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Equine Genetics/Genomics for the breeder 

 In our last newsletter, we outlined some 

basic principles on genomics (the 

modern term for genetics), a field 

which recently made tremendous pro-

gress. This development will allow a 

distinct improvement for most of our 

endeavours, e.g. for the understanding 

of the pathogenesis of many diseases 

and the search for the identification of 

horses with the potential for good per-

formance. Of course, the latter is not 

only the goal of us breeders, it may be 

of even much more meaning for a 

prospective purchaser. Therefore, the 

progress in genomcis already led to the 

situation that  prepurchase genetics for 

DNA variants of sales-horses are offered 

by a number of companies.  

 

This fact makes it essential that we 

breeders become acquainted with the 

possibilities and limits of these techni-

ques, even if we have to admit that this 

field is even more complicated and 

demanding than what we already 

looked at with the last newsletter. This 
fact, the complexity of this matter, may 

be considered as annoying, but to be 

matter-of-fact, we breeders must be 

quite happy about it.  

 

The very complex issue of genomics 

itself and other subjects as e.g. fetal 

programming, genetic imprinting and 

epigenetics are very favourable in the 

sense of enabling very many possibi-

lities and a great biological diversity. 

Just remember the great number of 

different breeds of horses for any 

imaginable purpose and these facts 

also allowed us to breed Thorough-

breds successfully, which originally had 

a relatively narrow genetic basis with a 
total of 158 horses which are conside-

red "founders" of the Thorough-bred 

breed, 85 males and 73 females 

(Larson 2011a).  

 

Moreover, the very many possibilities of 

mixing genes and their activation or 

desactivation (s. epigenetics) make it 

possible that mammals can adapt to 

continually changing environments at 

any time.  
 

 

I am delighted that Hanspeter Meier 

has chosen to look in more detail at the 

new field of genetics in this newsletter.  

I thank Hanspeter again for his      
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Comparable investigations had been carried out by 

More-O’Farrell and Cunningham two years earlier (1974) 

and they stated that the heritability of the Timeform rating 

was 35%. Such a heritability is generally considered as 

reasonably high in animal breeding, but I think we would 

wish a higher percentage. To achieve this, much more 

research is necessary, both on genomics and on other 

factors which contribute to the missing 65%. There are 

obviously many other things which contribute to the 

potential for performing well, e.g. the well-known factors 

as rearing, training, feeding and riding, but there are also 

quite a few more biological facts. But let’s start at the 

beginning and look at influences on the fetus first.   

 

Fetal programming  
 

In human medicine, the idea of “fetal programming” 

(also called “prenatal programming”) was first discussed 

in England, where David Barker (1998, Southampton) 

described his findings from epidemiological studies that 

linked health problems with lower birthweight. He sug-

gested that diverse prenatal factors caused changes in 

the fetus, which later in life led to a higher risk of certain 

kinds of disease. Nathanielsz (1999) summarized these 

findings in the sentence “How we are ushered into life 

determines how we leave”. Recently, a number of genes 

have been identified that determine how people 

respond to various exposures, so that one mother may 

have Type 1 of a particular gene while another mum has 

Type 2 or 3. As these differences have been identified, 

scientists have discovered that these different types of 

genes react in different ways to prenatal exposures and 

events. A mother with Type 1 gene (ADH2-2 allele) may 

deal very well with stress and the child will be of normal 

birthweight while the Type 2 person will have an excessive 

amount of cortisol and this infant will be programmed for 

later health problems (Stoler et al. 2002).  

And on top of that, nowadays, the resetting of physio-

logical parameters is thought not only to endure into 

adulthood but even can affect the following generation 

(to produce a transgenerational nongenetic disorder) 

(Agin 2009). 

Now, contrary to human doctors, we vets already know 

for quite some time that stress for mothers should be 

avoided. Virgil taught us so, speaking about broodmares 

in the years 37-29 before Christ (Georgics 3-4, 138): 

“When their months are fulfilled and they roam heavy 

with young, then let no one suffer them to draw the yokes 

of heavy wagons, or leap across the pathway, or scour 

the meadows in swift flight, or stem the swirling current. 

They feed them in open glades and by the side of 

brimming rivers, where moss grows and the banks are 

greenest with grass, where grottoes may shelter them 

and the shadow of a rock be cast afar.”  

Modern research on fetal programming in the mare of 

our days was already done in New Zealand 12 years ago 

(Cameron et al. 1999). This study may act as an example 

for this phenomenon as it looked at fetal programming 

and birth sex ratios in feral horses. This investigation 

showed that the sex of the offspring may be influenced 

by the body condition of the mare. Cameron and 

coworkers (1999) tested the Trivers-Willard hypothesis that 

mothers in better condition produce relatively more sons 

and that mothers in poorer condition produce relatively 

more daughters when male reproductive success, as it is 

in horses, is more variable. This investigation was carried 

out with feral horses (approx. 400 Kaimanawa horses) and 

the hypothesis was proven right. There was no difference 

in foaling rates in relation to body condition at concep-

tion, but mares in poorer condition at that time had a 

female foal and 80% of the mares that were gaining 

Equine Genetics/Genomics and the thoroughbred 

breeder 

Heritability  
 

According to Wright (1995), racecourse performance is rightly regarded as a 

criterion of potential stud value and I guess that we all agree that the time-

form rating is a very valuable tool for estimating it. This appreciation of us 

breeders is shared by researchers, as it also always has been the measuring 

stick for the validation of modern genomic studies (e.g. Harrison and Turrion-

Gomez (2006) and Hill et al. (2010). 

 

But of course, our very first question has to be, with which probability the 

performance is passed on to the progeny ? In 1976, Kieffer studied the 

“Heritability of Racing Capacity in the Thoroughbred“ and summarized his 

findings in saying that “performance of the parents should be a dominant 

principle on which breeding programs are based” and he also stated that 

his study “makes a strong argument for a program in which the basic 

philosophy is breed the best to the best”. The cited performance was 

measured by the means of the handicap, of the rating of the animals, 

respectively. 
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weight had a colt. These results suggest that sex ratio 

modification occurs at conception in wild horses, but the 

mechanism that might be causing this relationship isn’t 

understood yet.  

Another study in this field was undertaken by George et 

al. (2009) where the effect on maternal diet on insulin 

sensitivity and glucose dynamics was examined. Foals out 

of mares fed a high starch diet tended to have higher 

blood glucose concentrations through 80 days of age 

and tended to be less sensitive to insulin on day 160 as 

compared to the foals out of mares fed a low starch diet. 

These findings show that nutritional management of 

mares during pregnancy can affect glucose and insulin 

dynamics in the resulting offspring through influences on 

fetal development. George and coworkers (2009) sug-

gest that the propensity for horses to develop metabolic 

disease could be influenced by factors encountered 

during in utero development.  

Further research in fetal programming in horses will follow 

for certain - and we will be on our guard.   

 

Epigenetics and genomic imprinting 
 

The term “epigenetics” stands for the science of how the 

genes are influenced by environmental factors in ways 

that turn them on and off to determine what charac-

teristics and programs within the genetic code are 

activated. – Or in other words: In biology, epigenetics is 

the study of heritable changes in gene expression or 

cellular phenotype caused by mechanisms other than 

changes in the underlying DNA sequence, hence the 

prefix “epi-“ (Greek: over, above, outer). 

Epigenetic can be used to describe anything other than 

DNA sequence that influences the development of an 

organism, thus epigenetic traits exist on top of or in ad-

dition to the traditional basis for inheritance.  

At first sight, epigenetics seem to make things even more 

difficult, but these mechanisms are a very optimistic and 

important area in medicine and will allow tremendous 

progress in treating severe diseases (e.g. some kinds of 

cancer in man that were fatal just a few years ago). 

Moreover, who else than we horse breeders could have 

more practical experience in this field already ? For a few 

thousand years already, since the days when we started 

to breed the hybrids mules and hinnies, actually. Both 

their parents are horse and donkey, as dam or sire with 

exactly the same set of chromosomes, but nevertheless 

the foals are different and they don’t even look the 

same. Researchers also took advantage of the unique 

availability of horses and donkeys and their hybrid off-

spring (mules and hinnies) already quite some time ago, 

e.g. in attempts to understand chromosomal structure 

and the impact of chromosomal variation on meiosis and 

fertility (Trujillo et al. 1962). Further research with mules 

and hinnies revealed that nature also knows the 

phenomenon of “genomic imprinting” (Killian 2005). It is 

the biological process whereby a gene or genomic 

domain exists in a state of epigenetic differentiation that 

depends upon its parent of origin. This phenomenon has 

also been classified within the realm of non-Mendelian 

genetics as the establishment and propagation of these 

parent-specific genomic conformations does not alter 

the primary DNA sequence. Genomic imprinting is also a 

biological, evolutionary phenomenon (called the “con-

flict hypothesis”, Haig and Graham 1991) and in equids 

occurs smoothly. Contrary to that, in other animals, this 

interparental tug-of-war can be much more cruel and 

obvious e.g. by the killing of lion young by non-paternal 

males (Killian 2005).    

However, horses and donkeys are not very practical 

guinea-pigs and therefore we better familiarize ourselves 

us with mice, and for this purpose best with the agouti 

mouse (because of copyright regulations, please google 

yourself for images of this extraordinary mouse). The 

agouti mouse is a splendid example of how expression of 

the genetic code can be influenced, because certain 

genetic traits of these mice can lead them to be obese, 

diabetic and have an increased susceptibility to tumors. 

When pregnant agouti mice are fed a diet supple-

mented with methyl group donors (Vitamin B12, some 

folic acid and cholin), the genetic program in the next 

generation is not expressed because of gen-methylation. 

The resulting offspring of the mice fed this diet while 

pregnant are thinner, healthier, live longer and they are 

also a different color. All this is only due to the effect that 

this diet has on whether certain genes in the genetically 

identical offsprings are turned on or off. The mice do not 

only look dramatically different, their overall health and 

susceptibility to disease is dramatically altered. - An 

example of nature via nurture, where not a single letter in 

the DNA was changed, only the Agouti-Gen was des-

activated (Pray 2004).  

Epigenetics are an absolutely fascinating phenomenon 

and already led to Nobel prizes in medicine, e.g. 2006 for 

Andrew Fire and Craig Mello, who had investigated 

diseases in monozygot twins, in people with exactly the 

same genetic material. However, one of them may suffer 

from diabetes or cancer and the other remains sound. In 

2007, this prize was awarded to Mario Capecchi, Martin 

Evans and Oliver Smithies for their discoveries of principles 

for introducing specific gene modifications in mice by the 

use of embryonic stem cells (the so called “Gene Tar-

geting”). A method of course, which only can be applied 

by using artificial reproduction techniques. We TB-breeder 

therefore must not be afraid of abuse.      

Epigenetics obviously make our endeavours as breeders 

even more complicated, but just remember that natural 

phenomenons normally make sense. That’s true for epi-

genetics too, because these mechanisms allow a faster 

and better targeted evolution. The adaptation to a 

changing environment is much more efficient, when the 

activation of genes can be influenced right at the time 

when it is needed.            

 

Performance Markers 
 

Estimating performance and breeding values  

Racing performance is an immensely complex subject 

which includes physiological and psychological factors, 

as e.g. the best known “will to win”. Therefore, 

mathematical models for estimating breeding values 

didn’t find great popularity with TB-breeders yet. In other 
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domestic animals and equine sports (e.g. show-jumping) 

however, the BLUP-method (Best Linear Unbiased Pre-

diction, Henderson 1984) was used for quite some time, 

but in racehorses only three studies were undertaken 

which moreover only did find academic interest 

(Belhajyahia et al. 2003, Thiruvenkadan et al. 2009a & b). 

But exactly 10 years ago, in the field of estimating 

breeding values, a great step forward was made by 

Meuwissen et al. (2001). This new method for predicting 

genetic value by using genome-wide dense marker 

maps did find immense interest for economically 

important quantitative traits in animals and plants and 

the search for genetic markers in the horse also got a 

new dimension - the selection by genomic analysis. But 

according to Binns and Morris (2010), in the racehorse we 

have to consider, that a wide range of physiological 

factors such as cardiac output, respiratory capacity, 

muscle type and the efficiency of energy production are 

important. Therefore one has to assume that a large 

number of genes contribute to the athletic ability of the 

Thoroughbred horse. We also do not know yet how many 

genes are involved and the study of the genetics of 

athletic performance is still in its infancy. Some progress 

has been made in human sports genetics, however, and 

the 2006-7 human gene map for performance and 

health-related fitness phenotypes lists 239 genes asso-

ciated with athletic ability in humans. Of these, 214 genes 

are on the autosomes, 7 on the X chromosome and 18 on 

the mitochondrial DNA. It is reasonable to suppose that 

the physiological complexity of what governs perfor-

mance, will dictate that a similarly large number of genes 

will be involved in Thoroughbreds (Binns and Morris 2010).   

Further significant progress in this field was made by Gu et 

al. (2009), who developed a genome scan for positive 

selection in Thorougbred horses. This group performed a 

scan using 394 autosomal and X chromosome micro-

satellite loci and identified positively selected loci. They 

found positively selected genomic regions in the 

Thoroughbred and reported for the first time some 

candidate athletic-performance genes.   

New findings on research on performance markers were 

presented at a symposium held begin of September in 

Lexington. There, Binns discussed a genetic perspective 

on traditional pedigree methods and the characteristics 

of genetically complex traits, such as athletic perfor-

mance (Larson 2011a). He pointed out that the pedigree 

is a major determinant of sale prices, and that pedigree 

can be thought of as a surrogate for genetics. Binns 

described the Thoroughbred horse and its tradition for 

heavy pedigree keeping as a geneticist’s playground: 

“It’s a fascinating history. It’s a group of animals that’s 

perfect for genetics” and “talking about the genetics of 

an individual Thoroughbred is simply another way of 

speaking about pedigree”. This is because, when we talk 

about what traits an individual horse “got” from the other 

horses in its pedigree, we are talking about the genetic 

material, or DNA, it inherited from its ancestors. Now we 

are developing a new way to think of pedigrees, serving 

the same purpose – through genetic analysis (Larson 

2011a). 

 

Methods of genetic analysis and their applications 

For examining genetic traits, classic strategies may either 

be to consider one or several candidate genes, which 

had been identified from other research projects or to 

study the possible relevance of a gene which has been 

shown to be important in what appears to be a similar 

trait in other species such as humans, dogs, cattle, or 

mice (Larson 2011a). Traits of interest may be for example 

a performance trait, health trait, behavioral trait, con-

formational trait, etc. (Larson 2011a). 

In these days now, one can use unbiased genomic 

screens to identify important genes for a trait or other 

phenotype (physical characteristic) of interest in the 

horse. These screening methods utilize genetic arrays or 

gene chips, which are used to investigate a large set of 

nucleotide sequences. The complete sequencing of the 

equine genome made it possible to develop these tools, 

which enable researchers to examine all of the genes at 

once in an attempt to find gene(s) regulating a trait of 

interest (Wade et al. 2009, Larson 2011a). 

Through an analytical technique called Genome-Wide 

Association Study (GWAS), scientists can use SNPs (single 

nucleotide polymorphisms) to localize a specific region of 

the genome that appears to contain important genetic 

determinants for the trait being studied. This method can 

reduce the magnitude of the research challenge 

substantially by identifying a region of the genome that 

should be investigated further. Interest focuses on just a 

few protein-coding genes from what was originally the full 

set of approximately 21,000 across the equine genome. 

For GWAS studies, scientists do not need families and can 

investigate tens of thousands of genes and regulatory 

DNA elements simultaneously (Larson 2011a).   

Bailey expressed that although genomics has come a 

long way, there is still work to be done to more easily 

"identify genes for complex traits (such as athletic 

potential), to better understand the interplay of gene 

expression and management practices, and to better 

understand the complexity of 21,000 interacting genes." 

(Larson 2011a).  

 

Selecting a Thoroughbred - The Role of Genetics  

At the meeting in Lexington (September 2011), Binns 

presented a study where he reviewed information from a 

bank of approximately 4’500 DNA samples. About 1’150 

had undergone full genome scans, more than 200 of the 

samples were taken from Grade 1 race winners, 18 of the 

samples came from individuals who won U.S. Triple Crown 

races, and many samples were from top Thoroughbred 

stallions of the past 50 years. He paired the DNA samples 

with other information collected about each submission, 

including the individual’s racing history, the distance at 

which they raced most successfully, the surface the 

animals were most successful running on, and the horse’s 

height (Larson 2011b). 

Binns then evaluated the samples more closely and 

identified a panel of SNP markers associated with racing 

ability, established whether the SNPs were dominant or 

recessive traits, developed a scoring system giving 

“Genetic Grades A, B, C and D” (i.e. ranked the horses’ 

genetic potential), and established incidence of “Gene-
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tic Grades in Sales Population.” He also identified markers 

that included a “female-specific” SNP. The four catego-

ries (A, B, C and D, A being the most potential and D 

being the least) rated their genetic potential as athletes 

(Larson 2011b). 

Binns found out that: 

. The SNPs that were associated with the horses’ ideal 

race distance were located on ECA18 – the same 

chromosome linked with double muscle disorders in other 

species; 

. About half of the Kentucky Derby winners evaluated 

showed the same general genotypes; and 

. Overall, about 10% of the horses tested were grouped in 

the A category, 40% were rated B, 40% were C-rated, 

and 10% were classified as D (Larson 2011b). 

This single example may be sufficient here, but many 

more studies and possibilities in this field exist (see e.g. 

www.biomedcentral.com, BMC Genomics).     

 

What next ?  
 

Hopefully, all the work in genomic research will allow 

great progress for our endeavours. All the theories are 

most promising and genomics are a developing science. 

New findings can be expected almost daily, but the 

practical application is only just in its infancy. At the 

conference in Lexington, Binns concluded that some 

genetic tests are available that could provide additional 

insight into Thoroughbreds’ athletic potential but should 

be interpreted with caution and considered alongside 

traditional methods of horse selection, such as confor-

mation. “It’s complicated,” he concluded, “every aspect 

of the business is complicated” (Larson 2011b). 

We breeders as sellers and consigners must note, as 

already mentioned, that prepurchase genomic tests are 

offered and taking a sample from a horse is very simple – 

exactly the same procedure as for parentage testing by 

means of DNA. Just pull some hairs from the mane and 

send them to the lab. An awful lot and important infor-

mation can be gained from any animal at sales or else-

where, wherefore it has to be agreed on, who is allowed 

to make use of this information. It is a situation compa-

rable to the repository system with medical findings. 

That’s why, the American Equine vets already issued a 

statement:      

 

Statetement about genetic testing from the AAEP (April 

2011)   

The American Association of Equine Practitioners (AAEP) 

has been informed that there are a number of com-

panies offering genetic tests for DNA variants that are 

claimed to be associated with athletic performance in 

horses, particularly in racing Thoroughbreds. Such tests 

may have value; however, the interpretation of the tests 

results may not be simple, and the predictive value of the 

tests may not be high. It is likely that more genetic tests of 

this type will be available in the future. The AAEP will 

continue to monitor the situation and advise the 

membership. The AAEP supports the use of evidence-

based tests for medical and performance related 

genetics if the methodology and results have been 

published in peer-reviewed journals and withstood apro-

priate scientific scrutiny. Members should investigate the 

methodology and results of a particular genetic test prior 

to recommending testing or making conclusions about 

test results. With the expansion of genetic tests offered for 

horses, the AAEP wishes to emphasize that collection of 

samples from any horse for any type of genetic testing 

should never be undertaken without the consent of the 

owner.    

American Association of Equine Practitioners (AAEP) 

Statement on Genetic Defects 

http://www.aaep.org/statement_updates.htm 

 

EFTBA-veterinary advisory committee 

The veterinary advisory committee of the the EFTBA are 

currently also looking into these issues.    

 

Appendix 
 

DNA  serves as a template for its own repli-

cation and for the transcription of RNA, 

which, in turn, is translated into protein 
 

Genes  These discreet segments of the genomic 

DNA encode functional RNA or protein 

products. The key concept is that “genes 

are functional units of DNA," responsible 

for the inherited traits we observe in an 

individual. Genes have two broad func-

tional parts: 

 - The coding region of the gene contains 

DNA bases that are expressed to gene-

rate the functional gene product, the 

part that makes the protein that we all 

think about in terms of regulating the trait 

 - The regulatory elements of the gene 

that control when, where, and how 

much a gene is expressed.  

 These regulatory elements and the co-

ding region work in a coordinated 

fashion in health, but if either part gets 

changed or reorganized, the gene's 

functional properties can be altered.  
 

Gene expression the functional relationship between 

deoxyribonucleic acid (DNA), ribonucleic 

acid (RNA), and protein 
 

Genome  The "total endowment" of an organism's 

DNA is referred to as the genome. The 

equine genome, for which the sequence 

was completed in 2007, contains about 

2.7 billion nucleotide base pairs and has 

about 21,000 protein coding genes.  
 

Nucleotides  are usually abbreviated using their first 

letters (adenine, for example, is referred 

to as "A") and only pair with certain other 

base pairs (adenine pairs with thymine 

and guanine pairs with cytosine to form 

http://www.biomedcentral.com/
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the DNA double helix, or twisted ladder, 

shape). 
 

SNP chip  A single nucleotide polymorphism (SNP, 

pronounced snip) is the smallest and 

most common type of genetic variant: 

the alteration of a single base of DNA 

from one nucleotide to another between 

individuals. SNPs are distributed across 

the genome and inherited from the 

parents to the offspring.   

 SNPs are now commonly profiled on 

gene chips for genomic scans.  
 

Transcription  transcription converts the genetic infor-

mation from DNA to RNA; it is the process 

of synthesizing RNA as specified by the 

DNA template of a gene's coding region. 

Regulatory elements of a gene 

determine, when, where, and how much 

a gene is transcribed, and all transcript-

ional processes are localized in the cell's 

nucleus. 
 

Translation  Translation is when the base sequence of 

the RNA directs the formation of a de-

fined linear order of amino acids to 

generate a specific protein; it is the pro-

cess that produces a protein and occurs 

outside of the nucleus in the cell's cyto-

plasm. For protein-coding genes, the pro-

tein is what regulates the trait we are 

interested in. 
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