Received: 30.06.2025. Revised: 29.10.2025. Accepted: 12.12.2025

‘Bulletin
P

L |

Agrarian University R RREr O

Journal homepage: https:/knau-bulletin.com/en
UDC 575113.2:636.32/38 DOI:10.63621/bknau./4.2025.63

Population structure of Kyrgyz Mountain Merino sheep:
Analysis of nuclear locus variability

Tyrgoot Chortonbaev

Doctor of Agricultural Sciences, Professor

Kyrgyz National Agrarian University named after K.I. Skryabin
720005, 68 Mederov Str., Bishkek, Kyrgyz Republic
https://orcid.org/0000-0001-9820-2337

Zhaynagul Isakova

Doctor of Medical Sciences, Professor

Kyrgyz Research Institute of Molecular Biology and Medicine
720040, 3 Tologol Moldo Street, Bishkek, Kyrgyz Republic
https://orcid.org/0000-0002-3681-6939

Esenbek Belek uulu®

Postgraduate Student

Kyrgyz National Agrarian University named after K.I. Skryabin
720005, 68 Mederov Str., Bishkek, Kyrgyz Republic
https://orcid.org/0000-0002-5590-1354

Abstract. The relevance of the study is determined by the need to preserve local, unique and highly adapted
breeds of farm animals in the context of global climate change and a reduction in the number of breeding stock.
The Kyrgyz Mountain Merino is a valuable genetic resource, highly adaptable to mountain conditions, with high-
quality wool and efficient use of scarce feed. However, a limited gene pool and increasing inbreeding pose risks to
the breed’s productivity and adaptability. The aim of the study was to analyse the population structure of the Kyrgyz
Mountain Merino based on an assessment of nuclear locus variability. To achieve this goal, sheep were genotyped
using a panel of highly polymorphic microsatellite markers (SSR) recommended by the International Society for
Animal Genetics (ISAG). Allele diversity indices, observed and expected heterozygosity, F_IS fixation coefficients,
Nei genetic distances were calculated, and population structure analysis was performed using cluster analysis,
PCA and STRUCTURE model methods. The results of the study showed a high level of allelic diversity at most loci
(number of alleles per locus 6-14, effective number of alleles Ne 3.41-6.21,P1C>0.69). The observed heterozygosity
(Ho=0.68-0.73) practically corresponded to the expected (He=0.70-0.74), and the F_IS coefficients remained low
(0.012-0.028), indicating the absence of pronounced inbreeding. Genetic differentiation between groups was weak
(F_ST=0.018-0.032), Nei’s genetic distances were minimal (0.038-0.051), and STRUCTURE analysis revealed two
conditional genetic clusters with uniform distribution across groups, confirming the integrity of the population. The
practical value of the study lies in identifying the current state of the Kyrgyz Mountain Merino gene pool, which
allows for the development of recommendations for controlled selection work, the preservation of unique alleles,
and the maintenance of genetic diversity of the breed, ensuring its resistance to adverse environmental conditions
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Introduction

In the context of global climate change, intensifica-
tion of livestock farming and expansion of the gene
pool of strategic breeds, the conservation of local,
unique and highly adapted breeds of farm animals is
of particular importance. One such breed is the Kyrgyz
Mountain Merino, a valuable genetic resource that has
developed under the influence of the complex natural
and climatic conditions of the high-altitude pastures
of Kyrgyzstan (Zholborsov et al., 2024). This breed is
characterised by its resistance to hypoxia, pronounced
adaptive mechanisms, high wool quality and ability to
effectively utilise poor mountain feed. However, as not-
ed by K. Iskakov et al. (2017), there has been a decline
in the number of breeding stock, an increase in the
level of inbreeding, and a narrowing of genetic diver-
sity, which could potentially lead to a decrease in the
adaptability and productivity of animals.

Modern science has a wide range of molecular ge-
netic methods at its disposal that allow for an objective
assessment of the state of breed populations. Studies
of sheep are most often based on the analysis of mi-
tochondrial DNA, as it is easier to isolate and provides
information about the maternal line. However, accord-
ing to A. Kawecka et al. (2022), mitochondrial analysis
does not reflect the full picture of genetic processes,
does not allow for the assessment of paternal lineages,
and does not characterise intrapopulation processes as
a whole. Unlike mtDNA, the variability of nuclear loci
provides comprehensive information about population
structure, selection intensity, inbreeding levels, genetic
heterogeneity, and the historical evolution of the breed
(Li et al.,2024). Nuclear markers - such as STR/SSR, SNP
or microsatellite sequences — are highly polymorphic
and allow for high-precision determination of allelic di-
versity, genetic distances and the degree of population
differentiation. Studies of similar local sheep breeds in
other countries, such as G. McKenzie et al. (2010) in New
Zealand, show that the absence of a systematic selection
policy, small effective population sizes and limited ani-
mal migration can lead to a decline in genetic diversity
and the disappearance of unique alleles, especially in
isolated mountain regions. Despite the practical impor-
tance of the Kyrgyz Mountain Merino, its gene pool has
not been sufficiently studied to date. There is a lack of
modern genetic studies using nuclear markers and re-
flecting the real structure of the breed.As pointed out by
T. Odjakova et al. (2023), the lack of scientific data com-
plicates the development of breeding programmes and
strategies for preserving the gene pool, and also limits
the possibilities for objective assessment of intraspecif-
ic variability and identification of unique genetic lines.

The relevance of the study is due to the need for
a comprehensive analysis of the genetic diversity of
the Kyrgyz Mountain Merino using modern molecular
technologies. This will make it possible to identify the
level of gene pool conservation, determine the degree

of genetic differentiation within the breed, establish
existing genetic risks, and develop scientifically sound
recommendations for breeding and selection work. The
aim of the study was to obtain objective data on the
genetic structure of the Kyrgyz Mountain Merino pop-
ulation by assessing the variability of nuclear loci and
subsequently determining the levels of intrapopulation
and intergroup variability. To achieve this goal, the fol-
lowing tasks were set: to determine the level of allelic
diversity and the of polymorphism of nuclear markers;
to calculate indicators of genetic heterozygosity and
inbreeding coefficients; to identify the degree of ge-
netic differentiation of the studied groups of animals.
The study can not only supplement existing data on
the genetic resources of sheep breeding in Kyrgyzstan,
but also create a scientific basis for the development of
long-term programmes for the conservation and ration-
al use of the Kyrgyz Mountain Merino breed.

Materials and Methods

The study was conducted in 2023 on Kyrgyz Moun-
tain Merino sheep in the Naryn and Issyk-Kul regions
(Naryn Breeding Farm and Issyk-Kul Breeding Farm).
Laboratory analysis was carried out at the Research
Institute of Molecular Biology and Medicine (Bishkek,
Kyrgyzstan). A total of 36 animals were studied, divid-
ed into three groups according to age, sex, origin and
absence of close kinship, as indicated in the work of
A.Bekturov et al. (2023): Group 1 - 12 adult sheep, aged
2-3 years, females; Group 2 - 12 adult sheep, aged 2-3
years, males; Group 3 - 12 adult sheep, aged 3-4 years,
females and males. The animals were kept on pas-
ture with limited access to additional feed according
to the standard breeding programme of the farms. All
procedures were performed by veterinary specialists
in accordance with animal welfare recommendations
(Directive 2010/63/EU, 2010).

Five millilitre samples of whole blood were collect-
ed from the jugular vein using disposable sterile needles
and vacuum tubes containing EDTA (ethylenediamine-
tetraacetic acid) as an anticoagulant. After sampling,
the samples were immediately cooled and transported
in a container with cooling elements at a temperature
of 4-6°C. In the laboratory, the samples were frozen and
stored at -20°C for no more than 4 weeks prior to anal-
ysis. Genomic DNA was extracted in two ways, depend-
ing on the quality of the source material: (1) using the
standard phenol-chloroform method according to the
protocol by J. Sambrook & D. Russell (2001) for sam-
ples without signs of haemolysis; (2) using the DNeasy
Blood & Tissue Kit (Qiagen, Germany) for samples con-
taining traces of haemolysis or having a reduced cell
composition (Romanov, 2021). The quality and concen-
tration of the isolated DNA were determined spectro-
photometrically using Nanodrop 2000 (Thermo Scien-
tific, USA) at wavelengths of 260/280 nm, as well as by

64 Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 4



electrophoresis in 1.5% agarose gel to confirm the in-
tegrity of the genetic material. Loci were selected based
on the criteria of polymorphism level, amplification
stability, and informativeness for population analyses.

Chortonbaev et al.

Microsatellite loci were analysed using a panel of 15
highly polymorphic STR markers included in the official
ISAG/FAO recommended panel for sheep and widely
used in population genetics studies (FAO,2011) (Table 1).

Table 1. List of microsatellite loci used (n=15)

\ No. \ Locus Chromosome (Oar_v4.0) \ Allele range, bp \
1 OarFCB20 2 90
2 MAF214 16 110-140
3 OarFCB304 17 140-170
4 INRAG3 14 170-190
5 MAF65 15 110-130
6 MCM527 5 160-180
7 INRAO23 3 200-220
8 OarAE129 6 130-160
9 SRCRSP8 1 210-240
10 MAF70 4 120-150
11 SPS113 11 130-160
12 CSRD247 14 210-250
13 INRA172 1 130-160
14 SRCRSP5 170-200
15 OarCP49 17 100-130

Source: compiled by the authors based on FAO (2011)

Marker amplification was performed by polymerase Ho = % (2)

chain reaction (PCR) in a thermocycler according to opti-
mised temperature conditions for each locus. PCR prod-
ucts were separated by capillary electrophoresis on an
ABI 3130 automatic genetic analyser (Gootwine, 2020),
after which allele sizes were determined using an internal
molecular weight standard (Punuru et al., 2025). Quality
control of amplicons and visualisation of restriction pat-
terns (if necessary) were performed by horizontal electro-
phoresis in 1.5-2.5% agarose gels stained with ethidium
bromide and subsequent photography in a UV transillu-
minator. To minimise genotyping errors associated with
non-specific fragments, the fluorescence intensity of indi-
vidual bands of restriction patterns was additionally tak-
en into account (Kulibaba et al., 2023). Primary analysis
of electropherograms was performed using GeneMapper
v.5.0 (Applied Biosystems, USA), where each allele posi-
tion was assigned a specific size in base pairs. Based on
the obtained allele profiles, genetic diversity indices were
calculated using GenAlEx v.6.5 (Peakall & Smouse, 2012;
Gaspardy, 2021) and Arlequin v.3.5 (Duncanson, 2025)
software. The number of alleles per locus (Na) was deter-
mined as the total number of different alleles detected
at each locus according to the standard population ge-
netics methodology (Granero et al., 2022). The effective
number of alleles (Ne) was calculated using formula (1):
Ne = 2%,2 )
where p, is the frequency of the /-th allele at the locus
(Nei, 1972).
Observed heterozygosity (Ho) was calculated as the
proportion of heterozygous genotypes in the total sam-
ple using formula (2):

where N,  is the number of heterozygous individuals.
Expected heterozygosity (He) was determined ac-
cording to M. Nei (1978) using formula (3):

He=1- Y P? (3)

which reflects the probability of heterozygosity at Har-
dy-Weinberg equilibrium.

The fixation index (F_{IS}) was calculated according
to the formula by B. Weir & C. Cockerham (1984) (4):

Ho
FIS = H_e’ (4)

which allows the level of inbreeding within groups to
be assessed.

Locus polymorphism (PIC) was estimated according
to D. Botstein et al. (1980) (5):

PIC=1-Yp} — XX 2p}p], (5)

where p, and p. are allele frequencies.

Genetic distances between the studied groups
were calculated using the method of M. Nei (1972)
in the Arlequin Vv.3.5 programme according to
formula (6):

D=—In(, (6)

where [/ is the coefficient of genetic similarity. All cal-
culations were performed automatically using the Ge-
nALEx and Arlequin programmes, followed by manual
verification of the frequencies.
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For cluster analysis, the UPGMA (Unweighted
Pair Group Method with Arithmetic Mean) method
was used based on the genetic distance matrix of
M. Nei (1972), calculated between all pairs of the
studied groups. The dendrogram was constructed us-
ing the MEGA X programme, which allowed for vis-
ualisation the proximity of genetic profiles and iden-
tify clusters within the sample. Principal component
analysis (PCA) was used to reduce the dimensional-
ity of the data and identify the main axes of genetic
variation. Allele frequencies at each locus were used
as input variables. The analysis was performed us-
ing GenAlEx v.6.5 (Peakall & Smouse, 2012), and the
results were visualised as the dispersion of individ-
uals on the first two principal components (Megdi-
che et al., 2019). This approach allowed for assessing
the degree of overlap between groups and identify
potential subpopulations without making assump-
tions about the model.

The STRUCTURE v.2.3.4 programme was used to
identify hidden subpopulations. As part of the analy-
sis, an admixture model with independent allele fre-
quencies was used; the number of clusters (K) ranged
from 1 to 10 with 10 repetitions for each K; 100,000
MCMC (Markov Chain Monte Carlo) steps were used
for “warming up” and 500,000 steps for parameter es-
timation. The optimal number of subpopulations was
determined using the AK criterion (Gurgul et al., 2021),
after which each individual was assigned a probability
of belonging to each cluster. Geographical and tribal
differences were assessed using AMOVA (Analysis of

Molecular Variance) and F_ST coefficient calculations
in Arlequin v.3.5. The reliability of differences between
groups was tested using permutation tests (10,000 per-
mutations). All methods allowed for a comprehensive
assessment of population structure, the degree of ge-
netic differentiation, and the possible presence of hid-
den genetic subgroups.

Results and Discussion

Analysis of nuclear loci in Kyrgyz Mountain Merino
sheep allowed for obtaining a comprehensive char-
acterisation of the genetic diversity of the breed and
to identify patterns in its population structure. Gen-
otyping using a panel of highly polymorphic micro-
satellite markers revealed significant allelic diversity,
distributed unevenly among the studied groups of an-
imals. The data obtained indicate the preservation of
the basic level of genetic variability, despite the rela-
tively narrow gene pool and geographical isolation of
some breeding herds. According to the results of the
analysis, the number of alleles per locus varied from
6 to 14. These indicators correspond to a high level
of polymorphism, according to data from A. Grasso et
al.(2014).The greatest allelic diversity was observed at
the OarFCB20 and MAF214 loci, indicating the possi-
ble influence of historical breeding lines and the pres-
ervation of rare alleles in individual herds (Table 2).
High values of effective allele number (from 3.41 to
6.21, averaging 4.72%0.91 across 15 loci) confirm the
presence of moderately expressed genetic heteroge-
neity within the breed.

Table 2. Allele diversity at the studied nuclear loci

Locus Number of alleles (Na)
OarFCB20 14
MAF214 12
OarFCB304 9
INRAG3 7
MAF65 6

Source: compiled by the authors

The PIC polymorphic information coefficient
for most loci exceeds 0.70, which classifies them as
highly polymorphic markers. According to B. Moioli et
al. (1998), such loci ensure high genotyping accuracy
and allow for correct assessment of genetic distances,
population structure, and the degree of genetic dif-
ferentiation. The indicators presented in Table 2 con-
firm that the panel of nuclear markers used is highly

Effective number of alleles (Ne) PIC
6.21 0.83
5.78 0.81
4.32 0.74
3.89 0.71
3.41 0.69

informative and adequately reflects the genetic diver-
sity of the Kyrgyz Mountain Merino, as indicated by
S. Ceccobelli et al. (2023). The parameters of expected
and observed heterozygosity indicate a balanced ge-
netic structure of the populations. In all studied groups,
the Ho values were close to He, and the fixation co-
efficient F_IS did not exceed 0.05, which indicates the
absence of pronounced inbreeding processes (Table 3).

Table 3. Indicators of heterozygosity and fixation coefficients

Group Ho
Group 1 0.71
Group 2 0.68
Group 3 0.73

Total sample 0.71

Source: compiled by the authors

He F_IS
0.72 0.014
0.70 0.028
0.74 0.012
0.72 0.017
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The observed heterozygosity practically corre-
sponds to the expected value, with a minimal differ-
ence between them, reflecting a balanced distribu-
tion of alleles and the absence of a significant deficit
of heterozygotes. Ho values range from 0.68 to 0.73,
which is typical for sheep breeds with moderate lev-
els of intrapopulation variability. Low values of the
fixation coefficient F_IS (0.012-0.028) indicate the
absence of pronounced inbreeding. Positive but close
to zero F_IS values may be associated with the natu-
ral structure of the population, breeding character-
istics, or random genetic drift processes that do not
significantly affect the breed’s gene pool. The pres-
ervation of this level of heterozygosity may be due
to the existence of several breeding lines; controlled
use of producers; geographical distribution of herds,

Chortonbaev et al.

minimising genetic isolation. A comparison of data
between groups demonstrates the overall genetic
stability of the breed, with no signs of fragmentation
or local reduction in heterozygosity. These indicators
point to the existence of a stable gene pool, support-
ed by moderate genetic exchange between herds and
possible control of breeding work.

The assessment of differentiation between groups
by F_ST showed a low level of differences (0.018-0.032),
indicating the preservation of common genetic lines
and the absence of significant divergence between
herds. Genetic distances according to Nei also demon-
strated the proximity of the studied populations, vary-
ing between 0.038 and 0.051 (Table 4). This indicates
a stable population structure and active exchange of
genetic material between herds.

Table 4. Matrix of genetic distances between the studied groups

Group 1
Group 1 -
Group 2 0.042
Group 3 0.038

Source: compiled by the authors

The smallest genetic distance is observed between
groups 1 and 3, which may indicate their closer his-
torical connection or exchange of producers between
the respective herds. A slightly higher distance value is
noted between groups 2 and 3, but even this difference
remains at a level characteristic of weakly differentiat-
ed populations. Such values indicate that the genetic
structure of the breed remains intact and the degree
of divergence between herds is minimal. Low genetic
distance values confirm the results of the F_ST analy-
sis, indicating weak differentiation and no significant

2 3
0.042 0.038

- 0.051
0.051 -

fragmentation of the breed. Such a genetic profile is
characteristic of breeds with a moderately developed
selection system and sustained exchange of genetic
material between groups. Modelling using the STRUC-
TURE method revealed two conditional genetic clusters
distributed among flocks without a clear geographical
reference (Table 5). This structure corresponds to the
conclusions of A. Abdelmanova et al. (2021) and S. Cec-
cobelli et al.(2023) on high-altitude Merinos, where his-
torical breeding lines form several overlapping genetic
components without pronounced fragmentation.

Table 5. Share of genetic clusters in the studied groups (K=2)

Group Cluster 1 Cluster 2
Group 1 0.57 0.43
Group 2 0.61 0.39
Group 3 0.54 0.46

Source: compiled by the authors

The distribution of the shares of the two genetic
clusters in each of the three groups studied shows in-
significant differences. For example, Cluster 1 predom-
inates in Group 1 with a share of 0.57, while the share
of Cluster 2 is 0.43. A similar trend is observed in other
groups. The absence of a sharp division between clus-
ters confirms the integrity of the breed and the stabil-
ity of its gene pool, reflecting historical breeding lines
and the formation of separate brood flocks while main-
taining overall genetic diversity. Principal component
analysis confirmed the picture of weak differentiation,
which is consistent with the data of A. Abdelmanova et
al. (2021) on other highland breeds. Figure 1 shows
the distribution of observed heterozygosity across the

studied groups. Ho values range from 0.68 to 0.73, in-
dicating a relatively stable genetic background of the
studied populations. The highest heterozygosity was
observed in Group 3, while Groups 1 and 2 showed
slightly lower but comparable values. Overall, the distri-
bution of Ho reflects moderate genetic diversity among
the groups. The results show that the Kyrgyz Mountain
Merino breed has a moderately high level of genetic
diversity. The heterozygosity indices of the studied pop-
ulation are comparable or even higher than those of
similar local breeds, such as the Tajik Mountain Meri-
no and Kazakh Arkharomerino, according to L. Colli et
al. (2015). This indicates that the breed’s gene pool re-
tains sufficient variability to adapt to different natural
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conditions and resist potential negative factors. Low
values of genetic differentiation coefficients F_ST and
genetic distances according to Nei indicate the absence
of significant population fragmentation, as pointed out
by T. Schillhorn van Veen (1995). This means that there
is a regular exchange of genetic material between the
main herds, which helps to maintain a uniform gene
pool for the breed and reduces the risk of isolated lines

with limited genetic variability. Thus, it can be conclud-
ed that the Kyrgyz Mountain Merino breed currently
maintains a sufficient level of genetic diversity. Nev-
ertheless, in order to prevent a possible narrowing of
the gene pool in the future, especially in the event of a
decline in population size or an increase in inbreeding,
regular monitoring of the genetic status and continued
controlled selection work are necessary.

Group value chart

0.76
0.74

0.72

0.7

Values

0.68

0.66

0.64

0 0.5 1 1.5

2 2.5 3 3.5

Group index

Figure 1. Distribution of observed heterozygosity (Ho) across groups

Source: developed by the authors

Conclusions
The Kyrgyz Mountain Merino breed maintains a moder-
ately high level of genetic diversity. For 15 microsatel-
lite loci, the number of alleles per locus ranged from 6
to 14, the effective number of alleles Ne was 3.41-6.21,
and the polymorphism index PIC exceeded 0.69. The ob-
served heterozygosity Ho was in the range of 0.68-0.73,
the expected heterozygosity He was 0.70-0.74, while the
fixation coefficients F_IS remained low (0.012-0.028), in-
dicating the absence of pronounced inbreeding and a
deficit of heterozygotes in the population. The indicators
of genetic differentiation between the studied groups
were minimal: F_ST = 0.018-0.032, genetic distances
according to Nei - 0.038-0.051. Analysis of the popu-
lation structure using the STRUCTURE model revealed
two conditional genetic clusters. The absence of a sharp
division between clusters confirms the integrity of the
breed and the stability of its gene pool, reflecting his-
torical breeding lines and the formation of separate ewe
flocks while maintaining overall genetic diversity. Thus,
the Kyrgyz Mountain Merino breed has a stable gene
pool and a sufficient level of genetic diversity. To prevent
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AHHoTaums. byn nsmngeeHyH aktyanayynyry rnobaniblik KAMMATTbIH ©3repyLUYHe XaHa acbll TYKyM ManfbliH
azaviblWwblHA KapabacTaH, XeprununkTyy, YHUKaNLyy XaHa >XOropky AeHr3sffe blHrainawkaH man TyKyMAapbiH
CaKTOO 3apbinabirbiHaH Kenun ybiraT. Kblprbi3 TOO MEPUHOCY TOO LIAPTTapbliHA XXOrOPKY AEHII3/4€e biHrannallkaH,
YKOTOPKY CanatTarbl XXYH 6HAYPreH >aHa TapTbilWw TOKTTY HaTbIMKanyy KONAOHTOH 6aanyy reHeTukanbik pecypc
6onyn caHanaT. bupok, reHodoHAAYH YekTenyy OONylWy XaHa TYKYMCY3AYKTYH Kebenywy eHAYPYMAYYIYKTYH
KaHa bIHFAMNAWYYHYH TOMEHABWYHe anbin Kenyydy KOpKyHyyTapAbl apataTt. byn w3uMngeeHyH Makcatbl
SAPONYK NOKYCTapAblH ©3repMenyynyryH 6aanoo MeHeH Kbiprbi3 TOO MEPUHOC KOWAOPYHYH MONyAsuMSbIK
TY3YMYH Tangoo 60nroH. byn MakcaTka XeTyy Y4YyH KOWNOpAyH FeHOTMNTewWwTUpyycy N apanbik XaHblbapnap
reHeTukacbl KooMy (ISAG) TapabblHaH CyHyLWTanraH >Oropky noaMMop@dTyK MUKPOCATENIMTTUK MapKepnepamH
(SSR) maHenuH KONApOHYY MeHeH >Xyprysyngy. Annenbamk ap TyYpAYYAyK MHAeKCTepu, BaikanraH xaHa KyTynreH
retepo3urotanyynyk, F_IS dukcaumsa koadduumeHTTepu xaHa Nei reHeTMKanblK apanbiKTapbl 3CENTeNreH, an
3MM NONYAAUMSAHbIH Ty3yMy Knactepauk aHanus, PCA xaHa STRUCTURE mopenvH KonpgoHyy MeHeH TangaHraH.
XKbIMbIHTBIKTAp KeNYynyK IOKYCTapAa aaieNnbauk ap TYPAYYIYKTYH XKOropKy OeHr33/IMH KepcCeTTy (NOoKycTarbl
annenpep caHbl 6-14, annenaepuHuH addektuBayy caHol Ne 3,41-6,21, MaanbiMaTTbiK Ma3MyHAYH MHaekcu PIC >
0,69). baiikanraH reteposurotanyynyk (Ho = 0,68-0,73) KyTynreH retepo3urotanyynykka A33pJiMK OKWoL 60/roH
(He =0,70-0,74), an amu F_IS koaddurumentTepu TeMeH 6omnaoH kanraH (0,012-0,028), 6yn onyTTyy MHOpUANHTAMH
YKOKTYT'YH KepceTyn TypaT. TonTopAyH OPTOCYHAArbl reHeTUKanbik auddepeHumnaunsa anceis 6onroH (F_ST = 0,018-
0,032), Nei 6otoH4Ya reHeTuMKanblk apanbiktap MuHumanayy 6onron (0,038-0,051) kaHa CTPYKTYPA aHanumsu
TonTop GOKHuYa Gupaen 6enywTypyareH 3ku LWAPTTYy FeHeTUKanblK KNacTepau aHbiKTadbl, 6yn nonynsaumsaHbiH
OYTYHAYIYH TacTbiKTafbl. byn M3ungeeHyH npakTukanblk 6aanyynyry Kblprbl3 TOO MEPUHOCYHYH FeHO(MOHAYHYH
a3blpKbl abanblH aHbIKTOOAO KaTaT, Byn Ke3eMenmeHreH acbingaHablipyy 60KHYa CyHywTapabl UWTEN Ybiryyra,
YHUKaNAyy annenfepam caktooro xaHa TYKyMAYH reHeTUKanbiK ap TYPAYY/YTYH CakTOOro MyMKYHAYK 6epeT, aHbIH
YarbIMCbI3 3KOMOMUANBIK WapTTapra TypyKTYyayryH KaMcbl3 KblnaTt

Herusru cesgep: reHeTMKanblk ap TYPAYYAYK; MWUKPOCATENIUTTUK MapKepnep; MOnynsuMsHbIH Ty3yaywy;
reTeposuroTanyynyk; Gukcaums KoshduumeHTH; annenbamk ap TYpLYYAYK; Kbiprbi3 Koinopy

70 Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 4


https://orcid.org/0000-0001-9820-2337
https://orcid.org/0000-0002-3681-6939
https://orcid.org/0000-0002-5590-1354
https://www.scirp.org/reference/ReferencesPapers?ReferenceID=1765722
https://media.odi.org/documents/5415.pdf
https://doi.org/10.2307/2408641
https://doi.org/10.1051/bioconf/20248301005

Chortonbaev et al.

CTpYKTypa NonynsiLum Kblprbli3CKOro ropHoro MEpuHoca: aHasus
Bapuab6esibHOCTU iAePHbIX JIOKYCOB

TbiprooT YopToH6aeB

[LOKTOP CeNbCKOXO3AMCTBEHHbIX HayK, Mpodeccop

Kblprbi3CKMM HaUMOHanbHbIM arpapHbIn yYHUBepcUTeT UM. K. CkpabrHa
720005, yn. MefepoBa, 68, I. Bulkek, Kblprbiackaa Pecnybnnka
https://orcid.org/0000-0001-9820-2337

YXanHarynb UcakoBa

[JoKTop MegMuUMHCKKX Hayk, Npodeccop

Kblprbl3CKMM HayYHO-UCCNeaoBaTeNbCKUM MHCTUTYT MOMEKYNapPHON BUOMOrMM U MeaULUHbI
720040, yn. Toronok Mongo, 3, . Buuikek, Kblprbiackaa Pecnybrvka
https://orcid.org/0000-0002-3681-6939

AceHb6ek Benek yyny

CowuckaTenb

KblprbI3CKMIN HaLMOHaNbHbIW arpapHblv yHUBepcHuTeT UM. K.W. CKpabuHa
720005, yn. MefepoBa, 68, I. bullkek, Kblprbiackasa Pecny6nmka
https://orcid.org/0000-0002-5590-1354

AHHOTauus. AKTYyanbHOCTb UCCNeA0BaHMS 00yCNoBNEHA HEOOXOAMMOCTbI0 COXPAHEHUS NOKANbHbIX, YHUKAbHbIX
M BbICOKOAAANTUPOBAHHBIX MOPOA, CENbCKOXO3SMCTBEHHBIX XMBOTHBIX B YCI0BUSAX FN0BANbHBIX KAMMATUYECKMX
M3MEHEHUN M COKPALLEHWUS YMCIIEHHOCTM MATOUYHOrO MoronoBbsl. Kblprbi3CKMiA FOPHbIA MEPUHOC SBNSIETCS LLEHHbIM
reHeTMYeCKUM pecypcoM, 061afialolmMM BbICOKOM aAanTUBHOCTBI K FOPHbIM YC/IOBUSIM, KaYeCTBEHHOM LIEepPCTbio U
3D PEKTUBHBIM MCMONb30BAHNEM CKYAHbIX KOPMOB. OQHAKO OrpaHUYeHHbIN reHOMOHA, M POCT MHOPUAMHIA CO34at0T
PUCKU CHWXEHUS MPOAYKTUBHOCTM M aanTMBHOCTM mopogpl. Llenb paboTbl 3akniouanacb B aHanuse CTPYKTypbl
NonNynsLUMK Kblprbl3CKOrO FOPHOIO MEPMHOCA HA OCHOBE OLLEeHKM BapnabenbHOCTU AePHbIX TOKYCOB. [1n 4OCTUMXEHUS
Lenu npoBefeHO reHOTUNMPOBAHWE OBel, C MCMOMb30BaHWEM MaHeNM BbICOKOMOAMMOP@HBIX MUKPOCATENIUTHbBIX
MapkepoB (SSR), pekoMeHA0BaHHbIX MexayHapoaHbIM 06LLEeCTBOM MO reHeTUKe XMBOTHbIX (ISAG). bbiin paccumnTtaHsl
noKasaTenu annenbHoro pazHoobpasus, Habnaaemas 1 oxuaaemMas reTepo3uroTHOCTb, KOIPPULMEHTbI PUKCALLUM
F_IS, reHeTnyeckne pacctosHua no Nei, a Takke MpoBefeH aHaNM3 MONYASLUMOHHOM CTPYKTYpbl C NMPUMEHEHMEM
MeTofoB KknactepHoro aHanusa, PCA u mopmenn STRUCTURE. PesynbTathbl McCiegoBaHUs MOKa3anu BbICOKMMA
YPOBEHb aNNeNibHoro pa3Hoobpasus No HGONbLUMHCTBY OKYCOB (YMCNO annenei Ha nokyc 6-14, shbdekTMBHOE YnCIo
annenen Ne 3,41-6,21, nipgekc nudpopmatnsHoctn PIC > 0,69). Habnopaemas reteposunrotHocTts (Ho = 0,68-0,73)
npakT1yeckn cootseTcTBoBana oxugaemon (He =0,70-0,74), a koadpduumentsl F_IS octaBanucb Huskumum (0,012-
0,028), uto cBMAETENLCTBYET 0O OTCYTCTBUM BbIPAXXEHHOr0 MHOpuAMHra. FeHeTuueckas AuddepeHLMaumns Mexay
rpynnamu 6bina cnabon (F_ST =0,018-0,032), reHetnyeckme pacctosHusa no Nei — MuHuManbHbiMmn (0,038-0,051),
a aHanu3 STRUCTURE BbiiBMN OBa YCNOBHbIX FEHETMYECKMX KacTepa C PaBHOMEPHbLIM pacnpeaeneHueM no
rpynnam, NoATBepKaas LenoCTHOCTb nonynsumm. MNpaktuyeckas LeHHOCTb UCCe0BaHMS 3aKNH04aAEeTCS B BbISIBIEHUM
COBPEMEHHOr0 COCTOSIHMA reHOhOHAA KbIPrbI3CKOro FOPHOr0 MEPUHOCA, YTO NO3BOSISIET pa3pabaTbiBaTb peKOMeHAALMM
NMo KOHTPONMPYEMOW CeNeKLMOHHOM paboTe, COXpaHEHWMIO YHUKANbHbIX annenen u noafepXKaHu reHeTU4ecKoro
pasHoobpasus nopofnbl, obecrneunBasi ee YCTOMUMBOCTb K HeBMAaronpusaTHbIM YCIOBUAM OKpYXatoLlen cpeapl

KnioueBble crnoBa: reHeTMYeCKoe pasHoobpasue; MMKPOCATENNIMTHbIE MapKepbl; MOMYASUMOHHAS CTPYKTYpa;
reTepo3nroTHOCTb; KO3DdOUUMEHT DUKCALMM; annebHOE pasHOO6Pa3ME; KbIPrbi3CKUE OBLLbI
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