WO001: Abiotic Stress

Harnessing Natural Variation to Identify Gene Variants and their Molecular Mechanisms that
Confer Stress Resilience

Wolfgang Busch, Salk Institute for Biological Studies, La Jolla, CA

Roots play a crucial role for plant survival and productivity. They forage the soil for nutrients and water, thereby
providing the shoots with molecules that are essential for photosynthesis, growth and defense. Nutrient and water
distribution in the soil fluctuates spatially and temporally, as does the presence of potential pathogens and toxic
minerals. To function efficiently, roots therefore need to determine the biotic and abiotic properties of local soil
environments and coordinate growth and development of the root system with nutrient and water uptake.
Importantly, the optimal strategies might change in different habitats. To effectively confer increased stress
resilience to plants via optimized root responses, we harness existing resilience mechanisms in natural populations
of the model species Arabidopsis thaliana and try to understand the genetic and molecular mechanisms underlying
adaptive responses to stresses. Importantly, natural variation allows for the identification of variants that already
have undergone selection in the context of living organisms in their natural environments. Using a systems genetics
approach that integrates high throughput phenotyping, genome wide association mapping and functional genomic
approaches, we have generated a large atlas of root responses to different nutrient conditions and associated genetic
variants. In this presentation, I will highlight two recent examples in which we have found genetic variants and
uncovered molecular mechanisms that confer increased resistance to iron deficiency and iron toxicity respectively,
as well an integrative approach for studying the basis of nutrient level interactions on root growth.

WO002: Abiotic Stress
New Tools for Dynamically Maximizing Crop Productivity

Sean Cutler, University of California-Riverside, Riverside, CA

WO003: Abiotic Stress

Dissecting the QTLome for Osmotic Adjustment and Chlorophyll Fluorescence in Field Grown
Durum Wheat

Giuseppe Condorelli', Maria Newcomb?, Eder Licieri Groli!, Nicolas Zendonadi®, Marco Maccaferri*,
Elisabetta Frascaroli*, Ebrahim Babaeian®, Markus Tuller’, Onno Muller?, Todd C. Mockler®, Nadia
Shakoor®, Jeffrey White’, Rick Ward? and Roberto Tuberosa®, (1)Department of Agricultural and Food
Sciences, University of Bologna, Bologna, Italy, (2)Maricopa Agricultural Center, University of Arizona,
(3)Forschungszentrum Jiilich, Germany, (4)Department of Agricultural and Food Sciences (DISTAL),
University of Bologna, Bologna, Bologna, Italy, (5)Department of Soil, Water and Environmental
Science, The University of Arizona, Tucson,, (6)Donald Danforth Plant Science Center, Saint Louis, MO,
(7)US Arid Land Agricultural Research Center, USDA-ARS, (8)Department of Agricultural and Food
Sciences, University of Bologna, Bologna, Italy, Bologna, Italy

Among the proxy traits involved in the adaptive response of wheat to drought and other abiotic stresses, information
on the QTLome governing osmotic adjustment (OA) and chlorophyll fluorescence imaging (CFI) is very limited,
mainly due to the difficulty to measure these traits on a scale suitable for GWAS. In this study, OA and CFI were
measured in plots of 248 elite accessions of durum wheat grown (two replicates) under a fully automated Lemnatec
Field Scanalyzer (LFS) and exposed to a progressively severe drought treatment starting 5 days prior to flowering
which lasted for two weeks. Leaf relative water content (RWC), chlorophyll content (SPAD) and leaf rolling (LR)
were also measured. CFI was measured (i) in the dark in four time series using the LFS camera and (ii) during
daytime using a light-induced fluorescence transient (LIFT) sensor mounted on a manually pushed cart. The high
variability in OA and CFI among the durum accessions resulted in high to medium repeatability (h*= 72.3 and
54.6%, respectively). At the end of the drought treatment (mean leaf RWC = 62.1%), OA and leaf RWC were
positively correlated (» = 0.78). Association mapping using flowering time as covariate revealed 15 QTLs for OA
(global R? = 63.6%) as well as eight major QTL hotspots on chromosome arms 1BL, 2BL, 4AL, 5AL, 6AL, 6BL



and 7BS where a higher OA capacity was always positively associated with leaf RWC, SPAD and negatively
associated with LR, hence indicating a beneficial effect of OA on the water status of the plant. Additionally, the
comparative analysis with previous field trials showed concurrent effects for five of these hotspots on normalized
difference vegetation index (NDVI), thousand kernel weight (TKW) and/or grain yield (GY), hence supporting OA
as a valuable proxy for marker-assisted selection aimed at enhancing drought resistance in wheat.

WO004: Abiotic Stress
Overexpression of a Maize Transcription Factor in Maize Increases Grain Yield in the Field
Jeffrey Habben, Corteva Agriscience, Johnston, [A

Increasing maize grain yield has been a major focus of both plant breeding and genetic engineering to meet the
global demand for food, feed, and industrial uses. MADS-box transcription factors have been shown to regulate
genes involved in controlling numerous plant growth and development characteristics. We have increased and
extended the expression of a maize MADS-box transcription factor gene, zmm28, under the control of a moderate-
constitutive maize promoter. The resultant transgenic maize plants have increased plant growth, photosynthesis
capacity, and nitrogen utilization. Overall, these positive attributes are associated with a significant increase in grain
yield relative to wild-type controls that is consistent across years, environments, and elite germplasm backgrounds.
We conclude that alteration in expression of a single native maize gene in maize can improve both resource capture
and resource utilization, resulting in a significant improvement in grain yield, the ultimate complex quantitative trait.

WO005: Abiotic Stress

Genomic and Epigenomic Bases of Transgressive Segregation: Using an Old Science to Create
Novel Adaptive Phenotypes in Rice

Benildo G. de los Reyes, Department of Plant and Soil Science, Texas Tech University, Lubbock, TX

The genetic blueprint of the new generation of crops with minimal penalty to growth and productivity potentials
under marginalized environments is an important question faced by agriculture in 21* century. The question pushes
even further the frontier of biological complexity that modern plant breeding needs to conquer, beyond the
achievements of the Green Revolution, marker-assisted selection, and transgenic technology. Genomics-enabled
plant breeding must recognize that such level of complexity cannot be addressed by a reductionist approach. Any
additional physiological gains similar to what has been optimized by natural selection must involve complex
synergies that also require reconciliation with inevitable biological trade-offs.

Evolutionary theories recognize that genetic recombination under genome shock is an important driver of adaptive
speciation, by virtue of the phenotypic novelties of rare wide-hybrids and recombinants, as also observed among
transgressive segregants in plant breeding. In this presentation, the author will discuss recent findings on a
transgressive population of rice for salt tolerance, to make a case that stress-adaptive developmental and
physiological novelties involve intricate molecular synergies and network rewiring created by genome shock and
epigenome confrontation. Modern views on the possible molecular underpinnings of transgressive phenotypes will
be presented in context of the Omnigenic Theory for quantitative traits and gene regulation by DNA methylation and
chromatin remodeling. Perspectives on how genomic and epigenomic modeling could harness a transgressive
genome and epigenome to create the new generation of ecologically resilient crops will be presented as alternative to
the more reductionist paradigms of functional genomics and genome editing.

WO006: Abiotic Stress
Next Generation Sequencing Technologies for Trait Dissection and Molecular Breeding Legumes

Annapurna Chitikineni', Aamir W Khan?, Prasad Bajaj', Vanika Garg' and Rajeev K Varshney',
(1)ICRISAT, Hyderabad, India, (2)ICRISAT, Hyderabad, Telangana, India
Although crop improvement programs have made excellent progress in enhancing crop productivity and production,

there is still a huge scope to fill the yield gap for majority of crops especially for tolerance to abiotic stress and
resistance to biotic stresses in developing countries. Genomics-assisted breeding can help enhancing crop



productivity by enhancing precision and efficiency in the breeding programs. However, until recently, majority of
the dryland crops have remained untouched with genomics revolution. Two key reasons for this situation include
engagement of only few institutes and availability of limited resources at international level for research and
development in these crops. With an objective to address these issues, the Sequencing and Informatics Services
Unit, Center of Excellence in Genomics & Systems Biology (CEGSB) at ICRISAT is engaged in offering high-
throughput genotyping and next-generation sequencing coupled with basic computational analysis to ICRISAT and
its partners in developing countries on cost-to-cost basis. In addition, empowering national partners and knowledge
dissemination in genome analysis and genomics-assisted breeding is another important activity at CEGSB. CEGSB,
by providing sequencing/genotyping and computational genomics services has enabled scientists at ICRISAT and its
partners to assemble genomes, catalogue genome variation in germplasm collection, trait mapping using QTL
mapping, GWAS, QTL-Seq approaches and translate genome information in breeding. Furthermore, CEGSB by
organizing 14 training courses, has trained 421 scientists from 14 different countries of Asia and Africa. Some
examples in above mentioned areas in legumes namely chickpea, pigeonpea and groundnut will be presented.

WO007: Advanced Computational Methods — Machine Learning, Containers, and Clouds
Direct Computation on Phenotypic Descriptions for Novel Candidate Gene Prediction
Ian Braun and Carolyn J. Lawrence-Dill, lowa State University, Ames, IA

Natural language descriptions of plant phenotypes present in databases and the scientific literature are a rich source
of information for biological research that seeks to untangle relationships between genes and observable phenotypes,
such as plant health or size. The volume and unstructured nature of these text descriptions however necessitates a
computational approach for leveraging them to predict gene-to-phenotype associations. We computationally
translated descriptions of plant phenotypes into structured representations that can be processed to identify
biologically meaningful associations. These representations include the EQ (Entity-Quality) formalism, which uses
terms from biological ontologies to represent phenotypes in a standardized, semantically-rich format. Ontology
terms are mapped to text descriptions with a combination of string-matching and word embedding algorithms. Our
computationally produced representations of text descriptions also include numerical vectors, generated using either
a bag-of-words approach or document embedding. We compared resulting phenotype similarity measures to those
derived from manually curated data to determine the performance of each method. Computationally derived EQ and
vector representations were comparably successful in recapitulating biological truth to representations created
through manual EQ statement curation. Moreover, these computational methods for generating representations of
phenotypes are scalable to large quantities of text because they require no human input. These results indicate that it
is now possible to computationally and automatically produce and populate large-scale information resources that
enable researchers to query phenotypic descriptions directly. Ongoing work to produce phenomics-focused text
mining tools for the bioinformatics community and a resource for exploring the results of this work for the plant
biology community is discussed.

W008: Advanced Computational Methods — Machine Learning, Containers, and Clouds
With the Power of AI Comes Great Responsibility
Fernanda Foertter, NVIDIA, Santa Clara, CA

Whole genome sequencing will become more prevalent in all applications of
genomics as sequencing costs, methods and modalities improve. Fast and
accurate assembly will be a necessity in order to make use of the ever increasing
volume of high quality deeper sequencing data. Additionally recent
developments in miniaturization of long read sequencers has given researchers
the opportunity to sequence samples in situ, creating a need to compute on these
data closer to the source, a workload traditionally reserved to a data center. To
overcome this challenge, graphics processing units with the computational
power for base calling and genome assembly are integrated into the sequencing



instruments. We will present work on how artificial intelligence (Al), software
and hardware advances have sped up not only upstream analysis such as base
calling and assembly, but also how these are giving rise to new tools for
downstream analysis. This talk will share common misconceptions regarding
deep learning, show examples of where it has been successfully applied to
genomics, and tips for when and where it's appropriate to use it.

W009: Advanced Computational Methods — Machine Learning, Containers, and Clouds
Predicting Gene Loss in Plants - Lessons Learned from Laptop-Scale Data

Philipp E. Bayer, Jacqueline Batley and David Edwards, University of Western Australia, Perth, WA,
Australia

Many biological datasets are ‘laptop-scale’ with less than a million rows and a few dozens columns. In this talk,
aimed at biologists with minimal computational background, we show how to extract biological sense from such
tables using scikit-learn and state-of-the-art gradient boosting algorithms such as XGBoost.

We discuss pitfalls and common problems when working with unbalanced biological data: over-reliance on metrics
such as classification accuracy can hide important problems during model training. We show how to dig into the
data and the model's predictions, how to figure out what went wrong, and how to improve the model's performance.

We then show how to use Shapley Additive Explanations to learn what the model has learned in order to learn more
about the underlying mechanisms of gene presence/absence in plants.

W010: Advanced Computational Methods — Machine Learning, Containers, and Clouds
Plenty of Fish - Identifying Tilapia Species from Images
Felix Shaw, Earlham Institute, Norwich, United Kingdom

Protein production from aquaculture has steeply increased in the last three decades with tilapia (Oreochromis spp.)
aquaculture production representing over 4.7 million tons in 2016. However the mis-identification of species has led
to stock contamination and release of non-native species into water bodies across East Africa, resulting in
hybridisation and local extinction of native species. Therefore species identification is critical for the sustainability
of tilapia aquaculture practices. Our work seeks to identify these species from image data as well as other
characteristics such as gender. It will run on a mobile phone in the field. This will allow farmers to select the correct
species and sexes of fish to maximise yield whilst protecting wild populations by ensuring farmed populations may
be correctly identified and properly contained.

WO011: African Orphan Crops
Aiming for Excellence in Training and Sustaining African Plant Breeders

Rita H. Mumm, University of Illinois; African Plant Breeding Academy, Howard-Yana Shapiro,
University of California, Davis, Davis, CA; Mars, Incorporated, McLean, VA, Eric Y Danquah, WACCI,
University of Ghana, Accra, Ghana, Allen Van Deynze, Seed Biotechnology Center, University of
California, Davis, Davis, CA, Richard Edema, MaRCCI, Uganda; Makerere University, Uganda, Enoch
G. Achigan-Dako, Laboratory of Genetics, Horticulture and Seed Sciences, Faculty of Agronomic
Science, University of Abomey-Calavi, Abomey-Calavi, Benin, Walter P. Suza, lowa State University,
Ames, TA and Rufaro Madakadze, Alliance for a Green Revolution in Africa, Nairobi, Kenya

To achieve food and nutritional security and foster economic growth in Africa, a strong, innovative, multi-sector

workforce is needed to collectively develop improved crop varieties that address the various demands of farmers,
consumers, and other value chain stakeholders.



Preparing such a workforce starts with graduate education. In the past decade, a number of African institutions have
stepped up to develop strong graduate programs in plant breeding to train Africans in Africa to stem the brain drain
that has crippled the continent. These efforts have been supported through partnerships with international
organizations including AGRA, World Bank, USAID SIL, the European Commission, and private sector companies.

A curriculum that builds such competency emphasizes the complex outcomes of a learning process (i.e. knowledge,
skills, and attitudes to be applied by learners) rather than focusing only traditionally-defined subject matter.
Apprenticeship is key to developing the “how-to” in rich detail to put concepts into action. Furthermore, external
influences are important in promoting a creative mindset and in cultivating problem-solving skills, introducing
students to the network of plant breeding professionals comprising a Community of Practice from which to draw
immediately and into the future.

Sustaining such a workforce requires continuing education for plant breeders as scientific advancements progress at
an unprecedented pace. Plant breeders must have the knowledge and ability to critically evaluate the benefit of
deploying new technologies in the seed product pipeline to enhance the efficiency and effectiveness of the breeding
process. Deploying technologies to maximal benefit requires access to tools for enablement.

A premier program for continuing education and professional development of African plant breeders is the African
Plant Breeding Academy, organized by UC Davis. The Academy has trained 112 African scientists from 27
countries across Africa, 87% of whom are PhDs and 38% of whom are women, collectively working to improve
over 105 crop species. The newly-formed African Plant Breeders Association aims to serve as an ongoing venue for
continuing education and professional development. At its inaugural meeting in October 2019, the Association
offered a rich program featuring innovative research as well as workshops for enhanced teaching techniques for
professional development of university instructors.

The development of improved crop varieties to nourish Africa is an urgent need. The overarching response to this
need can be most effectively supported and accelerated through global, multi-sector partnerships in plant breeding
education and continued professional development.

WO012: African Orphan Crops

Development of a Genomics-Based Breeding and Improvement Programme for Moringa oleifera in
Kenya

Prasad Hendre', Alice Muchugi?, David Odee**, Stephne Cavers*, Samuel Muthemba?, Robert Kariba®,
Ann E. J. Yssel®, Huan Liu’®, Min Liu®°, Sunil Kumar Sahu®°, Shiyu Chen'?, Xun Xu®!!, Xin Liu®!2,
Carrie Waterman'3, Mike Olson'*, Yves Van de peer'®, Allen Van Deynze'®, Anthony Simons®, Howard-
Yana Shapiro!® and Ramni Jamnadass'’, (1)WORLD AGROFORESTRY (ICRAF), Nairobi, Kenya,
(2)World Agroforestry (ICRAF), Nairobi, Kenya, (3)Biotechnology Laboratory, Kenya Forestry Research
Institute (KEFRI), Kenya, (4)UK Centre for Ecology & Hydrology, United Kingdom, (5)World
Agroforestry (ICRAF), Kenya, (6)University of Pretoria, South Africa, (7)BGI-Research, Shenzhen,
China, (8)State Key Laboratory of Agricultural Genomics, China, (9)BGI-Shenzhen, China,
(10)University of California, Davis, Davis, CA, (11)BGI-Shenzhen, Shenzhen, Guangdong, China,
(12)Beijing Genomics Institute-Shenzhen, Shenzhen, China, (13)University of California, Davis,
(14)National Autonomous University of Mexico, Mexico, (15)Ghent University, Ghent, Belgium,
(16)University of California, Davis, CA, (17)World Agroforestry, Nairobi, Kenya

Moringa (Moringa oleifera) is a perennial shrubby tree originating from the foothills of the Himalayas in North-
Western India and now widely distributed and cultivated across tropical and sub-tropical areas in Asia, Africa and
Latin America. Moringa is an important multi-purpose nutrient-dense tree used as food, fodder, and medicine as a
part of tropical and semi-tropical agroforestry landscapes. It is a fast growing, easily manageable tree with abundant
production of edible leaves, flowers and fruits. The leaves are 27% protein by dry weight with essential amino acids
and are rich in vitamins C, provitamin A, K, beta-carotene and minerals- calcium, iron, magnesium, manganese, and
phosphorus with high dietary fiber. The leaves also contain a very high amount of antioxidants (polyphenol) and
anti-inflammatory agents (isothiocyanate) with potential health benefits. Due to its agro-economic potential and high



nutrient contents like iron, it is considered as an important potential source to combat malnutrition, especially for
women and children in developing countries. Thus, Moringa was prioritized by the African Orphan Crops
Consortium to generate genomic resources and to develop a breeding program based on this information.

As a first step, a good quality genome sequence was generated using Illumina’s short read sequencing technology
with a total length of 216.8 Mb covering 79% of the estimated genome size. An evidence-guided electronic genome
annotation indicated presence of 18,451 protein-coding genes with a high genome completeness as indicated by
BUSCO evaluation, where ~89% of the core embryophyta genes were detected. This genome sequence is being
improved and strengthened by long read sequencing technologies.

An analysis of genetic diversity in the ICRAF’s Moringa gene bank collection (~ 400 accessions) using DArT-SNP
markers indicated that African material comprised a narrow genepool. From the total analyzed Moringa genepool
the material from Philippines was the most diverse (if scaled at 100%) followed by Ghanaian collection (83%),
Malawian (77%), Haitian combined with Jamaican (62%), and East African (57%). ICRAF (World Agroforestry
Centre, Nairobi, Kenya) along with the Kenya Forestry Research Institute (KEFRI, Nairobi, Kenya) and the UK
Centre for Ecology & Hydrology (CEH, Edinburgh, UK) have jointly developed a programme to link the newly
developed genomic resources with evaluation of quantitative genetic variation in key traits. Multisite and multi-
environment field trials comprising 3,000 trees from 70 half-sib families sampled across Kenya and the global
collections has been laid out. Phenotypic evaluation and genotyping will commence in 2020 and genome-wide
association approaches will be used to assess trait-linked markers and to evaluate the potential for marker-assisted or
genomic selection to improve the species for beneficial traits such as leaf and seed production, seed oil yield, foliar
nutritional content.

WO013: African Orphan Crops
Draft Genome Sequence of the African Eggplant

Damaris Achieng Odeny, The International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), Nairobi, Kenya

The African eggplant (Solanum aethiopicum) is a nutritious traditional vegetable used in many African countries,
including Uganda and Nigeria. Believed to have been domesticated in Africa from its wild relative, S. anguivi. S.
aethiopicum has been routinely used as a source of disease resistance genes for several Solanaceae crops, including
S. melongena. Lack of genomic resources has meant that breeding of S. aethiopicum has lagged behind other
vegetable crops. We assembled a 1.02 Gb draft genome of S. aethiopicum, which contained predominantly repetitive
sequences (76.2%). We annotated 37,681 gene models, including 34,906 protein-coding genes. Expansion of disease
resistance genes was observed via two rounds of amplification of long terminal repeat retrotransposons, which may
have occurred around 1.25 and 3.5 million years ago, respectively. By re-sequencing 65 S. aethiopicum and S.
anguivi genotypes, 14,995,740 single nucleotide polymorphisms (SNPs) were identified, of which 41,046 were
closely linked to disease resistance genes. Analysis of domestication and demographic history revealed active
selection for genes involved in drought tolerance in both ‘Gilo’ and ‘Shum’ groups. A pan-genome of S.
aethiopicum was assembled, containing 51,351 protein-coding genes; 7,069 of these genes were missing from the
reference genome. The genome sequence of S. aethiopicum enhances our understanding of its biotic and abiotic
resistance. The single nucleotide polymorphisms identified are immediately available for use by breeders. The
information provided here will accelerate selection and breeding of the African eggplant, as well as other crops
within the Solanaceae family.

WO014: African Orphan Crops

Draft Genomes of Two Artocarpus Plants, Jackfruit (4. heterophyllus) and Breadfruit (A. altilis)
Provide Insight into Starch Metabolism

Xin Liu, Beijing Genomics Institute-Shenzhen, Shenzhen, China

WO015: African Orphan Crops



African-Led Genome Sequencing of Lablab and African Yam Bean Orphan Crops Genomes to
Unveil Pathways Underlying Key Traits

Bernice Waweru', Jean-Baka K. Domelevo Entfellner?, Oluwasheyi Shorinola®, Peter Emmrich?, Chris
Jones?, Isaac Njaci®, Beatus Lymo®, Davies Kaimenyi®, Mukani Moyo-Okoba’, Edwin Murungi®, Ermias
Assefa’, Ahadi Birindwa'®, Mary Gathoni Maranga'!, Abubaker Muwonge'?, Piuz Mugaga'®, Hellen
Nigussie'¥, Hassan Ali'* and Henry Osamede'®, (1)KALRO, Njoro, Kenya, (2)Biosciences eastern and
central Africa, International Livestock Research Institute, Nairobi, Kenya, (3)ILRI, Nairobi, Kenya,
(4)BecA-ILRI Hub, Kenya, (5)Nelson Mandela Institute of Science and Technology, Tanzania, United
Republic of, (6)The Sainsbury Laboratory, United Kingdom, (7)International Potato Center, Kenya,
(8)Egerton University, Kenya, (9)Ethiopian Institute for Agricultural Research, Ethiopia, (10)Evangelical
University in Africa, Congo (The Democratic Republic of the), (11)Jagellonian University, Poland,
(12)NaCCRi, Uganda, (13)Makerere University, Uganda, (14)Addis Ababa University, Ethiopia,
(15)University of Nyala, Sudan, (16)University of Ibadan, Nigeria

Legumes form a crucial part of diets in many Sub-Saharan Africa countries due to their high seed protein content
and their low cost when compared to animal-derived protein sources. Despite offering excellent opportunities for
sustainable intensification of agriculture, many legumes, especially orphan legume crops have received little
research and breeding attention, causing large yield gaps and wasted potential for addressing the challenges of food
security and sustainability. Two of these orphan legumes are lablab (Lablab purpureus) and African yam bean
(AYB; Sphenostylis stenocarpa). Rich in protein, macro and micro-nutrients, both legumes are important for their
edible leaves and seed grains. The African Yam bean also uniquely produces edible tubers while the haulms of both
are utilized as animal feed. Both legumes exhibit nitrogen-fixing ability and thrive in marginal soils under low-input
farming systems. However, both legumes are still largely underutilized, mainly due to their hard seed coats and the
presence of anti-nutritional factors reducing digestibility. Little genomic information is available to assist in efforts
to understand the genetic architecture underlying important traits and unlock the full potential of these crops. This
study reports the first draft genomes of the AYB and lablab based on third generation long reads using Oxford
Nanopore sequencing. Several approaches were used to generate long read de novo assemblies from 5.1 million
AYB reads and 31 million lablab reads. Assembly using Redbean yielded an assembly length of 841 Mb with N50
0f 48,083 bp for AYB and 354 Mb with N50 of 562,331 bp for lablab. Flye gave an assembly of 653 Mb for AYB
with an N50 of 409,006 bp and 369 Mb with N50 of 1,442,401 bp for lablab. We also performed hybrid assembly
using I1lumina short reads to improve the accuracy of the assemblies and this yielded an assembly length of 486 Mb
with an N50 of 7,124 bp for AYB. Efforts are ongoing to improve the contiguity of these assemblies to achieve
chromosome-scale assemblies using Hi-C mapping. We are also generating RNA-Seq data for functional annotation
of the AYB genome to identify key pathways underlying important nutritional, adaptation and resource partitioning
traits.

This is the first report of the AYB genome, and long read lablab genome sequenced, assembled, and analyzed
entirely in Africa by a group of young bioinformaticians following an ambitious capacity building effort at the
Biosciences East and Central Africa ILRI Hub in Kenya. Our work therefore highlights the opportunities presented
by orphan crop genome sequencing efforts for capacity building in agricultural genomics and bioinformatics in
Africa.

WO016: A Global Vision for Crop Improvement and Food Security: Connecting the Dots
A Strategic Approach to Modernization of the Breeding Pipeline and Delivery of Genetic Gains
Nora Lapitan, USAID Bureau for Food Security, Washington, DC

Feeding a rapidly growing population will require modernization of the global breeding pipeline to deliver a steady
stream of improved crop varieties designed for a range of environmental and market conditions. A recognition of
this need, especially in the context of the unique challenges confronted by institutions, breeders, producers, and
consumers in under-resourced parts of the world, led to the development of a strategic approach to advancing
CGIAR and developing-country national agricultural research organization breeding systems. Two new multi-donor
funded programs were recently established to address these challenges. The Excellence in Breeding platform
provides tools, services, and technical guidance to developing-country breeding systems, as well as technical
oversight of Crops to End Hunger, an initiative aimed at accelerating and modernizing the development, delivery,



and widescale use of new crop varieties. Earlier this year, USAID funded a Crop Improvement Innovation Lab that
will support and promote these efforts. Led by Cornell University, the Crop Improvement Innovation Lab will
harness the expertise of scientists in the US and partner countries to develop new breeding tools, technologies, and
methods, especially for improvement of sorghum, millet, legumes, and roots, tubers, and bananas. Together, these
programs will work toward a unified, modern pipeline that will promote the use of new technologies, centralized
breeding approaches, appropriate designs for product profiles, integrated biofortification, access to mechanization,
better parental selection, germplasm testing, and improved data handling and management. The ultimate goal is to
arrive at an aligned global effort to achieve genetic gains and improved variety turnover.

W017: A Global Vision for Crop Improvement and Food Security: Connecting the Dots
Vision for the Feed the Future Innovation Lab for Crop Improvement
Stephen Kresovich, Clemson and Cornell Universities, Clemson, SC

The vision for the Cornell University Management Entity (ME) for the Feed The Future (FtF) Innovation Lab for
Crop Improvement (ILCI) is to serve as a support system for national agricultural research institutions (NARIs) in
target regions to identify, develop, pilot, and transfer appropriate tools, technologies, and methods (TTMs),
equipping them to deliver increased genetic gain and new varieties for key product profiles that advance economic
growth, resilience, and nutritional development goals of the Global Food Security Strategy (GFSS). The ILCI will
be dynamic, holistic and responsive, with high potential for immediate impact through a visionary and opportunistic
ME coupled with multidisciplinary areas of inquiry — designated the Crop Improvement Toolbox. Leveraging the
ongoing activities this consortium encompasses, the Toolbox will be ready for rapid deployment of TTMs and
expertise to NARISs in targeted crops and geographies. We plan five areas of inquiry: 1) Priority Setting; 2) Trait
Discovery; 3) Genomics; 4) Phenomics; and 5) Breeding Informatics. These areas of inquiry, together with NARI
capacity development activities, will contribute to GFSS goals and fulfill the four objectives of the ILCI including:
1) TTMs that improve trait discovery and breeding efforts identified, developed, piloted, and transferred to NARISs;
2) strengthened capacity of NARIs to utilize TTMs for accelerated and improved breeding of locally-adapted crop
varieties targeted to smallholders; 3) ILCI activities supported by leveraged resources and aligned efforts; and 4)
ILCT activities and outputs coordinated across FtF crop improvement portfolio efforts. In complement, a competitive
research portfolio will focus on dual goals of establishing centers of innovation in target regions for development
and deployment of the Toolbox, as well as area of inquiry-specific investments to transfer cutting-edge TTMs to a
wider range of NARIs and collaborating institutions. The ILCI will support inclusive agricultural growth that
benefits of investment and productivity gains in ways that target low-income people in particular, thus leading to
gains in terms of reductions in poverty and undernutrition and gains in resilience and will address key crosscutting
priorities including gender equality; youth inclusion; nutrition and food safety; and resilience and risk management.
A rigorous monitoring, evaluation, and learning plan has been designed to quantify the progress and impact of the
proposed ILCI priorities and activities and measure contributions to the goals of individual programs and institutions
in the network as well as the overall goal of the GFSS.

WO018: A Global Vision for Crop Improvement and Food Security: Connecting the Dots
The CGIAR Excellence in Breeding Platform and Crops to End Hunger Initiative

Biswanath Das', Michael Olsen', Kelly Robbins? and Michael Quinn®, (1)CIMMYT, Nairobi, Kenya,
(2)Cornell University, Ithaca, NY, (3)Excellence in Breeding, CIMMYT, Texcoco, Mexico

The CGIAR Excellence in Breeding platform was established in 2017 with the objective of modernizing CGIAR
and NARs breeding programs to order to increase their rates of genetic gain and variety turnover on farmer’s fields.
The platform consists of 5 modules supporting end to end modernization of breeding pipelines through provision of
tools, services and technical consultancy. Over the past 24 months most CG breeding programs and select NARs
breeding programs in Kenya, Uganda and Ghana have been assessed and priorities identified for modernization. In
2019, the Crops to End Hunger (CtEH) initiative, was set up by major donors to fund modernization priorities that
will have a transformational impact on priority CGIAR and NARs breeding programs with technical oversight
provided by EiB.

W019: A Global Vision for Crop Improvement and Food Security: Connecting the Dots



Cowpea Research in Burkina Faso: Progress, Challenges to Crop Improvement, and the Place of
the Crop Improvement Innovation Lab Initiative

Teyoure Benoit Joseph Batieno, Institut de I'Environnement et de Recherches Agricoles, Kamboinse,
Burkina Faso; INERA, Ougadougou, Burkina Faso and Tignegre Jean-Baptiste, Sidibe Hamadou, Zongo
Hamadou, Zida Serge, Poda Leandre, Coulibaly Soumabere, Bao-Lam Hyunh, Timothy Close, Philip
Roberts, and Ouedraogo Jeremy

Cowpea (Vigna unguiculata [L.] Walp.) is one of the cheapest sources of protein for rural people in Burkina Faso.
Harvested before the cereal crops, cowpea is considered as a ‘ ‘hungry-season” crop or poor’s meat. Its potential to
address food and nutritional security in Burkina Faso and beyond is well established. However, the crop yield
remains low. Efforts have been made to improve several traits including drought tolerance, and resistance to Striga
and diseases. Progress in recent years has benefitted from projects funded by the US Agency for International
Development (USAID; Legume Innovation Lab, Innovation Lab for Climate Resilient Cowpea), the Kirkhouse
Trust SCIO, the Alliance for a Green Revolution in Africa (AGRA), and the CGIAR Generation Challenge Program
(Tropical Legumes). A long-standing relationship between INERA and the University of California Riverside has
been important in for improvement of the breeding methods in Burkina Faso, which combine farmers’ participatory
variety selection and modern breeding tools. This has led to the development of important breeding lines currently
under testing for release, and for prior release of the most popular varieties such as Tiligré and Komcall¢. Through
adoption of new varieties, together with improvements in farmer practices, yield has increased from 200kg/ha to 800
kg/ha and the mean production from 100,000 tonnes in the early 1980°s to 700,000 tonnes in recent years. However,
efforts are still needed improvements in physical resources and a better workflow to improve genetic gain. This
presentation will focus on achievements of the cowpea breeding program in Burkina Faso, the challenges, and some
comments on how the new Crop Improvement Innovation Lab might be of assistance.

W020: A Global Vision for Crop Improvement and Food Security: Connecting the Dots

The Evolution of a Revolution: Re-Designing Green Revolution Breeding Programs in Asia and
Africa to Increase Rates of Genetic Gain

Joshua N. Cobb, International Rice Research Institute, Los Bafios, Laguna, Philippines, Mohammad
Rafiqul, International Rice Research Institute, Bangladesh, Sanjay Kumar Katiyar, International Rice
Research Institute (IRRI), India, Alexis Ndayiragije, International Rice Research Institute, Mozambique,
Rosemary Murori, International Rice Research Institute, Tanzania, United Republic of, John Damien
Platten, International Rice Research Institute, Los Baifios, Philippines, Jerome Bartholome, International
Rice Research Institute | CIRAD, Philippines and Parthiban Prakash, International Rice Research
Institute, Los Banos, Philippines

As rice feeds nearly half of the human population, rice breeding is a critical focal point for achieving the UN
Sustainable Development Goal of eliminating hunger and poverty by 2030 and to providing a sufficient quantity of
safe and nutritious food to vulnerable populations in the developing world. However, despite dramatic
improvements in understanding the genetic basis of complex traits in rice over the last 20 years, annual rates of
genetic gain for yield and other important traits in most public rice breeding programs in Asia and Africa are
extremely low. Understanding and manipulating the key drivers of genetic gain will be necessary for rice breeding
programs to fully meet the expectations of the 21st century. Funded by the Bill and Melinda Gates foundation and in
coordination with the CGIAR Excellence in Breeding Platform, the International Rice Research Institute (IRRI)
aims to transform rice breeding by aligning IRRI's international breeding efforts together with national public
breeding programs (NARs programs) into collaborative regional breeding networks. These CGIAR-NARs breeding
networks serve as a platform to deploy an integrated breeding model that combines modern genomic technologies
with regional knowledge and testing capabilities to ensure that smallholder rice farmers have access to a steady
stream of consistently improved, high yielding, locally adapted, and market-ready rice varieties.

W021: A Global Vision for Crop Improvement and Food Security: Connecting the Dots
Delivering Genetic Gains to Smallholder Farmers in the Face of Climate Change
Gary Atlin, Bill & Melinda Gates Foundation, Seattle, WA



Cropping systems in the developing world are changing rapidly due to population growth, system intensification due
to market linkage, and climate change. In many areas, farmers are trying to increase yields and fit additional crops
into rotations in the face of climate instability. A steady stream of new varieties, developed for current conditions
and markets, is needed to support both agricultural transformation and adaptation to a changing climate, but most
farmers in the developing world use varieties that are over 20 years old. This is largely due to a “stalled Green
Revolution” resulting from national and international public sector breeding systems that rely heavily on visual
selection and deliver very low rates of genetic gain.

CGIAR breeding programs and their national partners are embracing three major breeding system changes that will
improve both the rate of genetic gain and the probability that new varieties will be adopted by farmers:

1. The conceptualization of breeding as product development. This has placed the intentional design of new
varieties to meet the needs of farmers, processors, and consumers at the heart of the breeding process.
Product profiles that guide cultivar development are assembled on the basis of market intelligence gleaned
from men and women farmers and consumers as well as other value chain actors. Traits must be weighted
in these profiles both on the basis of their contribution to value and on their variances and covariances.

2. The quantitative optimization of breeding pipelines, using quantitative genetic principles to maximize the
rate of genetic gain delivered per year and per dollar. This requires separating the improvement of source
populations from the extraction of commercial products from those populations, with greatly increased
focus on optimization of the population improvement component. Pipelines are optimized by accelerating
the breeding cycle, and increasing the accuracy of selection for breeding value using information from
relatives gleaned from the application of G-BLUP at early stages of testing. Accelerated population
improvement that uses some elements of “speed breeding” technology to advance 3 to 4 generations per
year can complete breeding cycles in 2 or 3 years; in such programs high rates of gain can be achieved even
in modestly sized populations that can be easily handled by small public breeding institutes and private
companies.

3. The implementation of systems for rapidly deploying new high-value haplotypes, quickly bringing them
from very low to high frequency in elite breeding populations, and thus allowing them to be used in
forward breeding with minimal linkage drag.

Application of these three major advances in public sector breeding requires high levels of technical support, as well
as access to low-cost and reliable outsourced genotyping and bioinformatics services. This support is being provided
to CGIAR breeding programs and their national partners through the Excellence in Breeding Platform. Together,
these changes have the potential to increase the rate of genetic gain delivered to farmers in the developing world 3-
or 4-fold.

W022: Allele Mining

SNP Markers for Panicle Architecture and Grain Traits Developed from GWA-QTL and Available
for japonica Rice Improvement

Georgia C Eizenga, Aaron K. Jackson, Melissa H. Jia, Jeremy D. Edwards and Anna M. McClung,
USDA-ARS Dale Bumpers National Rice Research Center, Stuttgart, AR

Panicle architecture, grain size and grain weight are important yield component traits to consider when breeding rice
(Oryza sativa L.). Having SNP markers for these traits would expedite breeding efforts through marker assisted
selection. Previously, the Rice Diversity Panel 1 (RDP1), representing the five major rice subpopulations, was
phenotyped for these yield related traits and genome-wide association mapping (GWA)-QTL were identified. Most
southern U.S. cultivars are classified as tropical japonica and California cultivars as temperate japonica; thus, these
subpopulations are of particular interest to U.S. breeders. To develop markers and dissect the variation underlying
these GWA-QTLs for rice improvement, diverse japonica RDP1 accessions were selected as parents to develop
biparental recombinant inbred line (RIL) mapping populations. All 276 progeny from the Estrela (admixture of
Japonica) x NSFTV199 (tropical japonica) cross have been evaluated for panicle architecture and grain traits. The
QTL analyses with 256 RILs revealed 38 RIL-QTL which overlapped with the previously identified GWA-QTL and
regions on chromosomes 3, 4, 5, 6, 7, 8 and 9 were selected for marker development. To develop markers, the
sequence variation in regions surrounding the significant SNPs identified in GWA studies was assessed in rice



genomic databases to find optimum sites to target for marker development. Once developed, the markers were tested
in the Estrela x NSFTV199 population for amplification and polymorphism, and in two additional biparental
Japonica populations developed from RDP1 accessions. Polymorphic marker data were analyzed in these
populations to identify marker-trait associations. Six Estrela x NSFTV199 RILs with desirable panicle architecture
traits along with acceptable grain size, maturity, plant height and grain yield were selected for evaluation in a
replicated field trial conducted over two years. The targeted SNP markers corresponded well with the panicle
architecture and grain size data from the field studies. These SNP genotypes will be used to select RILs with the best
agronomic and grain quality traits that are suited for the U.S. market along with QTL for desirable panicle
architecture traits. The selected RILs will be released as improved germplasm for U.S. breeders.

W023: Allele Mining

TE-Marker, a Transposon-Based Marker System for Identifying Alleles Associated to Agronomic
Traits

Haidong Yan, School of Plant and Environmental Sciences, Virginia Tech, USA, Blacksburg, VA,
Aureliano Bombarely, Virginia Polytechnic Institute and State University, Department of Horticulture,
Blacksburg, VA; Department of Bioscience University of Milan, Milan, VA, Italy, David Haak, Virginia
Tech and Bingyu Zhao, Virginia Tech, Blacksburg, VA

Identification of genetic markers associated with agronomic traits is an essential strategy to improve crop
performance. Single Nucleotide Polymorphism (SNP) marker system was widely utilized in Genome-Wide
Association Study (GWAS). However, this system may generate spurious associations due to high Linkage
Disequilibrium (LD) of the SNP markers. In this study, we proposed a genetic marker system called TE-marker
using Transposable Elements (TEs) based on whole-genome shotgun sequencing data. We have used two different
datasets to test our approach: 1- Reanalysis of the resequencing of 50 different rice accessions. This approach is able
to cluster four populations (Oryza sativa japonica, O. sativa indica, O. rufipogon, O. nivara) with the admix
accessions between them as the classical SNP marker approach. 2- Reanalysis of 176 O. sativa japonica accessions
and their association to specific traits through GWAS. Our results showed that LD of TE markers decayed faster
than of SNP markers. For the GWAS, TE markers could detect association peaks that were equivalent to the ones
produced by SNP markers for some traits such as leaf blade width. Our approach pointed seven alleles nearby the
peak regions with annotations related with photosynthesis, and auxin and gibberellin responsiveness that it could be
associated with leaf development in the rice. TE-marker is a novel complementary approach to the classical SNP
markers that it assists to reveal population structures and identify alleles associated with agronomic traits.

W024: Allele Mining

Dynamic Effects of Interacting Genes underlying Rice Flowering-Time Phenotypic Plasticity and
Global Adaptation

Tingting Guo', Qi Mu!, Jinyu Wang', Adam E. Vanous', Akio Onogi?, Hiroyoshi Iwata®, Xianran Li'
and Jianming Yu', (1)lowa State University, Ames, IA, (2)National Agriculture and Food Research
Organization, Japan, (3)The University of Tokyo, Tokyo, Japan

Observed phenotypic variation in living organisms is shaped by genomes, environment, and their interactions.
Rapidly accumulating genome sequence data have facilitated the identification of novel alleles of important genes
underlying phenotypic variation. However, how alleles and combinations of alleles change effects across
environments, resulting in phenotypic plasticity, is often unknown. Here, we demonstrate an analytical framework to
dissect phenotypic plasticity and to associate haplotype plasticity with geographic distribution. First, we conducted
phenotypic plasticity dissection in a rice genetic population. The observed flowering-time plasticity was
systemically mapped to four known genes (Hd1, Hd2, Hd5, and Hd6). These genes, discovered for their
photoperiodic response, differentially responded to temperature at the early growth stage to jointly determine
flowering time. The effects of these plasticity genes were revealed with multiple reaction norms along the
temperature gradient. With the integration of genomics and the temperature environmental index, accurate
performance predictions were obtained. Second, we examined the accessions from the 3,000 Rice Genomes Project
for allelic variation at the four flowering-time genes and constructed haplotypes at both individual-gene and multi-
gene levels. The geographic distribution of haplotypes showed that haplotype combinations were preferentially



adapted to different temperature zones. The temperate zone was dominated by haplotypes more sensitive to
temperature changes, while the tropical zone had a majority of less sensitive haplotypes. Our findings bridged the
gap between phenotypic plasticity dissection and allele mining by integrating knowledge from genomics, cloning
and function characterization, environment quantification, and predictive modeling.

W025: Allele Mining
Allele Discovery in a Six-Row Barley Multiparent Population

Gary J. Muehlbauer, Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul,
MN

Characterizing and exploiting diverse germplasm collections is essential for continued crop improvement. Increasing
the genetic diversity in the US Upper Midwestern spring six-row malting barley cultivars is especially important as
they exhibit limited genetic diversity driven by the strict malting and brewing company requirements. One source of
genetic diversity is the USDA National Small Grain Core Collection (NSGCC) which contains 2,417 barley
accessions, composed primarily of landraces and cultivars/varieties from over 100 countries. To exploit the diversity
in the NSGCC for barley improvement and allele mining, we developed a multiparent population by crossing 88
diverse six-row parents randomly selected from the barley NSGCC with the spring six row barley malting variety
Rasmusson. This population, referred to as the Barley Recombinant Inbred Diverse Germplasm Population
(BRIDG®), consists of 6,160 Fs-derived recombinant inbred lines. Quantitative trait locus (QTL) mapping identified
23 flowering time QTL, among which seven were associated with previously identified flowering time genes
including HvPpdH 1. Exome capture sequencing of a subset of 78 of the BRIDG6 parents revealed 11 haplotypes at
HvPpdH1, and accessions from Asia exhibiting previously undiscovered private alleles with both positive and
negative effects. The large size of BRIDGO6 often precludes screening the entire population for traits that are time
consuming or expensive to score. Thus, to enable more efficient use of BRIDG6 for future QTL mapping studies
several subsampling strategies were examined, resulting in an optimal sample size for the most robust QTL
detection of least 50 families and 3,000 RILs. Taken together, this study demonstrates the utility of BRIDG6 for
allele mining and barley improvement.

W026: Analysis of Complex Genomes

Insights into Rye Biology and Triticeae Relationships based on a Chromosome-Scale Genome
Assembly

Nils Stein, Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany and
International Rye Genome Sequencing Consortium

Rye, Secale cereale, belongs to the Triticeae tribe in the Poaceae. Opposite to the global importance of its close
relatives barley and wheat, rye is economically relevant mainly to the Northern European countries. It is produced as
animal feed and biofuel crop but also for human food. Rye biology and life history is in contrast to wheat and barley
for many aspects. Rye is a secondary domesticate which traveled to Europe as a weed in barley and wheat fields. It
is a self-incompatible and out-crossing species with very good winter hardiness. Heterosis in rye is high and is
exploited efficiently in CMS-facilitated hybrid breeding. Its diploid genome is estimated to comprise 7-8 Gigabases
which is about 50% larger than the closely related diploid Triticeae genomes e.g. of barley (5 Gbp). An international
consortium used now de novo short read sequencing-by-synthesis and assembly combined with high density genetic
mapping, Hi-C analysis and optical mapping to produce a high quality chromosome-scale sequence assembly, which
greatly facilitates the application of molecular genetic tools and strategies in research and breeding for crop
improvement and for reaching a better understanding of the mechanisms underlying rye's distinct biological and
genetic features.

W027: Analysis of Complex Genomes
Improving Methods of Automatic Annotation of Plant Genomes

Tomas Bruna, Alexandre Lomsadze and Mark Borodovsky, Georgia Institute of Technology, Atlanta,
GA



Integration of different pieces of evidence, i.e. RNA-Seq reads and homologous protein mapping and ab initio
derived sequence patterns is critical for accurate annotation of plant genomes. Complex plant genomes have large
size, large number of repeats (transposable elements) as well as heterogeneous nucleotide composition.

It was shown that when general gene prediction methods were applied to plant genomes significant manual work is
still needed to reach genome annotation with satisfactorily accuracy. Construction of a fully automated method of
annotation of novel complex genomes is still an open problem.

Earlier we have developed automated gene finding method with unsupervised training of statistical models
employed in the algorithm. This type of approach generates many false positives in complex plant genomes with
large volume of non-coding regions. We present a novel method of model training in which sets of coding and non-
coding regions is selected based on mapping of transcriptome and protein data.

New algorithm, GeneMark-ETP+, integrates RNA-Seq short read alignments produced by VARUS as well as hints
generated by protein mapping delivered by ProtHint. This semi-supervised training approach was shown to generate
more accurate annotation of principle isoforms of protein coding genes. A focus of the new method is selection of a
highly reliable set of introns derived from RNA-Seq reads, proteins, and ab initio predictions to guide ab initio gene
finder training and predictions. We demonstrated that this approach resulted in increase in accuracy of gene
annotation in complex plant genomes.

W028: Analysis of Complex Genomes
Long Read Sequence Technology Resolves Hidden Features among Brassica Genomes
Andrew G. Sharpe, Global Institute for Food Security (U of S), Saskatoon, SK, Canada

Plant genome assembly has been developing rapidly with costs declining and scaffold size and genome coverage
improving; however, with short read technologies, underlying contig size remains limited and it is inevitable that
some genomic regions will not be captured and duplicated or repetitive regions are often collapsed. Concomitant
with these improvements there is a growing appreciation that copy number variants, presence/absence variants and
structural rearrangements have played an important role in the adaptation of phenotype. Long read sequencing
technologies offer a unique opportunity to capture often elusive structural variation in genomes. To test applicability
to polyploid species, a de novo genome assembly was generated for Brassica nigra, a paleohexaploid, using Oxford
Nanopore Technologies (ONT) sequence reads. The resultant assembly was error corrected using Illumina short
reads, and HiC and genotype data was added to generate pseudomolecules. The ONT assembly extended the original
reference assembly by 59 Mb, covering ~89% of the expected genome size. The majority (85%) of the additional
assembled sequence represented repetitive DNA, yet ~3,500 additional genes were added to the new assembly. The
long-read assembly provided a novel insight into the repetitive genome structure, access to previously hidden genes,
and could span non-recombinant regions.

W029: Analysis of Complex Genomes
TILLING by Target Capture Sequencing (TbyTCS) to Improve Soybean Seed Composition Traits

Zhou Zhou, Naoufal Lakhssassi and Khalid Meksem, Southern Illinois University at Carbondale,
Carbondale, IL

Chemical mutagenesis emerges as a Genetically Modified (GM)-free strategy to produce large-scale allelic series in
soybean for economically important trait improvement. Here we develop a high-throughput TILLING by Target
Capture Sequencing (TbyTCS) technology coupled with single nucleotide polymorphisms (SNPs) identification
bioinformatic tools to identify population-wide mutations in soybeans. Because of the robustness of SNP calling,
this novel technology ensures high-quality yield of true mutations while removing the majority of false positives.
Four Ethyl methanesulfonate (EMS) mutagenized soybean populations (over 4000 mutant families) have been
screened for the presence of induced mutations in targeted genes. The mutation types and effects have been
characterized for a total of 138 soybean genes in soybean seed composition, disease resistance, and other traits. By
using TbyTCS, we discovered novel sources of soybean oil traits as well as protein and carbohydrate traits. EMS-
induced mutations were identified and characterized for 19 genes within the fatty acid, protein, and carbohydrate



biosynthetic pathway, including the GmKASIIA/B, GmSACPD-C/D, GmFAD2-1A4/1B, GmFAD3A/B/C, GmSus,
GmGy, and GmCG. The TbyTCS technology provides an unprecedented platform for highly effective screening of
polyploidy mutant populations and gene functional analysis. The obtained soybean mutants in this study are used in
subsequent soybean breeding for improved seed composition traits.

W030: Analysis of Complex Genomes

Using Contiguous Long-Read Assemblies to Investigate Interspecific Macrosatellite Evolution and
Speciation

Kevin R Bredemeyer, Texas A&M University, COLLEGE STATION, TX and William J. Murphy,
Texas A&M University, College Station, TX

Since their discovery as valuable genetic markers, repetitive sequences that differ in copy number between
individuals and species, known as variable number tandem repeats (VNTRs), have received ever-increasing
attention from geneticists. Macrosatellites are a class of VNTRs defined by particularly large repeat units, often
several kilobases in length, high GC content and highly polymorphic copy number. Macrosatellites have been
implicated in key cellular processes through transcriptionally or spatially controlled chromatin remodeling and are
often regulated through direct DNA methylation that can be disrupted by significant deviations in copy number. We
previously mapped a major effect X-linked locus associated with male hybrid sterility in an interspecific hybrid cat
breed, and identified the macrosatellite DXZ4 as a candidate hybrid sterility locus. In addition to copy number
variability, DXZ4 is an interesting candidate because of its implication in the maintenance of the structural
conformation unique to the inactive X of female somatic cells. Together, these two features suggest a potential link
between interspecies divergence and structural misregulation of the X chromosome during a male specific instance
of X chromosome silencing known as meiotic sex chromosome inactivation, which leads to hybrid male sterility.
However, due to the highly repetitive and polymorphic nature of macrosatellites like DXZ4, most of these regions
are missing or misassembled in all but the highest quality finished genome assemblies. Our recent de novo assembly
of the genomes of several cat species using long read sequencing, F1 Trio-binning, and HiC scaffolding has allowed
completion of, and interspecific comparisons between, many of these complex genomic regions, providing crucial
insight connecting rapid evolution of macrosatellites and their association with speciation.

W031: Analysis of Complex Genomes

Comparative Transcriptomics and Metabolite Profiling to Unravel Defense and Defensive
Secondary Metabolite Formation in Tea Trichomes

Jian Zhao, Anhui Agricultural University, Hefei, China and Penghui Li

State Key Laboratory of Tea Plant Biology and Utilization, College of Tea and Food Science and Technology,
Anhui Agricultural University, Hefei, 230036,

Abstract

Tea plant (Camellia sinensis) leaf produces a wide array of secondary metabolites, including catechins, caffeine, and
theanine as characteristic bioactive ingredients of teas, which make major contributions to tea flavors and health
benefits. Trichomes on tea plant leaves produced many special flavors-contributing products and are regarded as an
important quality trait, however, the underlying molecular bases for how tea unicellular trichomes are generated on
plant leaf to synthesize specialized metabolites, and what's their physiological function in tea plant are not fully
understood. Here, we integrated metabolome and transcriptome analyses on tea trichomes and trichome-removed
leaves (TR-leaves) to gain insight into the formation and functions of trichomes as well as their synthesis of
specialized metabolites. Metabolite profiling and RNA-Seq data strongly supported the defense functions of
trichomes by highly expressing many defensive proteins/enzymes, or synthesizing and accumulating a complex
defensive secondary metabolites, some of them like mono- and sesquiterpenes, contributing to the essential role of
trichomes in determining tea flavors.Besides producing these characteristic tea secondary metabolites, tea plant
trichomes also highly and specifically accumulated more defense metabolites and expressed more defensive genes,
such as UV-protective flavonols and peptides, insect-toxic caffeine and proteinase inhibitors, and other volatiles,
disease-resistant metabolites and proteins. Tea trichomes also specifically express defense-related germin-like
proteins, chitinase, laccase, GST, high-light protective peoteins, and LRR protein kinase family genes, which are



usually associated with plant defense against herbivore insects and pathogens and abiotic stresses. We functonally
characterized CsMYB184, CsGL3, and CsWD40-repeat genes are highly associated with trichome formation and
development with molecular and genetic tools. Antisense knockdown of CsMYB184 also reduced expression levels
of gene involved in biosynthesis of volatiles, catechin, and caffeines, followed by reduced production of these
metabolites in buds and young leaves. Nucleus-localized CsMYB184 activated the promoters of ANR and ANS and
a tea plant GL2 homolog CsGL2 genes in a reporter activation assay. Association studies on trichome phenotyping
and gene expression in various tea plant germplasm demonstrated a close relation between CsMYB184 expression
level and trichome density and lengths. Our findings suggest that tea plants have evolved to use trichomes for
defense and adaptation to adversary environments, also by enhanced metabolic capabilities for efficient production
of diverse defensive metabolites.

W032: Animal Epigenetics
Profiling the Immune Epigenome across Global Cattle Breeds
Jessica R. Powell, The Roslin Institute, Edinburgh, United Kingdom

Understanding the variation between well and poorly adapted cattle breeds to local environments is essential for
breeding cattle with improved climate and disease resistant phenotypes. While studies are beginning to characterise
the genetic basis of cattle breed diversity, alternative mechanisms underlying breed-specific traits are largely
unexplored. Changes at the chromatin level are of particular interest because of their potential role in disease.
However, the tools and reference resources to study these changes across cattle breeds are almost entirely lacking. In
this study, we have characterised the chromatin accessibility and DNA methylation landscapes genome-wide of
seven immune cell types across three diverse cattle breeds. Holstein Friesian, N’Dama and Nelore cattle were
selected to represent the European taurine, African taurine and indicine cattle lineages respectively. Gene expression
data for Holstein Friesian cattle have also been generated.

We find extensive epigenetic divergence between the taurine and indicine cattle lineages across cell types. The
unique cell type profiles enable the accurate deconvolution of complex cellular mixtures using digital cytometry
approaches. Finally, we show distinct sub-categories of CpG islands based on their chromatin and methylation
profiles that discriminate between classes of distal and gene proximal islands linked to discrete transcriptional states.

These data provide a comprehensive resource to help exploit the diversity among cattle breeds and improve cattle
productivity for farming communities in low and middle income countries.

WO033: Animal Epigenetics

Systematic Discovery and Characterization of Chromatin States and Butyrate-Induced Variations
for Cattle Genome Functional Annotation

Cong-jun Li, ARS, USDA, Beltsville, MD

The lack of functional annotation of genomes hinders the biological interpretation for complex trait variation,
domestication, and adaptive evolution in livestock. Here we established the first global map of regulatory elements
(15 chromatin states) and defined their coordinated activities in cattle, through genome-wide profiling for six histone
modifications, RNA polymerase 11, CTCF-binding sites, DNA accessibility, DNA methylation, and transcriptome in
Rumen Epithelial Primary Cells (REPC). We demonstrated that each chromatin state exhibited specific enrichment
for sequence ontology, gene expression and methylation across tissues, trait-associated variants, eQTLs, selection
signatures, and evolutionarily conserved elements, implying distinct biological functions. After butyrate (a key
regulator for rumen development) treatments, we observed that the weak enhancers and flanking regions of
transcriptional start sites (TSS) were the most dynamic chromatin states, occurred concomitantly with significant
alterations in gene expression and DNA methylation, which was significantly associated with heifer conception rate
and stature. Our results demonstrate the crucial role of functional genome annotation for understanding genome
regulation, complex trait variation, and adaptive evolution in livestock. Using butyrate to induce the dynamics of the
epigenomic landscape, we were able to establish the correlation among nutritional elements, chromatin states, gene
activities, and phenotypic outcomes.



WO034: Animal Epigenetics

Developmental and Allele-Specific Methylation Patterns in Fetal Liver of Pigs Derived from White
Composite x Meishan Reciprocal Crosses

Ryan J. Corbett!, Haibo Liu?, Dan Nonneman®, Timothy P.L. Smith*, Nancy E. Raney®, Christopher K
Tuggle® and Catherine W. Ernst’, (1)Genetics & Genome Sciences Graduate Program, Michigan State
University, East Lansing, MI, (2)Department of Animal Science, lowa State University, Ames, 1A,
(3)USDA, ARS, USMARC, Clay Center, NE, (4)U.S. MEAT ANIMAL RESEARCH CENTER, CLAY
CENTER, NE, (5)Department of Animal Science, Michigan State University, East Lansing, M1, (6)lowa
State University, Ames, [A

The liver is a major metabolic organ that influences numerous economically important phenotypes in swine.
However developmental and allele-specific gene regulation, including that governed by DNA methylation, are
understudied in pig liver. We performed whole-genome bisulfite sequencing (WGBS) of pig fetal liver collected
from White Composite and Meishan reciprocal crosses at 30 and 70 days of gestation (dg;N=8,2/stage/cross) in
order to assess stage- and allele-specific methylation (ASM). WGBS read alignment and extraction of CpG
methylation rates were performed using Bismark, and differential methylation analyses were performed using
methylKit. We also performed allele-specific mapping of reads and ASM analyses, using SNPs identified from
whole-genome sequencing data. Global CpG methylation rates ranged from 59.5-63.6% and were significantly
higher in 70dg samples (p=0.01). We identified 24,601 differentially methylated regions (DMRs;
difference>10%,FDR<1e-5) between stages, 91% of which were hypermethylated at 70dg. DMRs were enriched in
gene promoters; 1956 promoter-hypermethylated genes (70dg vs. 30dg) were enriched for GO terms related to early
development, while 676 promoter-hypomethylated genes were enriched for lipid and glucose metabolism terms,
suggesting decreased and increased transcription of genes involved in these processes, respectively. 529 regions
exhibited ASM between White and Meishan alleles, and these were enriched in genes associated with lipid
metabolism. Lastly, 430 regions exhibited ASM between maternal and paternal alleles, including regions in the
IGF2 and IGF2R gene clusters that are known to exhibit genomic imprinting. This work provides novel insight into
epigenetic regulation during pig liver development and has identified genomic regions subject to breed- and parent-
specific regulation.

W035: Animal Epigenetics
Hitting the Mark: Characterizing Four Histone Modifications in Ovine Liver and Spleen

Kimberly M. Davenport', Alisha T. Massa?, Michelle R. Mousel®, Maria K. Herndon®*, Stephen N.
White®, Suraj Bhattarai®, Stephanie McKay®, Timothy P.L. Smith®, Jacky K. Carnahan’, Noelle Cockett®,
Brenda M. Murdoch' and the Ovine FAANG Project, (1)Department of Animal and Veterinary Science,
University of Idaho, Moscow, ID, (2)Washington State University, Pullman, WA, (3)USDA, ARS,
Animal Disease Research Unit, Pullman, WA, (4)Department of Veterinary Microbiology and Pathology,
Washington State University, Pullman, WA, (5)University of Vermont, Burlington, VT, (6)USDA, ARS,
USMARC, Clay Center, NE, (7)USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay
Center, NE, (8)Utah State University, Logan, UT

Although the ENCODE project has defined regulatory elements in humans, very little is known in sheep. The
functional annotation of the sheep genome, including the location of gene regulatory elements, is essential for
understanding the potential mechanisms that may influence economically important traits. The objective of this
study is to identify the locations of gene regulatory elements in sheep by characterizing histone modifications in two
tissues, liver and spleen. Tissue samples were collected from two female and two castrated male sheep and flash
frozen in liquid nitrogen. Chromatin immunoprecipitation (ChIP) was conducted for four histone marks; H3K4me3,
H3K27ac, H3K4mel, and H3K27me3 known to be related to active or repressed chromatin states of gene regulatory
elements. ChIP sequencing libraries were prepared and sequenced to >60 million reads each. Quality control
parameters were performed with FastQC and Trim Galore, and high-quality reads were mapped to
Oar_rambouillet v1.0 with Bowtie2. Peaks were called for narrow marks using MACS2 and broad marks using
SICER with false discovery rates of 0.05 and 0.01, respectively. Similarity between animals were examined using a
Spearman correlation. Peaks were compared between tissues and sexes to identify states of conservation and
differences. Chromatin states were characterized by implementing a Hidden Markov Model with 15 states in



ChromHMM. The study identified genomic positions enriched for these four histone marks in sheep, establishing
the likely boundaries of regulatory elements involved with gene regulation in these two important tissues. These
results will aid in future identification of regulatory mechanisms that influence economically important traits.

W036: Animal Epigenetics
Discovery of Regions of Genome Regulation in the Horse

Jessica L. Petersen!, Nicole B. Kingsley?, Sichong Peng?, Colin Kern®, Catherine Creppe*, Erin N.
Burns®, Huaijun Zhou?, James N. MacLeod®, Tomasz Szmatola’, Ewelina Semik-Gurgul’, Tomasz
Zabek’, Ted Kalbfleisch®, Rebecca R. Bellone®, Carrie J. Finno'® and Equine FAANG Consortium,
(1)University of Nebraska-Lincoln, Lincoln, NE, (2)University of California, Davis, Davis, CA,
(3)Department of Animal Science, University of California, Davis, CA, (4)Diagenode, Li¢ge, Belgium,
(5)University of California - Davis, Davis, CA, (6)Department of Veterinary Science, University of
Kentucky, Lexington, KY, (7)National Research Institute of Animal Production, Balice, Poland,
(8)University of Louisville, Louisville, KY, (9)Veterinary Genetics Laboratory, University of California -
Davis, Davis, CA, (10)UC Davis, Davis, CA

The horse occupies a unique role in animal genomics serving as an agricultural and companion animal species. In
addition, the horse is an exceptional model for studies of clinically and economically important phenotypes.
Genomic resources for the horse are robust; however, a comprehensive atlas of markers of genome regulation is
lacking. The goal of our collaboration, as part of the Functional Annotation of ANimal Genomes initiative, is to
characterize elements of genome regulation between the sexes and across tissues. Successes to date include
characterization of the transcriptome (poly-A and small RNA) of 50 tissues from two Thoroughbred mares. Those
data (https://www.ebi.ac.uk/ena/data/view/PRIJEB26787) were utilized in annotation of the new equine reference
genome (EquCab3). Four histone modification marks (H3K4mel, H3K4me3, H3K27ac, and H3K27me3) have been
mapped in ten tissues of each horse, resulting in over 1.8 million newly annotated regulatory elements, each
covering from 0.6 to 5.1% of the genome. CCCTC-insulator marks have been explored in eight tissues, with an
average of 53,000 CTCF-binding sites identified per tissue. ATAC-seq has been optimized in two tissues providing
further information on open chromatin. Finally, to better understand tissue-specific patterns of DNA methylation,
reduced representation bisulfite sequencing was completed on the eight prioritized tissues. These millions of newly
annotated genomic features are being used in studies of equine-specific phenotypes as well as in cross-species
studies of genome evolution. Ongoing work is extending data collection and genome annotation in tissues from the
mares as well as in two Thoroughbred stallions, which will enable comparisons between sexes.

W037: Animal Epigenetics
Identification of Epigenetic Markers Predictive of Late Embryonic Mortality in Bovine Milk

Katy Kesler'?, Jessie Zenchak!, Kelly Sporer?, Casey Droscha? and Todd Byrem?, (1)Michigan State
University, (2)CentralStar Cooperative

Reproductive efficiency is the most important factor in determining producer profitability. Yet, embryonic mortality
contributes 56% of reproductive failure. Industry standards of pregnancy diagnostics include transrectal palpation,
ultrasound and measurement of pregnancy-associated glycoprotein (PAG) levels via ELISA; however, no diagnostic
can predict late embryonic mortality (LEM), one major contributor to reproductive failure. Developmental processes
and epigenetic factors tightly control the timing and magnitude of gene expression. Circulating epigenetic factors
such as microRNAs (miRNAs) to determine embryogenic fidelity is at the forefront of modern molecular
diagnostics as in non-invasive prenatal testing. Circulating miRNAs in serum and milk are reliable non-invasive
biomarkers of animal physiology due to their stable, sensitive, and specific nature. We hypothesized that LEM-
specific miRNAs in milk are present, predictive and robust biomarkers of embryonic mortality. Milk represents a
non-invasive and economical diagnostic medium for producers. This work will aid in the discovery of milk-based
biomarkers predictive of LEM equipping producers with a novel diagnostic that delivers enhanced knowledge about
pregnancy status empowering them to make more profitable breeding decisions. MicroRNAs are extracted using an
optimized semi-automated protocol and miRNAs are verified using RT-qPCR. Candidate miRNAs are being
profiled via RNA-seq and validated using RT-qPCR. MicroRNA-148a and miR-26a were characterized as potential
endogenous controls due to their uniform presence during the lactation cycle. MicroRNA-222 and miR-25 were



screened as LEM candidates as proof of principle of dynamic physiologic targets. Physiologic miRNAs are present
and informative in milk. Discovery of milk based epigenetic biomarkers will create a platform for diagnostics that
can deliver improved knowledge about cow physiology. This work is contributing to the development of a new
paradigm in dairy diagnostics; reforming the value added to a milk sample for dairy producers and practitioners.

W038: Animal Epigenetics
Diet Impacts the Avian Epigenome for Generations
Christopher M. Ashwell, North Carolina State University, Raleigh, NC

W039: Animal Epigenetics

Prenatal Transportation Stress Alters Genome-Wide Methylation of DNA in Leukocytes from
Brahman Bull Calves

Brittni P. Littlejohn'2, Deborah M. Price!?, Don A. Neuendorff!, Jeffery A. Carroll?, Rhonda C. Vann®*,
Penny K. Riggs?, David G. Riley?, Charles R. Long!, Thomas H. Welsh, Jr.> and Ronald D. Randel',
(1)Texas A&M AgriLife Research & Extension Center, Overton, TX, (2)Department of Animal Science,
Texas A&M University, and Texas A&M AgriLife Research, College Station, TX, (3)USDA-ARS,
Livestock Issues Research Unit, Lubbock, TX, (4)Mississippi Agricultural and Forestry Experiment
Station, Mississippi State University, Raymond, MS

The role of the prenatal epigenome in shaping postnatal outcomes is largely unknown in the bovine species. We
compared DNA methylation in leukocytes from prenatally stressed (PNS) relative to Control calves. Mature
Brahman cows were transported (n = 48) for 2-h periods at 60, 80, 100, 120, and 140 (+ 5) d of gestation or
maintained as non-transported Controls (n = 48). Reduced representation bisulfite sequencing was used to assess
differential methylation in leukocytes from a subset of 28-d-old bull calves (n =7 PNS and 7 Control) born to
Transported and Control dams. Samples from PNS calves contained 16,128 CG, 226 CHG, and 391 CHH sites that
were differentially methylated relative to Control calves (C = cytosine; G = guanine; H = either adenine, thymine, or
cytosine). Of the differentially methylated CG sites, 1,205 were located within promoter regions, 3,103 within
introns, 1,260 within exons, and 10,560 within intergenic regions. Of those sites, 7,407 were hypermethylated (>
10% more methylated than Controls; P < 0.05) and 8,721 were hypomethylated (> 10% less methylated than
Controls; P < 0.05). Because increased DNA methylation within gene promoter regions has been typically reported
to suppress transcriptional activity, differentially methylated (difference > 10%; P < 0.05) CG sites located within
promoter regions were used to predict alterations to biological pathways via pathway analysis (Ingenuity). In PNS
calves, 113 pathways were identified as altered (P < 0.05). Among these were pathways related to behavior, stress
response, and immune function. Furthermore, PNS calves from the entire population of calves born to Transported
and Control dams exhibited more excitable temperaments, increased circulating concentrations of cortisol, and
differential innate immune response to an endotoxin challenge. In support of our hypotheses, differential
methylation of genomic DNA was detected in PNS calves, which was correlated with phenotypic differences
observed in the larger population of calves in this study. Results suggest DNA methylation as a mechanistic basis for
prenatal programming. Better understanding mechanisms by which prenatal programming alters the developmental
trajectory of biological systems in utero presents novel opportunities to improve livestock phenotypes.

W040: Animal Genomics and Adaptation to Climate Change
Genetic Factors Associated with Changes in Feeding Behavior Due to Elevated Temperature

Gary A. Rohrer, USDA, ARS, U.S. MEAT ANIMAL RESEARCH CENTER, Clay Center, NE,
Amanda J. Cross, DNA Genetics, Columbus, NE, Brittney N Keel, USDA, ARS, USMARC, Clay Center,
NE, Tami Brown-Brandl, University of Nebraska-Lincoln and Joseph Cassady, South Dakota State
University, Brookings, SD

Heat stress has negative impacts on pork production, particularly in the grow-finish phase. During heat stress events,

feeding behavior of pigs is altered to reduce heat production. However, not all animals respond similarly to elevated
ambient temperatures. To determine if genetic factors were associated with differences in feeding behavior at



different environmental temperatures, feeding behavior was studied year-round in a barn containing 6 pens of 40
pigs/pen. Pigs were placed in the barn at 8 weeks of age and removed after 12 weeks on the study. All pigs (n =
1653) were produced by sows from a common population (Landrace-Duroc-Yorkshire composite) and sired by
Duroc, Landrace or Yorkshire boars. Pen assignments ensured uniform numbers of male and female pen mates for
each breed of sire. Days were partitioned into categories based on their maximum temperature humidity index
(THI): “Normal” (THI < 23.33°C), “Alert” (23.33°C < THI < 26.11°C), “Danger” (26.11°C < THI < 28.88°C) and
“Emergency” (THI > 28.88°C). All pigs tended to reduce their feeding behavior during late afternoon and increase
feeding behavior during the early evening when THI category exceeded Normal. Females had a greater reduction in
feeding time during late afternoon hours on days with higher THI values than males. Breed of sire differences were
also observed as Duroc-sired and Yorkshire-sired pigs increased feeding times in the mid-morning as well as early
evening, whereas Landrace-sired pigs only increased feeding behavior in early evening when THI exceeded Normal.
To avoid population stratification effects in genome-wide association studies (GWAS), phenotypic data were
adjusted for breed of sire and sex prior to conducting a GWAS using genotypic data from ~60,000 SNP markers in
GenSel. Candidate genes within regions identified by the GWAS include heat shock proteins and immune function.
Differences in feeding behavior of grow-finish pigs due to increased temperatures were observed along with
evidence that these differences are controlled by genetics. Selection for pigs that are more tolerant to elevated
ambient temperature should enhance production and animal well-being.

USDA is an equal opportunity provider and employer.

W041: Animal Genomics and Adaptation to Climate Change

Understanding of Genomic Properties and Development of Useful Genomic Resources from Polar
Organisms: Antarctic Blackfin Icefish Genome Reveals Adaptations to Extreme Environments

Jin-Hyoung Kim, Korea Polar Research Institute, Incheon, South Korea and Unit of Polar Genomics of
KOPRI

Potential impacts and risks on global climate change and warming are more highlighted. In teleost, Notothenioids
have evolved successfully to adapt to specific Antarctic marine ecosystems. Icefishes (suborder Notothenioidei;
family Channichthyidae) are the only vertebrates that lack functional haemoglobin genes and red blood cells. Here,
we report a high-quality genome assembly and linkage map for the Antarctic blackfin icefish Chaenocephalus
aceratus, highlighting evolved genomic features for its unique physiology. Phylogenomic analysis revealed that
Antarctic fish of the teleost suborder Notothenioidei, including icefishes, diverged from the stickleback lincage
about 77 million years ago and subsequently evolved cold-adapted phenotypes as the Southern Ocean cooled to sub-
zero temperatures. Our results show that genes involved in protection from ice damage, including genes encoding
antifreeze glycoprotein and zona pellucida proteins, are highly expanded in the icefish genome. Furthermore, genes
that encode enzymes that help to control cellular redox state, including members of the sod3 and nqol gene families,
are expanded, probably as evolutionary adaptations to the relatively high concentration of oxygen dissolved in cold
Antarctic waters. In contrast, some crucial regulators of circadian homeostasis (cry and per genes) are absent from
the icefish genome, suggesting compromised control of biological rhythms in the polar light environment. The
availability of the icefish genome sequence will accelerate our understanding of adaptation to extreme Antarctic
environments.

W042: Animal Genomics and Adaptation to Climate Change
Microbiome of Heat-Stressed Layer Hens

John C. Hsieh!, Michael E. Persia?, Carl J. Schmidt® and Susan J. Lamont!, (1)Department of Animal
Science, lowa State University, Ames, A, (2)Virginia Polytechnic Institute and State University,
Blacksburg, VA, (3)Dept. of Animal & Food Sciences, University of Delaware, Newark, DE

Increased frequency of extreme temperature events from climate change present a challenge to animal agriculture.
During periods of elevated ambient temperature, both animal welfare and productivity might be negatively
impacted. For poultry production, feed consumption is negatively correlated with increased ambient temperature.
We hypothesize that exposure to high ambient temperature will alter the gut microbiota composition for chickens.



We designed a 4-week experiment with 80 24-week-old laying hens that were divided evenly between the
thermoneutral group (TN, 23°C, n=40) and the high temperature group (HT, 35°C for 8 hours daily, n=40) to study
changes of the cecal microbiome. Cecal medullary contents were collected from 8 random birds from TN and HT
groups at 5 time periods after the start of HT group’s exposure to heat: 3 hour (0OWK), 1 week (1WK), 2 weeks
(2WK), 3 weeks (3WK), and 4 weeks (4WK). Amplicons of the V1-V3 region of the 16S rRNA gene were
generated from DNA extracted from the cecal contents. Sequencing of the amplicons were performed with the
[llumina MiSeq platform to generated 300-bp paired-end reads. Sequences were processed with the mothur MiSeq
SOP followed by statistical analysis in R with phyloseq and microbiome packages.

An average of over 100,000 unique sequences per sample were assigned to the 20,295 OTUs found. Compositional
analysis found that an overwhelming majority (>95%) of the relative abundance was from the Firmicutes and
Bacteroidetes phyla. Further examination of these phyla showed that the Firmicutes phyla was mostly represented
by members from the Ruminococaceae and Lachnospiraceae families and the Bacteroidetes phyla was mostly
represented by members from the Rikenellaceae family. All 3 families are typically found in animal gut microbiome
samples and have a commensal relationship with the host. Analysis of the alpha diversity showed a significant
difference between TN and HT groups at IWK (p = 0.021) and 4WK (p = 0.05), however, ordination plots did not
show distinct clusters between samples from the TN and HT groups. Further group-level comparisons based on beta
diversity using permutational analysis of variance (PERMANOVA) were performed for the 1WK and 4WK
samples. PERMANOVA only found significant difference between TN and HT groups at IWK (p = 0.035) and not
at 4WK (p = 0.229). The coefficients of the IWK PERMANOVA indicates that the difference between TN and HT
is most highly driven by members from the genus Alistipes of the family Rikenellaceae. Many members from the
family Ruminococaceae (n=8) also made the list of top 20 most influential OTUs driving the difference between TN
and HT as predicted by the IWK PERMANOVA.

From this study, we were able to detect significant differences in the composition of cecal microbiota between TN
and HT groups after 1 week, suggesting the cecal microbiome did respond to treatment of heat exposure. We were
also able to identify key families of bacteria that changed in abundance at the 1-week time point, but the level of
resolution from 16S amplicon sequencing was not sufficient to fully resolve the genus/species of the bacteria.

W043: Animal Genomics and Adaptation to Climate Change
Detection of Selection Signatures among Chicken Population under Different Climatic Conditions

M. Walugembe!', Francesca Bertolini?, Chandraratne M.B. Dematawewa®, Ahmed R. Elbeltagy*, Carl J.
Schmidt®, Max F. Rothschild' and Susan J. Lamont', (1)Department of Animal Science, [owa State
University, Ames, A, (2)National Institute of Aquatic Resources, Denmark, (3)University of Peradeniya,
Faculty of Agriculture, Department of Animal Science, Peradeniya, Sri Lanka, (4)Animal Production
Research Institute, Dokki, Cairo, Egypt, (5)Dept. of Animal & Food Sciences, University of Delaware,
Newark, DE

Changes in climate, particularly heat with drought or high humidity, are a major challenge to livestock performance.
Animal survival resulting from both adaptation to the local environmental conditions and from artificial selection for
production traits are expected to leave selection signatures in the genome. The aim of this study was to identify
selection signatures that may be associated with the adaptation of indigenous chickens from two different climatic
regions (Sri Lanka = Tropical; Egypt = Arid) and in non-indigenous chickens that derived from human migration
events to the generally tropical State of Sdo Paulo, Brazil. Analyses were conducted using fixation index (Fst) and
hapFLK analyses. Chickens from Brazil, Sri Lanka and Egypt were genotyped using the Affymetrix Axiom®600k
Chicken Genotyping Array. Pairwise Fst analyses among countries did not detect major regions of divergence
between chickens from Sri Lanka and Brazil, with ecotypes/breeds from Brazil appearing to be genetically related to
Asian-Indian (Sri Lanka) ecotypes. Several differences, however, were detected in comparisons of Egyptian with
either Sri Lankan or Brazilian populations, and common regions of difference were detected on chromosomes 2, 3
and 8. The hapFLK analyses for the three separate countries suggested unique regions that are potentially under
selection on chromosome 1 for all three countries, on chromosome 4 for Sri Lankan, and on chromosomes 3, 5, and
11 for the Egyptian populations. Some of identified regions under selection with hapFLK analyses contained genes
such as TLR3, SOCS2, EOMES and NFATS, all of which are associated with immune function. This study,



therefore, suggests that immune function may be an important biological function that aids in adaptation
mechanisms in response to arid and tropical environments.

W044: Animal Genomics and Adaptation to Climate Change
Poultry Genomic Projects in Low and Middle Income Countries

Androniki Psifidi!, Olivier Hanotte?, Lonneke Vervelde®, Nick Sparks®, Joshi Chaitanya®, Damer Blake',
Georgios Banos®, Fiona Tomley! and One Health Poultry Hub consortium, (1)Royal Veterinary College,
University of London, Hatfield, United Kingdom, (2)LiveGene — CTLGH, International Livestock
Research Institute, Addis Ababa, Ethiopia, (3)The Roslin Institute and R(D)SVS, University of
Edinburgh, United Kingdom, (4)Scotlands' Rural College, United Kingdom, (5)College of Veterinary
Science and Animal Husbandry, Anand, India, (6)The Roslin Institute and Scotlands' Rural College,
Midlothian, Scotland

High population growth, urbanisation and rising incomes have led to increased demands for animal protein. Poultry
meat and eggs are now the leading global source of protein for humans and demand is predicted to increase more in
the coming decades. A major challenge is to achieve sustainable poultry expansion whilst reducing risk to animal
and human health. In Low and Middle Income Countries (LMICs), where rates of intensification in poultry
production are highest, vaccinations and biosecurity measures are commonly sub-optimal. Up to 60% of poultry
stock can die due to predation and infectious disease. Breeding for increased resistance to zoonotic and other
important poultry pathogens, as well as for beneficial microbiome composition with relevance to competitive
exclusion, offers an attractive strategy to control infectious disease. We have been studying the genetics of
infectious disease in African and Asian indigenous and tropically adapted commercial chickens. Our initial results
have been encouraging since a low to moderate but significant heritability has been estimated and several
quantitative trait loci have been identified for immune, disease and microbiome traits. Ongoing studies, which will
be discussed during this presentation, aim to inform the best strategies to control infectious disease in LMICs.

W045: Apiaceae
Trait Identification and Genomic Database Development for Carrot (Daucus carota) Improvement

Philipp W. Simon, USDA, ARS and University of Wisconsin, Madison, Madison, WI, Shelby L. Ellison,
University of Wisconsin-Madison, Madison, WI and Douglas Senalik, USDA, ARS, Madison, WI

Carrot is the most economically important and genetically well-characterized member of the Apiaceae, and more
than 13,000 germplasm accessions are held in global collections, but that germplasm is not adequately phenotyped,
and molecular and bioinformatics tools to incorporate important traits during cultivar development are not well-
developed. To begin to remedy this shortcoming, the USDA-NIFA-SCRI project 2016-51181-25400 “Identifying
phenotypes, markers, and genes in carrot germplasm to deliver improved carrots to growers and consumers” is
phenotyping ~700 accessions of cultivated carrot from the USDA-NPGS germplasm collection and ~50 publically-
developed inbreds and populations are being phenotyped for 12 traits identified by stakeholder input as important
for future cultivar development. Several phenotyped plants from each accession are being resequenced, and the
CarrotOmics database is being developed. To date, new germplasm sources to improve Alternaria leaf blight, root-
knot nematode, cavity spot, and bolting resistance, stand establishment, drought tolerance, flavor, color and
nutritional value have been identified. Novel candidate genes for carotenoid and anthocyanin pigments have been
discovered and phylogenetic relationships of the Apiaceae have been clarified. Phenotyping tools to characterize the
genetic architecture of shoot and root morphology and growth are being developed and methods to more accurately
predict traits in germplasm that has not been phenotyped are being evaluated. Beyond germplasm phenotyping and
genotyping activities, the project team is developing breeding pools enriched for favorable alleles of key traits,
evaluating the bioefficacy of carrots that vary in nutrient composition, and assessing the economic impact of traits
newly introduced to carrot. Well-characterized germplasm and genomic tools to facilitate future carrot improvement
will benefit future growers and consumers.

W046: Apiaceae



Improved Hybrid de novo Genome Assembly, Gene Prediction and Annotation of Carrot (Daucus
carota)

Massimo Iorizzo', Hamed Bostan?, Shelby L. Ellison®, Douglas Senalik*, Philipp W. Simon* and Julien
Curaba?, (1)Plants for Human Health Institute, Department of Horticulural Science, North Carolina State
University,, Kannapolis, NC, (2)Plants for Human Health Institute, North Carolina State University,
NCRC, 600 Laureate Way, Kannapolis, NC, 28081, USA, (3)University of Wisconsin-Madison,
Madison, WI, (4)USDA, ARS and University of Wisconsin, Madison, Madison, W1

The release of the carrot genome sequence (v2.0) in 2016 has rapidly enhanced molecular and genomic research for
this species, changing the nature of research in carrot biology. Research is shifting more towards extensive genetic
screening for genome-wide association analysis and functional genomics. However, despite the high-quality of the
current carrot genome assembly v2.0 release, improvements are needed due to the multiple challenges associated
with short read sequencing data used to develop it. Here, an improved genome assembly, gene prediction and
annotation of carrot DH1 (v3.0) is presented. The new genome assembly sequence covers 440 Mb, with a contig
N50 >6Mb, all assembled into 9 pseudomolecules/chromosomes and 2 organellar genomes. Compared with the
previous assembly (v2.0), the v3.0 assembly includes about 11% (54 Mb) of novel nucleotide sequence, >21%
(>100 Mb) new sequences anchored at the chromosome level, and represents a >193 fold increase in contig N50.
Using a combination of IsoSeq and Illumina transcriptome data, 36,216 gene models were predicted, with >4,000
additional gene models as compared to the previous gene prediction. Taking advantage of the IsoSeq full-length
high-quality transcripts, >6,000 mis-predicted and partial gene models in v2.0 were identified and manually curated.
Finally, a comprehensive catalog of alternative splicing (AS) events in the carrot DH1 was obtained, and efforts to
identify tissue specific isoforms and AS events are ongoing.

W047: Apiaceae
Genome-Wide Association Analysis of Carotenoids in Carrot

Shelby L. Ellison, University of Wisconsin-Madison, Madison, WI, Phil Simon, USDA, ARS and
University of Wisconsin, Madison, Madison, WI and Douglas Senalik, USDA, ARS, Madison, WI

Carotenoids are 40-carbon isoprenoid molecules that produce the red, yellow and orange pigmentation found in
nature. Carotenoids play an essential role in light capture and photoprotection in plants. In humans, pro-vitamin A
carotenoids, such as beta-carotene, are converted to vitamin A, which is critical for maintaining healthy vision,
immune response, and cellular communication and differentiation. Non-pro-vitamin A carotenoids, including
lycopene and lutein, have been associated with increased antioxidant activity, conferring benefits such as the
prevention of age-related macular degeneration and prostate cancer. Orange carrots accumulate large quantities of
alpha- and beta-carotene, while yellow and red carrots acquire significant quantities of lutein and lycopene,
respectively. While root color can be scored and selected with high-throughput, low-cost phenotypic methods within
breeding programs, it remains to be well established what the genetic loci to target for selection would be for orange,
red, and yellow carrots. Carotenoid content from over 700 cultivated carrots from the US National Plant Germplasm
System was assessed via HPLC to perform a genome-wide association study (GWAS) to identify genomic regions
conferring carotenoid accumulation. Phenotypic evaluation of pigmentation was also determined by colorimetry and
several strong correlations between phenotypic methods were identified. Assessment of pigmentation via
colorimetry may offer a fast and inexpensive method for high throughput phenotyping in the future. Marker-trait
associations were observed for all carotenoids evaluated, including previously verified and novel associations. The
results pave the way for creating a robust marker-assisted selection strategy for enriched pigmentation in carrot
breeding programs.

W048: Apiaceae
Characterization of the Tendency for Bolting among Carrot Germplasm Accessions

Allen Van Deynze', Theresa Hill?, Armando Garcia-Llanos', Shelby L. Ellison®, William Matthews!,
Philip A. Roberts*, Douglas Senalik® and Phil Simon®, (1)University of California, Davis, CA,
(2)Department of Plant Sciences, Seed Biotechnology Center, University of California, Davis, California,



USA, Davis, CA, (3)University of Wisconsin-Madison, Madison, WI, (4)University of California,
Riverside, CA, (5)USDA, ARS and University of Wisconsin, Madison, Madison, WI

Modern, carrot cultivars are biennials, requiring exposure to cold temperatures in order to flower. Initiation of
flowering, referred to as bolting, is an undesirable trait for growers and consumers as it stimulates fiber development
in the root, rendering the crop unmarketable. Wild accessions, an invaluable source of genetic diversity, can provide
traits that address critical needs of the carrot industry such as resistance to biotic and abiotic stress, reliable stand
establishment, and improved consumer quality. However, the wild carrot germplasm includes annual, early
flowering plants that are unsuitable for commercial cultivation. Understanding the genetic basis of bolting in carrot
will enable breeding strategies that leverage the diversity of wild carrot accessions. We have characterized bolting
frequencies within the first season of cultivation for 695 accessions, representing the breadth of carrot genetic
diversity. Bolting was scored across multiple locations, including stress environments, using a randomized complete
block design with two replications. Thirty to 40% of accessions bolted in at least one trial. Among bolting
accessions, one-half were environment-specific and bolting frequency had a continuous distribution indicating
quantitative genetics with a strong environmental interaction. A single gene has been identified as having a major
role in controlling carrot floral induction but this study indicates additional genes underlie the trait. A genome wide
association study will be reported on including candidate genes to bolting in carrot.

W049: Apiaceae
Abundance and Insertional Polymorphism of Carrot Mites and Demography of Daucus carota

Alicja Macko-Podgorni, Katarzyna Stelmach, Kornelia Kwolek and Dariusz Grzebelus, University of
Agriculture in Krakow, Krakow, Poland

Miniature inverted repeat transposable elements (MITEs) are small non-autonomous DNA transposons ubiquitous in
plant genomes, mobilized by their autonomous relatives. Stowaway MITEs are derived from and mobilized by
elements from the mariner superfamily. They constitute a significant fraction of the carrot genome, however there is
lack of comprehensive analysis of variation caused by Daucus carota Stowaway MITEs (DcStos), their association
with genes and putative impact on the genome evolution.

We report on 14 families of carrot Stowaways, DcStos, jointly occupying ca. 0.5% of the host genome. We
systematically mined 31 genomes of wild and cultivated D. carota, which yielded 18.5 thousand copies showing a
remarkable insertion site polymorphism. The genomic distribution of DcStos differed with respect to the origin of
host populations corresponding with the four major groups of D. carota (wild European, wild Asian, eastern
cultivated, western cultivated). We showed that DcStos were associated with genes and occurred most frequently in
57 and 3* UTRs. Individual families differed in their propensity to reside in particular segments of the genic region.
Most importantly, DcSto copies in the 2kb up- and downstream regions were more frequently associated with genes
encoding transcription factors, suggesting their possible functional impact. More than 1.5% of all DcSto insertion
sites comprised different copies in exactly the same position in different host genomes, indicating the existence of
insertional hotspots. The DcSto7b family was much more polymorphic than the remaining families in the cultivated
carrot. We showed a line of evidence pointing at its activity in the course of carrot domestication and identified
Dcmarl as an active carrot mariner element and a possible source of the transposition machinery for DcSto7b.
DcSto intron length polymorphisms (DcS-ILPs) detected substantial genetic diversity and, showing considerable
discrimination power, may be exploited as a tool for germplasm characterization and analysis of genome
relationships. DcSto insertions mined from eastern cultivated carrots were usually much less frequent than those
mined from the reference genome, possibly reflecting a bottleneck at the origin of the western carrot gene pool.

W050: Application of Genetics and Genomics for Large-scale Breeding Programs
Developing Durable Disease Resistance
T Lynne Reuber, Two Blades Foundation, San Mateo, CA

Plant disease is an important limitation on agricultural production, causing average losses of 11-30% average global
losses each year. Genetic disease resistance is the most environmentally sustainable solution, but it is challenging to
create durable resistance since single modes of action are rapidly overcome by pathogen evolution. The explosion of
genomic information is allowing us to mine the genetic potential of wild crop relatives, but these resources must be



managed and deployed sustainably. One potential solution is the deployment of multiple independent resistance
genes stacked at a single locus.

2Blades Foundation works with a network of international collaborators to discover and deploy new sources of
resistance for important crop diseases. Our work in soy, wheat, and potato will be discussed.

WO051: Application of Genetics and Genomics for Large-scale Breeding Programs
Data Driven Plant Breeding

Christian R. Werner and John M. Hickey, University of Edinburgh, The Roslin Institute, Edinburgh,
United Kingdom

Breeding is increasingly viewed as an integrative science that has data science at its core. Advances in the fields of
genomic prediction, genome sequencing, genome editing and the use of simulation to evalute alternative breeding
systems offer huge potential to drive step changes in crop performance. Untapping the potential of these
technologies requires their development and deployment in concert to build upon a platform and culture of data
science.

In this presentation, two concepts of data-driven breeding to improve the efficiency of breeding programs will be
outlined.

Firstly, the concept of a “two-part” strategy for the deployment of genomic selection in crop breeding will be
presented. The “two-part” strategy reorganises plant breeding programs into two separate but connected parts: (i) a
population improvement part which rapidly improves the average performance of a population; and (ii) a product
development part which extracts and disseminates products to farmers. Stochastic simulation has shown that the
two-part strategy has the potential to more than double the rate of genetic gain achieved by breeding programs.

Secondly, the concept of Promotion of Alleles by Genome Editing (PAGE) in crop breeding will be presented.
PAGE recognises that many important traits in crop production are controlled by thousands of individual genetic
variants, each with small effects on overall performance. Stochastic simulation has shown that PAGE, driven by
modest amounts of genome editing, has the potential to more than double the rate of genetic gain achieved by
breeding programs. To deploy PAGE a process of genetic variant discovery that has sufficient throughput is
required. The concept of “Allele Testing”, a process that integrates several steps to achieve the discovery of genetic
variant in sufficient throughput will be outlined.

W052: Application of Genetics and Genomics for Large-scale Breeding Programs
A New Paradigm for Beef Cattle Genetic Improvement

Fabiana Mokry, Genus ABS, Deforest, W1, Scott Newman, Genus plc, Ziqing Weng, ABS GLOBAL,
DeForest, WI and Matthew Cleveland, Genus plc, Hendersonville, TN

The beef industry faces the challenge of meeting growth for global beef demand through a supply chain designed to
minimize increases in land, feed and waste products (while accounting for animal welfare) using a combination of
advanced recording, analytical, and molecular technologies while increasing beef supply chain profitability. One of
the key components to implementation relies on development and application of IoT technologies to automate day-
to-day farm operations, multi-dimensional data collection, and compilation of novel phenotypes that, when
combined with other technologies, are essential for improving beef production efficiency. The automated reality of
IoT technologies brings new challenges, requiring development of artificial intelligence algorithms (i.e., machine
learning, neural networks) and computing capabilities (i.e., cloud storage and computing) to harness the power of
multi-dimensional data. Another developing technology with high impact in modern beef production is blockchain
and smart contracts for animal traceability from farm to end consumer, transparency, and data sharing. There is also
progress at the molecular and biological levels through sexed semen technologies, gene editing, gut microbiome and
host genetics relationships, low cost/low density genotyping and sequencing methodologies that combined with [oT
are essential for accelerating genetic gain. The key to meet growing global beef demand relies on harnessing the
power of all these new technologies to accelerate genetic gain, develop target genetics for efficiency and



sustainability according to local resources, disseminate improved genetics, and ensure profitability and sustainability
along the beef supply chain.

WO053: Application of Genetics and Genomics for Large-scale Breeding Programs
Development of Cibus’ Trait Machine™ to Efficiently Apply Gene Editing
Andrew Walker, Cibus US LLC, San Diego, CA

An increasing number of traits are being discovered and developed in plants using gene editing and genomics.
Simple traits in plants orchestrated by a small number of genes can be managed through backcross breeding, but
more complex traits mediated by many genes cannot easily be backcrossed into new elite breeding lines. The
concept of a Trait Machine™ is defined as the optimized process to efficiently develop complex traits directly in
elite plant lines, which accelerates plant breeding and commercialization. The components of a Trait Machine might
include robust tissue culture protocols, efficient gene editing and molecular screening, robotics, accelerated plant
growth cycles in controlled environments, and phenotyping. Cibus has developed all components of a Trait Machine
for canola and is applying it to develop multiple complex traits directly in elite canola lines.

WO054: Application of Genetics and Genomics for Large-scale Breeding Programs
Use of Advanced Technologies to Digitally Engineer Seed Products at Corteva Agriscience
Radu Totir, Corteva, Johnston, IA

All commercial breeding programs used by Corteva Agriscience to create seed products for all our customers, across
crops and geographies, are designed to optimally leverage advanced technologies within routine high throughput
integrated genetic evaluation systems. Digital engineering techniques are key to enable the seamless integration of
cross-functional applied science to generate and convert into actionable knowledge high volume data streams that
enable Corteva breeders to: a) understand and characterize the targeted population of genotypes under active
selection b) perform high speed and throughput genetic evaluation conditional on the targeted population of
environments c) accelerate “on growing site” performance improvements conditional on the targeted population of
traits under selection; with the ultimate goal to develop superior seed products that enrich the lives of growers and
consumers across the globe. Examples of leveraging digital engineering to integrate genomic blueprint knowledge
with biological and environmental conditions for seed product design will be discussed. Comments will be made
regarding the need for digital engineering guided cross-functional applied science solutions to solve challenging
problems in production agriculture.

W055: Application of New Genomic Tools and Techniques in Arthropods
Application of New Genomic Tools and Techniques in Arthropods

Marce Lorenzen, William Klobasa, Ordom Huot, Nathaniel Grubbs, Dorith Rotenberg and Anna
Whitfield, North Carolina State University

The ability to utilize state-of-the-art genomic tools can open the door to a wide range of new pest control solutions,
including the use of gene drive. However, there are considerable barriers to deploying these tools in a new species.
For example, despite the power of CRISPR/Cas9-based genome editing, published reports of confirmed genome
editing in hemipteran species are rare. Here, we will describe a method for editing a new hemipteran species, the
corn planthopper, Peregrinus maidis. While we had an excellen