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Abstract: Tissue-specific protein myostatin (MSTN) is a regulator of tissue growth and 

differentiation. The gene determines the ratio of short and long fibers in horse muscles. 

Its nucleotide sequence includes several mutations (MSTN; ECA18: 66,490,208-

66,495,180).  The most interesting mutation among them from the selection point of view 

is g.66493737 T> C in the first intron, associated with the endurance and distance 

abilities of horses. Only one homozygous individual for this mutation with genotype C / C 

of the Vyatka breed was detected (1.11%) during the genotyping 90 horses of 6 local 

breeds (Altai, Vyatka, Mezen, Pechora, Polesia, Tavda, Tuva and Yakut) using the SNP 

marker of the MSTN gene (g.66493737C / T). Most of the horses tested (70.14%) had the 

MSTN T / T genotype. 21 horses were heterozygous for the MSTN C / T gene (28.75%). A 

mutant allele was detected in representatives of seven examined breeds and was absent 

only in Yakut horses of the Kolyma type. The results of study the myostatin 

polymorphism by the g.66493737 T> C nucleotide substitution in horses of local breeds 

indicate that the mutant C allele is found in horses of Altai, Vyatka, Pechora, Polesia, 

Tavda and Tuva breeds with a frequency of 0.100-0.286 and, in general, is sufficient 

widespread in most studied horse populations. 
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1. Introduction 

The strategy for the conservation of breed diversity includes a number of important 

aspects, including information on the history of creation and socio-cultural significance, 

direction of productivity, habitat, adaptation to natural and climatic factors and diseases, 

as well as genetic characteristics. An analysis of the genetic structure of domestic horse 

breeds at the DNA microsatellite loci conducted in the genetics laboratory of the All-

Russian Research Institute of Horse Breeding showed that indigenous populations are 

characterized by a unique allele pool [1]. 

Molecular technologies today provide a reliable tool for genetic assessment of breeds, 

including functional (or neutral) variability within and between populations. DNA analysis 

helps the study of domestication, as well as the formation of productive and adaptive 

traits specific to each population. In 2015 the Food and Agriculture Organization of the 

United Nations published the lists of the most significant genetic mutations found in 

populations of different species of domestic animals. Two genes associated with 
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performance were recommended for horse typing: myostatin (MSTN) and glycogen 

synthase (GYS1) [2]. Genotyping of sheep and cattle by the myostatin locus is also 

relevant both from the point of view of biodiversity assessment and effective selection by 

productive traits. 

The tissue-specific protein synthesized in skeletal muscle called myostatin (MSTN) is a 

member of the TGF-β super family of growth and differentiation factors which acts as a 

negative regulator of skeletal muscle mass deposition. It is involved in tissue 

differentiation starting from the embryonic stage of development. In addition to its role 

during skeletal muscle formation, myostatin also regulates the homeostasis of this tissue 

after birth. Higher levels of this protein are observed in the blood stream or muscle fibers 

of patients suffering from muscle loss or wasting processes, such as cachexia, muscular 

dystrophies and other muscle disorders [3]. The MSTN gene, composed of three exons 

and two introns, has been characterized in humans and several livestock species. 

Structural loss-of-function mutations within the coding sequence at this locus determine 

increased skeletal muscle mass, relevant in shoulders and thighs, and the produced 

phenotype is known as “double muscling” effect observed in meat breeds of cattle, sheep 

and fighting dogs [4–6]. The MSTN gene in horses functions to a greater extent as a 

factor in the differentiation of tissue growth and determines the ratio of short and long 

fibers in muscles. Its nucleotide sequence includes three exons localized on the 18th 

chromosome (MSTN; ECA18: 66,490,208-66,495,180). 19 different variants of myostatin 

structure were revealed at its sequencing in horses of different breeds. ). Two variants in 

the horse myostatin gene, including a SNP T/C in the first intron and a 227-bp SINE 

insertion in the promoter, are associated with muscle fiber type’s proportions in the 

Quarter Horse (QH) and with the prediction of race distance propensity in the 

Thoroughbred (TB). The C allele of intron 1 was found in many cultural and native breeds 

of horses [3, 7, 8]. 

The mutation g.66493737 T> C in the first intron is the most interesting [9, 10] among 

them from the selection point of view. Scientists’ studies have shown that Thoroughbred 

horses with different types of myostatin have different distance abilities due to 

differences in the structure and length of muscle fibers. As a rule, Thoroughbred horses 

with the C / C genotype exhibit sprinting abilities, while the T / T genotype gives an 

advantage to the stayers [10–12]. Horses with the C / T heterozygous genotype are more 

versatile and are adapted to mid-range racing. A significant association has also been 

found between MSTN genotype and body composition, with C/C male horses having a 

significantly greater body mass-to-height ratio than C/T or T/T horses. This is consistent 

with the observations that sprinters are generally more muscular and compact than 

individuals that are more suited to racing over longer distances [10]. 

At the same time, horses with the C / C and C / T genotypes are distinguished by more 

intensive rates of muscular development during the training process and can successfully 

ride at the beginning of a racing career. Based on this nucleotide substitution, a test 

system (Equinome Ltd, lreland, http://www.equinome.com) was developed and put into 

practice. With its help it is possible to predict the remote predisposition of starting 

horses with an accuracy of 90%. 

The presence of the g.66493737 T> C mutation at the myostatin locus was detected in 

horses of many factory and local breeds. According to researchers, the structure of this 
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locus can characterize the domestication process and phylogenetic relationships of horse 

breeds [3, 7, 9, 10, 13]. 

The objective of our research was to study the distribution of g.66493737 T> C mutation 

of myostatin MSTN g.66493737 in horses of eight local breeds of northeast Eurasia.  

2. Material and Methods 

The hair follicles of 90 horses of eight local breeds, including the Altai (n=7), Vyatka 

(n=24), Mezen (n=12), Pechora (n=14), Polesia (n=6), Tavda (n=7), Tuva (n=10) and Yakut 

(n=10, Kolyma type) served as material for research. DNA was isolated from hair follicles 

using the kit “ExtraGene DNA Prep 200” (“Isogen”, Moscow) according standard 

procedure.  Amplification of DNA was carried out by the method of SNP detection using 

proprietary primers [12]. In PCR formulation, the composition of the reaction mixture 

included 0.2 mM dNTP, 0.5 µM of each primer, 2.5 mM MgCl2, 1xPCR buffer, 1 unit Taq 

polymerase (PE Applied Biosystems) and 1 unit AmpliTaq Gold polymerase (PE Applied 

Biosystems), 50 ng DNA. The reaction mixture was heated at 95о С for 5 minutes, the next 

30 cycles included 40 C denaturation at 94о С, annealing of primers for 45 sec. at 55о С  

and elongation at 72о С  for 45 sec. the Final elongation was carried out for 2 minutes at 

72о С.  

Amplification electrophoresis was carried out in a 2% agarose gel based on a normal 

acetate buffer followed by staining of the fragments with a fluorescent dye as ethidium 

bromide. The results of electrophoresis were evaluated visually taking into account the 

presence of bands corresponding to different nucleotide variants in the structure of 

myostatin. Statistical calculations were performed using MS Excel ver. 12. 

3. Results 

Only one homozygous individual for this mutation with genotype C / C of the Vyatka 

breed was identified (1.11%) during the genotyping 90 horses of 8 local breeds using the 

SNP marker of the MSTN gene (g.66493737C / T). Most of the horses tested (70.14%) had 

the MSTN T / T genotype. Among tested horses 21 individuals were heterozygous for the 

MSTN C / T gene (28.75%). A mutant allele was detected in representatives of seven 

examined breeds and was absent only in Yakut horses of the most northern Kolyma type 

(Table 1). Perhaps this feature is characteristic of the northern unique population of Yakut 

horses, since there is evidence of a rare occurrence of the MSTN C / T genotype in this 

breed [7]. 

 

Table 1. Distribution of the MSTN mutation g.66493737 T> C in the myostatin gene 

in horses of local breeds 

Breed N 

Genotypes (%) Allele frequencies 

CC CT TT C T 

Altai 7 0.000 0.571 0.429 0.286 0.714 

Vyatka 24 0.042 0.208 0.750 0.146 0.854 
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Breed N 

Genotypes (%) Allele frequencies 

CC CT TT C T 

Polesia 6 0.000 0.500 0.500 0.250 0.750 

Tavda 7 0.000 0.286 0.714 0.143 0.857 

Tuva 10 0.000 0.200 0.800 0.100 0.900 

Yakut 10 0.000 0.000 1.000 0.000 1.000 

Mezen 12 0.000 0.083 0.917 0.042 0.958 

Pechora 14 0.000 0.286 0.714 0.143 0.857 

 

The frequency of occurrence of the MSTN g.66493737 T> C nucleotide substitution in 

horses of 7 local breeds ranged from 0.042 (Mezen) to 0.286 (Altai), which indicates a 

pronounced polymorphism of the myostatin locus (Figure 1). The presence of this 

mutation in horses of local breeds of different countries, including Russia, gives reason to 

believe that it already existed in the genome of their ancient ancestors during the 

domestication. It should be noted that this mutation was not found in Przhevalsky’s 

horse and various subspecies of donkeys [9]. 

Several mutations may already have played a role in more general adaptation to 

domestication. The presence of a nucleotide replacement in the first intron of myostatin 

g.66493737 T> C in horses of the studied native breeds indicates that it can be 

considered as a gene-candidate of adaptive traits. Selection of many local breeds (Altai, 

Tuva, Yakyt), especially in areas of herd horse breeding, is conducted on meat qualities. In 

such conditions preference should be given to selecting horses and especially sires with 

genotypes C/C and C/T. 

 

 

Figure 1. The frequency of occurrence of myostatin alleles (MSTN g.66493737 T> C)  

in horses of local breeds 
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The leader having the MSTN C allele among the cultural breeds of horses is a 

thoroughbred horse breed which is characterized by a maximum frequency of occurrence 

(up to 64%). Testing of thoroughbred riding horses by marker genes, including the 

myostatin locus, makes it possible to predict the racing potential of horses at 70 percent. 

Noteworthy is the relatively low frequency of occurrence of the mutant allele MSTN 

g.66493737 T> C (and even its absence) in northern forest species of horses, such as 

Mezen and Yakut of Kolyma types. This may be due to the minimal influence of breeds 

on the breeding system or the influence of the environment. 

4. Conclusions 

The results of studying the MSTN myostatin polymorphism by the g.66493737 T> C 

nucleotide substitution in horses of 8 local breeds indicate that the mutant C allele is 

found in horses of Altai, Vyatka, Pechora, Polesia, Tavda and Tuva breeds with a 

frequency of 0.100-0.286 and, in general, quite widespread in most studied horse 

populations. Most of the horses tested (70.14%) had the MSTN T / T genotype. 21 horses 

were heterozygous for the C / T gene (28.75%). MSTN can be considered as a candidate 

gene of adaptive traits.  
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