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Abstract. The relevance of this study lies in the necessity to preserve and selectively improve the
indigenous Kyrgyz horse - a rare and unique breed group adapted to the extreme conditions of high-
mountain environments. The genetic characteristics of this population have previously been studied to
a very limited extent, which hinders effective management of its gene pool. The purpose of this study was
to determine the intrapopulation genetic structure of Kyrgyz horses from the north-eastern region of
the Kyrgyz Republic using single nucleotide polymorphisms (SNPs) and morphological traits. To achieve
this, SNP genotyping was carried out using the Equine80k array (Illumina), alongside morphometric
assessment of exterior traits, cluster and correlation analyses (UPGMA, PCoA, Dice, Mantel tests), and
binary coding of phenotypic data. According to SNP analysis, the population was divided into two genetic
clusters: the first comprised 22 horses with a genetically homogeneous structure, while the second included
3 individuals (KIR8, KIR18, KIR20) displaying higher genetic distance. Based on morphological traits,
two clusters were also identified: the first group consisted predominantly of dark-coated horses (92%)
with body measurements below average breed standards (up to 136 cm at the withers in 83% of cases);
the second group comprised light-coloured horses (chestnut, grey, buckskin - 83%) with more developed
conformation features (height at withers >136 cm, chest girth >158 cm - 92%, cannon bone girth >18
cm - 100%). However, results of the variation analysis and Mantel test (r =-0.07396; p = 0.0499) indicated
no statistically significant correlation between morphological traits and SNP data, suggesting that traditional
exterior features are independent of the molecular markers used. The practical significance of this study lies
in establishing a foundation for future selective breeding and DNA-based certification of Kyrgyz horses, and
in the development of scientifically grounded programmes for conserving native populations under mountain
livestock systems
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Introduction

The development of highland animal husbandry is
impossible without sustainable, ecologically adapted
breeds capable of ensuring productivity in extreme cli-
matic conditions. In the Kyrgyz Republic, where more
than 75% of the territory is occupied by mountains, the
indigenous Kyrgyz horse is a strategically important
genetic resource. This population was formed under
the influence of natural selection, herd maintenance,
and folk breeding. However, in recent decades, the in-
creased introduction of improved breeds, spontaneous
interbreeding, and the weakening of breeding control
pose a threat of genetic erosion. Under these conditions,
the importance of molecular genetic approaches is par-
ticularly increasing, which help to objectively assess the
intrapopulation structure, identify unique lineages, and
lay the foundation for the targeted conservation and re-
production of the indigenous gene pool.

In the Republic of Kyrgyzstan, horses of their own
selection, well adapted to local natural and climat-
ic conditions, are traditionally bred. The direction of
horse breeding in the republic is mainly productive,
with a herd-based method of maintenance. To a less-
er extent — sports, working horses, and horse breeding.
Horse breeding is aimed at meeting the needs of farm-
ers in draft power and horseback riding, the production
of horse meat and koumiss, and equestrian games. The
main body of horse stock consists of the local Kyrgyz
improved horse, its crossbreeds, the Novokyrgyz breed
and a small group of indigenous Kyrgyz horses. Accord-
ing to S.D. Omurzakov (2011) there are 6 main breeds
of horses bred in the republic: Novokyrgyz, which oc-
cupies 55% of the total population (195-200 thousand
units); the second largest - local Kyrgyz improved -
40% (150-200 thousand units); then trotting horses -
3-4% (10-12 thousand units); representatives of the
Don breed - 1-1.5% (3-3.5 thousand units); English
thoroughbred horse breed - 0.5-1% (1 thousand units)
and crossbreeds of different breeds - 1%.

Since the early 2020s, several significant studies
have been conducted to assess the genetic diversity of
traditional horse breeds using high-density SNP chips.
The study by A. Pozharskiy et al. (2023) conducted the
first GWAS (Genome-Wide Association Studies) analy-
sis and SNP typing of indigenous Kazakh horses, iden-
tifying 60 significant polymorphisms associated with
body size and weight, which highlights the high breed-
ing value of such populations. The researchers noted a
weak intra-breed structure, which was also observed in
the populations of Kyrgyz horses, despite pronounced
external differences.

Similar work was also carried out in the neighbour-
ing regions of Central Asia. Thus, D. Kabylbekova et
al. (2023) performed a molecular genetic evaluation of
Kazakh horses of the Zhab and Adai types using SNP
analyses of the LCORL and PRKAG3 loci associated with
meat productivity. The researchers revealed a high

o

level of homozygosity in the studied groups and limited
polymorphism, especially in horses from the Zhetysu
and Mangystau regions. Despite this, it has been found
that certain genotypes correlate with muscle develop-
ment, chest volume, and growth rate, which confirms
the possibility of using these SNP markers as tools for
the genetic assessment of productive qualities in tradi-
tional horse breeding. However, the internal structure
and degree of divergence between regional groups have
not been sufficiently disclosed, which underscores the
need for broader genomic research involving high-den-
sity SNP chips.

Reproductive traits play an important role in the de-
velopment of effective breeding programmes. The study
by M.D. Gomez et al. (2020), based on an analysis of more
than 696,000 pedigree records of eight Spanish horse
populations, has shown that the age of the first foaling,
the intervals between foaling, and the duration of repro-
ductive life have a moderate to high heritability (up to
0.42 in mares and 0.28 in stallions). Particularly high val-
ues were recorded for sports breeds. The data obtained
confirmed the importance of including these traits in
genetic selection models, which is also relevant for tradi-
tional breeds in need of sustainable breeding strategies.

The role of the mutation in the DMRT3 gene, also
known as the Gait Keeper mutation, was examined
in detail in the study by T. Kristjansson et al. (2014),
where it was found to be directly related to the quality
and types of gaits in Icelandic horses. The AA genotype
enhanced lateral gaits, while carriers of the CA geno-
type showed better performance in diagonal gaits (trot,
gallop). These data highlight the influence of individual
genes on movement coordination and exterior charac-
teristics, but it should be emphasised that systematic
studies of similar mutations in Central Asian indige-
nous breeds are still insufficient.

E.T. Todd et al. (2020) identified potential lethal
haplotypes in the breed of purebred riding horses, fo-
cusing on the consequences of inbreeding and breeding
without considering the genetic stability of populations.
It was found that mutations in the LY49B gene are as-
sociated with foetal mortality, despite the high frequen-
cy of heterozygotes. This highlights the importance of
including genetic monitoring in breeding programmes,
especially when working with confined or native popu-
lations where latent lethal alleles can negatively affect
abundance and reproduction.

Thus, the current scientific situation requires an
integrated approach to the study of the gene pool of
the Kyrgyz aboriginal horse using modern molecular
genetic methods and parallel analysis of exterior fea-
tures. The purpose of this study was to identify the in-
trapopulation genetic structure of Kyrgyz horses in the
north-eastern region based on high-density SNP typing
using an Equine80k microchip, and to analyse the mor-
phometric characteristics of individuals.
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Materials and Methods

Location and dates of research. The field stage of sam-
pling and morphometric measurements was conducted
in June 2024 at the Laboratory of Animal Genetics of
the National Academy of Sciences of the Kyrgyz Repub-
lic (Bishkek) with a trip to the mountainous upper val-
ley of the Tonsky district of the IssykKul region. Labo-
ratory processing and data analysis were performed in
the period from July to October 2024.

Objects of research and ethics. The study involved
25 animals of indigenous Kyrgyz horse breeds from pri-
vate farms in the villages of Temir-Kanat (6 units), Kok-
Sai (5), Zher-Uy (4), Tuura-Suu (5), and Toguz-Bulak
(5). The animals were identified using a unique mark-
ing code with the prefix KIR (Kyrgyz breed). All proce-
dures complied with the European Convention for the
Protection of Vertebral Animals Used for Scientific Pur-
poses (ETS No. 123, 1986) and the recommendations of
the World Organisation for Animal Health (OIE) (2021)
on bioethics. Biomaterial sampling was carried out
painlessly, without sedation, and did not cause stress
in the animals.

Sampling and morphometry. For genetic analy-
sis, hair follicles were selected by DNA genotyping: at
least 20 hairs with roots from the withers, manually.
The samples were stored in paper envelopes at a tem-
perature of +4°C until DNA isolation. The selection was
carried out according to the requirements of ISAG (In-
ternational Society for Animal Genetics, 2017). Exter-
nal measurements in horses were carried out before
sampling according to generally accepted zootechnical
standards using measuring tape and compasses. The
main external indicators included height at the withers
(1), oblique body length (2), chest circumference (3),
and metacarpal circumference (4) (Fig. 1).

Figure 1. Main indicators of the exterior
Source: created by the authors

SNP genotyping. It was performed using a set of
Equine 80k HTS biochips and reagents manufactured
by Illumina Inc. (USA) using the iScan genetic system
for 145 SNP markers recommended by the Internation-
al Society of Animal Genetics (ISAG) and approved by

the Eurasian Economic Commission, Collegium (2020)
(Isakova et al., 2018; 2021).

Data processing and analysis. The allelic data
obtained during SNP genotyping, and the external mor-
phological features of Kyrgyz horses, were encoded in
binary form: the value “1” corresponded to the pres-
ence or severity of the trait, and “0” - to its absence.
This encoding method allowed unifying heterogeneous
data for statistical and cluster analyses. The following
methods were used to identify the population structure
and assess the degree of correspondence between mo-
lecular and phenotypic traits:

@ the UPGMA (Unweighted Pair Group Method
with Arithmetic Mean) method, implemented through
the SAHN algorithm, was used to build dendrograms
and identify clusters based on the level of genetic sim-
ilarity between individuals. The method is widely used
in population genetics due to its simplicity of interpre-
tation and visual visualisation of groupings;

@ the Dice coefficient (Dice, 1945) was used to
calculate the degree of similarity of binary matrices,
which is especially important when comparing data of
different origins (morphological and genetic). It allows
objectively assessing the overlap of features between
two objects;

@ principal Coordinates Analysis (PCoA) was ap-
plied to visualise the intrapopulation structure based
on the distance matrix. This method helped to reflect
the genetic differences between individuals in the form
of a two- or three-dimensional scheme, which is conve-
nient for subsequent interpretative analysis;

@ the Mantel test (1967) was used to determine
the degree of statistical dependence between two dis-
tance matrices based on morphological and SNP data.
This helped to determine whether there is a correlation
between phenotypic and genetic diversity in the study
population.

All data processing and mathematical calculations
were performed in the NTSYSpc software, version 2.2
(Rohlf, 1998). To assess the reliability of the obtained
clusters, bootstrap analysis with 1,000 repeated sam-
ples was used, implemented in the FreeTree software
suite (Pavlicek et al, 1999). Visualisation of dendro-
grams was performed using the TreeView programme
(Page, 1996).

Results and Discussion

The study analysed the population of indigenous Kyr-
gyz horses, distributed mainly in the mountainous re-
gions of Naryn, Issyk-Kul, and Osh regions. The popu-
lation is estimated at about 50 thousand animal units.
Comprehensive studies of phenotypic and genotypic
characteristics conducted by scientists of the National
Academy of Sciences of the Kyrgyz Republic have al-
lowed identifying the Kyrgyz horse as a separate breed
group. This paper presents the results of the phenotyp-
ic and molecular analysis of this population.

i
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DNA polymorphism is so great that any two organ-
isms, no matter what kind, reproducing sexually, will al-
ways carry differences in their DNA, which can be iden-
tified in one way or another. Analysing a large number
of SNPs at once allows determining a population fea-
ture and provides more valuable information, including
the genealogy of individuals and their traits that may
be useful in breeding. To identify potential SNPs related

to colour and exterior characteristics, horses were sam-
pled and grouped according to the main morphological
characteristics - colour, height at the withers, oblique
body length, chest circumference, and pastern circum-
ference. According to these indicators, the horses were
divided into several groups, as shown in Table 1. This
distribution allowed identifying variability within the
population in key external characteristics.

Table 1. Grouping by morphological characteristics of the horse phenotype

No.

Morphological indicators

Groups

Number of animals

Coat (5 groups)

chestnut

10

black

grey

red

liver-chestnut

Height at the withers (4 groups)

up to 135cm

from 135 to 136cm

from 136 to 139cm

over 139cm

(&) B S S S e R IR~

Oblique body length (3 groups)

up to 142cm

—_
=

from 142 to 145cm

over 145cm

Chest circumference (3 groups)

up to 158cm

from 158 to 165cm

over 165cm

Metacarpal girth (3 groups)

up to17.5cm

|00 | 00|O| N |

18cm

18.5cm

Source: compiled by the authors

An analysis of the data in Table 1 shows that with-
in the studied population of Kyrgyz horses there is sig-
nificant variability in key morphological features. By
colour, the most numerous group is the chestnut (10
units), followed by the grey (7) and black (4) coats,
which reflects the diversity of coat colour in the popu-
lation. The distribution of height at the withers, oblique
body length, chest circumference, and metacarpal cir-
cumference also demonstrates heterogeneity: the num-
ber of individuals is almost evenly distributed among
the selected groups, indicating the presence of diversity
in exterior parameters. This indicates the preservation
of phenotypic diversity within the population, which
is an important factor for maintaining its adaptive and
breeding qualities. Thus, grouping by morphological
features helped to identify several morphological sub-
groups within the population, which was used to com-
pare with genetic data and identify potential SNPs asso-
ciated with external characteristics.

Genotyping and analysis of the genetic struc-
ture. A two-level cluster analysis, biplot analysis, was
used to visually display information about both samples
and variables of the Kyrgyz horse data matrix (Fig. 2).

0.65

KIR14
.

Cluster I

0.34 e | JIR19

0.02 s s -

PC2 shown 12% of summary of variables
.

-0.61 T T T T T
-0.61 -0.42 -0.22 -0.03 0.16 0.36 0.55

PC1 shown 13% of summary of variables

Figure 2. Biplot (principle of main coordinates)
Source: compiled by the authors
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The figure shows a biplot based on SNP data,
which displays the distribution of 25 Kyrgyz horses in
a two-dimensional space defined by two main coordi-
nates (PC1 and PC2). The first main coordinate (PC1)
explains 13% of the variation, and the second (PC2)
explains 12% of the variation in the overall variabili-
ty of the features. The analysis showed the division of
the studied population into two main clusters: Cluster
1 and Cluster 2. The Cluster 1 contains 22 individuals
united by close genetic similarity, and the Cluster 2 in-
cludes 3 animals that differ from the main group.

This separation may be conditioned by differences
in the allelic frequencies of SNP markers, reflecting the
genetic structure and variability within the population.
The division into two clusters indicates the presence
of genetic differentiation, which may occur due to ge-
ographical isolation, breeding processes, or historical
genetic differences between subgroups of horses. The
reasons for the differences between clusters can be
both phenotypic features (for example, colour or ex-
terior parameters) and genetic variations due to he-
reditary factors. Given that PC1 and PC2 together ac-
count for about 25% of the total variation, most of the
genetic diversity remains outside the two-dimensional
representation, which is typical for complex biological
systems with many features.

This division is important for understanding the
intrapopulation structure and can be used for further
analysis of associations between genotype and pheno-
type, and for optimising breeding work and preserving
the genetic diversity of Kyrgyz horses. To visualise the
genetic differentiation of the studied horses based on
SNP marker data, a cluster tree was constructed us-
ing the UPGMA (Unweighted Pair Group Method with
Arithmetic Mean) method based on the standard Nei
distance. The reliability of clustering was assessed us-
ing bootstrap analysis. The results are shown in Fig-
ure 3. The dendrogram (Fig. 3) shows that the studied
population of Kyrgyz horses was divided into two main
clusters. The numbers indicated between the branch-
es are bootstrap values reflecting the reliability of the
established clusters. The higher this value, the more
stable the cluster is when generating samples multi-
ple times using the Monte Carlo method. The analysis
shows that most individuals form stable and genet-
ically homogeneous subgroups, which indicates the
presence of a certain intrapopulation structure. This
is especially evident in the cluster combining samples
KIR17, KIR22, KIR4, KIR6, and KIR24, which has high
bootstrap values (94 and 72), which indicates a high
reliability of their genetic proximity. The first main
group is of interest, in which the KIR8, KIR18, and
KIR20 samples form a separate branch. Despite the
relatively low bootstrap scores (maximum 31), their
association into one cluster may indicate the pres-
ence of a common genetic feature that distinguishes
them from other groups. To compare the results of the

genetic analysis with the external features, clustering
based on morphometric data was performed, based on
the Nei and Li/Dice similarity coefficient. The reliabil-
ity of clustering was also assessed by bootstrap analy-
sis. The results are shown in Figure 4.

Figure 3. UPGMA of the standard Nei distance
according to SNP markers
Source: created by the authors

Figure 4. The dendrogram is constructed according to
morphological features, the coefficient of Nei and Li/Dice
Source: created by the authors

@
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According to the results of cluster analysis (Fig. 4),
a group of Kyrgyz horses in the amount of 25 units was
divided into two main clusters. The numbers located be-
tween the branches reflect bootstrap values indicating
the degree of reliability of combining individuals into
the corresponding subgroups. The Cluster 1 includes
12 animals with similarities in a number of morpho-
logical features. The majority of animals in this group
have dark coats (chestnut and black colours) -92% (11
animals). According to the main measurements of the
exterior: height at the withers up to 136 cm was ob-
served in 83% (10 animals), oblique body length up to
145 cm - in 83% (10 animals), chest circumference up
to 165 cm - in 92% (11 animals), and metacarpal cir-
cumference up to 18 cm - in 75% (9 animals). Thus, the
first cluster unites individuals with a relatively compact
physique while maintaining breed standards, as well as
predominantly dark colour.

The Cluster 2 includes the remaining 13 animals,
which are characterised by opposite characteristics.
83% of the animals (10 animals) have a predominant
light colour (red, grey, liver-chestnut). Morphometric
data also show differences: height at the withers ex-
ceeds 136 cm, oblique body length exceeds 145 cm,
chest circumference exceeds 165 cm - these signs are
characteristic of 92% (11 animals); metacarpal circum-
ference of more than 18 cm is observed in all 12 horses

in the second cluster (100%). These data indicate that
the second cluster contains animals with a more mas-
sive and elongated physique, exceeding the standard
breed indicators, and a light colour.

The marked differentiation of morphological fea-
tures (Fig. 3 and 4) may indicate the presence of in-
breed variability due to both genetic and breeding-cli-
matic factors. The performed grouping of animals by
phenotypic characteristics (Table 1) and subsequent
cluster analysis based on morphological characteristics
using the Nei and Li/Dice coefficients (Fig. 4) revealed
two distinct clusters within the population of Kyrgyz
horses under study.

The first cluster unites animals with predominant-
ly dark hair colour and smaller exterior measurements,
while the second cluster is characterised by a predom-
inance of light colours and larger body measurements.
Thus, visualisation based on morphological features
demonstrated the degree of proximity of individual in-
dividuals grouped by appearance and colour within the
population, and also allowed tracing stable differences
within the breed. Additionally, to confirm and detail the
results obtained, a grouping by morphological features
based on SNP datawas performed (Table 2). The obtained
genotypic data correspond to the identified morphologi-
cal clusters and confirm the existence of two stable phe-
notypic subgroups in the population of Kyrgyz horses.

Table 2. Grouping by morphological features based on SNP data

Groups Source of the variation Degrees of freedom Components of variation Variation (%)
AS | ith Between populations 24 Va=42.27006 100.00 ***
(A) Samples without Within the population 27 Vb =0.00000 0.00 **
grouping
Total 51 42.27006
(B) Data grouped by Between collection points 4 Va=4.67276 11.03NS
the place where it was Within the population 45 Vb =37.70185 88.97 NS
collected Total 49 42.37461
Between groups 4 Va=-0.68679 -1.66%**
(C) Samples were grouped | Between groups within a population 20 Vb=42.08095 101.66***
by coat Within the population 91 Ve=0 ONS
Total 115 41.39416
Between groups 2 Va=0.16994 0.40NS
(D) Samples grouped  "getyeen populations within a group 22 Vb= 4214168 99.60 NS
according to the oblique Within th ot > Vo- "
length of the trunk ithin the population 5 c=0 0
Total 49 42.31161
Between groups 2 Va=0.40752 0.96 NS
(E) Samples grouped by | Between populations within a group 22 Vb= 41.97412 99.04 NS
chest circumference Within the population 25 V=0 0~
Total 49 42.38164
Between groups 2 Va= 019344 0.46 NS
(F) Samples grouped " gey\yeen populations within a group 22 Vb= 4213287 99.54NS
according to the pastern — - — "
circumference Within the population 25 Ve=0 0
Total 49

Note: (A) samples without grouping; (B) grouping by collection location; (C) grouping by coat; (D) grouping by oblique body length;
(E) grouping by chest circumference; (F) grouping by metacarpal circumference; NS —no significant difference; *p-value >0.5; ** p-value >0.1;

*** p-value >0.01
Source: created by the authors

—en
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Table 2 is a comparative analysis of the contribu-
tion of morphological groupings to the overall genetic
variance by SNP markers. Option (A), where the anal-
ysis was performed without preliminary grouping,
shows the maximum possible level of genetic variation
between populations (100%), which indicates the pres-
ence of pronounced differences in the studied materi-
al in the absence of a priori classifications. However,
already at the first level of grouping - at the sampling
site (Option B) - the proportion of intergroup variation
sharply decreases to 11.03% and turns out to be sta-
tistically non-significant (NS), which indicates the ab-
sence of a significant spatial structure of the population
at the level of SNP profiles.

The most interesting results are observed when
grouped by phenotypic traits. In the case of the colour
of the suit (Variant B), a negative value of variation be-
tween the groups is found (Va=-0.68679), which may
indicate the artificiality or conventionality of this divi-
sion and its inconsistency with the genetic structure.
The intragroup variation is more than 100%, which
also confirms the lack of genetic validity of the age dif-
ferences. Similar results were obtained in the analysis
of external indicators: oblique body length (D), chest
circumference (E), and metacarpal circumference (F),
where the contribution of intergroup variation ranges
from 0.40-0.96% and is not statistically significant.

Thus, none of the analysed morphological features
explains a significant part of the molecular variation.
This indicates that the studied SNP markers are not di-
rectly associated with the selected morphological char-
acteristics or exterior parameters. This result is typical
for markers located outside the coding regions or not
involved in the regulation of traits that are subject to
polygenic heredity and strong environmental influenc-
es. Additionally, the Mantel test, comparing the matri-
ces of genetic and morphological distances, showed a
low and negative degree of correlation (r = -0.07396,
p = 0.0499), which confirms the lack of congruence be-
tween the morphological and molecular genetic struc-
ture. This may be due to both the complex nature of
phenotypic traits and the limited number of markers
used in the analysis. In general, the data obtained in-
dicate the need for an integrated approach to assess-
ing the inbreed structure, including expanding the set
of SNP markers, in-depth morphometric analysis, and
consideration of environmental and breeding factors
when interpreting the results.

A comparable study was conducted by J. Yun et
al. (2022), where the genetic structure of Mongolian
horses from four geographically isolated regions was
analysed using 14 microsatellite markers. The re-
searchers revealed a high level of polymorphism and
significant interpopulation differentiation, especially
between the southern and northern groups. The use of
PCoA and FCA helped to visualise a clear genetic sepa-
ration, and cluster analysis confirmed the existence of

two main genetic clusters. These results correlate with
the data of the present study, which also shows struc-
tural heterogeneity within traditional populations, de-
spite morphological proximity. The study demonstrates
that in the absence of phenotypic differences, molecu-
lar markers can reveal a hidden population structure
caused by spatial isolation and genetic drift.

A similar approach was implemented in the study
of traditional Kazakh horses (Genetic structure and ge-
nome-wide..., n.d.), where, based on PCA, ADMIXTURE
data and distance analysis, it was shown that intrapo-
pulation differences between regional groups do not
reach statistical significance. The genetic homogene-
ity helped to consider the studied animals as a single
breed, which contrasts with the results obtained in the
analysis of Kyrgyz horses, where pronounced structur-
ing and the presence of several genetic clusters were es-
tablished. Additionally, a GWAS analysis was performed
in the Kazakh study, which helped to identify markers
associated with the development of bone and nervous
systems, whereas in the Kyrgyz sample, the main focus
was on population structure and morphometry. Thus,
in both cases, the high breeding value of Central Asian
horses was confirmed, but the differences revealed em-
phasise the influence of local breeding practices on the
development of a genetic profile.

An additional perspective was provided by ]. Metz-
ger etal. (2014), based on genome-wide sequencing of
both purebred and mixed-breed horses. The research-
ers identified more than 10 million SNPs and over a
million indels, of which a significant part had not been
previously described. It was found that mixed-breed
animals were dominated by unique mutations asso-
ciated with metabolic and morphogenetic processes,
whereas purebred animals were dominated by muscle
activity and neurodevelopment. Although the current
study also used high-density SNP analysis, the focus
was on inbreed structure rather than differences be-
tween types of ancestry. Nevertheless, both approach-
es demonstrate the value of large-scale genotyping for
identifying signs of selective breeding and studying
adaptations.

V. Rossokha et al. (2022) evaluated the informa-
tive value of individual SNPs and polymorphisms of the
LY49B, EDNRB, and CSN3 genes in three horse breeds
using PCR-RFLP. The researchers found the presence of
a lethal LWFS mutation in the Ukrainian horse breed
and showed that the analysis of individual genes can
serve as a diagnostic tool in breeding. In contrast to
the focused methodology used in research, the current
study was based on the analysis of thousands of mark-
ers within the Equine80k platform, which revealed a
more complete picture of intra-breed differentiation.
Thus, mass SNP genotyping demonstrated a higher res-
olution than targeted study of individual loci.

Another example of an applied molecular approach
is presented in the paper by M.A. Ayala-Valdovinos et

@
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al. (2016), where mutagen-specific PCR (MS-PCR) was
developed for genotyping a mutation in the EDNRB
gene associated with lethal white foal syndrome. The
proposed method helped to quickly and accurately
identify carriers, replacing more time-consuming diag-
nostic methods. Despite the fact that the research had
a narrow applied focus, it emphasised the importance
of integrating genetic tests into the breeding system. In
contrast, the Kyrgyz study focused on population struc-
ture and a comprehensive analysis of morphometric
and genetic traits, which demonstrates a broader as-
sessment of the genetic potential of the population.

A study of eight native Japanese horse breeds and
Japanese thoroughbred mounts using SNP genotyping
by T. Tozaki et al. (2019) revealed relatively low genetic
diversity in most local breeds, except Hokkaido. Cluster
and phylogenetic analyses have shown that the genetic
relationships between the breeds generally correspond
to their geographical distribution. Japanese thorough-
bred horses differed from both local Japanese breeds
and foreign thoroughbreds, demonstrating unique ge-
netic characteristics. The study confirmed the origin
of Japanese horses from Mongolian ancestors who mi-
grated through the Korean Peninsula.

Thus, a comparison with the results of other re-
searchers demonstrated a steady trend: morpho-
logical parameters often do not reflect real genetic
diversity, especially in populations with open repro-
duction and without targeted breeding based on ex-
ternal characteristics. The inclusion of high-density
SNP analysis and in-depth morphometry in a single
methodology helps to more accurately assess the in-
ter-breed structure, identify hidden clusters, and de-
velop sound strategies for preserving the genetic re-
source. The totality of the data presented highlights
the need for an integrated approach to the study of

within the population was established, which was con-
firmed by the results of cluster and statistical analysis
of SNP marker data. The study revealed two main ge-
netic clusters reflecting the inter-breed structure, while
the phenotypic variation in the main morphological
features was significant and heterogeneous.

The SNP markers used did not correlate with mor-
phological parameters, which indicated the complex
nature of the inheritance of phenotypic traits and the
significant influence of non-genetic factors such as
housing conditions and habitat. This pointed to the lim-
itations of traditional morphological criteria in assess-
ing the genetic structure of the breed and emphasised
the importance of the integrated application of both
classical morphometric methods and advanced bio-
technologies.

To increase the efficiency of breeding work, it was
recommended to develop and implement DNA mark-
ers linked to key morphological and productive traits,
which would speed up the selection process and im-
prove the quality of breed characteristics. The obtained
data on the genetic structure and intra-breed variabil-
ity could become the basis for the creation of adapted
breeding programmes and strategies for preserving the
genetic resource of Kyrgyz horses.

In the future, it was recommended to expand the
sample of the studied animals and increase the densi-
ty of SNP genotyping, which would allow for a deeper
study of the relationship between genotype and phe-
notype, and consider the influence of environmental
and breeding factors. Additional study of morpholog-
ical features using modern methods of morphometry
and statistical analysis would contribute to a more ac-
curate assessment of breed characteristics and adap-
tive potential.

traditional horse breeds, considering both molecular Acknowledgements
and phenotypic aspects, and the socio-cultural condi- None.
tions of their breeding,.
Funding
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As a result of a comprehensive analysis of the genet-
ic and morphological structure of indigenous Kyrgyz Conflict of Interest
horses, the presence of a certain genetic diversity = None.
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AHHOTANUA. U3WI/I66HYH aKTYaNAyyJIyTy — KbIPTbI3/|bIH KEPTUINKTYY aTTAPbIH CAKTOO KaHa CeJeKIHSIbIK
YKAKUIBIPTYY 3apPbLIYbIBIIbIHAH KEJIUI YbITaT. Bys1 aTTap — KbIM6ATTYY XKaHa YHUKAJAAYY TYKYMYK TOI 60JIyTI,
TOO TEKTYY KaTaaJl IlapTTapra blIadbIKTallKaH. BUpok 6ys monynsinusHbIH FeHeTUKAJIbIK 63T64Y6YKTepy
MYPYHKY M3UJI/ie6Jiep/e ab/aH YeKTe U KaparaH, 6y aHblH reHopoHAYH 3¢ PeKTUBAYY 6alIKapblIbIILIbIH
KbIMBIHAATAT. Y4UypJarel U3UJIJJ@6HYH MakcaThl — KbIprei3 Pecny61iMKacbIHBIH TYHAYK-UbIThII alMarblH/Aarbl
KbIPIbI3aTTapbIHbIH NONYALUSA MYMH/ET M TeHETHKAJBIK CTPYKTYPAChlH OUPHYKJIE0TUAAUK TOJIMMOopdu3Miep
(SNP) >xaHa MopdoJIOrUsJIbIK KBPCOTKYUTOP apKbLIYy aHbIKT00. MakcaTka »eTyy yuyH Equine80k (Illumina)
MacCUBUH KOJIJJOHYY MeHeH SNP-reHOTHNHMpJiee bIKMasapbl, 3KCTepbepJu MOPPOMETPUSIBIK ©J1468,
KJIAaCTEPAHUK >KaHa Koppeasuusabik aHanuszaep (UPGMA, PCoA, Dice, Mantel), omonzmo# 3se GpeHOTUNTUK
MaaJIbIMaTTap/bl OMHAPJBIK KOAA00 KoJymoHyaay. SNP-aHamuThka 60HOHYA TOJYK TAaHAO00 3KU KJacTepre
6eJIyH/ly: OUPHUHYHM KJIAcTep/ie — 22 aTTap, FeHeTUKAJIbIK )KaKTaH OMp/iel CTpYKTypara 33, 3KUHYU KJIacTep/e —
3 xkanbi6ap (KIR8, KIR18, KIR20), reHeTHKa/NbIK apajbIK koropy. Mopdosorusibik 6earuaep 60roHYa a KU
KJIACTEep aHBbIKTaJ/ibl: GUPUHYM KJIaCTep/ie HeTU3MHEH Kapa TycTery aTtap (92 %) »kaHa opTo cCTaHAApTTap/aH
TOM6H JleHe Ty3yayury (83 % ydyH XoJsika 6UMHUKTUTA 136 CM YelWH), 9KUHYM KJACTep/e — XKEeHUJ TYCTOTy
artap (4oH 60po, KypeH, urpeHe, 83 %) >kaHa 6HYKKOH 3KCTepbepAUK KOPCOTKYYTOp (XOKa OUHUHUKTUTH
>136 cM, kekypek >158 cm - 92 %, nsictb >18 cM - 100 %). Bupok BapualMAAbIK aHATU3/JUH *aHa MaHTes
TecTUHUH (r =-0,07396; p = 0,0499) XbIUBIHTBIKTapbl MOpOJOTUsIbIK Genrunaep MeHeH SNP-maHoOHYH
OPTOCYH/a CTAaTUCTHUKA/IbIK MaaHUJYY GalJIaHbIII KOKTYI'YH KOPCOTKOH. Bysl TpafUIUsIbIK 3KCTEPbePAUK
©3Te4YeJIYKTOPYH KOJIJJOHYJraH MOJIEKYISAPJAbIK MapKepJsiep/eH Ke3 KapaH/[bIChl3 3KEHUH OWIJUpeT.
W3unpeeHyH NpaKTUKaJbIK MAaaHUCU - KbIPTbI3 aTTAapbIHbIH KeJe4eKTeru CeJIeKIUSIbIK HIITEPU YYYH
6a3a Tysyyze, DNA-nmacnmopTTOPYH >Kacoo/[0 KaHa TOO IIAPThIHJATEI MaJ 4apOadblIbITbIH/A KEPTHUIUKTYY
MOMyJISAHsIap/ibl CAKTOO 60I0HYA reHEeTUKAJIbIK HEIW3/leJITeH IporpaMMasiap/bl UIITEN YbITyy/a
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AHHOTANUA. AKTYyaJIbHOCTb HCCJIeZlOBaHUs 06yC/I0BJeHa HEOBXOJMMOCTbIO COXPAHEHUS U CEJIEKLHOHHOTO
COBEPILIEHCTBOBAHMSA aOGOPUIeHHOM KBbIPIbI3CKOM JIOMIAZM - pPeAKOW M YHUKAJbHOW MOPOJHOW TIPYIIIH,
MPUCIIOCOGJEHHON K 3KCTpeMaJibHbIM YCJOBUSM BbICOKOTOPbS. [IpM 3TOM reHeTHYeCKHe XapaKTePUCTUKHU
JIaHHOY MOMYJISILUU paHee ObIIM M3yYeHbl KpallHe OTPaHUYEeHHO, YTO 3aTpyAHseT 3P deKTUBHOE yIIpaBIeHUe
eé reHodoHioM. llespro HacTosimed pabGoOThl GbLJIO YCTAHOBJEHWE BHYTPHUIOMYJSLUOHHON reHeTHYeCKOH
CTPYKTYPBI KbIPT'bI3CKUX JIOLIA/Ie CEBEPO-BOCTOYHOT0 peruoHa Keipreizckoi Pecny6J1MKH € HCIIOJIb30BaHUEM
OHOHYKJIEOTUJHBIX mnoauMopousMoB (SNP) u mMopdosiorndyeckux mokasaTesned. [ JoCTHKeHUS
L[eJIU HCINO0JIb30BauCh MeTofbl SNP-reHoTunupoBaHusl ¢ npuMeHeHHMeM MaccuBa Equine80k (Illumina),
MopdoMeTpUUEeCKHE U3MepeHHUs] 3KCTepbepa, KJAaCcTepHbIM M KoppeasuuoHHbIM aHaiusbl (UPGMA, PCoA,
Dice, Mantel), a Takxe GuUHapHOe KoJUpOBaHUe PEeHOTUNHYECKHX JaHHBbIX. [lo gaHHBIM SNP-aHanu3a Bcs
BBIOOpPKA Oblyia pa3/ie/ieHa Ha /iBa KJacTepa: B IepPBOM — 22 JIOLWIAAU C TeHeTUYEeCKH OHOPOJHOM CTPYKTYPOH,
Bo BTOopoM - 3 oco6u (KIR8, KIR18, KIR20) c moBrIlIeHHON reHeTUYeCKOM AucTaHLuel. [lo Mopdosioruyeckum
NpHU3HAKaM TaK)Ke Bbl/leJIeHbl /IBa KJacTepa: MepBbld BKJOYaJ 0co6ell NpenuMylLieCTBEHHO TEMHBIX MacTel
(92 %) c TesociOXKeHUEM HUXKe CpeJHUX CTaHAapToB (mo 136 cm B xoske y 83 %), BTopod - ocobel
CBeT/IbIX MacTel (pbDkas, cepasi, urpeHeBas, 83 %) c pa3BUTBIMU 3KCTEPbEPHBIMH ITOKa3aTeJs MU (BbICOTA
B xoJike >136 cmM, rpyab >158 cm -y 92 %, nsacTtb >18 cM - y 100 %). OfHako pe3ynbTaTbl BApUALMOHHOIO
a”Hasu3a u Tecta MauTénsa (r = -0,07396; p = 0,0499) nokasaiu OTCYTCTBHE CTATHUCTUYECKH 3HAYMMOU
cBSI3U MeX/y MopdosiornyecKMMHU npusHakaMyd U SNP-JaHHBIMH. 3TO CBU/IETEJBCTBYET O HE3AaBUCHUMOCTH
TPaJJUIIUOHHBIX 3KCTEPbEPHBIX XapaKTEPUCTHUK OT HCII0JIb3YEeMbIX MOJIEKYISPHBIX MapKepoB. [IpakTHyeckoe
3HaYeHHe UCCIe0BaHUS 3aKI04YaeTcss B QOpMUPOBaHUH 6a3bl s OYAyILeld ceseKIIMOHHON paboThl 1 DNA-
MacnopTU3aLUK KbIPIbI3CKUX JIOLIAJIeH, a TaKKe B pa3paboTKe reHeTHYeCKH 060CHOBAHHBIX MPOrpaMM MO
COXpaHeHHI0 abOPUTEeHHBIX MTONYJISIUHI B yCI0BHUSIX TOPHOTO }KUBOTHOBO/CTBA

RioueBbie ciioBa: akcrepbep; SNP-reHOTUNIMPOBaHKE; MapKepbl; MOJUMOPPU3M; CTATUCTUYECKUN aHAIU3;
KJIACTEpPHbIN aHa/IU3

@

Journal of Osh State University. Agriculture: Agronomy, Veterinary and Zootechnics. Vol. 4, No. 2


https://orcid.org/0000-0002-2835-0438
https://orcid.org/0000-0003-3714-6102

