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Abstract. Development of specialized beef cattle breeding contributes to increase in beef production, which
directly affects the country’s food security. Currently, increasing productivity of animals is the major trend of
cattle breeding development, which in turn requires improvement of breeding. The effectiveness of breeding
work depends on the assessment of genetic value of breeding animals. To control authenticity of animal origin
is a prerequisite for conducting breeding work. One of the main directions of cattle breeding in Kalmykia is
breeding of Kalmyk cattle. The aim of the research was to study genetic diversity of Kalmyk cattle populations
using microsatellite analysis. The study was conducted in the Regional Research and Production Center for
Reproduction of Kalmyk State University. 60 Kalmyk cattle from ‘Plodovitoe’ agricultural production company
in Maloderbetovsky district were studied. PCR analysis was performed by 9 microsatellite loci: BM 1824,
BM 2113, INRA023, SPS 115, TGLA 122, TGLA 126, TGLA 227, ETH 10, ETH 225. It was found that the
average number of alleles was 10.1, while the number of alleles per locus varied from 7 (BM 1824, SPS 115,
ETH 10) to 18 (TGLA 122). The loci with the largest range of alleles were BM 2113 (12), INRA 023 (12),
TGLA 122 (18) and TGLA 227 (12). The most informative loci were INRA 023, TGLA 122 and TGLA 227.
The level of observed heterozygosity varied from 0.67 (ETH 10) to 0.83 (SPS 115, TGLA 227, ETH 225), and
expected heterozygosity — from 0.86 (BM 1824, SPS 115, ETH 10) to 0.92 (BM 2113, INRA 023, TGLA 227).
Analysis of fixation index data showed that 8 loci had negative index (BM 1824 (-0.22), BM 2113 (-0.26),
INRA 023 (-0.26), SPS 115 (-0.18), TGLA 122 (-0.12), TGLA 126 (0.10), ETH 10 (-0.28), ETH 225 (-0.04)

and 1 locus (TGLA 227) had positive index (1.0). The results of the analysis of microsatellite loci showed that
level of genetic diversity in the studied herd of Kalmyk cattle is high.
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Introduction

Beef cattle breeding is one of the priority areas of agriculture in Russia and plays an
important role in the development of agro-industrial complex [1, 2]. The development of
specialized beef cattle breeding helps to increase beef production, which directly affects
the country’s food security [3]. Increasing animal productivity is the main direction [4],
which in turn requires improving breeding.

The effectiveness of breeding work depends on assessment of genetic value of
breeding animals. A mandatory condition for conducting breeding work is controlling
authenticity of animal origin. Genetic certification of animals has become a necessary
procedure for breeding registration and a reliable identification method in many coun-
tries [5]. To establish origin of animals, molecular genetic analysis of satellite DNA is the
most effective and accurate [6, 7]. It represents sequences that are repeated many times
in the genome [8, 9]. Each repetitive sequence is called motif — a short nucleotide repeat
[10]. These motifs are restricted to unique sequences called single-copy sequences [11].
One of the most informative types of satellite DNA are microsatellite sequences, also
known as STR loci (STR — short tandem repeat). These sequences consist of repeats of
short motifs that vary in the number of repeats [12]. Molecular genetics methods based
on satellite DNA analysis have become valuable tools for animal breeding. They make
it possible to identify more accurately genetically valuable individuals and use them for
development of more productive and sustainable livestock populations [5, 13].

The study of genetic differences between lines and breeding herds is important for
purebred breeding. Genetic diversity research allows to understand how genes vary
within and between populations. This is of great importance for determining genetic
basis of breed qualities and effective selection [14].

One of the main areas of cattle breeding in Kalmykia is pedigree breeding of Kalmyk
cattle which is characterized by high productive qualities, strong constitution, relative
longevity, and endurance. In addition, Kalmyk cattle are resistant to unfavorable climatic
conditions and are unpretentious in maintenance and feeding. Thus, Kalmyk breed is
unique [15, 16].

The purpose of the research was to study genetic diversity of Kalmyk cattle pop-
ulations using microsatellite analysis.
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Materials and methods

The research was conducted at the Regional Research and Production Center
for Reproduction of Kalmyk State University. 60 Kalmyk cattle from ‘Plodovitoe’
agricultural production company in Maloderbetovsky district were studied. Genet-
ic testing was carried out using molecular genetic analysis to control reliability of
origin and identification of animals based on PCR analysis for 9 microsatellite loci:
BM1824, BM 2113, INRA023, SPS 115, TGLA 122, TGLA 126, TGLA 227ETH
10, ETH 225.

For molecular genetic analysis, whole blood was taken from jugular vein. To isolate
DNA, kit of M-Sorb Synthol reagents (on magnetic particles) was used. DNA extrac-
tion from whole blood was performed according to standard kit protocol. To amplify
the isolated DNA, kit of Synthol reagents for polymerase chain reaction and mixture of
primers were used. The polymerase chain reaction was carried out on a Bio-Rad C1000
Touch thermal cycler; amplification modes were selected depending on specificity of
each pair of primers.

The PCR products were detected by electrophoretic separation on agarose gel using
AmpliSens kit. Detection was performed in Wide Mini-Sub Cell GT horizontal elec-
trophoresis chamber. Visualization was carried out using a Clinx Science Instruments
ChemiScope 6200Touch gel documentation system.

Microsoft Office software package Excel (Microsoft, USA) was used for processing
the experimental data.

All microsatellite loci used in the analysis belong to the list recommended by the
International Society of Animal Genetics (ISAG).

Results and discussion

Genetic analysis of Kalmyk cattle population from ‘Plodovitoe’ agricultural company
was carried out using microsatellite loci. The results of the study showed the presence
of genetic diversity in this population.

STR analysis of cattle was characterized according to the following indicators:
range of alleles, number of alleles per locus, number of informative alleles per locus,
frequency of occurrence, expected heterozygosity.

It was found that average number of alleles was 10.1, while number of alleles per
locus varied from 7 (BM 1824, SPS 115, ETH 10) to 18 (TGLA 122) (Fig. 1). Loci
BM 2113, INRA 023, TGLA 122 and TGLA 227 have the largest range of alleles, and
number of alleles per locus is 12, 12, 18 and 12, respectively. The most informative loci
for Kalmyk breed were INRA 023, TGLA 122 and TGLA 227. Average frequency of
one allele per locus varied from 0.06 to 0.14 (Fig. 2).
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Fig. 1. The number of alleles in the studied loci
Source: created by the authors

Fig. 2. Frequency of alleles
Source: created by the authors

Heterozygosity analysis allows to assess genetic differentiation. The level of observed
heterozygosity varied from 0.67 (ETH 10) to 0.83 (SPS 115, TGLA 227, ETH 225), and
the expected heterozygosity ranged from 0.86 (BM 1824, SPS 115, ETH 10) ... 0.92
(BM 2113, INRA 023, TGLA 227) (Fig. 3).
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Fig. 3. The level of heterozygosity
Source: created by the authors

A comparison of expected and observed heterozygosity in Kalmyk cattle showed
that for all 9 studied loci, the expected heterozygosity exceeds the observed one.

For many microsatellite loci, indicator of excess or deficiency of heterozygotes is
fixation index. Positive index value indicates lack of heterozygotes, negative index value
indicates excess of heterozygotes. Analysis of fixation index data showed that for 8 loci
this indicator was negative (BM 1824 (-0.22), BM 2113 (-0.26), INRA 023 (-0.26), SPS
115 (-0.18), TGLA 122 (-0.12), TGLA 126 (-0.10), ETH 10 (-0.28), ETH 225 (-0.04)
and for one locus (TGLA 227) it was positive (1.0).

Thus, results of molecular genetic analysis of microsatellite loci showed that level
of genetic diversity in the studied herd of Kalmyk cattle was high.

Conclusion

1. We found that the average number of alleles was 10.1 in 9 studied STR loci of Kalmyk
cattle, with a frequency of one allele of 0.06...0.14. The level of observed heterozygosity
varied from 0.67 to 0.83, and expected level was 0.86...0.92. The fixation index for 8
loci was negative (from —0.28 to 0.04) and for 1 locus (TGLA 227) it was positive (1.0).

2. The results of the study of microsatellite loci of Kalmyk breed indicate that the
allele pool of the breed is diverse. To further improve the breed in the future, it is nec-
essary to study genetic structure of Kalmyk breed.
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MuKpocaTessIMTHbIW aHa/IU3 KPYNHOro poraToro ckora
KaJIMbILKOWN nopoapbl

B.C. YoymueBa' ™ no. TopsioB? ', H.B. UnmupgoBa' ', A.B. YoymueBa'

'KanMBbILKHI rocyapcTBeHHbIH yHuBepcuteT UM. b.B. [opooBUKOBa, 2. Daucma, Pocculickas
Dedepayus
“I10BO/DKCKUN HayuHO-MCC/Ie|0BaTe/IbCKUIA HHCTUTYT IPOU3BOACTBA U MepepaboTKy MsiCOMOJIOU-
HOM npofyKuuH, 2. Bosneoepad, Poccutickas Pedepayus
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AnHoTanus. Pa3BuTHe crielianyi3vpoBaHHOIO MSICHOTO CKOTOBO/ICTBA CIIOCOOCTBYeT yBeTUYeHUI0
MPOU3BO/CTBA NMPOAYKLMH TOBS/IMHBI, UTO HaNPSIMYIO B/IUSIET Ha MPOJOBO/IbCTBEHHYIO 0€30MacHOCTb CTPaHBbI.
YBesmuueHue MPOAYKTUBHOCTH KUBOTHBIX — OCHOBHOe Harpap/ieHHe Pa3BUTHsSI COBPEMEHHOTO CKOTOBOZCTBA,
YTO B CBOIO OUepe/ib TpeOyeT COBepIIeHCTBOBaHUS I/IeMeHHOro fena. OPdeKTUBHOCTE MyIeMeHHOU pabo-
ThI 3aBHCHUT OT OL|eHKH FeHeTHYeCKOH LIeHHOCTH IJIeMeHHBIX XMBOTHBIX. [171eMeHHast paboTa BefjeTcs Ipu
006s13aTe/IbHOM KOHTPOJIe ZJ0CTOBEPHOCTH MPOUCXOXKAEHHs )KUBOTHBIX. OHUM M3 OCHOBHBIX HarpaBlIeHUH
CKOTOBO/ICTBa B Ka/MbIKUU sIB/IsieTCs T/IeMeHHOe pa3BefieHre KpymHoro poraroro ckora (KPC) kamMbIKoM
nopogel. Llenb vcciefoBaHus — U3ydyeHre reHeTHUeckoro pasnoobpasust nonysisiiuii KPC KaJMBILIKOM OOk
C WCII0/Ib30BaHNeM MMKPOCATe/UTMTHOTO aHa/mu3a. VicciepoBaHue 6b10 IpoBeieHo Ha 6ase PerroHansHOro
Hay4HO-ITPOM3BO/[CTBEHHOTO L{eHTpa I10 BOCTIPOM3BOACTBY Ka/IMBILIKOT0 rocyapCTBeHHOTO YHUBepcuTeTa. Js
uccnenoBanust 6b11 B3aT KPC KanmbILkou mopogpl, npuHaiexariuii CITK «IlnogoButoe» MasofepbeToBCKOro
paiioHa, B komuectBe 60 rosioB, npoBefieH [11IP-aHanu3 no 9 MUKpocaTe/VIMTHBIM JIokycam: BM1824, BM
2113, INRAO023, SPS 115, TGLA 122, TGLA 126, TGLA 227, ETH 10, ETH 225. YcTaHOB/eHO, UTO cpefiHee
ymncIio ansesneii cocrapinsiet 10,1, Ipu 3TOM YKC/IO ajiiesielt Ha JIOKYC BapbUpoBasiock ot 7 (BM 1824, SPS
115, ETH 10) go 18 (TGLA 122). JIokychl ¢ HauboibIuM AnanaszoHoM ayuiesieii — BM 2113 (12), INRA 023
(12), TGLA 122 (18) u TGLA 227 (12). Haubonee unhopmMaTiBHbIMH OKa3anuch Jokycsl INRA 023, TGLA
122 u TGLA 227. ¥YpoBenb Hab/ioaemMoit retepo3uroTHoCcT Bapbuposai ot 0,67 (ETH 10) go 0,83 (SPS 115,
TGLA 227, ETH 225), a noka3arenu oxugaemoit — 0,86 (BM 1824, SPS 115, ETH 10) ... 0,92 (BM 2113,
INRA 023, TGLA 227). AHanu3 JaHHBIX TIOKa3aTesisi MHAeKca (GUKcaruy 1okasalsl, uTo y 8 JIOKyCOB AaHHBIN
TIOKasare/ib oTpHLiaTesibHbIN (BM 1824 (-0,22), BM 2113 (-0,26), INRA 023 (-0,26), SPS 115 (-0,18), TGLA
122 (-0,12), TGLA 126 (-0,10), ETH 10 (-0,28), ETH 225 (-0,04) u y 1 noxyca (TGLA 227) nonoxuteibHbli
(1,0). PesynbraThl MPOBEAEHHOTO aHaIM3a [0 MUKPOCATe/UTUTHBIM JIOKyCaM T0Kas3asly, YTo y UCC/Ie/[yeMoro
crazia KPC Ka/IMBILIKO# TIOPO/ibl YPOBEHb FeHeTHUeCKOro pa3Ho00pasuisi BbICOK.

KiroueBble €/10Ba: KaJIMBILIKHMI CKOT, MUKPOCATe/UTUThI, FTeHeTHYeCkoe pa3Hoo0Opa3ye, reTepo3uroTHOCTb,
MoMMOpGU3M

3asB/ieHHe 0 KOH(IMKTe HHTEPeCcoB. ABTOPHI 3asIB/ISIOT 06 OTCYTCTBHY KOH(IMKTa MHTEPECOB.
dunancupoBanue. BiarogapHoctu. Pabora BhINo/HeHa B paMKax roCyjapCTBeHHOT0 3a7iaHusi MUHHCTepCTBa
HayKH U Bbiciiiero obpasoBaunus Poccuiickoit @enepatiyu (Ne 075-03-2022-119/1 «OcobeHHOCTH OpraHU3aiiiu
reHOMa KPYITHOTO POraToro CKOTa MSICHBIX TI0pPO/], aCCOLMMPOBAHHBIX C BEICOKUM a/JallTUBHBIM U IIPOAYKTUBHBIM
TIOTeHIIMa/IOM, Ha OCHOBe BBICOKOIIO/IMMOP(HBIX FeHeTHUeCKUX MapKepoB»).

VicTopus cTarbM: NOCTYNM/IA B pefakiyio 18 aerycra 2023 r., npuHsTa K nybivkauyu 8 Hosabps 2023 .

Jna yutupoBanus: Yoywuega B.C., I'opnoe U.®., Yumudoea H.B., Yoyuwiuesa A.B. MUKpOCaTe/TATHBINA
aHa/IM3 KPYIHOT0 POraToro CKOTa Ka/IMBILIKOW ITOpoAib! // BecTHHK Poccuiickoro yHHBepcuTeTa Apy>KObl HapOZOB.
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