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THE MORPHOLOGICAL AND GENETIC CHARACTERISTICS OF KYRGYZ HORSES
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

Keywords: conformation; SNP genotyping; markers; polymorphism; statistical analysis; cluster analysis

Mopdghonozuueckue u zenemuueckue XapaKmepucmuKu
KbIP2bI3CKUX J10Malei

Koipzorz ammapuinstn mopghonozunnvik syncana
2EHEMUKAIBIK MYHO300MONOPY

AHHOTAUUA

AKTyalbHOCTb HCCIIeIOBaHUS o0ycIioBieHa
HEOOXOAMMOCTBIO  COXpPaHEHWS U  CEJCKIHOHHOTO
COBEpPIICHCTBOBAHUS a0OPUTE€HHON KBIPTBI3CKOM JIOmIa n
— peakol M  YHHUKAJIbHOHM NOPOJHOM  IpyMIbl,
MPUCTIOCOOIEHHOM K OKCTPEMAJIBHBIM  YCIIOBHSIM
BBICOKOTOpbs. IIpn 3TOM reHeTHYecKre XapaKTePUCTHKU
JAaHHOM TMOMyJsIIMKM paHee OBUIM H3ydYeHBl KpaifHe
OTPaHHUYEHHO, 9TO 3aTpyaHseT s pekTuBHOE
yrnpasienue e€ reHooHmoM. Llenbio Hacrosei
paboThl OBUIO YCTAaHOBJIEHHE BHYTPHIIOMYIAIHOHHON

TEHETUYECKOM  CTPYKTYpbl  KBIPI'BI3CKUX  JIOLIAJEH
ceBepo-BOCTOYHOro pernoHa Keipreickoit PecrmyGnuku
c UCTOJIb30BaHUEM OJTHOHYKJICOTUAHBIX
MOJIUMOP(HU3MOB (SNP) u MOP(OIIOTHYECKUX

nokasarenei. J{ias JOCTHXKEHHsI LENH HUCIOJIb30BAIUCh
MeToasl  SNP-reHoTunupoBaHHs C  IPUMEHEHHEM
maccuBa Equine80k (Illumina), mopdomerpuyeckue
HU3MEepeHust JKCTEephepa, KIIACTEPHBIN u
koppensamuonaeit  anamm3el  (UPGMA, PCoA, Dice,
Mantel), a TaKxke OuHapHOE KOJUPOBaHUE
¢eHoTHIMuecknx MaHHBIX. [lo nmaHHeIM SNP-anammsa
BCcA BBIOOpKa ObUTa pasfeneHa Ha JBa KiacTepa: B
mepBoM — 22 JOomaad ¢ TEHETHYECKH OIHOPOIHON
CcTpyKTypoii, Bo BropoM — 3 ocobu (KIRS, KIRI1S,
KIR20) ¢ moBbIIIEHHOW reHeTHYecKor aucTtanmuei. 1o
MOP(OJIOTHYECKAM TIpU3HAKaM TakKe BBIJICJICHBI JBa
KJacTepa: MepBbIH BKIIOYall 0cO0CH MpenMyIIeCTBEHHO

AHHOTAIHSA

W3nnneeHyH akTyanayysyTy — KbIPTHI3JIbIH )KEePTHIUKTYY
aTTapblH  CakTOO JKaHA CEJICKIUSJIBIK  IKAKIIBIPTYY
3apbUTYBLIBITBIHAH  KeJIMI YbIraT. bym arrap — celipek
KaHa YHHUKILYy TYKyMIyK TOI OOJyIN, TOO TEKTYY
KaTaajl  [IapTrapra  bUIadbIKTamKkad. bupok  Oyn
TIOMYJIANMSHBIH T€HETHKAIBIK ©3TeuelYKTepY MYPYHKY
u3nngeenepae abmaH UYEKTeIMIT KapajraH, Oyl aHBIH
reHo(oHIYH s dexTUBaAYY OaIKapbUTBIIIEIH
KbIMBIHJIATAT. YUypAarsl H3UIIe6HYH MakcaTsl — KbIprei3
PecryOnnkachIHBIH TYHIYK-YBITBIII aifiMarbIHIarbl
KBIPTHI3 aTTApbIHBIH MOMYJSINS UYUHACTH T'CHETHKAJIBIK
CTPYKTYpachlH OHp HYKJICOTHIJIUK HOIUMOphuMIep
(SNP) >xaHa MOpQOJIOTHSIBIK KOPCOTKYUYTOP apKBUIYy
aHbIkT00. MakcaTtka xeryy yuyH Equine80k (Illumina)
MacCUBMH  KOJJIOHYy MeHeH  SNP-reHorunupnee
BIKMaJapbl, 3KCTephepAn MOP(POMETPHSIIBIK  ©J14600,
KJIaCTEPAUK >kaHa Koppemsuusisik aHanuzaep (UPGMA,
PCoA, Dice, Mantel), omonmoii 237e QeHOTUNTHK
MaaapIMaTTapbl OWHAPIBIK KOAJM00 KOJIIOHYyImay. SNP-
aHaUTHKAa OOIOHYAa TONYK TAaHIOO OKH KJacTepre
OenyHIy: OMpUHYM KiacTeple — 22 arrap, TeHETUKAIbIK
JKaKkTaH OMpJIeil CTpyKTypara 33, SKUHYM KiacTepiue — 3
xkanpi0ap (KIRS, KIR18, KIR20), reHeTHKAIBIK apaibik
xoropy. Mopdonorusisik  Oenruiaep OOOHYA Jla 9KU
KJIacTep AaHBIKTAIABI: OMPHHYM KJacTep/ie HETrU3MHEH
kapa tycrery arrap (92 %) xaHa OpTO CTaHAApTTapAaH
TeMeH jaeHe Ty3ynymy (83 % yuyH xonka Ouinkruru 136
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TéMHBIX MacTell (92 %) ¢ TenoCIOKEHHEM HUXKe
cpenHux craHpaproB (mo 136 cm B xonke y 83 %),
BTOpOil — oco0eil cBeTIbIX MacTed (pbDKas, cepas,
urpeneBas, 83 %) C pa3BUTBIMH DIKCTEPHEPHBIMU
noKazartessiMu (BbIcoTa B XoJke >136 cm, rpyab >158 cm
-y 92 %, mscte >18 cMm — y 100 %). OnHako pe3ynbTaThl
BapHALIOHHOTO aHamm3a ©u Tecta Mantémst (I = -
0,07396; p = 0,0499) moKkazamum OTCYTCTBHE
CTaTUCTUYECKH 3HAYNMOHN CBSI3U MEXKITY
Mop¢omornueckumu npu3HakamMu U SNP-maHHBIME. DTO
CBUJICTENBCTBYET O HE3aBHCUMOCTH TPAIWIIMOHHBIX
9KCTEPBEPHBIX  XapaKTEPUCTUK OT  HCHONB3YEMBIX
MOJIEKYJISIDHBIX MapkepoB. IlpakThdeckoe 3HaueHHe
HCCIIEJOBaHMS 3aKiIouaeTcsi B popMUpOBaHUU Oa3bl A
Oynyuei CCJICKIIMOHHOW  paboThI u  DNA-
MacIOPTU3AMK  KBIPTBI3CKUX JIOUIAJel, a TaKke B
pa3paboTke reHeTHYeCKH OOOCHOBAHHBIX IPOrpaMM II0
COXpaHEHHI0 a0OpPHUIeHHBIX TOMYJSLMHA B YCIOBHAX
TOPHOT'O JKUBOTHOBOJACTBA

Kniouesvie cnosa: sxcrepnep;, SNP-reHOTHIIUpOBaHUE;
MapKephl; MOJUMOP(H3M; CTATHCTUYCCKUN aHAIU3;
KJIACTEpHBIN aHaIU3

CM Y€HMH), 9KMHYM KJacTepAe — KEHWJ TYCTOry arrap
(aoH OoOpo, KkypeH, wurpeHe, 83 %) KaHAa OHYKKOH
9KCTEPbEPIUK KOPCOTKYUTOp (X0iKa OMHUKTHTH >136 cM,
KeKypek >158 cM — 92 %, nacts >18 cm — 100 %). bupoxk
BapUalMsUIBIK aHAIW3AMH jkKaHa MaHTen TeCTHHUH (T = -
0,07396; p = 0,0499) KBIMBIHTBHIKTAPBI MOPQOIOTHSIIBIK
oenruep MEHEH SNP-nmanoonyH OpTOCyHIIA
CTATUCTUKAJBIK ~ MaaHWIyy  OailaHBIIl  >KOKTYT'YH
KOPCOTKOH. byn TPaAULIHSIIBIK IKCTEPHEPIHK
©3reUeIyKTOpIYH KOJIIOHYJITaH MOJICKYIISPIBIK
MapKepieplieH Ke3 KapaHObICBI3 OSKEHHWH OMJIIUpPET.
V3winneeHYH  NpaKTUKaldblK  MaaHUCH —  KBIPTHI3
aTTapblHBIH KEJEYEKTEr'H CEJEKIMSUIBIK HIITEPH YYYH
6aza Ty3yyne, DNA-nmacropTropyH »acoolo >kaHa TOO
WApThIHAATEl  MajJ  4ap0aybUIBITBIHIA  JKEPTHIMKTYY
MOMYJIAUMSUIApABI  CakToo  OOIOHYAa  T'€HETHKAaJbIK
HETU3/ENTeH IporpaMMallapAbl UIITEI YbITyy/Ia.

Aukwvity  ce300p.  dkctepbep;  SNP-reHoTHIHpIes;
Mapkepiep; MOJUMOP(H3M; CTATUCTHKAJBIK aHAIU3;
KJIaCTEPAUK aHAIN3
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Introduction

The development of highland animal husbandry is impossible without sustainable,
ecologically adapted breeds capable of ensuring productivity in extreme climatic 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
increased 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 particularly increasing, which help to objectively assess the
intrapopulation structure, identify unique lineages, and lay the foundation for the targeted
conservation and reproduction of the indigenous gene pool.

In the Republic of Kyrgyzstan, horses of their own selection, well adapted to local natural and
climatic conditions, are traditionally bred. The direction of horse breeding in the republic is mainly
productive, with a herd-based method of maintenance. To a lesser extent — sports, working horses,
and horse breeding. Horse breeding is aimed at meeting the needs of farmers 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. According to S.D. Omurzakov (2011) there are 6
main breeds of horses bred in the republic: Novokyrgyz, which occupies 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) analysis and SNP typing
of indigenous Kazakh horses, identifying 60 significant polymorphisms associated with body size
and weight, which highlights the high breeding 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 neighbouring 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 PRKAGS3 loci associated with meat
productivity. The researchers revealed a high 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 development, chest volume, and
growth rate, which confirms the possibility of using these SNP markers as tools for the genetic
assessment of productive qualities in traditional 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-density SNP chips.

Reproductive traits play an important role in the development 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
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intervals between foaling, and the duration of reproductive life have a moderate to high heritability
(up to 0.42 in mares and 0.28 in stallions). Particularly high values were recorded for sports breeds.
The data obtained confirmed the importance of including these traits in genetic selection models,
which is also relevant for traditional 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 genotype showed better performance in diagonal gaits (trot, gallop). These
data highlight the influence of individual genes on movement coordination and exterior
characteristics, but it should be emphasised that systematic studies of similar mutations in Central
Asian indigenous breeds are still insufficient.

E.T. Todd et al. (2020) identified potential lethal haplotypes in the breed of purebred riding
horses, focusing on the consequences of inbreeding and breeding without considering the genetic
stability of populations. It was found that mutations in the LY49B gene are associated with foetal
mortality, despite the high frequency of heterozygotes. This highlights the importance of including
genetic monitoring in breeding programmes, especially when working with confined or native
populations 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 features. The purpose of this study was to identify the intrapopulation genetic structure
of Kyrgyz horses in the north-eastern region based on high-density SNP typing using an Equine80k
microchip, and to analyse the morphometric characteristics of individuals.

Materials and Methods

Location and dates of research. The field stage of sampling and morphometric
measurements was conducted in June 2024 at the Laboratory of Animal Genetics of the National
Academy of Sciences of the Kyrgyz Republic (Bishkek) with a trip to the mountainous upper valley
of the Tonsky district of the Issyk Kul region. Laboratory 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 private 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 marking code with the
prefix KIR (Kyrgyz breed). All procedures complied with the European Convention for the
Protection of Vertebral Animals Used for Scientific Purposes (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 analysis, 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 temperature of +4°C until DNA isolation. The selection was carried out
according to the requirements of ISAG (International Society for Animal Genetics, 2017). External
measurements in horses were carried out before sampling according to generally accepted
zootechnical standards using measuring tape and compasses. The main external indicators included
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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 International 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 morphological features of Kyrgyz horses, were encoded in binary form: the value “1”
corresponded to the presence 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
molecular 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 similarity between individuals. The method is widely used in
population genetics due to its simplicity of interpretation 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 applied 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 convenient for
subsequent interpretative analysis.

. The Mantel test (1967) was used to determine the degree of statistical dependence
between two distance 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 NTSY Spc software,
version 2.2 (Rohlf, 1998). To assess the reliability of the obtained clusters, bootstrap analysis with
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1,000 repeated samples was used, implemented in the FreeTree software suite (Pavlicek et al.,
1999). Visualisation of dendrograms was performed using the TreeView programme (Page, 1996).

Results

The study analysed the population of indigenous Kyrgyz horses, distributed mainly in the
mountainous regions of Naryn, Issyk-Kul, and Osh regions. The population 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 allowed
identifying the Kyrgyz horse as a separate breed group. This paper presents the results of the
phenotypic and molecular analysis of this population.

DNA polymorphism is so great that any two organisms, no matter what kind, reproducing
sexually, will always carry differences in their DNA, which can be identified in one way or another.
Analysing a large number of SNPs at once allows determining a population feature 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 sampled
and grouped according to the main morphological characteristics — colour, height at the withers,
oblique body length, chest circumference, and pastern circumference. 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
1 Coat (5 groups) chestnut 10
black
grey
red
liver-chestnut
2 Height at the withers (4 groups) up to 135cm
from 135 to 136cm
from 136 to 139cm
over 139cm
3 Oblique body length (3 groups) up to 142cm
from 142 to 145cm
over 145cm
4 Chest circumference (3 groups) up to 158cm
from 158 to 165cm
over 165cm
5 Metacarpal girth (3 groups) up to 17.5cm
18cm
18.5cm

e P R = N ENT ENT R [T N EN FN P TATENT FN

Source: compiled by the authors

An analysis of the data in Table 1 shows that within the studied population of Kyrgyz horses
there is significant 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 population. The distribution of height at the withers, oblique body length, chest
circumference, and metacarpal circumference also demonstrates heterogeneity: the number 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
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population, which is an important factor for maintaining its adaptive and breeding qualities. Thus,
grouping by morphological features helped to identify several morphological subgroups within the
population, which was used to compare with genetic data and identify potential SNPs associated
with external characteristics.

Genotyping and analysis of the genetic structure. 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).
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Figure 2. Biplot (principle of main coordinates)
Source: compiled by the authors

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 coordinates (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 variability 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 includes 3 animals that differ from the main group.
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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 geographical 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 exterior
parameters) and genetic variations due to hereditary factors. Given that PC1 and PC2 together
account 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 phenotype, 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 using the UPGMA
(Unweighted Pair Group Method with Arithmetic Mean) method based on the standard Nei
distance. The reliability of clustering was assessed using bootstrap analysis. The results are shown
in Figure 3.
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Figure 3. UPGMA of the standard Nei distance according to SNP markers
Source: created by the authors

The dendrogram (Fig. 3) shows that the studied population of Kyrgyz horses was divided into
two main clusters. The numbers indicated between the branches are bootstrap values reflecting the
reliability of the established clusters. The higher this value, the more stable the cluster is when
generating samples multiple times using the Monte Carlo method. The analysis shows that most
individuals form stable and genetically 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.
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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 presence 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 reliability of clustering was also assessed by bootstrap analysis. The results are shown in Figure
4.
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Figure 4. The dendrogram is constructed according to morphological features, the coefficient of Nei
and Li/Dice
Source: created by the authors

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 between 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 morphological
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 observed 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 circumference 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 exceeds 136 cm, oblique
body length exceeds 145 cm, chest circumference exceeds 165 cm — these signs are characteristic of
92% (11 animals); metacarpal circumference 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
massive and elongated physique, exceeding the standard breed indicators, and a light colour.
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The marked differentiation of morphological features (Fig. 3 and 4) may indicate the presence
of inbreed variability due to both genetic and breeding-climatic 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 predominantly dark hair colour and smaller exterior
measurements, while the second cluster is characterised by a predominance of light colours and
larger body measurements. Thus, visualisation based on morphological features demonstrated the
degree of proximity of individual individuals 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 data was
performed (Table 2). The obtained genotypic data correspond to the identified morphological
clusters and confirm the existence of two stable phenotypic subgroups in the population of Kyrgyz
horses.

Table 2. Grouping by morphological features based on SNP data

Groups Source of the Degrees of Components of Variation
variation freedom variation (%)
(A) Samples without Between populations 24 Va =42.27006 100.00 ***
grouping Within the population 27 Vb = 0.00000 0.00 **
Total 51 42.27006
(B) Data grouped by Between collection 4 Va=4.67276 11.03 NS
the place where it was points
collected Within the population 45 Vb = 37.70185 88.97 NS
Total 49 42.37461
(C) Samples were Between groups 4 Va=-0.68679 -1.66***
grouped by coat Between groups 20 Vh=42.08095 101.66***
within a population
Within the population 91 Vc=0 0 NS
Total 115 41.39416
(D) Samples grouped Between groups 2 Va=0.16994 0.40 NS
according to the Between populations 22 Vb= 42.14168 99.60 NS
oblique length of the within a group
trunk Within the population 25 Vc=0 0*
Total 49 42.31161
(E) Samples grouped Between groups 2 Va=0.40752 0.96 NS
by chest circumference | Between populations 22 Vb=41.97412 99.04 NS
within a group
Within the population 25 Vc=0 0*
Total 49 42.38164
(F) Samples grouped Between groups 2 Va= 0.19344 0.46 NS
according to the Between populations 22 Vb= 42.13287 99.54 NS
pastern circumference within a group
Within the population 25 Vc=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

Table 2 is a comparative analysis of the contribution of morphological groupings to the
overall genetic variance by SNP markers. Option (A), where the analysis was performed without
preliminary grouping, shows the maximum possible level of genetic variation between populations



Becmuux OQul’Y. Cenvckoe xo3s1cmeo: azponomus, eemepunapus u 30omexnust, Ne2(11)/2025

(100%), which indicates the presence of pronounced differences in the studied material 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 statistically non-significant (NS), which indicates the absence 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 between the groups is found (Va = -
0.68679), which may indicate the artificiality or conventionality of this division 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 differences. 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 directly associated with the selected
morphological characteristics 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 influences. Additionally, the Mantel test, comparing the matrices
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 between the morphological and
molecular genetic structure. 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 indicate the need
for an integrated approach to assessing 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 researchers 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 separation, and cluster analysis confirmed the existence of two
main genetic clusters. These results correlate with the data of the present study, which also shows
structural heterogeneity within traditional populations, despite morphological proximity. The study
demonstrates that in the absence of phenotypic differences, molecular 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 genome-wide..., n.d.), where, based on PCA, ADMIXTURE data and distance
analysis, it was shown that intrapopulation differences between regional groups do not reach
statistical significance. The genetic homogeneity helped to consider the studied animals as a single
breed, which contrasts with the results obtained in the analysis of Kyrgyz horses, where pronounced
structuring and the presence of several genetic clusters were established. 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



OwM Yuyn XKapuvicw. Aiibin uapba: azponomus, éemepunapus scana 3oomexnust, Ne2(11)/2025

Asian horses was confirmed, but the differences revealed emphasise the influence of local breeding
practices on the development of a genetic profile.

An additional perspective was provided by J. Metzger et al. (2014), based on genome-wide
sequencing of both purebred and mixed-breed horses. The researchers 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 associated
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 between types of ancestry. Nevertheless, both
approaches demonstrate the value of large-scale genotyping for identifying signs of selective
breeding and studying adaptations.

V. Rossokha et al. (2022) evaluated the informative 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 markers within the Equine80k platform, which revealed a more complete picture of intra-breed
differentiation. Thus, mass SNP genotyping demonstrated a higher resolution than targeted study of
individual loci.

Another example of an applied molecular approach is presented in the paper by M.A. Ayala-
Valdovinos et 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 diagnostic
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 structure and a comprehensive analysis of morphometric and genetic traits,
which demonstrates a broader assessment 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 thoroughbred
horses differed from both local Japanese breeds and foreign thoroughbreds, demonstrating unique
genetic characteristics. The study confirmed the origin of Japanese horses from Mongolian
ancestors who migrated through the Korean Peninsula.

Thus, a comparison with the results of other researchers demonstrated a steady trend:
morphological parameters often do not reflect real genetic diversity, especially in populations with
open reproduction and without targeted breeding based on external characteristics. The inclusion of
high-density SNP analysis and in-depth morphometry in a single methodology helps to more
accurately assess the inter-breed structure, identify hidden clusters, and develop sound strategies for
preserving the genetic resource. The totality of the data presented highlights the need for an
integrated approach to the study of traditional horse breeds, considering both molecular and
phenotypic aspects, and the socio-cultural conditions of their breeding.
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Conclusions

As a result of a comprehensive analysis of the genetic and morphological structure of
indigenous Kyrgyz horses, the presence of a certain genetic diversity within the population was
established, which was confirmed by the results of cluster and statistical analysis of SNP marker
data. The study revealed two main genetic 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 morphological 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 limitations of traditional
morphological criteria in assessing the genetic structure of the breed and emphasised the importance
of the integrated application of both classical morphometric methods and advanced biotechnologies.

To increase the efficiency of breeding work, it was recommended to develop and implement
DNA markers linked to key morphological and productive traits, which would speed up the
selection process and improve the quality of breed characteristics. The obtained data on the genetic
structure and intra-breed variability 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 density of SNP genotyping, which would allow for a deeper study of the relationship between
genotype and phenotype, and consider the influence of environmental and breeding factors.
Additional study of morphological features using modern methods of morphometry and statistical
analysis would contribute to a more accurate assessment of breed characteristics and adaptive
potential.
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