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Identification on SNP polymorphisms associated with meat productivity,
in the local Kazakh horse breed

The aim of our study was to genotype local horses of the Kazakh breed, including the Zhabe u types from the
Pavlodar and Zhetysu regions, as well as the Adai type from the Mangystau region, using PCR-RERP meths
ods for the LCORL and PRKAG3 gene loci. A total of 41 horses were included in the stédy. Thetresults
showed that the frequency of the homozygous genotype TT at the LCORL locus was 81.25%.in"Zhabe Pav-
lodar horses, with a heterozygous genotype TC of 18.75%. In Kazakh horses of the, Adai type from Man-
gystau and Zhabe type from Zhetysu, no genetic polymorphism was detected, and all individuals‘had a homo-
zygous genotype — TT. For the PRKAGS3 locus, genetic polymorphism was onlysfétind indAdai type horses,
with one mare out of 17 tested horses having a heterozygous genotype — CT (5.89%).4Horses of the Zhabe
type in Pavlodar and Zhetysu regions had a single homozygous CC genotype. The level of homozygosity for
the LCORL gene locus in the three studied groups was: 81.25, 100.0 100.0.'For thelPRKAG3 gene is 100.0,
94.11, 100.0. The level of heterozygosity for the LCORL gene” locusyin horses of Pavlodar region was
18.75%, for the PRKAG3 gene locus in horses of Mangistau region, 5.89%% Thus, LCORL and PRKAG3
gene polymorphisms play a significant role in determining theqdevelopment of muscle mass, skeletal struc-
ture, chest circumference, and growth rate in horses. Therefore, these SNP polymorphisms can potentially
serve as DNA markers for evaluating meat production‘imyhorses:

Keywords: horse genotyping, Kazakh horses, Zhabe, Adai,"RCORD gene, PRKAG3 gene, PCR-RFLP analy-
sis, DNA markers of productivity.

Introduction

Increasing meat production is currently“the most relevant task facing livestock breeders in Kazakhstan.
In solving this problem, in addition £0 cattle breeding and sheep farming, there is an opportunity to develop
productive horse breeding. In breeding work aimed at improving the productive qualities of stud horses, Ka-
zakh horses of the Zhabe type have, exceptional importance. They differ from the main mass of other breeds
of herd horses in Kazakhstan bypa higher live weight and slightly larger size. An important link in breeding
work with Kazakh Zhabe horses is the development of selection methods to improve their breeding and pro-
ductive qualities. Bhe successfulfsolution of this task largely depends on increasing the efficiency of breed-
ing work through thewidesimplementation of achievements in population genetics and the maximum realiza-
tion of the genetiC'potential of horse productivity [1].

Analysisgof foreign Titerature indicates that the study of polymorphisms in the LCORL and PRKAG3
genesdas practical significance, as the alleles of these genes have an associative impact on the development
of muscles i horses.

The LCORL (ligand-dependent nuclear receptor corepressor-like) gene has been identified as a candi-
date gene‘associated with various traits, including body size, height, and skeletal growth in horses. LCORL
is located on chromosome 3 in horses and is highly conserved across species, suggesting a conserved func-
tion in growth regulation [2].

One of the earliest studies on LCORL in horses was conducted by Makvandi-Nejad et al. who investi-
gated the association of LCORL with height in Thoroughbred racehorses. The study found that the T allele
of LCORL was significantly associated with height in Thoroughbreds, with the T allele carriers being taller
than the CC homozygotes [2].

Another study conducted by Tetens et al. identified genetic loci associated with withers height in Ger-
man Warmblood horses, and the findings indicated that the LCORL/NCAPG region on chromosome 3 plays
an important role in determining withers height. The identification of this genetic variant may have important
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implications for selective breeding programs aimed at producing horses of specific sizes for different pur-
poses [3].

The results of the study Metzger et al. showed that there was a significant association between LCORL
expression and body size in horses. Specifically, larger horses had higher levels of LCORL expression com-
pared to smaller horses. Furthermore, the study identified two single nucleotide polymorphisms (SNPs) in
the LCORL gene that were significantly associated with height and weight in horses [4].

Researchers Staiger et al. found a significant association between skeletal variation in the forelimbs and
hind limbs of Tennessee Walking Horses and a region on chromosome 3 that includes the LCORL/NCAPG
genes. This region had previously been identified as a candidate locus for withers height in horses, and this
study provides further evidence of its role in determining skeletal size and morphology [5].

Tozaki et al. (2016) reported that certain sequence variants of the BIEC2-808543 locus, which was lo-
cated near the LCORL gene, are associated with body composition in Thoroughbred racehorses undergoing
training. The study found that specific sequence variants near the LCORL gene, particularly, BIE€2-808543,
were significantly associated with body composition traits such as body weight, body*condition score, and
subcutaneous fat thickness. These findings suggest that the LCORL gene may play a role, in“determining
body composition and could potentially be used in breeding programs to select for dgsired body. composition
traits in Thoroughbred horses [6].

The PRKAG3 gene, also known as the AMP-activated protein kinase gamima 3 subdnits, plays an im-
portant role in regulating energy metabolism in skeletal muscle. This gene hassheentthe focus of several stud-
ies in horses, particularly in relation to athletic performance and muscle function [#].

A study was conducted by Park et al., to identify genetic variations, spegifically for PRKAG3 gene
SNPs, which may affect muscle development and intended perfermance in horses. The study included multi-
ple horse breeds with varying phenotypes. Seven SNPs were identified,"five of which resulted in amino acid
substitutions. These genetic variations may have an impact onsthe traits of interest, including muscle devel-
opment and performance, in horses [7] (The results, of ghe study Showed that certain variations in the
PRKAG3 gene were associated with differences in muscle“glycogen content and exercise performance in
horses).

Armeiro et al. investigated the influence of ‘specific genetic variations, or polymorphisms, on muscle
performance-related traits associated with the PRKAGS3_geéne and male fertility-associated traits associated
with the SPATAL gene in Mangalarga horseS. The study involved the analysis of DNA samples collected
from a group of Mangalarga horses, followed Ry a series of molecular biology and statistical analyses to ex-
amine the relationships between genetic vartations and performance traits [8].

In some breeds of livestock, in€luding, pigs [9], cattle [10] and goats [11], certain genetic variations in
the PRKAG3 gene have been assaciated with traits related to meat quality, such as tenderness and juiciness.

According to the informatiomyprovided above the LCORL and PRKAG3 genes has been shown to play
a significant role in determipingmnuselé development in horses.

Thus, investigating SNPgpolymorphisms at the loci of the LCORL and PRKAG3 genes in local horse
breeds of the Kazakh population“is relevant, as these markers are associated with the meat productivity of
horses. The aim oftthissstudy was to investigate the distribution of genetic variants at the LCORL and
PRKAG3 gene loci, determine the levels of heterozygosity and homozygosity, assess the genetic equilibrium
at the studiedgene logi, in local horse breeds such as Zhabe and Adai.

Tihis'studywas conducted to determine the polymorphism of the LCORL and PRKAG3 genes and their
assaclation with body size in local Kazakh Zhabe and Adai horses using the PCR-RFLP method.

Experimental

For the study, 41 blood samples from horses with EDTA were used, including 16 samples of the
local Zhabe breed (LLP “Akshiman-Agro” of Pavlodar region), 17 samples of the local Adai breed
(Peasant farm “Kozhyr-Ata” of Mangystau region) and 8 samples of the local Zhabe breed (Peasant
farm “Akimbekov” of Zhetysu region). DNA extraction from blood samples was performed in the labor-
atory of the Department of Obstetrics, Surgery and Biotechnology of Reproduction of Kazakh National
Agrarian Research University using the following method. Firstly, blood samples were thawed at room
temperature for an hour. Then, 2.0 ml of thawed blood were placed in numbered tubes, which were cen-
trifuged at 14500 rpm for 8 minutes. The upper phase was removed, leaving the sediment in the tube, to
which 500 pl of TES lysis buffer was added and mixed using a vortex. The tube with its contents was
centrifuged again at 14500 rpm for 8 minutes. The top part was removed, and 500 pl of TES buffer was
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added again to the sediment. After mixing on a vortex until the mixture became homogeneous, the tube
was centrifuged at 14500 rpm for 8 minutes. Then, 50 pl of 10% SDS and 5 ul of proteinase K were
added to the tube and mixed on a vortex. After that, the tubes were shaken for 15 minutes and left over-
night in a thermostat at 37°C. The samples were then removed from the thermostat, and 500 ul of 5M
NaCl solution was added to each sample, mixed using a vortex, and centrifuged at 14500 rpm for 5
minutes. Using a pipette, the top layer (supernatant) was transferred to another tube in an amount of 500
ul, and isopropanol was added in a 1:1 ratio. The tube was mixed, centrifuged for 2-3 minutes at 10,000
rpm, and the top part was removed. The remaining DNA in the tube was washed twice with 70% etha-
nol, and the obtained DNA was dissolved in 1X TE buffer with a volume of 50 pl. The obtained DNA
was evaluated using two methods: horizontal electrophoresis in a 0.8% agarose gel and measurement of
DNA concentration by microspectrophotometric analysis (NanoDrop™ 2000).

The DNA samples of horses were genotyped for the LCORL gene locus using the following'primers:
forward  F-5- TGGAGTCAGTTGGGTTTAATG - 3 and reverse Ro =5 -
GACCGGATAGCATAGAGAGAG - 3'. The resulting amplicon length was 284 bp, ‘and“fog,allele tdenti-
fication, the Alul restriction enzyme with the recognition site AG/CT was used. Afterdestrietion{frag-
ments of 284 bp, 169 bp, and 115 bp were formed depending on the animal's genotype. The PCR condi-
tions for genotyping the DNA samples at the LCORL gene locus were as followga initial dgnaturation at 94
°C for 5 min, 33 cycles of denaturation at 94 °C for 45 sec, primer annealing at'56.6 2&€#for 45 sec, exten-
sion at 72 °C for 45 sec, and final synthesis at 72 °C for 5 min.

Allele identification in the 8th exon of the PRKAG3 gene was pefformed using the following pri-
mers: forward F-5 - GAGGTGGGACAGTCTGGGGGCT-3, “and 4'reverse R - 5 -
ACTGAAGGGCTGGGGAAGGGACT -3'. The PCR productgdength was 182 bp, and to determine the ge-
netic variants, the Alul restriction enzyme was used. After hydrolysis, of the amplicon, fragments of
182 bp, 118 bp, and 45 bp were obtained depending on the animal'§,genotype. The PCR conditions for the
PRKAG3 gene were as follows: initial denaturation at 948C for'§, min, 34 cycles of denaturation at 94 °C
for 30 sec, primer annealing at 66 °C for 30 sec, extensien ay72 °C for 30 sec, and final synthesis at 72 °C
for 5 min.

Results and Discussion

The work on genotyping DNA sample§, of horses was carried out at the laboratory of “Green Bio-
technology and Cell Engineering” at the Kazakh-Japanese Innovation Center of Kazakh National Agrarian
Research University. The average concentrationiof DNA samples was 289.24 ng/ul, with a minimum value
of 1.2 ng/ul and a maximum concenfrationof 1344.7 ng/ul. Another important quality indicator of isolated
DNA is the degree of sample purification, Iie., the ratio of DNA concentration values at A260/A280 wave-
length. 85% of DNA samples hadyvaluesgreater than 1.70 and 15% of samples had lower values, less than
1.70. Amplification of the d€Sired fragment of the corresponding genes was carried out according to the
temperature regime, and the gémposition of the reaction mixture was: 2.5 pl of 10X PCR buffer with KCL,
1.0 pl each of fosward and‘reverse primers, 2.0 pl of a mixture of four dNTPs, 0.2 pl of Taq DNA Poly-
merase (recombinant), SE/ul, 1.5 pl of 25 mM MgCI2, bidistilled water in the amount of 15.8 pl, and 3.0 pl
of DNA samplesiyThecresults of the polymerase chain reaction were verified using a 4.0% agarose gel
stained with ethidiumybromide.

To amplifyathe necessary regions of the LCORL and PRKAG3 genes, primer sequences and a PCR
temperature®regime described in the work of foreign scientists were used. The results of the amplification
were checked using horizontal electrophoresis on a 4.0% agarose gel (Fig. 1, 2). The identification of al-
leles of the /”CORL and PRKAG3 genes was carried out by hydrolyzing the PCR product with the Alul
endonuclease. Thus, for the LCORL gene locus, individuals with the homozygous TT and heterozygous
TC genotypes were identified (Fig. 3). However, for the PRKAG3 gene locus, out of the 41 tested sam-
ples, only one mare was found to have a heterozygous CT genotype, where fragments of 182 bp, 118 bp,
45 bp, and 19 bp were detected on the electropherogram (Fig. 4). It should be noted that samples 7 and 8
contain an additional fragment with an approximate size of 130 bp, which should not be present on the
electropherogram. This may indicate that the observed pattern is the result of an artifact.
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Figure 1. Electropherogram of the PCR product of the LCORL gene, lanes 1-13, with an amplicon size of 284 bp, M -
DNA marker pUC19/Mspl

Figure 2. Electropherogram of LCORL gene amplicon after restriction digestion with Alul, lanes 5, 8, 10 - TC hetero-
zygous genotype, fragments of 284 bp, 169 bp, and 115 bp, lanes 1-4, 6-7, 9, 14-124TT homozygous individuals with
284 bp fragments, M - DNA marker pUC19/Mspl

Figure 3. Electropherogram of the PCR4produet of the PRKAG3 gene. Lane 4 shows negative results, while lanes 1-3,
5-7 and 8-14 showpa PCR product with a size of 182 bp., M - DNA marker pUC19/Mspl

Figure 4. Electropherogram of the amplified product of the PRKAG3 gene after Alul endonuclease restriction, lane 8 -
CT heterozygous genotype, fragments 182 bp, 118 bp, 45 bp, lanes 1-7 and 9-14 CChomozygous individuals with 118
bp, 45 bp fragments, M - DNA marker pUC19/Mspl

To assess the level of genetic polymorphism, an analysis of the genotyping results was carried out for
the LCORL gene locus. The actual occurrence of the homozygous TT genotype in horses of the Zhabe
Pavlodar breed was 81.25%, the heterozygous TC genotype was 18.75%, and the other homozygous CC
genotype was not detected in the studied animals. For this gene locus, no genetic polymorphism was detected
in the DNA of tested horses of the Mangystau Adai type (n=17) and the local Zhabe breed of the Zhetysu
region (n=8), with all individuals having a homozygous TT genotype. Genetic polymorphism was detected
only in horses of the Mangystau Adai type for the second gene locus, PRKAG3, where one mare out of 17
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tested horses had a heterozygous CT genotype (5.89%). According to the genotyping results, horses of the
Pavlodar and Zhetysu regions had only one homozygous CC genotype for both gene loci (Table).

Table

Distribution of genetic variants and allele frequencies, level of homozygosity and heterozygosity of individuals
for the LCORL and PRKAGS3 gene loci in the studied population of horses

Locus name LLP “Akshiman-Agro” of Pavlodar region
Genotype Genotype frequency Allele frequency Ho He
LCORL TT (n=13) 81,25% T=-0,91 81,25 18,75
TC (n=3) 18,75% G=0,09
CC (n=0) 0,0%
Peasant farm “Kozhyr-Ata” of Mangystau region
LCORL TT (n=17) 100,0% T=-1,0 100,0 0,0
TC (n=0) 0,0% G=0,0
CC (n=0) 0,0%
Peasant farm “Akimbekov” of Zhetysu region
LCORL TT (n=7) 100,0% T=-1,0 100,0 0,0
TC (n=0) 0,0% G=0,0
CC (n=0) 0,0%
LLP “Akshiman-Agro” of Pavlodar region
PRKAG3 CC (n=16) 100,0 % =10 100,0 0,0
CT (n=0) 0,0% T=0,0
TT (n=0) 0,0%
Peasant farm “Kozhyr-Ata™of. Mangystau region
PRKAG3 CC (n=16) 94,11% ¢=0,97 94,11 5,89
CT (n=1) 5,89% T=0,03
TT (n=0) 0,0%
Peasantifarm “Akimbekov” of Zhetysu region
PRKAG3 CC (n=8) 100,0% C=1,0 100,0 0,0
CT (n=0) 0,0% T=0,0
TT (n=0) 0,0%

Gene equilibrium was violated insoeth generloci, with a much greater prevalence of the T and C alleles
observed, with values of 0.91, 1.0, 1.0,%and 1.0, 0.97, and 1.0, respectively, in horses from Pavlodar,
Mangystau, and Zhetysu regigns. Another criterion characterizing the level of genetic diversity is the
determination of the level of homezygosity and heterozygosity in the studied population. For the LCORL
gene locus, the level of homozygosity“in the three studied groups was 81.25%, 100.0%, and 100.0%, and for
the PRKAG3 gene, it was 100.0%, 94.11%, and 100.0%. The level of heterozygosity was 18.75% for the
LCORL gene locus,infhorsessffom the Pavlodar region and 5.89% for the PRKAG3 gene locus in horses
from the Mangystau regioAmNo individuals with homozygous CC and TT genotypes were detected for both
studied gene loci.

Conclusion

It isgknown that the LCORL gene locus in horses is associated with growth parameters, muscle mass
formation, chest circumference, and the AY_376689:c.773C>T SNP polymorphism in the PRKAG3 gene
influencesithe growth rate of young animals. The study results indicate a disruption of genetic equilibrium at
the LCORL and PRKAG3 gene loci, which is likely due to prolonged selection of the horse population for
economically useful traits such as live weight, growth rate, carcass weight, animal endurance, disease
resistance, and fertility of stallions. We believe that the preservation of the allele pool of local animal breeds
is an important criterion for breeding livestock. The reduction of polymorphism level and genetic diversity in
the studied horses is indirectly caused by inbreeding resulting from the use of a single method, natural
mating of mares with stud stallions in a particular area for reproductive work. Thus, the LCORL gene
determines the formation of muscle mass, skeleton, chest circumference, growth rate, and PRKAG3 gene
alleles are associated with the growth rates of young animals. In the future, the indicated SNP
polymorphisms can be used as DNA markers of meat productivity in horses.
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J.&Kaopmoekona, E. Ycenoekos, T. Acanbaes, b. bekmanos, 111. KaceimOekoBa

7KepriikTi Ka3ak KbLJIKbl TYKBIMBIHIAFBI €T OHIMAIIIriMeH 0ailJIaHbICTBI
SNP noaumopdusmaepi 6oiibiHIa HAeHTHPUKAIUA

Bi3xiH 3epTTeyiMi3niH MakcaThl — KEPTLTKTI Ka3aK TYKBIMIBI JKBUIKBUIAPIBIH TEHOTHIITEPiH aHBIKTAY, CO-
HbIMeH Katap [laBiogap sxone JXKericy oOmbicTapbinaarbl JKaObl TYKBIMBIH, COHJal-ak MaHFbicTay OOJIBI-
chIHAarbl Anail TyKbIMbIH, siFHE 41 Gac xbuIKbiHBE LCORL jxoHe PRKAG3 renaepiHiH JoKycTapsl OOWBIHIIA
[ITP-POYII onicrepin KojgaHa OTBIPBIN 3epTTEy. 3epTTey HoTiKesepi OoiibiHma [TaBmogap 0GIBICHIHBIH
YKabb1 TyKkbIMBIHBIH KbUIKbICEIHAa LCORL reniHin nokycsl 6oiibiHma TT roMo3urorasibl TeHOTHITIHIH Ke3-
necy xniniri — 81,25 %, TC rereposuroTansl renoturi — 18,75 % KypalTHIHEIH KepceTTi. MaHFbICTay 00-
JIBICBIHBIH Aail KBUTKBICHI MeH JKeticy oObIChIHBIH YKaObl TYKBIMBIHIAFH Ka3aK KBUIKbUIAPBIHAA TeHETH-
KaJIbIK MOJMMOP(GU3M aHBIKTaIMaIbl, Oapiblk romo3urotansl reHoTunmn — TT Gommgel. PRKAG3 reninig
EKIHIII JIOKYCBIH/Ia TEHETUKAIBIK TOJMMOP(H3M Tek AJail KBUIKBICBIHIA KE3/IECTi, ChIHAJFAH 17 KBUIKBIHBIH
iminnge 6ip 6me rereposuroranasl renorunke ne 6onnel, srau CT (5,89 %). IaBnomap >xene XKericy o0ibI-
ctapbiHbiH JKaObl TYKpIMIBI KbUTKbUTapbiHaa CC KalFbl3 TOMO3UTOTANBI TCHOTHUII OOJFaH. 3epTTeNreH YIII
tontarbl LCORL reHiniH J0Kychl OoiibiHIIa romo3urotansik nexreit: 81,25; 100,0; 100,0. PRKAG3 rewni
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6oiipiama — 100,0; 94,11; 100,0. ITaBnogap o6mbickiHbIH KbuTKbLIapbiHAa LCORL reHiHiH J10KyCchl OOWBIH-
I11a FeTePO3UTOTANBIK JIeHred — 18,75 %, ManrbicTay 00nbIChIHBIH XbUIKbUIApbIHAA PRKAG3 reHiHiH J0Ky-
cbl OoiibiHIIa — 5,89 % kypanpl. Ocbuaiiia, LCORL xone PRKAG3 reHiHiH nonuMophu3Maepi KbUIKbI-
JapIbIH OYJIIIBIKET MacCachIHBIH, KaHKA KYPBUIBIMBIHBIH, Key/e MIEHOepiHiH >KoHE ©Cy >KbUITaMIIBIFBIHBIH
JaMyBIH aHBIKTay[a MaHb3IbI pen atkapaael. Connsikrad 6yi1 SNP nmommmopdusMaepi JKbUIKbUIApIaFs! €T
eHpipiciH Oaranay ymin JIHK-Mapkepiepi peTiHge KbI3MeT eTe alaThIHBI 3epTTENIi.

Kinm ce30ep: *bUIKBIHBI TEHOTHUITEY, Ka3akK *bUIKbUIaphl, XKabwl, Anait, LCORL reni, PRKAG3 reni, [1TP-
POYII ananusi, enimainiktia JHK-mapkepnepi.

J1. KaosiiOekoBa, E. Ycenoekos, T. Acanbaes, b. bekmanos, I11. KaceimOekoBa

BoisiBiienue SNP nmosimmop¢gpu3zmoB, accoliumpoBaHHbIX ¢ MACHOMN MPOAYKTHBHOCTBHIO,
Y MECTHOM Ka3aXCKO#l MOPOJbI JoLagei

Ilenmpro Hamero McciieOBaHMS OBLIO TEHOTUIIMPOBAHME MECTHBIX JIOomaJel ka3zaxckoi mopoxasri aumn JKabe
ITaBnomapckoii n JXKeTbicyckoit obnacTeit, a Taxoke Anaiicknii THI MaHrucTayckoi 061acTn Bawosraeerse 471
rosioBa 1o jokycam renoB LCORL u PRKAG3 meronom ITHP-IIJIP®. ITo pe3ynpratdM Hcese0BaHUS
BCTpedaeMocTh ToMo3uroTHoro renoruna TT mo mokycy rena LCORL y nomaneii nopogiel 2Kaoe [lapnomap-
cKo# obmactu cocraBuna 81,25 %, rerepozurorHoro resoruna TC — 18,75 %. V kazaxekux nouiaficii A naii-
ckoro tuma Manrucrayckoit obmactu u tuma JKabe XKetbicyckoil o6macTi reHeTHICCKAM TOTUMOP(U3M HE
BBISIBIICH, BCe 0coOM mMenu romMo3uroTHsiil renotun — TT. ITo Bropomy nokyey resa PREAG3 renernde-
CKHH TOMMMOP(H3M 0OHapYKEH TONBKO y jomaneil Amaiickoro Tuma, u3 17 HpofecTHpOBaHHBIX JOIIaneH
0JTHa KOOBIIa OKa3aach ¢ rerepo3urotHsiM reHotunoM — CT (5,89 %). Jlomamu suna¥abe [TaBnonapckoit
n XKeTbicyckoil obnacTeil UMeNH ¢IMHCTBEHHBIH roMO3UroTHBIN ZeHoTd CC.\ YpOBCHb TOMO3HTOTHOCTH IO
nokycy rena LCORL y tpex mccnenyembix rpymmn coctaBmwn: 81,28; 10030;000,0. ITo reny PRKAG3 —
100,0; 94,11; 100,0. YpoBens rereposurotHoctr o jgokycy reHa LCORL y momrazneit [Tapnogapckoit obma-
ctu cocraun 18,75 %, no nokycy rena PRKAG3 y nowmaneii Malrucrayckoii oonactu — 5,89 %. Takum
o6pasom, nomumopdusm reroB LCORL u PRKAG3 ugparof)3HaunTeibHYIO POJIb B ONPEACICHIN Pa3BUTHA
MBIIIEYHON MAacChl, CTPOCHHS CKEIeTa, OKPYXKHOCTH TPYEHOM KIETKH, CKOPOCTH pocTa jnomazeit. Cremosa-
TenbHO, 3TH SNP momumop¢u3Msl moTeHIuanpHO MoryT CyxHth JHK-mapkepamu mis OHEHKH MSICHOM
HPOIYKTUBHOCTH JIOLIAJICH.

Kniouesvie crosa: TeHOTUIIMPOBAHKUE JIOIIAICH, Ka3axekuegorniany, XKade, Anaii, ren LCORL, res PRKAGS3,
TIHP-IT/IP®-ananu3, JIHK-mapkeps! mpoay&IUBHOCTH.
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