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ABSTRACT

Thoroughbreds have been selected for speed and stamina since the 1700s. This selection resulted in
structural and functional system-wide adaptations that enhanced physiological characteristics for
outstanding speed of 61–71 kph (38–44 mph) between 1,000 and 3,200m (5 furlongs – 2 miles). At
present, horseracing is still an economically important industrial sector, therefore intensive research is
underway to explore genes that allow the utilisation of genetic abilities and are significant in breeding
and training. This study aims to provide an overview of genetic research and its applicability related to
Thoroughbreds.
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INTRODUCTION

The ability of Thoroughbreds to compete over 5 furlongs is different from those running on
16 furlongs; nevertheless, they could receive the same judgement if the estimation criterion of
their performance would be prize money. Winner prize money can offer a confirmation that
both categories are able to carry off races of a certain standard, however, this fact does not
imply their genomic equivalence (Williamson and Beilharz, 1996).

People have bred many plants and animals throughout history that carried a wide range
of desirable and profitable traits (Ross-Ibarra et al., 2007). Investigation of the domestication
process provided an excellent opportunity to understand the genetic basis of phenotypic
variations, as well as the effect of directed selection on genome evolution, bottleneck effect,
and inbreeding (Larson and Burger, 2013). Recent studies investigating ancient genomes have
provided many insights into the domestication history of horses (Orlando et al., 2013;
Librado et al., 2016, 2017). Competent pieces of evidence show that domestication began
about 5,500 years ago, which involved a bottleneck effect and consequently a decrease in
genetic diversity (Schubert et al., 2014). Since that time several breeds have been developed
showing large phenotypic variation. One of the most popular breeds is the Thoroughbred
which originates back to the 18th century. Since that time Thoroughbreds have been selected
exclusively for high speed and stamina (Wallner et al., 2013).

Over their 300-year-long breeding history, consequent selection for structural and
functional adaptations has resulted in the development of an athletic phenotype (Williamson
and Beilharz, 1998; Cunningham et al., 2001).
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Nowadays it is believed that abnormally large heart size
(non-disease-induced hypertrophy) can have a positive ef-
fect on the competitive performance of Thoroughbreds.
Previous pedigree analyses suggested that larger than
average heart size and altered electrocardiogram (ECG) in
some horses may be a family- or breed-specific trait (V€or€os
et al., 1991; Buhl et al., 2005), and thus have a genetic
component. Genes responsible for cardiac development,
cardiac regulation and heart size (MYH7, CASQ2, AKT1,
and PI3K) have been identified in humans and laboratory
animal species (Kritz et al., 2000). These genes are well
conserved in vertebrates and many invertebrate species and
have been shown to play a key role in determining heart rate
and growth (Hinchcliff et al., 2008).

The strong cardiovascular system and highly vascular
pulmonary system of Thoroughbreds allow their bodies to
cope with the increased oxygen demand during heavy ex-
ercises (Hinchcliff et al., 2008; Gu et al., 2009). The need to
provide increased muscle mass and oxygen demand resulted
in higher heart mass. Besides heart size differences, Thor-
oughbreds generally have better heart symmetry than other
horse breeds (Buhl et al., 2005).

It is still widely believed in the horse racing industry that
some crosses can contribute to a larger heart size, which
results in higher oxygen level and outstanding performances
(Buhl et al., 2005). Larger-than-average heart size was first
discovered in Thoroughbred individuals post mortem. As an
alternative to necropsy, non-invasive electrocardiography
(ECG) examinations were used later, which provided an
opportunity to examine heart function and predict heart
size. More recently, other techniques such as Doppler ul-
trasonography or echocardiography have been used to
examine the living organ (V€or€os, 1997; Zucca et al., 2008).

It is a well-known fact that it is rather difficult to
determine the racing ability of Thoroughbreds and when
evaluating it, many parameters must be taken into account.
Performance parameters can be ranked based on phenotypic
metrics such as handicap number, winning time or prize
money; however, these cannot be compared to the unique
phenotypic character and value of the animals (Williamson
and Beilharz, 1998). Over the last two decades, DNA
sequencing was explosively developed and the reference
genome also became available. However, genomic informa-
tion is still not fully exploited in everyday breeding man-
agement (Wade et al., 2009). Thoroughbreds are valuable
subjects of genomic studies because of their detailed pedi-
gree information which can help characterise different
phenotypes (Tozaki et al., 2016). Microsatellite-based se-
lection studies have identified hundreds of domesticated
genes in Thoroughbreds, suggesting that myostatin (MSTN)
gene is not the only determinant of athletic phenotype and
competitive performance (Lee, 2007; Gu et al., 2009).

The horse racing industry requires the breeding of elite
racehorses with outstanding abilities which can perform at
the highest level on the most famous racecourses in the
world. However, racing ability and competitive performance
are multifactorial traits that are influenced by several high-
impact gene variants. The study of many low-impact genes

is also timely. Hereby we would like to provide a compre-
hensive picture of candidate genes affecting gene expression,
signalling pathways and their influence on training and
breeding.

REVIEW OF CURRENT KNOWLEDGE ON THE
GENES PRESUMABLY HAVING THE GREATEST
IMPACT ON THE COMPETITIVE PERFORMANCE
OF THOROUGHBREDS

MSTN (myostatin gene)

Previous genome-wide association studies (GWAS) have
identified genetic markers that are related to the competitive
performance of Thoroughbreds. One of these performance-
related genes was myostatin (MSTN), which became the
most important molecular marker in Thoroughbred
breeding and racing. Myostatin cDNA from a Thoroughbred
was isolated and sequenced by Hosoyama et al. (2002). The
MSTN gene which contains three exons was mapped to the
equine chromosome 18 genomic region (Caetano et al.,
1999).

MSTN belongs to the transforming growth factor b su-
perfamily that regulates the growth of muscle fibres, thus
limiting skeletal muscle mass (McPherron et al., 1997). This
gene has a great impact on the best race distance and racing
ability (Bower et al., 2012; Todd et al., 2018) through the
regulation of skeletal muscle development (Grobet et al.,
2003; Binns et al., 2010; Hill et al., 2010).

The novel MSTN polymorphism (g.66493737C>T) that
is strongly associated with best race distance was described
for the first time by Hill et al. (2010). Association studies
demonstrated that the C/C genotype is suited to shorter
distance racing, C/T animals are appropriate for middle-
distance races, while T/T horses are related to longer dis-
tances and increased stamina. Besides, C/C animals have
significantly greater muscle mass than T/T Thoroughbreds
(Hill et al., 2010). Prediction of the genetic potential and of
the athletic phenotype has a major importance in the
Thoroughbred horse industry.

PI3K (phosphinososidide-3-kinase regulatory
substance 1 gene)

Insulin stimulates glucose transport through a number of
transcriptionally active signalling pathways to maintain
glucose homeostasis (O’Brien and Granner, 1996). One of
these, the PI3K pathway plays a key role in skeletal muscle
insulin-stimulated glucose transport (Hayashi et al., 1998;
Gu et al., 2009) and its interaction with insulin receptor
substrate 1 (IRS1) (Andreelli et al., 1999) and phosphoino-
side-3-kinase, regulatory subunit 1 (PIK3R1) by regulating
gene expression through insulin. In mice, it plays a role in
myocardial cell size formation and muscle contraction
(Alliouachene et al., 2016). The PI3K family is highly
conserved in evolution, regulates many important cellular
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responses, controls cell proliferation, and is also involved in
cell size formation (Crackower et al., 2002). The insulin
receptor signalling genes are as follow: FOXO1A (tran-
scription factor), GRB2 (growth factor receptor bound
protein 2), PTPN1 (protein tyrosine phosphatase 1), SOCS3
(suppressor of cytokine signalling 3), SOCS7 (cytokine signal
suppressor 7) and STXBP4 (syntaxin binding protein 4). A
12,219-base-pair-long transcript of the PI3K gene occurs in
Equidae, containing 15 exons (each coding).

The PI3K signalling pathway is also important in phys-
iological research because the development of biomarkers
related to ovarian function may help to explore fertility
problems (Ginther et al., 2004). The anatomical structure of
the ovaries in mares is unique (Ono et al., 2015): the ovary is
a significantly large and heavy organ with thick connective
tissue (McCue, 1998). Activation of primordial follicles in
the ovary indicates the beginning of follicular genesis, which
requires perfect control to maintain stable function and
reproductive potential (Sutherland et al., 2012). PI3K/pro-
tein kinase B or Janus kinase/signal transducer and tran-
scriptional activator (JAK/STAT) signalling pathways play a
significant role in stimulating primordial follicles (John
et al., 2008; Sutherland et al., 2010). Hall et al. (2018) studied
these two signalling pathways by measuring the mRNA
expression of six genes that play a significant role in follic-
ular development and by the localisation of several impor-
tant proteins [PI3K, AKT1, phosphatase and tensin
homologue (PTEN), JAK1, STAT3 and cytokine 4 signal
suppressor (SOCS4)]. Gene expression was compared in
fetal tissues and adult mare ovarian tissues. mRNA expres-
sion (PI3K, AKT1, PTEN, JAK1, STAT3, and SOCS4) in
mare ovarian samples was significantly higher than in fetal
ovarian tissues. These results highlighted the fact that, like
other previously studied mammalian species, horses also
proved to be useful in the development of ovarian bio-
markers.

PYGM (glycogen phosphorylase, muscle associated
gene)

The PYGM gene encodes a skeletal muscle type using
glycogen phosphorylase (myophosphorylase). This gene has
been shown to catalyse the breakdown of glycogen to
glucose-1-phosphate in Thoroughbreds (Nam et al., 2011).
Thus, the gene can contribute to the body’s energy supply by
dissolving the glycogen in the muscle tissue. Northern blot
analysis detected a single 3.4-kb mRNA in muscle phos-
phorylase-expressing tissues and demonstrated the presence
of this transcript in the skeletal muscle of mammals where it
regulates the degradation of glycogen (Gautron et al., 1987).
The PYGM enzyme can increase energy level by enabling the
release of glycogen in skeletal muscle. This gene has also
been associated with McArdle’s disease (glycogen storage
disease V) caused by various mutations in the coding exons
(Bruno et al., 1999; Martin et al., 2001).

McArdle’s disease has been studied in both ruminants
and humans (Tan et al., 1997): it is manifested in exercise
intolerance, muscle pain, dystonia, rhabdomyolysis and

transient myoglobinuria (muscle dye urination) (Nadaj-
Pakleza et al., 2009). Due to the above-mentioned symp-
toms, patients with McArdle’s disease have difficulties in
performing tasks related to muscle work and physical
exertion. Therefore, it is hypothesised that abnormal
expression of the PYGM gene may lead to muscle phos-
phorylase deficiency and thus directly affects exercise
(Bourque, 2009).

TLR (toll-like receptor gene)

Respiratory diseases, including Inflammatory Airway Dis-
ease (IAD), are caused by viral or bacterial pathogens and
are a known problem of racehorses. Respiratory diseases
constitute the second most common disorder (Traub-Dar-
gatz et al., 1991) which requires veterinary medical care in
adult horses and can cause huge economic losses to the
Thoroughbred industry (Wilsher et al., 2006). The airway
epithelium forms a significant physical barrier to airborne
infections and plays an essential role in the innate immune
response of lungs, mainly through the activation of toll-like
receptors (TLR). The pathophysiology of these respiratory
diseases, especially the function of innate and adaptive im-
mune mechanisms, is currently not fully understood.
However, intensive training has been reported to alter the
innate immune response in the lungs and systemic circula-
tion (Frellstedt et al., 2014).

The lung’s innate immune defence against pathogens
also includes the airway epithelium, which interacts strongly
with other resident cells and leukocytes. In fact, the respi-
ratory epithelium plays a fundamental role in providing a
physical barrier between the external environment and the
host (Vareille et al., 2011). On the other hand, it regulates
the immune response in case of inflammatory reactions and
pathogens.

The ciliated/vibratiled airway epithelium prevents the
colonisation of inhaled bacteria through their physical
removal by cilia, emptying with coughing, the use of anti-
microbial proteins in the mucosa and the production of
phagocyte cells (Diamond et al., 2000). The various path-
ogen recognition receptors (PRRs) on the immune cell
surface or in the intracellular compartments of immune cells
interact with pathogen-associated molecular patterns
(PAMPs) and control defence mechanisms of hosts. Toll-
like receptors (TLRs) are important markers which recog-
nise the PAM patterns (Akira et al., 2006).

It heterodimerises with TLR2, TLR1, or TLR6 receptors:
TLR1/2 and TLR2/6 recognise the molecular pattern char-
acteristic of Gram-positive bacteria. TLR3 mediates the
response to double-stranded RNA, which is a marker of viral
infection. TLR4 recognises bacterial lipopolysaccharides
(LPS) specific for Gram-negative bacteria. TLR5 responds to
flagellin, which is found on flagellated bacteria. TLR7/8
recognise viral single-stranded RNA. Finally, TLR9 mediates
the response to unmethylated DNA (CpG), which may be a
part of bacteria or viruses (Akira et al., 2006). After the
stimulation of TLR by PAMP, a downstream cascade is
activated, resulting in the production of interferons (IFNs),
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anti-inflammatory cytokines, chemokines, and cytotoxic
agents (Gleeson et al., 2006). TLR9 has been studied in
humans, mice, and some domesticated species. TLRs are
members of a protein family which form a phylogenetically
ancient system and are expressed in both vertebrate and
invertebrate species. The ligands of these receptors are
pathogenic microbes, i.e. PAMPs. Viral and bacterial
(ligand) DNA contains unmethylated CpG motifs that are
recognised by the mammalian immune system. TLR9 is
known as a receptor that filters out these unmethylated CpG
motifs. Receptor-mediated signalling inflicts a proin-
flammatory cytokine response that affects both innate and
adaptive immune responses (Griebel et al., 2005).

It has been previously reported that CpG-stimulated
equine peripheral blood mononuclear cells induce TLR9
expression and enhance the immune response (Manuja
et al., 2014).

HTR1A (serotonin receptor 1A gene)

In the case of racehorses, easy handling, trainability and co-
operation of the horse with the rider are very important
parameters. Equine behaviour can be influenced by a
number of factors, of which anxiety is particularly important
because stressed, anxious animals are more likely to panic
which ends in a loss of control (Hori et al., 2015).

Serotonin – a neurotransmitter – and its receptors play
an important role in the regulation of anxiety and stress in
many animal species and also in humans (Lucki, 1998). One
subtype of the serotonin receptor, 1A (HTR1A, 5-hydroxy-
tryptamine receptor 1A, G protein-coupled), is particularly
important in the regulation of stress levels (Ramboz et al.,
1998; Gross et al., 2002). Polymorphisms in the gene
encoding HTR1A have been associated with several psy-
chiatric disorders, including anxiety-related disorders
(Drago et al., 2008). For example, a single nucleotide poly-
morphism (SNP) in the promoter region of HTR1A
(g.1019C> G) can increase the risk of depression, suicide,
and panic disorder in humans (Lemonde et al., 2003). As-
sociation between the serotonin receptor gene and aggres-
sion has been previously studied in dogs (Van Den Berg
et al., 2008; Vage et al., 2010). While an experiment on
Golden Retrievers (Van Den Berg et al., 2008) showed no
association between serotonin receptor genes (HTR1A,
HTR1B, and HTR2A) and aggression, a study on English
Cocker Spaniels (Vage et al., 2010) demonstrated that other
serotonin receptor genes (HTR1D, HTR2C) have a signifi-
cant effect on the studied trait. In equine species, two SNPs
have been described in the coding region of the HTR1A gene
(Momozawa et al., 2007). These SNPs are nonsynonymous
substitutions that can modify the amino acid encoded by a
protein, thereby also influencing behaviour. Hori et al.
(2015) further investigated the two previously described
SNPs and demonstrated that one of them (c.709G> A)
causes an amino acid change in the intracellular region of
the HTR1A receptor gene that also affects equine behaviour.
Five main behavioural components were identified in one-
year-old Thoroughbreds. Four of them were affected by this

SNP in mares and one trait in stallions. Horses carrying the
A allele (c.709G>A) were found to be less controllable/easy
handleable during the experiment. This result was the first
evidence that a polymorphism in a serotonin-related gene
can affect the temperament of animals, with partially
different sex-based effects.

Effect of the P53 gene on reproduction

The p53 tumour suppressor protein plays an important role
in mammalian reproduction through transcriptional regu-
lation of leukaemia inhibitory factor (LIF), a key cytokine in
blastocyst implantation (Hu, 2009). The SNP in codon 72,
exon 4 of the p53 gene, encodes the amino acid proline (Pro)
or arginine (Arg) (Buchman et al., 1988). In humans, this
SNP has been associated with cancer development (Lin et al.,
2008) and reproductive efficiency (Hu, 2009). Previous
studies have also associated p53 polymorphisms with
sequential implant failure of embryos and miscarriage
(Coulam et al., 2006; Kay et al., 2006).

Although the genomic sequence of the equine species is
already known (Wade et al., 2009), exon 4 of the p53 gene
has not yet been fully characterised due to a gap in the
genome at this point. There is also limited information
available on the effect of p53 gene polymorphisms on horses.
The single nucleotide polymorphism of the p53 gene results
in three genotypes: Arg/Arg, Arg/Pro, and Pro/Pro.

These genotypes were compared with available breeding
data by Leon et al. (2012). For the 105 English Thorough-
bred mares included in the study, allele frequency (codon 72,
exon 4) was 73.3% Arg/Pro, 17.1% Arg/Arg, and 9.6% Pro/
Pro. Results showed that the Arg/Pro heterozygous genotype
was associated with an increased likelihood of miscarriage,
while the homozygous Pro/Pro genotype decreased the risk
of fetal loss. There was an association between miscarriage
and the presence of Arg, whether found in homozygous or
heterozygous form. According to previously recorded
breeding information, Arg was found (in homo- or hetero-
zygous form) in 25 (96.2%) of all 26 foal loss cases.

Effect of LGB1 and LGB2 (genes encoding
b-lactoglobulin) on the milk of mares

The increased number of foals born every year justifies the
development of research examining the factors influencing
the quality of mare milk. A significant number of foals are
born with inappropriate joints or show signs of Develop-
mental Orthopaedic Disease (DOD) before weaning. Rapid
growth and body development predispose to the develop-
ment of various types of disorders (Thompson et al., 1988).
Healthy foals are born with around 10% of their adult body
weight and reach 50% of their adult weight at weaning.
Therefore, the period of nursing is of paramount importance
in their lives.

The feeding and nutrition of mares and the intake of
nutrients from the colostrum or milk by the foal are critical
factors that are known to affect the growth period and health
of foals. The first nutrient of foals is the mares’ colostrum.
Colostrum and milk provide energy, nutrients and non-
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nutritive ingredients such as immunoglobulins, cellular ele-
ments, enzymes and hormones such as Insulin-like Growth
Factor 1 (IGF-1). Protective elements of the milk play a key
role in the development of the immune system, metabolism,
growth of the musculoskeletal system and disease preven-
tion. The colostral time of mares is short and components of
the colostrum change within 12 h after calving (Becvarova
and Buechner-Maxwell, 2012).

The most common components of the whey protein
fraction of mares’ milk are b-lactoglobulin (LGB) and a-
lactalbumin (LALBA). These proteins make up about 60%
of the total whey proteins (Salimei and Fantuz, 2012).
Although LGB was discovered more than 80 years ago, its
function remains unclear (Foekel et al., 2009). Presum-
ably, b-lactoglobulin plays a role in the transport of
various substances or small molecules: it may facilitate the
uptake of lipophilic vitamins and modify the activity of
enzymes. Similar to bovine lactoglobulin, equine lacto-
globulin has two isoforms called LGB1 and LGB2. How-
ever, while bovine b-lactoglobulin isoforms are the
consequence of missense polymorphisms and occur
within the same gene (Threadgill and Womack, 1990),
horses have two distinct, paralogous genes that encode
LGB1 and LGB2 (Brinkmann et al., 2016). Both genes
consist of seven exons and are located on chromosome 25
(ECA25). The total lengths of LGB1 and LGB2 are 4,739
base pairs and 4,816 base pairs, respectively (GenBank
NC_009168.3). Wodas et al. (2020) reported statistical
correlations, such as the effect of two linked LGB1 SNPs
on the total milk protein content (P <0.01) and lacto-
globulin substance. This study also proved that the breed
had a significant effect on both gene transcript levels (P <
0.01) and on milk LGB content (P < 0.05).

PPARGC1A (peroxisome proliferator-activated
receptor-gamma-coactivator-1-alpha gene)

Skeletal muscles have a remarkable ability to respond to
metabolic stress induced by physical activity. The metabolic
energy demand generated by exercises is limited by the
availability of adenosine triphosphate (ATP) in the muscles,
the oxidative activity of enzymes, the mitochondrial content
and the amount of available oxygen. The discovery of
PPARGC1A gene encoding PGC-1a protein was a major
milestone in the understanding of the molecular function that
led to exercise-induced phenotypic adaptations in mamma-
lian skeletal muscle. These adaptations include the following:
oxidative phosphorylation, mitochondrial biogenesis, muscle
fibre type changes and angiogenesis (blood vessel formation)
(Handschin et al., 2003; Arany, 2008). Exercise is an effective
inducer of the PPARGC1A gene and PGC-1a protein
expression in human and mouse skeletal muscles (Pilegaard
et al., 2003; Russell et al., 2005; Wende et al., 2005). During
exercise, several signalling pathways are activated, which are
considered to be key regulators of PGC-1a activity.

Calcineurin (Handschin et al., 2003), p38 mitogen-acti-
vated protein kinase (MAPK) (Akimoto et al., 2005) and
adenosine monophosphate- (AMP-) activated protein kinase

(AMPK) (Jager et al., 2007) signalling pathways directly
affect PGC-1a activity. PGC-1a is an effective activator of
various transcriptional coactivators such as nuclear respi-
ratory factors 1 and 2 (NRF1 and NRF2). These proteins
bind to several mitochondrial genes, then interact in the
nucleus, resulting in increased mitochondrial biogenesis (Lin
et al., 2005). Mitochondrial fatty acid oxidation is regulated
by PCG-1a with a peroxisome proliferator-activated alpha
receptor. In addition, PCG-1a has been shown to affect fatty
acid oxidation through its interaction with the oestrogen-
related receptor alpha (ERRa) of PDK4 (Wende et al., 2005;
Zhang and Teng, 2007).

Previously pAMPKa (phosphoadenosine monophosphate-
activated protein kinase) activity and appearance of PGC-1a
proteins in skeletal muscles of Thoroughbreds were observed
by Eivers et al. (2009) after a single workout. A significant
increase in the expression of the PPARGC1A gene encoding
PGC-1a has also been reported (Pilegaard et al., 2003; McGee
and Hargreaves, 2004; Akimoto et al., 2005; Wright et al.,
2007McGee and Hargreaves, 2004; Wright et al., 2007). PGC-
1a plays a key role in the energy metabolism as well as the
resistance to fatigue in humans and rodents.

PPARd (peroxisome proliferator-activated receptor
delta gene)

A number of economic traits in Thoroughbreds including
speed and stamina are associated with exercise. Previously
complete transcriptome analysis and RNA sequencing have
been used (Park et al., 2012) to identify exercise-related
genes. Peroxisome proliferator-activated receptors (PPARs),
which are members of the nuclear receptor superfamily,
were identified in the Xenopus species (Krey et al., 1993).
PPARs can be activated and interact with thyroid hormone
and retinoid X receptors to form a heterodimeric complex
which regulates transcription of target genes (Wahli et al.,
1995). PPARs play a fundamental role in the differentiation,
development, and metabolism (carbohydrate, lipid, protein)
of cells and the regulation of tumourigenesis (Berger and
Moller, 2002; Belfiore et al., 2009).

Among PPARs, PPARd (delta) plays an important role in
muscle fat metabolism. In a study on knockout mice, PPARd
has been shown to activate fatty acid oxidation in muscles and
increase the conversion of glucose to fatty acid in the liver (Lee
et al., 2006). Overexpression of PPARd resulted in increased
oxidative metabolism and hyperplasia, which altered the fibre
composition of muscles in experimental mice (Luquet et al.,
2003). PPARd, along with its metabolic role in muscle, also
functions as an important regulator of satellite cell prolifera-
tion and muscle regeneration (Angione et al., 2011).

PPARd is known as a regulator of b-oxidation, muscle
fibre transformation and stamina. Hyun-Woo et al. (2015)
demonstrated the occurrence of positive selection in the
equine PPARd gene using evolutionary analysis with syn-
onymous and non-synonymous mutation ratios. The
observed gene was expressed in all tissues of the examined
horses and the expression level varied depending on tissues.
In skeletal muscle, PPARd level was approximately two and
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a half times higher after 30min of training. Two important
domains are associated with nuclear hormone receptors,
namely the C4 zinc finger and the ligand-binding domain,
which are well conserved in the equine PPARd.

Due to the evolutionary conservation of the equine
PPARd gene and its tissue and exercise-dependent expres-
sion, this gene may be useful in physical fitness testing of
horses and also as a biomarker for equine stamina (Hyun-
Woo et al., 2015).

CONCLUSIONS

Despite the massive potential concerning application of ge-
nomics in horses, the implementation of routine genomic
examinations in the Hungarian horse racing industry is
currently ignored.

A few years ago, high-impact genes with putative per-
formance-related variants were reported in case of Thor-
oughbreds (Momozawa et al., 2007; Hill et al., 2010).
However, the multifactorial background of breeding goal
traits indicates the limitations of single-locus test approaches.

Long-term perspectives suggest that genome-wide ap-
proaches may gain practical relevance in the breeding of
Thoroughbreds which enable the adoption of new genomic
tools, optimised management and sustainable breeding de-
cisions for the horse racing industry (Stock et al., 2016).

Although considerable breed differences have been
observed, due to their linkage disequilibrium patterns and
detailed pedigree information, trait-associated sequence
variants can be more easily identified in Thoroughbreds
than in other horse breeds (McCue et al., 2012).

The above-presented candidate genes, based on previous
results, could have an influence on the racing ability and
competitive performance of Thoroughbreds by affecting
gene expression and signalling pathways.
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