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Supplementary Note 1: Biological functions of genes chosen for validation
genotyping

Muscle: The protein encoded by ANKRD23 (ankyrin repeat domain 23) functions as a
molecular link between the stretch-induced mechanical stimulus and skeletal muscle gene
expression in response to exercise 13 HDAC9 (histone deacetylase 9) encodes a protein that
inhibits skeletal myogenesis and is involved in heart development +7; MYLK2 (myosin light
chain kinase 2) is expressed in skeletal muscle and its product functions in muscle
contraction, neuromuscular ~ synaptic  transmission, skeletal ~muscle  satellite  cell
differentiation, regulation ~ of  muscle  filament  sliding, skeletal  muscle  cell
differentiation, cardiac muscle tissue morphogenesis, and cardiac muscle contraction &'?;
myomesin 2, encoded by MYOM2 (myomesin 2), is a major component of the vertebrate
myofibrillar M band that binds myosin, titin, and light meromyosin and is involved in muscle
contraction *15;

Heart: The protein encoded by ATP1Al (ATPase Na+/K+ transporting subunit alpha
1) regulates the force of heart contraction ¢1'; the CXADR Ig-like cell adhesion molecule
protein, encoded by CXADR (CXADR Ig-like cell adhesion molecule), functions in heart
development and is associated with arrhythmia 82°; the PPP2R3A (protein phosphatase 2
regulatory subunit B"alpha) gene product is required for cardiac development and is associated
with cardiac disease 21??;

Angiogenesis / blood: HMOX1 (heme oxygenase 1) encodes an enzyme essential for

heme catabolism, with activity highest in the spleen 2>28; the product of VEGFA (vascular



endothelial growth factor A) is a growth factor that induces proliferation and migration of
vascular endothelial cells, essential for both physiological and pathological angiogenesis 2°-3;

Limb development: Cartilage oligomeric matrix protein, encoded by COMP (cartilage
oligomeric matrix protein), plays a major role in the structural integrity of cartilage, is used to
predict tendon damage in horses, and is a biomarker for equine osteoarthritis 32-%; the INTU
(inturned planar cell polarity protein) gene product is involved in limb development and Intu
mouse mutants exhibit rib defects and endochondral ossification delay 3'; the T-box
transcription factor 15 protein, encoded by TBX15 (T-Box transcription factor 15), is involved
in skeletal development of the limb, vertebral column and shoulder and pelvic girdles and also
functions in skeletal muscle metabolism 3843,

Metabolism: The product of the CRB4 (carbonyl reductase 4) gene functions in
mitochondrial fatty acid biosynthesis *-¢; the FAST kinase domains 1 protein, encoded by
FASTKD1 (FAST kinase domains 1), supports mitochondrial homeostasis and has a critical
protective role against oxidant-induced cell death #%; G6PC2 (glucose-6-phosphatase
catalytic subunit 2) encodes a major component of glycolysis °°3; the protein encoded by
GLB1 (galactosidase beta 1) has a role in number of metabolic pathways and is the most widely
used biomarker for senescent and aging cells °4; lipin 1, encoded by LPIN1 (lipin 1), is involved
in glycerolipid metabolism %5-1: PKM (pyruvate kinase M1/2) encodes an important protein
involved in glycolysis 62%3; the solute carrier family 16 member 1 protein, encoded by SLC16A1
(solute carrier family 16 member 1), catalyses the movement of lactate and pyruvate across the
plasma membrane 64¢;

Neurological: The product of KPNA3 (karyopherin subunit alpha 3) is associated with
neurobiological defects ¢7-%; an eQTL associated with KTN1 (kinectin 1) gene expression in
the frontal cortex is strongly associated with putamen volume in the brain, which influences
motor behaviours including motor planning and execution, motor preparation, amplitudes of
movement and sequences of movement "77; neurotrimin, encoded by NTM (neurotrimin),
functions in brain development, regulates neural growth and synapse formation and influences
learning and memory 8% NPY (neuropeptide Y) is widely expressed in the central nervous
system influencing many physiological processes, including cortical excitability, stress
response, food intake, circadian rhythms, cardiovascular function and response to chronic pain
84-90. prolylcarboxypeptidase. encoded by PRCP (prolylcarboxypeptidase), is involved in the
interaction between voluntary exercise and body composition and in Thoroughbreds variants
at the locus are associated with race starts °2%%; SULT4A1 (sulfotransferase family 4A member

1) encodes a brain-specific sulfotransferase involved in the metabolism of neurotransmitters %+
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%: the product of the SYNDIG1 (synapse differentiation inducing 1) gene regulates the

development of excitatory synapses "%,

Supplementary Note 2: Horse breeds

Thoroughbreds are the most intensively selected horse population for racing
performance and are extensively managed in highly controlled husbandry environments with
breeding decisions undertaken as high-value investments. Thoroughbreds are geographically
widespread, though there is considerable gene flow between regions, especially the major
breeding and racing hubs in North America, Europe, Australasia, and Japan. Fewer than 8% of
horses achieve elite racing status, which is generally defined as winning at the highest national
or international level in Graded or Group races.

Present-day Mongolian horses are found in northeast and north China (mainly Inner
Mongolia), Mongolia, and some areas of eastern Russia. Approximately three million horses
occupy a vast geographical space across Mongolia and Inner Mongolia, China. These animals
experience extreme environmental and climatic conditions with minimal human intervention
or systematic breeding °%1%, Racing herds, however, are highly prized and while they are
mostly free ranging, there is some ongoing selection by herdsmen for racing attributes based
on performance in regional and national races.

Arabian horses originated in the Middle East and now comprise several geographical
and phenotypic subgroups 2. Arabians are used both in racing and sport. In sport, Arabian
horses excel in endurance racing competitions, one of the six sports managed by the
international governing body for equestrian sports, Fédération Equestre Internationale (FEI;
fei.org). In this study, Arabian horses were included among the Racing cohort for the purposes
of identifying selection signals for racing. They were not used for further downstream analyses.
Increasing the number of samples from breeds with similar phenotypes can increase the
opportunity to detect selection signals when the contrasting phenotypes are very different 1%,
Since we had no additional phenotype information for the Arabian horses used in this study,
we performed a principle component analysis using our samples (n = 30 ARR) along with
Arabian horses with confirmed competition use (n = 23 endurance, n = 29 racing and n = 100
show) according to Cosgrove et al. %2, The Arabian horses (ARR) used in this study were
distributed across the variation for the Arabian horses used for racing (Supplementary Figure
7). Therefore, the Arabian population used in this study to detect selection signals for racing is

confirmed to represent the racing phenotype. The Arabian samples used in this study were



submitted for genetic testing from the United Arab Emirates. No additional pedigree
information was available. Therefore, we cannot be certain that the horses fulfil the requirement
of the World Arabian Horse Organisation (WAHO) for the definition of a Purebred Arabian
that states: “A Purebred Arabian horse is one which appears in any purebred Arabian Stud
Book or Register listed by WAHO as acceptable”. Since the samples fall within the genetic
variation for other Arabian horses in the public domain, throughout the manuscript the
population is referred to simply as Arabian, as it is uncertain that they fulfil the definition of
‘Purebred Arabian’.

For the SNP association tests, among the racing breeds, two were trotting breeds
(Standardbred and French Trotter) and although selected for a different type of racing there
was some overlap between the Racing selection signals identified in this study and targets of
selection previously identified in Standardbred. A subpopulation of the Quarter Horse is used
for galloping racing and the breed gets its name from excelling in short distance sprinting.
Here, no phenotypic or subpopulation assignment was available for the Quarter Horse samples,
so while they were included among the racing breeds, it is not certain that any or all of them
were active racehorses. Among the non-racing breeds, five were Chinese Mongolian landrace
breeds (Baerhu, Baicha Iron Hoof, Keergin, Wushen, and Wuzhumugin), three were putative
ancestral populations contributing to the Thoroughbred (Akhal Teke, Egyptian Arabian, and
Moroccan Barb), and three were sport horse breeds (Connemara, Irish Draught, and Dutch
Warmblood).



Supplementary Figures

Sample phenotypes and genotypes gathered

Principal component and admixture analyses performed

Selection signals identified

SNPs prioritized by integrating selected SNPs with differentially
expressed gene sets from equine skeletal muscle

Novel sequence variants in genes of interest identified in whole
genome sequence data

Tests of genetic association performed

Elite racing variants identified

Supplementary Figure 1: Flow chart showing sequential steps of the study
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Supplementary Figure 2. PCA plot for 408 Arabian horses using 35,292 genome-
wide SNPs. Arabian (ARR) horses genotyped in this study are highlighted (purple).
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Supplementary Figure 3: PCA plot for 124 Mongolian horses using 60,994
genome-wide SNPs. Racing Mongolian (MonR) horses genotyped in this study are

highlighted (brown).



Supplementary Figure 4: Manhattan plot for the results of the composite
selection signals (CSS) analysis to detect targets of selection among
Thoroughbred (TB) horses when compared with other breeds. The results were
obtained by averaging the CSS scores of SNPs within 100 kb sliding windows. The
dashed grey line indicates the genome-wide (1% SNPs) threshold of the empirical
scores and the top SNPs are indicated by red dots.



Supplementary Figure 5: Manhattan plot for the results of the composite
selection signals (CSS) analysis to detect targets of selection among Arabian
(ARR) horses when compared with other breeds. The results were obtained by
averaging the CSS scores of SNPs within 100 kb sliding windows. The dashed grey
line indicates the genome-wide (1% SNPs) threshold of the empirical scores and the
top SNPs are indicated by red dots.
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Supplementary Figure 6: Samples and population details for 70 hors
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Supplementary Figure 7: PCA plot for 182 Arabian horses colour coded by
competition use. Arabian (ARR) horses genotyped in this study (green) are
predominantly distributed in the PCA space that includes the Racing horses (orange).
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