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Genetic characterization of Kushum horses in Kazakhstan
based on haplotypes of mtDNA and Y chromosome, and
genes associated with important traits of the horses
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The Kushum is a relatively new breed of horses in Kazakhstan that was established in
the middle of the 20th century through a cross between mares of Kazakhstan local horses
and stallions of Thoroughbred, Trotter, and Russian Don breeds to supply military
horses. To reveal the genetic characteristics of this breed, we investigated haplotypes of J. Equine Sci.
Vol. 31, No. 3
pp- 3543, 2020

mitochondrial DNA (mtDNA) and single-nucleotide polymorphisms of the Y chromosome,
as well as genotypes of five functional genes associated with coat color, body composition,
and locomotion traits. We detected 10 mtDNA haplotypes that fell into 8 of the 17 major
haplogroups of horse mtDNA, indicating a unique haplotype composition with high
genetic diversity. We also found two Y-chromosomal haplotypes in Kushum horses, which
likely originated from Trotter and/or Don breeds. The findings regarding the mtDNA and
Y-chromosomal haplotypes are concordant with the documented maternal and paternal
origins of the Kushum horses. The allele frequencies of ASIP, MCIR, and MATP associated
with coat color were consistent with the coat color variations of Kushum horses. The
allele frequencies of MSTN associated with endurance performance and those of DMRT3
associated with gait suggested that the observed allele frequencies of these genes were the
result of selective breeding for these traits. As a result of this study, we were able to obtain
useful information for a better understanding of the origin and breeding history of the
Kushum horse breed using molecular markers.
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Kazakhstan is one of the major countries that produce
horses and exports horse meat, and many people in Kazakh-
stan produce koumiss, a popular fermented liquor made
from horse milk. Horses are also commonly used for riding,
herding, and racing in this country. Therefore, many original
horse breeds have been established and raised in different


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

36 T. NGUYEN, R. PAUL, Y. OKUDA ET AL.

regions of Kazakhstan. The Kushum is one of the Kazakhstan
original horse breeds established in the Ural region of West
Kazakhstan (Fig. 1) between 1931 and 1976 through crosses
between mares of local horses and stallions of Thorough-
bred, Trotter, and Russian Don breeds [5]. The original goal
of the breeding of Kushum horses was to improve the body
size, endurance performance, and gait of the local horses
to match the military demand for war horses before World
War II. Then, the Kushum horses have mainly been used
for producing milk and meat, as well as for herding cattle
and sheep after World War II [5]. The total number of heads
of Kushum horse was 4,829 as of 1980 [5]. The average
withers heights of Kushum stallions and mares are 159 and
154 cm, respectively [5], and their coat colors are mainly
bay and chestnut and occasionally black. Kushum horses are
well adapted to herd maintenance in semi-desert pastures
of West Kazakhstan. However, the genetic characteristics
of this breed, such as the genetic diversity, phylogeny, and
allele frequencies of genes associated with important traits
of the horse, are not well understood.

Haplotypes of mitochondrial DNA (mtDNA) and
Y-chromosomal markers are commonly used for investi-
gating genetic diversity and phylogenetic relations among
breeds or populations of animals in maternal and paternal
lineages, respectively. Phylogenetic relationships among
horse populations as well as the origin and migration of
domestic horses have been extensively investigated using
mtDNA haplotypes inherited through maternal lineages [1,
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13]. Previous studies have indicated remarkable genetic
diversity in mtDNA haplotypes among global horse popu-
lations, suggesting multiple origins of maternal lineages
during horse domestication [22, 29]. Conversely, during
the breeding of domestic animals, a limited number of stal-
lions are used, and genetic introgression between breeds or
populations is mainly realized through paternal rather than
maternal lineages, since effective genetic introgression can
be achieved by introducing few stallions. Recently, Y-chro-
mosomal haplotypes have also been used for phylogenetic
analyses [6, 31, 32]. Particularly, Wallner et al. [31] identi-
fied various single-nucleotide polymorphisms (SNPs) of the
horse Y chromosome, and these SNPs have been utilized
for phylogenetic analysis of the paternal lineage [6, 9, 15].

In horses, coat color is a crucial phenotype that plays
an important role in the characterization of specific horse
breeds and correct animal identification. The basic coat
colors, namely bay, chestnut, and black, are determined by
the melanocortin 1 receptor (MCIR) and agouti-signaling
protein (ASIP) genes. Horses homozygous for MCIR and
ASIP mutations show chestnut and black coat colors,
respectively, whereas horses harboring the wildtype alleles
of both genes show a bay coat color [21, 25]. In addition
to these basic coat colors, cream dilution is caused by a
mutation of the solute carrier family 45 member 2 (MATP)
gene. A missense mutation of MATP results in a buckskin or
palomino coat color in heterozygous horses and a double-
dilute coat color in homozygous horses [20].
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A map of Kazakhstan indicating the sampling locations (Zhanibek and Kaztal) and the region where the Kushum horse was



GENETIC CHARACTERIZATION OF KAZAKHSTAN KUSHUM HORSES 37

Since horses are mainly used because of their physical
performance, breeds have been intensively selected for
physical performance-related traits such as locomotion traits.
Recently, the genes associated with physical performance
of horses have been identified via genome-wide association
studies (GWASs) [2, 7, 10, 26-28]. For example, a genetic
variant of the myostatin (MSTN) gene is associated with
the racing performance of horses [11, 27], and a nonsense
mutation of the doublesex and mab-3 related transcription
factor 3 (DMRT3) gene shows a major effect on locomo-
tion patterns of horses, including ambling [2]. Therefore,
selective breeding for these physical performance-related
traits might result in changes of the allele frequency of these
genes in the breeds.

The purpose of this study was to reveal the genetic
characteristics of Kushum horses. For this purpose, we
investigated the nucleotide sequences of the hypervariable
D-loop region of mtDNA and genotypes of Y-chromosomal
SNPs to clarify the phylogenetic relationships and genetic
diversity of the maternal and paternal lineages of Kushum
horses. We also investigated the genotype distributions and
allele frequencies of genes associated with coat color and
physical performance to understand the genetic composition
of Kushum horses related to these traits.

Materials and Methods

Sampling and DNA extraction

A total of 22 blood samples were collected from 7
male and 15 female Kushum horses in the Zhanibek and
Kaztal regions of West Kazakhstan (Fig. 1) as a part of
field research on native livestock in Central Asian coun-
tries conducted by the Society for Researchers on Native
Livestock from 2010 to 2019. These horses were selected
from local herds of Kushum horses to avoid the sampling
of horses sharing kinship. The blood samples were collected
from the jugular vein using vacuum tubes containing EDTA
in accordance with the ethics regulations of Zhangir Khan
West Kazakhstan Agrarian-Technical University. DNA was
extracted from whole blood cells according to the standard
phenol—chloroform extraction method.

mtDNA haplotype analysis

To determine mtDNA haplotypes, a DNA fragment
containing the D-loop region of mtDNA (15,494 to
15,740, 247 bp) was amplified by PCR using primers
[10], and the amplified fragments were directly sequenced
using the dideoxy method. PCR was performed in a 10
ul reaction volume containing 10 ng genomic DNA, 0.2
uM primers (5'-CTAGCTCCACCATCAACACC-3' and
5'-ATGGCCCTGAAGAAAGAACC-3"), 0.2 umol/l
dNTPs, 2 ul 5 x PCR buffer, and 1 U GoTaqg DNA

polymerase (Promega, Madison, WI, U.S.A.) under the
following conditions: initial denaturation at 95°C for 10
min; 35 cycles of denaturation at 94°C for 30 sec, annealing
at 60°C for 60 sec, and elongation at 72°C for 30 sec; and
then final extension at 72°C for 10 min. The parameters of
the mtDNA sequences, including haplotype number, haplo-
type diversity, and nucleotide diversity, were calculated
using DnaSP 5.10.1 [19]. The obtained sequence data were
aligned using ClustalW in MEGA 7.1 [17], and a dataset of
97 haplotypes of the D-loop region, including 10 Kushum
horse haplotypes and 87 haplotypes reported by Cieslak et
al. [3], was generated. A phylogenetic tree was constructed
using the neighbor-joining method in MEGA 7.1 with 1,000
random bootstrap replicates.

Y-chromosomal haplotype analysis

To analyze Y-chromosomal haplotypes, the genotypes
of four SNPs, namely rAX, rA, rW, and rD, in the male-
specific region of the Y chromosome were determined
via direct sequencing of DNA fragments amplified by
PCR [9, 31]. These four SNPs were selected from various
Y-chromosomal SNPs reported by Wallner et al. [31, 32]
and Filkel et al. [6] to classify the Y-chromosomal haplo-
types into five different groups. PCR was performed ina 10
ul reaction volume containing 10 ng genomic DNA, 0.3 uM
primers (rAX, 5'-CTCTGGCAAACAGTCTGTGA-3" and
5'-CACCTGGCTCCAAAGCTATC-3’; rA, 5'-GGCCTA-
AGTTGTTCGCAGAG-3' and 5-TGACTGGTGGTGTC-
CAGTGT-3'; tW, 5'-AAAGTGCATCCCAGAAGTGC-3'
and 5'-ACCCATCAACATACATACCACTT-3"; and 1D,
5'-GTCTACAGTAGGGAGGGTCC-3' and 5'-AGAAGAG-
CAGTGCCCATTGTG-3"), 1 umol/l dNTPs, 2 ul 5 x PCR
buffer, and 1 U of GoTaq polymerase (Promega, Madison,
WI, U.S.A.) under the following conditions: initial dena-
turation at 95°C at 3 min; 35 cycles of denaturation at 95°C
for 40 sec, annealing at 52—63°C for 60 sec, and elongation
at 72°C for 30 sec; and then final extension at 72°C for 10
min. The PCR products were directly sequenced using the
dideoxy method.

Genotyping of genes associated with coat color and
locomotion traits

For genotyping of functional genes associated with coat
color, body composition, and locomotion traits, genotypes of
ASIP and DMRT3 were determined via direct sequencing of
DNA fragments amplified by PCR using primers described
in Kakoi et al. [16] and Han e al. [8], respectively. MCIR,
MATP, and MSTN were genotyped by PCR-RFLP using
Taqla, Msel, and Rsal restriction enzymes and primers
described by Wagner and Reissmann [30], Kakoi et al. [16],
and Polasik et al. [23], respectively. PCR was performed in
a 10 ul reaction volume containing 10 ng genomic DNA,



38

0.2 uM primers, 0.25 ymol/l ANTPs, 2 ul 5x PCR buffer,
and 1 U GoTaq DNA polymerase (Promega, Madison, WI,
U.S.A.) under the following conditions: initial denaturation
at 95°C for 3 min; 35 cycles of denaturation at 94°C for
30-60 sec, annealing at 55—-65°C for 30—60 sec, and elon-
gation at 72°C for 30—40 sec; and then final extension at
72°C for 10 min. For PCR-RFLP, the PCR products were
digested with the restriction enzyme, and the digested frag-
ments were electrophoresed in an agarose gel. To confirm
the accuracy of the genotyping results of PCR-RFLP, the
amplified fragments from at least two samples for each
genotype of the genes were directly sequenced using the
dideoxy method.

Results

Variation in mitochondrial DNA haplotypes

In the present study, we determined mtDNA haplotypes
based on the 247-bp sequence of the D-loop region of
22 Kushum horses. As shown in Table 1, 10 haplotypes
(KT1-10) with 19 segregated sites were observed in these
horses. We excluded four strong mutational hotspots at
nucleotide positions 15585, 15597, 15604, and 15650 from
the mtDNA haplotype analysis, as described by Cieslak et
al. [3]. The obtained genotypic diversity, nucleotide diver-
sity, and average nucleotide difference were 0.922 + 0.034,
0.02365 + 0.00239, and 5.818, respectively.

We also constructed a phylogenetic tree with 97 horse
mtDNA haplotypes, including 10 Kushum horse haplotypes
and 87 haplotypes reported by Cieslak et al. [3], using the
neighbor-joining method (Fig. 2) to estimate the phylo-
genetic relationships of Kushum horse haplotypes with
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previously reported haplotypes. Among the 10 haplotypes,
7 haplotypes, namely KT1, 2, 3, 4, 7, 8, and 10, were the
same as previously reported haplotypes D2, A, B1, K3, K2b,
X2, and X3cl, respectively. These haplotypes are known
to be ancestral haplotypes that have survived in modern
breeds of horse and are widespread among various primi-
tive breeds of the Eurasian continent [3]. The remaining 3
haplotypes, namely KT5, 6, and 9, were not included in
the data set of the 87 previously reported haplotypes [3]
but were reported to be present in some primitive breeds or
native horse populations in the Eurasian continent [12, 18].
Based on the nucleotide sequences of the D-loop regions of
1,754 modern and 207 ancestral horses, Cieslak et al. [3]
classified the 87 observed horse mtDNA haplotypes into
17 haplogroups. The 10 haplotypes of the Kushum horses
fell into 8 (A, B, D, K, K3, X2, X3, and X7) of the 17
haplogroups, and the distribution of these haplogroups in
the Kushum horses was essentially similar to that in primi-
tive horse breeds in Central Asia, including the Akhal-Teke,
Caspian, and Vyatskaya [3].

Variation in Y-chromosomal haplotype

We investigated four SNPs (rAX, rW, rA, and rD) in the
male-specific euchromatic region of the Y chromosome in
seven male Kushum horses. As shown in Table 2, we could
classify the Y-chromosomal haplotypes into five groups by
the genotypes of these four SNPs [6, 31]. One group was
composed of haplotypes outside the crown group defined
by Wallner et al. [31] (we tentatively named this group
HGT1), which is mainly observed in Asian local breeds as
well as in northern European primitive breeds, including
Icelandic horses. The remaining four groups fell inside the

Table 1. Haplotypes of the mtDNA D-loop region observed in Kushum horses
(1111 1 11 11 1 1 1 1 1 1 1 1 1 1
5555 55 5 5 5 5 5 5 5 5 5 5 5 55 Haplotypes in
4 4 4 5 5 5 6 6 6 6 6 6 6 6 6 7 7T T 7 Iﬁ:gf‘fgﬁ:ﬁ NUmbers of Ciestak et al.
99 9 3 4 9 0 0 1 1 3 4 5 6 6 0 2 2 4 (2010)
4 5 6 4 2 8 2 3 6 7 5 9 9 6 7 3 0 6 0
T T A CCTT CTATTZ CATGATG G A X79547%
C . . KT-1 5 D2
C T . . A KT-2 2 A
C T C C .. A KT-3 3 Bl
C T . . G C A KT-4 2 K3
C . T . C C C A KT-5 1 -
C C T G cC A . . KT-6 1 -
R T . . C A A G KT-7 2 K2b
cC C G T T C G . A . KT-8 3 X2
C . T . G . . C A G KT-9 1 -
C T T T . . A C A KT-10 2 X3cl

aReference sequence. °The nucleotide sequences of haplotypes KT1-10 were deposited in the DDBJ, EMBL-Bank, and GenBank data-
bases under the following accession numbers: KT1, LC566570; KT2, LC566571; KT3, LC566572; KT4, LC566573; KT5, LC566574; KT6,
LC566575; KT7, LC566576; KT8, LC566577, LC566578; KT9, LC566579; KT10, LC566580.
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Fig. 2. Neighbor-joining-based phylogenetic tree constructed using the 247-bp sequence of mtDNA D-loop region (15494 to 15740)
of 97 haplotypes, including 10 Kushum horse haplotypes (indicated by red circles) and 87 haplotypes reported by Cieslak et al. [3].

Table 2. Haplotypes of the Y chromosome observed in Kushum horses

Y-chromosomal markers

Group of haplotypes e ™ W 5 Number of horses
HG1 T T G T 0
HG2 C A G T 5
HG3 C A G - 0
HG4 C T A T 2
HG5 C T G T 0
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crown group. We tentatively named these groups HG2,
HG3, HG4, and HGS5, which were composed of haplotypes
mainly observed in European and American warmblood
breeds, English Thoroughbreds and some of European and
American warmblood breeds, Arabian horse-influenced
breeds and draft breeds, and some other local breeds, such
as the Lipizzan, respectively. The genotyping results of the
four SNPs in Y-chromosome indicated that five of the seven
male Kushum horses possessed a haplotype that belonged
to HG2 and that the remaining two possessed a haplotype
that belonged to HG4 (Table 2).

Variation in genes associated with coat color and
locomotion traits

In the present study, we also investigated the genotypes
of genes associated with coat color (4SIP, MATP, and
MCIR) and locomotion traits (MSTN and DMRT3) of the
22 Kushum horses (Table 3). Regarding coat color-related
genes, the genotyping results indicated that all 22 horses
carried the wild-type C allele of MATP associated with a
normal coat color and no mutant C*" alleles associated with
a dilute coat color, suggesting that MATP is fixed or nearly
fixed for the C allele in the population of Kushum horses.
For ASIP and MCIR, both wild-type 4 and E alleles and
mutant @ and e alleles, respectively, were observed in the 22
horses, in which wildtype alleles were relatively abundant.

Regarding locomotion traits, both 7 and C alleles of
MSTN and C and 4 alleles of DMRT3 were observed in the
22 horses, and T allele of MSTN associated with high endur-
ance stamina and C allele of DMRT3 associated with normal
gait showed higher frequencies in these horses (Table 3).

Discussion

The present findings for the mtDNA haplotypes indicate
high genetic diversity and a unique genetic composition of
the maternal lineage of Kushum horses. The high genetic
diversity of Kushum horses suggested that the founders
of this breed were not from limited maternal lineages.
Since the Kushum breed was established by crossbreeding
between mares of Kazakhstan local horses and stallions of
exotic breeds, the mtDNA haplotypes of Kushum horses
must have originated from the population of local horses
in the early 20th century. Therefore, the high diversity of
mtDNA haplotypes in Kushum horses likely reflects the
high genetic diversity of the maternal lineage of the local
horse population in Central Asia.

Since Kushum horses have been established through
three-way crosses of mares of Kazakhstan local horses
with stallions of Thoroughbred, Trotter, and Don breeds, the
Y-chromosomal haplotypes of Kushum horses must have
originated from these exotic breeds. According to Wallner et
al. [31], most Thoroughbred horses possess a haplotype that
belongs to HG3, and Standardbred Trotter horses possess
a haplotype that belongs to HG2. While no information
about the Y-chromosomal haplotype is available for Don
horses, this breed is genetically influenced by Arabian
horses [4]. Therefore, the HG2 haplotype of Kushum horses
likely originated from the Trotter, and the HG4 haplotype
likely originated from the Don, whereas no evidence for
the contribution of Thoroughbreds to the Y chromosome of
Kushum horses was observed in the horses analyzed in this
study. However, another possibility is that both HG2 and
HG#4 originated from the Don, because the Don breed is
also known to have been influenced by the Akhal-Teke [4],
which mainly possesses haplotypes belong to HG2 [31], and

Table 3. Genotype distributions and allele frequencies of genes associated with coat color and locomotion traits

2 values for

Genes Genotype distributions Alleles frequencies HWE test

AA Aa aa A a

ASIP 1.9
12 10 0 0.77 0.23
cc cccr ccer c cer

MATP NA
22 0 0 1 0
EE Ee ee E e

MCIR 0.88
10 11 1 0.70 0.30
T 7C ccC T C

MSTN 0.22
18 4 0 0.91 0.09
cc C4 AA C A

DMRT3 114
17 4 1 0.86 0.14

HWE test, Hardy—Weinberg equilibrium test. NA, Not applicable.
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Don stallions were used as terminal sires in the three-way
cross [5], which dominantly contributed to the introgression
of the Y chromosome to offspring.

The coat colors estimated from the genotypes of ASIP,
MATP, and MCIR genes were concordant with the observed
coat colors, with a few exceptions that might have been
caused by misjudgment of coat color upon observation. The
allele frequencies of coat color-related genes were essen-
tially consistent with the coat color variation of the Kushum
horses, namely mainly bay and chestnut and occasionally
black [5]. During field research in Kazakhstan, we have
observed various coat colors, including buckskin and palo-
mino, in the local native horse herds. Since Kushum horses
originated from the Kazakhstan local horses, our findings of
the absence of the C“" allele of MATP may suggest that the
coat colors of Kushum horses have been selected to exclude
colors other than the basic coat colors, bay, chestnut, and
black, during selective breeding.

The horses with the 77T genotype in MSTN gene were
reported to show high endurance stamina in long-distance
races, while those with the CC genotype were reported to
show high speeds in short-distance races [11]. Since the
initial goal of breeding of Kushum horses was mainly
for military use, endurance for long-distance locomotion
might have been essential for this breed. While the T allele
is the major allele in many horse breeds, the relatively high
frequency of the T allele of MSTN is concordant with such
a demand for the Kushum horses.

Horses homozygous for the nonsense mutation (4 allele)
of DMRT3 can perform ambling gaits, which are charac-
terized by symmetrical lateral movements of the footfall
pattern [2, 24]. We found the presence of 4 allele in Kushum
horses in the present study, while frequency are lower than
C allele. Since the frequencies of 4 alleles in most horse
breeds are generally very low, except in those with the ability
to perform an ambling gait [24], the observed frequency of
A allele (0.14) in Kushum horse is relatively high. While
we have no information on the ability of Kushum horses to
perform an ambling gait, one of the initial purposes of the
cross with the Trotter during breeding was to improve the
gait of Kushum horses [5]. Therefore, the relatively high
frequency of the 4 allele might be the result of the introgres-
sion of this allele from Trotter stallions, which are known to
perform an ambling gait and show a high frequency of the
A allele [14, 24]. Moreover, gaited horses may have been
selected at the early stages of breeding to improve their
locomotion traits as military horses, although such a selec-
tion may have no longer been performed in later stages of
breeding, since these horses were mainly used for milk and
meat production subsequently. Thus, the observed frequency
ofthe A4 allele of DMRT3 might be a trace of such a breeding
history.

The breeding of Kushum horses started in 1931, just
before World War II, in a major horse-producing region
of the former Soviet Union, Kazakhstan. At that time,
producing numerous military horses with high endurance
performance, good locomotion traits, and strong adapt-
ability to cold climates might have been required to prepare
for a possible war on the European continent. Presumably,
to meet such military demands, Kushum horses were bred
through systematic breeding programs using mares of local
horses and stallions of exotic breeds under strong selection
pressure for the traits desired in military horses. The allele
frequencies of genes associated with locomotion traits
observed in the present study might reflect these historical
situations. Furthermore, the observed compositions of
mtDNA and Y-chromosomal haplotypes are concordant
with the documented maternal and paternal origins of this
breed. The results of the present study demonstrate that we
can obtain useful information for better understanding the
origin and breeding history of horse breeds using molecular
markers.
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