APPENDIX D
SAES-422
Format for Multistate Research Activity
Accomplishments Report

Project/Activity Number: S1094
Project/Activity Title: Genomic tools to improve equine health, wellbeing, and performance
Period Covered: 6/2023-3/2024 (“Year 2”)
Date of This Report: 3/8/2024
Annual Meeting Date(s): 1/14/2024 

Participants: An in-person business meeting was held on 1/14/24 in conjunction with Plant & Animal Genome (PAG) 31 in San Diego, CA. All attendees at the PAG Horse Genome Workshop were invited to participate, regardless of membership status in S1094. The following individuals attended and presented station reports:
Antczak, Doug (dfa1@cornell.edu) – Cornell University (also on behalf of Mandi deMestre);
Bailey, Ernie (ebailey@email.uky.edu) - University of Kentucky;
Brooks, Samantha (samantha.brooks@ufl.edu) - University of Florida;
Durward-Akhurst, Sian (durwa004@umn.edu) - University of Minnesota;
Everts, Robin (reverts@etalondx.com) – Etalon Equine Genetics (also on behalf of Christa Lafayette);
Finno, Carrie (cjfinno@gmail.com) - University of California-Davis
Guest, Debbie (djguest@rvc.ac.uk) – Royal Veterinary College (also on behalf Androniki Psifidi and Richard Piercy);
Kalbfleisch, Ted (ted.kalbfleisch@uky.edu) - University of Kentucky;
Lyons, Leslie (lyonsla@missouri.edu) - University of Missouri;
McCoy, Annette (mccoya@illinois.edu) - University of Illinois;
McCue, Molly (mccu0173@umn.edu) - University of Minnesota (also on behalf of Sian Durward-Akhurst);
Mienaltowski, Mike (mjmienaltowski@UCDAVIS.EDU) - University of California-Davis; 
Norton, Elaine (elainenorton@arizona.edu) - University of Arizona 
Petersen, Jessica (jessica.petersen@unl.edu) - University of Nebraska
Staiger, Ann (Elizabeth.Staiger@tamuk.edu) - Texas A&M University – Kingsville

The following individuals were not available to attend and provided station reports afterwards:
Raudsepp, Terje (terje@tamu.edu) – Texas A&M University (also on behalf of Brian Davis, Rytis Juras, and Gus Cothran)

Brief summary of minutes of annual meeting: The meeting was called to order by Annette McCoy on behalf of herself and the other co-coordinators (Mike Mienaltowski, Elaine Norton). Angelica Van Goor, National Program Leader for S1094, could not attend, but her contact information was provided. The S1094 multistate project objectives were reviewed, as was the procedure for joining S1094 via Appendix E in NIMSS or by directly contacting Cindy Morley (cmorley@uark.edu). Meeting participants were encouraged to recruit their colleagues for multistate membership. We are particularly interested in engaging members of the equine industry and extension officers. Station reports were presented by all participants. Activities completed in the past year were reviewed. Upcoming events relevant to the participants were announced. The group decided that the next S1094 Annual Meeting will be held in conjunction with Plant & Animal Genome (PAG) 32, January 10-15, 2025 in San Diego, CA. A call for contributors to the multistate project newsletter was made, and the floor was opened for other announcements. The meeting was then adjourned.
Accomplishments: Three co-coordinators continue to serve the S1094 community: Annette McCoy (University of Illinois), Mike Mienaltowski (University of California-Davis), and Elaine Norton (University of Arizona). Three newsletters were produced in 2023 for dissemination to the Horse Genome Workshop listserv (maintained by the co-coordinators) and the general public via member contacts. Each newsletter highlighted meetings and community efforts, including workshops at the Plant and Animal Genome conference, Equine Sciences Society meeting, and International Society for Animal Genetics (ISAG) conference. Stories highlighting partnerships between scientist members and stakeholders were prominently featured, as well as new publications from the group. In collaboration with Dr. Samantha Brooks (University of Florida), the co-coordinators have developed a stakeholder survey that has gotten IRB approval and will be disseminated in spring 2024. S1094 members from the University of Kentucky are investigating population structure of the Thoroughbred horse population in the United States in response to concerns by breeders about loss of diversity and inbreeding with a goal of better management of closed studbooks; similar work is planned to support Saddlebred breeders.

Short-term Outcomes: The members of S1094 leverage community resources in the development of new genetic tests that can then be offered commercially once validated. A recent example is the addition in January 2024 of a new test for Congenial Myotonia in New Forest Ponies offered by the University of California-Davis Veterinary Genetics Lab. Education bulletins are released by the VGL to share updates with stakeholders. One of the major goals of the Horse Genome Workshop community is to make the tools and resources that have been developed easily accessible to the broader community. A web portal which provides resources for accessing equine FAANG data was recently launched, supported by the University of Kentucky. This portal can be freely accessed at: www.equinegenomics.uky.edu. 

Outputs: Data from several collaborative projects are being generated and made publicly available in repositories. These include whole genome sequencing, RNAseq, and ChIPseq, all generated as part of the equine FAANG initiative (led by the University of California-Davis and University of Nebraska). As part of the ongoing community pangenome project (led by the University of Kentucky) new shotgun sequencing from horses and non-caballine individuals have been generated and are publicly available. A new telomere-to-telomere (T2T) Thoroughbred reference has recently been completed. All of these resources are being leveraged to update annotation for the reference genome EquCab3.0. Containerized workflows for use with an array of equine genomics data have been developed (led by the University of Minnesota and University of Kentucky) and are available for use. A list of publications from S1094 contributors is included in this report.

Activities: 
1. Equine Genetics and Thoroughbred Parentage Testing Workshop, International Society for Animal Genetics (ISAG), July 2-7, Cape Town, South Africa
Dr. Rebecca Bellone (University of California-Davis) was invited to present the results of a collaborative study evaluating the feasibility of transitioning from microsatellite markers to SNPs for parentage testing. A panel of 381 markers across all equine autosomes was approved by the voting members of ISAG in attendance as the “core” ISAG panel. This panel of markers will be evaluated over the next several years before becoming the official parentage panel used worldwide.
2. Equine Genome Workshop, Plant and Animal Genome (PAG) 31, January 13-14, 2024, San Diego, CA.
The meeting was chaired by chaired by Dr. Elaine Norton (University of Arizona) and co-chaired by Dr. Ann Staiger (Texas A&M University – Kingsville). More than 60 scientists, trainees, and guests from 34 different universities and organizations from around the world were given the opportunity to hear about research advances from the past year from 8 diverse speakers. This work highlighted the varied applications of genomic and transcriptomic tools and resources developed by the Equine Genome community for investigation of horse physiology. A substantial amount of time was dedicated to an interactive discussion surrounding topics including funding opportunities, recruitment and retention of trainees, and next steps to address community “grand challenges.”
3. Workshop Demonstration of Containerized Workflows and a Data Repository to Support Efficient, Standardized, Interoperable Genomic Analysis Plant and Animal Genome (PAG) 31, January 13-14, 2024, San Diego, CA. This workshop was a collaborative effort between S1094 members at the University of Minnesota and the University of Kentucky, highlighting the use of a new containerized workflow (“WAGS”) for whole-genome sequencing data and the development of an equine pangenome. This workshop was open to researchers across species, as the WAG pipeline is species agnostic and has broad applicability.

Milestones: We continue to work towards several milestones for this project:
1. Engagement of researchers at ~20 stations across the country for multistate participation. Current S1094 members are being asked to actively recruit new participants, with a particular interest in engaging members of the equine industry and extension agents. We are slowly increasing the number of official participants, with continued robust interactions with researchers who have not yet been able to join and our stakeholder/industry partners. To date, S1094 includes 17 researchers at 12 stations across the United States and two researchers at two European institutions.
2. Generation of summary stations’ strengths and collaborative interests ahead of summer workshop meeting. This information was solicited via the call for station reports in January 2024.
3. Collaborative, international, summer workshop meeting, focus on drafting and launch of the first stakeholder needs assessment. We will be launching a stakeholder needs assessment in Mar-Apr 2024. This assessment is aimed primarily at owners, breeders, and trainers of horses across breeds and disciplines. Breed/discipline-specific data will be shared directly with interested stakeholder groups, while a summary of all the results will be shared with the S1094 community and the broader Equine Genome Workshop group.
4. Renew website with lists of educational materials for stakeholders and genomics resources for researchers. A newly redesigned website for the International Horse Genome Workshop includes reports from meetings, identification of participants, and links to community tools. The website can be found at: https://horsegenomeworkshop.com/.

Impacts: A major focus currently is recruitment to the multistate group, with particular interest in involving extension officers and industry stakeholders. The current members of S1094 have leveraged the resources developed by the equine genomics community for projects that have been awarded grants in the past year totaling more than $3.6 million (complete list in Appendix A). Multistate members provide research and outreach presentations (Appendix B). T. Raudsepp (Texas A&M) continues to operate the only equine clinical cytogenetics service in the United States. 

Indicators: The most tangible evidence of industry stakeholder buy-in to community efforts is the widespread adoption of genetic testing among several breed organizations, and the ongoing interest in highly accurate parentage testing. Multistate members working in direct support of these efforts are at the University of California-Davis, University of Kentucky, and Texas A&M University.
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Appendix A: Grants and Contracts Received

Bailey E (Principal Investigator), Kalbfleisch T (Co-I), Petersen J (Co-I). Comparing Genetic Diversity of North American Thoroughbred Horses from two periods: 2005-2019 and 1965-1984; Koller Endowment. 2023-2024 $135,300 

Brooks S (Principal Investigator). Artificial Intelligence Tools for Digital Gait Analysis from Video: Applications for Improved Health and Welfare in Performance Horses. USA Equestrian Trust. 10/2021-8/2023 $20,000

Brooks S (Principal Investigator). An AI Toolkit for Video Phenotyping in Livestock. USDA NIFA AG2PI. 7/2022-6/2023 $49,217.

Durward-Akhurst S (Principal Investigator). Genetic mechanisms of sudden cardiac death in racehorses as a model for sudden arrhythmic death syndrome in human athletes. UMN CTSI pre-K award. $50,000

Durward-Akhurst S (Principal Investigator). Investigation of arrhythmic-SCD causing mutations in racehorses. UMN College of Veterinary Medicine Animal Health Grant. $60,000

Guest D (Principal Investigator). Bad memories: do horse tendon cells become primed to inflammation? Horserace Betting Levy Board, £173,000 

Guest D (Principal Investigator). Utilising novel therapeutics to reduce inflammation in equine adult tenocytes Petplan Charitable Trust, £10,000.

McCoy AM (Principal Investigator). Effects of Early Exercise on Muscle Expression of
Myokines in Foals. USDA Hatch Funds FY23. 9/2023-9/2024. $17,385.

McCoy AM (Principal Investigator). Molecular markers of early equine post-traumatic osteoarthritis. USDA-AFRI-NIFA. 5/2023-4/2026. $627,000.

McCoy AM (Mentor). Alterations in the peritoneal environment of horses with intestinal disease: a multiomics approach. Morris Animal Foundation. 7/2023-6/2025. $124,956.

McCue ME (Principal Investigator), Durward-Akhurst S (co-I). Mendelian and oligogenic disease mutation discovery: best practices and automated tools. UMN College of Veterinary Medicine Multistate. $70,000

Mieneltowski M (Principal Investigator). Delivery of Exogenous EGR1 mRNA to Improve Tendon Formation. UC Davis Center for Equine Health Research Grant. $28,735

Norton EN (Principal Investigator).  Identification of gene by environment interactions influencing genomic risk alleles contributing to equine metabolid syndrome.  USDA-AFRI-NIFA. 5/2023-4/2026. $625,000.

2023-2024. Norton EM (PI). “Prevalence and impact of equine metabolic syndrome in broodmares.” RII Research Development Grant – FY24 Faculty Seed Grant.  $15,000 total. 
Petersen J (Principal Investigator). Equine genomics for the management of breed diversity, health, and performance. ARD Hatch Enhanced Grant $200,000

[bookmark: _Hlk68791727]Raudsepp T (Collaborator). Genetic Analysis for the Wild Horse and Burro Program (WHBP). DOI-Bureau of Land Management. 2021-2025. $152,187.
[bookmark: _Hlk119937553]
Raudsepp T (Principal Investigator). Exploring the Genomic Component of Equine Sex Development and Reproduction. USDA-NIFA2022-08309. 2023 - 2026. $644,320.

Raudsepp T (Principal Investigator). Genomics of Thoroughbred stallion subfertility. Grayson-Jockey Club Research Foundation. Award announced 2/7/2023. 2023- 2025. $77,371.

Raudsepp T (Principal Investigator). Exploring the Genomic Component of Reproductive Health in Mares: Molecular Signatures for X-Monosomy-Like Gonadal Dysplasia. American Quarter Horse Research Foundation. 2023- 2024. $39,021.

Raudsepp T (Co-PI). Understanding the co-evolution of phylogenomic signal, gene linkage, and recombination rate through comparative genomics. NSF-DEB #2150664. 07/01/2022-06/30/2025. $1,200,000. (includes horse and equids)




































Appendix B: Research presentations

Research presentations
January 2024. Plant and Animal Genome 31, San Diego, CA 
Arias XR, Janes JG, Hagen DE, Petersen JL, Murdoch BM, Steffan D, Norton E, McCarthy FM, Johnson L, Nikly J, Ratcliffe K, Kalbfleisch T. Discovery of Deleterious Variants in Livestock.
Ciosek JL, AbouEl Ela NH, Johnson L, Li K, Hudson E, Larid-Smight M, Loux SC, Petersen JL, Kalbfleisch, T. A Comparison of Thoroughbred, Egyptian Arabian, and Shire Reference Quality Genomes
Cullen JN, Friedenberg SG. Simplified, Swift, and Modular Containerized Workflows for Short-Read Sequencing Data Processing, Variant Discovery, and Annotation.
Cullen JN, Friedenberg SG. The Whole Animal Genome Sequencing (WAGS) Pipeline: A Demonstration.
Durward-Akhurst SA, Marlowe JL, Schaefer R, Springer K, Grantham BA, Carey WK, Bellone RR, Mickelson JR, McCue ME. The Frequency of Phenotypes Causing and Associated Variants in Healthy Horses.
Heath H. A Comprehensive Allele-Specific Expression Resource for the Equine Transcriptome.
Johnson L. Functional Impact of Putatively Identified Introgressed Alleles within the Horse Genome.
Li K, Miller D, Antczak D, AbouEl Ela NA, Johnson L, Ciosek JL, Walenz BP, Pickett B, Koren S, Phillippy AM, Loux SC, Hudson E, Laird-Smith M, Davis B, Durward-Akhurst SA, McCue ME, Petersen JL, Kalbfleisch T. A T2T Thoroughbred Reference Genome.
Marlow JL, Cullen JN, McCue ME, Durward-Akhurst SA. Identification of Performance Differences between Well-Known Variant Calling and Filtration Methods.
McCoy AM, Kemper AM, Hammack SM, McCue ME. Site-Specific Differential Gene Expression Suggests Putative Candidate Genes Underlying Gait in Standardbred Horses.
Petersen JL. Contributions of Equine FAANG to the Research Community.
Ryder O, Novak BJ, Houck ML, Putnam AS, Walker K, Russell L, Russell B, Walker S, Arenivas SS, Aston L, Veneklasen G, Ivy JA, Koepfli K-P, Rusnak A, Simek J, Zhuk A, Phelan R. The Cloning of Two Przewalski’s Horses Begat New Opportunities for Sustainability and Resilience of Endangered Species.
Szmatola T. Implementation of Whole Genome Sequencing Datasets for Development of Genetic Variants Filtration Tool for the Arabian Horse.





Authorization: Submission by an AES or CES director or administrative advisor through 
NIMSS constitutes signature authority for this information. 
*Limited to three pages or less exclusive of publications, details may be appended.
