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Abstract

Background and Aim. The Auliekol cattle breed is a meat-producing breed, predominantly found
in Kazakhstan. The breed was developed from 1960 to 1990 by crossing the Kazakh Whiteheaded
breed with Charolais and Aberdeen Angus bulls. The aim of this study was to analyze the genetic and
population structure using a genotyping assay, and examining the relationship between the ancestral
breeds.

Materials and Methods. DNA was extracted from 48 blood samples of the Auliekol breed and
genotyped using Bovine SNP 50K BeadChip. Genetic distances were calculated using Nei’s method
based on SNP data in R.Principal Component Analysis (PCA) was performed to explore the population
structure and genetic stratification using PLINK.

Results. According to Nei's genetic distance, Charolais (0.0046) and Kazakh Whiteheaded (0.00693)
are genetically closest to the Auliekol breed, whereas the Kazakh breed from Russia (0.0113) shows
greater genetic differentiation, and Angus (0.024) is the most distant. The principal component analysis
(PCA) demonstrated that Auliekol breed has a distinct genetic structure separate from European
cattle breeds. The analysis also showed the hybrid origin of the breed and the influence of the Kazakh
Whiteheaded and European breeds on the formation of the traits of the Auliekol breed.

Conclusion. The findings from the structural analysis contribute to the development of a system of
breeding records and preservation of the Auliekol breed of meat productivity in Kazakhstan.
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Introduction

Cattle breeding for meat production is a significant sector in animal husbandry, aimed at providing
humanity with meat and meat products. Cattle domestication began around 10,000 years ago, marking
a significant achievement in agriculture. With technological advancements, various cattle breeds
have been selectively bred for specific productivity traits(meat and dairy) and adaptability to diverse
environmental conditions. The Angus beef breed is known for its high meat quality, excellent marbling
score and calving ease [1]. According to McTavish et al. [2], the genetic background of the Angus
breed, along with other European breeds, has played a crucial role in shaping the development of cattle
breeds such as the Auliekol in Kazakhstan. The contribution of the Angus breed to Auliekol cattle
was particularly important for meat quality, ensuring a tender texture and marbled composition [2].
The Charolais breed, originating from France, is another important contributor to the Auliekol breed.
Charolais cattle are known for their excellent muscle mass, large frame, and fast growth rate. They are
often used in crossbreeding programs to enhance the size and meat yield of other cattle breeds. Charolais
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bulls are highly regarded for producing offspring with good muscle development, which translates into
higher-quality meat with greater yields. The Charolais breed is primarily white or cream-coloured and
has significantly influenced the development of beef cattle worldwide [2]. The Kazakh Whiteheaded
breed is known for its adaptability to the harsh climate conditions of Kazakhstan, making it an ideal
foundation breed for developing cattle that can thrive in the country’s diverse environments [3 ,4].

The Auliekol breed has thus inherited valuable traits from all three parent breeds: adaptability to
Kazakhstan’s climate from the Kazakh Whiteheaded, muscle mass and body structure from the Charolais,
and meat quality and tenderness from the Angus [3]. The Auliekol breed is particularly well adapted to
the steppe and semi-steppe regions of Kazakhstan. It is known for its high meat productivity and strong
adaptability to the local environment (Figure 1).

Figure 1 — Auliekol breed typical animals (by Ussenbekov E.S)

The Auliekol breed is one of the leading meat-producing cattle breeds in Kazakhstan. In the 1960s,
breeders initiated crossbreeding of Charolais and Aberdeen Angus bulls with Kazakh Whiteheaded
cows, which ultimately led to the establishment of the Auliekol breed in the 1990s [5]. All three breeds
contributed to the Auliekol characteristics, combining their strongest qualities. Over 70% of Auliekol
cattle are polled, which is one of the breed’s defining characteristics. Bulls and cows are light grey.
The breed has distinctive external characteristics: a strong skeleton, large head, short muscular neck,
height at the withers (1.3 m for cows and 1.4 m for bulls), chest circumference (2.45 m), thick short
hair, skin with five layers (compared to only three in other breeds), and significant body weight (males
weighing 950-1.200 kg, females 550-700 kg). It is known for its resilience and strong immunity [6,7].
Animals swiftly and readily adapt to the local environment, showing minimal sensitivity to temperature
and weather variations [7].The main advantages of the Auliekol breed include its adaptability to the
climate of Kazakhstan, ability to consume hay made from grasses that other breeds usually cannot, ease
of grazing cows and bulls, strong immunity, rapid weight gain in, and high-quality meat. The Auliekol
breed develops and matures quickly. The meat from the Auliekol breed is similar to that of Angus due its
marbled composition. There are no fat accumulations around the muscular tissue; however, thin layers
of fat are present within the meat fibers [8].

Genetic analysis of three cattle breeds in Kazakhstan (Alatau, Kazakh Whiteheaded, and Auliekol)
using DNA fingerprinting revealed that the genetic distance between the Kazakh Whiteheaded
and Auliekol breeds was the smallest (D =0.025). The Kazakh Whiteheaded breed exhibited the
highest heterozygosity (H =0.54) compared to the Auliekol breed (H =0.38), confirming its greater
genetic variability [9]. Microsatellite locus analysis confirmed the relationship between the Kazakh
Whiteheaded breed with Hereford cattle, attributed to the use of Hereford bulls in its development
[10,11]. Whole-genome genotyping data using single nucleotide polymorphisms (SNPs) showed that
the Kazakh Whiteheaded breed clustered with Herefords in principal component analysis (PCA), as
well as in structural, and phylogenetic analyses [12, 13, 14]. The Kazakh Whiteheaded breed retained a
proportion of Turano-Mongolian genetic components from local cattle and the Kalmyk breed [13]. The
Auliekol breed exhibited heterogeneity and formed its own distinct cluster in PCA and ADMIXTURE
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analysis [14]. Genetic analysis identified selection signatures in the Kazakh Whiteheaded breed in genes
of coat color (KIT, KITLG, and EDN3), growth (LCORL-NCAPG), milk fat content 0(DGATI), and
protein content (FKBP2) [12,13]. The Kazakh Whiteheaded breed, homozygous for CAPNI (CC) and
GH (VV), exhibited superior productive traits, including higher slaughter weight and increased milk
yield [15].

This study aims to describe the genetic structure using SOK SNP BeadChip of the Auliekol breed
and the breeds involved in its formation, such as Angus, Charolais, and Kazakh Whiteheaded cattle.

Materials and Methods

The research material consisted of blood samples (48 samples) from the Auliekol breed. Of these:
15 samples (14 from cows and 1 from a bull), were obtained from the Parasat Agrofarm in the Kostanay
region. 11 blood samples (10 cows and 1 bull) were taken from the Krasny Kordon farm in Kostanay
region. 13 blood samples (4 cows and 9 bulls) were obtained from the InsPEK LLP in Kostanay region.
9 blood samples (bulls) were obtained at the Zhunusov A.B. farm in the Almaty region.

Genomic DNA was isolated using the traditional phenol-chloroform extraction method [16]. For
DNA extraction, 400 pL of buffer (100 mM Tris, 20 mM EDTA, 10 mM NaCl, pH 8.0) was added
to 100 pL of blood. Then, 5 pL of proteinase K (20 mg/mL) and 25 pl of 10% SDS were added. The
mixture was incubated for 3 hours at 56°C. DNA was purified twice with ethanol and then eluted in TE
buffer (10 mM Tris-HCI, 1 mM EDTA, pH 7.4). The Aulickol breed DNA was genotyped using the
BovineSNP50 v.3 SNP array (Illumina, USA) at Miratorg-Genetika LLC.

Genetic distances were calculated using Nei’s method based on SNP data in R [17] to assess
genetic similarity among breeds. Principal Component Analysis (PCA) was performed in PLINK [18]
to investigate population structure and genetic stratification. The process involved preparing the input
data in binary format (.bed, .bim, .fam) and performing quality control to filter SNPs and samples with
high genotype drop rate, low minor allele frequency (MAF), or Hardy-Weinberg disequilibrium. PCA
was performed on the pruned dataset using the --pca command, which outputs eigenvalues (.eigenval)
and eigenvectors (.eigenvec). The results were visualized by plotting the first two principal components
(PC1 and PC2) using the ggplot2 package in R [17] to identify clustering patterns and assess population
structure.

Results and Discussion

DNA was extracted from 48 blood samples was quantified using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, USA). The average DNA concentration obtained from the samples was
approximately 448.93 ng/uL, demonstrating the success of the isolation process and yielding sufficient
DNA for downstream molecular applications such as genotyping. DNA concentrations ranged from a
minimum of 73.9 ng/uL to a maximum of 1528.4 ng/uL, indicating variability among samples (Figure 2).

Boxplot: Nucleic Acid
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Figure 2— Boxplot of DNA Concentration Distribution from Extraction Samples

This range suggests effective extraction for most samples, although a few may require optimization
to improve consistency. Despite this variability, the overall yield confirms the effectiveness of the
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extraction protocol for high-throughput and precision genetic analyses. Such a wide range of DNA
concentrations could be attributed to differences in sample quality, source material, or handling during
extraction. Further standardization may help reduce this variability and ensure uniform results across
samples.

SNP genotyping data quality control was performed using PLINK v1.9 (13 February 2023). The
filtering criteria included the removal of SNPs with more than 5% missing genotypes (--geno 0.05),
ensuring that only markers with reliable genotyping quality were retained. To eliminate low-informative
variants, SNPs with a minor allele frequency (MAF) below 5% (--maf 0.05) were excluded. Additionally,
markers showing significant deviations from Hardy-Weinberg equilibrium (p-value < le-6, --hwe
le-6 midp) were filtered out to avoid potential technical artifacts or population structure effects. After
applying these quality control measures, 25,295 variants and 186 samples passed the filters.

Based on the calculated Nei’s genetic distance values, the following conclusions can be drawn:

Charolais has the smallest genetic distance to the Auliekol breed (0.0046), indicating a high genetic
similarity. Kazakh Whiteheaded (KWH_KZ) is also relatively close (0.00693), which is expected since
both breeds are bred in Kazakhstan and may share common ancestors. Kazakh (Kazakhskaya) breed
from Russia has a greater distance (0.0113), suggesting some genetic differentiation between cattle
populations in Kazakhstan and Russia. Angus exhibits the largest genetic distance (0.024), from the
Auliekol breed, highlighting significant genetic divergence.

The Principal Component Analysis (PCA) plot illustrates the genetic distribution of the Auliekol
breed (ALEKZ), the Kazakh Whiteheaded breed (KWHKZ), and multiple European breeds. The data
reflect the unique genetic profiles of these breeds and their contributions to cattle breeding in Kazakhstan
(Figure 3).

PCA Auliskol bresd
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Breed = ALEKZ * Angus Dot unes Ewrope Absosenshos Scolend * Chavoles Bowt e Durcpe Seone of Love France * Kazstwiaye Dost teurus Russn Russa * KWH_KZ

Figure 3 — Principal Component Analysis (PCA) of Cattle Genetic Data: ALEKZ — Auliekol breed;
KHWKZ — Kazakh Whiteheaded breed; Kazakhskaya Bostaurus Russia — Kazakh cattle
(unnamed breed) from the Russian Federation; Angus Bos taurus Europe Aberdeenshire - Angus breed
from Scotland (UK); Charolais Bos Taurus Europe Saone-et-Loire — Charolais breed from France

The Auliekol breed (ALEKZ), represented in red on the PCA plot, is one of Kazakhstan's most
significant beef cattle breeds. Its development began in the 1960s through crossbreeding Charolais and
Aberdeen Angus bulls with the Kazakh Whiteheaded breed (KWHKZ). This selective breeding aimed
to create animals with superior meat quality, high growth rates, and adaptability to Kazakhstan's steppe
and semi-desert climates (Figure 3).

By the 1990s, the Aulickol breed was fully established, becoming a cornerstone of the country's
beef cattle industry. The Kazakh Whiteheaded breed (KWHKZ), marked in blue on the PCA plot, is
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one of Kazakhstan's oldest and most widespread cattle breeds. It was developed to meet the demand
for meat and dairy products under challenging climatic conditions. The genetic position of KWHKZ
on the PCA plot highlights its distinct characteristics and structure, which is also observed in previous
studies [11, 12, 14]. Its proximity to European breeds, such as Charolais and Aberdeen Angus, reflects
its foundational role in the creation of the Auliekol breed.

The KWHKZ provided traits such as efficient weight gain on pastures and adaptability to local
conditions, making it a critical component in forming a productive and resilient hybrid breed. The
PCA analysis reveals clear genetic differentiation among the breeds. The Auliekol breed forms a
distinct cluster, underscoring its genetic uniqueness due to targeted breeding efforts. Similar results
were obtained in a study conducted in 2019 and 2022 using SNP markers [12, 14]. Using Bovine 50K
BeadChip and GGP Bovine 150K SNP markers, studies were conducted and analyzed that the Kazakh
Whiteheaded and Auliekol cattle breeds have their own genetic structure and are different from European
and Russian breeds [14, 19, 20]. This is also shown by our analysis and further confirms the unique
genetic composition. According to the PCA results, the Kazakh White-Headed breed is genetically
closer to European breeds compared to the Auliekol breed, which indicates a greater role in selection
and crossing programs. It is also evident that the Charolais and Angus breeds, presented as separate
clusters, are genetically distant from the local Kazakh breeds. However, they have contributed to the
Auliekol breed, particularly in terms of good meat quality, high productivity and large breed size [21, 22].
The Kazakh Whiteheaded is located closer to the Auliekol breed in the PCA plot, reflecting to its role as
a maternal lineage and its contribution to adaptability traits which are crucial in the development of this
breed [23, 24]. In contrast, the Kazakh breed from Russia forms a genetically distinct cluster, suggesting
a limited influence on the genetic composition of the Auliekol breed.

Conclusion

The close relationship between the Auliekol and Kazakh Whiteheaded breeds is clearly visible in the
PCA plot and genetic distance calculations, demonstrating their fundamental role in the development
of the Auliekol breed. This highlights the significant contribution of KWHKZ to the adaptability and
growth characteristics of the Auliekol breed. The contribution of the Charolais and Aberdeen Angus
breeds is also evident, as they form separate genetic clusters while still having a notable impact on the
genetic composition of the Auliekol breed.

In conclusion, the observed genetic differentiation between Auliekol, Kazakh Whiteheaded
and European breeds confirms the effectiveness of targeted crossbreeding and selection programs in
Kazakhstan. The unique genetic structure of the Auliekol breed reflects Kazakhstan’s strategic efforts to
enhance livestock production through selective breeding programs. The findings of this study provide
valuable insights for future breeding programs aimed at enhancing productivity, adaptability, and
meat quality in Kazakhstan's cattle industry. Further research into the genetic diversity and population
structure of other local breeds will be instrumental in optimizing breeding strategies and ensuring
sustainable livestock production.
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50K SNP BeadChip kemeriMeHn Oy/inekeJ1 MaJ TYKbIMbIHBIH
TreHeTHKAIBIK KYPbLIbIMBI

Xamsuna A K., bakxbrmkankeisel T., Pazak b.b., Jlapkun /., Kxyccaunos JIM.,
VYcen6ekos E.C.

Tyiiin

AnFpImapTTap MEH Makcart. [pi KapaHblH OyIreKol TYKbIMBI — KazakcTanma eH Kol TapajiFaH eTTi
Mai TYKbIMBL TykpiM 1960-1990 sxpuimapsl apanbIFbIHAA Ka3aKThIH akbac TYKeIMBIH [llapone xone
AbepanH-aHTyC OYKanapbIMEH IIAFbUIBICTBIPY apKBUIBI JKAacaFaH. 3epTTeyliH MaKcaThl TeHOTHIITIK
TalJayAbl KOJJJaHa OTBIPBIN, TEHETHUKAIBIK YXKOHE MOMYJISALUSUIBIK KYPBUIBIM, COHJAM-aK TYKbIMIAp
apachblHAaFrbl OaiaHbIcTap TalaaHabl.

Marepuangap MeH afiicTep. Oyireke TYKbIMbIHBIH 48 KaH yaricinen JJIHK Oemninin ansiaeimn, Bovine
SNP 50K BeadChip Mukpouumi apKblibl TeHOTHITEN 1. | eHeTuKanbIK KabIKTHIK R. SNP nepexrepine
Heriznenren Nei opicimen ecenrrengi. Herisri komnonentrep Tanpaysl (PCA) nomynsius KypblUIbIMBbIH
YKOHE TeHETUKANBIK cTpaTudukauusabl 3eprrey yin PLINK G6armapiamace! apKbUIbI JKYpri3iii.

Hormxenep. HeliniH reHeTHKaNbIK KalIbIKTBIFBI OOWBIHINA ©OYIHEKON TYKbIMBIHA €H JKaKbIH
[Hapone (0,0046) xone Kazax Axbac (0,00693) Gonca, Peceitnen xenren Kazak Tykeimbr (0,0113)
Oipmama reHeTHKANBIK auddepeHimanusapl  kopceremi, anm Anryc (0,024) en amsic. Herisri
koMmoHeHTTIK Tangay (PCA) Oynuexen TYKBIMBIHBIH Eyponansik ipi Kapa TYKbIMAAphIHAH €peKIIe,
OeJiek TeHETUKAIBIK KYPBUTBIMBI 0ap eKeHIH KopceTTi. Tannay HOTmKeIepi TYKBIMHBIH Oy TaH bl IIBIFY
TETiH JKOHE OYJINEKeJ TYKBIMBIHBIH OCNTiepiHiH KaIbIITacyblHa Ka3aKThIH AKOac sxoHe Eypomabik
TYKBIMJIAPBIHBIH 9CEPiH KOPCETTI.

KopbITbiHibl. KypbUTBIMIIBIK TaNIAY/IaH KEHiH albIHFaH HOTHKEIIEP aChUT TYKBIMJIBI €CEIKe alTy KYHeciH
JIAMBITYFa JKoHE OYJIHEKOJT TYKbIMbIH Ka3akcTaHaarbl €T eHIMIIUTITIH CaKTalKaIyFa bIKIal eTe/Tl.

KiaT ce3nep: Oynueken ipi kapa Man TyKeiMbl; TeHoTunTey; SOK SNP; momynsiiust KypbUTbIMBL;
TCHETUKAJIBIK SPTYPIILTIK.
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I'eneTnyeckas CTPYKTypa ayJIHeKO0JbCKON MOPOALI KPYITHOTO POraToro cKOTa
¢ ucnoab3osanuem SOK SNP BeadChip

Xamsuna A K., bakxbimkankeizsl T., Pazak b.b., Jlapkun ., Kxyccaunos JIM.,
Ycenbekos E.C.

AHHOTANUA

[Ipeamocbuikn W 1enb. AyJIHMEKONIbCKas MOpoJa KPYIMHOro poraroro ckora — HauOojee
pacnpoctpanénHas B Kazaxcrane MsicHasi mopojia KpynHoro poraroro ckota. [lopoaa Obuia BeiBeeHa
B 1960-1990 rogax myrem ckpernBanus Kazaxckoil 6enorosioBoii mopoasl ¢ Osikamu Illapoiesckoit
n AOepauH-aHrycckoil mopoj. Llembio JaHHOrO HCCIENOBaHUS SIBISAETCS aHAIN3 T'CHETHYECKOH
1 TONYJIALUOHHOM CTPYKTYpbl C HCIOJb30BAHMEM IaHEIW TE€HOTUIIHPOBAHMS, a TAKKE H3y4eHUE
B3aMMOCBSI3H MEX]y NIPEIKOBBIMU ITOPOIaAMHU.

Marepuansl u mMetoasl. JJHK Obia Beigenena u3 48 oOpas3noB KpoBH AyYIHEKOIBCKOW MOPOJIBI
U [IPOTEHOTUIIMPOBAHbI ¢ ucnosb3oBanneM Mukpounna Bovine SNP 50K BeadChip. I'enernueckue
paccTosiHUS PACCUUTHIBAIUCH C UCIONb30BaHHeM Merona Nei Ha ocHoBe JaHHBIX SNP B R. Ananu3
rnaBHbIX KOMIOHEHT (PCA) Obul MCHonb30BaH AJsl M3YyYEHHs MOIYJSIMOHHOM CTPYKTYpHl M
TFeHETHYECKON cTpaTU(HUKanny ¢ moMoiibio nporpammel PLINK.

Pesynprarel. Ha ocHoBanuu renerndeckoil nucraninuu Nei HanOonee OIM3KH K AyYIHEKOJIbCKON
niopone noponsl [llapone (0,0046) u Kazaxckas Genoromnosas (0,00693), B To Bpemst kak Kazaxckas
nopoga u3 Poccum (0,0113) memMoHCTpupyeT HEKOTOpYIO TIeHeTHuecKyo auddepeHnuanuio, a
HanOonee naneka or Hee - Anryc (0,024). M3ydenue rnaBHoro kommnoHeHtHoro ananuza (PCA)
[10Ka3ajo, YTo AyJIMEKOIbCKas MOPOAAa UMEET OTUETIUBYIO OTAEIbHYIO T€HETHUECKYIO CTPYKTYpPY OT
EBpomnelickux mopoJi KpyImHOro poraroro cKora. AHajJIM3 TaKkKe MoKa3al THOpUIHOE IPOUCXOXKICHUE
nopoasl u BiausHue Kazaxckoil OenorosnoBoit u EBpomneiickoil mopon Ha ¢OpMHUPOBAaHHE NPH3HAKOB
AyIINeKoJIbCKON MTOPOABI.

3aximouenue. [loryueHHbIe pe3yabTaThl CTPYKTYPHOTO aHAIN3a CIIOCOOCTBYIOT Pa3BUTHIO CUCTEMBI
IIJIEMEHHOT'0 y4eTa U COXPaHEHNIO0 AyJIMEKOJIbCKON MOPOAbl MSCHON NMpoXyKTUBHOCTH B Kazaxcrane.

KuroueBsble ciioBa: Aynnekosbckas MopoJia KpyImHOIro poraToro ckora; reHotunuposanue; S0K
SNP; cTpykTypa nonysisiing; reHeTHIecKoe pazHooOpasue.

132



