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PHYLOGENETIC ANALYSIS OF THE KAZAKH 
 FAT-TAILED COARSE-WOOL SHEEP BREED

In this study, a phylogenetic analysis was conducted to determine the genetic diversity of the Kazakh fat-
tailed coarse-wool sheep breed raised in Kazakhstan using SNP polymorphisms of the mitochondrial DNA 
(mtDNA) d-loop region consisting of 840 base pairs (bp). A total of 80 Kazakh fat-tailed coarse-wool sheep 
were initially sampled from two breeding farms in Kazakhstan. Following DNA extraction, PCR amplifica-
tion, and sequencing, 10 samples were successfully sequenced for the mitochondrial DNA (mtDNA) D-loop 
region. For comparative phylogenetic analysis, these 10 newly generated sequences were combined with 15 
reference sequences retrieved from the NCBI GenBank database, resulting in a final dataset of 25 sequences. 
DNA molecules were extracted from peripheral blood samples, and polymerase chain reaction (PCR) ampli-
fication was performed. Sequencing analysis of the amplified products revealed nucleotide compositions of 
31.46% adenine, 36.19% thymine, 16.42% guanine, and 15.93% cytosine. The obtained sequences were 
compared with available nucleotide sequences of domestic sheep and wild mouflon breeds from the NCBI 
database. Phylogenetic tree analysis conducted using the MEGA X software demonstrated that the Kazakh 
fat-tailed coarse-wool sheep formed a distinct cluster with a 98–100% genetic similarity, indicating a unique 
genetic diversity and confirming its status as an autochthonous sheep breed. Furthermore, the Kazakh fat-
tailed coarse-wool sheep showed a close genetic relationship with Mongolian, Tibetan, and Gissar sheep 
breeds. In contrast, European sheep breeds were positioned at a greater genetic distance in the phylogenetic 
tree, suggesting that they belong to different evolutionary lineages.

Keywords: phylogenetics, sequencing, genetic diversity, D-loop, DNA markers, SNP50, PCR, ge-
netic differentiation.
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Қазақтың құйрықты қылшық жүнді қой тұқымына  
жүргізілген филогенетикалық талдау

Бұл зерттеуде Қазақстанда өсірілетін қазақтың құйрықты қылшық жүнді қой тұқымының 
генетикалық әртүрлілігін анықтау мақсатында ұзындығы 840 жұп нуклеотидтен (ж.н.) тұратын 
митохондриялық ДНҚ-ның (мтДНҚ) D-ілмек аймағындағы SNP-полиморфизмдер негізінде фи-
логенетикалық талдау жүргізілді. Зерттеу үлгілері ретінде популяциядан барлығы 80 қой кездей-
соқ таңдап алынды. Перифериялық қан үлгілерінен ДНҚ бөлініп алынып, полимеразды тізбекті 
реакция (ПТР) әдісімен амплификация жүргізілді. Амплификацияланған өнімдерді секвенирлеу 
нәтижесінде нуклеотидтік құрамы 31,46% аденин, 36,19% тимин, 16,42% гуанин және 15,93% 
цитозинді құрады. Алынған нуклеотидтік тізбектер NCBI деректер базасында қолжетімді үй 
қойлары мен жабайы муфлондардың референстік тізбектерімен салыстырылды. MEGA X бағ-
дарламасы арқылы жүргізілген филогенетикалық талдау қазақтың құйрықты қылшық жүнді қой 
тұқымының тізбектері 98–100% жоғары bootstrap статистикалық қолдауымен жеке кластер тү-
зетінін көрсетті, бұл талдауға енгізілген референстік қой популяцияларынан айқын генетикалық 
дифференциациясын көрсетеді. Сонымен қатар қазақтың құйрықты қылшық жүнді қой тұқымы 
моңғол, тибет және гиссар қой тұқымдарымен жақын генетикалық туыстықты көрсетті. Ал еу-
ропалық қой тұқымдары филогенетикалық ағашта генетикалық қашықтықтың жоғары болуымен 
ерекшеленді, бұл олардың әртүрлі эволюциялық линияларға жататынын көрсетеді.
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Филогенетический анализ казахской грубошёрстной овцы

В данном исследовании был проведен филогенетический анализ для определения генети-
ческого разнообразия казахской курдючной грубошерстной породы овец, разводимой в Казах-
стане, с использованием SNP-полиморфизмов D-петли митохондриальной ДНК (мтДНК) длиной 
840 пар оснований (п.н.). Всего из популяции были случайным образом отобраны 80 овец. Из 
периферической крови выделяли ДНК, после чего проводили амплификацию методом поли-
меразной цепной реакции (ПЦР). В результате секвенирования амплифицированных продуктов 
был определен нуклеотидный состав: 31,46% аденина, 36,19% тимина, 16,42% гуанина и 15,93% 
цитозина. Полученные последовательности сравнивали с доступными в базе данных NCBI нукле-
отидными последовательностями домашних овец и диких муфлонов. Филогенетический анализ, 
проведенный с использованием MEGA X, показал, что последовательности казахской курдючной 
грубошерстной породы овец образуют отдельный кластер с высокой статистической поддерж-
кой bootstrap 98–100%, что свидетельствует о четкой генетической дифференциации от рефе-
ренсных популяций овец, включенных в анализ. Кроме того, казахская курдючная грубошерстная 
порода овец продемонстрировала близкое генетическое родство с монгольской, тибетской и 
гиссарской породами овец. В отличие от них, европейские породы овец располагались на боль-
шем генетическом расстоянии на филогенетическом дереве, что указывает на их принадлеж-
ность к различным эволюционным линиям.

Ключевые слова: филогенетика, секвенирование, генетическое разнообразие, D-петля, 
ДНК-маркеры, SNP50, ПЦР.

Introduction

Animal husbandry is a traditional and strategi-
cally important branch of agricultural production, 
deeply rooted in the natural and climatic conditions 
of Kazakhstan and based on centuries of livestock-
breeding culture and experience. In particular, sheep 
breeding is closely intertwined with the lifestyle of 
the nomadic population and represents an integral 
part of the national culture and tradition. Among the 
local livestock breeds, the Kazakh fat-tailed coarse-
wool sheep occupies a special place. Its origin 
dates back to ancient times, having been developed 
through folk selection in the steppe and semi-desert 
regions of Kazakhstan. This breed is characterized 
by high adaptability, resilience, and productivity in 
both meat and fat yield, representing a unique com-
ponent of the country’s genetic resources. Between 
1930 and 1950, the Kazakh fat-tailed coarse-wool 
sheep was described based on specialized zootech-
nical studies and officially recognized as an inde-
pendent breed according to its ethnological and pro-
ductive characteristics. Today, this breed is widely 
distributed across Kazakhstan, particularly in the 
southern, western, central, and eastern regions of the 
country (Kanapin, 2009). 

Scientific investigation of the genetic diversity 
and biological characteristics of native livestock 
breeds has become one of the priority directions in 

enhancing agricultural productivity, ensuring food 
security, and strengthening export potential. The 
preservation and efficient use of genetic resources 
play a decisive role in maintaining the nation’s food 
security and guiding breeding and selection pro-
grams (Wood & Phua, 1996; Ozerov et al., 2006; 
Pozharskiy et al., 2020). Morphologically, the Ka-
zakh fat-tailed coarse-wool sheep is large, compact, 
and characterized by a fat-storing tail and coarse-type 
fleece. The average live weight of adult rams ranges 
from 90 to 120 kg, while ewes typically weigh be-
tween 55 and 75 kg. Lambs can reach 20–30 kg by 
the age of four months, and these values can further 
increase under favorable feeding and grazing con-
ditions. The tail fat alone may reach 8–14 kg, and 
under special care, up to 20 kg. At present, study-
ing the genetic diversity of this breed is a pressing 
issue. Intensive crossbreeding, large-scale selection 
programs aimed at maximizing production, and the 
potential loss of regional genetic resources pose se-
rious threats to the genetic uniqueness and breed in-
tegrity of local sheep populations (Hiendleder et al., 
1998; Kumar et al., 2024; Osipov, 2007). 

These factors necessitate an in-depth investi-
gation of the intra-breed genetic structure using 
an integrated approach that combines morpho-
logical and molecular-genetic methods (Erokhin et 
al., 2014). Since the Kazakh coarse-wool sheep is 
distributed across Central Asia, its mitochondrial 
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DNA (mtDNA) haplotypes are likely to belong to 
haplogroups A or C, which distinguishes it geneti-
cally from European sheep breeds (Deniskova et al., 
2019; Meadows et al., 2005). However, the level 
of genetic polymorphism in fat-tailed coarse-wool 
sheep remains insufficiently studied. To analyze the 
genetic structure of sheep populations, efficient and 
accessible molecular-genetic markers such as short 
tandem repeats (STR loci) and the non-coding D-
loop region of mitochondrial DNA (mtDNA) are 
widely used. Because mtDNA is maternally inher-
ited, it exhibits high intraspecific variability and 
serves as a reliable marker for studying genetic di-
versity and phylogenetic relationships (Marzanov et 
al., 2004; Ozerov, 2004; Tajima, 1989). Sequencing 
of mtDNA is recognized as one of the most effec-
tive methods for identifying mtDNA haplotypes in 
sheep (Hiendleder et al., 2002; Pedrosa et al., 2005). 
In the study conducted by I.E. Mukhametzharova, 
the level of genetic diversity among six sheep breeds 
reared in Kazakhstan-Kazakh semi-fine-wool meat-
wool, Edilbay, South Kazakhstan merino, Kazakh 
fat-tailed semi-coarse wool, and Akzhaik fine-wool 
meat-wool-was investigated based on mtDNA. The 
mtDNA sequences from samples of each breed 
were analyzed and comparatively characterized ac-
cording to their phylogenetic structure and haplo-
typic composition. The results showed that among 
64 samples representing six local breeds, 43.75% 
(28/64) belonged to haplogroup A, 39.06% (25/64) 
to haplogroup B, and 17.19% (11/64) to haplogroup 
C (Hiendleder et al., 2002). Currently, international 
databases such as GenBank and EMBL contain ex-
tensive microsatellite data on domestic animals. For 
sheep alone, more than 300 microsatellite markers 
have been characterized. Due to their high polymor-
phism, these markers are widely employed to assess 
the genetic characteristics of livestock species and 
breeds (Álvarez et al., 2013; Mukhametzharova, 
2022).

Materials and methods

For this study, peripheral blood samples were 
collected from 80 Kazakh fat-tailed coarse-wool 
sheep from two breeding farms in Kazakhstan: 40 
animals from the “Kundyzdy” breeding farm and 
40 animals from the “Aksunkar” breeding farm. 
Animals were randomly selected from the available 
breeding population at each farm, without intention-
al selection based on specific production or pheno-
typic traits. The 80 animals represented the initial 
study population. Following DNA extraction, PCR 
amplification of the mitochondrial DNA D-loop re-

gion, and assessment of PCR product quality, 10 
samples were successfully sequenced and retained 
for downstream sequence analysis. The collection 
of peripheral blood samples was carried out by 
qualified veterinary specialists. Blood samples were 
drawn using sterile needles and collected into tubes 
containing EDTA reagent to prevent coagulation. 
The samples were then transported to the laboratory 
at a temperature of +4 °C. Genomic DNA was ex-
tracted from the peripheral blood using the QIAamp 
DNA Blood Mini Kit (250) (QIAGEN, Germany). 
The concentration and purity of the isolated DNA 
were assessed using a NanoDrop One spectropho-
tometer (Thermo Fisher Scientific, USA). Primers 
specific to the mitochondrial DNA D-loop region 
were synthesized by Macrogen Inc. (Seoul, South 
Korea). PCR amplification of the D-loop region was 
performed using a Mastercycler thermal cycler (Ep-
pendorf, Germany). The polymerase chain reaction 
(PCR) conditions were as follows: initial denatur-
ation at 94 °C for 6 min; followed by 34 cycles of 
denaturation at 96 °C for 46 s, annealing at 54 °C for 
32 s, and extension at 74 °C for 1 min; with a final 
extension step at 74 °C for 1 min. For comparative 
phylogenetic analysis, 15 reference mtDNA D-loop 
sequences representing domestic and wild sheep 
breeds were retrieved from the NCBI GenBank da-
tabase. Phylogenetic relationships were reconstruct-
ed using the Neighbor-Joining (NJ) method imple-
mented in MEGA X. The analysis was based on 
the aligned mitochondrial DNA D-loop sequences 
of the 10 newly generated KFT-CWS samples and 
15 reference sequences from GenBank. Bootstrap 
support for the inferred tree topology was evaluated 
using 1,000 replicates. The resulting phylogenetic 
tree was visualized and annotated using MEGA X. 
These reference sequences were selected to repre-
sent geographically and genetically diverse sheep 
populations relevant to the phylogenetic analysis. 
Thus, the final dataset used for phylogenetic recon-
struction consisted of 25 sequences, including 10 
newly generated KFT-CWS sequences and 15 se-
quences obtained from GenBank.

For comparative phylogenetic analysis, 15 
reference mitochondrial DNA (mtDNA) D-loop 
sequences representing domestic and wild sheep 
breeds were retrieved from the NCBI GenBank da-
tabase. The final dataset consisted of 25 sequences, 
including 10 newly generated KFT-CWS sequences 
and 15 reference sequences from GenBank. Mul-
tiple sequence alignment was performed using the 
ClustalW algorithm implemented in MEGA X. The 
aligned sequences were manually inspected and 
trimmed to ensure comparable nucleotide positions 
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across all sequences. Phylogenetic relationships 
were reconstructed using the Neighbor-Joining (NJ) 
method implemented in MEGA X, and the reliabil-
ity of the inferred tree topology was assessed using 
1,000 bootstrap replicates. Gaps and missing data 
were treated according to the default settings of 
MEGA X. Nucleotide substitution probabilities and 
the corresponding substitution matrix were calculat-
ed using MEGA 12 under the Tamura–Nei (1993) 
model. The resulting phylogenetic tree was visual-
ized and annotated using MEGA X.

Results and discussion

 Polymerase chain reaction (PCR) analysis was 
performed using specific primers corresponding to 
the mitochondrial DNA (mtDNA) D-loop region 
(Figure 1). The amplified PCR products were subse-
quently analyzed by electrophoresis in a 2% agarose 
gel. The molecular weight of the synthesized am-
plicons was evaluated using a DNA ladder ranging 
from 100 to 1000 base pairs (bp).

Table 1
Representative DNA concentration and purity measurements 
for selected Kazakh fat-tailed coarse-wool sheep samples

№ ng/μl A260/280 A260/230
1 10.6 1.07 0.14
2 9.8 2.44 0.80
3 12.7 1.55 0.67
4 13.8 2.74 0.92
5 10.7 2.62 0.92
6 13.5 2.44 0.62
7 12.6 1.38 0.86

Table 1 presents DNA concentration and puri-
ty measurements for seven representative samples 
from the initial collection of 80 animals. These 
seven samples were selected to illustrate the range 
of DNA quality observed in the extracted material 
and were not intended to represent the complete set 
of 80 animals. DNA quality was assessed using the 
A260/280 and A260/230 absorbance ratios together 
with DNA concentration measurements. Samples 
considered suitable for PCR amplification were 
those that produced a sufficient amount of DNA 
and yielded successful amplification of the expect-
ed mtDNA D-loop fragment. Following successful 
PCR amplification, samples producing clear am-
plicons of the expected size and adequate sequence 

quality were retained for sequencing. Ultimately, 10 
samples generated sequences of sufficient quality 
for downstream analysis.

To assess the quantitative and qualitative integ-
rity of the amplified PCR products, horizontal gel 
electrophoresis and spectrophotometric analysis 
were employed. The residual nucleotides and un-
bound primers in the samples were removed using 
the ExoSAP-IT reagent to ensure high-purity DNA 
templates suitable for sequencing.

Figure 1
Electrophoretic profile of the mitochondrial DNA (mtDNA) 
D-loop region of the Kazakh fat-tailed coarse-wool sheep 
breed. M – DNA marker; each fragment corresponds to 100 
base pairs (bp)

Electrophoretic profile of PCR-amplified products of the 
mitochondrial DNA (mtDNA) D-loop region of the Kazakh fat-
tailed coarse-wool sheep breed on a 2% agarose gel

Lanes 1–4 represent the analyzed samples. 
M – DNA marker, where each fragment cor-
responds to 100 base pairs (bp). The PCR am-
plification of the D-loop region was performed 
using the following primer pairs: D-1: forward 
5′-AACGGCAATAGCCCTTGA-3′ and reverse 
5′-TGTACGTGTACGTGGGTGTA-3′;D-2: for-
ward 5′-CCCGTCGCAGTCAAATCAA-3′ and 
reverse 5′-GTTGTATGCCGATTCAAAGGC-3′. 
The total size of the amplified fragment was ap-
proximately 840 bp. Sequencing analysis was con-
ducted to determine the nucleotide composition of 
the amplified mtDNA D-loop region. The obtained 
nucleotide composition consisted of 31.46% ad-
enine (A), 36.19% thymine (T), 16.42% guanine 
(G), and 15.93% cytosine (C). The 10 newly gen-
erated KFT-CWS mtDNA D-loop sequences were 
compared with 15 reference sequences retrieved 
from the NCBI GenBank database. The final com-
parative dataset therefore comprised 25 sequences: 
10 sequences generated in the present study and 15 
publicly available reference sequences representing 
domestic and wild sheep breeds. Multiple sequence 
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alignment was performed using the ClustalW algo-
rithm implemented in MEGA X.

The reference sequences included Ovis am-
mon collium (AY091492.1), Ovis ammon dar-
wini (AF242348.1), and domestic sheep acces-
sions DQ242192.1, JN574181.1, MW427995.1, 
KF677098.1, MK174634.1, JN573971.1, KF228778.1, 

OR137373.1, LC456460.1, AY091498.1, 
MK174516.1, KP228033.1, AY829400.1, and 10 
newly generated Kazakh fat-tailed coarse-wool sheep 
(KFT-CWS) sequences (K1–K10). Comparative se-
quence alignment revealed several single nucleotide 
polymorphisms (SNPs) among tandem repeats in the 
mtDNA D-loop region (Figure 2).

Figure 2
Alignment of nucleotide sequences of the mitochondrial DNA (mtDNA) D-loop region of the Kazakh fat-tailed 
coarse-wool sheep breed before (a) and after (b) processing using the ClustalW algorithm in the MEGA X software

(а)

 (b)

Reference Sequences Used for Phylogenetic Analysis 1. AY091492.1 – Ovis ammon collium (Wild sheep, Central 
Asia) 2. AF242348.1 – Ovis ammon darwini (Wild sheep, Central Asia) 3. DQ242192.1 – Komi sheep (Komi Republic, 
Northern Russia) 4. JN574181.1 – Ruda sheep (Europe, Balkan region) 5. MW427995.1 – Tsigai sheep (Hungary) 
6. KF677098.1 – Awassi sheep (Turkey, Şanlıurfa region) 7. MK174634.1 – Suffolk sheep (United Kingdom, Suffolk 
region) 8. JN573971.1 – Kefalonia sheep (Greece, Kefalonia region) 9. KF228778.1 – Lacaune sheep (France, 
Roquefort region) 10. OR137373.1 – Red Shumen sheep (Bulgaria, Shumen region) 11. LC456460.1 – Sudanese sheep 
(Sudan, North Africa) 12. AY091498.1 – Gissar sheep (Tajikistan, Central Asia) 13. MK174516.1 – Tibetan sheep 
(China, Tibet Autonomous Region) 14. KP228033.1 – Duomao sheep (China, Tibet) 15. AY829400.1 – Mongolian 
sheep (Mongolia) 16–25. (k1–r22) – Kazakh fat-tailed coarse-wool sheep (Kazakhstan)
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The phylogenetic tree was constructed using the 
Neighbor-Joining (NJ) method implemented in the 
MEGA X software based on mitochondrial DNA 
(mtDNA) D-loop nucleotide sequences. The reli-
ability of the inferred tree topology was assessed us-

ing bootstrap analysis with 1,000 replicates. Accord-
ing to the tree topology, the domestic and wild sheep 
sequences were divided into four major clades, with 
distinct sub-clusters representing individual sheep 
breeds (Figure 3).

Figure 3
Phylogenetic tree illustrating the evolutionary relationships among 25 sheep sequences, 
including 10 newly generated Kazakh fat-tailed coarse-wool sheep (KFT-CWS) sequences and 
15 reference sequences retrieved from the NCBI GenBank database. The tree was constructed 
using the Neighbor-Joining method based on mitochondrial DNA (mtDNA) D-loop sequences. 
Bootstrap values calculated from 1,000 replicates are shown at the corresponding nodes

 Ovis ammon darwini 

 Ovis ammon collium 

 Lacaune sheep — France, Roquefort region

 Kefalonia sheep — Greece, Kefalonia island

 Komi sheep — Komi Republic, Northern Russia

 Sudanese sheep — Sudan, North Africa

 Tsigai sheep — Hungary

 Ruda sheep — Europe, Balkan region

 Red Shumen sheep — Bulgaria, Shumen region

 Awassi sheep — Turkey, Şanlıurfa region

 Suffolk sheep — United Kingdom, Suffolk region

 Gissar sheep — Tajikistan, Central Asia

 Mongolian sheep — Mongolia

 Tibetan sheep — China, Tibet Autonomous Region

 Duomao sheep — China, Tibet

 KFT-CWS-11

 KFT-CWS-8

 KFT-CWS-5

 (KFT-CWS-22

 KFT-CWS-23

 KFT-CWS-1

 KFT-CWS-4

 KFT-CWS-6

 KFT-CWS-16
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98%
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98%

79%
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98%
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The first clade consisted of wild argali (Ovis am-
mon darwini and Ovis ammon collium), which were 
placed distantly from the domestic sheep lineages. 
These taxa served as the outgroup, representing the 
ancestral lineage of domestic sheep. This positioning 
also helped determine the root of the tree, showing a 
relatively high genetic distance (0.025–0.030) from 
the other clades. The second clade included Europe-
an, African, and Western Asian sheep breeds–such 
as Kefalonia, Lacaune, Ruda, Sudanese, Tsigai, Red 
Shumen, Komi, Awassi, and Suffolk sheep–which 
were grouped into a single major branch with 100% 
bootstrap support, indicating a shared ancestral 

origin and close genetic relatedness among these 
populations. The third clade comprised the Central 
Asian breeds–Tibetan (China), Gissar (Tajikistan), 
and Mongolian (Mongolia) sheep–forming a cluster 
with 100% bootstrap support. The Duomao sheep 
(China, Tibet) were closely associated with this 
clade, with 85% bootstrap support, although they 
showed noticeable genetic differentiation from the 
other sequences within the clade. The fourth clade 
represented the 10 newly generated Kazakh fat-
tailed coarse-wool sheep (KFT-CWS) sequences 
(K1–K10), which formed a distinct monophyletic 
cluster with strong bootstrap support of 98–100%. 
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This high bootstrap support indicates strong statisti-
cal support for the clustering of the KFT-CWS se-
quences. This clustering pattern strongly supports 
the breed’s unique genetic diversity and confirms 
its status as an autochthonous (indigenous) sheep 
breed. Overall, the phylogenetic analysis demon-
strated that the Kazakh fat-tailed coarse-wool sheep 

possess a distinct genetic differentiation while 
maintaining a close phylogenetic affinity with other 
Central Asian breeds such as Mongolian, Tibetan, 
and Gissar sheep. In contrast, they are genetically 
distant from European and African domestic sheep 
breeds, reflecting a long-term isolated evolutionary 
development within the Central Asian region.

Table 2
Results of the assessment of natural selection effects and demographic changes in sheep populations based on the mitochondrial 
DNA (mtDNA) D-loop region, evaluated using Tajima’s Neutrality Test implemented in the MEGA X software

m S ps Θ π D
25 233 0.234406 0.062079 0.083974 1.408268

According to the results of Tajima’s Neutrality 
Test, the calculated Tajima’s D value was 1.408268, 
indicating a positive deviation from neutrality. This 
suggests the possible presence of balancing selec-
tion or population substructure (subdivision) within 
the studied population. Based on 25 sequences in-
cluded in the comparative dataset of the mitochon-
drial D-loop region, a total of 233 polymorphic sites 
(S) were identified. Furthermore, the nucleotide di-
versity (π = 0.083974) was found to be higher than 
the theta (θ = 0.062079) value, demonstrating a high 
level of genetic variation within the population (Ta-
ble 2). These findings imply a deviation from the 
neutral mutation model, indicating that evolutionary 
forces such as selection or demographic expansion 
may have influenced the genetic structure of the 
studied sheep population.

Table 3
Maximum Likelihood matrix of nucleotide substitution 
probabilities calculated using the Tamura–Nei (1993) model in 
the MEGA 12 software

  A T/U C G
A - 2.39 1.66 12.55

T/U 2.60 - 19.00 1.29
C 2.60 27.24 - 1.29
G 25.35 2.39 1.66 -

Based on the Tamura–Nei (1993) evolutionary 
model, nucleotide substitution analysis of the mito-
chondrial D-loop region among the examined sheep 
breeds revealed an uneven distribution of transition 
and transversion probabilities. The highest substitu-
tion probabilities were observed between C→T/U 
(27.24) and G→A (25.35) transitions, demonstrating 

that purine–pyrimidine transitions occur much more 
frequently than transversions. The lowest substitu-
tion probabilities were recorded for G→C (1.66), T/
U→G (1.29), and C→G (1.29) pairs. These results 
indicate that nucleotide substitutions contributing to 
sequence polymorphism occur at a higher rate, and 
the applied evolutionary model effectively accounts 
for such mutational biases (Table 3).

Table 4 presents the pairwise genetic distance 
matrix (Genetic Distance Matrix) among the stud-
ied sheep breeds, reflecting the degree of genetic 
similarity and divergence between populations. 
The analysis revealed varying levels of genetic dif-
ferentiation among breeds, allowing an estimation 
of their evolutionary relationships. Comparatively, 
the Kazakh fat-tailed coarse-wool sheep (KFT-
CWS) showed closer genetic similarity with cer-
tain Asian breeds, particularly Tibetan, Gissar, and 
Mongolian sheep. The genetic distance between 
KFT-CWS1 and Mongolian sheep was 0.1454, 
suggesting a shared ancestral origin. The Duomao 
sheep (China, Tibet) exhibited a very close rela-
tionship with Tibetan sheep (0.0008), indicating 
that they likely originated from a common selec-
tive lineage or population branch. The genetic dis-
tances between KFT-CWS and Duomao (0.0385), 
KFT-CWS and Gissar (0.0333), and KFT-CWS 
and Tibetan sheep (0.0321) were relatively small, 
supporting a close evolutionary relationship. Al-
though the Duomao breed is genetically related 
to the Kazakh fat-tailed sheep, it remains slight-
ly more distant compared to Gissar and Tibetan 
breeds. In contrast, European breeds such as Komi, 
Lacaune, and Suffolk showed considerably higher 
genetic distances, reflecting distinct evolutionary 
lineages and long-term isolation from Asian sheep 
populations.
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Conclusion

Mitochondrial DNA (mtDNA) is one of the most 
informative molecular markers for phylogenetic stud-
ies in sheep, as it allows for an accurate assessment of 
genetic diversity within populations and the elucida-
tion of their evolutionary origins. In this study, the 
control region (D-loop, 840 bp) of mtDNA from the 
Kazakh fat-tailed coarse-wool sheep was analyzed to 
investigate its genetic diversity and phylogenetic re-
lationships. Sequencing analysis revealed the nucleo-
tide composition of the D-loop region as 31.46% ad-
enine (A), 36.19% thymine (T), 16.42% guanine (G), 
and 15.93% cytosine (C). Comparative alignment of 
the obtained sequences with reference sheep breeds 
available in the NCBI database identified several 
single nucleotide polymorphisms (SNPs) among tan-
dem repeats. The phylogenetic tree constructed based 
on the D-loop sequences clearly demonstrated the 
genetic diversity, geographic distribution, and evo-
lutionary relatedness among sheep breeds, grouping 
them into four major clades. The first clade included 
wild argali (Ovis ammon darwini and Ovis ammon 
collium), which served as the outgroup with a high 
genetic distance (0.025–0.030) from domestic breeds. 
The second clade comprised European sheep breeds 
(Kefalonia, Lacaune, Ruda, Sudanese, Tsigai, Red 
Shumen, Komi, Awassi, Suffolk), indicating a close 
genetic relationship and a shared ancestry. The third 
clade included Central Asian breeds such as Tibetan 

(China), Gissar (Tajikistan), and Mongolian sheep, 
grouped with 100% bootstrap support. The Duomao 
sheep (China, Tibet) showed an 85% genetic affin-
ity to this clade, suggesting partial divergence. The 
fourth clade consisted exclusively of the 10 newly 
generated KFT-CWS sequences, which formed a dis-
tinct cluster, indicating their genetic differentiation 
from the reference sheep populations included in the 
analysis. This clustering pattern indicates a clear ge-
netic differentiation of the analyzed Kazakh fat-tailed 
coarse-wool sheep sequences from the other reference 
populations included in the dataset. Overall, the phy-
logenetic analysis demonstrated that the Kazakh fat-
tailed coarse-wool sheep shares a close genetic rela-
tionship with Mongolian, Tibetan, and Gissar breeds, 
while remaining genetically distinct from European 
lineages. These findings highlight the independent 
evolutionary development of the Kazakh breed and 
its importance as a valuable genetic resource within 
Central Asia.
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