely heavily on herbicides have the potential to promote rapid evolution of herbicide resistance in weedy plant 
species. This has been the case in the plant genus Amaranthus (pigweed, amaranth, or waterhemp), which includes several weedy species that 
together cause significant agricultural losses in the U.S. each year. In recent decades many Amaranthus species have evolved resistance to 
multiple common herbicides. The history of how these adaptations arose among multiple divergent species, including the role of introgressive 
gene flow among them, provides a powerful case study for understanding adaptation on a large geographic and temporal scale, and with applied 
significance. We collected contemporary samples of A. palmeri, A. tuberculatus, A. retroflexus, and A. spinosus from across the U.S. and 
accessions from 34 species in the National Plant Germplasm System, many of which were collected up to 50 years ago, before the widespread 
use of herbicides led to strong selection for herbicide resistance. We sequenced 3RAD libraries and compared historical versus contemporary 
samples of the same species over time throughout the genome and at loci conferring herbicide resistance. We searched for evidence of 
introgressive hybridization that spread adaptive alleles. Understanding the importance of hybridization in the spread of herbicide resistance in 
this group of plants can help predict the future spread of herbicide resistance and encourage farmers to use more sustainable weed management 
that does not promote the evolution of herbicide resistance. 
 
PE1074: Other Plant Species 
Genetic Diversity Analysis of Leafy Amaranth in Vietnam By Chloroplast and Nuclear DNA Markers 
Chinh D. Nguyen1, Suu D. Tran2, Hoai T.T. Tran2, Ryo Ohsawa3 and Yosuke Yoshioka4, (1)Graduate School of Life and 
Environmental Sciences, University of Tsukuba, Ibaraki, Japan, (2)Plant Resources Center, Vietnamese Academy of Agricultural 



Sciences, Hanoi, Viet Nam, (3)Faculty of Life and Environmental Sciences, University of Tsukuba, Ibaraki, Japan, (4)Faculty of 
Life and Environmental Sciences, University of Tsukuba, Tsukuba, Japan 
Leafy amaranth is considered to be one of the most promising indigenous vegetables that have been consumed as traditional foods in Asian and 
African countries. In Vietnam, leafy amaranth, especially Amaranthus tricolor L., is one of the most important summer vegetables due to its 
excellent nutritional value and high tolerance to biotic and abiotic stresses. However, this species has been not subject to systematic breeding, 
and most of the leafy amaranth grown by farmers are landraces in Vietnam. Selection of landraces or development of new cultivars with desired 
phenotypes may lead to high yield and high quality of products. The success of genetic improvement of leafy amaranth primarily depends on the 
availability and knowledge of its genetic diversity. In this study, genetic diversity of 272 accessions preserved in the Plant Resources Center, 
Vietnam, were evaluated by using chloroplast and nuclear DNA markers. Since most of the accessions remain unidentified to species level, 
firstly, the chloroplast matK marker was used for species identification. The phylogenetic analysis based on matK marker could determine the 
species name of the 68% of the accessions: A. tricolor (120 accessions), A. dubius (41), A. blitum (18) and A. viridis (6). The most of remaining 
accessions were classified to grain amaranth species such as A. hypochondriacus, A. caudatus and A. cruentus. We also developed nuclear SSR 
markers for A. tricolor based on sequence data obtained by next generation sequencing technologies, and examined the genetic diversity and 
population structure of A. tricolor accessions in Vietnam.  
Key words: Amaranthus tricolor, genetic diversity, matK, SSR. 
 
PO1075: Other Plant Species 
Next-Generation Genomics for Dissection of Desirable Traits to Expedite Genetic Improvement Efforts in Stevia (Stevia 
rebaudiana Bert.) 
Gopal Singh, Poonam Pal, Sanjay Kumar and Ram K. Sharma, Biotechnology Division, CSIR - Institute of Himalayan Bioresource 
Technology, Palampur, India 
Stevia (Stevia rebaudiana Bert.), is the natural source of steviol glycosides (SGs) widely popular as low-calorie natural sweeteners (LNCSs) and 
30-350 times more potent than sucrose. Extended worldwide cultivation and high commercial demand are continuously requiring new Stevia 
varieties with improved agronomically important traits (high SGs content/biomass, extended vegetative phase, and stress tolerance). Insufficient 
genomic resources, ontogeny/genotypic variations and limited knowledge about molecular functioning of SGs biosynthesis are key limitations in 
Stevia crop improvement. We have dissected the transcriptional dynamics of SGs biosynthesis during developmental phase transitions using 
whole transcriptome genome sequencing approach. Identification and DGEs analysis suggested coordinated expression of SGs and GAs specific 
genes during vegetative-reproductive transition is crucial for determining SGs content. Additionally, DGEs of several transcription factors and 
diversifying proteins suggested their role in metabolic diversification in Stevia. Furthermore, we have identified more than ten thousand SSR 
motifs with abundance of tri and tetra-repeats from generated genomic resources. Their functional annotation and GO analysis related them to 
developmental processes, enzyme regulation, environmental and stress response; and TFs (bHLH, NAC, MYB-related). Furthermore, KEGG 
pathway analysis exhibited the presence of SSRs in 25 primary and secondary metabolic pathway related to SGs synthesis. Considering 
functional attributes, a total 384 primer pairs were screened for their polymorphic potential and identified more than two hundreds polymorphic 
markers. These identified potential candidates and the created marker resources will be very helpful identification of genes or alleles responsible 
for valuable agronomic traits and fingerprints development for varietal identification and crop improvements in Stevia. 
 
PE1076: Other Plant Species 
Plant PCR Inhibitor Release as a Function of Sample Dissociation Method in Ocimum basilicum 
Brandon Easparro, Shelby Soldat, Caleb Proctor and James Atwood, Omni International, Kennesaw, GA 
The polymerase chain reaction (PCR) is an invaluable technique used in a wide range of molecular biology applications across multiple 
disciplines ranging from medical diagnosis and forensic analysis to botanical research. Since PCR is an enzymatic reaction, it is sensitive to 
inhibitors. PCR inhibitors may interfere with multiple steps in the PCR process leading to reduced sensitivity or even false negatives through 
inhibition of the amplification of nucleic acids by enzyme binding, nucleic acid cross-linking/interaction, or through mimicking the nucleic acid 
structure. Inhibitors result from the original sample or during the extraction process. For plant studies, PCR inhibition may result from 
contamination by polysaccharides and phenols including cellulose, dextran sulfate, flavonol, and gallic acid; among others. While PCR inhibition 
has been demonstrated for multiple plant-based compounds and procedural approaches have been recommended for removal of these inhibitors, 
to our knowledge, there has not been a study to compare the release of these compounds and the subsequent inhibitory effect based on different 
methods of sample dissociation.  
Herein, we evaluate three different dissociation techniques, including bead milling, cryo-grinding and rotor-stator dissociation of different sweet 
basil (Ocimum basilicum) tissues including leaf, stalk, roots and seeds, and the release of plant PCR inhibitors. Polysaccharide and phenol 
content were quantified and compared between each approach. qPCR was then employed to monitor the impact of PCR inhibitor content on 
DNA extracted from basil. 
 
PO1077: Other Plant Species 
Genomic Insights into Convergence of Bee-to-Bird Pollination Shifts in a Tropical Plant Group 
Nikolaus Grunder1, Graeme Onuffer1, Chelsea Specht2 and Ana Almeida1, (1)California State University East Bay, Hayward, CA, 
(2)Cornell University, Ithaca, NY 
Convergent evolution occurs when distinct species independently evolve similar phenotypes as a result of responding to similar selective 
pressures in their environment. This research studies convergence of floral morphology in a tropical plant group. Neotropical Costus experienced 
fast and successive divergence of lineages within a relatively short span of evolutionary time, which gave rise to multiple events of independent 
evolution of floral traits. Two distinct suites of floral traits have been observed in Neotropical Costus; one attracts bee pollinators and the other 
attracts bird pollinators. This provides an excellent model system to investigate convergent evolution utilizing pairwise comparison of closely 
related Neotropical Costus species displaying opposing floral morphology. In this study, we aim to characterize the full set of genes that are 
involved in the developmental shifts in morphology observed in Neotropical Costus. Whole genome comparisons will be performed to identify 



patterns of structural variation and expression profiling will help determine how differential gene expression effects morphological change. 
Currently we have isolated high molecular weight gDNA from ten pairs of closely related Costus species to be sequenced using a combination of 
ultra-long read technology (Nanopore) and short-read technology (Illumina). In addition, flower transcriptomes will be generated from different 
stages of flower development to assess which genes are involved creating the distinct flower morphologies observed in Neotropical Costus. 
 
PE1078: Other Plant Species 
Comparison of Molecular Markers to Distinguish Genotypes of Eurasian Watermilfoil (Myriophyllum spicatum) and their 
Hybrids 
Jeff J. Pashnick, Montana State University, Bozeman, MT 
Genetic diversity has been shown to affect invasive plant species’ responses to management practices (e.g., herbicide response). For example, 
different genotypes of clonal Eurasian watermilfoil (Myriophyllum spicatum), and their hybrids with native northern watermilfoil 
(Myriophyllum sibiricum), differ in their response to several herbicides commonly used to control them. Therefore, distinguishing genotypes 
within and among lakes can facilitate the characterization of their growth and herbicide response properties, and ultimately inform managers 
about which herbicides to use or not use in specific populations. For example, when a characterized clone is found in several different lakes, 
growth and herbicide response information can be applied across those lakes. However, this relies on having accurate genotyping methods to 
distinguish clones, and to identify ramets of the same clone that are shared among lakes. In this study, we compared genet and ramet identities 
using microsatellites, amplified fragment length polymorphisms (AFLPs), and genotyping-by-sequencing (GBS) for 192 individual plants of 
invasive Eurasian watermilfoil, native northern watermilfoil, and interspecific hybrids between them. We found that all three marker types 
generally agreed on distinguishing genets and identifying ramets. 
 
PO1079: Other Plant Species 
The Complete Chloroplast Genome Sequence of the Neotropical Tree Caryocar brasiliense (Caryocaraceae) 
Rhewter Nunes, Ueric José Borges Souza, Thannya Nascimento Soares, José Alexandre Felizola Diniz-Filho and Mariana Pires de 
Campos Telles, Universidade Federal de Goias, Goiânia, Brazil 
Caryocar brasiliense Camb. (Caryocaraceae) is a Neotropical tree species widely distributed in Brazilian Cerrado. This species is very popular in 
central Brazil mainly by the use of its fruits in dishes of the local cuisine. Because it is highly appreciated, this species is one of the main 
Brazilian native plants that are candidates for incorporation into cropping systems. Despite this, there are no studies on the genomic composition 
of this species. In this study, we sequenced the complete chloroplast genome of C. brasiliense and used the data to assess its genomic resources. 
The C. brasiliense chloroplast exhibits a genome length of 165,814 bp and the typical quadripartite structure observed in chloroplast genomes of 
other angiosperms with the presence of two copies of an inverted repeat sequence (IRA and IRB) of 34,903 bp, each separating a small single 
copy (SSC) region of 11,852 bp and a large single copy (LSC) region of 84,156 bp. The annotation analysis resulted in the identification of 121 
genes being 78 protein-coding, 4 rRNA and 39 tRNA genes. We identified 50 repetitive DNA elements being 30 palindrome, 19 forward and 1 
reverse repeats. Also, 54 microsatellites were identified. The C. brasiliense chloroplast genome sequence reveals a decrease and a large structural 
inversion in the SSC region. A similar structural organization is observed in the chloroplast genome of Passiflora edulis (Passifloraceae) but 
diverges from the other chloroplast genomes of species in the Malpighiales order sequenced until then. This study provides important genomic 
resources for C. brasiliense and Malpighiales order. 
 
PE1080: Other Plant Species 
Forward Genetics Screening of Differential Aluminium Resistance in Tropical Forage Brachiaria 
Jose De Vega1, Margaret L. Worthington2, Jacobo Arango3 and Anthony Hall1, (1)Earlham Institute, Norwich, United Kingdom, 
(2)University of Arkansas, Fayetteville, AR, (3)International Center for Tropical Agriculture, Cali, Colombia 
More than 80% of the global agricultural land is pastoral and this has to support an increasing demand for meat and milk. Brachiaria are species 
of tropical forage grasses and important sources of nutrition for ruminants, combining high nutritional quality with drought and pest resistance. 
Acidic soils are predominant in the tropical African and American latitudes, where aluminium is one of the major limiting factors. Brachiaria 
species differ in tolerance to aluminium toxicity, which appears associated to more efficient exclusion of aluminium from the root system. We 
established, screened and sequenced an interspecific biparental population between an Aluminum-tolerant B. decumbens and an Aluminium-
susceptible B. ruziziensis. We built a reference genome for Brachiaria, and assembled a genetic map on it, which has allowed distinguish three 
chromosomal regions with QTLs for root morphology traits segregating in the population. We have also identified the differentially expressed 
genes in roots during aluminium stress between the B. decumbens and B. ruziziensis progenitors. While tolerant B. decumbens appears to up-
regulate transmembrane transporters and cell biogenesis, sensitive B. ruziziensis appears to up-regulate stress response regulators and genes 
related to binding molecular functions but not transporters. Taken together, these results have allowed framing the genetic basis responsible for 
aluminium tolerance in Brachiaria. 
 
PO1081: Other Plant Species 
Convergent Adaptive Evolution of Genome Size and Transposable Elements in Mangroves 
Haomin Lyu, University of British Columbia, Vancouver, BC, Canada 
Several clades of mangrove trees independently invade the interface between land and sea at the margin of woody plant distribution. As 
phenotypic convergence among mangroves is common, the possibility of convergent adaptation in their genomes is quite intriguing. To study 
this molecular convergence, we sequenced multiple mangrove genomes. In this study, we focused on the evolution of transposable elements 
(TEs) in relation to the genome size evolution. TEs, generally considered genomic parasites, are the most common components of woody plant 
genomes. How such parasites evolve when their hosts invade stressful habitats will shed light on strategies of adaptation to new habitats. By 
analyzing the newly completed mangrove genomes, we examine the issue of genome parasite evolution in plants. The evolutionary age of LTR-
RTs (long terminal repeat retrotransposon) can be determined by the divergence between retrotransposons’ LTRs, and the birth vs. death rate can 
be estimated because the death of retrotransposons would leave a trace in the form of solo-LTRs or truncated LTR-RTs. We found that i) all 



lineages of mangroves in our study massively and convergently reduce their TE load, in comparison with their non-mangrove relatives; ii) as a 
consequence, genome size reduction happens independently in all six mangrove lineages; iii) the reduction can largely be attributed to the 
paucity of young TEs; iv) interestingly, the rarity of young TEs is a consequence of the reduction in new TE birth, rather than an increase in the 
death rate. In conclusion, mangrove genomes employ a convergent strategy of TE load reduction by suppressing element origination in their 
independent adaptation to a new environment. 
 
PE1082: Other Plant Species 
The Flax Breeding Database (FlaxDB) 
Gaofeng Jia, Crop Development Centre, Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK, Canada, Frank 
M. You, Ottawa Research and Development Centre, Agriculture and Agri-Food Canada, Ottawa, ON, Canada, Sylvie Cloutier, 
Agriculture and Agri-Food Canada, Ottawa, ON, Canada, Michael K. Deyholos, University of British Columbia, Kelowna, BC, 
Canada and Helen Booker, University of Saskatchewan, Saskatoon, SK, Canada 
FlaxDB is a comprehensive database that includes ~1.7 million SNPs from 407 flax accessions and 43,000 predicted genes and annotation from a 
reference genome CDC Bethune. Agronomic, fibre, and quality traits were evaluated under multi-environments for the flax core collection and a 
pedigree database of Canadian cultivars registered from 1910 to 2015 was built. Three main function models, phenotype, pedigree, SNPs, and 
genomic information were integrated to apply to various queries by genotype, gene, scaffold, sequence, and chromosome, generating results that 
could be associated with specific trait performance. FlaxDB bridging phenotype and genotype can facilitate MAS and GS applications in flax 
breeding. 
 
PO1083: Other Plant Species 
High Throughput NGS Efforts to Dissect Drought Tolerance and Mining of Functional Variation in Tea 
Rajni Parmar, Romit Seth, Pradeep Singh, Gopal Singh and Ram Kumar Sharma, AcSIR, Institute of Himalayan Bioresourse 
Technology, CSIR, Himachal Pradesh, India, Palampur, India 
Drought is one of abiotic stress, negatively affects crop yield, growth and considered as major cause of crop loss worldwide. Tea [Camellia 
sinensis (L.)] is highly cross pollinated, heterozygous crop and belongs from Theaceae family. It has numerous health benefits, is consumed by 
millions of people worldwide; India is among the largest producer and exporter of tea in the world. However, tea cultivation in India is strongly 
affected by drought conditions (Global warming), drastically reducing yield by 14-33% and causes mortality up to 6-19%. Therefore, 
understanding drought stress tolerance in tea is of utmost importance.  
Next generation transcriptome sequencing of diverse genotypes with contrasting response against drought gives valuable information of variable 
tolerance response. Four potential drought tolerant and sensitive genotypes which were field evaluated were sequenced; denovo and reference tea 
genome guided analysis was done for identification of key molecular players. Approximately 100 million high quality reads were generated 
yielding 60,377 transcripts with average length of 1,074 bp. Functional annotation with multifarious public protein databases yielded annotation 
of 49,456 (80.3%) transcripts. KEGG and GO enrichment of differentially expressed genes among these contrasting genotypes identified putative 
gene from five major categories viz., ABA-dependent and In-dependent pathway, Primary and Secondary metabolism, Ubiquitination, 
Transporters and Oxidative stress response. Additionally, 20,221 high quality trait-specific non-synonymous SNPs were ascertained which can 
be a potential resource for genotyping, linkage map construction and QTL mapping in tea. 
 
PE1084: Other Plant Species 
Enhanced Production of Bioactives in Moringa oleifera Through Biotechnological Interventions 
Pravej Alam, Sara Alghonaim Research Chair (SRC), Biology Department/Prince Sattam bin Abdulaziz University, Alkharj, 
Riyadh, Saudi Arabia and Pravej Alam 
Moringa (Moringaceae), known as miracle tree has packed with anti-oxidant, vitamins, and metals like calcium, iron, potassium. Last few 
decades, the plant is used for diabetes, cancer, epilepsy, arthritis, diarrhea, and bacterial as well as fungal, viral and parasitic infections. The plant 
also bio-synthesized a good number of medically important drugs like apigenin, quercetin, chlorogenic acid, which has been used in cancer, 
diabetes and many more disorder. Due to the limitation and improper production of bioactive compound in this plant, the cost of these drugs is 
very expensive. The chemical synthesis of these drugs is much expanded, complex and more expensive. Therefore, a new insight of 
biotechnology has been to boost the scale up production of these bio-actives in Moringa. After development of calli, the growth kinetics of cell 
lines of Moringa were performed and enhanced production of bioactives was evaluated by HPLC and GC-MS by using the biotic and abiotic 
elicitations. The maximum contents of rutin (4.4µg/mg), quercetin (4.6µg/mg), gallic acid (3.02µg/mg), apigenin (4.8µg/mg) and chlorogenic 
acid (0.27µg/mg DW basis respectively) was observed . These variations in the calli at genetic level was also observed under genetic fidelity 
experiment with DNA level to check the changes in plant genome. However, the enhanced drugs produced in this study at in vitro with large 
scale and short time of span. Further, this system must be applied in industry by using the bioreactor technology to boost the scale of production 
at industrial scale.  
Key words: Cell suspension culture, Genetic fidelity, Flavonoid contents, HPLC, Moringa oleifera. 
 
PO1085: Other Plant Species 
Genome-Scale Metabolic Reconstructions of Cannabis sativa and Moringa oleifera as Potential Resources in Cosmetic 
Bioprospecting 
Astrid C. Alvarez Yela, Kelly J. Botero Orozco, Juliana Botero Cardona, Adriana Gallego Rua, Luis Fernando Rivera and Jorge 
W. Arboleda Valencia, Colombian Center for Bioinformatics and Computational Biology (BIOS), Manizales, Colombia 
Cannabis sativa and Moringa oleifera are widespread economically important cultivars constituting a promising source of valuable secondary 
metabolites. These metabolites are responsible for the unique pharmacological and recreational properties of C. sativa as well as the medicinal 
and nutritional value of M. oleifera. Thus, the identification of key genes, enzymes and pathways contributing to their biosynthesis can improve 
bioprospecting approaches to develop commercially-valuable products for different industries including cosmetics. This project proposes a 



genome-scale metabolic reconstruction of the colombian marijuana strain Mango Biche and Moringa (adapted to colombian growing conditions) 
to elucidate the production of metabolites with cosmetic potential such us cannabinoids, terpenoids, phenylpropanoids and flavonoids.  
The metabolic inventory and analysis of reconstructions of the evaluated species will allow the identification of key features of metabolism such 
as gene essentiality, enzymatic activities, biochemical reactions, network robustness and the accurate identification of metabolites with potential 
in cosmetic bioprospecting. Additionally, the combination of relevant genomic and metabolic information will facilitate metabolic comparisons 
of the species in relation to similar pathways. Further, HPLC/MS/MS will be used for the network refinement and characterization of metabolic 
phenotypes. Here, we present preliminary results of the first draft of the metabolic networks for the colombian variety C. sativa (Mango Biche) 
and M. oleifera, which focused in the characterization of metabolites with potential application in the cosmetic industry such as cannabidiolic 
acid, cannabigerol, cannabispiran, nerolidol, isoquercetina, limoneno, geraniol and myricitin. 
 
PE1086: Other Plant Species 
Uncovering the Cannabis sativa Methylome through Enzymatic Methyl-Seq 
Brittany S Sexton1, Louise Williams1, V.K. Chaithanya Ponnaluri1, Yvonne Helbert2, Lei Zhang2, Christine J. Sumner1, Fiona J 
Stewart1, Bradley W Langhorst1, Kevin Mckernan2, Eileen T Dimalanta1, Theodore B Davis1 and PAG, (1)New England Biolabs, 
Ipswich, MA, (2)Medicinal Genomics, Woburn, MA 
Cannabis sativa is a crop producing more economic value than the top five crops in California combined. In the medical field, cannabinoids are 
used to treat and alleviate symptoms of diseases. Sex determination in cannabis is an important economic factor. Pollination dramatically reduces 
cannabinoid expression in females. To express high levels of cannabinoids, females are grown in isolation of males. However, females are 
capable of stress-induced hermaphroditism that can lead to pollination and low cannabinoid yields.  
5-methylcytosine (5mC) is an important mechanism that regulates many cellular processes, including sex determination. To better understand the 
hermaphroditic process, more robust 5mC surveying tools are required. The current gold standard for determining 5mC, whole genome bisulfite 
sequencing (WGBS), introduces DNA damage and GC-biased sequences resulting in skewed methylation profiles. Few technologies address the 
complexity of plant methylation signals, and to date no cannabis methylome exists.  
NEBNext Enzymatic Methyl-Seq (EM-Seq™) is a novel enzymatic method used to detect 5mC in the cannabis genome. Libraries were 
generated using gDNA extracted from female leaf for EM-seq and WGBS. To give insight into the methylation-based regulation of the 
hermaphroditic process, EM-seq libraries were also prepared using gDNA from female flowers, female seeded-flowers, and male flowers. We 
conclude that EM-Seq is superior to WGBS and delivers higher library yields, more accurate methylation information, reduced DNA damage, 
increased sequencing length, and decreased GC-bias. EM-Seq enables the study of the previously unknown cannabis methylome and opens up 
the possibility to discover critical and exciting regulatory functions for the hermaphroditic process. 
 
PO1087: Other Plant Species 
Characterization of Cannabinoid Profiles and THCA/CBDA Gene Sequences in Industrial Hemp Cultivars in New York 
State 
Jacob Toth1, Ali Cala2, Bircan Taskiran1, George Stack1, Rebecca Wilk1, Jamie Crawford3, Trevor Yeats4, Don Viands3, Christine 
D. Smart2, Jocelyn KC Rose5 and Lawrence B. Smart1, (1)Horticulture Section, School of Integrative Plant Science, Cornell 
University, Geneva, NY, (2)Plant Pathology and Plant-Microbe Biology Section, School of Integrative Plant Science, Cornell 
University, Geneva, NY, (3)Plant Breeding and Genetics Section, School of Integrative Plant Science, Cornell University, Ithaca, 
NY, (4)Plant Biology Section, School of Integrative Plant Science, Cornell University, Ithaca, NY, (5)Plant Biology Department, 
Cornell University, Ithaca, NY 
Industrial hemp (Cannabis sativa) is emerging as a promising crop for New York State due to its multitude of uses and suitability for the local 
climate. A key trait for selection in breeding new hemp cultivars is the cannabinoid profile, where the goal is to select for high cannabidiol 
(CBD) content with low d9-tetrahydrocannabinol (THC) content. The key structural biosynthetic genes in this pathway have been sequenced to 
reveal that CBDA synthase and THCA synthase are highly similar at the sequence level and can have multiple copies in the genome. Our aim 
was to characterize cannabinoid profiles and THCA/CBDA gene content in industrial hemp cultivars grown in New York. We collected female 
flower shoot tissue from field trials planted in several locations across the state and quantified cannabinoid content using HPLC with UV 
detection. We also extracted DNA from cultivars selected for high CBD production or for grain and fiber production and amplified THCA and 
CBDA sequences by PCR. We used Sanger sequencing of those PCR products to determine the variation in the sequences among different 
cultivars and correlated sequence haplotypes with cannabinoid profiles. Genomic marker information will provide valuable tools for the early 
selection of cultivars with high CBD and low THC content. 
 
PE1088: Other Plant Species 
A High Quality Genome Assembly of Hop (Humulus lupulus), an Essential Ingredient for Beer, Toward Functional and 
Evolutionary Studies. 
Yuka Kutsumi, Suntory Global Innovation Center Limited, Kyoto, Japan 
Hop (female flower of Humulus lupulus) is an essential ingredient of beers for providing their characteristic bitterness and aroma in beer. Among 
many hop cultivars, Saaz hop (cv. Saazer) originating in Zatec, Bohemia (Czech Republic), is well known as a fine aroma hop cultivar for its 
noble delicate bitterness/aroma.  
We previously reported a draft genome of a Japanese hop cultivar, cv. Shinshu Wase (Natsume et al Plant Cell Physiol., 56, 2015; Ono et al 
PAG 2015). In this study, we show a new hop genome assembly of Saaz hop (cv. Saazer) using 10X Chromium and its assembler Supernova 2.0. 
The assembly has improved the contiguity and completeness over the past sequence assemblies. The sum of contigs for this assembly was 110K 
with the total genome size being 3.09 Gb, and the N50 was 6.9Mb. The improved, high quality hop genome sequence contributed to increased 
mapping rates of hop cone RNA-Seq analysis for hunting aroma and bitterness-associated genes.  
 
PO1089: Other Plant Species 



Assessing Haplotype Variation and Visualizing Synteny in the Diploid Genome Assembly of Hop (H. lupulus) 
Lillian K Padgitt-Cobb1, Sarah B Kingan2, Daniel Moore3, Gregory T Concepcion2, Paul Peluso2, David Rank2, John Henning3 
and David Hendrix1, (1)Dept of Biochemistry and Biophysics, Oregon State University, Corvallis, OR, (2)Pacific Biosciences, 
Menlo Park, CA, (3)USDA-ARS, Corvallis, OR 
Hop (Humulus lupulus) is a diploid, dioecious plant with a history of cultivation spanning thousands of years. Around the world, hop has been 
used in traditional medicine to treat a variety of ailments, including anxiety, insomnia, and pain. Modern research has revealed compounds of 
medicinal interest featuring anticancer, antimicrobial, and phytoestrogen properties. Large size (2.8Gb), heterozygosity, and abundant repeats 
have challenged draft assemblies of the hop genome. Using PacBio long-read sequencing and FALCON-Unzip for assembly, resolution of the 
diploid genome has become achievable. A more-complete, diploid assembly, in which both haplotypes are assembled individually, provides a 
foundation for high-confidence gene annotations, including identification of genes associated with disease resistance that previously had not been 
annotated due to fragmented assemblies. Haplotype-specific annotations enable the investigation of gene and pathway regulation, beyond what is 
available for a haploid assembly. The diploid assembly allows for analysis of variation between haplotypes, including rates of mutation and gaps, 
and assessment of gap lengths. Calculation of the non-synonymous to synonymous substitution rate ratio provides a method to quantify selection 
within protein-coding regions. Varying levels of selection observed between haplotypes in protein-coding sequences lend insight into the 
evolution, function, and selective pressures that have influenced the organism's history. We present novel approaches to analyze a diploid 
genome, including visualization of both haplotypes simultaneously on a synteny browser using GBrowse_syn. These approaches serve to deepen 
our understanding of haplotype variation in hop and have broad implications for the analysis of complex and large plant genomes more generally. 
 
PE1090: Other Plant Species 
Developing a Natural Variation Platform for Pest-Resistant Cassava Breeding 
Mario Caccamo1, Bruno A. Santos1, Faraz Khan1, Andy Powell1, Monica Carvajal-Yepes2, Anestis Gkanogiannis3, L. Augusto 
Becerra Lopez-Lavalle4, Joe Tohme5, Peter Wenzl3 and Sarah C. Dyer1, (1)NIAB, Cambridge, United Kingdom, (2)International 
Center for Tropical Agriculture-CIAT, Cali, Colombia, (3)CIAT, Cali, Colombia, (4)International Center for Tropical Agriculture, 
CIAT, Cali, Valle del Cauca, Colombia, (5)International Center for Tropical Agriculture, Cali, Colombia 
Cassava (Manihot esculenta) is the third most important source of calories in the tropics and a key staple for millions in Africa, Asia and Latin 
America. Predictions of rising temperatures linked to climate change favour the productivity of cassava, a crop that performs well under stressful 
growing conditions. However, cassava is susceptible to a number of pests and diseases. Within Latin America, whitefly (Aleurotrachelus 
socialis) and Cassava Frogskin Disease represent major threats to cassava production.  
The Genetic Resources Program (GRP) at the International Center for Tropical Agriculture (CIAT) in Colombia currently houses 6,643 
accessions of cassava and its wild relatives. These materials are available to order, however having limited information for accessions makes it 
difficult for users, or even genebank managers, to select materials that may contain useful properties for breeding.  
We have selected 100 wild relatives from the Manihotgenus, spanning 22 species. These accessions have been whole genome sequenced 
allowing us to explore their genetic variation and similarity with respect to the public reference genome for domesticated cassava Manihot 
esculenta. We are investigating ways to best present and enable exploration of these data for genebank users, making it easier for breeders to 
choose which wild materials to select. As part of the wider project these accessions are also being screened for resistance to whitefly and Cassava 
Frogskin Disease. All the information generated through this project will be made publicly available for breeders and researchers to access via 
the GRP portal and Cassava Genome Hub. 
 
PO1091: Other Plant Species 
QTL Associated with Resistance to Cassava Green Mite in a Biparental Mapping Population 
Lydia Ezenwaka and Chiedozie Egesi, National root crops research institute, UMUDIKE, Nigeria 
Cassava production is hampered by cassava green mite [CGM, Mononychellus tanajoa (Bondar)] is a dry-season pest that usually feeds on the 
underside of young leaves causing leaf chlorosis, stunted growth and root reduction by 80%. To reduce costs and increase the precision of 
resistance breeding, a QTL study was conducted to identify molecular markers linked to resistance against CGM. A biparental F1 mapping 
population was developed by crossing two parents with contrasting responses to CGM; TMEB778 is the female parent and resistant to CGM and 
TMEB419 is the male parent and very susceptible to CGM. These genotypes were chosen for evaluation because of their commercial relevance 
in Nigeria. A total of 134 F1 progeny were phenotyped and genotyped. To identify significant QTL, generalized linear model were used to 
calculate P-values associating each marker with the trait evaluated using TASSEL 5.0. Ninety-five single nucleotide polymorphism (SNP) 
markers significantly associated with CGM resistance. The significant markers associated with the trait mostly concentrated in a single region on 
chromosome 12. The top significant SNP marker (S12-7962234) explained 31% of the phenotypic variance. This study revealed significant loci 
associated with CGM, not previously reported, which together represent potential sources for the on-going effort to develop multiple pest-and 
disease-resistant cassava cultivars. 
 
PE1092: Other Plant Species 
Transcript Profiling and Expression Analysis Reveals Candidate Defense-Related Genes Involved in Herbivore Feeding in 
Cassava 
Molemi Rauwane, Agricultural Research Council, Rustenburg, South Africa and Damaris Odeny, Chrissie Rey, Jasper Rees 
Biotic stresses often constitute major factors limiting global crop yields. A better understanding of plant responses to these stresses will facilitate 
efforts to improve yields, especially in a climatically changing world. Here, we used the RNA-seq analysis to examine transcript profiles in 
cassava leaves during infestation by mealybugs (Phenacoccus manihoti) at different time points. A total of 301 and 206 genes were differentially 
expressed between the resistant AR23.1 and susceptible P40/1 cassava genotypes at 24 h and 72 h respectively. Of these, 4 DE genes 
(Gibberellin 2-oxidase 6, HSP20-like charperones superfamily protein, alpha/beta-Hydrolase superfamily protein and GDSL-like 
lipase/Acylhydrolase superfamily protein) were upregulated in the AR23.1 resistant genotype, compared to the susceptible P40/1 genotype at 
these time points, implicating these genes in a biotic stress response to mealybug infestation. These genes have also been associated with both 



abiotic and biotic stress response in various crops such as Arabidopsis, cotton, soybean, rice, chickpea; as well as in defense. In total, 24 
candidate genes were identified based on their functional categories. Our current study provides a strong evidence for the induction of genes 
associated with defense and basal immunity-related compounds in response to mealybug feeding. Thus, RNA-seq transcript profiling studies are 
reliable tools for identifying candidate defense-related genes involved in biotic stresses, thereby accelerating the process of the development of 
mealybug-resistant genotypes. 
 
PO1093: Other Plant Species 
Breeding Efforts to Combat Cassava Brown Streak Disease in the Lake Zone of Tanzania 
Heneriko Philbert Kulembeka, Tanzania Agricultural Research institute (TARI), MWANZA, Tanzania, United Republic of 
Cassava (Manihot esculenta Crantz) is the second most important staple food crop in Tanzania but currently high export demand for starch to 
China market is emerging. Despite its importance, production is under threat from cassava brown streak disease (CBSD), a disease first 
discovered in Tanzania and persisted for over the past 80 years. CBSD was known to be restricted to lower altitude areas (<1000 m asl) of 
Tanzania but recently high CBSD incidence and severity has been reported in the Lake zone of Tanzania (>1000m asl), the main cassava 
producing region in the country. Limited progress has been made in breeding for CBSD resistance in the area due to limited knowledge of the 
field response and reaction of the genotypes to CBSD in multiple environments. A study was initiated to identify sources of resistance to CBSD 
and determine stability of genotypes to CBSD resistance across multiple environments. Field evaluation of 8 genotypes was conducted in RCBD 
with three replications at three agro ecologies of the Lake zone for three consecutive cropping seasons. Additive Main Effects and Multiplicative 
Interaction (AMMI) and (GGE) biplot models were used to analyze G x E interactions. Linear unbalanced prediction (BLUPs) analysis on field 
reaction of six best genotypes led to identification of three CBSD resistant genotypes, UKG09/164KBM, UKG09/52MF and UKG09/74MF 
being the most stable. Genotypes, Environments and GxE interactions were all significant. The significant result for GxE interaction to CBSD 
indicates the need for multi-environment screening and is suggestive of quantitative nature of CBSD resistance.  
 
PE1094: Other Plant Species 
Diversity Analysis of Yellow Cassava (Manihot esculenta Crantz) in Sierra Leone 
Isata Kamanda, Sierra Leone Agricultural Research Institute., Freetown, Sierra Leone and Essie.T. Blay,West Africa Centre for 
Crop Improvement (WACCI), University of Ghana, Legon, Ghana.  
Understanding of genetic diversity among a breeding population is an important requirement for crop improvement as it allows for the selection 
of diverse combinations for enhancing genetic gain. The study aimed to characterize 183 yellow cassava accessions and 5 released varieties using 
morphological traits, total carotenoid content and SNP markers to develop a collection for further use in our breeding program. Both 
morphological parameters and 5,634 SNP markers were used to assess the diversity among the cassava accessions. Data were subjected to 
different statistical packages; SAS 9.4, power marker (Liu & Muse, 2005), GenAlex version 6.41 (Peakall and Smouse, 2006) and R-software for 
the following; multiple regressions analysis, principal component analysis (PCA), correlation analysis, cluster analysis, Geno summary, 
polymorphic information content (PIC), Mantel matrix test and pairwise genetic distance (identity-by-state, IBS) analysis. Significant differences 
were observed among the genotypes for most of the traits measured. The first four PCs together accounted for 51.50 % of the total phenotypic 
variation among the 188 accessions.The present study showed that yellow cassava accessions in Sierra Leone have moderate to high diversity 
based on total carotenoid content, based on morphological and molecular assessment studies. The similarity index among the 188 cassava 
accessions grouped them into 8 and 9 distinct clusters based on morphological and molecular analyses respectively. A significant positive but 
low correlation (r =0.104; p < 0.034) was observed between the two dendrograms. Thirty yellow accessions with higher levels of total carotenoid 
were selected from the two clusters derived from clustering analysesto form a collection of yellow accessions.  
 
PO1095: Other Plant Species 
Comparative RNA-Seq Analysis of Phenotypically Different Sweetpotatoes 
Elizabeth Fiedler1, Vasudevan Ayyappan1, Lekha N. Paudel1, Marikis Alvarez1, Muthusamy Manoharan2, Sathish Kumar 
Ponniah2, Conrad Bonsi3 and Venu (Kal) Kalavacharla1, (1)Delaware State University, Dover, DE, (2)University of Arkansas at 
Pine Bluff, Pine Bluff, AR, (3)College of Agriculture, Environment and Nutrition Sciences, Tuskegee, AL 
Sweetpotato is the third most produced root crop in the world, second only to yams and cassava. It is sometimes referred to as a famine crop as it 
is often employed in subsistence farming and is often used to nutritionally supplement diets of people in developing countries during times of 
food shortage. Viruses remain the number one threat to sweetpotato crop as sweetpotatoes in different regions tend to be genetically similar 
because most sweetpotato plants are grown from cuttings, referred to as slips. Sweetpotato Virus Disease (SPVD) is a viral complex that occurs 
when sweetpotatoes are simultaneously infected with two sweetpotato viruses, which can cause up to 100% yield loss in a season. Since it is very 
time consuming and all but impossible to breed new sweetpotato strains, it is very necessary for us to understand differences in gene expression 
that occur between distinct genotypes. Our work involves creating transcriptome profiles of three phenotypically distinct genotypes (orange-
fleshed, white-fleshed, and purple-fleshed genotypes) and performing transcriptome-wide analyses of these genotypes. We demonstrate this by 
extracting total RNA from leaf tissue samples and creating separate mRNA libraries for each of these genotypes. These libraries were sequenced 
on the Illumina HiSeq2000 platform, assembled in the CLC Bio Workbench software, and aligned to the Ipomoea batatas genome maintained by 
the Max Planck Institute at the Next Generation Sequencing Core Facility. From this data, we were able to glean expression differences that 
could be the reasons for these distinct phenotypic qualities. 
 
PE1096: Other Plant Species 
Comparative Cytogenetics of Sweet Potato and its Related Wild Species 
Zongyun Li, School of Life Science, Jiangsu Normal University, Xuzhou, China 
The sweet potato (Ipomoea batatas (L.) Lam. ) is one of the most important food crop in the world, which is widely cultivated for its advantages 
of high yield, high resistance and rich nutrition. Molecular cytogenetic characterization of sweet potato and its related wild species chromosomes 
could provide useful information for better understanding the evolutionary and phylogenetic relationships within the genus. In this study, two 



representative repeats which named as Itf_1 and Itf_2 (selected by sequencing) and ribosomal DNA (rDNA) were using as probes, Fluorescence 
in situ hybridization (FISH) analyses were carried out on series Batatas species, including eleven diploids, one tetraploid I. tabascana, one 
hexaploid I. trifida and four I. batatas accessions. The number of 45S rDNA varied from four to ten among diploid wild species, sixteen and 
twenty-four signals were detected in the tetraploid I. tabascana and hexaploid I. trifida respectively, and it also varied from twenty to twenty-two 
among the cultivars. The hybrid of repeat sequences and rDNA turned to a karyotype ideogram of I. trifida (2x). The consequence of the analysis 
of I. trifida (2x), I. trifida (2x) and I. batatas ′Xushu18′ showed the closer relationship. Molecular cytogenetic techniques, such as FISH, cGISH 
and rDNA-FISH are useful tool to illustrate the relationships between these species. In this study, cytological results generally agree with that the 
hexaploid I. trifida may be a segregate of I. batatas and they may have the same origin and genome organization, but the I. tabascana is the 
offspring of I. batatas still needs to be further discussed. 
 
PO1097: Other Plant Species 
Genomics-Assisted Sweetpotato Breeding  
Xiaofei Zhang1, Ken Pecota1, Bode Olukolu2 and G. Craig Yencho3, (1)North Carolina State University, Raleigh, NC, 
(2)University of Tennessee, Knoxville, TN, (3)North Carolina State University, RALEIGH, NC 
Sweetpotato (Ipomoea batatas [L.] Lam; 2n = 6× = 90) is grown in more than 110 countries with an annual production of more than 150 million 
tons. The consumption and production of sweetpotato has been increased mainly due to its health benefits. Orange fleshed sweetpotato varieties 
are rich in β-carotene, a precursor of vitamin A, while purple fleshed sweetpotato varieties contain anthocyanin, which has antioxidant properties. 
The development of new varieties is mainly relied on the conventional breeding which takes 6-8 years and requires lots of labor for field 
evaluation. Due to its auto-hexaplidy, big genome and high heterozygosity, genomics-assisted breeding is still not available for sweetpotato. In 
the present study, using genotyping-by-sequencing (GBS) technology, we discovered genome-wide markers from a breeding population with 310 
accessions, and performed genomic selection and genome wide association analysis for yield, yield components, Fusarium resistance, storage 
root chemical components, and storagability. The results on genomic selection, genome wide association mapping, and parentage analysis in 
sweetpotato will be presented. And how to integrate genomic selection and marker-assisted selection into the breeding scheme of clonal 
propagated crops will be discussed. 
 
PE1098: Other Plant Species 
Genome-Wide Association Mapping for Sweet Potato Clorotic Stunt Virus Resistance in a Sweetpotato Breeding Population 
Maria David1, Dorcus C. Gemenet2, Segundo Fuentes3, Federico Diaz1, Robert O.M. Mwanga4, Jan Kreuze3 and Wolfgang 
Gruneberg1, (1)International Potato Center (CIP), Lima, Peru, (2)International Potato Center (CIP), Lima 12, Peru, (3)International 
Potato Center, Lima, Peru, (4)International Potato Center (CIP), Kampala, Uganda 
Sweetpotato breeding programs require fast tools to develop new varieties, specially to counteract the inminent attact of Sweetpotato Virus 
Disease (SPVD) on sweetpotato plants, which reduces extremely its root yield. From the two viruses that work in synergy, Sweetpotato clorotic 
stunt virus (SPCSV) is the key to infection, therefore, breeding for resistance should focus on the behavior of the plant when it is affected by this 
virus. We have used GWAS as a rapid and efficient tool to identify phenotype-markers relationships for SPCSV resistance in a breeding 
population. Using DArT seq markers under the mixed linear model (MLM), we have obtained 7 candidate markers with R2>0.250. One of these 
markers falls on chromosome 2 of I. trifida and I. triloba genomes, where a previously found marker from a different population set was also 
located. This would suggest us that some genes related to virus resistance could be placed in the second chromosome.  
 
PO1099: Other Plant Species 
Linkage and QTL Analysis for Sweetpotato Virus Disease Resistance in a Bi-Parental Sweetpotato Population 
Bonny Michael Oloka1, Benard Yada2, Bode Olukolu3, Milton O. Anyanga2, Doreen Chelangat2, Paul Musana2, Agnes Alajo2, 
Guilherme Da Silva Pereira4, Marcelo Mollinari4, Zhao-Bang Zeng4 and Craig Yencho4, (1)National Agricultural Research 
Organization (NARO), KAMPALA, Uganda, (2)National Agricultural Research Organization (NARO), Kampala, Uganda, 
(3)University of Tennessee, Knoxville, TN, (4)North Carolina State University, Raleigh, NC 
Resistance to sweetpotato virus disease (SPVD), caused by a complex interaction of Sweet potato chlorotic stunt virus (Crinivirus) and Sweet 
potato feathery mottle virus (Potyvirus), is one of the main breeding objectives of sweetpotato improvement programs in sub-Saharan Africa. 
The complex genetics of sweetpotato has limited understanding of the genomic architecture of the trait and slowed sweetpotato improvement. 
We identified quantitative trait loci (QTL) for SPVD resistance in a biparental sweetpotato mapping population consisting of 287 individuals that 
are segregating for SPDV resistance. This ‘NKB’ population was derived from a cross between ‘New Kawogo’ (NK), a Ugandan landrace 
cultivar, and ‘Beauregard’ (B), a popular cultivar in the United States. The population was phenotyped by standard field visual rating in three 
sites in Uganda for two seasons. Restricted maximum likelihoods (REML) variance components analysis of genotype marginal means generated 
within environment (site and seasons) and adjusted means across all environments were used for QTL analysis. The R-package ‘polyqtl’, which 
is a random effects QTL mapping model utilizing SNP marker dosage information and the NKB genetic linkage map, was used. We identified 4 
QTL for SPVD resistance on linkage groups 2, 6, 10 and 12 explaining a total variability of 38%. Additive effects of these QTL were 
characterized using best linear unbiased predictions (BLUPs) to identify alleles from both parents that contributed towards the phenotypic mean 
for selection. The extensive information provided by the integrated NKB genetic linkage map and the SNP genotypes improved the power to 
detect QTL for SPVD resistance and to model their effects. These robust genomic tools led to higher quality integrated genetic linkage map and 
more robust QTL analysis by analyzing both parents and the mapping population simultaneously. This work opens new insights and future 
opportunities in improving complex traits in sweetpotato. 
 
PE1100: Other Plant Species 
Screening Ipomoea spp. for Improved Drought Tolerance in Cultivated Sweetpotato (Ipomoea batatas (L.) Lam) 
Stella E. C. Nhanala1, Chris Heim1, Bettina Heider2, Richard E. Miller3 and Craig Yencho1, (1)North Carolina State University, 
Raleigh, NC, (2)International Potato Center (CIP), Lima, Peru, (3)Flower Diversity Research Institute, Hammond, LA 



Sweetpotato (Ipomoea batatas (L.) Lam) is a crop cultivated worldwide and it is a staple food in many developing countries. Sweetpotato is a 
drought tolerant crop, however, in some regions (e.g. sub-Saharan Africa) drought is a major constraint on the production, causing roughly 25% 
yield loss. Climate change is predicted to result in greater losses of sweetpotato due to abiotic stresses such as increased temperatures and 
prolonged dry periods. Close relatives of sweetpotato, adapted to drought-prone areas, may be a potential source of improved drought tolerance 
in sweetpotato.  
We screened six Ipomoea spp. for drought tolerance. These genotypes, two cultivars of sweetpotato and four wild relatives of sweetpotato, were 
evaluated under greenhouse conditions, with three different levels of irrigation: regular irrigation, no irrigation for seven days, and no irrigation 
for twenty-one days. With the exception of I. x leucantha, none of the genotypes developed floral buds. The induction of floral buds was delayed 
when the irrigation was interrupted for twenty-one days. Permanent wilting was observed after two weeks of drought. After twenty-one days of 
drought, the wild plants lost all of their leaves. Two weeks after re-irrigation, the wild Ipomoea spp. were able to develop new leaves from the 
old stems.  
These results suggest that the wild Ipomoea spp. may have the potential to be a source of genes for improved drought tolerance to sweetpotato, 
and they might be useful for future breeding programs if breeding barriers between wild and cultivated sweetpotato can be overcome. 
 
PO1101: Other Plant Species 
Characterizing Sweetpotato (Ipomoea batatas) Germplasm using Genotyping-by-Sequencing 
Sathish Kumar Ponniah, Jeewan Pandey and Muthusamy Manoharan, University of Arkansas at Pine Bluff, Pine Bluff, AR 
In the United States, consumption of sweetpotato has dramatically increased since 2000, and the sweetpotato is a part of the daily American diet. 
In order to meet the rising demand of the storage roots, breeding strategies have to be developed to improve the storage yield in sweetpotato. 
However, the attempts to increase root yield in sweetpotato are mostly unsuccessful due to genetic barriers such as complex polyploid genome, 
cross, and self-incompatibility. Further, lack of high-quality genome assembly prevents the application of genetic markers in sweetpotato. 
Genotyping-by-Sequencing (GBS) is a cost-effective alternative approach which permits the development of genetic markers. A total of 96 
sweetpotato accessions representing world collections were collected from the United States Department of Agriculture, Germplasm Resources 
Information Network (USDA-GRIN). The DNA from the accessions was digested with MslI enzyme and the size selected fragments ~300-400 
bp were sequenced in Illumina NextSeq 500 V2. The paired-end sequences were adapter clipped and aligned to the reference genome (Ipomoea 
sp.) developed from the Michigan State University (Sweetpotato Genomics Resource). The TASSEL-GBS pipeline was used to filter the high-
quality Single Nucleotide Polymorphic markers/variants. A total of 249,105 variant sites were identified across the 96 germplasm accessions. 
The HapMap result containing genotype information and genetic diversity will be analyzed among the accessions. 
 
PE1102: Other Plant Species 
Population Genomics of Dioscorea tokoro, a Wild Yam Species 
Yu Sugihara, Kyoto University, Japan, Kyoto, Japan 
Dioscorea tokoro is wild species widely distributed across Japanese landscapes. It is a dioecious, perennial species. Historically, its starchy 
rhizomes served as famine food. We employed population genomics approach to decipher the genetic diversity and environmental adaptation of 
this wild species. Using the whole genome reference sequence and bulked DNA from individuals collected across regions in Japan, allele 
frequency was estimated for obtaining insights into the species genetic divergence and local adaptation. We report that the gene flow of this plant 
is high, presumably due to its dioecy. A genome-wide scan was used to detect local adaptation. Some genes implicated in defense response, 
timing of seed germination and seed dormancy were highly differentiated between northern and southern area of Japan. This preliminary result 
provides baseline information for further evolutionary study of the species and Dioscorea. 
 
PO1103: Other Plant Species 
Application of Population Genomics and GWAS to Dioscorea rotundata (White Guinea Yams) for Identifying Loci 
Controlling Agronomically Important Traits 
Jude Obidiegwu, National Root Crops Research Institute (NRCRI), Umudike, Nigeria 
Dioscorea rotundata is a food security crop in the tropics. Beyond its nutritional and food value it is deeply enriched in the culture of West 
African consumers. There is prevalence of dioecy which confers a high level of heterozygosity within the genome. We have developed whole 
genome sequence of the species (Tamiru et al. 2017 BMC Biol.), and are currently resequencing a large number of landraces. To identify 
genomic regions controlling agronomically important traits of the species, we tested population genomics approaches comprising cross 
population extended haplotype homozygosity (XP-EHH), and cross population composite likelihood ratio test (XP-CLR) as well as GWAS. We 
propose integrating the powers of XP-EHH and XP-CLR and GWAS in the analytical pipeline for detection of loci that have undergone past 
selection and targets of future improvement. 
 
PE1104: Other Plant Species 
Mitochondrial Proteomics and Transcriptional Analysis of Cytoplasmic Male Sterility in Sugar Beet Using iTRAQ and 
qRT-PCR 
Tianjiao Liu, Dayou Cheng, Xue Han, Jie Cui, Cuihong Dai, Junliang Li and Naiguo Liang, Harbin Institute of Technology, 
Harbin, China 
Sugar beet (Beta vulgaris L.) is one of the important raw materials for the sugar industry. Its output is second only to sugar cane. Cytoplasmic 
male sterility (CMS) is a phenomenon of pollen abortion that has significant implications in hybrid breeding of sugar beet. Plant male sterility is 
usually regarded as associated with mitochondrial dysfunction. Although mitochondrial genes association with male sterility were well explored, 
the difference of mitochondrial proteomics of CMS in sugar beet was still understood poorly. In this study, differential expressed mitochondrial 
proteomics analysis was performed on the male sterile line (DY5-CMS), its maintainer line (DY5-O), and a fertility restorer line (CL6) using the 
isobaric tag for relative and absolute quantitation (iTRAQ) technology. A total of 2260 proteins were identified by mass spectrometry, in which 
538 differentially expressed proteins (DEPs). Most of them were involved in protein metabolism, carbohydrate and energy metabolism, and 



binding. Especially, some cysteine and methionine metabolism proteins (A0A0J8BGE0, A0A0J8CZM6, A0A0J8D7W0 and A0A0J8BCR7) may 
play important roles during the formation of CMS. This study provided an in-depth understanding of the molecular mechanism of CMS at 
protein level in sugar beet. 
 
PO1105: Other Plant Species 
Analysis of DNA Methylation on the Genes Related to Vernalization of Sugar Beet 
Cuihong Dai, Dayou Cheng, Duanying Wang and Jie Cui, Harbin Institute of Technology, Harbin, China 
Sugar beet (Beta vulgaris ssp. vulgaris) is a biennial, sucrose-storing plant. In order to induce bolting (i.e. rapid stem elongation followed by 
flowering), sugar beet requires a prolonged exposure to low temperatures between 2°C and 10°C, a phenomenon called vernalization. In some 
species, vernalization can be reversed by devernalization, an exposure to the temperatures ranging from 25°C to 35°C for a few days.  
In Sugar beet, two genes, BTC1 and BvBBX19 control the vernalization requirement. BTC1 and BvBBX19 promote annual growth through 
repressing the bolting repressor gene BvFT1 and activating the floral activator gene BvFT2. BvFT1 and BvFT2 gene are both homologs of the 
floral integrator gene FLOWERING LOCUST (FT) of Arabidopsis. Recent studies reported a major quantitative trait locus (QTL) related with 
winter bolting resistance, two homologs of the Arabidopsis CLEAVAGE AND POLYADENYLATION SPECIFICITY FACTOR 73-I (CPSF73-I) 
were identified as the most promising candidate.  
Cytosine methylation is a well recognized epigenetic mark. Some studies suggested that DNA methylation was involved in the vernalization 
process: hypomethylating treatments could mimic the effects of vernalization on flowering and plants exhibited an early flowering phenotype.  
In this study, four vernalization-related genes were chosen to be detected, including the B.vulgaris bolting repressor gene BvFT1, the floral 
activator gene BvFT2, BvCPSF73-Ia and BvCPSF73-Ib which are homologous with Arabidopsis CPSF73-I. The methylation status and 
transcript abundance of those 4 genes were explored in different fertility sugar beet cultivars. A further DNA comparison was made between 
seedlings grown under control and vernalization conditions, and roots grown under vernalization and devernalization conditions. These 
vernalization genes displayed differences in mRNA accumulation and methylation profiles between cytoplasmic male sterile line and maintainer 
line. The temperatures of vernalizing and devernalizing affected DNA methylation level and transcript abundance at bolting stage. Some 
methylation sites are associated with changes in transcript abundance, and these sites included the -1770 and -1892 loci of BvFT1 and the -674 
locus of BvFT2 in beet seedlings, and the -1455, -1619 loci of BvFT1 and the -1805 and -1816 loci of BvCPSF73-Ib in beetroots, but how 
methylation affects vernalization related genes still need to be further studied. 
 
PE1106: Other Plant Species 
Quantifying Genetic Diversity in Cultivated Beet (Beta vulgaris) Using a Pooled Population Sequencing Strategy 
Paul Galewski, Michigan State University, East Lansing, MI and Mitch McGrath, USDA-ARS Sugarbeet & Bean Research Unit, 
East Lansing, MI 
Beta vulgaris L. (beet) is a species complex composed of several distinct crop types, including sugar beet, fodder beet, table beet and leaf 
beet/chard. Development of crop type lineages appears to have resulted from interactions between selection, drift, geneflow, recombination and 
the sorting of ancestral polymorphism. Beets are generally heterozygous and contain self-incompatibility mechanisms. Therefore, reproducing 
and maintaining the genetic constitution of a single individual for genetic and phenotypic analysis is a challenge. Beet populations are the 
fundamental unit of improvement and contain the evolutionary and adaptive potential of the species. This research summarizes several 
experiments which explored pooled population genomic data to survey the organization and distribution of genetic diversity within cultivated B. 
vulgaris. Using hierarchical approaches to examine diversity in individual populations, crop type lineages and the species as a whole, we 
observed clear patterns in genome-wide variation reflecting the relative importance of admixture, selection and reproductive isolation in the 
development of B. vulgariscrop type lineages. Genome differentiation along chromosomes was plotted using 2pq, Fst, and lineage specific 
variation for each crop type. Regions identified as differentiated were further investigated for signals of selection and drift, and their underlying 
genomic features (e.g. genes, CDS, promoters) were prioritized by their predicted role in controlling phenotypic variation (e.g. root enlargement, 
biomass production, patterning of root tissues and cell types, and the accumulation of sucrose). Admixture was evaluated along chromosomes 
using correlations in allele frequency and quantity of shared variation between lineages. Interestingly, this revealed a single origin for genes 
controlling important agronomic characters. Integrating selection, drift, and admixture into a putative demographic history of beet provides 
evidence for how specific genes have influenced the development of beet crop types. 
 
PO1107: Other Plant Species 
Genome-Wide Characterization of Class II TIR Transposable Elements in Panax ginseng 
Nomar Espinosa Waminal, Sahmyook University, Seoul, South Korea, Tae-Jin Yang, Seoul National University, Seoul, South 
Korea and Hyun Hee Kim, Department of Life Sciences, Chromosome Research Institute, Sahmyook University,South Korea, 
Seoul, South Korea 
Repetitive DNA elements are ubiquitous in plant genomes. They influence genome structure and function, and are important players in plant 
environmental adaptation, diversification, and speciation. Panax ginseng is an economically and medicinally important crop that is distributed 
mainly in eastern Asia. It is tetraploid and has the ability to over-winter compared to its diploid relatives that are mostly distributed in freeze-free 
habitats. Here, we conducted a genome-wide analysis of Class II Terminal Inverted Repeat (TIR) transposable element (TE) in the P. ginseng 
genome to understand their abundance, distribution, and potential impact in the adaptation and biology of P. ginseng. We identified 12, 221 TIR-
associated transposases, of which 6, 210 showed high confidence, belonging to five families (PgCACTA, PgMutator, PgHarbinger, PgMariner, 
PghAT) in the current P. ginseng genome assembly. Structural characterization of PgCACTA enabled identification of 250 complete and 792 
incomplete elements. Genes involved in photosynthesis, development, and defense were associated with some PgCACTA elements. Further 
molecular and biochemical data are needed to analyze the association between PgCACTA and ginseng biology. This work was carried out with 
the support of the Cooperative Research Program for Agriculture Science & Technology Development (PJ01311902), Rural Development 
Administration, Republic of Korea. 
 



PE1108: Other Plant Species 
Screening of Wild Seedy Musa balbisiana Biodiversity to Fill up Phylogenetic Gaps and Fuel Future Breeding Programs 
Marie-line Iskra-Caruana1, Sam LY Ngoc2, Thomas Haevermans3, Christophe Jenny4, Xavier Perrier4, Julie Sardos5 and Matthieu 
Chabannes1, (1)UMR BGPI, CIRAD, Montpellier, France, (2)Institute of Tropical Biology, Ho Chi Minh City, Viet Nam, 
(3)MNHN, Paris, France, (4)UMR AGAP, CIRAD, Montpellier, France, (5)Bioversity International, Montpellier, France 
Access to a wider Musa biodiversity can represent a lever for the creation of future banana supplying the increasing food demand. A large part of 
the global production relies on a limited number of edible cultivars clonally propagated, having a narrow genetic diversity and non-adapted to the 
global changes and the main pests and diseases. In two projects BforBB funded by Agropolis foundation and DiVBa funded by SEP2D, we 
aimed at extending Musa diversity on banana containing M. balbisiana genomes (B genome), which are underrepresented to date.  
Interestingly, M. balbisiana resources naturally harbour Banana streak virus sequences (eBSV) within their genome. Some eBSVs are able to 
spontaneously release active replicating viruses, hampering thus their use in breeding programs. An in depth eBSV genotyping and BSV 
phenotyping M. balbisiana resources is then required not only for breeding uses but also to reinforce Musa characterisation because our group 
established that eBSV can also be used as phylogenetic markers to decipher the structure and geographic origin of M. balbisiana diversity.  
In those projects we are collecting a large banana sampling of wild relatives and local landraces in the mainland south East Asia which represent 
a hot spot of banana biodiversity. One long-term objective is to extend the Musa genetic diversity to fuel future breeding programs with material 
containing B genome without any risk of BSV infection. Both projects will also contribute to the sustainable management and conservation of 
plant biodiversity in those countries where collections will be implemented with new genotypes. 
 
PO1109: Other Plant Species 
A High-Quality de novo Genome Assembly of the Resurrection Plant Haberlea rhodopensis 
Saurabh Gupta1, Bernd Mueller-Roeber1, Alisdair R. Fernie2, Zoran Nikoloski2 and Tsanko Gechev3, (1)University of Potsdam, 
Potsdam, Germany, (2)Max Planck Institute of Molecular Plant Physiology, Potsdam-Golm, Germany, (3)Center of Plant Systems 
Biology and Biotechnology, Plovdiv, Bulgaria 
Haberlea rhodopensis, an extremophile plant in the Gesneriaceae family, is a perennial herbaceous glacial relic endemic to South-Eastern 
Europe. It belongs to a small but diverse group of angiosperm resurrection plants and possesses a unique ability to withstand extreme levels of 
multiple abiotic stresses such as long-term desiccation and darkness, and freezing. Haberlea extracts are rich in polyphenols and myconoside, 
indicating a potential in the pharmaceutical industry. As a first step towards unravelling the genetic basis of these unique properties of H. 
rhodopensis, we sequenced its genome using single molecule real-time (SMRT) sequencing in combination with chromatin conformation 
capture-based sequencing (Hi-C). Using PacBio Sequel, high coverage (~88X) SMRT sequencing data were generated. The raw data were 
assembled using Canu and error-corrected using Arrow to obtain 13,136 contigs. Due to a high level of heterozygosity, the initial assembly was 
de-duplicated using Purge Haplotigs to retain 4,167 primary contigs with N50 of 1.09 Mb. Further, scaffolding was performed with Dovetail Hi-
C data using SALSA. Final assembly size was 90.6% (~1.27 Gb) of the expected genome size, which comprises of 3,499 scaffolds with N50 of 
2.92 Mb whereby the longest scaffold was 45.9 Mb. The assembly yielded 90.1% complete BUSCOs, suggesting a high quality of the genome 
assembly. Repeat content was estimated at ~70% using RepeatModeler and RepeatMasker, which is close to the estimate (~75%) in another 
resurrection species from the Gesneriaceae family, Boea hygrometrica. Gene prediction and functional annotation is underway. 
 
PE1110: Other Plant Species 
GC-MS Analysis of the Volatile Constituents in the Leaves of 14 Compositae Plants 
Yiguang Wang, Nanjing Agricultural University, Nanjing, China 
The green organs, especially the leaves, of many Compositae plants possess characteristic aromas. To exploit the utility value of these 
germplasm resources, the constituents, mainly volatile compounds, in the leaves of 14 scented plant materials were qualitatively and 
quantitatively compared via gas chromatography-mass spectrometry (GC-MS). A total of 213 constituents were detected and tentatively 
identified in the leaf extracts, and terpenoids (especially monoterpene and sesquiterpene derivatives), accounting for 40.45–90.38% of the total 
compounds, were the main components. The quantitative results revealed diverse concentrations and compositions of the chemical constituents 
between species. Principal component analysis (PCA) showed that different groups of these Compositae plants were characterized by main 
components of α-thujone, germacrene D, eucalyptol, β-caryophyllene, and camphor, for example. On the other hand, cluster memberships 
corresponding to the molecular phylogenetic framework, were found by hierarchical cluster analysis (HCA) based on the terpenoid composition 
of the tested species. These results provide a phytochemical foundation for the use of these scented Compositae plants, and for the further study 
of the chemotaxonomy and differential metabolism of Compositae species. 
 
PO1111: Other Plant Species 
Downy Mildew Effectors as a Tool to Identify Resistance Genes in Lettuce 
Anne Giesbers1, Kelsey Wood1, Kyle Fletcher1, Marieke Jeuken2 and Richard Michelmore3, (1)UC Davis, Davis, CA, (2)Plant 
Breeding, Wageningen University & Research, Wageningen, Netherlands, (3)Genome Center, University of California, Davis, CA 
Lettuce downy mildew, caused by the oomycete Bremia lactucae, leads to high losses in lettuce (Lactuca sativa) cultivation worldwide. Plant 
pathogenic oomycetes secrete effector proteins inside plant cells to promote infection. These effectors manipulate plant processes, either through 
their own biochemical activity, or by interacting with plant target proteins. However, recognition of effectors by resistance proteins in the plant 
can result in disease resistance. This interaction between effectors (Avr proteins) and plant resistance proteins (R proteins) can be used as a tool 
to identify and clone Avr-R gene pairs. B. lactucae effector genes have been predicted from transcriptomic and genomic data and transiently 
expressed in lettuce germplasm. Effector recognition by the plant leads to a hypersensitive response (HR) at the site of infiltration. Segregating 
populations of lines that respond differently to specific effectors have been used to map the loci responsible for effector recognition. So far, we 
have identified eight B. lactucae effectors that elicit an HR in lettuce and six of these responses have been genetically mapped. It is still a 
challenge to isolate the causal resistance genes from these genetically characterized resistance loci, due to the presence of clustered candidate R 
genes. We are implementing a pipeline for rapid identification and cloning of Avr-R gene pairs. A resulting library of Avr-R gene pairs may be 



beneficial for the data-driven spatiotemporal deployment of resistance genes. Furthermore, it would enable the stacking of multiple R genes to 
increase the evolutionary hurdle for the pathogen to become virulent. 
 
PE1112: Other Plant Species 
Genome-Wide Study for White Rust Resistance in Spinach 
Jun Qin1, Ainong Shi1, Jim Correll2, Gehendra Bhattarai1, Bazgha Zia1 and Waltram Ravelombola1, (1)Department of Horticulture, 
University of Arkansas, Fayetteville, AR, (2)Department of Plant Patholgy, University of Arkansas, Fayetteville, AR 
White rust, caused by the oomycete Albugo occidentalis, is a severe disease of economic importance that causes reduction in yield and quality of 
spinach (Spinacia oleracea L.). Although the disease is endemic to the central and eastern U.S., it has recently been reported form Greece, 
Turkey, and Mexico. The use of resistant cultivars is the most economical and practical approach for white rust management. The objectives of 
this study were to evaluate white rust resistance in a panel of world-wide spinach germplasm, to conduct a genome-wide association study 
(GWAS), and genomic selection (GS) for white rust resistance in spinach. A total of 910 spinach genotypes were evaluated over four years at 
White Rust disease Nursery (Del Monte) in Crystal City, TX. Over 100 spinach genotypes out of 910 were identified with high levels of 
quantitative resistance to the white rust pathogen. In a parallel effort, GWAS and GS has been done on an association panel with 412 spinach 
genotypes using 3000 SNPs from ddRADseq. Eight SNP markers were associated with white rust resistance. Based on RR-BLUP in rrBLUP, 
using 250 spinach genotypes as a training set and 162 genotypes as a validation set, the correlation coefficients between the genomic estimated 
breeding value (GEBV) and observed value of white rust resistant was 0.68 with the eight SNP markers. Currently, GWAS is being used to 
evaluate 480 spinach genotypes, including a set of USDA spinach germplasm from over 30 countries, commercial spinach hybrids, and advanced 
Arkansas selections. Whole genome resequencing (WGR) was conducted with 10X genome coverage in BGI. It is expected that QTLs/genes will 
be identified for white rust resistance in spinach and associated SNP markers could be used in spinach molecular breeding through MAS and GS 
to expedite the development of white rust resistant spinach material. 
 
PO1113: Other Plant Species 
A Transcriptomic Analysis Targeting Genes Involved in the Floral Transition of Winter-Flowering Chrysanthemum 
Peilei Cheng, Nanjing Agricultural University, Nanjing, China 
The genetic control of the floral transition in winter-flowering chrysanthemum is not well investigated. Here, RNA-seq technology was applied 
to explore the transcriptome of the variety ‘QD026’ at five developmental time points between the fully vegetative stage and flowering. The 
number of clean reads obtained per library was around 5 × 107. Under short-day growing conditions, floral induction was accompanied by a 
substantial number of differentially transcribed genes: these included constans-like and embryonic flower in the photoperiod pathway, and 
flowering locus c, short vegetative phase, and squamosa promoter-binding protein-like genes in the ambient temperature pathway. A quantitative 
PCR assay was successfully used to validate the differential transcription of a sample of the genes identified by the RNA-seq analysis as being 
differentially transcribed. 
 
PE1114: Other Plant Species 
Transcriptomic Analysis of Hooked Petal in Chrysanthemum 
Lian Ding, Nanjing Agricultural University, Nanjing, China 
The flower is the most fascinating organ in ornamental plants, and the petal shape directly determines the ornamental and economic value of a 
flower. The chrysanthemum is an ideal model organism for studies on petal morphogenesis due to the diverse floral forms it exhibits. However, 
the underlying molecular mechanisms of petal shape development are largely unknown in chrysanthemum. Here, we isolated a rare floral form 
mutant from a bud sport of ‘Anastasia Dark Green (ADG)’ cultivar. Morphological analysis and transcriptome profiling showed that the late 
stages of flower development were the critical phases of hooked petal morphogenesis. Genes involved in cell expansion and/or cell proliferation 
were shown to be responsible for hooked petal formation. Additionally, it was found that separation of distal petal was the precondition for 
hooked petal formation and that boundary genes may function in this process. Furthermore, ATHB15 homologs-mediated vascular patterning 
may affect petal morphogenesis. These findings provided an overview of hooked petal morphogenesis and highlight valuable candidate genes for 
further research and breeding of novel floral forms. 
 
PO1115: Other Plant Species 
Phylogenetic and Transcriptional Analysis of Chrysanthemum GRAS Transcription Factors 
Wanwan Zhang, Nanjing Agricultural University, Nanjing, China 
The GRAS transcription factors encoding proteins ranging from 400 to 700 residues are recognized by their conserved C terminus. Here, a set of 
23 CmGRAS genes was identified from a scan of the chrysanthemum (Chrysanthemum morifolium) transcriptome. A phylogenetic analysis 
implied that nine of these genes could be assigned orthologs to the GRAS gene family, and that four of them formed two pairs of paralogs. A 
phylogenetic analysis of the GRAS protein family based on the chrysanthemum and recent study of eight representative species of angiosperms 
showed that most of the CmGRAS genes belonged to a recognized sub-group. CmGRAS4 and CmGRAS10 were strongly transcribed in flowers 
and roots, respectively. The DELLA subfamily transcript abundance of the CmGRAS19 and CmGRAS20 was high in the reproductive tissues and 
they were responsive to phytohormones and stresses. Establishment of the orthology relationships between the known representative GRAS genes 
and CmGRAS, and transcriptional profiles of CmGRASs after phytohormone treatments or stresses will facilitate subsequent functional analyses 
in the GRAS gene family. 
 
PE1116: Other Plant Species 
Comprehensive Analysis of Mitogen-Activated Protein Kinase Cascades in Chrysanthemum 
Aiping Song1, Yueheng Hu1, Lian Ding1, Xue Zhang1, Peiling Li2, Ye Liu1 and Fadi Chen1, (1)Nanjing Agricultural University, 
Nanjing, China, (2)Xinyang Agricultural and Forestry University, Xinyang, China 



Mitogen-activated protein kinase (MAPK) cascades, an important type of pathway in eukaryotic signaling networks, play a key role in plant 
defense responses, growth and development. We characterized 6 MKK genes and 11 MPK genes in chrysanthemum based on transcriptomic 
sequences. Phylogenetic analysis and conserved motif analysis of the MKK and MPK families in Arabidopsis thaliana, Helianthus annuus and 
Chrysanthemum morifolium were performed, and classified these genes into four groups. qRT-PCR analysis demonstrated that CmMKKs and 
CmMPKs exhibited various expression patterns in different organs of chrysanthemum and in response to abiotic stresses and phytohormone 
treatments. Furthermore, a yeast two-hybrid assay was applied to analyze the interaction between CmMKKs and CmMPKs and reveal the MAPK 
cascades in chrysanthemum. Our data led us to propose that CmMKK4-CmMPK13 and CmMKK2-CmMPK4 may be involved in regulating salt 
resistance and in the relationship between CmMKK9-CmMPK6 and temperature stress. 
 
PO1117: Other Plant Species 
Transcriptome Analysis and Identification of Single Nucleotide Polymorphisms for Powdery Mildew Resistance in Gerbera 
Daisy  
Krishna Bhattarai and Zhanao Deng, University of Florida, Wimauma, FL 
Powdery mildew (PM), caused by Podosphaera xanthii, is one of the most challenging diseases to gerbera daisy production. It is difficult to 
control with chemical and biological control methods. Development of PM resistance in gerbera can provide an economic, effective and 
environmentally-safe control of the disease. Although the loci controlling the PM resistance in resistant gerbera are known, the genes underlying 
are yet to be identified and tagged with molecular markers. The leaf transcriptomes of resistant and susceptible gerbera lines were sequenced 
using the Illumina HiSeq2000 system. A transcriptome assembly was developed using Trinity, TransAbyss, Velvet and SoapDenovo, which 
consists of 145,348 contigs. The sequence reads from the resistant and susceptible gerbera lines were mapped to the assembly using Tophat2 and 
quantified using RSEM. Blast2Go was used to functionally annotate the transcriptome and identify differentially expressed genes. Analysis of 
the quantified reads revealed that 5,603 transcripts were differentially expressed: 2,057 up-regulated and 3,546 down-regulated. Based on 
keyword search in the functionally annotated transcriptome, 265 genes were involved in “disease resistance”, among which 16 and 20 were up- 
and down-regulated, respectively. Sequence variant calling using GATK, SAMtools and Freebayes revealed 580,141, 399,594 and 1,331,235 
SNPs in the resistant and susceptible gerbera lines, respectively. Based on GATK variant calling, 1,222 SNPs were present in the up- or down-
regulated “disease resistance” genes. These SNPs are a valuable resource for developing molecular markers that can be used in gerbera breeding 
for PM resistance. 
 
PE1118: Other Plant Species 
The Genome of Murraya koenigii Provides Insight into the Evolution of Bioactive Compounds of Medicinal Importance 
V B Reddy Lachagari1, Navajeet Chakravartty1, Boney Kuriakose2, Sivarama Prasad Lekkala1, Sajesh PK2, Krishna Mohan1, 
Oommen Mathew2, Saurabh Gupta1, Krishna Lalam1, Neethu Divakaran2, Megha M2, Saju Michael2, Tintu Joy2, Arjula R Reddy3, 
George Thomas2, Somasekar Seshagiri4 and Sam Santhosh5, (1)AgriGenome Labs Pvt Ltd, Hyderabad, India, (2)AgriGenome Labs 
Pvt Ltd, Kochi, India, (3)University of Hyderabad, Hyderabad, India, (4)Genentech Inc., South San Francisco, CA, (5)SciGenom 
Labs Pvt Ltd, Pleasanton, CA 
Curry leaf (Murraya koenigii L. 2n=2x=18), a member of Rutaceae family and valued as a seasoning, is native to India and Sri Lanka. In order to 
develop a high quality de novo genome assembly of curry leaf, DNA was extracted from M. koenigii cv Suhasini, which is known for its high 
aroma, and used for ~100X data generation from Illumina X Ten with linked read library and scaffolded with HiC. Here, we report ~319 Mb 
phased, whole-genome de novo assembly with the scaffold N50 of ~29 Mb and Busco completeness of ~95%. Nine scaffolds having length >=10 
MB that cover 85% of the genome were considered for synteny analysis with Citrus clementina and Citrus sinensis and high degree of co-
linearity was observed with citrus. The structural variants between the phased assemblies were identified. ~43K cds were predicted using Isoseq 
and RNA-Seq data as hints based in the phased assembly, out of which ~34K cds were annotated based on uniport database and validated with 
IsoSeq data. Further, functional annotation and metabolic pathway analysis were performed and genes associated with the production of 
secondary metabolites like terpenes, terpenoids, sesquiterpenes, alkaloids, flavonoids and carbazoles were identified. Bioactive compounds 
produced by these pathways are known to show properties of as anti-tumor, anti-inflammatory, anti-cancer, anti-carcinogenic, anti-diabetic and 
other activities beneficial for human health. This comprehensive genomic, transcriptomic and metabolomic information helped to understand and 
decipher the secondary metabolites pathways involved in biosynthesis of these compounds. 
 
PO1119: Other Plant Species 
Comparative Analysis of Four Aquilegia Species 
Christos Noutsos, SUNY College at Old Westbury, Old Westbury, NY 
Speciation is one of the most fascinating evolutionary processes. One way to study speciation is at genome level via rearrangements that lead to 
restriction of gene flow. Aquilegia species interbreed, and despite being genetically very closed to each other, phenotypically are diverse. In this 
project, we sequenced four Aquilegia species searching for genome rearrangements and their contribution to Aquilegia speciation. We included 
A. formosa, A. pubescens, which hybridize in nature, A. canadensis and the European A. vulgaris, all of which when crossed produce vital 
offsprings. Genome assembly and rearrangements discovery will enable us, through targeted crosses, to isolate genomic regions responsible for 
different phenotypes. 
 
PE1120: Other Plant Species 
Dissecting Genetic Diversity and the Genomic Background of Petunia (Petunia ×hybrida) Cultivars 
Yufang Guo and Ryan M. Warner, Michigan State University, East Lansing, MI 
The modern cultivated garden petunia (Petunia ×hybrida) is one of the most economically important ornamental plant species. Petunia axillaris 
and P. integrifolia are the progenitor species of P. ×hybrida, which dates back only to the 1830s. To investigate the genetic diversity and 
genomic background of current petunia cultivars and to infer potential recombination hotspots of the progenitor species during breeding, a panel 
of 13 petunia cultivars representing several breeding programs and three wild Petunia species, the two progenitor species and P. exserta, were 



used in this study with SNPs identified by transcriptome sequencing. A broad range of numbers of polymorphic SNPs were detected among the 
petunia cultivars and species. Principle component analysis (PCA) did not reveal a clear separation of petunia cultivars against the progenitor 
species. No significant breeding signature regions were identified, suggesting low selection strengths during the breeding process, possibly a 
consequence of the diversified breeding objectives for ornamental crops combined with the short breeding history of petunia. A balanced level of 
genomic contribution was identified from the progenitor species, though the contribution pattern varied across cultivars. This research is the first 
step towards understanding the genetic background of current petunia cultivars and potential genomic regions for genetic improvement. 
 
PO1121: Other Plant Species 
Genome Sequences of the Mimulus lewisii Species Complex, a Model System for Plant Genetics, Development, and 
Evolution 
Wei Sun1, Qiaoshan Lin2, Thomas C. Nelson3, Liang Leng1, Angela Stathos3, Toby Bradshaw4, Lila Fishman5, Jill L. Wegrzyn6, 
Shilin Chen1 and Yaowu Yuan6, (1)Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing, 
China, (2)University of Connecticut, Storrs, CT, (3)Division of Biological Sciences, University of Montana, Missoula, MT, 
(4)Department of Biology, University of Washington, Seattle, WA, (5)University of Montana, Missoula, MT, (6)Department of 
Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT 
The monkeyflower species Mimulus lewisii and its close relatives have been a classic model system in ecological and evolutionary studies for 
over 70 years. Recently, they have also emerged as a new model system for plant developmental genetics and evo-devo. However, the lack of 
reference genome sequences has been a major hurdle to fully utilizing this model in various research areas. Here we present high quality, 
chromosomal level genome assemblies for four species, including the bumblebee-pollinated M. lewisii, the hummingbird-pollinated M. 
cardinalis and M. verbenaceus, and the self-pollinated M. parishii. Each genome was assembled with >60-fold PacBio long reads and polished 
using high-coverage Illumina reads; the final assemblies range from 400 to 450 Mb among the four species, with a contig N50 from 1.5 to 2.5 
Mb. The PacBio contigs were anchored to eight chromosomes using Hi-C or/and high-density linkage maps. Protein-coding genes were 
annotated with an unsupervised RNA-Seq-based genome annotation pipeline. Repetitive sequences, including transposable elements, rDNA, 
centromeres, and telomeres, were identified and curated by a semi-automatic approach. These genome assemblies greatly facilitate whole-
genome comparisons to identify chromosomal rearrangements that contribute to reproductive isolation between species, QTL mapping and 
causal gene identification of divergent floral traits, and functional characterization of chemically induced mutants with ecologically interesting 
phenotypes. 
 
PE1122: Other Plant Species 
Identifying Sex-Segregating Loci to begin to Elucidate the Parallel Origin of Sex Determination and Homeotic Sexual 
Dimorphism in Thalictrum L. 
Melody P. Sain, University of Wisconsin Madison - Botany Department, Madison, WI and David A. Baum, University of 
Wisconsin, Madison, Madison, WI 
In the animal kingdom separate sexes are the norm, but plant sporophytes are more commonly bisexual than unisexual. Although the 
phenomenon of dioecy (unisexuality) is rare, it is phylogenetically widespread among angiosperm families. The genus Thalictrum L. (meadow-
rue, Ranunculaceae) possesses several characteristics that make it a good system to examine evolutionary transitions in sexual systems. It 
includes two distinct dioecious clades one of which has been shown to have a male heterogametic sex determination system. Unisexual flowers 
have free carpels or free stamens whose youngest primordia are very similar, suggesting the possibility that sex determination involves 
differential expression or activity of floral organ identity genes. Since the genetic basis of sex determination is known for only a few plants to 
date, with none known to directly utilize homeotic genes, we aim to elucidate the genomic architecture of Thalictrum sex determination in the 
two dioecious clades to determine whether the transition from hermaphroditism to dioecy occurred via the same molecular pathways in each 
independent origin and whether either involves changes in B-class MADS-box genes or known regulators of these organ identity genes. We are 
using Illumina whole genome sequencing of bulked males vs. females of Thalictrum dioicum L. to identify sex specific regions. Preliminary 
analyses suggest that ~0.5% of the genome is male-specific. Future work will entail assembly of a draft genome and annotation of sex-linked 
contigs for T. dioicum. Then, by conducting similar analysis of a representative of the other dioecious clade, T. dasycarpum, we will be able to 
examine the degree of parallelism involved and shed light on the repeatability of sexual system evolution in flowering plants. 
 
PO1123: Other Plant Species 
Genomics of Pollinator-Mediated Reproductive Isolation in Ophrys Orchids 
Alessia Russo, University of Zürich, Department of Plant and Microbial Biology, Zürich, Switzerland, Dmitry Smetanin, 
University of Zurich, Department of Plant and Microbal Biology, Zurich, Switzerland, Philipp M. Schlueter, University of 
Hohenheim, Stuttgart, Germany and Ueli Grossniklaus, University of Zürich, Department of Plant and Microbal Biology, Zürich, 
Switzerland 
Orchids of the genus Ophrys mimic mating signals of female insects, such as shape, colour, and odour, to attract male pollinators and ensure 
reproductive success. The phenomenon is called sexual deception, and each Ophrys species attracts its own pollinator, leading to prezygotic 
reproductive barriers to gene flow, and thereby speciation processes. The high specificity of the Ophrys-insect relationship makes the system 
particularly suitable for investigating pollinator-driven speciation, which plays a major role in the origin of the species diversity in flowering 
plants. Here, we aim to clarify the genomic aspects of this phenomenon, by building a reference genome for the genus. Beyond providing a 
useful resource for molecular work, it will allow us to understand the patterns of genetic differentiation between the species, and particularly the 
extent to which diverging loci are clustered in the genome. Ultimately, our results will help to improve our understanding of pollinator-driven 
speciation in flowering plants. 
 
PE1124: Other Plant Species 



Genome Evolution in the Streptopoideae 
Alana Benn, Huan Han, Riffat Hussain, Andrew Marten, Indira Somanathan and Chris Baysdorfer, Department of Biological 
Sciences, California State University, East Bay, Hayward, CA 
Genome expansion has occurred repeatedly throughout plant evolution. The family Liliaceae has experienced several expansion events with the 
subfamily Streptopoideae showing a recent example of this. This subfamily consists of three genera (Scoliopus, Prosartes and Streptopus) with 
ca. 15 species. Genome size measurements average 3-4 pg/1Cx for most members with the exception of Scoliopus with a genome size of 9 
pg/1Cx. Genome skimming using Ion Torrent and Oxford Nanopore technologies was conducted from all 6 Prosartes, all 2 Scoliopus, 2 of 7 
Streptopus and one Tricyrtis as the outgroup. The complete chloroplast genome was recovered from these species and showed the following 
relationship [Streptopus [Scoliopus + Prosartes]]. In addition, the enigmatic and extremely rare Prosartes parvifolia was confirmed as a distinct 
species that is sister to the remaining Prosartes. Analysis of repetitive nuclear DNA showed an abundance of copia retrotransposons in all species 
with the exception of Scoliopus bigelovii and hallii. In these taxa, gypsy retrotransposons were the most abundant retroelement present. This data 
suggests that the recent genome expansion in Scoliopus was driven primarily by active gypsy retrotransposons, a conclusion supported by the 
presence of these elements in the virus-like particle (VLP) pool obtained from leaves of these species. Additional data on repetitive DNA from 
this subfamily will be presented together with the current status of complete genome sequencing of key taxa, a more thorough analysis of 
retroelement composition and abundance and current work on characterization of VLPs from plants of this subfamily. 
 
PO1125: Other Plant Species 
Ensete ventricosum: Unravelling the Diversity and Distribution of an Ethiopian Starch Staple 
James S. Borrell1, Manosh Biswas2, Mark Goodwin2, Trude Schwarzacher2, Pat Heslop-Harrison2, Guy Blomme3, Wendawek 
Abebe4, Steven Janssens5, Aaron Davis1, Sebsebe Demissew6, Feleke Woldeyes7 and Paul Wilkin1, (1)Royal Botanic Gardens, Kew, 
London, United Kingdom, (2)University of Leicester, Leicester, United Kingdom, (3)Bioversity International, Addis Ababa, 
Ethiopia, (4)Hawassa University, Hawassa, Ethiopia, (5)K.U.Leuven, Leuven, Belgium, (6)Addis Ababa University, Addis Ababa, 
Ethiopia, (7)Ethiopian Biodiversity Institute, Addis Ababa, Ethiopia 
Enset (Ensete ventricosum, Musaceae) is an African crop and banana relative that currently provides the staple food for approximately 20 million 
Ethiopians. Whilst bananas are widely farmed for their fruits, it is instead the swollen pseudostem base, leaf sheaths and underground corm of 
enset that provides a year-round starch source. Wild enset grows over much of East and Southern Africa and the genus extends across Asia to 
China, yet it has only ever been domesticated in South West Ethiopia, where smallholder farmers cultivate hundreds of landraces across diverse 
climatic and agroecological systems.  
Enset has several important food security traits, including tolerance of broad environmental conditions, rapid clonal propagation and 
harvestability at any time of year, over several years until flowering. It provides dietary starch, as well as fibres, medicines, animal fodder, 
roofing and packaging; it stabilises soils and microclimates and has significant cultural importance. In contrast to the other cultivated species in 
the Musaceae family, enset has received relatively little research attention, despite potential that exceeds its current culturally restricted 
distribution.  
Here, we present the most comprehensive data to date on enset genomic diversity, environmental distribution and climatic tolerance, drawing 
comparisons with wild populations and Musa genomics. We conclude with a framework for future enset research, encompassing empirical 
studies on the efficacy of current agronomic practices, approaches to systematic breeding, characterisation of existing and emerging diseases, 
adaptability to novel climates conservation of crop wild relatives (CWRs), co-products and non-starch uses, and the enset microbiome. We also 
highlight the limited availability of enset germplasm in living collections and seedbanks, and the lack of knowledge of reproductive and 
germination biology needed to underpin future breeding. By reviewing the current state of the art in enset research and identifying gaps and 
opportunities, we hope to catalyse the development and sustainable exploitation of this neglected starch crop. 
 
PE1126: Other Plant Species 
Optimisation of Genomic Selection in Oil Palm 
Steven Shen Yen Chong1, Hui Yee Yong1, Soo Heong Boon1, Kia Ling Chua2, Weng Wah Lee1, David Eng Leng Chuah1, Kah 
Yeong Teo1, Pui Ling Liew1, Fakhrur Razi Mohd Shaha1, Nurul Syuhaida Zulkifli1, Chee Chun Tay2, Anand Kumar Inthiram2, Khin 
Sin Nyiam2, Nor Hafizah Nordin2 and Suan Choo Cheah1, (1)ACGT Sdn Bhd, Kuala Lumpur, Malaysia, (2)Genting AgTech Sdn 
Bhd, Kuala Lumpur, Malaysia 
Conventional breeding in oil palm is costly and time consuming due to long breeding cycle and limited number of tested individuals. Genomic 
selection aims to increase the selection intensity by using genome-wide markers to predict the phenotypes of progenies and select high yielders 
for planting. There are several parameters that could affect the prediction accuracy of genomic selection, such as, sample partitioning method, 
models/algorithms used, association between markers and trait, number of iteration and ratio of training and validation set. Optimisation of the 
parameters was investigated on a Deli x AVROS oil palm population for a highly and a less heritable trait, namely, oil-to-bunch (O/B) and fresh 
fruit bunch (FFB), respectively. To further investigate whether it is possible to reduce the number of markers without compromising prediction 
accuracy, markers according to association score and stepwise increase of 1 marker (up to all markers) are used for model training. 
 
PO1127: Other Plant Species 
Genomic Variability of Phytophthora palmivora Isolates from Different Oil Palm Cultivation Regions in Colombia 
Juanita Gil, Colombian Oil Palm Research Center/Universidad de Los Andes, Bogotá, Colombia, Mariana Herrera Corzo, 
Corporación Centro de Investigación en Palma de Aceite, Bogotá, Colombia, Jorge Duitama, Universidad de los Andes, Bogotá, 
Colombia, Silvia Restrepo, Universidad de los Andes, Bogota, Colombia and Hernán Mauricio Romero, Universidad Nacional de 
Colombia and Cenipalma, Bogota, Colombia 
Phytophthora palmivora is a plant pathogen of economic importance because it can cause large production losses on a broad range of crops 
worldwide. It has been identified in crops such as cocoa, oil palm, rubber, coconut, among others, causing root, bud and rotting diseases due to 



the ability of this oomycete to infect different tissues on its host. Unlike P. palmivora isolates obtained from cocoa trees, the isolates from oil 
palms are able to infect not only this species but also other hosts. This suggests that oil palm P. palmivora isolates should have higher levels of 
virulence, making them interesting to study plant-pathogen interactions. We present here a high quality assembly for a highly virulent oil palm 
isolate of Phytophthora palmivora integrating long PacBio and short Illumina reads. Whereas the assembly length obtained (165 Mbp) is 
comparable to previous estimations of the genome size (151 Mpb), the number of contigs (2,322) represents a less fragmented assembly than that 
of the publicly available sequence for the same species. We also explored the genetic diversity of isolates obtained from oil palms affected by the 
bud rot disease in different regions of Colombia. Additionally, we obtained a genome-wide catalog of effector proteins with over 1400 
cytoplasmic effectors, that could account for differences in the pathogenicity of this and other Phytophthora species. We expect that our results 
will provide valuable genomic resources that could be used in crop breeding programs, aiming to achieve more durable disease resistance by 
understanding the genetics of Phytophthora palmivora and its secreted virulence factors. 
 
PE1128: Other Plant Species 
Coconut: Genomic Analysis, Palm Divergence, and Oil Yield 
Cynthia Saloma1,2, Ma. Regina G. Punzalan1,2, Charles Anthon E. Cadorna1, Gamaliel Lysander B. Cabria1,2, Zenaida V. 
Magbanua1,2 and Ma. Anita M. Bautista1,2, (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 
Cocos nucifera (coconut) is the only known species under the genus Cocos in the Arecaceae family. Its most important product, coconut oil, is 
rich in medium-chain triglycerides which are known for various health benefits such as increased HDL, weight loss, and increased metabolism. It 
is sourced from dried coconut meat or copra of a mature coconut, and makes up about 2% of the world’s vegetable oil production. The growing 
demand for coconut oil in the world market puts a pressure for coconut-producing countries to boost copra production. However, conventional 
breeding strategies remain to be the most common practice in Asian countries, and the lack of the lack of available genomics resources in 
coconut makes it even more difficult to apply molecular breeding techniques. In this study, the whole genome of coconut was assembled using a 
combination of fosmid, paired-end, mate-pair, and long read libraries. The genome size was estimated to be 2.6 Gb with about 80% repeats. 
Overall, the genome assembly allowed scaffold reconstruction with high resolution that accompanied the divergence of coconut from the palm 
common ancestor. Differential gene expression analysis of the nut tissues revealed that high yielding palms have enhanced seed filling processes 
and are enriched in cell wall modifying enzymes as compared to its low yielding counterpart. Potential markers associated to high copra yield 
have been developed and are important in national breeding efforts to replant vast areas which have been ravaged by typhoons, diseases and old 
unproductive palms. 
 
PO1129: Other Plant Species 
Development of SNP Markers for Cultivar Identification and Marker-Assisted Backcrossing in Onion 
Ji-Hee Lee, Center for Horticulture Seed Development of Golden Seed Project, Jeonnam, South Korea and Ill Sup Nou, 
Department of Horticulture, Sunchon National University, Jeonnam, South Korea 
This study aimed to discover high quality single nucleotide polymorphisms (SNPs) from 192 onion inbred lines relating to short-day cultivation 
in Korea by paired-end double digested restriction site-associated DNA sequencing (ddRAD-seq). We obtained total 538,973,706 reads while 
2,658,491 were high-quality reads. With stringent filtering, 1904 SNPs were discovered based on onion reference scaffolds. These 1904 SNPs 
were developed as markers and used for cultivar identification. The SNP markers deployed in this study effectively authenticated the DNA 
fingerprints the early spring onion cultivars utilizing a high-throughput genotyping protocol. The developed markers are highly useful in 
management and conservation of elite onion breeding materials at the farmers’ level. In Onion, it takes a long time to develop new cultivar using 
backcross breeding due to its biennial life cycle. Recently, several markers were applied in marker-assisted backcross (MABC) to recover the 
genome from recurrent parent by inheriting the elite line with the target gene of interest from the donor parent. Among these markers, SNPs have 
drawn great attention due to its versatile functions. To determine the optimum number of SNPs to reduce the cost of MABC, genotyping system 
was used to identify 420 polymorphic SNP markers. These markers were applied to the BC2F1 population and calculate the recovery rate. The 
results revealed that 96 SNPs were optimum for MABC and can select the individuals for next backcrossing. This result will aid to develop new 
onion cultivars within a short time with low cost. (Golden Seed Project, Grant no. 213007-05-3-CG100). 
 
PE1130: Other Plant Species 
Estimating Epistasis in Cereals for Genomic Prediction of Unobserved Crosses in a Half Diallel Experiment 
Xiangyu Guo, Aarhus University, Tjele, Denmark, Just Jensen, Center for Quantitative Genetics and Genomics, MBG, Aarhus 
University, Tjele, Denmark and Luc L. Janss, Aarhus University, Aarhus, Denmark 
Epistasis is the interaction between loci, which has been recognized as having a critical role in dissecting genetic control of physiological 
pathways and as an important source of genetic variance in plant populations.  
The objective was to explore epistatic genetic effects (EPI) in simulated double haploid (DH) populations. The impacts of EPI on genomic 
prediction (GP) of total (additive + epistatic) genetic effects were studied in a half diallel using different designs where different parts as 
reference to predict the remaining crosses (RDs).  
We simulated data from 2,280 DHs originated from 190 F1 families generated by half diallel cross between 20 homozygous diploid parents. 
Three different RDs were investigated by varying the structure of reference population: 1) 10 families with no overlap of parents among different 
families (RD1), 2) 40 families with one parent overlap in two neighboring families (RD2), and 3) 120 randomly selected families accounted for ~ 
60% of whole population (RD3).  
In total, five different statistic models/methods were applied for GP. The models were two genomic best linear unbiased prediction (GBLUP) 
models with EPI, one GBLUP model without EPI, a single nucleotide polymorphism BLUP model without EPI, and a reproducing kernel Hilbert 
space regression model capturing EPI. The predictive ability (PA) was measured as the correlation between true and estimated total genetic 
values.  



Results showed that RD2 generally provided higher PA than RD1 and RD3. The influence of the EPI was not observed in PA since there was no 
significant difference between models with or without EPI. 
 
PO1131: Other Plant Species 
Characterization and Comparative Sequence Analysis of Heavy Metal Ligands and Transporters Candidate Genes for 
Hyperaccumulation in Megathyrus maximum 
Kelechi. L. Njoku and Adetokunbo Michael Soyoye, University of Lagos, Lagos, Nigeria 
Megathyrsus maximum B.K. Simon & S.W.L. Jacobs., (formerly known as Panicum maximum) is a tropical plant species belonging to the family 
Poaceae. Studies have indicted the plant for its heavy metal hyperaccumulation potentials based on physicochemical parameters and quantitative 
chemical concentrations. However, there is need to validate its genetic basis before conclusive proposition. Hence, the aim of the study is to 
validate the presence of particular heavy metal hyperaccumulation candidate gene families in the plant. phytochelatin synthase (PCS1), heavy 
metal atpase (HMA4), natural resistance associated macrophage protein (NRAMP3), metal tolerance protein (MTP1), and cation exchanger 
(CAX2) were the genes selected for qualitative assessment. The primers for the genes were designed from reference gene, mRNA and CDS 
sequence data retrieved from GenBank on National Center for Biotechnological Information NCBI. The molecular analysis was carried out on 
the DNA isolates using the polymerase chain reaction (PCR) and agarose gel electrophoresis. Resultant amplicons were sequenced, trimmed and 
submitted to GenBank to for annotation. The accession numbers for PCS1, MTP1, CAX2, NRAMP3, and HMA as assigned by GenBank are 
MH686151, MH883325, MH737697, MH822298 and MH878943 respectively. The presence of the PCS1 signifies the occurrence of the metal 
ion binding ligands Glutathione (GSH) and phytochelatin (PC) involved in complexation. Correspondingly, the presence of metal ion 
transporters HMA4, NRAMP3, MTP1 and CAX2 indicates storage compartmentation mechanism. From the foregoing; M. maximum is a 
candidate for broad spectrum metal hyperaccumulation and further gene expression analysis would aid its understanding for use in 
phytoremediation, biomining and biofortification strategies.  
 
PE1132: Other Plant Species 
Complete Chloroplast Genome Sequence of Hard Fescue (Festuca brevipila) 
Yinjie Qiu, Cory Hirsch and Eric Watkins, University of Minnesota, St. Paul, MN 
The fine fescue species [Chewings fescue (Festuca rubra ssp. fallax), hard fescue (Festuca brevipila), sheep fescue (Festuca ovina), strong 
creeping red fescue (Festuca rubra ssp. rubra), and slender creeping red fescue (Festuca rubra ssp. litoralis)] have been shown to perform well 
in low-input environments in temperate climates. However, due to morphological similarity, species classification of fine fescue species has been 
challenging. Previous classification of fine fescue species was done through flow cytometry, however, the method is expensive and time 
consuming. Besides, frequent hybridization events in Poacea species present complications for the use of flow cytometry for species 
identification. The chloroplast genome has been widely used for several purposes including plant phylogeny determination, species 
identification, DNA barcoding activities and comparative genomics. Here, we report the first whole chloroplast genome sequence of hard fescue 
species cultivar ‘Beacon’. We also present the chloroplast genomes of slender red fescue cv. ‘Shoreline’, strong creeping red fescue cv. 
‘Navigator II’, Chewings fescue cv. ‘Treazure II’, and sheep fescue cv. ‘Quatro’. We used the genome sequences to reconstruct the phylogeny 
tree of the fine fescue species with other species within the Festuca-Lolium complex. Finally, we used comparative genomics method to 
characterize the five fine fescues at molecular biology level in order to further develop molecular markers for species identification. 
 
PO1133: Other Plant Species 
Toward the Identification of Drought Tolerance Genomic Region in Tall Fescue through Genome-Wide Association 
Mapping 
Md Shofiqul Islam1, Shyamal K. Talukder2, Jennifer Black1, Melissa McMahon1, Konstantin Chekhovskiy1 and Malay C. Saha1, 
(1)Noble Research Institute, LLC, Ardmore, OK, (2)California Cooperative Rice Research Foundation Inc, Biggs, CA 
Tall fescue (Festuca arundinacea Schreb.) is the most important cool season perennial forage grass species in the United States. Thereby, the 
production and persistence of tall fescue is significantly affected by drought in the Southern Great Plains of the United States. Currently, 
breeding for increased production and longer persistence for the region is one of the goals to develop improved tall fescue cultivars. In this study, 
we aimed to identify quantitative loci traits (QTLs) associated with drought responsive agronomical and physiological traits through genome-
wide association mapping. A pseudo F1 bi-parental mapping population consisting of 206 genotypes was developed by crossing between drought 
sensitive (W947) and drought tolerant (B348) genotypes. The F1 mapping population was phenotyped based on plant height, biomass dry weight, 
plant vigor, spreading type, osmotic potential, and leaf relative water content under drought condition from 2015 to 2018 using a replicated field 
experiment established in the Noble Research Institute’s Research Park at Ardmore in Oklahoma following randomized complete block design. 
The genotyping-by-sequencing (GBS) of the mapping population were performed using Illumina HiSeq2000 platform. The reads were quality 
filtered, and approximately 2.5 million SNPs were identified in the population using Stacks (v1.37) software pipeline. An effort of identifying 
QTLs associated with drought tolerance related traits is ongoing. Markers identified in the QTL regions will be used for marker-assisted 
selection, with the ultimate goal of improving tall fescue for drought tolerance. 
 
PE1134: Other Plant Species 
Molecular Responses of Brachypodium distachyon to Hessian Fly (Mayetiola destructor) Larval Attack Reveal Multiple 
Defense Strategies for Plant Survival 
Subhashree Subramanyam1, Jill A. Nemacheck1, Andrea M. Hargarten1, Nagesh Sardesai2, Brandon J. Schemerhorn1 and Christie 
Williams1, (1)USDA-ARS/Purdue University, West Lafayette, IN, (2)Corteva Agriscience, Agriculture Division of DowDuPont, 
Johnston, IA 
The Hessian fly (Mayetiola destructor) is a destructive pest of wheat causing severe economic damage. Numerous genes and associated 
biological pathways have been implicated in defense against Hessian fly. However, due to limited genetic resources, compounded with genome 
complexity, functional analysis of the candidate genes are challenging in wheat. Physically Brachypodium distachyon (Bd) exhibits nonhost 



resistance to Hessian fly, and with a small genome size, short life cycle, vast genetic resources and amenability to transformation, it offers an 
alternate functional genomic model for deciphering plant-Hessian fly interactions. RNA-sequencing was used to reveal thousands of Hessian fly-
responsive genes in Bd one, three, and five days after egg hatch. Genes encoding defense proteins, stress-regulating transcription factors, 
signaling kinases, and secondary metabolites were strongly up-regulated within the first 24 hours of larval feeding indicating an early defense, 
similar to resistant wheat. Defense was mediated by a hypersensitive response that included necrotic lesions, up-regulated ROS-generating and -
scavenging enzymes, and H2O2 production. Suppression of cell wall-associated proteins and increased cell permeability in Bd resembled 
susceptible wheat. Thus, Bd molecular responses displayed multiple defense strategies against larval feeding. Shared similarities of Bd responses 
to both resistant and susceptible wheat validate its suitability as a model genome for undertaking functional studies of candidate Hessian fly-
responsive genes. 
 
PO1135: Other Plant Species 
Transcriptome of the Desiccation-Tolerant Plant Tripogonella spicata in the Response to Drought Stress 
Carolina Morgante1, Agnaldo R.M. Chaves2, Ana Zotta Mota3 and Saulo T. Aidar2, (1)EMBRAPA, Petrolina PE, Brazil, 
(2)Embrapa Semiárido, Petrolina, Brazil, (3)EMBRAPA, BRASILIA, Brazil 
Tripogonella spicata is a wild grass geographically distributed from South Texas to the Patagonia desert. In Brazil, it occurs in a savannah, in the 
northeastern semiarid region, and in seasonally flooded regions of Pantanal. In this work, we confirmed the vegetative desiccation tolerance of T. 
spicata, by exploring physiological and molecular aspects of plants during a dehydration–rehydration cycle. T. spicata rapidly recovered 
physiological functionality after a period of extreme dehydration, being a homoiochlorophyllous plant, as the photosynthetic apparatus was 
preserved during the desiccation process. The role of nonenzymatic mechanisms in the redox state control was evidenced by the accumulation of 
carotenoids in leaves, as a form of heat dissipation, and no increase in the activity of antioxidant enzymes in dehydrated leaves. Additionally, we 
performed a transcriptome analysis of roots and leaves of mildly and severely dehydrated, and rehydrated plants. A genome-guided strategy was 
conducted, using the closest available genome of Oropetium thomaeum as a reference to the assemble of the transcriptome. Among the 785 
million reads generated, about 68% were mapped to the reference genome. We obtained 27,299 non-redundant contigs, and predicted 28,085 
proteins. The completeness evaluated by CEGMA showed the presence of 85% of the core genes of eukaryotes. The overall expression profile 
revealed that most differentially expressed genes in dehydrated plants were downregulated, confirming the tendency to an anabiose state and a 
rapid recovery of metabolic functions after rehydration. This is a valuable database for the search of drought tolerance genes to be used in crop 
breeding.  
Financial support: Embrapa-Monsanto, Facepe, FAP-DF 
 
PE1136: Other Plant Species 
Diploidized Marker Data from Genotyping-by-Sequencing of the Tetraploid Forage Grass Urochloa 
Filipe I. Matias1, Karem Meireles2, Sheila Nagamatsu3, Sanzio Barrios2, Cacilda do Valle2, Marcelo Falsarella Carazzolle4, Roberto 
Fritsche Neto5 and Jeffrey Endelman6, (1)“Luiz de Queiroz” College of Agriculture, Univ. of São Paulo, Piracicaba, Brazil, 
(2)Embrapa Beef Cattle, Campo Grande, Brazil, (3)University of Campinas, Campinas, Brazil, (4)Genomics and Expression 
Laboratory - University of Campinas (UNICAMP), Campinas, Brazil, (5)Genetics Department, “Luiz de Queiroz” College of 
Agriculture, University of São Paulo, Piracicaba, Brazil, (6)University of Wisconsin, Madison, WI 
Although genotyping-by-sequencing (GBS) is a well-established marker technology in diploids, the development of best practices for tetraploid 
species is a topic of current research. We determined the theoretical relationship between read depth and expected genotype quality (GQ) for 
tetraploid vs. diploidized genotype calls. Assuming no error, 11 reads are sufficient to classify tetraploid samples as heterozygous vs. 
homozygous with 95% accuracy, compared with 61 reads to determine allele dosage. One response to this challenge in previous studies has been 
the use of diploid models, but their naïve application to tetraploid samples can produce suboptimal genotype calls and incorrect GQ scores. We 
developed an R script to convert tetraploid GBS data in Variant Call Format (VCF) into diploidized genotype calls and applied it to 267 
interspecific hybrids of the tetraploid forage grass Urochloa (syn. Brachiaria). When reads were aligned to a ‘mock’ reference genome, created 
from GBS data of the cultivar ‘Marandu’, 46,147 bi-allelic SNPs were discovered, compared to less than 6000 SNPs when aligning to the closest 
true reference genomes, Setaria viridis and S. italica. We recommend using thresholds for both sample depth and GQ to eliminate poor quality 
reads without introducing genotype bias, which reduced the number of SNPs with less than 50% missing data to 23,936 in the Urochloa panel. 
Cross-validation revealed that missing genotypes were imputed with a median accuracy of 0.85, regardless of heterozygote frequency, to produce 
a complete genotype matrix that will be used for genome-wide prediction and association analysis. 
 
PO1137: Other Plant Species 
Are Carex albida L.H. Bailey and Carex lemmonii W. Boot ‘Genomic Synonyms’? Genomic Comparisons Among 
Populations of Carex lemmonii for Conservation Purposes 
Austin Quach, Alyssa Jenkins and Ana Almeida, California State University East Bay, Hayward, CA 
The genus Carex plays a crucial role in ecosystems by maintaining water and soil quality, and acting as a food source and/or natural habitat for 
wildlife. Carex albida is a perennial herb native to California and is limited to the Pitkin Marsh in Sonoma County. Listed as an endangered 
species since 1979 this population was recently grouped with Carex lemmonii based on morphological studies, with no molecular data analysis to 
support this decision. Given the widespread genome-level changes described within the genus Carex, lack of information on the molecular level 
can be problematic in defining species boundaries. The synonymization of Carex albida and Carex lemmonii changes C. albida protection status 
from an endangered species to a non-threatened one, with significant impacts on conservation efforts. The objective of this project is to 
investigate the genome sequence divergence within Carex lemmonii throughout California, with special focus on the Sonoma County population, 
building a more robust species delimitation that encompasses morphological and molecular data. Currently, we are generating sequence data for 
one individual plant from the Sonoma County population with >50x coverage using a mixed approach of ultra-long reads (Nanopore) and short-
reads (Illumina). Other populations of Carex lemmonii throughout California will be sampled and sequenced at lower coverage for future 



comparisons to the high coverage genome. This approach will hopefully help solve whether Somona county populations of what was formely 
known as Carex albida are genomic synonymes of the common California endemic Carex lemmonii. 
 
PE1138: Other Plant Species 
Dissecting the Molecular Mechanism Underlying Salt Secretion in Zoysiagrass 
Yi Xu, Fangfang Wang and Qingyi Yu, Texas A&M AgriLife Research, Dallas, TX 
Soil salinity is one of the most devastating environmental factors limiting plant growth and productivity worldwide. Zoysiagrass (Zoysia spp.) 
can excrete excess salts via foliar salt glands to cope with salt stress. Elucidating the molecular mechanisms underlying salt secretion not only 
can facilitate the development of new salt-tolerant crops, but also can be utilized in remediation of salt-affected soils. We developed a protocol to 
isolate bicellular salt glands from epidermis. RNA-seq analysis of salt gland and mesophyll cells under both control and salt stress conditions 
were performed. A total of 896 and 1627 up-regulated differentially expressed genes (DEGs), 651 and 1218 down-regulated DEGs were found in 
salt gland and mesophyll under salt stress, compared with their respective controls. Gene ontology (GO) analysis showed that salt stress triggered 
the enrichment of DEGs in the category of reductive pentose-phosphate cycle, organic hydroxyl compound transport, and response to chitin only 
in salt gland cell. Weighted correlation network analysis (WGCNA) reported two modules mainly containing DEGs involved in photosynthesis, 
ion exchange, amino acid transport, and energy metabolism were highly enriched with DEGs. A number of transcription factors were also 
identified in these two modules, with large network linkages to each other and DEGs, which could serve as central hubs for controlling salt 
response in zoysiagrass leaf. Such information could be further utilized in future for individual functional characterization and facilitate 
molecular breeding for warm-season turfgrasses. 
 
PO1139: Other Plant Species 
Barnyardgrass Genome Analysis Provides Insight into Its Adaptation and Invasiveness as a Weed 
Jie Qiu, Washington University in St. Louis, St. Louis, MO 
Barnyardgrass (Echinochloa crus-galli) is a pernicious weed in agricultural fields worldwide. The molecular mechanisms underlying its success 
in the absence of human intervention are presently unknown. Here we report a draft genome sequence of the hexaploid species E. crus-galli, i.e. 
a 1.27 Gb assembly representing 90.7% of the predicted genome size. An extremely large repertoire of genes encoding cytochrome P450 
monooxygenases and glutathione S-transferases associated with detoxification are found. Two gene clusters involved in the biosynthesis of an 
allelochemical 2,4-dihydroxy-7-methoxy-1,4-benzoxazin-3-one (DIMBOA) and a phytoalexin momilactone A are found in the E. crus-galli 
genome, respectively. The allelochemical DIMBOA gene cluster is activated in response to co-cultivation with rice, while the phytoalexin 
momilactone A gene cluster specifically to infection by pathogenic Pyricularia oryzae. Our results provide a new understanding of the molecular 
mechanisms underlying the extreme adaptation of the weed. 
 
PE1140: Other Plant Species 
Genome-Wide Association Study for Agronomic Quality Traits in C. quinoa 
Hayley Hansen, Brigham Young University, Provo, UT 
Genome-wide association studies (GWAS) incorporate genome-wide variant data with phenotypic data to identify genetic variants associated 
with traits of interest. A total of 479 accessions of C. quinoa genotyped using tGBS®-generated reads (Freedom Markers) were aligned to a 
chromosome-scale reference assembly of C. quinoa. SNPs were called using reads that aligned to a single location in the reference genome and 
were filtered to include only those sites at which at least 50% of the samples were genotyped, resulting in a set of 198,288 high quality SNPs. 
Each SNP was supported on average by 31 reads/SNP/genotyped sample. Data was collected by Dr. Luz Gomez (Universidad Nacional Agraria 
La Molina, Lima, Peru) measuring 24 phenotypic traits for each of the accessions sequenced. Traits include seed weight, percentage of protein, 
saponin content, and percentage of leaves affected by downy mildew – a major disease affecting yield within the Andean region. We report 
preliminary association results using the rrBLUP package in R, utilizing a mixed linear model that incorporates the first 3 components from 
principle component analysis and a kinship matrix. 
 
PO1141: Other Plant Species 
Unraveling the Genetic Basis of Whitefly Resistance in Cassava 
Danielle Garceau1, Maria Irigoyen1, Adriana Bohorquez-Chaux2, L. Augusto Becerra Lopez-Lavalle2 and Linda L. Walling1, 
(1)University of California, Riverside, Riverside, CA, (2)International Center for Tropical Agriculture, CIAT, Cali, Valle del 
Cauca, Colombia 
Outbreaks of superabundant whitefly populations throughout Eastern and Central Africa, beginning in the 1990s, have dramatically increased the 
pressures of whitefly feeding and virus transmission on their host, cassava. Considerable cassava yield losses due to this phenomenon evidence 
the need for both virus- and whitefly-resistant cassava lines for distribution to African small shareholder farmers. To achieve this, an 
international team, the African Cassava Whitefly Project (ACWP), was formed in 2014. Within the ACWP, a collaborative effort between CIAT 
and UCR aims to understand the genetic basis of whitefly resistance in cassava. Genetic mapping at CIAT using a resistant (ECU72) and 
susceptible (COL2246) cassava genotype identified multiple whitefly-resistance QTLs. To characterize genes in these regions, transcriptome 
profiling of ECU72 and COL2246 in response to whitefly infestation and in response to the defense hormones salicylic acid (SA) and jasmonic 
acid (JA) has been performed at UCR. From this analysis, we unexpectedly found that comparison of the SA- and JA-responsive transcriptomes 
of cassava to those of Arabidopsis revealed marked differences. Altogether, our analyses suggest that overall responsiveness to SA as well as 
expression of cell wall-related and hormone-responsive genes is likely associated with whitefly resistance in ECU72. Ultimately, our efforts to 
characterize identified whitefly-resistance loci will inform their introduction into widely cultivated African lines for deployment by the mid 
2020s. 
 
PE1142: Other Plant Species 
Toward the Genome-Enabled Improvement of Shea Tree for Sub-Saharan Africa 



Agyemang Danquah1, Iago Hale2, Francis Kwame Padi3, Jean-Marc Boffa4, Michael Barnor3, Prasad Hendre5 and Ramni 
Jamnadass4, (1)West Africa Centre for Crop Improvement (WACCI), University of Ghana, Legon, Ghana, (2)University of New 
Hampshire, Durham, NH, (3)Cocoa Research Institute of Ghana, Eastern Region, Ghana, (4)World Agroforestry Centre, Nairobi, 
Kenya, (5)WORLD AGROFORESTRY CENTRE, Nairobi, Kenya 
Shea (Vitellaria paradoxa) is arguably, the most economically and culturally important tree species to small holder farmers, especially women, 
across its natural range: the so-called "Shea Belt," a semi-arid region spanning 21 countries, from Senegal to Uganda. Despite its importance to 
rural livelihoods, shea remains a semi-domesticated tree species with virtually no history of systematic genetic improvement. The shea tree is not 
traditionally planted. Rather, the region's vast shea parklands result from the selective protection by smallholders of volunteer seedlings. 
Presently, these parkland populations are under threat due to agricultural land use intensification and competing resource needs. With global 
demand for shea on the rise, there is a clear need to convert this semi-domesticated tree into a more actively managed and improved agroforestry 
species. Shea has a very long juvenile period (up to 25 years). Thus, any such improvement strategy requires modern breeding tools, supported 
by publicly available foundational genetic and genomic resources. In this talk, we discuss ongoing efforts to develop a suit of breeding resources, 
including a reference genome and sequence variant, an AM and NAM population, and also build regional capacity to facilitate the translational 
use of these resources in the long-term improvement of the species. Obviously, a sustained and coordinated investment in these regional efforts 
will hasten the domestication of shea and lead to the development of shea cultivars/varieties. 


