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Genetic diversity of the Kazakh Tobet dog and comparison
with free-ranging dog populations

The Kazakh Tobet is a traditional livestock guardian dog (LGD) breed in Kazakhstan.'A comparison of ge-
netic diversity between the traditional breed and free-ranging (outbred) dogs makes it‘possible‘to better un-
derstand whether the genetic diversity of this breed is more similar to that of a structured breed population or
an unstructured, free-ranging dog population. The aim of this study was therefore toassess the genetic diver-
sity of the Kazakh Tobet and compare it with the genetic diversity of free-ranging'dogs. A total of 107 Tobet
samples from three regions of Kazakhstan and Mongolia and 55 free-ranging.dogs'were genotyped using 18
polymorphic microsatellite loci. The main parameters of genetic diversity,.— including mean number of al-
leles (Na), effective alleles (Ne), observed (Ho) and expected heterozygosity’(He) and fixation index (F) —
were evaluated. Tobet dogs showed a high level of genetic diversity (Na = 10.722, Ho = 0.781, He = 0.805
for the total populations), comparable to the values of outbred dogs (Na = 9.556, Ho = 0.776, He = 0.791).
All four Tobet populations showed signs of internal diversity. Fixation index values were low or negative in
most populations, suggesting that there is no strong inbreeding.

These results confirm the position of the Kazakh Tobet as a genetically rich and structurally complex LGD
breed that is maintained without strict reproductive isolation. They also illustrate a paradox in the conserva-
tion of the Kazakh Tobet: while the high genetic diversity'and admixture reflect the breed’s adaptive success
and functional selection history, formal recagnition of the breed and long-term conservation require a strate-
gic framework. In the case of the Kazakh Tobet, this does not mean imposing rigid reproductive isolation, but
rather implementing a scientifically guidedyopen breeding system — that supports genetic monitoring, pre-
serves functional traits, and protectsagainst both genetic erosion and uncontrolled hybridization.

Keywords: Genetic profileygene pool, genetic diversity, inbreeding, microsatellite marker, population genet-
ics, Tobet breed.

Introduction

The Kazakh Tobettissone of the oldest and culturally most important guard dog breeds in Kazakhstan.
Historically used by, Kazakh nomad shepherds to guard livestock during seasonal migrations and was primar-
ily selected for. behavioral and functional traits such as alertness, endurance, weather resistance and inde-
pendence. Despite.its cultural importance, the breed remained largely uncharacterized at the genomic level
until recently. Fragmented breeding practices, lack of centralized registration and increased crossbreeding
with local or import breeds have raised concerns about the preservation of the genetic identity and functional
capacity ofithe Kazakh Tobet.

To assess the current genetic status of the Kazakh Tobet, comparisons with free-ranging (or outbred)
dog populations are an important benchmark. Free-ranging dogs, which reproduce without pedigree control
or artificial selection, generally show a high degree of heterozygosity and allelic richness. These parameters
make them a meaningful reference point for assessing whether a traditional breed such as the Tobet exhibits
patterns of diversity consistent with purebred breeds, or whether it resembles the broader, genetically varia-
ble population of free-ranging dogs.

In parallel, several studies have begun in recent years to investigate the genetic characterization of
working breeds. It has been shown that many of these breeds frequently interbreed with local free-ranging
dogs [1, 2]. This has led to a paradigm shift: instead of interpreting genetic admixture as a threat to breed
purity, it is increasingly seen as a mechanism that improves adaptability and preserves working traits, espe-
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cially under extensive pastoral conditions. However, the Kazakh Tobet remains underrepresented in these
discussions and its genetic diversity compared to outbred dog populations has not been systematically
studied.

In this study, we present a comprehensive assessment of the genetic diversity and structure of the Ka-
zakh Tobet in comparison to free-ranging dog populations. Using 18 polymorphic microsatellite markers, we
analyzed samples of Kazakh Tobet from three regions of Kazakhstan and Mongolia. These were compared
with a reference population of outbred dogs. The main genetic parameters, including observed and expected
heterozygosity, average number of alleles, effective allele number and fixation index were evaluated. The
main objective of this work is to quantify the genetic diversity of the Kazakh Tobet, determine its relation-
ship to the outbred dog gene pool, and provide an empirical basis for strategies to preserve the breed.

Materials and methods of the research

Obijects of the research

The research protocol was reviewed and approved by the Bioethics Committee of the, RSE.at REM In-
stitute of Molecular Biology and Biochemistry named after M.A. Aitkhozhin, under.the Committee of Sci-
ence of the Ministry of Science and Higher Education of the Republic of Kazakhstan.(Protocol No. 1, Au-
gust 18, 2023). The study was conducted in accordance with the “Bioethical Rules for Conducting Research
Involving Humans and Animals”, the legislation of the Republic of Kazakhstan,:and the principles of the
European Convention on Bioethics. Importantly, no invasive experiments were:performed on animals during
the study. All research procedures involved the collection of biological, materials from dogs through mini-
mally invasive methods, posing no harm or distress to the animals.

Biological samples were obtained from Kazakh Tobet dogs,during,field expeditions, exhibitions, and
specialized breed-related events. Evaluation of each dog’s conformity to the Kazakh Tobet breed standard
was conducted by certified cynologists from the national organization “KANSONAR”. These experts met
the qualification requirements and had extensive experience, with both national Kazakh breeds and the
broader Central Asian Shepherd Dog group, to which the Kazakh Tobet is classified. The assessments were
based on the official breed standard for the Kazakh Tobet, approved by the Decree of the Ministry of Ecolo-
gy and Natural Resources of the Republic of Kazakhstan*No. 101 dated March 30, 2023. For comparative
purposes, a control group of free-breeding (outbred) dogs was included. These dogs, known for their high
genetic variability and adaptive potential,swere sampled from the animal welfare organizations “Tailed Para-
dise” and “New Chance”.

Two types of biological material were collected from Kazakh Tobet and outbred dogs:

- buccal swabs were obtained by gently brushing the inner cheek surface. Samples were placed in sterile
tubes containing phosphate-buffered saline (PBS). This non-invasive and painless procedure was used for
both Kazakh Tobet and outbred:dogs.

- peripheral bloodsamples (up to 50 ml) were collected from the leg vein using EDTA-coated vacuum
tubes by a licensedyveterinarian experienced in research sampling. All procedures were carried out under
sterile conditionsand were minimally invasive.

All samples were promptly transported in a portable refrigerated container to the Institute of Genetics
and Physiology.sUpon arrival, samples were stored at —80 °C until further molecular genetic analyses were
conducted:

Additionally, each sampled dog was photographed, and owners were asked to complete a detailed ques-
tionnaire. The questionnaire gathered data on the dog’s age, sex, origin, current place of residence, physical
description, and measurements. All data were digitized and entered into an electronic database. Informed
consent was obtained from each dog’s owner prior to the collection of samples and genetic testing.

Methods of the research

DNA extraction

DNA was extracted using “QIlAamp Fast DNA Tissue Kit” (Qiagen, Germany) kits according to the
manufacturer’s protocol. The qualitative and quantitative characteristics of the isolated DNA were deter-
mined using Qubit4.0 (Invitrogen, USA) or 2100 Expert (Agilent Technologies, USA).
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Microsatellite analysis

Microsatellite analysis was performed with the SeqStudio™ Genetic Analyser (Thermo Fisher Scien-
tific, USA) using the Thermo Scientific Canine Genotypes Panel 1 (Thermo Fisher Scientific, USA), which
contains 19 loci recommended by ISAG for dog (AHTk211, CXX279, REN169018, INU055, REN54P11,
INRA21, AHT137, REN169D01, AHTh260, AHTKk253, INUOO 5, INU030.

Methods for bioinformatics and statistical processing of microsatellite analysis data

Genetic evaluation based on allele frequencies was performed using the programs GenAlEx 6.5 [3] and
Cervus [4]. We evaluated indicators such as the average (Na) and effective (Ne) number of alleles, the ob-
served (Ho) and expected (He) heterozygosity, and the agreement with the Hardy-Weinberg distribution.

Results

Genomic DNA was extracted from all collected biological samples of Kazakh Tobet:dogs (n,= 163),
and its quality and quantity were assessed using standard protocols. Likewise, DNA wassisolated from bio-
materials collected from outbred dogs (n = 55), followed by evaluation of DNA integrity. andiconeentration.

Microsatellite genotyping was conducted for 18 autosomal loci in 107 Kazakh Tobetydogs representing
four geographic populations: South Kazakhstan (n = 73; hereafter Pop 1), East Kazakhstan (n = 16; Pop 2),
North Kazakhstan (n = 8; Pop 3), and Bayan-Olgii, Mongolia (n = 4; Pop 4). Additionally, 55 outbred dogs
were genotyped as a comparative group. Allele frequencies were calculatedsforieachilocus, and key parame-
ters of genetic variability were assessed for both Kazakh Tobet and outbred dogs (Tables 1, 2).

Table 1
Genetic variability of Kazakh Taobet dogs
Population Locus Na Ne Ho He F
Popl AHTK211 6,000 3,628 0,616 0,724 0,149
CXX0279 10,000 5,613 0,792 0,822 0,037
REN169018 11,000 5,721 0,808 0,825 0,021
INU055 9,000 4,992 0,849 0,800 -0,062
REN54P11 10,000 5,709 0,877 0,825 -0,063
INRA21 8,000 5,557 0,918 0,820 -0,119
AHT137 14,000 6,337 0,904 0,842 -0,074
REN169D01 11,000 6,307 0,932 0,841 -0,107
AHTh260 12,000 4,329 0,712 0,769 0,074
AHTK253 9,000 2,791 0,466 0,642 0,274
INU005 10,000 3,335 0,603 0,700 0,139
INUO030 7,000 4,315 0,781 0,768 -0,016
FH2848 9,000 5,789 0,877 0,827 -0,060
AHT121 12,000 7,860 0,795 0,873 0,090
FH2054 12,000 6,563 0,767 0,848 0,095
REN162C04 13,000 6,149 0,833 0,837 0,005
AHTh171 12,000 8,167 0,877 0,878 0,001
REN247M23 9,000 4,372 0,685 0,771 0,112
Mean 10,222 5,418 0,783 0,801 0,027
SE 0,495 0,341 0,029 0,015 0,024
Pop2 AHTK211 5,000 4,303 0,813 0,768 -0,059
CXX0279 6,000 3,657 0,813 0,727 -0,118
REN169018 6,000 4,697 0,875 0,787 -0,112
INU055 7,000 5,389 0,875 0,814 -0,074
REN54P11 7,000 4,031 0,938 0,752 -0,247
INRA21 6,000 3,969 0,625 0,748 0,164
AHT137 9,000 7,314 0,938 0,863 -0,086
REN169D01 8,000 5,069 0,875 0,803 -0,090
AHTh260 7,000 4,303 0,688 0,768 0,104
AHTK253 7,000 3,737 0,750 0,732 -0,024
INU005 7,000 4,096 0,625 0,756 0,173
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Continuation of Table 1

Population Locus Na Ne Ho He F
Pop?2 INU030 5,000 4,197 0,625 0,762 0,179
FH2848 6,000 4,452 0,813 0,775 -0,048
AHT121 10,000 7,014 0,938 0,857 -0,093
FH2054 9,000 5,333 0,813 0,813 0,000
REN162C04 8,000 4,531 0,750 0,779 0,038
AHTh171 8,000 3,580 0,750 0,721 -0,041
REN247M23 5,000 2,926 0,625 0,658 0,050
Mean 7,000 4,589 0,785 0,771 -0,016
SE 0,343 0,264 0,026 0,012 0,027
Pop3 AHTK211 4,000 3,048 0,375 0,672 0,442
CXX0279 6,000 5,120 0,875 0,805 -0,087
REN169018 5,000 3,556 0,875 0,749 -0,217
INU055 5,000 3,879 0,750 0,742 0,011
REN54P11 6,000 4,414 0,750 0,773 0,030
INRA21 6,000 4,741 1,000 0,789 -0,267
AHT137 6,000 4,923 1,000 0,797 -0,255
REN169D01 8,000 5,818 0,875 0,828 -0,057
AHTh260 8,000 6,400 0,750 0,844 0,111
AHTKk253 8,000 6,400 0,875 0,844 -0,037
INU005 6,000 3,200 0,625 0,688 0,091
INU030 6,000 4,414 0,875 0,773 -0,131
FH2848 5,000 4,741 0,750 0,789 0,050
AHT121 7,000 5,333 0,750 0,813 0,077
FH2054 6,000 5,120 0,875 0,805 -0,087
REN162C04 6,000 4,267 0,625 0,766 0,184
AHTh171 6,000 4,129 0,625 0,758 0,175
REN247M23 6,000 3,765 0,500 0,734 0,319
Mean 6,111 4,626 0,764 0,774 0,018
SE 0,254 0,230 0,039 0,012 0,045
Pop4 AHTKk211 5,000 3,704 0,900 0,730 -0,233
CXX0279 7,000 2,941 0,900 0,660 -0,364
REN169018 5,000 4,082 0,900 0,755 -0,192
INU055 6,000 4,000 0,600 0,750 0,200
REN54P11 5,000 3,448 0,500 0,710 0,296
INRA21 6,000 5,000 0,800 0,800 0,000
AHT137 9,000 6,452 0,900 0,845 -0,065
REN169D01 8,000 5,714 0,900 0,825 -0,091
AHTh260 6,000 3,704 0,900 0,730 -0,233
AHTk253 3,000 1,504 0,200 0,335 0,403
INUO0O05 4,000 2,667 0,700 0,625 -0,120
INUO030 5,000 4,167 0,900 0,760 -0,184
FH2848 7,000 4,762 0,900 0,790 -0,139
AHT121 7,000 5,405 0,800 0,815 0,018
FH2054 7,000 4,000 0,300 0,750 0,600
REN162C04 6,000 4,348 0,900 0,770 -0,169
AHTh171 6,000 3,571 1,000 0,720 -0,389
REN247M23 6,000 5,128 0,900 0,805 -0,118
Mean 6,000 4,144 0,772 0,732 -0,043
SE 0,333 0,276 0,054 0,027 0,062
All (n=107) AHTKk211 6,000 3,813 0,654 0,738 0,113
CXX0279 11,000 5,335 0,811 0,813 0,002
REN169018 11,000 5,632 0,832 0,822 -0,011
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Continuation of Table 1

Population Locus Na Ne Ho He F
All (n=107) INUO55 10,000 5,110 0,822 0,804 -0,023
REN54P11 10,000 5,516 0,841 0,819 -0,027
INRA21 8,000 5,408 0,869 0,815 -0,066
AHT137 14,000 7,198 0,916 0,861 -0,064
REN169D01 11,000 6,439 0,916 0,845 -0,084
AHTh260 13,000 4,733 0,729 0,789 0,076
AHTKk253 11,000 3,085 0,514 0,676 0,239
INUOO5 10,000 3,433 0,617 0,709 0,130
INUO30 7,000 4,504 0,776 0,778 0,003
FH2848 9,000 5,943 0,860 0,832 -0,034
AHT121 12,000 8,255 0,813 0,879 0,075
FH2054 13,000 6,584 0,738 0,848 0,129
REN162C04 15,000 6,293 0,811 0,841 0,035
AHTh171 12,000 6,895 0,850 0,855 0,005
REN247M23 10,000 4,233 0,682 0,764 0,107
Mean 10,722 5,467 0,781 0,805 0,034
SE 0,547 0,321 0,025 0,013 0,020
Table 2

Genetic variability of outbred dogs

Pop Locus Na Ne Ho He F
Outbred (n=55) AHTKk211 6,000 4,569 0,764 0,781 0,022
CXX0279 8,000 5,004 0,727 0,800 0,091
REN169018 10,000 5,490 0,855 0,818 -0,045
INU055 9,000 4,549 0,636 0,780 0,184
REN54P11 10,000 5,879 0,818 0,830 0,014
INRA21 7,000 4,632 0,818 0,784 -0,043
AHT137 12,000 5,996 0,891 0,833 -0,069
REN169D01 11,000 5,955 0,891 0,832 -0,071
AHTh260 12,000 5,891 0,873 0,830 -0,051
AHTKk253 7,000 3,085 0,709 0,676 -0,049
INU005 12,000 3,658 0,636 0,727 0,124
INU030 6,000 3,168 0,709 0,684 -0,036
FH2848 8,000 6,044 0,727 0,835 0,129
AHT121 13,000 8,509 0,891 0,882 -0,010
FH2054 11,000 5,762 0,764 0,826 0,076
REN162C04 12,000 4,844 0,873 0,794 -0,100
AHTh171 11,000 5,123 0,764 0,805 0,051
REN247M23 7,000 3,555 0,618 0,719 0,140
Mean 9,556 5,095 0,776 0,791 0,020
SE 0,550 0,308 0,022 0,013 0,020

Thepercentage of polymorphic loci in the sample of Kazakh Tobet dogs was 100 % and a total of
193 alleles were identified. Pop 1 had the highest average number of alleles per locus (Na=10.222+0.495). In
comparison, Pop 2 and Pop 3 showed moderate genetic diversity, with mean Na values of 7.000+0.343 and
6.111+0.254, respectively. The lowest genetic diversity among the four populations was observed in Pop 4,
where the mean Na value was 6.000+0.333. The highest number of alleles was found at loci REN162C04,
AHT137, AHTh260, FH2054, AHT121 and AHTh171, each with 12 to 15 alleles. The lowest number of
alleles was found for the AHTk211 locus with 6 alleles. The average number of effective alleles for the
all samples analyzed was 5.467+0.321 and ranged from 4.144+0.276 in Pop 4 to 5.418+0.341 in Pop 1.
The highest observed heterozygosity was found in Pop 2 (Ho=0.785+0.026), followed by Pop 1
(Ho=0.783%0.029) and Pop 3 (Ho=0.764+0.039). The highest expected heterozygosity was found in Pop 1
(He=0.801+0.015), while Pop 3 (He=0.774+0.012) and Pop 2 (He=0.771+0.012) also showed significant but
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slightly lower heterozygosity. In contrast, Pop 4 had the lowest heterozygosity values, with Ho at
0.772+0.054 and He at 0.732+0.027. The fixation index F was negative in Pop 2 (-0.016+0.027) and
Pop 4 (-0.043+0.062), indicating an excess of heterozygotes in these populations. In contrast, Pop 1
(0.027+0.024) and Pop 3 (0.018+0.045) had positive F-values, indicating a slight lack of heterozygotes.

The percentage of polymorphic loci in the sample of outbred dogs was 100 %, a total of 172 alleles
were identified. The average number of alleles per locus (Na) was 9.556+0.550. The highest genetic diversity
among the loci was found for the AHT121 locus, which had 13 alleles. The INUO30 locus had the lowest
number of alleles — only 6. The average Ne value was 5.0954+0.308 and varied from 3.085 for the AHTk253
locus to 8.509 for the AHT121 locus. The average observed heterozygosity (Ho) for all analyzed loci was
0.776+0.022, which is close to the average expected heterozygosity (He), which was 0.791+0.013. The high-
est observed heterozygosity was recorded for the AHT137, REN169D01 and AHT121 loci, where Ho
reached 0.891. The lowest observed heterozygosity was at the REN247M23 locus (Ho=0.618). The fixation
index was generally close to zero (F=0.020+0.020), indicating that there is neither a significant lTack nor ex-
cess of heterozygotes in the population. Negative F-values, indicating an excess of‘heterozygotes, were
found for REN169018 (-0.045), AHT137 (-0.069), REN169D01 (-0.071) and other loci. At theisame time,
positive F-values, indicating a slight heterozygote deficiency, were found at theffoci INW005 (0.124),
FH2848 (0.129) and REN247M23 (0.140).

HWE assessment in the analyzed sample of Kazakh Tobet dogs showed a deviationsfrom HWE for sev-
en loci (INRA21, AHT137, AHTh260, AHTKk253, FH2054, REN162C04 and"AHTh171 at P<0.0011) and in
the analyzed sample of outbred dogs — for four loci (CXX0279 at P<0.05, INUQ55 at P<0.05, FH2054 and
INUOOS5 at P<0.001).

A comprehensive analysis of the genetic parameters of outbred and Kazakh Tobet dogs (Fig.) revealed
relatively similar values for all parameters assessed. At the same,timejuthe Kazakh Tobet population even
showed a slightly higher genetic diversity compared to the outbred degs, despite a relatively small deficit of
heterozygotes: the F-fixation index was higher in the Kazakh Tobets (0.034) than in the outbred dogs (0.02).

W Outbred dogs
I ETobet dogs
Na MNe Ho He

Figure. Comparative analysis of genetic diversity parameters of Kazakh Tobet and outbred dogs
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Discussion

This study provides the population genetic analysis of the Kazakh Tobet, a traditional LGD breed,
based on 18 highly polymorphic microsatellite loci. By analyzing 107 Kazakh Tobet dogs from three regions
of Kazakhstan and Mongolia, and comparing them with 55 free-breeding dogs, we assessed the genetic di-
versity that define the contemporary gene pool of this indigenous breed.

The Kazakh Tobet demonstrated high levels of genetic variability across all metrics analyzed. A total of
193 alleles were identified, and 100 % of loci were polymorphic. The average number of alleles per lo-
cus (Na) reached 10.722—substantially higher than values reported for many molossoid and non-molossoid
breeds. For example, the Kazakh Tobet parameters were higher than those of the Tibetan Mastiff (Na=7.7,
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panel of 10 STR loci [5]), the in English Bulldog (Na=6.455 and Ne=2.722; panel of 33 STR loci [6], the
French Bulldog (Na=5.1; Ne=2.9; panel of 18 STR loci [7]). In addition, the genetic analysis performed on
the basis of a panel of 10 STR markers showed lower values of observed heterozygosity (Ho) compared to
Kazakh Tobets for such breeds from the molossoid group as Boxers, Staffordshire Bull Terriers and Rottwei-
lers (Ho = 0.51, 0.63 and 0.47, respectively) when analyzing a panel of 15 markers [8], for the Tibetan Mas-
tiff and French Bulldog (Ho = 0.694-0.76, and 0.6077, respectively) when analyzing a panel of 10 mark-
ers [9]. However, similar values of over 70 % observed heterozygosity were also found for several non-
molossoid dog breeds: for the Korean Dongyonggi (Ho = 0.7266) when analyzing 10 microsatellite loci [10],
for the Italian Pointer and the Podenco (Ho = 0.723 and 0.710-0.718) when analyzing a similar panel of
19 microsatellite loci [11], for the Yorkshire Terrier (Ho= 0.73) when analyzing 15 STR markers [8].

In population genetic studies of dog breeds, high observed heterozygosity is often interpretedsas an in-
dication of recent admixture, large effective population size or lack of strict reproductive isolation. Indeed,
our own control group of outbred dogs exhibited high heterozygosity (Ho = 0.776), very similar toithat of the
Kazakh Tobet. This supports the conclusion that the Kazakh Tobet dogs are still kept in“an ‘©pen mating, sys-
tem with varying degrees of reproductive isolation.

However, recent genomic studies have shown that LGD breeds worldwide oftenido not exhibit strict re-
productive isolation and show extensive genetic overlap with outbred dogs due to.theirstraditional role in ru-
ral and nomadic livestock systems. Dutrow et al. were the first to point out the genetic link’between purebred
and free-ranging dogs [1]. Coutinho-Lima et al. showed the widespread nature ofithis relationship within
LGD breeds and suggested that reproductive isolation may not be necessary t0 maintain highly specialized
dogs [2]. This has led to the growing consensus that reproductive isolation is not a prerequisite for the
preservation of important working traits. Rather, it is cultural,and, functional selection—based on perfor-
mance and behavior in the field—that maintains the integrity of.GD pepulations. In this context, the high
levels of heterozygosity observed in Kazakh Tobets are not indicative of breed degradation, but reflect the
adaptive diversity maintained by an open breeding system. Similarresults have been reported for other tradi-
tional LGD breeds such as the Turkish Kangal [12] and thesPortuguese Castro Laboreiro dog [13], where
genomic analyses revealed an extensive exchange of alleles with local outbred populations. From this per-
spective, the high genetic diversity observed in Kazakh Tobgts should not be seen as a threat to the conserva-
tion of the breed, but rather as a sign of resilience andiadaptability—traits that are essential for their survival
in the harsh steppe and mountainous landscapes of Central Asia.

Although the genetic diversity of the Kazakh Tobet breed was high overall, it was not evenly distributed
across all populations. There are clear differences between the four populations studied. The southern popu-
lation showed the highest genetic diversity, but a slight deficit of heterozygotes indicated low inbreeding
(positive F-value). The easterniand northern populations showed moderate diversity, with the former show-
ing an excess of heterozygotes (negative:F-values), indicating inbreeding, and the latter showing a slight def-
icit of heterozygotes. The Mongoliandpopulation was characterized by the lowest genetic diversity and the
strongest evidence of crossbreeding (the lowest negative F-value).

Taken together, these results position the Kazakh Tobet as a genetically rich and structurally complex
LGD breed maintained under conditions of semi-natural selection and open gene flow. They also illustrate a
paradox in the conservation of the Kazakh Tobet: while the high genetic diversity and admixture reflect the
breed’s adaptive success and functional selection history, formal recognition of the breed and long-term con-
servation require.a strategic framework. In the case of the Kazakh Tobet, this does not mean imposing rigid
reproductive iselation, but rather implementing a scientifically guided, open breeding system — that sup-
ports genetic monitoring, preserves functional traits, and protects against both genetic erosion and uncon-
trolled hybridization.
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Ka3ak Te0eT uTTepiHiH reHeTHKAJBIK dPTYPJILIIriH Oaraaay
’KOHE OHBbI Ka0aibl UTTEPAiH MONMYJISAUUICHIMEH CAJBICTBIPY

KasakrbiH Te6eTi — KazakcTaH ayMarbIH/Ia MaJl/(bl KOPFay KbI3METiH OpbIH/AFaH AJCTYPJIi UT TYKbIMBI. TeKTi
TYKBIMJIBI TONTap MEH jkabailbl UTTEPIiH MOIYJIALMSIIAPbl apachIHAAFbl TCHETHKAIBIK OPTYPJIUITIH callbl-
CTBIPMAJTBI TallIay TYKBIMHBIH T€HO(MOHIBIHBIH KYPBUIBIMABIK MOMYJIHs OeNriyiepiHe coiikec KeIeTiHAIriH
HeMece YIbIMAACTHIPbUIMAFaH, TEeHETHKAJbIK JKaFbIHAH op TYpJii TONTapAblH CHUIATTaMajlapblH
CaKTaWTHIHIBIFBIH aHBIKTayFa MYMKIiHAIK Oepeni. Byn 3epTTey »KyMBICHIHBIH Herisri Makcatel — Kazax
TOOCTIHIH TeHETHKAJbIK OPTYPJIUIK AeHreilin Oaranayra jKOHE OHBI XaOailbl UTTEPAIH KepceTKilTepiMeH
casbIcThipyFa OarbiTTanFaH. JKymbic asceinaa KasakcTaHHBIH Y OHIpiHEH jkoHe MOHFONMSIAH ipiKTENreH
TebeT TYKbIMAB! nTTepaiy 107 Typi, coHmaii-aK sxabaifel nTTepAin 55 Typi Tanmangsl. ['enoruntey 18 monu-
MOP(THI MHKPOCAaTEIIMTTIK JIOKycTap OOMbIHIIA >KYpri3unmi. [eHeTWKanmblK BapHAlUsSHBIH —HETi3ri
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napamerpJiepi ecenTesi: amienbaepaiy oprama cansl (Na), amnenpaepain tuimMai caubl (Ne), OaKpUIaHATBIH
(Ho) xone kytinerin rereposurotansik (He) sxone ¢pukcanus unpekci (F). Hotmxkecinae »abaifbl nTTrepmMeH
cansicTbipranaa (Na = 9.556, Ho = 0.776, He = 0.791) TebeT reHeTHKAJIBIK OpTYPIILUTIKTIH KOFaphl AeHreiline
ne ekeHiH kepcerti (Na = 10.722, Ho = 0.781, He = 0.805). 3epTTeyre KaTbicKaH TOOCTTIH OapIbIK TOPT IMO-
MYJSIUSACHIHAA JKOFAphl TeTePOreH UK TipKenai. bekiTy WHIeKCiHIH Tepic HeMece HeJre JKakbIH MOHIEpi
KOII JKaF/aiiia alKblH HHOPHANHITIH JKOKTBIFBIH KepceTei. ¥ ChlHbUFaH HoTIKenep Ka3ak TeOeriHiH KataH
PENpOAYKTUBTI OKLIaynay GojMaraH jKaFaaijia KaJabITaCKaH IeHETHKANBIK Op TYPJi XKOHE iIKi capaaHFaH
TYKBIM €KeHIH KepceTeni. MyHail epeKIIeikTep Tay >KbIHBICTAPBIH CaKTay Mocelsenepinae oenrim 6ip ma-
paloKc TyAbIpalbl: JKOFaphl ©3TeprillTiK jkoHEe Kocla OenriiepiHiH Ooiysl OHBIH OeHiMAENrilm MKeMIiTir
MeH (yHKIMOHAABIK TYPAKTBUIBIFBIH KepceTe i, Oipak COHbIMEH Oipre TaHy MEH y3aK Mep3iM/i CaKTayIbIH
CTPATEeTHSJIBIK TOCUTIH KakeT eTeni. TeOeT WTTepiHiH >KardaiiblHOa KaTaH PENpONYKTHBTI OKIIAyJaybl
€HTi30¢ei, TYPaKThl TCHETUKANBIK OaKbLIay/Ibl dKOHE HETI3T1 TYKBIMJIBIK OCNTiIep/Ii caKTayabl, COHBIMCH KaTap
TeHETHKANbIK Aerpalalysaan aa, 0aKpuiaychl3 OylaHAaCThIpYAaH Ja KOpFay/bl KO3ACHTIH allblK TYKbIMJIbI
ocipy/IiH FUIBIMH HETi3/IeJITeH YITICIH jKacay JyphIC MIeMIiM JeTl CaHaHMBI3.

Kinm coe30ep: reneTukanbIK npodmis, TeHOPOH, TeHETHKAIBIK SPTYPIIUIIK, HHOPHIWHT, MUKPOCATSIUINTTIK
MapKep, TOIYJIIIUSIIBIK TeHETHKA, TOOET TYKBIMEL

A.B. Ilepdunbsesa, .M. AbbsutkaceimMoBa, A.Jl. Tonebaesa, K.b. bécmanopa,
E.b. Ky3osneBa, M.O. bermanosa, A.C. Amupranuesa, O.B. Buninsikosa,
N.A. Hazapenko, A.A. KakcwuibikoBa, A.E. Epxan;

A.C. CeiicenbaeBa, H.B. Murn

Ounenka reHeTH4YeCKOro pasHoodopasus covax nopoasl Kazaxckuii ToOet
U e¢ CpaBHEHHeE C MOMYJasIUAMHU 0eCHOPOAHBIX CO0AK

Kazaxckuit Tober npencraBisier co00il TpaJUIMOHHYIO MTOPOAY c00aK, HETOPUUECKU BBIMONTHABIIYIO (DyHK-
IIUI0 OXPaHbI CKOTa Ha Tepputopun Kaszaxcrana. CpaBHUTEAbHBIN aHANN3 T€HETHIECKOTO Pa3zHOOOpasus Mmo-
POAHBIX M OECHOPOTHBIX COOAK MO3BOJISIET YCTAHOBHUTH,\COOTBETCTBYET JIM T'€HOGOH MOPOABI IPHU3HAKAM
CTPYKTYPHPOBAHHOH MOMYJISIMU WM COXPAHSIET XapaKTePHCTHKU HEOPTaHH30BAHHBIX, TeHETHIECKH Pa3HO-
ponuslx rpynm. Hacrosiee ucciezoBanye ObUIO HANPABICHO Ha OLEHKY YPOBHS T'€HETHUECKOTO Pa3HOO0pa-
3us Kaszaxckoro ToGeTa 1 ero cornocTaBlieHHe ¢ IOKA3aTeIIMH OecriopoaHbIX cobak. B pamkax paGoTs! ObLIH
npoananu3upoBanbl 107 o6pa3uoB codak nmopoxasl TobeTy0TOOpaHHbIX B TpEX pernoHax Kazaxcrana u Mon-
rojIMH, a TaKkxke 55 00pa3unoB OecnopoaHbIX \cobak. ['€eHOTHMMPOBAHUE OCYIIECTBIIOCH MO 18 momimMopd-
HBIM MHKPOCATEIUTHTHBIM JIOKycaM. BbIIN paccunTaHb! KIIFOUEBBIE TapaMeTPhl TeHETHIECKONH H3MEHUHBOCTH:
cpenHee kommaectBo amteneil (Na), sddexrrBHoe uncio amreneit (Ne), Hadbmomaemas (Ho) u oxunaemas
rereposurotHocTs (He), a Taroke siuneke ukcannn (F). Pesynerarer mokaszamm, urto Tober obmamaer BbICO-
KM YpOBHEM reHeTHuecKoro pasHoobpasms (Na = 10.722, Ho = 0.781, He = 0.805), cpaBHUMEIM ¢ mOKa3a-
TeasMu OGecriopoHbIX cobak (Na = 9.556, Ho = 0.776, He = 0.791). Bricokas rereporeHHoOcTh Obl1a 3aduk-
CHpOBaHa BO BCEX YETHIPEX Momy smusix ToOera, y4acTBOBAaBIIMX B HccienoBaHWH. OTpULATENbHBIC HIIH
OnM3KKMe K HYNIO 3HaueHUs, MHNeKea (UKcalu B OOJBIIMHCTBE CIIy4aeB CBUJCTEIBCTBYIOT 00 OTCYTCTBHU
BBIP@)KEHHOTO MHOpUAWHIA. [IpecTaBieHHbIe pe3yIbTaThl CBUICTEIBCTBYIOT O TOM, uTo Kasaxckuit Tober
SIBJIETCS] TeHETHMECKH Pa3HO00pa3HOi 1 BHyTpeHHe tuddepeHpoBaHHON TOpooii, hopMupoBaBIIelics B
YCIOBHSX OTCYTCTBUSI CIPOTOH PEMpOAYKTUBHOHM M30isAIMH. Takme 0COOCHHOCTH CO3JAl0T ONMpPEAeNEHHBII
MapagoKC B BOHPOCAX:COXPAHEHHUs MOPOBI: BBICOKAss M3MEHUYMBOCTh M HAIMYUE TPH3HAKOB IIPUMECH OTpa-
JKAIOT €€ aJanTHBHYIO INIACTHYHOCTD U (DYHKI[MOHAIBHYIO YCTOHYNBOCTE, HO OJHOBPEMEHHO TpeOyroT Oomee
CTPaTEerHIeCcKOro MoaxoJa K NMPHU3HAHUIO M JIOJITOCPOYHOMY coxpaHeHmio. B cimydae ToGera memecoobpas-
HbIM NPEJICTABIETCS HE BBEJICHHE CTPOTOM PENpOLyKTHBHOH M30J1MHU, a pa3paboTka HaydHO 0OOCHOBAH-
HOM_MO/IENH  OTKPHITOTO pa3BelCHHs, MPEAyCMaTPUBAIOIICH Pery/sipHbIi TeHeTHYeCKMH MOHUTOPHHT, CO-
XPaHCHUC KIIOYEBBLIX MOPOAHBIX IMPU3HAKOB U 3alllUTYy KaK OT FeHETUYECKOM JAcrpagalvy, Tak U OT HCKOH-
TPOIHPYEMOH THOPUIN3AIIMY.

Kiiouesvie cnosa: reHeTHIecKuil MpoQuiIb, TeHO(OH, TeHETHIECKOe pa3HOoOpa3nue, MHOPHUIMHT, MHKpPOCa-
TEJUTUTHBII MapKep, Oy IAIHOHHAs TeHEeTHKa, mopoja Tober.
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