
34 

 

Mongolian Journal of Agricultural Sciences, Vol.17, No.40 (2024) 

 

© The Author(s) 2024 

https://doi.org/10.5564/mjas.v17i40.1092 https://creativecommons.org/licenses/by/4.0/ 

 

Genetic diversity study of the Mongolian horse breeds and lines: Results 

based on Microsatellite marker and Coat color genes polymorphism 
 

Ariuntuul Tsendsuren1, Baatartsogt Oyungerel2, Tsendsuren Tsedev1 and Saipolda Togtorbay 2* 

 
1Laboratory of Genetics, Institute of Biology, Mongolian Academy of Sciences, Peace avenue 54b, Bayanzurkh 

district, Ulaanbaatar, 13330, Mongolia 
2School of Animal Science and Biotechnology, Mongolian University of Life Sciences, Zaisan, Khan-Uul district-22, 

Ulaanbaatar, 17029, Mongolia 

 

*Corresponding author: t.saipolda@muls.edu.mn 

 

   https://orcid.org/0009-0000-5475-1633 

 

 Received: 08.12.2023    Revised: 24.06.2024       Accepted: 01.07.2024 

 

Abstract 

The genetic diversity of Mongolian native horse breeds Mongol, Galshar, Tes, and the lines Darkhad and 

Undurshil was studied using coat color gene and microsatellite marker polymorphism analyses. A total of 

2,000 horses were characterized based on predominant coat color phenotypes and associated genes. Among 

six coat color genes, the highest average heterozygosity was observed in the Undurshil line, while the Tes 

breed exhibited the lowest. Microsatellite analysis of 17 markers in 259 horses identified 225 alleles, 

including 80 private alleles. ASB17 was the most polymorphic marker, whereas HTG4 was the least. 

The Galshar breed displayed the highest genetic diversity, with Na (10.4), Ne (0.795), No (0.726), and PIC 

(0.802) parameters, while the Darkhad line showed the lowest values. Principal coordinate analysis (PCoA) 

and cluster analysis revealed distinct genetic structures among the populations. The Darkhad line was 

notably different from other breeds, while the Galshar breed shared genetic similarities with the Undurshil 

line, and the Mongol breed was genetically similar to the Tes breed. These findings provide critical insights 

into the genetic diversity and population structure of Mongolian native horse breeds, supporting their 

conservation and sustainable management. 
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Introduction 

Mongolian horses are perfectly adapted to the 

local unique and special natural conditions and 

characterized by their endurance and ancient 

origin and reflect the traditional way of life and 

cultural traditions of Mongolian people. The 

genetic diversity study of Mongolian horse breeds 

and lines using DNA microsatellite markers and 

coat color genes will provide valuable genetic data 

for an assessment of the unique state of the genetic 

resources of Mongolian horses. For the genetic 

diversity research of the Mongolian horses is of 

relevance the investigation of the genetic structure 

of local breeds and lines in connection with their 

origin, phylogenetic relationship, and 

morphological characteristics. 

DNA microsatellite markers are widely used for 

horse genetic diversity study. They are variable, 

do not carry a functional load, their unique 

combinations make it possible to establish 

phylogenetic relationships and calculate 

population genetic parameters (number and 

frequencies of alleles, levels of observed and 

expected heterozygosity, fixation index, etc.). The 

investigation of 7 northern European horse breeds 

and the Mongolian native horse using 26 DNA 

microsatellite data showed close associations 

between the Mongolian native horse and northern 

European horse breeds [1]. Based on 20 DNA 

microsatellite polymorphisms, the genetic 

relationship of 13 populations of Japanese, Asian 

and European horses was studied and revealed the 

highest heterozygosity in Mongolian horses and 

Japanese horses were originated from Mongolian 

horses came through the Korean Peninsula [2].  

The study of the genetic structure of 3880 Korean 

Halla horse population was conducted using 17 

microsatellites, and it was found that M and Q of 

ASB23 marker, G of HMS2 marker, H, L of 

HTG6 marker, L of HTG7 marker, and E allele of 

LEX3 marker are unique only in Halla horses [3].  

https://www.mongoliajol.info/index.php/MJAS/$$$call$$$/grid/issues/future-issue-grid/edit-issue?issueId=144
https://doi.org/10.5564/mjas.v18i40.3804
mailto:t.saipolda@muls.edu.mn
https://orcid.org/0009-0000-5475-1633
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Berber N. et al. studied 14 microsatellites of 201 

horses of 4 breeds in Algeria and found 123 

alleles, and found the high variability of these 

breeds and the genetic distance between them is 

statistically significant [4]. In 2015, Kanshor et al. 

conducted a study of 15 microsatellite markers in 

981 Canadian horses and determined that the 

Canadian horse is the original horse breed of 

North America [5]. In 2015, Criscione et al. 

analyzed 16 microsatellite markers and nucleotide 

sequences of the D-loop of mtDNA in 61 horses 

of the ancient breed Salernitano, which currently 

facing a concrete risk of extinction to set up the 

basic knowledge for a conservation plan [6]. 

The coat color of most mammals results from the 

activity of four basic color genes, A, B, C and E, 

first discovered in 1954 [7]. It has been studied 

that the heredity of the coat color of horses is not 

significantly related to their morphological feature 

[8]. The melanocortin-1-receptor (MCIR) gene 

and the agouti-signal-protein (ASIP) gene were 

amplified and the nucleotide sequence was  

determined [9]. The melanocortin-1-receptor 

(MCIR) gene and the agouti-signaling-protein 

(ASIP) gene determine the primary black, brown 

and fawn stripes in horses, and these genes have 

been studied in relation to horse behavior [10]. 

The leopard spotting gene was detected in early 

domestic horses dating to 2700–2200 BC, which 

disappeared during the late Bronze Age, but 

reappeared during the Iron Age [11]. 

The study on the genetic resources of horse breeds 

and lines established as a result of natural selection 

and the creative work of breeders and experts, and 

the breeding of breeders based on scientific 

knowledge using molecular genetic parameters 

will discover the unique genetic structure of the 

horse breeds which represent the genetic basis for 

new horse breeds.  

The aim of our study was to assess the genetic 

diversity of Mongolian native horse breeds 

Mongol, Galshar, Tes and lines Darkhad, 

Udorshilbased on the 17 DNA microsatellite 

marker and coat color gene analyses. 

 

Material and methods 

In this study were included Horses of Mongol 

horse breed from Bayantsagaan sum of Tuv 

aimag, of Galshar breed from Galshar sum of 

Khentii aimag, of Tes breed from Tes und Zungov 

sum of Uvs aimag and of Darkhad horse line from 

Rinchenlkhumbe und Tsagaanuur sum from 

Khuvsgul aimag and of Undurshil horse line from 

Undurshil sum of Dundgov aimag.  

The coat color determination was carried out on 

400 horses of each horse breeds Mongol, Galshar, 

Tes breeds, and lines Darkhad, Undurshil. The 

blood samples were collected from 256 horses of 

these breeds: Mongol (n=50), Galshar (n=50), Tes 

(n=50) and lines: Darkhad (n=50), Undurshil 

(n=50).  

Main coat color phenotypes and genotypes of 

horses from breeds and lines included in this 

investigation were determined as shown in Table 

1, frequency of six coat color genes (𝑞), 

homozygosity index (𝐻. 𝐼), heterozygosity index 

(1 - H.I), and heterozygosity (Ȟ)  of six coat color 

genes were calculated using Nozawa’s method 

[12].  

Genomic DNAs were extracted from horse blood 

samples using the ExtraGene Prep kit (IsoGene, 

Moscow). A set of 17 microsatellite markers 

(AHT4, AHT5, ASB2, ASB17, ASB23, CA425, 

HMS1, HMS2, HMS3, HMS6, HMS7, HTG4, 

HTG6, HTG7, HTG10, LEX3 ба VHL20) 

approved by ISAG (International Society of 

Animal Genetics) for equine  research were used 

for the study of horse diversity on STR locus. 

17 microsatellite markers were amplified by 

multiplex PCR: the reagent mix was prepared 

with 2 µl of DNA, 9 µl of master mix, and 9 µl of 

primer mix in a total of 20 µl, PCR amplification 

was as follows: initial denaturation for 4 min at 

95°C and 4 cycles at 98°C for 30 sec, 59°C for 2 

min, 72°C for 1 min 30 sec, 6 cycles of 94°C for 

30 sec, 59°C for 2 min, 72°C for 1 min 15 sec, 18 

cycles 30 sec at 90°C, 2 min at 59°C, 1 min 15 sec 

at 72°C, 10 min at 68°C, and storage at 4-12°C. 

Microsatellite allele lengths were determined 

using an ABI Prism 3130x1 sequencer at Zanaa 

Specs LLC. Microsatellite genotypes were 

determined using Gene Mapper™ V6 [13] 

software. GenAlEx V6.4 [14] and Fstat V2.9.3.2 

[15] programs were used to process the 

parameters of populationgenetic structure and 

STRUCTURE V2.3.4 [16] program was used to 

determine the genetic distance and phylogenetic 

relationship between horse breeds and lines. 

 

 

  



36 

 

Ariuntuul Tsendsuren et al. MJAS Vol 17 No.40 (2024) 

 

Table 1. 

Horse coat color phenotypes and genotypes 

 

Phenotypes Genotypes Horse number  
M

a
in

 c
o

a
t 

co
lo

r 

Bay E/- A/- d/d cr/cr gr/gr s/s X1 

black E/- a/a d/- cr/cr gr/gr s/s X2 

chestnut e/e A/- d/d cr/cr gr/gr s/s X3 

Bya-cream E/- a/a D/- cr/cr  gr/gr s/s X4 

Chestnut-cream E/- A/- D/- cr/cr gr/gr s/s X5 

Buckskin E/- A/- d/d CR/cr gr/gr s/s X6 

Palomino e/e a/a d/d CR/cr gr/gr s/s X7 

White E/- A/- d/d cr/cr GR/- s/s X8 

Spotted e/e a/a d/d cr/cr gr/gr  S/- X9 

 

Results 

The investigation results of the coat color 

phenotype and genes of the horses (n=2000) in 

Mongolian native horse breeds Mongol, Galshar, 

Tes and lines Darkhad and Undurshil are 

presented in Tables 2, 3 and Figure 1. 

It was observed that horses in breed Mongol have 

black and chestnut, Galshar breed horses have 

brown and palomino, Tes breed horses have 

brown and back skin, Darkhad horses have white 

and Undurshil (Table 2). 

 

Table 2. 

Number of main coat color phenotypes of Mongolian horse breeds and lines 

 

Number of 

phenotypes 
Main coat color Mongol Galshar Tes Darkhad Undurshil 

Х1 Bay 93 56 122 72 32 

Х2 Black 52 35 47 33 28 

Х3 Chestnut 58 67 34 32 32 

Х4 Bay-cream 54 30 30 9 27 

Х5 Chestnut-cream 30 25 39 17 28 

Х6 Buckskin 27 46 21 25 57 

Х7 Palomino 7 19 6 7 9 

Х8 White 37 41 43 132 110 

Х9 Spotted 26 6 18 26 29 

 

Table 3 shows the of 6 genefrequencies of the 

dominant coat color in Mongolian, Galshar, Tes 

breeds, Darkhad and Undurshil lines. In Galshar 

breed and Undurshil lines Dominant 

allelefrequencies of E and A genes were lower and 

relative higher frequencies of dominant alleles of 

CR gene were observed compared to other breeds. 

The frequency of the dominant allele of the GR 

gene, which determines the white coat color, was 

higher in Darkhad and Undurshil lines compared 

to other breeds and had similar values. Figure 1 

shows the average heterozygosity of the 6 coat 

color genes of horses in the studied breeds and 

lines, and the heterozygosity index parameters of 

the coat color genes. It was observed that the 

average heterozygosity of 6coat color genes of 

horse is the highest in Undurshil breed and the 

lowest in Tes breed, and the heterozygosity index 

of coat genes is the highest in Darkhad and 

Undurshil breeds and relatively low in the other 3 

breeds. 
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Table 3. 

Frequensies of 6 coat color genes in Mongolian horse breedsand lines. 

 

Breed, line 

6 coat color gene frequensies 

E-e 

{
𝒒𝑬

𝒒𝒆
 

A-a 

{
𝒒𝑨

𝒒𝒂
 

D-d 

{
𝒒𝑫

𝒒𝒅
 

CR-cr 

{
𝒒𝑪𝑹

𝒒𝒄𝒓
 

GR-gr 

{
𝒒𝑮𝐑

𝒒𝒈𝐫
 

S-s 

{
𝒒𝑺

𝒒𝒔
 

Mongol 
0.4190 

0.5810 

0.4655 

0.5345 

0.5717 

0.4283 

0.0950 

0.9050 

0.0803 

0.9197 

0.0585 

0.9415 

Galshar 
0.3799 

0.6201 

0.3488 

0.6512 

0.5660 

0.4340 

0.2083 

0.7917 

0.1284 

0.8716 

0.0185 

0.9815 

Tes 
0.4726 

0.5274 

0.5907 

0.4093 

0.6193 

0.3807 

0.0689 

0.9311 

0.1042 

0.8956 

0.0416 

0.9584 

Darkhad 
0.4394 

0.5606 

0.5167 

0.4833 

0.6850 

0.3150 

0.1168 

0.8832 

0.2995 

0.7005 

0.0832 

0.9168 

Undurshil 
0.3169 

0.6831 

0.4102 

0.5898 

0.5110 

0.4890 

0.2619 

0.7381 

0.3251 

0.6749 

0.1280 

0.8720 

 

 
Figure 1. Genetic diversity of Mongolian horse breeds and lines 

 

The results of 17 microsatellite marker 

polymorphismsrepresenting the genetic structure 

of Mongolian, Galshar, Tes breeds, Darkhad, and 

Undurshil horses are shown in Tables 4-7 and Fig. 

2- 4.  

Table 4 shows the results of 17 microsatellite 

polymorphisms. A total of 259 horses were 

genotyped for 17 microsatellites and 225 alleles 

were detected. Among these 17 microsatellite 

markers, polymorphism of ASB17 marker was the 

highest and of HTG4 marker was the lowest in 

terms of the expected heterozygosity (He), 

observed heterozygosity (No), polymorphism 

information content (PIC) and number of alleles. 

In Mongolian horses, the average number of 

alleles in these 17 microsatellites was 13.24, Ne 

was 0.775, Ho was 0.723, PIC was 0.783, Fis was 

0.065 and Fst was 0.042. 
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Table 4. 

Results of 17 microsatellite polymorphisms identified in 259 horses of 5 horse breeds and lines 

 

Locus Allele number He Ho PIC Fis Fst 

VHL20 12 0.824 0.839 0.832 -0.017 0.024 

HTG4 8 0.587 0.547 0.593 0.067 0.019 

AHT4 14 0.812 0.744 0.820 0.083 0.070 

HMS7 16 0.715 0.714 0.721 0.001 0.163 

HTG6 14 0.696 0.666 0.703 0.042 0.028 

AHT5 11 0.736 0.701 0.744 0.048 0.092 

HMS6 8 0.796 0.779 0.804 0.022 0.019 

ASB23 16 0.817 0.779 0.825 0.047 0.021 

ASB2 12 0.808 0.714 0.817 0.117 0.026 

HTG10 15 0.836 0.766 0.845 0.084 0.055 

HTG7 13 0.743 0.743 0.751 0.000 0.018 

HMS3 14 0.814 0.677 0.823 0.169 0.030 

HMS2 13 0.765 0.816 0.772 -0.067 0.028 

ASB17 20 0.886 0.898 0.895 -0.013 0.020 

LEX3 13 0.84 1 0.451 0.853 0.464 0.022 

HMS1 12 0.720 0.703 0.726 0.022 0.023 

CA425 14 0.778 0.749 0.786 0.037 0.059 

Average  13.24 0.775 0.723 0.783 0.065 0.042 
 

He –expected heterozygosity, Ho -observedheterozygosity, PIC –polymorphism information content,  

Fis –inbreeding index, Fst – Fixation Index 

 

The comparison of Mongolian horse breeds and 

lines according to 17 microsatellite markers were 

shown at Table 5. 

According to the total microsatellite marker’s 

allele number, the Galshar breed had the highest 

number of alleles and the Darkhad line had the 

lowest number. The Galshar breed and Undurshil 

line had the highest average number of alleles (Na) 

and private alleles, while Darkhad line had the 

lowest. The expected and observedheterozygosity 

(He, Ho) and PIC –polymorphism information 

contenting the Galshar breed were higher 

compared to other breeds and lines, while in the 

Darkhad line was the lowest. 

 

Table 5.  

Comparison of Mongolian horse breeds and lines based on 17 microsatellite markers 

 

Breed, line NA Na Ne He Ho PIC 

Mongol 155 9.176 5.147 0.785 0.745 0.793 

Galshar 176 10.471 5.564 0.795 0.726 0.802 

Tes 152 9.000 4.973 0.770 0.687 0.778 

Darkhad 130 7.765 4.364 0.745 0.725 0.752 

Undurshil 163 9.588 5.315 0.780 0.731 0.788 

Average  9.200 5.072 0.723 0.775 0.783 

 

NA-total allele number, Na - average allele number, Ne -private allele, He - expectedheterozygosity,  

Ho - observedheterozygosity, PIC -polymorphism information content 
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The private alleles of microsatellite markers found 

in horse breeds and lines were represented in 

Table 6. A total of 80 private allelic genes were 

detected, and the most private alleles were 

detected in the Galshar breed. It was observed that 

all the studied horse breeds and lines have private 

alleles of markers such as VHL20, HTG6, ASB23, 

ASB17 and HMS1. 

The Nei's genetic distances between the studied 

horse breeds and lines are shown at Table 7. It was 

observed that the Galshar breed and the 

Undurshilline are the most distant from the 

Darkhad horse line. The genetic distance between 

the Mongolian and Tes breeds and between the 

Galshar breed and the Undurshil breed was the 

closest. 

 

Table 6. 

Private allelic genes in Mongolian horse breeds and lines 

 

№ Locus Mongol Darkhad Tes Galshar Undurshil 

1 VHL20 K R L S H 

2 AHT4  N, G M, Q D O, E 

3 HMS7  Q, J, K  I  

4 HTG6 K H, P R F, U, K L 

5 HMS6    Q R 

6 ASB23 Q L, I, O R F, N, G M 

7 ASB2 G C    

8 HTG10 T J, M  H E 

9 HTG7 T, Q P  I F, J 

10 HMS3 K S  L, H N 

11 HMS2   O, N M, J G, P 

12 ASB17 J V W, U T F, G 

13 LEX3 I J  G Q, R 

14 HMS1 L N I H R 

15 CA425   H Q, D F 

Total 11 19 11 21 18 

 

Table 7. 

Nei's genetic distances between breeds and lines 

 

Breed, line Mongol Darkhad Tes Galshar Undurshil 

Mongol ***     

Darkhad 0.155 ***    

Tes 0.078 0.137 ***   

Galshar 0.272 0.399 0.237 ***  

Undurshil 0.251 0.370 0.211 0.077 *** 

The results of principal coordinate analysis 

(PCoA) and cluster analysis of the distribution of 

different microsatellitegenotypes in Mongolian 

horse breeds and lines are presented in Figures 2 

and 3. 

It was observed that the genetic structure of 

Darkhad horse line is significantly different from 

other breeds and the genetic structure of the 

Galshar horse breed is similar to the Undurshil 

line. The Mongol breed is close to the Tes breed 

in terms of its genetic structure. 

According to the phylogenetic tree created by the 

Structure program the genetic structure of the 

Darkhad line and Tes breed was most distant 

compared to the horse of Mongol breed. The 

Galshar breed and the Undurshil line were 

phylogenetically relatively close to the horse of 

Mongol breed (Figure 4). 
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Figure 2. Results of coordinate analysis of Mongolian horse breeds and lines  

 

 
 

Figure 3. Results of cluster analysis of Mongolian horse breeds and lines 

 

 
 

Figure 4. Phylogenetic tree of five Mongolian horse breeds and lines. 
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Discussion 

The study on the distribution of coat color 

phenotypes in native Mongolian horse breeds and 

lines in accordance with their genotypes revealed 

that the widest distributed coat color is in the Tes 

horse breed bay and palomino, in Darkhad horse 

lines white color, in Galshar breedspotted 

colorand in Undurshil line bay and black color.  

The genetic structure of Mongolian horse breeds 

and lines was estimated due to polymorphism of 

17 microsatellite markers and it revealed the 

parameters of the genetic diversity in Mongolian 

horses were high (Na-9.2, Ne-5.07, He-0.78, Ho-

0.72, PIC-0.78). There are 225 alleles of 17 

microsatellite markers in Mongolian horses, and 

D allele [17] of AHT4 microsatellite marker, 

which was first detected in Tes horses, is also 

found in Galshar horses.These our study results 

compared with the results on 14 microsatellite 

markers (Na-8.73, He-0.773, Ho-0.757, PIC-

0.737) in a joint study with Korean scientists [18] 

were higher despite of observed heterozygosity. 

According to the expected heterozygosity (He) 

results of Mongolian horse breeds and lines, 

comparing with 6 breeds and lines of foreign 

countries, Mongol horse breed (0.785) are close to 

Iranian Kurdish (0.783) and Korean Jeju (0.782) 

horse breeds and Darhad line (0.745 ), Tes breed 

(0.77), Galshar breed (0.795) and Undurshil breed 

(0.78) horses have higher values than Russian 

Rusver (0.709), Korean local horses (0.734), 

Japanese Hokkaido (0.636) and English 

thoroughbred horses (0.674) [19]. 

The polymorphism information content (PIC) of 

the Mongolian horse breeds and lines studied was 

compared with six foreign breeds and lines. The 

results showed that Darkhad horses (0.752) had 

PIC values similar to the Iranian Kurdish (0.75) 

and Korean Jeju (0.749) horse breeds. In contrast, 

the Mongol breed (0.793), Tes breed (0.778), 

Galshar breed (0.802), and Undurshil horses 

(0.788) demonstrated higher PIC values than the 

Russian Rusver (0.669), Korean local horses 

(0.7), Japanese Hokkaido (0.518), and English 

Thoroughbreds (0.625) [19]. 

 

 

Conclusion 

The average heterozygosity of 6 coat color genes 

in Mongol, Galshar, Tes breeds and Darkhad and 

Undurshil lines was the highest in Undurshil and 

the lowest in Tes breeds. Heterozygosity index of 

the coat color gene was the highest in the Darkhad 

breed and the lowest in the Galshar breed. 

Genotyping of 17 microsatellite markers in 5 

Mongolian horse breeds and lines detect in total 

225 alleles and 80 private alleles. The variability 

of ASB17 marker was the highest and of HTG4 

marker was the lowest in terms of the expected 

heterozygosity (He), observed heterozygosity 

(No), polymorphism information content (PIC) 

and number of alleles. 

The distribution of various genotypes of 

microsatellite makers in Mongolian horse breeds 

and lines showed that the Darkhad line genetic 

structure is different from other horse breeds and 

lines and Galshar breed is genetically similar to 

Undurshil breed and Mongol horse breed is 

similar to Tes breed. 

When comparing the phylogenetic relationships 

of these 5 breeds and lines, the Galshar breed and 

the Undurshil line were relatively close to the 

Mongol breed, the Tes breed was relatively 

distant, and the Darkhad line was the most distant 

from the Mongol breed. 

All of the Mongolian breeds developed from 

Mongol breed by selection based on specific 

phenotypic features for the agricultural and the 

farming purpose. Main reason of this process is 

the landscape and the climate of Mongolia. The 

southern and the eastern parts of Mongolia are 

mainly Gobi Desert, but the northern and western 

parts consist of high mountains. Some special 

horse breeding processes were started in XX 

century and still going on. This may have an 

explanation of high similarity of some breeds and 

lines to each other. Results of this study could be 

useful for the equine breeders of the Mongolia in 

the future.  

 

Conflict of interests  

The authors declare no conflict of interests.  

 

Authors’ Contribution 

A.Ts. Performed laboratory and field 

experiments, data analysis, and prepared the 

original draft, B.O. head of the horse genetics 

research team; assisted with laboratory 

experiments and data analysis, Ts.Ts. conducted 

laboratory analysis,   
  



42 

 

Ariuntuul Tsendsuren et al. MJAS Vol 17 No.40 (2024) 

 

S.T. led the field research and coordination with 

local authorities; collected blood samples, 

conducted biometric analysis, and contributed to 

writing, review, and editing. All authors have read 

and approved the final manuscript. 

 

Acknowledgment 

We gratefully acknowledge the support of 

local authorities, livestock specialists, and 

herders from Bayantsagaan (Tuv), Galshar 

(Khentii), Tes and Zuungovi (Uvs), 

Renchinlkhumbe and Tsagaannuur 

(Khuvsgul), and Undurshil (Dundgovi) 

soums during the collection of horse genetic 

samples. Special thanks to the Institute of 

Biology, Mongolian Academy of Sciences for 

assistance with laboratory resources and 

financial support, which made this study 

possible. 
This work was conducted with the support of the 

Animal Breeding unit of Tsagaan-Uul Soum, 

Khuvsgul aimag. Special thanks are extended to 

herders B.Nasanbuyan, P.Elbegzaya, and 

O.Bathuu for their invaluable contributions and 

collaboration. 

 

References 

[1] G. Bjørnstad, N. Ø. Nilsen, and K. H. 

Røed, "Genetic relationship between 

Mongolian and Norwegian horses?" Anim. 

Genet., vol. 34, no. 1, pp. 55–58, Feb. 2003. 

https://doi.org/10.1046/j.1365-

2052.2003.00922.x 

[2] T. Tozaki et al., "Microsatellite variation 

in Japanese and Asian horses and their 

phylogenetic relationship using a European 

horse outgroup," J. Hered., vol. 94, no. 5, pp. 

374–380, 2003. 

https://doi.org/10.1093/jhered/esg079 

[3] J.-H. Seo, K.-D. Park, H.-K. Lee, and H.-

S. Kong, "Genetic diversity of Halla horses 

using microsatellite markers," J. Anim. Sci. 

Technol., vol. 58, no. 1, p. 40, Dec. 2016. 

https://doi.org/10.1186/s40781-016-0120-6 

[4] N. Berber et al., "Molecular 

characterization and differentiation of five 

horse breeds raised in Algeria using 

polymorphic microsatellite markers," J. Anim. 

Breed. Genet., vol. 131, no. 5, pp. 387–394, 

Oct. 2014. https://doi.org/10.1111/jbg.12092 

[5] A. Khanshour, R. Juras, R. Blackburn, and 

E. G. Cothran, "The legend of the Canadian 

horse: Genetic diversity and breed origin," J. 

Hered., vol. 106, no. 1, pp. 37–44, Jan. 2015. 

https://doi.org/10.1093/jhered/esu074 

[6] A. Criscione, V. Moltisanti, L. Chies, D. 

Marletta, and S. Bordonaro, "A genetic 

analysis of the Italian Salernitano horse," 

Animal, vol. 9, no. 10, pp. 1610–1616, 2015. 

https://doi.org/10.1017/S1751731115001019 

[7] W. E. Castle, "Coat color inheritance in 

horses and in other mammals," Genetics, vol. 

39, no. 1, pp. 35–44, Jan. 1954. 

https://doi.org/10.1093/genetics/39.1.35 

[8] P. Sponenberg, “Overview of the Genetic 

Control of Horse Color,” in Equine Color 

Genetics, 4th ed., Wiley-Blackwell, 2017, pp. 

131–135. 

https://doi.org/10.1002/9781119130628.ch5 

[9] S. Rieder, S. Taourit, D. Mariat, B. 

Langlois, and G. Guérin, "Mutations in the 

agouti (ASIP), the extension (MC1R), and the 

brown (TYRP1) loci and their association to 

coat color phenotypes in horses (Equus 

caballus)," Mamm. Genome, vol. 12, no. 6, pp. 

450–455, Jun. 2001. 

https://doi.org/10.1007/s003350020017 

[10] L. N. Jacobs, E. A. Staiger, J. D. Albright, 

and S. A. Brooks, "The MC1R and ASIP coat 

color loci may impact behavior in the horse," 

J. Hered., vol. 107, no. 3, pp. 214–219, May 

2016. https://doi.org/10.1093/jhered/esw007 

[11] A. Ludwig et al., "Twenty-five thousand 

years of fluctuating selection on leopard 

complex spotting and congenital night 

blindness in horses," Philos. Trans. R. Soc. B 

Biol. Sci., vol. 370, no. 1660, p. 20130386, 

Jan. 2015. 

https://doi.org/10.1098/rstb.2013.0386 

  

https://doi.org/10.1046/j.1365-2052.2003.00922.x
https://doi.org/10.1046/j.1365-2052.2003.00922.x
https://doi.org/10.1093/jhered/esg079
https://doi.org/10.1186/s40781-016-0120-6
https://doi.org/10.1111/jbg.12092
https://doi.org/10.1093/jhered/esu074
https://doi.org/10.1017/S1751731115001019
https://doi.org/10.1093/genetics/39.1.35
https://doi.org/10.1002/9781119130628.ch5
https://doi.org/10.1007/s003350020017
https://doi.org/10.1093/jhered/esw007
https://doi.org/10.1098/rstb.2013.0386


43 

 

Ariuntuul Tsendsuren et al. MJAS Vol 17 No.40 (2024) 

 

[12] K. Nozawa et al., "Population genetics of 

farm animals. Estimation of effective 

population size of the Kiso native horses," 

Native Livestock, no. 17, pp. 45–61, 1999. 

[13] E. Currie-Fraser, P. Shah, and S. True, 

"Data analysis using GeneMapper® v4.1: 

Comparing the newest generation of 

GeneMapper software to legacy Genescan® 

and Genotyper® software," J. Biomol. Tech. 

(JBT), vol. 21, no. 3 Suppl, p. S31, Sep. 2010. 

[14] P. E. Smouse, S. C. Banks, and R. 

Peakall, "Converting quadratic entropy to 

diversity: Both animals and alleles are 

diverse, but some are more diverse than 

others," PLOS ONE, vol. 12, no. 10, p. 

e0185499, Oct. 2017. 

https://doi.org/10.1371/journal.pone.0185499 

[15] J. Goudet, "FSTAT (Version 1.2): A 

computer program to calculate F-statistics," J. 

Hered., vol. 86, no. 6, pp. 485–486, Nov. 

1995. 

https://doi.org/10.1093/oxfordjournals.jhered

.a111627 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[16] J. K. Pritchard, M. Stephens, and P. 

Donnelly, "Inference of population structure 

using multilocus genotype data," Genetics, 

vol. 155, no. 2, pp. 945–959, Jun. 2000. 

https://doi.org/10.1093/genetics/155.2.945 

[17] V. N. Voronkova et al., "Assessment of 

genetic diversity and structure of Russian and 

Mongolian autochthonous horse breeds using 

nuclear and mitochondrial DNA markers," 

Russ. J. Genet., vol. 58, no. 8, pp. 927–943, 

Aug. 2022. 

https://doi.org/10.1134/S1022795422080105 

[18] J. An, K. Tseveen, B. Oyungerel, and H. 

S. Kong, "Analysis of genetic diversity and 

structure of Mongolian horse using 

microsatellite markers," J. Anim. Sci. 

Technol., vol. 64, no. 6, pp. 1226–1236, Nov. 

2022. https://doi.org/10.5187/jast.2022.e82 

[19] G. J. Cho, "Genetic relationship among 

the Korean native and alien horses estimated 

by microsatellite polymorphism," Asian-

Australas. J. Anim. Sci., vol. 19, no. 6, pp. 

784–788, Mar. 2006. 

https://doi.org/10.5713/ajas.2006.784 

https://doi.org/10.1371/journal.pone.0185499
https://doi.org/10.1093/oxfordjournals.jhered.a111627
https://doi.org/10.1093/oxfordjournals.jhered.a111627
https://doi.org/10.1093/genetics/155.2.945
https://doi.org/10.1134/S1022795422080105
https://doi.org/10.5187/jast.2022.e82
https://doi.org/10.5713/ajas.2006.784

