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SEQUENCING OF CANDIDATE GENES ASSOCIATED
WITH VALUABLE AGRICULTURAL TRAITS IN SHEEP
OF KAZAKH SELECTION

This study concentrates on the sequencing of candidate genes linked to desirable agricultural quali-
ties in Kazakh selection sheep, a region of considerable significance in improving sheep breeding and
agricultural practices. The main goal is to examine genetic markers that impact important characteristics
like as meat and wool quality, which are vital for the financial sustainability of sheep farming. The study
focuses on certain candidate genes, namely MSTN, CAST, FAT1, and FZD3, which have been identified
for their potential influence on agricultural features, using modern genetic sequencing techniques. The
process entails the sequencing of specific sections of the genome and conducting a thorough examina-
tion of these genes to detect changes and their associations with desirable agricultural characteristics.
The findings unveil significant genetic differences that are directly linked to the qualities of interest.
These findings are crucial not only for comprehending the genetic composition of Kazakh sheep but
also for their substantial impact on the domain of animal genetics and breeding. This work significantly
enhances the current understanding by clarifying the genetic elements that impact important agricultural
characteristics in sheep. Moreover, the discovery holds practical importance due to its potential appli-
cability in selective breeding schemes. Through utilizing the knowledge acquired from genetic analy-
sis, breeders can devise more effective and focused breeding tactics, ultimately resulting in enhanced
agricultural output and quality in sheep farming. Consequently, this research shows great potential for
progressing the field of animal genetics and enhancing the economic viability of sheep farming in Ka-
zakhstan and other regions.

Key words: sequencing, candidate genes, valuable traits, sheep.
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Kasak Ko# canacbiHA@ 6afFaAbl aybIALLAPYALUbIAbIK,
CUMaTTapbiMeH 6aiAaHbICTbI KAHAUMAQAT reHAEPiHiH, Ti3iAimi

ByA 3epTTey KoW LWapyallbIAbIFbI MEH aybIALLAPYALLbIAbIK, TOXKipMGECiH XaKCcapTy YiiH MaHbI3AbI
anmak, GOAbIN TabbIAATbIH Ka3ak, TYKbIMAbI KOMAAPAAFbl KaAayAbl ayblALLAPYALbIAbIK, GeAriAepiMeH
6aAaHbICTbI KAHAMAQT FrEHAEPiH CeKBEHMpPAeyre HGarbiTTaaFaH. Heriari MakcaT — KOM LapyaulbIAbIFbIHbIH
Kap>KbIAbIK, TYPaK TbIAbIFbI YLLIH MaHbI3AbI €T MeH XKYH Carnachl CUSIKTbl MaHbI3Abl GeAriaepre acep eTeTiH
reHeTUKaAbIK, MapKepAepAi 3epTTey. 3epTTey Kasipri 3aMaHfbl reHEeTUKAAbIK, CEKBEHUPAEY SAICTEpPiH
KOAAQ@HA OTbIPbIMN, ayblALLAPYALLbIAbIK, 6EATIAEpiHE BAeYeTTi acepAepi YlWiH aHbikTaaraH MSTN, CAST,
FAT1 >xeHe FZD3 cusaKTbl HaKTbl KAHAMAQT FreHAEpre Hasap ayAapAbl. ByA npouecc reHoMHbIH GeAriAi
6ip aMMakTapblH CEKBEHMPAEYAI >KOHE ©3repiCTepAl >koHe OAapPAbIH, KaXKeTTi ayblAlLAPYaLLbIAbIK,
cunaTTaMaAapblHa KATbIHACbIH aHbIKTay YLLUIH OCbl FEeHAEPAIH erKen-TerkenAi 3epTTeyAepiH XYprisyAi
KaMTuAbl. HoTuxkeAep Kbi3bIFYLIbIAbIK, GeAriaepiHe Tikeaem OalAaHbICTbl MaHbI3Abl FEHETMKAABIK,
arbIpMaLLIbIAbIKTapAbl kepceTeai. bya HaTMXKeAep Ka3ak, KOMAAPbIHbIH FeHETUKAAbIK, KYPaMblH TYCiHY
YLWIiH FaHa eMec, COHbIMEH KaTap OAaPAbIH FreHeTMKa MeH MaA LapyallblAbIFbl CAAACblHA alTapPAbIKTain
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acep eTyiMeH Ae MaHbI3Abl. ByA XKyMbIC KOMABIH MaHbI3AbI aybIALLAPYALLbIAbIK, CUNATTaMaAapbliHa acep
eTeTiH FeHEeTUKAAbIK, SIAEMEHTTEPAI HAKTbIAQY apKblAbl Ka3ipri TYCIHIKTI alMTapAblKTall KeHenTeAl.
CoHbIMEH KaTap, allbIAy OHbIH aCbIA TYKbIMAbI CXEMAAapAa SAEYETTI KOAAAHbIAYbIHA GANAAHBICTbI
NpPaKkTUKaAbIK 8cepre me. [eHeTUKAAbIK TAAAAYAAH aAbiHFaH OiAIMAI NarAaAaHa OTbIPbIN, CEAEKLIMOHEPAED
AHaFYPAbIM TUMIMAI >K8HE MaKCaTThl ACbIAAQHABIPY TaKTMKACbIH Xacar aAaAbl, OYA Caibin KEArEHAE,
aybIA LIAPYALLbIAbIFbI OHIMI MEH KOWM OHIMIiHIH canacbiH apTTbipyfa akeAeai. COHAbIKTaH OYA 3epTTey
>KaHyapAap reHeTMKachbl CaAachlH iArepiaeTy >oHe KasakcTaHAarbl eHe 6acka anmakTapAarbl KO
LLAPYaLLbIAbIFbIHbIH, 3KOHOMMWKAAbIK, TUIMAIAINIH apTTbIPYAbIH, YAKEH BAEYETiH KepCeTeAl.
Ty#in ce3aep: CekBeHMpPAEY, KaHAMAAT FreHAEpP, KYHAbI 6eAriAep, KonAap.

H.>K. Kapumos!, A.H. Kapmumos?, B.A. YAbgHOB?,
T.B. Yabgrosa®, N.C. benwosa**, T.Ax. YopToHbaes*
"MHCTUTYT BUoAOTUM U BUOTEXHOAOTMM pacTennit, KasaxcraH, r. AAMaThbl
?Hazap6aes YHuBepcutet, KasaxcraH, r. ActaHa
33anaaHo-KasaxcTaHCKmit arpapHO-TEXHUYECKMI yHUBepCUTeT MMmeHn XKaHrmp xaHa, Kasaxcran, r. Ypaabck
*KMPrmMs3ckmim HauMoHaAbHbIN arpapHbii yHnsepeuteT nmenn K.M. CkpsibuHa, KbiprbictaH, r. butukex
*e-mail: indira_bei@mail.ru

CekBeHMpPOBaHHE FeHOB-KAHAMAATOB, aCCOLLMMPOBAHHDBIX C LLEHHbIMU
CeAbCKOX03SIMCTBEHHbIMM NMPU3HAKaMM Y OBell, Ka3aXCKOM CeAeKLiMU

Hacrosuee nccaepoBaHme cocpeAOTOUEHO HA CEKBEHMPOBAHMN MEHOB-KaHAMAATOB, CBS3aHHbIX C
>KEeAaeMbIMM CEAbCKOXO3S9MCTBEHHbBIMM KaueCTBaMM y OBeL, Ka3aXCKOW CeAeKLIMM, PErMOHa, MMeIoLLEro
GOAbLLIOE 3HAYEHME AAS YAYULIEHUS] OBLIEBOACTBA M METOAOB BEAEHUSI CEAbCKOrO XO034iCTBa.
OCHOBHa$l LeAb — M3YyUnTb FreHeTMUYeckrne MapKepbl, KOTOpPble BAMSIOT HA BaXkKHble XapakTepUCTUKK,
Takne Kak Ka4yecTBO M$cCa M LIEPCTH, KOTOPble MMEIOT XKM3HEHHO Ba)KHOE 3HauyeHue AAS (prHaAHCOBOM
YCTOMUYMBOCTM OBLIEBOACTBA. McCAeaOBaHME COCPEAOTOUYEHO Ha OMPEAEAEHHbIX FeHax-KaHAMAaTax,
a umeHHo MSTN, CAST, FAT1 u FZD3, koTopble ObiAM MAEHTUPULMPOBAHBI MO MX MOTEHLIMAABLHOMY
BAMSIHMIO HA CEAbCKOXO39MCTBEHHbIE XapakTEPUCTMKM C MCMOAb30BaHWEM COBPEMEHHbIX METOAOB
reHeTMYEeCKOro CEeKBEHMPOBAHUS. DTOT MPOLIECC BKAKOYAET B Cebs CEeKBEHMPOBAHME OMpeAeAeHHbIX
YYaCTKOB FeHOMa M MPOBEAEHME TLLATEABHOIO M3YyYeHUS 3TUX TE€HOB AAS BbISBAEHWS M3MEHEHUI U
MX CBS3M C >KEAAEMbIMM CEAbCKOXO3S9MCTBEHHbIMW XapakTepuCTMKamMu. Pe3yAbtaTbl packpbiBaloT
3HAaUMTEAbHble reHeTUYeCKMe Pa3Anumsl, KOTOPbIe HAMPSIMYIO CBS3aHbl C MHTEPECYIOLLMMM KayeCTBamM.
ITW pe3yAbTaTbl MMEIOT peLlalollee 3HauyeHMe He TOAbKO AASl MOHMMAHWSI FeHeTMYecKoro CocCTaBa
Ka3axCKUX OBeLl, HO U M3-3a UX CYLLECTBEHHOrO BAUSIHMS HAa OBAACTb FrEHETUKMN M CEAEKLIMM KMBOTHBDIX.
O7a paboTa 3HAYUTEAbHO PACIIMPSET HbIHELHEEe MOHMMAHWE, YTOUHSS FEeHETUUYECKME SAEMEHTbI,
KOTOpble BAMSIIOT HA BaXkHble CEAbCKOXO35MCTBEHHbIE XapaKTepucTukn osel. boaee Toro, oTkpbiTHe
MMeeT NPaKTUYeCKOoe 3Ha4YeHNE M3-3a ero NOTEHLMAAbLHOIO MPUMEHEHMS B CXeMaX CeAeKLMn. McnoAb3ys4
3HaHMS, MOAYYEHHble B PEe3yAbTaTe eHEeTMYECKOro aHaAM3a, CeAeKLMOHepbl MOryT paspaboTtatsb
6oree IPPEKTUBHYIO M LIEAEHANPABAEHHYIO TaKTUKY Pa3BEAEHUSI, UYTO B KOHEYHOM UTOre MpuBeAeTr
K YBEAMYEHMIO CEeAbCKOXO3SMCTBEHHOM MPOAYKLIMM M KayeCTBa OBLEBOACTBA. CAeAOBATEAbHO, 3TO
UCCAEAOBAHME TMOKa3blBaeT GOAbLION MOTEHLUMAA AAS PasBUTUS OOAACTU TEHETUKM >KMBOTHBIX W
MOBbILLEHUS SKOHOMUYECKON peHTabeAbHOCTM OBLEBOACTBA B KaszaxcraHe 1 Apyrnx permoHax.

KAloueBble cAOBa: CekBEHMPOBaHWE, reHbl-KaHAMAQTbI, LEeHHbIE NMPU3HaKKX, OBLIbI.

Introduction

Sheep farming is one of the most important areas
of animal husbandry, as sheep are valuable sources
of meat, wool, leather, and milk. In recent years,
researchers around the world have been actively
studying the genetic characteristics of sheep to
improve their agricultural characteristics, such as
disease resistance, wool quality, body weight, and
meat yield [1, 2].

One approach to identifying genetic markers
associated with desirable agricultural traits in sheep
is to use candidate genes. Candidate genes are genes
that are thought to play a role in the development of

certain traits based on their function or location in
the genome [3-8].

In this article, we investigated candidate genes
associated with valuable agricultural traits in sheep
and their connection to these traits. The use of genetic
markers in sheep breeding is an important tool for
improving the agricultural characteristics of the herd.
They can help increase productivity, endurance,
adaptation to various environmental conditions,
improve product quality, and reduce herd maintenance
costs. As part of the study, we analyzed the genes
MSTN, CAST, FATI, and FZD3, which are known
for their influence on muscle growth and development,
wool quality, and adipose tissue in sheep.
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The MSTN gene, also known as the myostatin
gene, is a genome that plays an important role
in regulating muscle growth and development.
Specifically, the MSTN gene produces a protein
called myostatin, which is a negative regulator of
muscle mass. Mutations in the MSTN gene in sheep
can lead to increased muscle mass and improved
meat quality, making it an important target for cattle
breeding programs [9-12].

The CAST gene is pivotal in encoding
calpastatin, a protein calpastatin, which is a specific
inhibitor of the protease calpain. Calpastatin plays
an important role in regulating the activity of calpain
in cells, which is important for a wide range of
physiological processes, including muscle growth,
protein development and metabolism. Studies have
shown that changes in the CAST gene can affect
the tenderness of meat, which is a highly desirable
property in the meat industry [13].

The gene FATI1 in sheep encodes the protein
FATI1, which is a member of the cadherin family
of cell adhesion molecules. FATI is involved in
several cellular processes, including cell polarity,
migration, and tissue development [14-16].

The gene FZD3 in sheep encodes the protein
Frizzled-3, which is a receptor for the Wnt signaling
pathway. The Wnt signaling pathway plays an
important role in regulating various developmental
processes, includingcell proliferation, differentiation,
and tissue morphogenesis. Variations in the FZD3
gene are associated with differences in wool fiber
diameter, fiber strength, and frequency of waves in
sheep wool [17, 18].

To summarize, the continuous investigation
into genetic markers for sheep breeding is of utmost
significance. The technology has the capacity
to revolutionize sheep farming by increasing
productivity, enhancing disease resistance,
facilitating adaptation to environmental changes,

Table 1 — Primers used in work

and promoting sustainable and ethical breeding
techniques. This research is essential for satisfying
the increasing worldwide need for sheep products and
also serves a critical function in conserving genetic
variety and enhancing the economic sustainability
of sheep farming. Therefore, it signifies a crucial
domain of concentration in the field of agricultural
genetics and animal management.

Materials and Methods

In order to determine the nucleotide sequence
of the genome and the associated agricultural traits,
partial genome sequencing was performed on an
ABI PRISM 310 instrument (Applied Biosystems)
using the BigDye Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher Scientific) reagent
set. Prior to sequencing, target DNA was amplified
using specific primers, the information of which is
presented in Table 1. The following components
were required for the amplification reaction: 300 ng
of target DNA, 3.2 pM of primer, 0.75X sequencing
buffer, 0.25X terminator, and volume adjustment to
10 pl with deionized water. A program compatible
with the ABI PRISM 310 genetic analyzer protocol
was used for sequencing.

The amplification program consisted of the
following steps: 1. Initial denaturation, 5 min —
94°C; 2. Cycling. 35 cycles: a) denaturation, 1
min — 94°C; b) primer annealing, 1 min — 62°C; ¢)
elongation, 1 min — 72°C.

To remove residual nucleotides, a mixture of
nucleic acids was amplified and then treated with
75% alcohol. To do this, 50 pul of 75% alcohol was
added to 10 pl of the mixture, and then incubated
at room temperature in a dark place for 15 minutes.
The mixture was then centrifuged for 15 minutes at
14,000 rpm in an Eppendorf 5427R centrifuge to
precipitate the solution.

Forward

For gene MSTN Reverse

5'-GAAACGGTCATTACCATGC-3'

5'-CATTTGGTTGCCTGAAATATG-3'.

Forward

For gene CAST Reverse

5'- TGGGGCCCAATGACGCCATCGATG-3’

5'- GGTGGAGCAGCACTTCTGATCACC-3'.
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1) FAT1-1
Forward
Reverse
For gene FAT1 (2 pairs of primers)

2) FATI1-2
Forward

Reverse

5'- GGAAAAAATACTAACGCTGAAGCACGA-3’

5'- GAGACGGTAGTTATCTGCTCCCCGA-3'.

5'- GCGTCGGGGAGCAGATAACTAC-3’

5'- TTCAGGTTCCTCTGGTTCCATAC-3'.

1) FZD3-1
Forward
Reverse
For gene FZD3 (2 pairs of primers) 2) FZD3-2
Forward

Reverse

5'- TGGCTGTGAGTAGGATCGTC-3’

5'- ATTGCTAAAGCTGCCGTCTG-3'.

5'- GATCCGGATTGGTGTTTTCAGCAT-3’

5'- AGAACAAGGTTTCCCTTACCTGATA-3'".

After successful precipitation, the precipitate
was left at room temperature on a chemical table to
dry. The precipitate was then dissolved in 10 pl of
formamide, and denaturation of the deoxyribonucleic
acid was carried out for 4 minutes at a temperature
of 96°C. After denaturation, the tube containing the
standard was left in ice for 3 minutes. The resulting
DNA was then loaded onto sequencing strips and
transferred to the genetic analyzer [19].

The analysis of nucleotide sequences was carried
out using the Sequencing analysis 5.2 program
and DNAMAN. The specificity of the nucleotide
sequences was determined using the Basic Local
Alignment Search Tool (BLAST) program. The
obtained sequences were then analyzed by alignment
using the Clustal Omega program [20].

Results and Discussion

Partial targeted sequencing of candidate genes
associated with meat and wool productivity,
mentioned in previously published sources [14, 21,
22], was conducted. SNP analysis was performed
for genes MSTN, CAST, FATI, and FZD3. For
the MSTN gene, PCR amplification targeting the
first intron was performed. The aim of the analysis
was to identify two SNPs located at positions
18 (rs119102825) and 241 (rs119102826). The
positions of single nucleotide polymorphisms were
indicated with respect to the site and nucleotide
position of the transcript of the gene (ISGC Oar_
v3.1/0viAri3).

These polymorphisms are associated with such
indicators as birth weight and average daily weight
gain [21]. The genetic variations of the MSTN gene
show differences in genotype among species and
families. The GG genotype for rs119102825 was
found to be common in the genome of all animals of
the Edilbay breed. For the Kazak Fine-wool sheep
and Akzhayik breeds, it corresponds to the TT
genotype. The polymorphisms between the T and G
alleles were observed in the Saryarka and Kazakh
semi-coarse wool sheep, while the SNPrs119102826
showed the same genotype for all breeds. The T
allele was observed for the Edilbay, Saryarka, and
Kazakh semi-coarse wool sheep breeds, while
the Kazak Fine-wool sheep and Akzhayik breeds
corresponded to the CC genotype.

The MSTN gene functions as a growth factor
in cells and also participates in the process of
differentiation [23, 24, 25]. The gene is a non-
coding regulator of skeletal muscle growth. The
association of the gene with meat productivity is
not only characteristic of sheep, but also of other
animals [26].

Genetic polymorphisms in the myostatin
(MSTN) gene associated with increased muscling
and growth have been detected in the Madras Red,
Mecheri, and Texel sheep breeds using PCR-RFLP
analysis in a prior study. The MSTN gene serves
as a suppressive regulator for muscle development.
Consequently, the rate of muscle growth in sheep
is multiplied by two when the function of MSTN is
compromised [27, 28].
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The obtained data for rs119102825 indicate a
connection between genotype and increased meat
productivity, specifically with higher birth weight.
These findings are supported by associations reported
by other authors [22]. Only the GG genotype in this
locus is significantly associated with increased birth

weight. The SNP probability at this position for the
Saryarkabreed may be explained by its greater age
and higher intensity of breeding compared to other
animals. The distribution of different genotypes for
MSTN and CAST genes among breeds is shown in
Table 2.

Table 2 — Percentage of occurrence of different genotypes for the MSTN and CAST genes among sheep breeds

Percentage of occurrence of genotypes in the breed, %

Position of ‘g9 b o

Gene SNP in the SNP é s s E» 2 E Ef:f
gene 2 L3 3 g z 53

K < ’ <2

GG 18,9 0,8 11,9 98,2 0,0

18 TG 81,1 5,5 81,2 1,0 8,8

TT 0,0 93,7 6,9 0,8 91,2

MSTN

TT 95,2 4,1 89,3 92,1 6,2

241 TC 0,0 0,3 0,0 0,0 0,6

CcC 4,8 95,6 10,7 7,9 93,2

GG 99.8 100,0 99,3 98,7 99,5

CAST 383 GA 0,2 0,0 0,7 1,3 0,5
AA 0,0 0,0 0,0 0,0 0,0

The TT genotype for the SNP rs119102826 is
also associated with higher average daily weight
gain for the breeds Edilbay, Saryarka, and Kazakh
semi-coarse wool sheep [22]. These findings are sup-
ported by phylogenetic analysis of these breeds. The
breeds most closely related to Edilbay are Saryarka
and Fat-tailed semi-coarse wool sheep, which also
have similar traits, such as high meat productivity
and thick or coarse wool.

The CAST gene, which is associated with mus-
cle mass growth and meat taste characteristics, rep-
resents another promising genetic mutation [29].
Mutations in the CAST gene are directly related to
animal muscle mass growth and, consequently, meat
productivity [30, 31]. Genetic comparisons have
shown SNP monomorphism for this gene among all
studied breeds Data on the genotyping of the CAST
gene is supported by data on the prevalence of GG
genotypes in sheep populations around the world
[21].

CAST plays an important role in muscle forma-
tion, as well as in the processes of degradation and
softening of meat after slaughter. It is an inhibitor
of calpain proteins, which are responsible for the
degradation of myofibrillar proteins. Changes in
the nucleotide sequence of the calpastatin protein
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are associated with changes in its physicochemi-
cal properties, which in turn affect its structure and
mechanism of action, including the control of the
activity of calcium-dependent sarcoplasmic reticu-
lum channels. This, in turn, affects the activity of
calpain proteins. The process of myofibrillar break-
down in animal muscle tissue after slaughter is di-
rectly related to the characteristics of the meat [21].

Since wool is an important agricultural product
and a vital source of income for sheep farming, re-
search on genetic properties related to wool produc-
tivity is an integral part of market-oriented breed-
ing. The value of wool is determined by properties
such as the average diameter of the wool fiber and
wool durability. When describing wool quality, sev-
eral genes related to the qualitative characteristics of
sheep wool are mentioned. Among them, the genes
FATI1 and FZD3 are the most significant. Studies
of published works describe a significant difference
in wool quality characteristics between different
sheep breeds. This difference in the expression of
the FAT1 gene can be used as a marker for evaluat-
ing the wool characteristics of the breed. The prod-
uct of the gene expression regulates the morphogen-
esis, cyclic functioning, and orientation of the hair
follicles in sheep by participating in the planar cell



N.Zh. Karimov et al.

polarity (PCP) signaling pathway through cell ad-
hesions. The PCP signaling pathway controls tissue
polarity and cell movement by activating the RHOA
signaling cascades, c-Jun N-terminal kinase (JNK),
and NLK kinase. This pathway also regulates the
function of other tissues, including in humans, by
participating in the formation of ciliated epithelial
cells [32].

Amplification with subsequent genotyping of
gene FATI revealed the presence of four polymor-
phisms in exon 2. Using two pairs of primers allowed
obtaining two overlapping sequences with lengths
of 1692 bp and 1406 bp. Identified nucleotide poly-
morphisms are associated with wool productivity in
sheep and hair coat type [15]. Thus, according to the
results of allele analysis of the first polymorphism
in the breed of Kazak Fine-wool sheep, Saryarka ]
and Kazakh semi-fine wool sheep, the genotype GA
was found. In the breed of Akzhayik, a homozygous
genomic GG is possible, and in the breed of Edilbay
—AA.

In addition, SNP in position 218326 is also as-
sociated with the diameter of wool fiber [15]. As a
result, the genotypes were obtained: TC — for the
breed of Kazak Fine-wool sheep and Akzhayik, CC
— for the breeds of Edilbay and Kazakh semi-fine
wool sheep, and TT — for the breed of Saryarka.

Analysis of the nucleotide of a single polar bear
in position 16554 revealed the following genotypes

in populations: AA, corresponding to the Kazak
Fine-wool sheep, Akzhayik as well as Saryarka, GA
for the Edilbay, and GG, common in the Kazakh
semi-coarse wool sheep.

For the SNP in position 16563, the genotypes
are as follows: TT for Kazak Fine-wool sheep,
Akzhayik and Saryarka, TG for Edilbay sheep, and
GG for Kazakh semi-coarse wool sheep.

Analysis of published works on genotyped data
suggests an association of SNP (c.16203) GG with
higher wooliness in sheep compared to genotype
GA. Genotype AA is practically not associated
with wooliness. Additionally, analysis of another
SNP (c.218326) shows an association not only with
wooliness but also with fiber diameter. Genotype TC
is characterized by finer wool compared to genotype
TT, but greater wooliness compared to genotype CC
[15, 33].

The prevalence of different genotypes in the
FATI and FZD3 genes among sheep breeds is
shown in Table 3, 4.

The analysis of polymorphisms at positions
16554 and 16563 demonstrates the following asso-
ciations: the AA genotype for the SNP at position
16554 is associated with longer hair structure com-
pared to the genotypes GA and GG, while the TT
genotype (for the SNP at position 16563) is also as-
sociated with longer hair compared to the genotypes
TG/GG [15, 33].

Table 3 — Comparison of various genotypes by the FAT1 gene among sheep breeds

The percentage of genetic similarities we encounter in the population
2 e b =
Gene IS‘;;;TES&?; SNP % g g :% % § uE. g
gene 5 g g % E E § ‘E
GG 7,7 97,3 4,1 2,8 9,7
16203 GA 89,3 2,5 95,9 52 90,0
AA 3,0 0,2 0,0 92,0 0,3
cC 83,3 7,3 6,5 91,1 5.1
218326 TC 6,7 85,6 5,3 7,3 89,6
FATI TT 10,0 7,1 88,2 1,6 5.3
AA 5,2 82,7 87,3 2,2 93,8
16554 GA 3,6 12,3 9,1 97,2 6,2
GG 91,2 5,0 3,6 0,6 0,0
TT 2,7 85,1 75,3 10,3 91,2
16563 TG 53 13,7 20,1 88,9 8,8
GG 92,0 1,2 4,6 0,8 0,0
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Table 4 — Efficiency of meetings of different genotypes regarding the FZD3 gene among sheep breeds

Percentage of genotype occurrence in the breed
Positi‘on of Qé) —8 o 3 . é §
Gene SNP in the SNP n Z g z 5 = =
gene =85 S - = i3
TT 0,0 1,3 13,6 11,8 97,8
101771685 TC 18,7 88,6 12,9 6,1 1,9
CcC 81,3 10,1 73,5 82,1 0,3
FZD3
AA 83,1 76,3 75,8 16,8 81,1
101810848 AC 16,9 23,7 242 83,2 18,9
cC 0,0 0,0 0,0 0,0 0,0
The FZD3 (Frizzled3) gene is expressed in Conclusion

many tissues and organs of mammals and is also
associated with wool productivity. This is due to the
involvement of the gene and its product in the Wnt
signaling pathway, which regulates cell growth,
differentiation, development, and homeostasis. In
addition, the involvement of Frizzled family genes
in the development and functioning of skin and hair
cells has been demonstrated [34].

Amplification of the FZD3 gene region was
carried out to analyze polymorphisms in exons 1 and
3 (Table 4). The reaction products were of lengths
184 and 170 bp, respectively. Two polymorphisms
were identified. For the SNP (position 101771685)
located in exon 1, the genotypes observed in the
population were TT for some breeds, TC for others,
and CC for all remaining breeds. For the second
polymorphism (position 101810848), the AA
genotype predominated in all breeds except for
Edilbay, in which the AC genotype was found.

According to the research conducted by a group
of Chinese scientists, it was demonstrated that there
is an association of the TT genotype in position
101771685 with a smaller average diameter of the
hair shaft. In addition, a polymorphism in position
101810848, represented by the AA genotype, was
associated with a higher mass of straight hair fibers
[17]. Therefore, the genotype of Edilbay, which does
not have long and dense hairy coat, differs from all
the other studied populations.

86

The conclusions of this article demonstrate
the potential of sequencing candidate genes for
improving agricultural production in Kazakh sheep
breeding. Analysis of the MSTN, CAST, FATI,
and FZD3 genes identified variations strongly
correlated with desirable traits such as meatiness,
wool quality, and fat content. These results can be
used for selecting animals with desired traits and
further breeding, which could increase farmers’
efficiency and improve product quality. This study is
an important step in the development of agriculture
and may be useful for practical application in the
industry.
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