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II. Letters
Candidate Letter of Intent 

25 June 2015 

To the Selection Committee: 

As a veterinarian board-certified in large animal surgery, I have an ongoing interest in musculoskeletal 
disease in horses as this is a major reason for presentation of patients for clinical evaluation, with complaints 
ranging from poor performance to impaired quality of life. As a researcher, I am especially interested in the 
role that genetics plays in developmental and degenerative joint disease. This encompasses predisposing 
genetic factors, changes in gene expression during the course of disease, and genetic therapies for treatment. 
I believe that clinician-scientists play a vital role in bridging the gap between benchtop research and clinical 
applications, and I hope to fulfill such a role as I advance in my career. I recently accepted a tenure-track 
Assistant Professor position in academic veterinary medicine and am working to establish an independent 
research program while maintaining involvement in clinical practice, the didactic and clinical teaching of 
veterinary students, and the training of interns and residents. The work outlined in this First Award proposal 
is an outgrowth of the projects I completed during my PhD training, and is the natural next step to support 
my growth into an independent researcher. 

My previous research training has been diverse, ranging from cognitive psychology to molecular genetics, 
from very basic to purely clinical. I deliberately sought out these different experiences so that I would have 
a clear idea of where I wanted to focus my own research career. I discovered that while I enjoyed both basic 
and clinical research, I was most interested in being able to bridge the gap between them as a clinician-
scientist. My PhD mentors supported my efforts to combine my clinical interest in orthopedics with my 
basic research interest in genetics, which resulted in a thesis project primarily focused on the genetic risk 
factors for ostoechondrosis (OC; a developmental orthopedic disease), and secondarily focused on genetic 
determinants of gait and performance in horses. Specific approaches used in the course of this work 
included single nucleotide polymorphism (SNP) genotyping, genome-wide association (GWA) analysis, 
traditional Sanger sequencing of candidate genes, and whole-genome sequencing analysis. I wrote 14 grant 
proposals related to this research, three of which were funded. To date, however, I have not received funding 
as a principal investigator for more than $20,000 for any single, extramural award. I have presented the 
results of my research at several national and international meetings since 2011 (e.g. Plant and Animal 
Genome XVIII Conference, 2011; Dorothy Russell Havemeyer Foundation 10th International Equine 
Genome Mapping Workshop, 2013; Plant and Animal Genome XXII Conference, 2014), and have abstracts 
accepted at two upcoming meetings (Dorothy Russell Havemeyer Foundation 11th International Equine 
Genome Mapping Workshop July 2015; American College of Veterinary Surgeons Surgical Summit 
October 2015). Additionally, my PhD research has generated four peer-reviewed publications to date 
(Osteoarthritis Cart 21:1638-1647, 2013; J Hered 105:163-172, 2014; Anim Genet 45:153, 2014; Equine 
Vet J 47:438-444, 2015), with a fifth manuscript submitted for review (BMC Genomics).  





Mentor Letter 

To the Review Committee: 
June 20, 2015 

     It is my pleasure to write a letter indicating my strongest support for Dr. Annette McCoy’s first award 
application. I have had the pleasure of working closely with Dr. McCoy since she began her PhD in my 
laboratory in 2010, and I have continued to collaborate with Dr. McCoy since she began her faculty position 
at the beginning of 2015. The objectives outlined in this first award are the follow-up to the project Annette 
worked on in my laboratory as a PhD student. As part of her thesis work, Annette phenotyped a population 
of Standardbred horses for osteochondrosis (OC), characterizing the impact of OC and early surgical 
intervention on racing performance and identifying genetic risk loci using genome-wide association 
(GWAS) analysis. During Annette’s study on the impact of early surgical intervention on racing 
performance, she identified differences in tarsal OC prevalence and site predilection in Standardbred pacers 
and trotters, a finding that had not been previously reported. Further, Annette’s GWAS study identified two 
chromosomal loci associated with tarsal OC, and Annette successfully obtained funding from Morris 
Animal Foundation (MAF) in 2014 to validate these findings in a second independent population of 
European Standardbred trotters. Annette has now successfully completed this MAF funded work and for 
the first time, validated a genetic locus identified for OC in a second independent horse population. The 
hypothesis in Annette’s First Award comes directly from her findings in both her performance and genetic 
studies, and the work outlined in this proposal are the natural next steps to these findings.  
     The goals of the First Award are to support new investigators that are proposing the highest quality 
science. I can state that without a doubt that Dr. McCoy’s proposal represents both. The proposed research 
in this proposal builds on the genetics/genomics and computational skills Annette acquired during her PhD, 
however, this work represents Annette’s own intellectual pursuit and is feasible due to the new 
collaborations she has established since her arrival at the University of Illinois. The project plan is Annette’s 
own design and represents an opportunity for Annette to establish her own independent research program. 
The objectives in this proposal fit perfectly into her long-term goal of developing a risk model of OC that 
incorporates both genetic and environmental (including biomechanical) risk factors. Further, the genetic 
risk factors identified will likely be informative across breeds and predilection sites, thus the impact of this 
work will extend beyond predicting risk for tarsal OC in the Standardbred. Finally, the prospective nature 
of the study will allow for an estimation of the number of OC lesions in foals that spontaneously heal and 
has the potential to identify the genetic factors that are responsible for spontaneous healing.  
     Funding of this proposal will also have an impact on the career of a truly outstanding scientist. I cannot 
overstate Annette’s potential as an independent research scientist; she is highly intelligent, extremely 
organized, dedicated to her career, and an incredibly hard worker. During her PhD, Annette not only studied 
OC, but also capitalized on the population of Standardbred horses she used for her thesis to map two 
additional traits by genome wide association (GWAS), one for racing performance and another for gait. 
She has also worked with a collaborator to gather samples from > 100 Thoroughbred horses to eventually 
study the genetic basis of a juvenile osteoarthritis, and laid the groundwork for the functional genomics and 
proteomics evaluation of an experimental model of post-traumatic osteoarthritis in the horse. In addition to 
generating research data and research samples, during her tenure in my laboratory, Annette co-authored 14 
grant proposals (3 funded), published 5 manuscripts and authored a book chapter. Annette has also 
mentored undergraduate students and veterinary summer scholars, and in 2012 the college awarded her the 
Vaughn Larson Award in recognition of her leadership. Annette has taken an active role in her professional 
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V. Study Proposal (5pp limit) 

Specific, Testable Hypothesis and Objectives 
Our long-term goal is to develop a predictive model that will allow for estimation of an individual 

horse’s risk for the development of osteochondrosis (OC). A crucial component of this is improved 
understanding of the interplay between the genetic and environmental factors that underlie disease risk. We 
have recently reported differences in tarsal OC lesion prevalence and distribution between Standardbred 
pacers and trotters (see Literature Review), however it is unknown if these are due to differences in genetic 
risk, biomechanical forces related to gait, or a combination of the two. We have identified genetic risk loci 
for tarsal OC that are shared between Standardbred pacers and trotters (see Preliminary Data), therefore, 
we hypothesize that Standardbred pacers and trotters share genetic risk factors for OC, but that 
biomechanical differences in their natural gait patterns influence which early lesions heal and which 
become permanent. To address this hypothesis, in this proposal we will: 

Objective 1: Prospectively follow the development of tarsal OC lesions in a cohort of Standardbred 
pacer and trotter foals to determine if gait preference has an impact on lesion healing/persistence. 

Objective 2: Determine if previously validated genetic risk factors are shared between pacers and 
trotters, and determine if these risk alleles are associated with development and/or persistence of OC lesions 
in our experimental cohort. 

Justification, Significance, and Literature Review 

Osteochondrosis (OC) is a commonly diagnosed developmental orthopedic disease in the horse, as well as 
other domestic animal species (particularly the dog and pig), which is characterized by abnormal cartilage 
within a joint that occurs secondary to focal failure of endochondral ossification (the process by which a 
cartilage template becomes bone in the limbs of a growing animal). It is a complex disease, with interactions 
of genetics and environment (e.g. diet, exercise) determining expression and severity of lesions. 
Manifestations of disease can vary from mild to severe, and there is evidence that many lesions heal 
spontaneously (van Weeren and Barneveld, 1999; Dik et al., 1999). However, “permanent” OC lesions 
(present after 8 months of age [Dik et al., 1999]) nearly always require surgical intervention to prevent 
ongoing joint damage. If left untreated, OC can potentially lead to severe degenerative joint disease and 
can be career- or even life-threatening. Prevention of OC is an as-yet unattained goal of the equine industry, 
and thus this disease represents an animal health and welfare issue requiring ongoing research efforts. 

OC is recognized across many breeds, with reported overall prevalence ranging from 6.25% in feral horses 
in the Western United States (Valentino et al, 1999) to greater than 40-50% in European Warmblood and 
Coldblood breeds (Lepeule et al, 2009; Wittwer et al, 2006). In addition to differences in overall prevalence, 
it is recognized that lesions are more common at one predilection site (i.e. fetlock, tarsus, or stifle) than 
another in different breeds. In Warmbloods, for example, average reported prevalence of OC lesions in the 
fetlock is 22.3%, while average prevalence in the tarsus and stifle are reported to be 11.5% and 7.0%, 
respectively (e.g. Stock et al., 2005; van Grevenhof et al., 2009). By comparison, in Standardbreds, OC of 
the tarsus is most common, with an average reported prevalence of 14.7% as compared to 3.3% and 6.3% 
in the fetlock and stifle, respectively (e.g. Grondahl and Dolvik, 1993; Lykkjen et al., 2012; Ricard et al., 
2013). These differences in predilection sites and prevalence between breeds may be due to population 
differences in environmental and/or genetic risk factors, but this is not yet completely understood. 

It has been postulated that OC could be caused either by abnormal forces on normal cartilage or by normal 
forces on abnormal cartilage (Pool, 1986). The evidence for the role of exercise in the development of OC 
is mixed, with one large study showing that the amount of exercise during the first 5 months of life affected 
the distribution but not the total number of lesions (van Weeren and Barneveld, 1999), and another reporting 
that reduced or irregular activity in the first weeks of life increased severity of lesions (Lepeule et al., 2013). 
However, to date there have been no studies examining the role that differences in natural gait preferences 
may play on the development of OC. Recently, we reported differences in tarsal OC lesion prevalence and 
distribution between Standardbred pacers and trotters (McCoy et al., 2015). Trotters were significantly 



more likely to be affected with OC than were pacers. Further, among OC-affected individuals, the odds of 
a trotter having a medial malleolus (MM) lesion were 5 times higher than a pacer, while the odds of a pacer 
having a lesion at the distal intermediate ridge of the tibia (DIRT) were 3.7 times higher than a trotter. Since 
the natural pacing gait is demonstrated in young pacing-bred foals before any training occurs (United States 
Trotting Association, 2013), it is possible that gait-specific biomechanical forces may have an effect on 
lesion development and/or distribution. At least three differences between the biomechanics of the trot and 
the pace have been reported that may have biological significance (Drevemo et al., 1980; Wilson et al., 
1988a; Wilson et al., 1988b; Robilliard et al., 2007). In objective 1, prospective radiographic evaluation of 
foals that preferentially pace and those that preferentially trot will be used to identify differences in the 
development and persistence of OC lesions between these two groups. This will determine if the gait-based 
differences are related to overall OC incidence, differences in the site(s) of primary lesion development 
and/or differences in primary lesion healing. 

Pacing and trotting lines are carefully maintained and are as genetically distinct as any two separate breeds 
(Cothran et al., 1987). Thus, a second possibility is that genetic risk factors for OC may vary between pacers 
and trotters, and that differences in genetic risk factors are responsible for differences in prevalence and 
lesion localization. We recently performed a genome-wide association study (GWAS) in a cohort of 
Standardbreds with tarsal OC that was specifically selected to minimize the effect of environmental 
confounders on disease association (see Preliminary Data). Two distinct loci on equine (ECA) 
chromosome 14 were found to be associated with OC in this population. Putative risk alleles from within 
our GWAS regions of interest, as well as from chromosomal regions previously reported to be associated 
with equine OC, were evaluated in both our GWAS population and an independent population of 
Standardbreds (see Preliminary Data). This work resulted in validation of the two risk loci on ECA14, as 
well as risk loci on ECA 10 and 21. These data support our hypothesis that genetic risk factors for OC are 
in fact shared between pacers and trotters, although it is possible that modifying population-specific risk 
factors also play a role in disease manifestation. 

Prospective evaluation of differences in OC lesion formation between pacer and trotter foals will provide 
insight into the role that biomechanical forces related to gait may play in the development of disease. 
Further, this approach will allow us to determine if there are differences in modifying genetic risk factors 
not just between pacers and trotters, but between horses who spontaneously heal their OC lesions and those 
who go on to develop permanent lesions. Defining the roles of these putative risk factors will both improve 
our understanding of the pathophysiology of OC and is an important step in developing a predictive model 
for OC that can facilitate management changes and early disease intervention in at-risk individuals. 

Preliminary Data 

GWAS in discovery population: The discovery cohort was comprised of 182 similarly bred Standardbred 
yearlings born on a single breeding farm in the eastern United States between 2007 and 2012 and raised 
under similar management conditions (70 affected with tarsal OC, 112 unaffected). Horses were genotyped 
on either the Illumina Equine SNP50 or SNP70 beadchips. Markers were imputed to a set of 74,595 single 
nucleotide polymorphism (SNP) markers for analysis (McCoy and McCue, 2014). Mixed model association 
analysis with gender and gait covariates was performed utilizing GEMMA software (Zhou and Stephens, 
2012), which incorporates a relationship matrix to account for population structure. Five SNPs located 
within two distinct regions on ECA14 were most highly associated with OC, and were nearly genome-wide 
significant after a Bonferroni correction was applied based on the number of effective independent markers 
(p < 5.1 x 10-5; corrected genome-wide significance level 1.86 x 10-6 [Li et al., 2012]). Repeat GWAS after 
imputation to nearly 250,000 markers identified the same regions of association on ECA14, defined by 30 
SNPs at p < 4.76 x 10-5.  

Validation of risk loci: Approximately 1.5 million alleles, discovered via whole-genome sequencing of 18 
horses from the discovery population (9 affected with OC, 9 unaffected) were evaluated from a total of 32 
regions that were either identified as regions of interest in our GWAS or were chromosomal regions 



previously reported to be associated with hock OC. 240 putative risk alleles from loci on 10 chromosomes 
were prioritized for follow-up according to predicted functional effect and segregation with OC status in 
the sequenced horses. These alleles were genotyped in both the GWAS cohort (above) and an independent 
validation cohort consisting of 139 Norwegian Standardbreds (60 affected with tarsal OC, 79 unaffected; 
described in Lykkjen et al., 2010) using a custom high-throughput Sequenom assay. Mixed model 
association analysis was performed in GEMMA with sex and gait included as covariates. Variants from 
within the two GWAS loci on ECA14 were most highly associated with disease status in both populations 
(p=0.0004-0.022 in the GWAS cohort; p=0.014-0.049 in the validation cohort). Variants with p < 0.05 from 
chromosomal regions on ECA10 and 21 were also shared between the two populations. These additional 
regions were identified from the GWAS, although they were less significantly associated with OC than the 
regions on ECA14. The association of putative risk alleles from within the same regions with disease status 
in two independent populations of Standardbreds suggest that these are true risk loci in this breed. Work is 
ongoing to evaluate specific risk alleles within these loci. 

Experimental Methods and Design 

Objective 1: Prospectively follow the development of tarsal OC lesions in a cohort of Standardbred 
pacer and trotter foals to determine if gait preference has an impact on lesion healing/persistence. 

Rationale and working hypothesis: We recently reported differences in OC prevalence and lesion 
distribution between Standardbred pacers and trotters (McCoy et al., 2015), but the retrospective nature of 
this study did not allow further investigation of this finding. Prospective evaluation of the development and 
persistence of OC lesions, combined with field observation of foals to assess their activity and preferred 
gait will provide insight into the role of gait-related biomechanical forces in the development of disease. 
We hypothesize that pacer and trotter foals develop similar early OC lesions, but that biomechanical 
differences in their natural gait patterns influence which lesions heal and which become permanent.   

Study cohort: 86 sire-matched Standardbred foals (n = 43 pacer; n = 43 trotter) will be enrolled in this study 
before 60 days of age (see below for power calculation). Foals will be raised under similar management 
conditions on one of three breeding farms in the central United States, located within 75 miles of each other. 
Approximately 80 foals are raised each year among the participating farms, and most of the foals are sold 
at breed-recognized yearling sales each fall. We expect to enroll the majority of foals needed during the 
first foaling season (n = 60) and the remainder during the second foaling season (n = 26). 

Power calculation for sample size: The overall prevalence of tarsal OC in our cohort, based on historical 
expectations from the participating breeding farms and reported breed prevalence, is expected to be 
approximately 20%. Lesions of the distal intermediate ridge of the tibia (DIRT) and medial malleolus (MM) 
are the most commonly reported across all studies of tarsal OC. We previously reported that DIRT lesions 
were present in 70% of affected individuals (expected overall prevalence 14%) with a relative risk (RR) of 
3.7 for pacers compared to trotters, and that MM lesions were present in 36% of affected individuals 
(expected overall prevalence 7.2%) with a RR of 5.01 for trotters compared to pacers. Based on expected 
prevalence and RR, power calculations to determine sample size was performed using the formula:  

N = 4 / prevalence * (√(RR) – 1)2 
This results in a required sample size 34 horses per group for DIRT lesions, and 37 horses per group for 
MM lesions. We selected the larger of these, and added 15% to account for potential loss to follow-up, 
resulting in a final sample size of 43 pacers and 43 trotters. 

Serial radiographs: Four standard radiographic views – lateral, cranio-caudal, dorsolateral-palmaromedial 
oblique, and dorsomedial-palmarolateral oblique – of both tarsi will be taken using a portable digital x-ray 
unit beginning within one week of turning 60 days of age, and then at 60 day intervals until the foal is sold 
or reaches 12 months of age (i.e. 60 ± 7, 120 ± 7, 180 ± 7, 240 ± 7, 300 ± 7, 360 ± 7 days). Foals will be 
excluded from data analysis if they are lost to follow-up before 8 months of age. Routine physical exams 
will be performed on each foal on each day that radiographs are collected. Radiographs will be taken using 



routine physical restraint (halter/leadrope) whenever possible; for foals that are intractable to physical 
restraint alone, a single dose of sedation (xylazine 0.2mg/kg IV) will be administered. Best practices for 
radiographic safety (ALARA principles) will be followed at all times. Based on pilot work we have recently 
performed in foals ranging from 2 weeks to 3 months of age, with our projected personnel and equipment 
resources, we expect to be able to radiograph 10-20 foals in a day. 

Field observation: Foals will be video monitored in their normal paddock/pasture turnout at least 1 day (8-
12 hours) per week. The video will subsequently be evaluated for the following activities: lying down, 
standing/nursing, walking, trotting and/or pacing, and moving at a faster gait (canter and/or gallop). A 
standardized activity log will be maintained for each foal to record the number of minutes (rounded to 30 
second intervals) spent on each activity for a minimum of two consecutive hours each week. 

Data analysis: Radiographs will be randomized and blindly evaluated for the presence or absence of OC 
lesions. They will then be assembled serially for each foal to determine where lesions developed and 
whether they healed spontaneously or became permanent. An OC lesion will be considered permanent if it 
is seen on radiographs of a foal ≥8 months of age. Differences in presence (yes/no), location (DIRT, MM, 
lateral trochlear ridge of the talus [LTR], medial trochlear ridge of the talus [MTR]) and progression 
(healed/permanent) of OC lesions between pacers and trotters will be determined using Chi-squared 
analysis. Survival analysis (logrank statistic) will be used to determine if there is a difference in lesion 
development and healing between pacers and trotters over time.  

Overall activity will be assessed as percent time spent moving (combined time at the walk, trot/pace and 
canter/gallop divided by total observation time) during all observation periods prior to each set of 
radiographs (i.e. each 60 day period will be considered separately). Pacing will be evaluated in all foals as 
a categorical variable (observed/not observed). For those foals observed to pace, it will further be evaluated 
as a percentage of their total activity. Logistic regression models will be constructed to test the relationship 
between overall activity (in each 60 day period) and pacing with categorical outcome variables: 1) 
presence/absence of any OC lesion; 2) presence/absence of specific OC lesions (DIRT, MM, LTR, MTR); 
and 3) whether an observed OC lesion healed or became permanent. Sex and sire will also be included as 
predictor variables. For example:  

OCR3 = μ + activityT1 + activityT2 + pace + sex + sire + ε 

where the outcome is the presence of an OC lesion (yes/no) on the third set of radiographs (R3), pace is a 
categorical predictor, and activity levels during each of the two 60-day periods prior to the third set of 
radiographs are considered separately (T1, T2). 

Expected Outcomes, Potential Pitfalls, and Alternative Approaches: Based on previously published studies 
(e.g. Dik et al., 1999), we expect ≥70% of the foals will have evidence of tarsal OC at one or more time 
points, with ~20% developing permanent lesions. Further, differences in preferred gait will affect the 
location of permanent lesions (i.e. DIRT in pacers, MM in trotters). The biggest potential pitfall for this 
objective is that we may not have as many foals affected with OC as we expect, resulting in insufficient 
power to detect differences between groups. Should this appear to be the case based on preliminary analysis 
of findings from year 1, we will plan to enroll additional foals during the second year of the study. There 
are sufficient numbers of foals raised on the three participating farms that this could be easily accomplished 
without having to recruit additional participants. Should this become necessary, internal funds will be 
committed to accomplish the additional radiographs. 

Objective 2: Determine if previously validated genetic risk factors are shared between pacers and 
trotters, and determine if these risk alleles are associated with development and/or persistence of OC 
lesions in our experimental cohort. 

Rationale and working hypothesis: The presence of OC across domestic horse populations, including a feral 
horse population (Valentino et al., 1999), as well as shared major predilection sites and lesion morphology 
suggests a unified underlying pathophysiology and shared genetic risk across breeds. Our recent validation 



of shared risk loci for tarsal OC in two independent populations of Standardbreds (see Preliminary Data) 
supports this idea. Thus, we hypothesize that Standardbred pacers and trotters share genetic risk factors for 
OC, and further, that alleles from within validated risk loci on ECA14, 10, and 21 will be associated with 
disease in our study cohort.  

Study cohort and sample collection: The study cohort is described under Objective 1. Hair roots and/or 
whole blood will be collected from all foals at the time of study enrollment (<60 days of age). DNA will 
be isolated from collected samples using the Gentra® Puregene® Blood Kit (Qiagen, Valencia, CA) per 
manufacturer recommendations. Quantity and purity of extracted DNA will be assessed using 
spectrophotometric readings at 260 and 280nm (NanoDrop 2000, Thermo Scientific, Wilmington, DE). 

Genotyping: Genotyping will be completed by Neogen GeneSeek (Lincoln, NE). The Sequenom assay has 
been previously designed and all SNPs validated in our GWAS cohort (see Preliminary Data). This assay 
includes 338 SNPs multiplexed into wells of 48; 98 of these SNPs are ancestry informative markers (AIMs) 
included to help control for population structure, while 240 are SNPs selected from chromosomal regions 
of interest associated with OC. Evaluation of additional risk alleles (not included in the Sequenom assay) 
within validated risk loci on ECA14, 10, and 21 is ongoing. We will genotype these risk alleles in our study 
cohort via restriction fragment length polymorphism (RFLP) or Sanger sequencing, as appropriate. 

Data analysis: Genotyping data will be analyzed using mixed model association analysis as implemented 
in the GEMMA software (Zhou and Stephens, 2012). Outcomes for which models will be created are 1) 
development of any OC lesion during the course of the study; and 2) development of a permanent OC 
lesion. Association testing will be performed using the options to create a centered relatedness matrix (-
gk2) and perform all three possible frequentist tests: Wald, likelihood ratio, and score (-fa4). The 
relatedness matrix will be constructed using the AIMs. Gender and gait will be included in the model as 
covariates. SNPs will be pruned prior to analysis using the default GEMMA parameters of minor allele 
frequency (MAF) < 1% and missingness < 95%. 

Expected Outcomes, Potential Pitfalls, and Alternative Approaches: Our study cohort includes individuals 
of the same breed and with OC lesions in the same location (tarsus) as our GWAS and validation cohorts 
(see Preliminary Data). Further, our GWAS cohort was comprised of both pacers and trotters. Thus, we 
expect that putative risk alleles found within validated loci on ECA14, 10, and 21 will be associated with 
disease in our entire study cohort and that there will not be difference between pacers and trotters. However, 
it is possible that there are true differences in modifying alleles conferring disease risk between these two 
groups. We are addressing this potential limitation by using a Sequenom assay that contains SNPs from 
multiple chromosomal regions of interest associated with OC in other populations of horses. If SNPs from 
other loci are associated with disease in our study cohort, this will need to be investigated further and would 
be the subject of future studies. 

Timeline 



VI. Animal Involvement Justification
Morris Animal Foundation 

Animal Involvement Justification 
(From the proposal guidelines, single-spaced, no page limit) 

Morris Animal Foundation (MAF) is dedicated to funding scientifically sound, relevant and 
humane studies that specifically address the health and well-being of animals. All studies receiving 
funding must follow MAF’s Health Study Policy for Animals Involved in Research (adopted 
October 18, 2008), which was written to ensure that each and every animal involved in a MAF 
funded health study receives excellent, compassionate care throughout the study.  MAF shall not 
fund health studies which require euthanasia as an endpoint or the induction of disease or injury, 
unless the nature of the disease or condition to be studied is of such significance for improving 
animal health that such means are justified, and that meaningful information can be obtained in no 
other way.  Furthermore, MAF will not fund any study that induces or allows pain or distress 
unless such pain or distress can be controlled by appropriate anesthetic, analgesic, tranquilizing 
drugs, or nursing care.  Click here for the full Health Study Policy. 

A. If this study does not involve live animals please indicate here by N/A:  ___________ 

B. Does this study involve biological samples, tissues, etc.?  __yes_______ 

If yes, describe in detail what samples will be used and where & how they will be (or were) acquired. 
Note:  Morris Animal Foundation reserves the right to request a copy of the Institutional Animal Care 
and Use Committee (IACUC) application/approval and other relevant applications/approvals (e.g., 
wildlife permit) covering the original collection of samples, including archived samples.  MAF 
reserves the right to request IACUC (or equivalent) review and approval for any Foundation study 
regardless of the Institution’s requirements.  This would include the use of archived samples as well 
as clinical trials. 

• Hair root samples and/or whole blood will be collected from each individual included in the
study for the purpose of DNA extraction. Samples will be acquired from the animals located
on their home farm. Routine restraint (i.e. halter and lead rope) should be sufficient to
allow collection of these samples; sedation will not be required.

• Foals will be enrolled in this study between birth and 60 days of age. Standard radiographic
views (lateral, cranio-caudal, dorsolateral-plantarolateral oblique, and dorsomedial-
plantarolateral oblique) of both tarsi (hocks) will be taken using a portable digital x-ray
unit starting at 60 days of age (±7 days) and then at 60 day intervals until the foal is sold at
a yearling sale or reaches 12 months of age. Radiographs will be taken using routine
physical restraint whenever possible (i.e. halter and leadrope); if a foal is intractable to
physical restraint alone, a single dose of sedation (xylazine 0.2mg/kg IV) will be
administered. In the case of unweaned foals, the mare will be routinely restrained
(halter/leadrope) within sight of the foal while radiographs are taken. Best practices for
radiographic safety (ALARA principles) will be followed at all times, including the use of
personal protection equipment (lead aprons, thyroid shields, and gloves). Total time for
each radiographic exam (based on pilot work in foals 2 weeks-3 months of age) is expected
to be 15-20 minutes.

• Foals will also be video monitored in their normal paddock/pasture turnout at least one day
a week. The video will be reviewed for at least 2 consecutive hours of observation per foal,



and activity will be recorded (amount of time spent moving, and at which gait). Observation 
may also be done in person.  

C. If this study involves live animals, succinctly address the following: (please restate the questions and 
directives).  

1. What species will be studied? Equine (horse)

2. State the status of your IACUC application/approval.  All recipients of MAF funding will be
required to submit the entire IACUC protocol and document. A copy of the IACUC approval
should not be included with the application, but it is required before funding can be awarded.

• The protocol for hair root/blood collection for the purpose of DNA isolation has been
reviewed and approved by the University of Illinois IACUC (protocol #15031 2/20/2015).

• The protocol for serial radiographs and field observation has been reviewed and approved
by the University of Illinois IACUC (protocol #15086 5/18/2015)

3. List the USDA category for pain and distress (B, C, D, E):  __C____

Note:  Any study beyond category C will require review by MAF’s Animal Welfare Advisory
Board (AWAB).  In general MAF does not fund studies beyond category C (category D studies
will only be considered if they conform with MAF’s Health Study Policy, category E studies will
not be considered).

4. Does this proposal involve client-owned animals?  __yes______

If yes, the protocol for client-owned animals must be approved by the appropriate peer review
committee before the project is funded. If this proposal involves client-owned animals, an
informed client consent form must be submitted with this proposal. For a suggested list of items
to be considered in an informed client consent form, click here.

• A copy of the client consent forms is included for review. These forms have been approved
by the University of Illinois Veterinary Teaching Hospital and have also been reviewed as
part of the IACUC approval process.

5. Explain how animals will be acquired (e.g., client-owned, USDA licensed breeder, institutional
“herds” or “colonies”) and verify that the animals are suitable for the study (e.g., have no
physiologic, physical or pharmacologic issues that would interfere with results)

• Individuals included in the study will be University- or client-owned foals that are housed at
their home farm. There is no physiologic, physical, or pharmacological issue that would be
anticipated to interfere with the study results. If a foal sustains an unrelated illness or
injury during the course of the study, they will be excluded from the final analysis.

6. How many animals will be used? _86_____

a. Summarize numerical justification

• The overall prevalence of hock osteochondrosis (OC) in Standardbreds is expected to be
approximately 20%, based on numerous radiographic survey s in the literature. Lesions of
the distal intermediate ridge of the tibia (DIRT) and medial malleolus (MM) are the most
commonly reported across all studies of OC in the hock.

• Previous work we have done looking at OC in Standardbred pacers and trotters (McCoy et
al. Equine Vet J 47:438-444, 2015 DOI:10.1111/evj.12297) suggests the following
expectations for prevalence and relative risk (RR) of specific lesions:

o DIRT – prevalence ~14% (70% of affected individuals), RR 3.7 for pacers
compared to trotters



o MM – prevalence ~7.2% (36% of affected individuals), RR 5.01 for trotters
compared to pacers

• Power calculations based on the expected prevalence of lesions was completed using the
formula: N = 4 / prevalence * (sqrt(RR) – 1)^2)

o RR 3.7, prevalence 14%: N = 34 in each group
o RR 5, prevalence 7.2%: N = 37 in each group

• Based on these calculations, and accounting for 15% loss to follow-up, we plan to enroll 43
pacers and 43 trotters in the study, for a total of 86 horses

7. Does this study induce disease, injury, pain or distress in animals?  Note: any study requiring the
induction of disease, injury, pain, or distress will have an additional evaluation by MAF’s
AWAB.

• No, this study does not induce disease, injury, pain (beyond momentary discomfort from a
hair root collection or venipuncture), or distress in animals. All of these foals are regularly
handled as part of their normal routine.

If yes,

a. Defend the necessity of experimental design

b. Explain how pain and/or distress will be controlled

c. Justify that no alternative, including clinical studies, can be used to accomplish study
objectives and the disease/condition to be studied is of such significance for improving the
health of the species.

8. Explain the environment and housing conditions (quality of life) in which the animals will live
(address species-appropriate exercise, enrichment, socialization, veterinary care, etc.)

• The horses in this study will be housed at their home farms. Management of these horses
will proceed per standard protocol for these locations and will not be affected by
participation in the study.

9. What will happen to the animals upon completion of the study?

If adoption, explain the adoption process. Provide assurance that whenever possible and when in
the animal’s best interest, investigators shall make companion animals available for adoption at
the end of the study or return the animals to the owner/responsible agency in an environment that
promotes animal welfare and excellent quality of life.

• After completion of the study, the horses will return to their regular management protocol.
Their disposition will not be affected by participation in the study.

10. If euthanasia, provide the following additional information (note: any study requiring euthanasia
as an endpoint will have an additional evaluation by a MAF’s AWAB.

• Euthanasia is not an endpoint for this study.

i. Total number that will be euthanized and justification for numbers

ii. Method of euthanasia

iii. Justification that no alternatives can be used to accomplish study goal(s) and that the
disease/condition to be studied is of such significance for improving the health of the
species that a terminal endpoint is deemed necessary.

iv. Reason for euthanasia in lay language (this wording may be shared with staff, donors and
media)



v. Provide objective criteria for determining when euthanasia is appropriate or necessary
(note: Morris Animal Foundation wants assurance that an animal will not be allowed to
suffer and that monitoring for pain and suffering is adequate)

Note:  Morris Animal Foundation does not consider the use of CO2 alone to be an appropriate 
method of euthanasia 

Please note:   

1. If an animal is used in an invasive study, MAF may require that a guarantee is provided, through
principal investigator and institutional signatures that the animal will not participate in any future
invasive study or procedure

2. MAF does not allow inclusion of ancillary data in MAF funded research that includes animal use
protocols not in agreement with our Health Study Policy, even if it is obtained using other
funding sources.

3. Morris Animal Foundation considers euthanasia acceptable when an animal develops
unanticipated illness or injury that results in pain and suffering that cannot be alleviated with
standard veterinary interventions.



VI. Animal Involvement Justification: Informed Client Consent Forms

OWNER 
CONSENT 

FORM

Owner or Agent Name _______________________ 

Horse Name or Tattoo _______________________  

(Check here □ if additional animals are listed on page 2)

Biomechanical and Genetic Risk Factors for Osteochondrosis in 
Standardbred Pacers and Trotters 

Development of Osteochondrosis in Standardbred Pacers and 
Trotters 

Clinical Investigators: Annette McCoy, DVM, MS, PhD, DACVS. Veterinary Teaching Hospital, 
University of Illinois, Urbana, IL 

Purpose of Study: Prospectively evaluate differences between pacer and trotter foals in the 
development of osteochondrosis lesions in the hock. 

Eligibility: Standardbred foals (pacer- and trotter-bred) less than 60 days of age are eligible for 
enrollment in the study. Study participation will continue until the foals are sold at yearling sales and/or 
reach 12 months of age. 

Procedures: Standard radiographic views (lateral, cranio-caudal, dorsolateral-plantaromedial oblique, 
and dorsomedial-plantarolateral oblique) of both tarsi (hocks) will be taken using a portable digital x-ray 
unit at 30-60 day intervals from the time of enrollment until the foal is sold at a yearling sale or reaches 12 
months of age. If needed, a single dose of intravenous sedation will be administered to obtain 
radiographs. Foals will also be observed in their normal pasture/paddock turnout at least weekly, for a 
minimum of 2 hours, and their activity will be recorded (amount of time spent moving, and at which gait). 
Observation may be done in person or by video monitoring. 

Possible Benefits / Owner Incentives: Radiographs will be made available to the owners at no charge, 
if desired. While this study does not provide any additional immediate financial benefits to you, in the 
future, information obtained will help us to better understand osteochondrosis, a disease that has 
enormous economic impact in the equine industry. 

Associated and Unforeseen Risks: This study involves routine restraint for serial radiographs +/- 
intravenous sedation. None of these procedures should pose a significant risk to any participant. Rarely, 
horses may have an adverse reaction to sedative drugs. All reasonable efforts will be made to minimize 
known or potential risks associated with all procedures, and therefore there will not be compensation in 
case of problems arising from participation in this study. There will be no cost to you for participation in 
this study. 

Confidentiality: Neither you nor your horse(s) will be mentioned by name in any report arising from this 
study. Results pertaining specifically to your horse(s) may be released to you or your designated 
representative upon request after completion of the study; otherwise all records will remain entirely 
confidential 

Compensation and Financial Obligations: There will be no compensation or financial obligation 
associated with participation in this study.   







OWNER 
CONSENT 

FORM

Owner or Agent Name _______________________ 

Horse Name or Tattoo _______________________  

(Check here □ if additional animals are listed on page 2)

Biomechanical and Genetic Risk Factors for Osteochondrosis in 
Standardbred Pacers and Trotters 

Genetic Factors Underlying Disease and Performance Traits in the 
Horse 

Clinical Investigators: Annette McCoy, DVM, MS, PhD, DACVS. Veterinary Teaching Hospital, 
University of Illinois, Urbana, IL 

Purpose of Study: Identify genes and alleles in the horse that underlie 1) genetic risk for the 
development of osteochondrosis, and 2) the ability to perform alternative gaits. 

Eligibility: Known phenotype for OC (affected or unaffected) based on radiographs and/or surgical 
records, and/or known phenotype for alternative gait (gaited or non-gaited individual) based on history or 
official race records. 

Procedures: A single 10ml blood sample and hair root sample will be collected for the purpose of DNA 
extraction. The DNA samples will be examined using known markers from the horse genome to identify 
differences between horses. 

Possible Benefits / Owner Incentives: While this study does not provide any immediate financial 
benefits to you, in the future, information obtained will help us to better understand diseases and 
performance traits that have enormous economic impact in the equine industry. 

Associated and Unforeseen Risks: This study involves routine restraint for a single blood draw from the 
jugular vein and collection of hair root samples. None of these procedures should pose a significant risk 
to any participant. Rarely, horses may develop a clot or infection at the site of blood collection that in 
isolated cases may lead to long-term health problems. All reasonable efforts will be made to minimize 
known or potential risks associated with all procedures, and therefore there will not be compensation in 
case of problems arising from participation in this study. If heat or swelling is noted over the jugular vein, 
please contact your local veterinarian for immediate care.  There will be no cost to you for participation in 
this study. 

Confidentiality: Neither you nor your horse(s) will be mentioned by name in any report arising from this 
study. Results pertaining specifically to your horse(s) may be released to you or your designated 
representative upon request after completion of the study; otherwise all records will remain entirely 
confidential 

Compensation and Financial Obligations: There will be no compensation or financial obligation 
associated with participation in this study.   

Questions about this project may be directed to: Dr. Annette McCoy, Department of Veterinary 
Clinical Medicine, University of Illinois, at .  

Acknowledgements: 







VII. Recombinant DNA/Biohazards: N/A

VIII. Facilities and Equipment

Foals will be recruited for this study from the University of Illinois (UIUC) Horse Farm and from 2 nearby 
private breeding farms that routinely collaborate with Dr. Kline (Co-investigator). Approximately 80 foals 
are raised each year among the participating farms, and most of the foals are sold at breed-recognized 
yearling sales each fall. Management is similar among the facilities, including exercise regimens: foals are 
kept with their dams in a large box stall or small run for the first ~2 weeks of life, and then are turned out 
in a large paddock or pasture with the other foals/mares. After weaning, the foals are turned out together. 
At each facility, personnel experienced in handling foals and mares will be available to assist with restraint 
during exams. Large box stalls will be available for all exams. Radiographs will be taken with a MinXray 
HF8020 portable high frequency veterinary x-ray unit with a wireless plate and laptop running Metron 
software for digital image capture. Radiographs will be uploaded as DICOM images to the UIUC College 
of Veterinary Medicine PACS system for long-term secure storage. Video observation will be performed 
using a GoPro HERO3+ camera with waterproof housing and mounting hardware allowing it to be attached 
to a fence. Digital video will be uploaded to Dr. McCoy’s (PI) lab server space for storage and analysis.  

All necessary lab work will be performed in Dr. McCoy’s laboratory. Dr. McCoy has approximately 400 
sq ft of laboratory space. Laboratory equipment available in the McCoy lab includes: 2 water baths, a dry 
bath, 8 pipetters, 2 multi-channel pipetters, 1 each repeater pipette and serological pipette, 2 BioRad 
horizontal gel electrophoresis with 26 well combs and power supplies, 1 BioRad mini-horizontal gel 
electrophoresis unit, 1 Bio-Rad T100 96 well plate format thermal cycler, a refrigerated microcentrifuge, 
Thermo Scientific Sorvall ST16R 15,200 rpm refrigerated table-top centrifuge, Nanodrop 2000 
spectrophotometer, fume hood with UV light, Spectrolinker XL-1500 UV crosslinker, one 15 cu. ft -20 C 
freezer, and one 20 cu. ft. -80 C freezer. Equipment in the neighboring colleague’s lab that will be available 
includes additional pipetters, thermal cyclers, and water baths, as well as a fluorescent plate reader and gel 
imaging system, biopulverizers, and a Spex mill. Shared larger equipment available within the college 
includes a Millipore water purification system and 4 ABI Real-Time PCR systems.  

Available computing resources in the McCoy lab include 2 windows computers, both Dell dual quad (8) 
processor workstations, with a dual installed Linux virtual machine, and maintain (Linux and/or Windows) 
versions of PLINK, R (SNP Matrix, Pedigreemm, HClust, etc), PHASE, fastPHASE, Sequencher, and 
others. The computers are also be fully equipped with word processing, spreadsheet, and database software. 
Additionally, Dr. McCoy has access to the UIUC High-Performance Biological Computing center 
(HPCBio). This includes access to HPCBio’s computational infrastructure (including two Campus Clusters 
with 512 computing nodes each, and the Blue Waters supercomputer with 1.5 petabytes of memory and 25 
petabytes of disk storage) and a broad suite of genomics software. Large data sets are stored both locally 
and remotely at HPCBio. Remote access to these resources is available. 

Sequenom assay genotyping will be performed by Neogen GeneSeek (Lincoln, NE). Sanger sequencing 
will be performed by the the University of Illinois Roy J Carver Biotechnology Center’s High-Throughput 
Sequencing and Genotyping Unit. The facility maintains ABI 3730xl DNA Analyzers for fragment analysis 
and Sanger sequencing and offers custom oligonucleotide preparation. 
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XIII. Prior MAF Support during last three years for McCoy (PI)

MAF ID # D15EQ-813 
Validation of Putative Genetic Risk Alleles for Osteochondrosis in Standardbreds 
Funding period: January 2015- Dec 2015  
Total Amount:

Brief summary of the objectives: Osteochondrosis (OC) is a widely recognized manifestation of 
developmental orthopedic disease that affects weanling and yearling horses across breeds. Manifestations 
of OC can vary from mild to severe, but nearly always require surgical intervention to prevent ongoing joint 
damage. While OC is known to be influenced by environmental risk factors, heritability estimates suggest 
that as much as 50% of disease risk is due to genetics. It is likely that genetic risk results from a combination 
of alleles in several different genes. We have identified a number of putative genetic risk alleles for OC in 
a cohort of Standardbred yearlings, and in this proposal we seek to validate these findings in an independent 
population. Identification and validation of specific risk alleles is crucial to developing a genetic risk model 
for OC that could be applied to individual horses. We hypothesize that one or more alleles underlying OC 
risk are present within the genomic regions identified in our discovery population. The objective of this 
proposal is to confirm that specific putative risk alleles also associate with disease in an independent 
population of Standardbreds and can thus be considered to be true risk alleles. Deep resequencing of the 
regions surrounding validated alleles will be completed to confirm that the associated allele is the true 
functional allele. Horses included in this study are Norwegian Standardbreds (n = 162; 80 affected with 
hock OC, 82 unaffected). DNA will be submitted for genotyping on a previously designed Sequenom 
genotyping assay. Mixed model analysis will be performed to identify alleles significantly associated with 
OC in the validation cohort. Those alleles which are associated with OC in both the discovery and validation 
populations will be considered to be true risk alleles. Random forest analysis will be used to determine the 
relative contribution of individual variants to OC and to illuminate potential interactions between variants. 
Deep Sanger resequencing will be performed around each of the alleles confirmed to be associated with 
OC in the validation cohort to make sure that functional alleles are not missed.  

Summary of results to date: A GWA analysis was performed in 182 Standardbred horses from a single 
breeding farm in the United States (70 affected with tarsal OC, 112 unaffected). The GWA was performed 
using GEMMA (Genome-wide Efficient Mixed Model Analysis) software, incorporating a relatedness 
matrix constructed from a LD-pruned marker set. Two distinct loci on ECA 14 were most highly associated 
with OC status in this cohort (p=1.8x10-4 to 8x10-6). Eight additional regions of interest were identified on 
7 other chromosomes, including ECA10 (p=3.9x10-4 to 8.3x10-5) and 21 (p=4.3x10-4 to 1.5x10-4). Variant 
discovery was subsequently performed via whole-genome sequencing in 18 horses (9 OC cases and 9 
controls). 215,712 variants were identified within the 10 regions of interest identified in the GWA, and 
1,271,635 variants were identified from 22 previously reported regions of association for tarsal OC. These 
1,487,347 variants were prioritized based on predicted functional effect and segregation with OC status. 
240 variants from regions on 10 chromosomes were selected for follow-up genotyping using a Sequenom 
genotyping assay. The 240 variants, along with 98 ancestry informative markers (AIMs), were genotyped 
in both the 182 horses in the GWA cohort as well as an independent validation cohort of 139 Norwegian 
Standardbreds (60 affected with tarsal OC, 79 unaffected). 

Within the GWA cohort, variants from ECA10 (n=2, p=0.0076-0.015), 14 (region 1, n=3, p=0.019-0.049; 
region 2, n=4, p=0.0008-0.018), and 21 (n=5, p=0.008-0.043) were most highly associated with OC status 
after GEMMA mixed model analysis. Within the validation cohort, the variant most highly associated with 
OC status (p=0.0014), as well as two additional highly associated SNPs (p=0.0089-0.0058), were from 
“region 1” on ECA14, the top GWA region of association in the discovery population. Three additional 
genotyped variants highly associated with OC status in the Norwegian horses were from chromosomal 
regions of interest previously reported in a GWA in this same population (ECA1 and ECA3).  



We have successfully demonstrated shared risk loci for OC in two independent populations of 
Standardbreds. This is the first successful validation of findings from a genome-wide association study 
for OC in horses. The genotyping results from this study are included in a manuscript that will be 
submitted before the end of July 2015.  

List of Publications: McCoy, AM, Beeson, SK, Lykkjen, S, Ralston, SL, McCue, ME. Identification 
and Validation of Risk Loci for Osteochondrosis in Standardbreds. BMC Genomics 
List of Presentations: None to date 
List of patents resulting from MAF awards: none at this time. 



XIII. Prior MAF support during last three years for McCue (Mentor)

MAF ID # D15EQ-029 
Role of endocrine disrupting chemicals in equine metabolic syndrome. 
Funding period: January 2015- Dec 2015  
Total Amount: 

Brief summary of the objectives: Our prior work has demonstrated that equine metabolic syndrome 
(EMS) and its metabolic components, including hyperinsulinemia, adiposity and key biochemical and 
hormonal measures, are influenced by both environmental and individual animal factors. We have collected 
11 morphometric, biochemical and hormonal phenotypes along with epidemiologic and environmental data 
from 610 horses/ponies from 166 farms. Multi-level regression modeling demonstrated that 23-49% of the 
variability in phenotype was due to shared environment (farm). Individual factors (ie. age, breed, sex, 
laminitis status, obesity) accounted for 3-16%, and environmental factors (ie diet, exercise, season) 
accounted for 4-18% of the phenotypic variation in the data. However, a large portion of the phenotypic 
variability in this cohort was not explained by our 16 predictors. Thus, a significant amount of metabolic 
variation in EMS remains unexplained, which we believe is due in large part to as yet unmeasured 
environmental risk factors and undetermined specific genetic risk alleles. Epidemiologic studies have linked 
environmental exposure to synthetic and naturally occurring chemicals that disturb endogenous endocrine 
signaling pathways (‘endocrine disrupting chemicals’ [EDCs]) with underlying components and long term 
consequences of metabolic syndrome (MetS) in humans; and our preliminary data links potential EDC 
exposure to laminitis and abnormal insulin responses in horses. Specifically, we have examined proximity 
of our cohort of horses to US EPA ‘Superfund sites’ containing EDCs as a possible contributor to 
environmental risk.  Horses from farms < 30 miles of a Superfund site were significantly more likely to 
have a history of laminitis (p=0.002) and have higher insulin responses post oral sugar challenge (OST INS, 
p=0.00005) when compared to horses on farms > 30 miles from a Superfund site, suggesting that exposure 
to POP/EDCs may play a role in the phenotypic variation seen in our cohort. Concurrently, our genetic 
studies on EMS have identified 3 non-synonymous SNPs in the trans-activation domain of the equine aryl 
hydrocarbon receptor (AHR) gene. The aryl hydrocarbon receptor (Ahr) is a ligand-dependent transcription 
factor that mediates a wide range of cellular effects resulting from exposure to synthetic and naturally 
occurring chemicals, including EDCs. One of the AHR SNPs that we identified (Val556Met) was associated 
with OST INS values (p=0.002) and two haplotypes across 7 SNPs in the AHR trans-activation domain 
were strongly associated with OST INS (p=0.0007 and 0.0009; overall p=0.0002). Taken together, these 
data suggest that further investigation of the relationship between these AHR variants and metabolic traits, 
and a potential interaction between AHR genotype and environmental EDCs, is needed.   

We hypothesized that EDCs are an important environmental factor for the development of EMS and that 
genotypic variation in the AHR may mediate the effects of EDCs in horses. Our objectives in this proposal 
are to: 1) Determine the role of endocrine disrupting chemicals in metabolic variation in horses, and 
2) to identify interactions between EDCs and AHR genotype. We propose to quantify EDCs in banked
serum samples from 139 Welsh Ponies from 14 farms and 161 Morgan horses from 18 farms (total n=300 
from 32 farms) using cell-based reporter bioassays that measure dioxin and organochlorine compound 
levels based on their ability to interact with the Ahr and estrogen receptors (ER), respectively. Toxic 
equivalency factors (TEFs) will be calculated from the Ahr assay and β-estradiol equivalents will be 
calculated from the ER assay. TEFs and β-estradiol equivalents will be correlated to EMS phenotypic 
responses using multi-level, multivariate, multiple regression modeling. The roles of AHR genotype and 
genotype-by-environment (ie EDC level) interaction, will be determined by inclusion of AHR genotype in 
the statistical models.  

Progress to date: Frozen heparinized serum samples from all 300 horses were to BD Systems in the 
Netherlands in the second week of March. BDS has generated data on the first 50 samples for both the DR-
CALUX and the ERα-CALUX. DR-CALUX results are as anticipated. ERα-CALUX assays are lower than 



expected, which BDS believes is due to the fact that estrogens in horse serum are mainly present as sulfate 
conjugates. BDS is currently evaluating de-conjugation procedures before moving forward with additional 
ERα-CALUX assays.   

List of Publications: We anticipate a minimum of one publication for each objective upon completion.  
List of Presentations: None to date 
List of patents resulting from MAF awards: none at this time. 
MAF ID# D15EQ-031 
Gene Loci for Recurrent Exertional Rhabdomyolysis in Thoroughbreds and Standardbreds 
Funding period: January 2015- Dec 2015  
Total Amount:   

Brief summary of the objectives: Approximately 5 - 10% of Thoroughbred (TB) and Standardbred (STB) 
racehorses suffer from recurrent exertional rhabdomyolysis (RER), in which they exhibit sporadic bouts of 
painful cramping and muscle cell damage following mild to moderate exercise. This condition also affects 
TB and TB crossbreds used for performance events such as three day eventing, hunter jumper, and barrel 
racing competitions; the same or a closely related form of exertional rhabdomyolysis is present in many 
other breeds including the Quarter Horse. Losses due to RER come from the cost of veterinary care, lost 
training time, and less frequent participation in competition.  Previous research is consistent with an 
underlying genetic basis to RER susceptibility, with gender, temperament, diet, age, and activity being 
contributing factors. We hypothesize that genes of moderate to major effect underlie RER susceptibility in 
both TB and STB horses, and the goals of this proposal are to identify these gene loci and their underlying 
functional mutations associated with RER risk in both breeds.  This will be achieved through three 
objectives: 1) an enhanced genome-wide association analysis (GWAS) with SNP markers and high-density 
haplotype analysis to precisely locate RER susceptibility loci; 2) identifying the sequence variants in these 
regions through whole genome sequencing of multiple cases and controls; and, 3) genotyping high-priority 
variants, based on their allele frequencies in the sequenced horses and their predicted SNP effects, in the 
entire case and control population. We will first impute our existing GWAS data to 670K genome-wide 
SNPs to increase the genetic mapping power, and confirm the chromosomal regions and underlying 
haplotypes associated with RER risk in each breed.  We will then use whole genome sequencing (10 cases 
and 10 controls in each breed) to identify the sequence variants in the RER-associated regions; these 
variants will be prioritized based on their predicted effects on gene or encoded protein function and 
estimated allele frequencies in cases vs controls.  The highest-priority variants will then be genotyped on 
the entire cohort to identify the most likely RER functional mutations. 

Summary of results to date: Using genotype data from an equine haplotype map resource being developed 
in our laboratory, we have now imputed the whole genome SNP data to greater than 1,450,000 SNPs in the 
Thoroughbreds and 540,000 in the Standardbreds with >90% imputation accuracy and minor allele 
frequency of greater than 5%. Using these data we have now repeated the GWAS analysis in each 
population independently and across both breeds. This has led us to concentrate our GWAS to 2 loci 
(ECA16 and ECA30) in the Thoroughbreds and 1 locus (ECA14) in the Standardbreds, with one locus 
(ECA11) shared by both breeds.  We have also selected and submitted the 10 Standardbreds (5 RER and 5 
controls) for whole genome sequencing based on haplotypes at the ECA14 and ECA11 loci, and selected 
the 10 Thoroughbreds to be sequenced based on haplotypes at the ECA11, ECA16, and ECA30 loci. 

List of Publications: We anticipate a minimum of one publication for each objective upon completion.  

List of Presentations: We will also be reporting on the results of this project at the Havemeyer Equine 
Genome Mapping Workshop in Hannover Germany in July 2015. 

List of patents resulting from MAF awards: none at this time. 
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