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ELEMENTS OF DNA-TECHNOLOGY FORMING QUALITY
AND SAFE RAW MATERIALS

Abstract. It is known that cows high milk productivity is associated with decrease in resistance to various
diseases, including bovine leukosis, in resistance formation to which the Bol.A-DRB3 gene plays role, whose alleles
are associated with resistance (R-alleles *7, *11, *23, *28), sensitivity (S-alleles *8, *16, *22, *24) or are defined as
neutral (N) in relation to the disease. Researchers also established association of BolA-DRB3-alleles *8, *11, *23
with an increased milk yield volume, and the *22 allele - with reduced milk yield volume. The aim of research was
to study associative communication of servicing bulls Bol.4-DRB3 genotypes groups with their breeding value by
female ancestor’s dairy productivity indicators. As a result, we studied associative communication of servicing bulls
BolLA-DRB3 genotypes groups with their breeding value by female ancestor’s dairy productivity indicators with
identification of reduced milk productivity with genetic resistance to bovine leukemia virus infection and bovine
leukosis disease relationship, as well as observation of positive correlation between increased milk productivity and
genetic predisposition to increased milk yield volumes. The obtained information will be taken into account in
breeding during dairy herds reproduction with genetic resistance to bovine leukosis.
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Introduction. The main task in dairy cattle breeding of our country is an objective assessment of
genetic potential and improving servicing bull’s selection accuracy for herd reproduction, which will serve
as a guarantee for industry economic efficiency growth [1-4].

The observed trend towards an increase in cow’s milk productivity is closely associated with decrease
in resistance to various cattle diseases, which subsequently negatively affects the production process with
an increase in output cost [5,6], including due to animals culling and decrease in milk yield average level
per herd [7].

In breeding work for formation of highly productive dairy herds populations, screening is carried out
for various gene variants of economically significant traits [8-11], including determining resistance to
various diseases, including bovine leukosis, the most common in Russian Federation, including Republic
of Tatarstan, which is confirmed by studies of causative infection agent - bovine leukemia virus (BLV)
[12-15].

The genes of the main histocompatibility complex are considered as a potential molecular marker of
cattle resistance to leukosis [16,17], among which Bol.A-DRB3 gene is the most highly polymorphic [18].

Data on BolA-DRB3 gene polymorphism [19], which alleles are associated with resistance or
susceptibility to bovine leukosis [20,21], make it possible to carry out marker-directed selection in order to
obtain discase-resistant animals [22-24].
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BolLA-DRB3 gene alleles are divided both into those associated with resistance (R) to bovine
leukosis, represented by following alleles: *7, *11, *23, *28, and those related to sensitivity (S): *8, *16,
*22, *24 |25], the remaining alleles are defined as neutral (N). Resistance to bovine leukosis is dominant
feature, therefore animal carriers of *7, *11, *23 and *28 alleles, even in heterozygous state, will not be
susceptible to this disease [26].

Milk, obtained from leukosis dairy cows often leads to decrease in its quality, biological usefulness
and safety. At the same time, production of high-quality dairy raw materials is an important task,
especially in terms of functional and herodietic dairy products production [27-31].

The researchers also obtained data on different allelic variants of BolA-DRB3 gene association
directly with milk productivity signs in cattle [32,33]. For example, Bol.A-DRB3 alleles *8, *11 and *23
are associated with increased (I) milk yield, allele *22 - with decreased (D) milk yield.

The aim of this research was to study associative communication of servicing bulls BolA-DRB3
genotypes groups with their breeding value by female ancestor’s dairy productivity indicators.

Material and research methods. Molecular genctic studies were performed on DNA samples
isolated from whole canned blood obtained from 60 servicing bulls of milk production direction, which
are cross-breeding and purebred Holstein cattle, belonging to JSC "Head Breeding Enterprise "Elita" of
Vysokogorsky District of Republic of Tatarstan. The study was conducted on the basis of
interdepartmental laboratory of immunology and biotechnology, Kazan State Academy of Veterinary
Medicine named after N.E. Bauman and Research and Production Company "SINTOL" (Moscow).

Nucleic acids were extracted using reagents set for DNA isolation from clinical material “DNA Sorb
B” (Central Research Institute of Epidemiology, Russia).

For PCR-amplification of exon 2 locus of BoLA-DRB3 gene with a length of 319 bp optimized PCR-
SBT conditions were used [34] using DRB3FRW (5-CGCTCCTGTGAYCAGATCTATCC-3) and
DRB3REV (5-CACCCCCGCGCTCACC-3') primers and "Encyclo Plus PCR kit" reagent kit (CJSC
Evrogen, Russia) under following thermal cycling conditions: preliminary denaturation at 94 °C for
4 minutes; further 40 cycles: denaturation 94 °C - 10 sec., annealing 62 °C - 10 sec., extension 72 °C -
10 sec.; final extension at 72 °C - 5 min.

Electrophoretic detection of resulting PCR fragments was carried out using reagent kit of
"EF-genotype 200" (Central Research Institute of Epidemiology) in 2% agarose gel in TBE buffer,
containing ethidium bromide, followed by visualization of amplicons in UV-transilluminator (Vilber
Lourmat) and fixing result on digital camera (Canon).

For Bol A typing by sequencing (SBT), analyzed locus amplicons were sequenced using an "ABI
PRISM 3100" genetic analyzer (Applied Biosystems, USA) followed by their alignment in BLAST
(https://blast.ncbi.nlm nih.gov/Blast. cgic) by corresponding partial nucleotide sequences of BolA-DRB3
alleles.

The frequency of genotypes occurrence by Bol A-DRB3 gene was determined by formula [35]:

n
p_N:

where p — genotype frequency; # — number of animal units, having a certain genotype, N — total number of
examined animal units.
The calculation of animal unit’s frequency alleles was performed according to formula [36]:

p =(2NI+N2)/2n,

where N/ — number of homozygotes for studied allele, N2 — number of heterozygotes, n — sample volume.
When studying the associative communication of servicing bulls BoLA-DRB3 genotypes groups with
their breeding value by female ancestor’s dairy productivity indicators, were used data on zootechnical
and pedigree accounting of researched farm: pedigree cards (form 1-MOL), pedigree certificates and
servicing bulls’ catalogs.
The PBI is calculated — the parental bull index according to N.A. Kravchenko, 1963 [37] for each bull
by milk yield and buttermilk of their female ancestors.

PBI = 2M~+MM+MF)/4,
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where M — mothers, MM — mothers of mothers, MF — mothers of fathers.

The results of research were processed by biometric method using computer and Microsoft Excel.
The level of their reliability was determined by Student criterion.

Results and discussion. In assessing servicing bulls of milk productivity direction by origin, the
indices of breeding bull’s evaluation were used. An analysis of parental bull index (PBI) shows the extent
to which offspring can transmit signs of milk production (table 1).

In total, typed sample (n=60) of bulls is divided into six associated groups of Bol.A-DRB3 genotypes:
S/S-25,S/N-14, N/N-4, R/N-4,R/S-11 uR/R -2 animals.

Table 1 — Evaluation of servicing bulls of different groups of Bol.4-DRB3 genotypes associated with susceptibility
or resistance to leukosis, according to indicators of female ancestor’s milk productivity

Associated Milk productivity indicators
Genotypes Group milk yield, kg fat, % fat, kg
n=60 Mothers (M)
S/S 25 8561.0+£1956.7 3.82+0.19 327.1£77.1
S/N 14 880014542 3.90+0.13 344.0+£64.8
N/N 4 99184+668.5 4.0340.18 399.84+41.1
R/N 4 8508+1268.8 3.95+0.22 334.34£35.7
R/S 11 8460+1570.5 3.84+0.18 326.6+71
R/R 2 6803+607.4 4.1540.45 283.3+55.5
n=60 Mothers of mothers (MM)
S/S 25 7731+£2280.7 3.90+0.38 300.2488.1
S/N 14 6517+£1640.6 3.89+0.22 253.9+69.8
N/N 4 8003+2834.5 3.71+0.17 300.2+119.1
R/N 4 7087+1207 3.96+0.11 279.80+41.2
R/S 11 6736+1644.3 3.85+£0.42 261.2+78.8
R/R 2 6347+2045 3.80+0 2412777
n=60 Mothers of fathers (MF)
S/S 25 10591+£3272.7 3.95+£0.22 419.44+131.2
S/N 14 9579£1113.6 3.97+0.34 382.6+£71.6
N/N 4 13816+2226.5 4.440.69 604.9+133.5
R/N 4 11490+2612.5 3.91+0.07 44734921
R/S 11 10854+3052.7 4.2040.51 463.1£170.7
R/R 2 95334951.8 4.16+0.34 39547.2
n=60 Parental bull index (PBI)
S/S 25 92514+2530.3 3.87+0.16 358+94.6
S/N 14 842449955 3.91+0.16 329.4+512
N/N 4 10414+825.6 4.0440.19 420.7+47.1
R/N 4 889841403 3.94+0.15 350.6+43 4
R/S 11 8628+1505.5 3.93+0.24 339.1£79.7
R/R 2 7371+£1052.9 4.06+0.14 299.3+49
Note: R — alleles associated with resistance to leukosis; S — alleles associated with sensitivity to leukosis; N — alleles
neutral to bovine leukosis.

According to assessment results of parental bull index (PBI), distribution of genotype groups
associated with resistance (R) and/or sensitivity (S) and/or neutral (N) state in relation to bovine leukosis
had the following configuration in descending order of values:
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for milk yield - N/N>S/S>R/N>R/S>S/N>R/R;

for milk fat content — R/R>N/N>R/N>R/S>S/N>S/S;

for milk fat yield — N/N>S/S>R/N>R/S>S/N>R/R.

Evaluation of bulls by parental index showed that highest milk vield (10,414 kg) and milk fat yield
(420.7 kg) were observed in bulls of associated N/N genotypes group, and higher milk fat content had
bulls of associated R/R genotypes group (4.06%).

At the same time, the smallest milk yield (7371 kg) and milk fat yield (299.3 kg) were observed in
bulls of associated R/R genotype group, and the lowest milk fat content (3.87%) had bulls of associated
S/S genotypes group.

A comparative analysis of frequency distribution of BolLA-DRB3 gene alleles associated with cattle
milk productivity signs in researched servicing bulls sample is presented in table 2.

Distribution of presented alleles associated with milk productivity signs in decreasing frequency
order of occurrence has following configuration: *8>%22>%*23>*11.

Table 2 — Occurrence frequency of BoL.A-DRB3 gene alleles, associated with milk productivity signs
in servicing bulls’ sample of JSC "Head Breeding Enterprise "Elita" of Vysokogorsky District of Republic of Tatarstan

Allele number Number of animal-carriers of certain Number of specific Allele frequency, %
Bol.A-DRB3 alleles alleles "Elita" (n=60)
Y n=110 | 100 % n=120 100 %
Alleles, not associated with milk yield level
D 75 | 68.19 83 69.18
I-alleles associated with increased milk yield
*8 (*1201) 14 12.73 16 13.33
*11 (*0902) 5 4.54 5 4.16
*23 (*2701, ¥2703) 7 6.36 7 5.83
D-alleles associated with decreased milk yield
*22 (*1101) | 9 8.18 9 7.50

The group of I-alleles associated with an increased milk yield volume is represented by three alleles:
*8, *11, *23 with occurrence frequency in range of 4.16—-13.33%; at the same time, the allele *11 has the
lowest occurrence frequency, the *8 allele is the highest. The total proportion of occurrence frequency of
this alleles group was 23.32%, with these alleles’ presence in genotype of 22.4% of bulls.

The group of D-alleles associated with reduced milk yield is represented by one *22 allele with
occurrence frequency of 7.5%. This allele is present in genotype of 8.18% of bulls.

Evaluation of servicing bulls of different groups of BolA-DRB3 genotypes associated with milk
productivity signs by female ancestor’s indicators of the same name is presented in table 3.

Table 3 — Evaluation of servicing bulls of different groups of BoL.A-DRB3
genotypes associated with milk productivity signs by female ancestor’s indicators of the same name

. Milk productivity indicators
Associated Genotypes Group —
milk yield, xr fat, % | fat, kg
n=60 Mothers (M)

1 5 8545423818 3.85+0.26 329 +£105.9
D/D - - - -
N/N 32 8817+1568.2 3.87+0.18 341.2465.6
/D 3 6943+2103.8 3.79+0.05 263.1+82.3
D/N 5 8990+564.3 3.9+0.05 350.6+£25.2
N 15 8462+1792.3 3.89+0.25 336.8£71.7
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Continuation of table 3
n=60 Mothers of Mothers (MM)
71 5 7829+2748.2 3.92+0.35 306.9+129.1
D/D - - - -
N/N 32 7035+1983.3 3.82+0.27 268.7£78.2
/D 3 7255+4002.1 3.92+0.29 284.4+137.4
D/N 5 7735£1990.9 4.02+0.62 310.9£78.29
/N 15 7129+1584.5 3.93+0.32 279.97+66.2
n=60 Mothers of fathers (MF)
71 5 11379+£2288.4 4.54+0.64 516.6+160.9
D/D - - - -
N/N 32 10826+3049.2 3.97+0.31 429.8+129.7
/D 3 8433422251 4.1+0.29 345.7+118.7
D/N 5 9537+1656.8 3.9+0.05 371.9+67
/N 15 10816+2797.6 4.03+£0.33 435.9+138.5
n=60 Parental bull index (PBI)
71 5 907542262.1 4.04+0.32 366.6+£118.42
D/D - - - -
N/N 32 8874+1662 3.88+0.15 349.6+67.8
/D 3 7394+2556.9 3.9+0.05 288.4+102.4
D/N 5 8813+867.7 3.93+0.18 345.9£37.5
/N 15 8717+1480.7 3.94+0.22 343.4+67.3
Note: I — alleles associated with increased milk yield, D — alleles associated with decreased milk yield; N — alleles
neutral to milk yield.

The typed sample (n=60) of servicing bulls is represented by five associated groups of BoLA-DRB3
genotypes: I/1 - 5, N/N - 32, I/D - 3, D/N - 5, and I/N - 15 animals. Moreover, no bulls of associated
D/D genotypes group were revealed in the sample under study (Table 3).

According to assessment results of parental bull index (PBI), distribution of genotype groups
associated with an increased and/or decreased milk yield volume and/or their neutral (N) state had the
following configuration in decreasing order of indicator values:

for milk yield — I/I>N/N>D/N>I/N>1/D;

for milk fat content — I/I>I/N>D/N>I/D>N/N;

for milk fat yield — I/I>N/N>D/N>I/N>I/D.

Evaluation of bulls by parental index showed that bulls of associated of I/l genotypes group were
characterized by highest milk yield (9075 kg), as well as milk fat content (4.04%) and milk fat yield
(366.6 kg).

At the same time, the smallest milk yield (7394 kg) and milk fat yield (288.4 kg) were observed in
bulls of associated I/D genotypes group, and the lowest milk fat content (3.88%) had bulls of associated
N/N genotypes group.

Conclusion. According to research results, it was found that the highest PBI in milk yield and milk
fat yield was observed in bulls of associated N/N genotypes group, and milk fat content had bulls of
associated R/R genotypes group. The lowest PBI in milk yield and milk fat yield was observed in bulls of
associated R/R genotypes group, and in terms of milk fat content - had bulls of associated S/S genotypes
group. The distribution of genotypes groups, associated with an increased (I) and/or with decreased (D)
milk yield volume and/or their neutral (N) state, in decreasing values order of corresponding indicators,
showed that the highest PBI indicator for milk yield, milk fat content and milk fat yield was observed in
bulls of associated I/I genotypes group. Thus, by researching associative communication of servicing bulls
BolLA-DRB3 genotypes groups with their breeding value by female ancestor’s dairy productivity
indicators, a relationship was found between reduced milk productivity and genetic resistance to infection
with bovine leukemia virus and bovine leukosis discase, as well as a positive correlation between
increased milk production and genetic predisposition to increased milk yield.
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Researched associative communication of servicing bulls BolA-DRB3 genotypes groups with their
breeding value by female ancestor’s dairy productivity indicators will be taken into account in breeding
work in dairy herd reproduction with genetic resistance to bovine leukosis.

X. X. Tmismanos'?, C. B. Twasknn', P. P. Baguu®>, A. T. Tancrsn’,
A. E. PsiGoBa’, B. K. Cevmnsrarii’, C. A. Xypmyas®, H. C. Ipsinmaankopa’

'OMBFM ¢umuaner B.M. Top6aToB aThHAAFE «A3BIK-TYITiK OHIMICPiHIH
(hemepanapIk FRUTBIME OpTaibFedy PEFA, Mockey, Pecett,

*ByKinpeceiiik chIpa KaHHATY, ATKOTOMIbCI3 JKOHE MAPATI OHEPKICIOi FHUTBIMHI-3¢PTTEY HHCTHTYTHI —
OMBFM ¢umaner B.M. I'opbaTos aTbIHAAFBI « A3BIK-TYJIK 6HIMACPIiHIH
(hemepanapIk FRLTEIME OpTaibFedy PEFA, Mockey, Pecett,

*OMAFM «Bykinpeceiiik CyT eHepKaCiOi FRLTBIMH-3epTTEy HHCTHTYTH, Mackey, Peceit

JHK JIEMEHTTEPI — HIUKI3AT CAITACBI MEH KAYIICI3AIT'T
TEXHOJIOT'HACBHIH KAJBIIITACTBIPY KEITLIT

AnnoTtamust. CHBIpABIH JKOFApsl CYT OHIMILTNIIL TYPI aypyfa, COHBIH INIHAC ipi Kapa MAaJbIHBIH JCHKE-
MHACBIHA KAPCHI TYPAKTBUIBIKTHIH ToMcHACYiHe, BOLA-DRB3 rcHiHIH pelli auCAbACPIHIH KAPCHLIACYBIHA
OatimanbIcTHl ekeHmiri Oearimi (VY - ammemm *7, *11, *23, *28), cesimramapik (U -ammemm *7, *11, *23, *28) nemece
aypyra kareicTel Octitapanm (H) perinme ampikramaner. Conpaii-ak BoLA-DRB3 ammensmepi * 8, * 11, * 23 cyr
IIBIFBIMBIHBIH YIIFAIOBI APKBIIBI JKOHE CYT HIBIFBIMBI TOMEH ajuiesb * 22 apachiHaa OaiinaHbIic OpHATHUIABL JIeHko3
CHBIPIAH AJBIHFAH CYT Ke0iHeCC OHBIH CANACHIH, OHOJOTHAIBIK KYHIBLUIBIFBI MCH KayilCI3OITiH TOMCHICTCII.
OHnzipicte ocipece (PYHKIHOHANIBI YKOHE TE€POJUETANBIK CYT OHIMIH ajy YIIiH >KOFaphl Camajbl CYT IIMKi3aThIH
KOJITAHY MAHBI3ABI MiHACT OOJBIN caHANAAbL. JKammer, ipi Kapa MaJIbIHBIH JCHKCMHAFA TO3IMILTITIHIH TCHCTHKAITBIK,
MapKCPJICPiH CKPHHHUHT KACAY >KOFAPBI CAMAJBI KOHE KAyimnci3 mmki3artel Kypy ymmiH JHK TeXHOMOTHACHIHBIH
3JICMCHTI PETIHAC OPHANACTHIPBLIFAH. 3CPTTCYIiH Makcarsl — OyKaHIH BoLA-DRB3 reHOTHNTIK TOOBIHBIH ACHLT
TYKBIMIBIK KYHIBIIBIFBI APKBUIBI AHAJBIK YPIAKTAPFA >KAKBIHBIPAK KEJICTIH TETiHIH CYT OHIMIIIrL TYPFBICHIHAH
accoUMATHBTI OAHIAHBICHIH 3EPTTCY. MOICKYIIPIBIK-TCHETHKAIBIK 3CPTTEYJICP TEHETHKANBIK SKOHE ACHIT TYKBIMIBI
Ipi Kapa MaabIH CYT 6HIMILTIT] OaFbIThIHAAFE! 60 OYKanaH eHIIpIIreH, KOHCEPBLICHICH KaHHAH oKmray nanraH JJHK
CBIHAMANAPBIHAA KYpridimai. HykaewH KeImmkeLibH KcTpakmmsmay JHK-HBI oKmaymayra apHAIFAH PCarcHTTCP
KEHICHI apKbUIbl Kyprizimmi. ¥3emHapEs! 319 mu. BoLA-DRB3 reniHin 3k30H 2 nokychiH [ILP kymieHTy yImiH
onraitmanapipeiFas [1LP -SBT maprrapsr DRB3FRW sxome DRB3REV mpaiivepriepi apKpLibl KOJIAHBIIIBL
BoL A-up1 xyiteney (SBT) apKpLIbl €HTI3y VINIH TAIAAHFAH JOKYCTHIH aMITTHKOHIAPHI TCHETHKAJIBIK AHAIN3aTOPFa
perrenni, cogan keriH BoLA-DRB3 anmnenbaepiHiH THICTI KapThIIai HYKJICOTHATIK Ti30€KTEpiMEH TEHECTIpLILi.
AHanbIK yprmakTapra >KakblH TETiHIH CYT eHiMaimiri TypreickiHaH BoLA-DRB3 Oykamapsl T€HOTHIITEPiHIH achLl
TYKBIMIBIK KYHIBUIBIKTAPBIHBIH ACCOLHMATHUBTI OAWTAHBICBIH 3CPTTEY KE3IHAE 3CPTTENCTIH IIAPyaIlbLIbIKTbIH
300TCXHHUKAJBIK KOHEC TYKBIMABIK TIpKeNyl Typanbl acpekrepal maigamasapik. Cyr eHmipymi Oykamapasl Teri
OolibIHIIa 6HIMILTIK OaFrbITHIH Oaranay Ke3iHAae OyKaaapaslH achUl TYKbIMIBLIBIFBIH Oaraay KePCETKIIITEPl HEri3re
anerHabl. BykaHbH aramsik-aHanslk HHACKCIH (BAW) Tanmay ypHakTapeIHBIH CYT SHIIPYAIH Ociarinepin >kidepe
ANATHIHIBIFBIH KOPCeTeal. ANBIHFAH 3EPTTEY HOTIGKENEPI OMOMETPISUIBIK OMICIEH oHAeqmi. ONapapH CeHIMIIIIr
CThIOCHTTIH emeMi OOHMBIHINA AHBIKTAIABL. 3EPTTEY HOTIDKEICPL OOWBIHIIA, CYT OHIMI MCH CYT MAaHBIHIAFBI €H
skorapel BAW memmepi H/H reHorumrepiniH OainaHbICTBI TON OYKANapelHAA JKOHE Y/Y TEHOTHITEPIHIH
6alnaHBICTHI TO OYKATAPBIHIAFBI CYT MAWBIHBIH KYPAMBIH/IA €KCHAITT aHBIKTANbL. CyT MOIImIEpi MEH CYT MAHBIHBIH
mbEFeIMBL YIOiH BAW eH TeMeH kepcerkimi Y/Y TEeHOTHNTEPiHiH OalIaHBICTBI TOOBIHBIH OYKalapblHIA, al CyT
MaHbpIHBIH Memmepi OofpiHma Y/U reHOTHOTCpiHIH OaMmaHBICTBHI TOOBIHBIH OykKanmapeiHaa Oafikamgsr. Cyt
IOBIFBIMBIHBIH JKOFapbLIaybIMCcH (OK) skoHe/HEMEce a3aUThRITFAH (A) KOJICMiIMEH KOHC/HEMECe onapAsIH Octitapan (H)
KYHiMEH OalIaHBICTBI TCHOTHIITEP TOOBIHBIH TAPAIYbHI THICTI HMHAWKATOP MOHIHIH a3ar0 TOPTIOIMEH CYT Kipici, CyT
Kypams! skoHe BAW ymin eH >xorapel kepceTkim kepcerti, [1/T1 reHoTHNTEpiHIH KaybIMIACTHIPBIIFAH TOOBIHBIH
OyKajapbIHAA CYT MAHBIHBIH IIBIFBIMBI OaKamabl. OChUTalma, aHAIBIK YPIAKTapFa >KaKbIH TETiHIH CYT OHIMALIITI
TypreicsiHAaH BoLA-DRB3 OykanapasiH TeHOTHITIK TOOBIHBIH acChUl TYKBIMABIK KYHIBUIBIFBIMEH ACCOIMATHBTI
OalnaHBICHIH 3EPTTCH OTBHIPHI, CYT SHIMILUIITIHIH a3af0bI MCH ipl Kapa MalAbIH JICHKO3 BHPYCBHIMCH HH(EKIWSFA
TCHETHKANBIK TO3IMIUIIT, COHNAN-aK KeOCK apachIHAAFbl OH KOPPEILIHMS apachIHAAFEI OAlIaHBIC aHBIKTAMABL Ipi
Kapa aHaJbIKTapablH CyT eHiMzimiri TypreichiHaH BoLA-DRB3 TyKkpIMIslK OyKamapablH TCHOTHNTIK TOOBIHBIH
3CPTTCITCH aCCOMMATHBTI KATHIHACH ipi Kapa MaJIbIH JICHKCMHUACHHA TCHCTHKAIBIK TO3IMILTIT O0ap CyTTi TaOBIH
KeOCHTY OaphICHIHIA aCBHLT TYKBIM/IBI AHATBIK YPIAKTAPFA )KAKbIH TCT1HIH CYT OHIMILIITI €CKepLIeTiH O0IaIbl.

Tyiiin ce3aep: eHxipymn 6yka, reH, renotur, BoLA-DRB3, TTLP, SBT, ipi kapa Maj ICHKO36L, CYT OHIM/ILIITI.
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X. X. Tmismanos'?, C. B. Twaskun', P. P. Baguu®>, A. T. Tancrsn’,
A. E. PsiGopa’, B. K. Cevunsrapii’, C. A. Xypmyasn®, H. C. Ipsinmaankopa’

'OI'BHY «®HL] numessIx cucteM uM. B M. T'opbarosa» PAH, Mocxksa, Poccus,
*BCepoCCHICKHI Hay YHO-HCCIIEI0BATE TECKHE HHCTHTYT MHBOBAPCHHOM,
6€3a7IKOT0IbHOM W BHHOACIHUCCKOH MpoMbIIUIeHHOCTH — (hruman OTBHY
«®HL mumessrx cucteMm uM. B. M. T'opbarosa» PAH, Mocksa, Poccus;
®OI AHY «BcepoccHICKHIT HAYYHO-HCCIIEI0BATE IECKHH HHCTHTYT
MOJIOYHOU MPOMBIIIJICHHOCTIY, MOCKBa, Poccus

JJEMEHTBI JHK-TEXHOJOT'UHU ®OPMHUPOBAHUA
KAYECTBEHHOTO 1 BE3OITACHOI'O CbIPbA

AnnoTtamust. 3BeCTHO, YTO BBICOKAI MOJIOYHAS IPOJYKTHBHOCTH KOPOB CBSI3aHA CO CHIDKCHHEM PE3HCTCH-
THOCTH K Pa3IHYHBIM 3a00JIEBAHISIM, BKIIIOYAS JICHKO3 KPYITHOTO POTATOTO CKOTA, B (JOPMHPOBAHHH PE3UCTEHTHOC-
TH K KOTOPOMY HTPacT posib TeH BolA-DRB3, 4pHM ajuieiu aCCOIMUPOBAHBI C YCTOWUIHBOCTRIO (Y-ammemm *7, *11,
*23, *28), uyBcTBHTCIBHOCTRIO (H-amtem *8, *16, *22, *24) wim onmpeaencHsl kKak HelirpamsHbie (H) mo oTHOMmIC-
HUFO K 3200JcBaHHFO. Tawke yCTaHOBICHA CBA3b BolA-DRB3-ammenent *8, *11, *23 ¢ MOBBIICHHBIM OOBEMOM
VA0eB, a alutensd *22 — O CHIDKCHHBIM 00B6eMOM ya0¢eB. [1oIyueHHOE OT JEHKO3HBIX KOPOB MOJIOKO 3a4acCTyO IPH-
BOJUT K CHIDKCHHIO €TO KA4eCTBa, OMOIOTMYECCKON IMOJHOLICHHOCTH W Oe3omacHocTd. [Ipm 3TOM HpPOM3BOICTBO
BBICOKOKJIACCHOTO MOJIOYHOTO CBIPbS SBILICTCS BAKHCHINEH 3amadei, OCOOCHHO B YaCTH BBHIPAOOTKH (DYHKIHO-
HAJBHBIX U FEPOJUCTHYCCKUX MOJIOYHBIX MPOAYKTOB. B IEJOM CKPHHHMHI T€HETHYCCKUX MAPKEPOB YCTOMYHBOCTH K
JIEHKO3Y KPYIHOTO POTATOTO CKOTA MO3HUIMOHUPYETCS Kak 3xeMeHT JJHK-Texnonoruu mpmxu3HeHHOTO (hopMHpoBa-
HUSI KAYECTBEHHOTO M O€30MacHOTO ChIphs. L{ebi0 HACTOSIIETO HCCIEIOBAHMS SIBISUIOCH H3YUCHHE aCCONUATHBHOMN
CBSI3W TPyINN TCHOTHIOB BolA-DRB3 OBIKOB-IIPOM3BOAMTEICH C WX IUIEMECHHOM IICHHOCTBIO IO ITOKA3ATEILIM
MOJIOYHOH NMPOXYKTHBHOCTH JKCHCKHX IPEIKOB. MOJICKY TBIPHO-TCHETHYECCKOMY HCCIICTOBAHUIO OBLIH TTOJBEPTHYTHI
oopazusr JJHK, BbigencHHBIC W3 LENbHOH KOHCEPBHPOBAHHOW KPOBH, IMOJNYUYCHHOH OT 60 OBIKOB-TIPOM3BOAUTEICH
MOJIOYHOTO HANPABJICHHUS MPOAYKTHBHOCTH, MPCACTABILIOIMX COO0H MOMECCHBIA W YHCTOMOPOIHBIN TOMITHHCKHH
CKOT. DKCTPAKIHIO HyKJICHHOBBIX KHCIOT OCYIICCTBIDUIN C IMPUMCHEHHEM KOMIUICKTA PEArcHTOB UL BBIICICHHS
JHK. Jdna IMHP-ammmpukammm mokyca 3k30Ha 2 reHa BolA-DRB3 nmuaoi 319 mH. MpUMCHATH ONTHMH3HPOBAH-
Heic ycnosusa mposeacHusa [ILP-SBT ¢ mcmompzoBammem mpaiimepos DRB3FRW u DRB3REV. [na BolA-
THITMPOBAHUSI METOIOM CeKBeHHPOBaHU (SBT) aMIIMKOHBI aHATH3HPYEMOTO JIOKyCa CEKBCHHPOBAIN HA TCHETH-
YECKOM AQHATH3ATOPE ¢ MOCICAYIOIUM HX BBIPABHHBAHUEM C COOTBETCTBYHOIIMMH YACTUYHBIMH HYKICOTHIHBIMA
TOCIIEAOBATEILHOCTAMU BolA-DRB3-annexeii. Tlpn W3ydeHUH acCOMATHUBHOM CBSI3M TCHOTHUIIOB IO TeHY BolA-
DRB3 OBIKOB-TIPOM3BOAMTENCH C HX IUIEMECHHOH HEHHOCTBHIO IO ITOKA3ATEILIM MOJOYHOH IPOAY KTHBHOCTH SKCHCKUX
MPEAKOB HUCMOIB30BAHBI JAHHBIC IO 300TEXHUYCCKOMY H MJICMEHHOMY YUYETY HCCISAYEMOTo X0o3siicTBa. [Ipn oneHke
OBIKOB-TIPON3BOIUTEICH MOJIOYHOTO HANPABJICHHUA MPOJYKTHBHOCTH MO MPOMCXOKICHHIO WCIHOJB30BAHBI HHICKCHI
IJICMCHHOH ONCHKH OBIKOB. AHamm3 poauTeiabckoro mHACKca Obika (PHB) mokassIBacT CTCNCHB BO3MOYKHOM
TepeIavd IIOTOMCTBY NPH3HAKOB MOJIOYHOH IPOAYKTHBHOCTH. [10JIyUCHHBIC PE3yIbTaThl HCCICAOBAHMSA 00padoTa-
HBI OHOMETPHUYCCKUM METOAOM. YPOBCHb HMX JOCTOBEPHOCTH ompeneium mo kpureputo CreroacHTa. 1o pesyin-
TaTaM MPOBEACHHOTO UCCIICAOBAHMS YCTAHOBICHO, YTO HAHOOIbIIHi mokazaTens PYB 10 y1050 1 BBIXOZY MOJIOYHO-
TO XXKHPa OTMEUCH y OBIKOB aCCONMUPOBAHHOM Tpymmsl reHoTunos H/H, a 1o comep:kaHWiO0 MOJOYHOTO JKHpA — ¥
OBIKOB ACCOMMUUPOBAHHON TPyl reHOTHNOB Y/Y. HanMmenpmmii mokazates PYB 1o ya0r0 u BBIXOIY MOJIOYHOTO
JKHApPA OTMCHUCH Y OBIKOB ACCOMMMPOBAHHON TPYIITEI TCHOTHIIOB Y/Y, a IO COACP KAHMIO MOJIOYHOTO JKHPA — Y OBIKOB
accOUMUPOBAHHOM Tpymnmbl reHoTHOB YU/U. PacmpenencHue ke Ipynm T'€HOTHIIOB, ACCONMMPOBAHHBIX C TOBBI-
meHabiM (IT) w/uma co cHmkeHHbM (C) 00beMOM yaocB w/mwmu ux HeHtpambHeIM (H) COCTOSHHMEM, B TOPSAKE
yOBIBAHUS 3HAYCHHH COOTBETCTBYIOIIMX IOKA3aTEICH IMOKA3ano, YTo Hamboxpmmi mokazarens PMB mo ynoro,
COJCPKAHHIO MOJIOYHOTO KHPA M BBIXOAY MOJOYHOTO KHPA OTMEHYCH Y OBIKOB ACCONMMPOBAHHON TPYIIIIBI TCHOTH-
nos [I/T1. Takum 00pa3oM, M3YUEHHEM ACCOIMATHBHOM CBS3H TPYII T€HOTHIOB BolA-DRB3 OBIKOB-IIPONU3BOIH-
TEJEH C WX IUIEMEHHOH IICHHOCTBIO IO TOKA3ATEILIM MOJIOUHOM MPOJYKTHBHOCTH >KCHCKUX IPEIKOB HAOMIOIAIach
B3aUMOCBSI3b CHIDKCHHON MOJIOWHOH NPOAYKTHBHOCTH C TCHETHYCCKOW PE3UCTCHTHOCTBHIO K HH()HIMPOBAHUIO
BHPYCOM OBIYBETO JEHKO3a U 3a00JICBAHHUIO JICHKO30M KPYITHOTO POTaTOTO CKOTA, a TAKKE ITOJIOKUTEIbHAS KOPPEI-
LU MEKAY MOBBIICHHON MOJOYHOM NMPOAYKTUBHOCTBEO H TEHETHUECKOM MPEeaPACTIONOKEHHOCTBIO K MMOBBIMICHHOMY
00beMy ymoeB. M3yueHHAs accOLMATHBHAS CBS3b IPYINI T€HOTHIOB BolA-DRB3 OBIKOB-TIPOM3BOAMTENCH C HMX
IUIEMCHHOH HEHHOCTBHIO IO MOKA3aTEISIM MOJIOYHOHM IPOIYKTHBHOCTH SKCHCKHX IPEIKOB OYJET YVUHTHIBATHCS B
CEJICKIIMOHHO-INICMEHHOH pad0Te IpH BOCIHPOM3BOJACTBE MOJOYHOTO CTaNA C TCHETHYECKOH YCTOWYHBOCTBIO K
JEHKO3y KPYIHOrO POraTroro CKOTa.

KmoueBnie ¢jioBa: OBIK-IPOU3BOAUTEIH, TCH, TeHOTHI, BolA-DRB3, TILP, SBT, nefiko3 KPymMHOTO poraToro
CKOTA, MOJIOYHAA MPOJY KTHBHOCTb.
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