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MOLECULAR GENETIC PROFILE
OF KAZAKHSTAN POPULATIONS OF CATTLE BREEDS

Abstract. Modern methods of cattle breeding provide for active use of new breeding programs. The introduc-
tion of molecular-genetic studies predetermines the prospects for the use of DNA microsatellites (STR-loci). These
microsatellites are widely used for studying the allele pool of farm animals. Based on the above-mentioned, the aim
of the research was to study the genetic structure and analysis of the degree of genetic differentiation of cattle breeds
in the Republic of Kazakhstan, based on molecular genetic information.As a biological material for research, the
semen of bulls was used. The paper presents research materials of DNA profiles on 11 microsatellite loci of dairy
(Holstein, Black-and-white, Aulie-Ata), combined (Alatau) and meat (Auliekol, Kazakh whiteheaded) breeds.

The microsatellite profile of animals was represented by the following loci: BM1824, ETH225, INRA23,
BM2113, SPS115, ETH10, TGLA122, TGLA126, TGLA227, ETH3, TGLAS3, included in the recommended panel
ICAR and ISAG. The genetic pattern of populations was analyzed according to F-statistics. Genetic identity indica-
tors were calculated according to Nei. Populations' heterozygosity was determined according to the Wright's fixation
index. The differences in breeds in the direction of productivity were analyzed by the share of variations of micro-
satellite loci. As a result of research, it was found that the implementation of molecular genetic methods in the
selection of farm animals will significantly increase the development potential of cattle breeding resources available
in the Republic of Kazakhstan.

Keywords: genctic potential, genetic progress, breeding value, genomic assessment, microsatellites, DNA
profile.

Introduction. At breeding farm animals, it is important not only to obtain high productive livestock,
but also continuous advance, improvement of the genetic potential of their productive qualities and
acceleration of genetic progress in breeds [1]. It is known that cattle breeding methods provide for active
use of modern breeding programs [2].

Currently, animal identification methods are based on the analysis of two main types of genetic
markers - single nucleotide polymorphism (SNP) and microsatellites (Short tandem repeat, STR) [3, 4].

Undoubtedly, the analysis of a large number of genetic markers (SNP and STR) allows to solve a
number of acute issues regarding the population of animals, as well as the "purity" of the genotype of the
analyzed individual, which is important from the point of view of conservation of animal genetic diversity.

It is known that microsatellite DNA loci, consisted of STR - Short Tandem Repeats, are widely used
in animal husbandry as genetic markers. The use of such highly polymorphic loci gives information about
the genome of animals, determines their individuality and genetic uniqueness, which should be taken into
account in breeding programs when improving livestock [5-7].

According to research by a number of scientists such as Gautier et al., 2007, Li et al., 2007, Zhang ¢t
al., 2007, Flury et al., 2009, Sodhi et al., 2011, microsatellite markers are the most common tool for
characterizing and differentiating population structures. Over the past 15 years, the relevance of using
microsatellite markers in assessing the genetic diversity of cattle breeds has been documented in numerous
studies [8-12].
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Single nucleotide polymorphisms (SNPs) play an important role in programs for genetic assessment
of livestock, as they can help improve the accuracy of animal genome predictions and genome selection of
economically important traits. Additionally, SNP markers can help identify genes affecting economic
traits [13].

The results of full genomic research by a team of scientists: Hayes B., Goddard M., Meuwissen T.
proved that the effect of individual quantitative trait loci (QTL) on the productivity of animals is small.
The marker-assisted selection (MAS) takes into account a small number of DNA markers, therefore, it is
more difficult to explain the genetic variability of traits. In this regard, there was a developed technology
using information of single nucleotide polymorphisms (SNP), resulting in genomic assessment of animal.
The development of genomic assessment methods significantly intensifies the breeding process of the
entire population [14, 15]. High information value of SNP - genetic markers associated with the desired
combination of manifestations of economic traits was proved.

Currently, genomic selection is widely used in dairy cattle breeding. According to numerous studies,
in theory, the inclusion of information about the markers increases the effectiveness of breeding programs
compared to traditional selection. However, previously only a few genes were reported associated with
changes in dairy productivity, and they explained only a small part of the hereditary variation of cattle
[16-20].

Genomic selection is based on the genomic estimated breeding value (GEBV) of animals. GEBYV is
calculated as the sum of the effects of genctic markers or haplotypes of these markers over the entire
genome, thus potentially capturing all QTLs that contribute to the variability of the trait. The reliability of
GEBYV has been proven more than once in the world. For example, scientists from the United States, New
Zealand, Australia and the Netherlands used in their research the population of Holstein-Friesian bulls,
tested for the quality of their offspring, having offspring from 650-4500 animals. The studied bulls have
been genotyped by 50,000 full-genome markers. As a result, it was found that the reliability of GEBV of
the population ranged from 20 to 67%, without taking into account the producers' estimation of the quality
of the offspring. However, one should not lose sight of the fact that the reliability of the assessment also
depends on the studied trait [16]. For example, in the works of many scientists, it was found that for milk
productivity traits with heritability h2=0.281-0.401, the accuracy of GEBV for young bulls was in the
range from 12=0.180 to r2=0.347, and for fertility rates with h2=0.035-0.068 GEBYV reliability was higher
and amounted to 12=0.428-0.515, the genomic assessment allowed to increase the accuracy of the
prediction of the genotype by an average of 30.5%, which is equivalent to the presence of indicators of
~ 10 daughters [21].

Studies by a number of scientists such as N. Zinovyeva, N. Strekozov, 1. Yanchukov, A. Ermilov,
G. Eskin proved that the genomic assessment system plays an important role in ensuring the competiti-
veness of breeding material, its creation is one of the priorities of the development of livestock breeding
[22].

In the opinion of scientists Guarini A.R., Lourenco D.A L., Brito L F., Sargolzaci M., Baes C.F.,
Miglior F., Misztal 1., Schenkel F.S., the success and sustainability of a breeding program that includes
genomic information, depends largely on the prediction accuracy. To achieve high accuracy of GEBV,
large training populations with low heritability traits are required. By means of simultancously including
genotyped and non-genotyped animals in the assessment, the BLUP's step-by-step genomic approach
(ssGBLUP) can provide more accurate and less biased genomic estimates [23].

After obtaining the results of the genomic assessment in the United States, some countries, such as
Canada, Australia, New Zealand, France, the Netherlands, Germany, Denmark, Israel, Poland, China, also
began to use genomic assessment in practical selection and today they have a lot of positive results [24].
In this connection, a need arises to study the prospects of using the results of molecular-genetic research in
Kazakhstan.

Within the Republic of Kazakhstan, there are over 20 cattle breeds of different directions of produc-
tivity. To date, the gene pool of these animals at the molecular genetic level is not fully explored. In this
regard, the use of the DNA information of the animal genotype will make it possible to introduce into the
selection practice a number of advantages over traditional methods of selection. DNA diagnostics of
animal genotypes can be performed at an early age. It should be noted that pre-selection of animals is a
prospective source of bias in international animal assessments, if not properly taken into account in
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national assessments. However, pre-selection does not create bias in the traditional assessment of breeding
value, if it includes data from all animals.

The country has accumulated a lot of data that allow to conduct an effective selective and breeding
work with animals of dairy cattle breeds. Based on modern conditions for the breeding of highly
productive herds, a new methodological basis is essential, which takes into account genetic factors. The
application of genetic markers is especially important for the assessment of traits, the phenotypic manifes-
tation of which occurs relatively late or is limited by sex, also for traits that are strongly influenced by
non-genetic factors (¢.g., environmental factors).Currently, the only effective way to control the reliability
of the origin and identification of livestock is genetic testing based on the use of the phenomenon of
genetic polymorphism [25].

Unfortunately, in our country, genomic evaluation is practically not used to assess the breeding value
of animals at pedigree levels of management. However, it is applicable solely to assess the breeding values
of servicing bulls.

At the moment, about 60% of countries participating in international assessments of servicing bulls
have already adopted genomic selection in their animal breeding programs. Thus, the data sent for mul-
tiple international assessments can be quite diversified, and to ensure a fair comparison of the estimates of
animals included in international genctic assessments, an appropriate test method is required for all
countries [26].

Thus, molecular-genetic methods enable to select among animals of very early ages, which signi-
ficantly increases the efficiency. From this, it follows that the introduction of molecular genetic methods
in the selection of animals is crucial.

Based on the above-mentioned, the aim of the research was to study the genetic structure and analysis
of the degree of genetic differentiation of cattle breeds in Kazakhstan based on molecular genetic infor-
mation.

The novelty of the research lies in the fact that for the first time the study of allelic polymorphism on
11 microsatellites of dairy, combined and meat productivity breeds related to the breeding resources of
Kazakhstan was conducted. Reliably determined the importance of the use of molecular genetic markers
in breeding work.

Methods of research. Biological material for research was semen of bulls. Samples of biological
material (sperm) of servicing bulls were used to create a database of reference samples. The studies were
carried out in the Laboratory of Molecular Bases of Breeding of the Department of Biotechnology
and Molecular Diagnostics of Animals at the Federal Science Center for Animal Husbandry named after
L.K. Ernst.

DNA extraction from semen samples was performed using the DNA-EXTRAN-2 reagent kit
(SYNTHOL EX-511-100, Russia). DNA extraction was carried out using the protocol in accordance with
the recommendations of the manufacturers.

In the course of the research, DNA profiles on 11 microsatellite loci of bulls of dairy (Holstein breed
- 34 animals, Black-and-white - 18 animals, Aulie-Ata - 5 animals), combined (Alatau - 18 animals) and
meat breeds (Aulickol - 5 animals, Kazakh whitcheaded - 14 animals), belonging to the Asyltulik JSC.
The microsatellite profile of animals was determined by DNA analyzer with a laser detector ABI3130x1
by the following loci: BM1824, ETH225, INRA23, BM2113, SPS115, ETHI10, TGLA122, TGILAI26,
TGLA227, ETH3, TGLA53, included in the recommended pancllCARandISAG.GenAdlEx 6.501and
structure 2.3programs were used for the analysis of the results, MicrosoftExcel 201 3software was used for
data visualization.

Research results and their discussion. In order to define the community of populations origin, the
Fq (fixation index) coefficients were calculated. In the course of the work, pairwise analysis of the genetic
structure of the studied populations was made. The obtained Fy; data allowed to establish the degree of
divergence between populations according to the direction of their productivity. The research results are
summarized in table 1.

According to the data given in table 1, above the diagonal, the smallest genetic distances were obser-
ved between the Black-and-white and Holstein (0.016) breeds that indicates a high degree of divergence.
However, one should not forget that this coefficient also testifies to the general origin of the above-
mentioned breeds. The genetic distances between the dairy breeds of the European and Kazakh breeding
were: on the one hand, in the Black-and-white, Aulie-Ata and Alatau - 0.064 and 0.107 respectively, on

— 156 ——



ISSN 1991-3494 6. 2019

the other hand, in Holstein - 0.078 and 0.119, respectively. The coefficients between the Black-and-white
and Aulie-Ata, Black-and-white and Alatau, Holstein and Aulie-Ata breeds show the average degree of
divergence, i.e. they confirm the common origin and direction of productivity. Between the Holstein and
Alatau breeds, a large degree of divergence was observed. For meat breeds, the Fy; index between Auliekol
and Kazakh whitecheaded breeds was less than 0.058, which indicates a weak degree of divergence. This
fact confirms the history of the creation of the Auliekol breed, as it is known, this breed was created using
the Kazakh whiteheaded cows and the Charolais and Aberdeen Angus bulls.

Table 1 — Above the diagonal - the degree of divergence (F) in populations, below the diagonal - analysis of genetic identity
according to Nei

Black-and-white Holstein Aulie-Ata Alatau Auliekol Kazakh whiteheaded
Black-and-white - 0.016 0.064 0.107 0.122 0.098
Holstein 0.910 - 0.078 0.119 0.133 0.104
Aulie-Ata 0.556 0.500 - 0.054 0.074 0.061
Alatau 0.214 0.207 0.600 - 0.052 0.043
Auliekol 0.203 0.195 0.512 0.667 - 0.058
Kazakh whiteheaded 0.295 0.323 0.555 0.678 0.627 -

According to the results of the analysis of genetic distances, indicators of genetic identity (n = 94)
were calculated according to Nei [7]. Calculations of the analysis of genetic identity are shown in Table 1
below the diagonal.

The calculation of the genetic distances between the studied breeds, carried out according to Nei,
showed that the Black-and-white and Holstein breeds were characterized by the greatest affinity in the
genetic structure due to the common origin - 91%. For Black-and-white and Aulie-Ata cattle, affinity was
56%. For the Kazakh whiteheaded and Aulickol breeds, the identity coefficient was 63%. The greatest
differences, as one would expect, were between the populations of dairy, combined and meat breeds from
20.3% to 32.3%, i.e. populations are characterized by a high degree of differentiation. This fact explains
the breeding pressure by the traits of breed productivity.

Polymorphism of loci, estimated by the number of alleles per locus, diversity of alleles, average value
of the total number of alleles, heterozygosity, and the informational content of polymorphism are
described in table 2.

For 11 loci of three populations, 253 alleles were found in our study. The number of alleles per locus
for dairy breeds ranged from 4 (TGLA126A) to 8 (TGLA122A, TGLAS53A) with an average value of 6,
for mixed breeds - from 3 (TGLA126A) to 14 alleles (BM2113A, TGLA227A) with an average value of
9, and for meat breeds - from 4 (BM1824A, TGLA126A) to 11 alleles (BM2113A, TGLA227A) with an
average value 8.

The observed heterozygosity (Ho) in the dairy cattle population varied from 0.563 (SPS115A) to
0.867 (BM2113A), in the combined cattle population from 0.667 (BM1824A) to 1.000 (TGLA227A), in
beef cattle - from 0.684 (BM1824A) to 0.902 (BM1824A).

The expected heterozygosity (He) in the dairy cattle population varied from 0.627 (SPS115A) to
0.810 (TGLA122A), in the combined cattle population from 0.554 (TGLA126A) to 0.898 (TGLA127A),
and for meat cattle from 0.601 (TGLA126A) to 0.859 (BM2113A).

Unbiased expected heterozygosity (uHe) for dairy cattle ranged between 0.663 (SPS115A) and 0.852
(BM2113A), for cattle of the combined productivity direction - from 0.570 (TGLA126A) to 0.924,
(TGLA227A), for beef direction - from 0.626 (TGLA126A) to 0.894 (BM2113A).

Of 11 loci, 7 loci of the dairy population had negative inbreeding coefficients (Fis). Negative Fis in
the population of the combined productivity direction was in 6 loci, and in the beef cattle population -
7 loci.

The calculation of the analysis of the genetic diversity of the studied breeds (Fit) at the molecular
level showed that the varianceamong populations is 13%, among breeds - 2%, and among individuals (or
intra-breed variations) - 85%. The results of the analysis are shown in figure 1.
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Table 2 — Polymorphism of 11 loci in three populations

Pop BM | ETH | INRA | BM SPS | ETH | TGLA | TGLA | TGLA | ETH | TGLA
1824A | 225A | 023A | 2113A | 115A | 10A | 122A | 126A | 227A | 3A 53A
N 19 19 18 19 19 19 19 19 14 19 19
Na 5 6 7 7 5 7 8 4 7 5 8
Ne 4 4 4 6 3 5 5 3 5 4 5
Dairy Ho | 0.701 | 0.793 | 0.840 | 0.867 | 0.563 | 0.829 | 0.688 | 0.564 | 0.804 | 0.829 | 0.809
He | 0.707 | 0.743 | 0.771 | 0.808 | 0.627 | 0.803 | 0.810 | 0.648 | 0.797 | 0.738 | 0.805
uHe | 0.743 | 0.784 | 0.811 | 0.852 | 0.663 | 0.846 | 0.851 | 0.681 | 0.841 | 0.778 | 0.847
Fis | 0.021 | -0.062 | -0.091 | -0.075 | 0.059 | -0.029 | 0.153 | 0.128 | -0.009 | -0.122 | -0.006
N 18 18 18 18 18 18 18 18 18 18 18
Na 4 10 10 14 8 8 14 3 14 5 9
Ne 3 7 6 11 4 6 10 2 10 2 5
Combined | Ho | 0.667 | 0.833 | 0.833 | 0.778 | 0.833 | 0.722 | 0.889 | 0.889 | 1.000 | 0.889 | 0.833
He | 0.693 | 0.856 | 0.824 | 0.910 | 0.750 | 0.836 | 0.897 | 0.554 | 0.898 | 0.591 | 0.793
uHe | 0.713 | 0.881 | 0.848 | 0.937 | 0.771 | 0.860 | 0.922 | 0.570 | 0.924 | 0.608 | 0.816
Fis | 0.038 | 0.027 | -0.011 | 0.146 | -0.111 | 0.137 | 0.009 | -0.604 | -0.113 | —0.504 | -0.051
N 19 19 18 19 19 19 19 19 16 19 19
Na 4 8 8 11 7 8 11 4 11 5 9
Ne 3 6 5 9 3 6 7 3 7 3 5
Meat Ho | 0.684 | 0.813 | 0.837 | 0.822 | 0.698 | 0.776 | 0.788 | 0.726 | 0.902 | 0.859 | 0.821
He | 0.700 | 0.800 | 0.798 | 0.859 | 0.688 | 0.820 | 0.853 | 0.601 | 0.847 | 0.665 | 0.799
uHe | 0.728 | 0.833 | 0.829 | 0.894 | 0.717 | 0.853 | 0.887 | 0.626 | 0.883 | 0.693 | 0.831
Fis | 0.029 | -0.017 | -0.051 | 0.036 | -0.026 | 0.054 | 0.081 | -0.238 | -0.061 | -0.313 | -0.028

heterozygosity = (2N / (2N-1)) * He; Fis= inbreeding coefficient = (Mean He - Mean Ho) / Mean He.

N = number of alleles; Na = number of alleles per locus; Ne= number of effective alleles = 1 / (Sumpi*2); Ho =
observed heterozygosity = No. ofHets / N; He = expected heterozygosity = [/ - Sumpi”™2; uHe = Unbiased expected

Percentages of Molecular Variance

Among Pops
13%

Among Indiv
2%
= Among Pops
b K
85% Among Indiv
= Within Indiv

Figure 1 — Genetic diversity of the population
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The spatial distribution of breeds in the coordinates of genetic variability is shown in figure 2. The
Black-and-white, Holstein and Aulie-Ata breeds are grouped distinctly from the other three breeds. In
turn, the Kazakh whiteheaded, Aulickol, and Alatau breeds formed their own separate cluster.

Principal Coordinates (PCoA)
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Coord. 1
Figure 2 — Spatial distribution of breeds in the coordinates of genetic variability

The analysis based on microsatellite markers seems to indicate that the breeds within the clusters
have a similar gene pool. This underscores the need for additional microsatellite markers to more
accurately identify the aforementioned clusters.

The share of variation in microsatellite loci explaining the diversity of breeds in the direction of
productivity for the first component (PC1) reached 17.4%, for the second (PC2) - 4.9%.

Thus, studies based on microsatellite markers, as well as single nucleotide polymorphisms (SNPs),
have shown genetic variation between related breeds, as a result of which there is a fairly clear division
into clusters.

Conclusions. The introduction of molecular genetic methods in breeding will significantly increase
the development potential of breeding resources available on the territory of the Republic of Kazakhstan
due to own reproduction of livestock of various breeds of different productivity direction [29]. These
methods will create a basis for the implementation of such approaches as genomic selection, which in turn
will provide an increase in the intensity of the breeding process.

Overall, the progress in the field of applied research and the active implementation of their results in
practice will further deepen research and empower genetic investigations in Kazakhstan.

Concluding the above-mentioned data, it is important to note that the present study provides valuable
information on the genetic diversity of cattle in Kazakhstan and lays the foundation for future more in-
depth research.
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9. C. lomminin?, A. Xap:kay?, 1. A. Baiimykanos?, A, A, Cepmsirun’

1«Konrip xaun areigarsl BKATY» KeAK, Opan, Kazakcran,
2"Baiicepke-Arpo "oky FeuTbIMEH-oHIIpicTiK opTassEsl” JKIIC, Tanrap ayxansl, AnMartsr 00IbICH, Ka3aKCTaH,
3«J1. K. Opucr atbingarst BMU ®FO» ®MBEM, TTogomsck, Peceit

IPI KAPA MAJI TYKBIMJIAPBIHBIH KA3AKCTAHIBIK
MONYJISIMASACEIHBIH MOJEKYISIPJILI-TEHETHKAJIBIK IPO®HII

Annoranmusa, Ipi xapa Mam ecipyaiH 3aMaHAYH OMICTEpPi CCMCKIMMAIBIK OaraapiaMajapablH JKAHA TOCLIACPIH
KCHIHCH MAiIaIaHyFa HETi3ACHTeH. MOCKY JIPIBI-TCHETHKAIIBIK 3CPTTCYaepai eHrizy — kenemekre JJHK mmkpoca-
Temurtepin (STR-mokycTap) madimananyael kesackai. Kasipri TaHga aTamaMbim MHUKPOCATC/UTHTTEP aybLUT mapya-
IIBUTBIFBI MAJIJAPBIHBIH A/UIET0(OHIBIH 3epTTEY OapBICHIHIA KEHIHCH MakaataHburyja. OChl Opaiaa, MOJIEKY JIIPIIbI-
TCHETHKANBIK aKmapar Herizimae KazakcraH pecryOnMKachlHAAa OCIPIIETIH ipi Kapa Man TYKbIMJAPBIHBIH TCHETH-
KaJbIK KYPBIIBIMBI MCH I'€HETHKAIBIK TU((ECPSHIMCHIHBIH AIPEKECIH TANNAY — 3EPTTCY KYMbBICTAPBIHBIH MAKCAThI
0oxpIm TAaOBLIABL. BHONMOTHSLIBIK MATEpHWal PETIHAE achLT TYKBIMIBI OYKANAPABIH YPBIFBl ANBIHABL ATAIMBII
JKYMBICTA CYT OarbITBIHAAFBI (TONMINTHH, Kapa-aja, dylImMeaTa), KOC OarbITTarbl (amaray) >KOHE €T OaFbITHIHIAFBI
(oymmeren, Ka3zakTeIH ak0ac) TyKbIMAapaelH 11 mmkpocaremuTTi JoKycTapsl Oodibrama JHK-mpodmmsaepin
3ePTTEY MONIMETTEP] KEJATIPLITeH.

Kanyapnapaere mukpocareumrri mpodui, [CAR xone ISAG MekeMeICpiMEH YCHHBUFFAH TTAHCIIBIC KiPETiH,
BM1824, ETH225, INRA23, BM2113, SPS115, ETH10, TGLA122, TGLA126, TGLA227, ETH3, TGLAS53 mokyc-
TappIMEH Kepcerinai. [lomymamuanapaslH TeHETHKAIBIK KypbIIbIMbI F-cTaTHCTHKACBIHA Colikec TamaaHabl | eHe-
THKAJIBIK YKCACTHIK Kepcerkimrepi Hew OoifbiHma ecenreminmi. oMy manuaaapasH TeTepO3UTOTANBIFBI PalTThIH
(puKcanus MHACKCIHE COMKEC AHBIKTANBIHIABL TYKBIMIAPABIH OHIMILIIK OAaFpIThl OOWBIHINA A>KBIPAYBI MHKPOCATEI-
JATTI JIOKYCTApIBIH BApHALMA YIACCIHIH HETI3IHAC TATAAHIBL 3CPTTCY KYMBICTAPHIHBIH HOTHXKCCIHIC aybLT MIapya-
IOBLTBIFBI MAJIBIHBIH CCNICKITHACHIHA MOJICKY JIIPIIBI-TCHSTHKATIBIK daicTepai eHrizy — Kasakcran PecmyOmimKkachHIarb
achLT TYKBIMIBI MAJl KOPIAPBIHBIH 1AMy JIICYCTIH €2Yip sKOFAPBLIATATHIHBI AHKBIHAATIBL.

Tyiiin ce3ep: TCHETHKAIBIK JJICYET, TCHETHKAIBIK MPOTPECC, aChII TYKBIMABIK KYHIBLIBIK, TCHOMIBIK Oaranay,
mukpocareumurrep, JHK-minms.

A. C. Mavmmaunt, A, Xapkayl, /I. A. Baiimyranos?, A. A. Cepmsirnn®

THAO «3KATY um. Xaurup xana», Ypansck, Kazaxcran,
'TOO «V4eOHbIi HAYYHO-MPOU3BOACTBEHHBIH HeHTp «Baticepke-Arpoy,
Tanrapckuii paiion, AnvaruHckas obmacts, Kazaxcras,
3OIBHY «®HL] BUX um. JI. K. Sprcrtay, ITogonsck, Poccus

MOJ}EKYJIHPHO-FEHETI/I‘IECKI/II‘/‘I NPOPNIb
KA3AXCTAHCKOMU IONIYJIAIHWHA ITOPOA KPYITHOI'O POTATOI'O CKOTA

Annotranmmsi. COBPEMEHHBIE METOABI PA3BEACHHSA KPYITHOTO POTATOTO CKOTA IPEAYCMATPHBAIOT AKTHBHOC
HCIIOJIb30BAHHE HOBBIX CENCKIMOHHBIX MPOoTpaMM. BHEApEHNE MOJICKY ISIPHO-TCHETHICCKUX MCCIICI0OBAHMN TTPEOTI-
peaeaeT MEPCHCKTHBHI HCTOIB30BaHuS MuAKpocaremToB JJHK (STR-mokycoB). JIaHHBIC MHKPOCATCIUTHTHI MO -
YHIH IIAPOKOE MPUMECHEHHE I M3YUCHHS aICI0()OHIA CENbCKOXO3IHCTBEHHBIX XUBOTHBIX. VICX0s1 W3 BbIMe-
CKA3aHHOTO, IICTBI0 HCCICAOBAHMMN SIBUJIOCH H3YUCHHE TCHETHUCCKOW CTPYKTYPHI M AHAJHM3 CTCIICHU TCHETHYCCKOH
muddepeHImamy mopoa KPyIHOTO POraToro CKOTa, pa3BoauMbix B PecmyOmmke KazaxcraH, Ha OCHOBE MOJEKY-
JSIPHO-TCHETHYCCKOW mH(pOpMarmy. B kauecTBe OHONOTHUECKOTO MaTepHaia Il HCCICAOBAHUH HCIOIb30BANIOCH
cems ObIKOB-TIpom3BoauTeIel. B pabote mpusenensr Marepuamnsl uccrenosannii JJHK-npodumreit mo 11 mmkpoca-
TEIUTUTHBIM JIOKYCaM MOJIOYHBIX (TOMMIOTHHCKAA, YCPHO-NICCTPAS, ayIHCATHHCKASN), KOMOMHHPOBAHHBIX (A7IaTAyCKAT)
H MACHBIX (Y IMEKOIIBCKAA, Ka3aXCKas OEIOTOI0BAs) TIOPO.

MuxkpocaTe/umTHBIH PO (b KXUBOTHBIX OBLT MpeacTaBicH Jokycamu: BM1824, ETH225, INRA23, BM2113,
SPS115, ETH10, TGLA122, TGLA126, TGLA227, ETH3, TGLAS3, BX0oaqmmMu B PSKOMCHIOBAHHYK) IMAHC]H
ICAR u ISAG. T'eHETHUCCKYFO CTPYKTYPY MONYJLINHE aHAH3upoBam cormacHOF-crarucTuku. [Tokaszaremu reHeTH-
YECKOH MICHTHYHOCTH BBIMMCICHBI MO Hero. ['epepo3HroTHOCTh momyIsmi OMpeAcIcHa COTTIACHO MHIACKCY (DHK-
camu Paiita. PacxosxaeHue mopo o HAPABJICHAIO POy KTHBHOCTH OBLIO MPOAHATH3HPOBAHO 10 A0JIC BAPHALHI
MHKPOCATEIUIMTHBIX JIOKYCOB. B pe3yibTrare mccienoBaHuii ObIII0 YCTAHOBICHO, YTO BHEIPSHUE MOJICKY JBIPHO-TCHE-
THYCCKUX METOJOB B CEJICKIHUIO CEILCKOXOIMCTBCHHBIX KHBOTHBIX CYIIECTBEHHO IOBBICHT MMCIOIIMICS HA TEPPH-
Topuu PecryOmikn KazaxcTan moTeHIman pa3BUTHS INIEMEHHBIX PECYPCOB KPYITHOTO POTATOTO CKOTA.
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