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THE ESTIMATED BREEDING VALUE
OF SERVICING BULLS OF DOMESTIC BREEDS
BY OFFSPRING QUALITY USING THE BLUP METHOD

Abstract. The official method for the estimated breeding value of bulls by the quality of offspring in the
Republic of Kazakhstan is the Guidelines for examination bulls of dairy and dairy and meat breeds on the quality of
the offspring. This method is easily applicable in practice, but it takes a long time to get the results. In particular, it
does not take into account genetic differences between groups of animals and the genetic trend in the population. For
the assessment of the breeding value of the servicing bulls according to the Guidelines to give an unbiased forecast
of the bulls’ genotype, a closed breeding system is necessary, which is impossible under current conditions of the
widespread use of imported bulls.

The research aimed at improving breeding programs, including assessing the breeding value of servicing bulls
of dairy breeds using BLUP methods based on the productive qualities of a dairy cattle array in Kazakhstan,
determines the essence of this work.

Research in this sphere is driven by the need to harmonize domestic and international methods for evaluating
the breeding value of dairy cattle and to introduce the BLUP method in the domestic livestock industry.

At this stage, the planned studies are relevant and it will contribute to the improvement of selective and
breeding work, taking into account the relationship of dairy productivity with their linear belonging and assessment
by the quality of the offspring using the BLUP methods.

The work is aimed at identifying the best servicing bulls for subsequent custom mating. At the same time, the
possibilities of electronic animal databases are widely used, as well as the possibilities of genomic selection.

It is assumed that this selection method will track all genetic variation according to economically valuable
traits, which will allow obtaining accurate EBV from candidates for selection. Thus, it can be summarized that the
improvement of breeding programs in Kazakhstan using world experience in introducing the latest technologies and
programs will make it possible to do breeding of farm animals at an entirely different level. Along with these
technologies, the introduction of the genomic evaluation of breeding value in practical breeding will significantly
accelerate the rate of genetic improvement of domestic dairy cattle breeds.

It was established that the use of the BLUP method in the calculation gives a more accurate selection of animals
for mating with the desired traits. Depending on the changing conditions, other factors and effects of influence on the
trait can be additionally added to the BLUP AM base model.

As of 2013, in all the countries cited, the index of somatic cells in milk has already been taken into account in
the structure of the EBV (Estimated Breeding Value) of Holstein animals. At the same time, the structural share of
this indicator for countries can be up to 15%. It is noted that for the first time, in 1996, the indicator of the number of
somatic cells in milk was included in the calculation of the EBV in countries such as Germany and Israel.

It was found that in Israel, the formula for calculating the EBV (PD - Predicated difference) was as follows:

|PD96 = —0,274 x milk yield, kg + 6,41 x fat,kg + 34,85 x protein, kg - 300 x KCK_

where PDgg — Israelitic EBV 1996 of Holstein cows; KCK — the number of somatic cells in one milliliter of milk.

In Germany, the estimation of the breeding value of cows by the number of somatic cells in milk has been
carried out since 1996. Before calculating the indices directly, to achieve a normal distribution of the result values of
the milk analysis by the number of somatic cells, the data obtained are subjected to a logarithmic transformation.
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In accordance with international standards, the so-called Linear Somatic CellScore (SCS) scale was chosen for
the logarithmic transformation of data, the formula:

SCS = log, (Zellzahl / 100000) + 3,

where, SCS — an estimate of the number of somatic cells; Zellzahl — concentration of somatic cells in 1 ml of milk;
log, — logarithm to base 2.

Based on the results of our research, we consider it appropriate to offer for use in Kazakhstan the following
formulas for calculating the estimated breeding value by the udder health:

Cp = |(log Cx — log Cn) | * h?,

where: Cp — absolute genetic difference of the number for somatic cells of the estimated cow from the average in the
population; logCk — logarithm of somatic cell concentration of the evaluated cow; logCn — the average of the
logarithms of the concentration of somatic cells in the population; h? — somatic cell heritability estimate of 0.1.

|H(:=|%|'100,

where: Hc — relative index of the udder health; Cu — the average of the logarithms of the somatic cells concentration
in the population; Cp — an absolute genetic difference of the logarithm of the somatic cells concentration of the
evaluated cow from the average population value obtained by the formula 15.

The statistical model for the estimated breeding value of animals by the exterior is expressed by the following
formula.

Yijklmnopqr =m+BJ + \]SJ + Kny + Ak, + Ab,,, + Eka, + Betr, + BJp+ Tierp + Ejjkimnopgrs

where, Y — trait estimate Y; m — an average of all animals for this trait; BJ; — permanent effect of the appraiser-
classifier*year of evaluation; JS; — permanent effect of the appraiser-classifier*year of evaluation; Kn, — constant
effect of maternal calving count; Ak, — permanent effect of the duration of the calving interval; Ab,, — constant effect
of the duration of the period between milkings; Eka, — permanent effect of cow age at first calving;
Betr, — permanent effect of the enterprise or region * herd * year; BJ,— random effect of the enterprise * year;
Tier, — random effects of individual traits of the animal; €jjmnopgr — €rror of the impact of random effects of the
unaccounted factors.

It is appropriate to use as a basis the principles of international methods to evaluate breeds related to domestic
breeds. So, as of today, for the assessment of domestic Holstein and black-and-white cattle, it is opportunistically to
use the approaches of international methods to assessing Holstein cattle, for fawn-motley breeds - the European
methodology for assessing Simmental cattle.

Key words: dairy cattle, servicing bulls, evaluation, BLUP method, genotype.

Introduction. An accurate forecast of breeding value of servicing bulls plays an extremely important
role in programs of genetic improvement for dairy cattle populations. 60-80 % or more of selection
efficiency is determined by the selection of breeders tested by offspring [1].

The official method for evaluation of the breeding value of bulls by the quality of offspring in the
Republic of Kazakhstan is the Instructions for assessment of bulls of dairy and dairy-meat breeds by the
quality of offspring. This method is easily applicable in practice, but it takes a long time to get the results.
In particular, it does not take into account genetic differences between groups of animals and the genetic
trend in the population. For the assessment of the breeding value of breeders according to the Instructions
to give an unbiased forecast of the bulls' genotype, a closed breeding system is necessary, which is
impossible under current conditions of the widespread use of imported servicing bulls. Therefore, the
procedure for assessing breeding value does not exclude mistakes and, therefore, selection for the further
breeding operation of animals [2].

The purpose of assessing breeding value is to get information on the genotype of a bull with
maximum accuracy. These requirements are most fully met by the Best Linear Unbiased Prediction
(BLUP) procedure based on mixed linear statistical models. BLUP takes into account both environmental
and genetic factors affecting the variability of traits of dairy productivity. Besides, all factors considered in
the model are evaluated at the same time, thereby achieving the most reliable, unbiased forecast of the bull
genotype and, accordingly, increasing the likelihood of selecting bulls-improvers [3].

Compared to methods involving the use of simplified models that take into account one breeding
trait, BLUP allows evaluating the breeding values as a whole. It is noted that the widespread use of this
method was accelerated by the development of computer technology [4].
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The application of the BLUP method for the selection of servicing bulls according to their indicators
improves the efficiency of selection by 20-30 % [5].

It should be noted that the results of calculations of breeding value, regardless of the used method, are
largely determined by the quality and quantity of the inputs [6].

The reliability and sufficiency of the primary information impact on the correctly predicted genetic
value of animals. This, in turn, increases the likelihood that the best individuals will be selected as
producers [7].

The research aimed at improving breeding programs, including assessing the breeding value of
servicing bulls of dairy breeds using BLUP methods based on the productive qualities of a dairy cattle
array in Kazakhstan, determines the essence of this work.

Research methods. To calculate the index estimate of the genetic breeding value of cattle according
to economically useful breeding traits, the development of special software is necessary. It must
implement all the necessary computational algorithms of matrix algebra, which are required to solve the
problem of finding unknowns in the biometric model and to calculate the estimates of economic traits
using the BLUP AM method.

The equation of the biometric linear model of cows, in general, is defined by the formula (1):

Viam = p+a;i +1; + di+ hy + pm + €ijlam 1)

where Yijum — €conomic traits, in our case: milk yield, fat and protein contents in milk; p — overall mean of
all animals for this trait; a; — additive genetic effect of the evaluated animal, according to the breed:;
l; — lactation by order; dy — calving year-season; h, — herd or farm; p,, — groups with the same keeping and
feeding conditions; ejm— model error due to the influence of unaccounted factors.

Research results. Research in this sphere is driven by the need to harmonize domestic and
international methods for evaluating the breeding value of dairy cattle and to introduce the BLUP method
in the domestic livestock industry.

At this stage, the planned studies are relevant and it will contribute to the improvement of selective
and breeding work, taking into account the relationship of dairy productivity with their linear belonging
and assessment by the quality of the offspring using the BLUP methods.

The work is aimed at identifying the best servicing bulls for subsequent custom mating. At the same
time, the possibilities of electronic animal databases are widely used, as well as the possibilities of
genomic selection [8].

It is assumed that this selection method will track all genetic variation according to economically
valuable traits, which will allow obtaining accurate EBV from candidates for selection. Thus, it can be
summarized that the improvement of breeding programs in Kazakhstan using world experience in
introducing the latest technologies and programs will make it possible to do breeding of farm animals at
an entirely different level. Along with these technologies, the introduction of the genomic evaluation of
breeding value in practical breeding will significantly accelerate the rate of genetic improvement of
domestic dairy cattle breeds.

It was established that the use of the BLUP method in the calculation gives a more accurate selection
of animals for mating with the desired traits. Depending on the changing conditions, other factors and
effects of influence on the trait can be additionally added to the BLUP AM base model.

As the data in Fig. 1 show, as of 2013, in all the countries cited, the index of somatic cells in milk has
already been taken into account in the structure of the EBV (Estimated Breeding Value) of Holstein
animals. At the same time, the structural share of this indicator for countries can be up to 15%.

It is noted that for the first time, in 1996, the indicator of the number of somatic cells in milk was
included in the calculation of the EBV in countries such as Germany and Israel.

It was found that in Israel, formula (2) for calculating the EBV (PD - Predicated difference) was as
follows:

IPDC;(, = —0,274 x milk yield, kg + 6,41 x fat,kg + 34,85 x protein, kg - 300 x KCK, (2)

where PDgg — Israelitic EBV 1996 of Holstein cows; KCK — the number of somatic cells in one milliliter of
milk.
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Following the modern Belarusian methodology, the calculation of the estimated breeding value of a
cow for udder health is carried out according to the formulas (3, 4). If the number of somatic cells is less
than their presence in the population, the calculation is carried out as follows:

H, =h?. CK, —CK, 1o +100, 3)
CK,
oeuRzS | Emeee—
usa s S | .
FRAdS — aan =
cerau — |
0%  10% 20% 30% 40% S0%  60%  70%  80%  00%  100%
MpoayKTUBHOCTE Bl Oxctepeep [  ComaTuyeckue KneTku

[ Cpox xosniicTeenHoro nenonbaobaiua ] Bocnpoussopgcteo [l MerkocTb oTenoB  Mpouee

Structure of Estimated breeding value of Holstein cows by country as of 2013

In the case when the number of somatic cells is greater than the population average mean, formula
(10) has the following form:

U, =h*. M 100-100, (4)
CK,

n

where, 1,, — udder health index; h? — somatic cell heritability estimate (0,25); CK, — the number of
somatic cells in one ml of milk of the evaluated cow; CK,,— the average number of somatic cells in one ml
of milk of the estimated cow population; 100 — constant for conversion to relative value.

Data on the content of the number of somatic cells are used in calculating the EBV by the duration of
economic use (DEU) of cows. According to the Methodology for the comprehensive assessment of
breeding and economic traits of cows of the Belarusian black-and-white breed, the formula (5) for
calculating the DEU is as follows:

_oa.n . KCK —KCK, 100, 100]+03-(n 2. 2B =TB: 1001100+
KCK -
X -X o
h?.2x_"x.100+100
+025 © X, +0,15-(hm2 L, —CI1, 44, 100)

where h,«,,(2 — somatic cell heritability estimate (0,25); KCK, — number of somatic cells in the evaluated

cow; KCK, - the average number of somatic cells in the evaluated population; h; — udder depth
heritability coefficient; /B, — an indicator of the udder depth of the evaluated cow; I'B, — the average

—— 54 ——
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indicator of the udder depth in cows of the population; h,f — limb heritability coefficient; X, — limb
estimate trait indicator; )_(K — limb estimate mean value in population; h? — fertility heritability estimate

(0,12); (_L‘ﬁn — an average service period of cows in the population; CI7, — service period of the evaluated

cow.
As noted earlier, in Germany, the estimation of the breeding value of cows by the number of somatic
cells in milk has been carried out since 1996. Before calculating the indices directly, to achieve a normal
distribution of the result values of the milk analysis by the number of somatic cells, the data obtained are
subjected to a logarithmic transformation.
Under international standards, the so-called Linear Somatic CellScore (SCS) scale was chosen for the
logarithmic transformation of data, the formula (6):

I5cS = log, (Zellzahl / 100000) + 3, (6)

where, SCS — an estimate of the number of somatic cells; Zellzahl — concentration of somatic cells in 1 ml
of milk; log, — logarithm to base 2.

An example of the transformation of the number of somatic cells in SCS according to the German
rating scale from 1 to 9 points is shown in table.

Based on the results of our research, we consider it appropriate to offer for use in Kazakhstan the
following formulas (7, 8) for calculating the estimated breeding value by the udder health:

ICp = |(log Ck — log Cn) | * h?, @)

where: Cp — absolute genetic difference of the number for somatic cells of the estimated cow from the
average in the population; logCx — logarithm of somatic cell concentration of the evaluated cow;
logCn — the average of the logarithms of the concentration of somatic cells in the population; h® — somatic
cell heritability estimate of 0.1.

The example of the transformation of the number of somatic cells
in SCS according to the German rating scale from 1 to 9 points

Number of somatic cells SCS Number of somatic cells SCS
25000 1 800 000 6
50 000 2 1 600 000 7
100 000 3 3200000 8
100 000 4 6 400 000 9
400 000 5

To transfer the absolute genetic difference into the relative index, we propose the following formula (8):

|HC — | Cn—C'pl -100, (8)

n

where: Hc — relative index of the udder health; C,—the average of the logarithms of the somatic cells
concentration in the population; C, — an absolute genetic difference of the logarithm of the somatic cells
concentration of the evaluated cow from the average population value obtained by the formula 15.

The statistical model for the estimated breeding value of animals by the exterior is expressed by the
following formula (9).

Yijklmnopqr =m+BJ; + JSJ + Kny + Ak| + Abm + Ekan + Betr, + BJp+ Tiel’p + €ijkimnopar » (9)

where, Y — trait estimate Y; m — an average of all animals for this trait; BJ; — permanent effect of the
appraiser-classifier*year of evaluation; JS; — permanent effect of the appraiser-classifier*year of
evaluation; Kn, — constant effect of maternal calving count; Ak, — permanent effect of the duration of the
calving interval; Ab,, — constant effect of the duration of the period between milkings; Eka, — permanent
effect of cow age at first calving; Betr, — permanent effect of the enterprise or region * herd * year;
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BJ, — random effect of the enterprise * year; Tier, — random effects of individual traits of the animal;
Bijkimnopgr — €701 of the impact of random effects of the unaccounted factors.

Conclusions. When developing a methodology for the index of the estimated breeding value of the
servicing bulls of domestic breeds by the offspring quality using the BLUP method, it is appropriate to use
as a basis the principles of international methods to evaluate breeds related to domestic breeds. So, as of
today, for the assessment of domestic Holstein and black-and-white cattle, it is opportunistically to use the
approaches of international methods to assessing Holstein cattle, for fawn-motley breeds - the European
methodology for assessing Simmental cattle.

K. E. E.ﬂemeconl, A. L. EaﬁMyKaHOB2

YPecnyGmmKansIk cyT KoHe Kypama ipi Kapa Mai TyKbIMaapsiHbH nanatacsl PKB, Hyp-Cyniran, Kasaxcran;
K. A. Tumups3eB ateiHOaFH Peceil MeMIIeKeTTiK arpapiblK YHHBEPCHTET] —
Moackey aybl lIapyalIblIbIFbl akageMusacel, Mockey, Peceit

BLUP 9JICIMEH YPIIAKTAPBIHBIH CAITACBHI BOMBIHIIA OTAH/IBIK TYKbBIM/IbI
BYKAJIAPJBIH ACBLJT TYKBIMBIK KYHJABLIBIFBIH WHIEKCTIK BAFAJIAY

Annoranusi. KP-ma ypnakrapblHbIH camackl OoifblHINA OyKamap[blH achll TYKBIMABIK KYHABUIBIFBIH
OaranmayJbplH PECMH 9JIICI — CYTTi )KOHE CYTTIi-€TTi TYKBIMIBI OyKalapasl YPIaKTapBIHBIH camachkl OOUBIHIIIA TEKCEPY
XKOHIHIET1 HYCKaynbIK. byt ofic npakTrkana oHail KongaHbelaasl, Oipak HOTIDKE ally YIIIH Y3aK YakbIT KaXeT. ATarl
aliTKaHz#a, OJ MaJ TONTAphl APACBIHAAFBl T'€HETHUKAJBIK aHbIPMAIIBUIBIKTEI KOHE IMOMYJSIUSAAFbl TCHETHKAIBIK
TpeHATi eckepMeiai. TyKpIMABIK OyKamapAblH achUl TYKBIMIBIK KYHIBUIBIFBIH HYCKAyJBIK OOHBIHINA Oaranayna,
Oykamap TeHOTHIIiHIH OpHaJacTHIphUIMaraH OOJDKaMBIH Oepy YIIIH ecipymiH *aObIK jKyieci Kaxer, OyI, Ka3ipri
XKaraia IMIIOPTTHIK TYKBIMIBIK OyKaap/ bl sKammail naianany Ke3inae MyMKiH Ooimaisl.

CeneknusiblK OaFaapiamManap/ sl JKETUIIIpyre OarbITTalFaH 3epTTeyiiep, OHbIH imniHae KasakcTaHHBIH CYTTI
TYKBIMIAphl MaJl MacCUBIHIH OHIMAUTIK camachkl Herizinge BLUP omicTepin maijanaHa OTBIPBIN, CYTTI TYKBIMJIBI
TYKBIMJIBIK OYKaJlap/IbIH achll TYKBIMJBIK KYH/IBIIBIFBIH OaFanay OChl )KYMBICTBIH MOHIH aHBIKTaMIbI.

Ocbl OarpITTarbl 3epTTEYJIep CYTTI Malgap/blH achblUl TYKBIMJABIK KYHIIBUIBIFBIH Oaranay/blH OTaHJBIK JKOHE
XaJbIKAPAIBIK OMICTEPIH YHIIECTIPY KAXKCTTIIITiHE XKOHE OTaHIBIK Maj IiapyanibuibiFel camacbiHa BLUP omicin
€HT13y MaKCcaThIHA HETi3/e/TeH.

Ochbl Ke3eHzIe KOCTIapJIaHFaH 3epTTeyiiep e3eKTi 0ombl caHauaas! xoHe BLUP oxictepin maiinanana oTBIPHII, CYT
OHIMIIUTITIHIH OJIAP.IBIH KEJUTIK THICTUTIrIMEH KoHE YpIIaKTapbIHBIH carackl OOHBIHINA OaraayMeH e3apa OalaHBICHIH
€CKepe OTBIPBIII, CEJIEKIMSIIBIK-AChUIIAH/IBIPY AKYMBICTapbIH JKYPTi3y/li *KaKcapTyFa bIKIaJl eTeTiH Ooapl.

ArTaIFaH KYMBIC KeHiH TalChIphIc Oepy YIIIH Y3IiK OHAIpYIIiIep i aHbIKTayFa OarpITTanFaH. byt perte manmap
TypaJIbl ANEKTPOHABIK JEPEKTep KOPBIHBIH MYMKIHAIKTEpPi, COHIai-aK TeHOM/BIK CEJIEKIUs MYMKIHIIKTEepi KCHiHEH
naijanaHbplIabl.

CenexuusHbplH OyJl 9JiCi IIApyalIbUIBIK JKaFbIHAH KYHABI Oenriiepi OOMbIHIIA OapibIK TeHETHKAJIbIK
©3reprillTiKTi KaJaranaiTeiH OoJsiazibl, Oy ipikTeyre kanauaarrapian non EBV anyra mymkingik 6epeni. Ocpliaii-
1113, J)KaHa TeXHOJIOTHsIap MeH OaraapiaMaliapiibl eHTi3Y/AiH dJeMIIK ToKipuOeciH maiinanaHa oteipbin, Kazakcran
KarIaibIHIa CeNIeKIMSIBIK OaFraapiaManap/ipl )KeTUIAIPY aybUl IapyaliblIbIFbl MAJIAPbIHBIH CEJCKIMSICHIH MYJIIeM
Oacka JeHreiie xKyprizyre MyMKiHAiK Oepesi. Ocbl TEXHOJNOTHJIAPMEH KaTap, aChll TYKBIMIBI KYHABUIBIKTHI TEHOM -
JIBIK Oarajay pociMiH IPaKTHKANBIK CEIEKLUsIFa SHI13y CYTTI Mal/blH OTaHABIK TYKBIMIAPbIH T€HETHKAIIBIK JKaKcap-
Ty KapKbIHBIH aliTapJIbIKTal XKeJaeIeTel.

BLUP ogicin ecenrtey ke3iHze, maiiiananyra KaKeTTi cHnarTaManapbl Oap OyJaHAAcThIpy YIIIH Masaap.sl
IpIKTEYl JIaJl )Ky3ere achlpyFa MYMKIHIIK OepeTiHi aHbIKTanbl. ©3repeTiH karnaiiapra Oainansictel BLUP AM
0azaibIK MOJIETIIHE CEJIEKIMUIBIK Oenrire acep eTeTiH (akTopiap MeH acepiiep KOChIMINA KOCBUTYbl MYMKIiH.

2013 >KBUTFBI JKaFJail OOWBIHIIA OapIIBIK KENTIPUITeH eaepe TOMMITHH TYKbIMAbI ManaapasiH ATKU xyliecin-
nie (aChlT TYKBIMIIBI KYHJIBLUTBIK HHICKCI) CYTTET1 COMATUKAIBIK KIETKajJap KYPaMBIHBIH KOPCETKIIli €CeNKe albIH/IbI.
Byn perre enmmep OOMBIHIIA OCBI KOPCETKINITIH KYpPBUIBIMABIK yieci 15 %-fa neifin skeryi mymkiH. Cytreri
COMAaTHKAJIBIK JKacyIllajap CaHBIHBIH KepceTKimn anram peT 1996 xoputel ['epmanns men V3panis CHSKTHI enaepae
ATKU ecebine eHri3iai.

Wzpannge ATKU (PD — Predicated difference) ecenteyniy ¢popmynacs! kenecizielt KopceTKilke ne:

IPD% = —0,274 xcaywrH, KT + 6,41 xMail, kr + 34,85 xaKysi3, kr- 300 xCK(,

MyHIarel PDgg — 1996 sxbutFbl TomTHH TYKBIMBI cHbIpaapbiHbiH ATKU; CKC — cyTTiH 6ip MIJITUMEpIHIETI coMa-
TUKAJIBIK KJIETKAIAp CaHbI.
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lepmaHusina CyTTEri COMaTHKaJbIK >KacyllalapAblH Kypambl OOWBIHINA CHBIPIAPIBIH achll TYKBIMIBIK
KYHIBUIBIFBIH Oaranay 1996 >xpuimaH Oactam ky3ere achlpbuiaabl. Tikened WHIEKCTEpAl ecenTey aibIHIA,
COMATHKAJIBIK JKacyIlaJapAblH caHbl OOMBIHINA CYTTI Tajjay HOTIKEJECPIHIH MOHJIEpiH KalbINThl 0eiyre Ko
XKETKI3y YIIIH aJIbIHFaH JepeKTep JIorapuGpMHUSUIBIK TpaHcHOopMaLusiFa YIIbIpaiIbl.

Hepexrepai norapudmMaik TpaHchopmamusiiay YIIIH XaJIbIKapajiblK CTaHAapTTapra coiikec, Linear Somatic
CellScore (SCS) mikanacel TaHAaI ajibHIbl, GopMyna:

SCS = log, (Zellzahl / 100000) + 3,

myHzaarbl SCS — coMaTHKalbIK JKacylianap caHblH Oaranay kepcerkimi; Zellzahl — 1 mi cyTke comaTHKambIK
JKacyIiajgapIslH KOHIEHTpauuschl; log, — 2 Heri3 OoibIHIIA JoTapudM.

3eprrey HOTIDKeNnepi OoWeiHIma 1-men 9 Oamrra mediHTi TepMaHOBIK Oaramay mikamacel OoiipiHma SCS
COMAaTHKAIIBIK JKacyIlajap CaHBIH TpachOopManusIIay MbICaIbI KeNTipiJireH.

JKyprizinren 3epTTeyiepain HOTIKeNIepine cyiieHe oThIphIn, Ka3akcTanaa maianany YIIiH KeJliHiHIH
JICHCAYJBIFBI OOWBIHINA ACHUT TYKBIMABI KYHIBUIBIK HHICKCIH €CENTey IiH MbIHaIal (hOpMyIIanapblH YCHIHY OPBIHMIBI
eI CaHANMBI3.

Cp = |(log Cx — logCm) | * h?,

myHaarbl Cp — OarajlaHaTBIH CHBIPJABIH COMATHKAJBIK JKacyllaJlapbl KOPCETKIIITEPiHiH MOmysius OoWbIHIIA
opTala CTaTHCTUKAJbIK MOHHEH aOCONIOTTIK T'€HETHKAJbIK aibIpMainbuIbiFbl; logCk — GaraiaHAaTHIH CHBIPIBIH
COMATHKAJBIK JKacyllanapbl KOHLEHTpauWschiHBbIH Jorapudmi; logCn — nomynsuus OOWBIHINA COMATHKAJBIK
JKACYIIAAPBIH IIOFBIPIAHy JIOrapu(MIEPiHiH OpTama cTaTHCTHKanbiK MoHi; h’ — 0,1-re TeH COMAaTHKAIBIK
KacyiajgapIbslH yprarbiHa 0epiiy KodpduueHTi.

tm::\%’moo,

MyHIarbl Mc — JkemiH caynbIFBIHBIH CaJbICThIpManbl uHAekcl; CIn — momyssnus OOWBIHIIA COMATHKAJBIK
JKacylllaiapIblH [IOFBIPIaHy JOrapu(MICpiHiH opTalia CTaTUCTUKAIBIK MoHI; Cp — 15-hopmyra apKbUIbI ajabIHFaH
MOy AU OOMBIHIIA OpTalla CTATUCTUKAIBIK MOHMEH OaralaHAaThlH CHUBIPJBIH COMATHUKAIIBIK JKacyllanapbl
KOHLIEHTPALMSICHI JIOTapU(PMiHIH a0COTFOTTI TeHETHKAJIBIK alilbIPMAIlbIIBIFBI.

OkcTepbep OOMBIHIIA MalblH achUl TYKBIMIBIK KYHABUIBIFBIH OarallayAblH CTATHCTHKAJBIK MOJENl Keneci
dbopmynamen kepcerineni: (9)

Yijklmnopqr =m+BJ+ JSJ + Kny + Ak, + Ab,,, + Eka, + Betr, + BJp‘l' Tierp + €jjkimnopar (9),

MyHaarbl Y — Y OenriciH Oaranay MoHI; M — OepinreH OenriHiy Oapiblk Mangap OoifblHINA opraia MoHi; BJj —
OoHMTEp-KIKTerim™® Garanay >KbUIBIHBIH TYPaKThI ocepi; JS; — >KbUT Me3TimiHiH TypakTsl ocepi; Kny — eHeciHiH
Ke3eKTi Tyy ecebiHiH TypakThl acepi; AK) — Tenmey Ke3eHi apachlHIarbl Y3aKTBIFBIHBIH TYPaKThI ocepi; Aby, — caybi
apabIFBIHIAFBI KE3CH Y3aKTHIFBIHBIH TYPAKThI ocepi; EKa, — anmramt TyaThiH CHBIpIApIBIH KaCBIHBIH TYPAKThI dcepi;
Betr, — KocimOpBIHHBIH HeMece OHIpJIiH TYpakThl dcepi * TaOblH * xkblI; BJ, — KOCiMOpBIHHBIH Ke3/eHCOK acepi *
KbUT; Tier, — MalngapAbH JKeKe CHIATTaMalapBIHBIH KE3IEHCOK oCepi; Ejjimnopgr — SCKEpiMereH (axTopiapsiH
Ke3JIeHCOK acepIIepiHiH acep eTy KaTeci.

BLUP ogiciMen ypriakTapbIHBIH canachkl OOMbBIHIIA OTaHBIK TYKBIMABI OHIIPYII OYKanapablH acbUT TYKBIMIBIK
KYHIBUTBIFBIH HMHICKCTIK Oaranay oiCTEMECiH o3ipiiey Ke3iHAe HeTi3 peTiHae OTaHIBIK TYKbIMIApra YKcac
TYKbIMJAp/Abl Oaranay VINiH KOJNJAHBUIATHIH XaJbIKapalblK oicTeMelepliH NMPUHIMITEPiH MaijanaHy OpBIHIBI.
Macernen, OyriHri TaHia OTaHABIK TOJNIITHH XKOHE Kapa-ajia Majabpl Oaranay YLIIH TOJIITHH MajblH Oaraiay/blH
XaJBIKAPAJIBIK OICTEMENEpiHiH TOCUIAepiH, aj capbl-ala TYKBIMAApBl YIIIH — CHMMEHTAl MajblH OarajayablH
€ypONAIIBIK 9/IicTeMeNIepiH THIM/II MalJalany KaKeT.

Tyiiin ce3aep: cyTti Man, eHaiprim Oykanap, 6aramay, BLUP omici, renoTw.

K. E. Enemecos’, A. /1. BaﬁMyKaHOBZ

'POO «PecnyOimkaHCKas majxata MOJIOYHBIX M KOMOWHHUPOBAHHBIX ITOPOJI KPYITHOTO POTAaTOTO CKOTAY,
Hyp-Cynran, Kazaxcras;
*Poccuiickuii TrOCYAApCTBEHHBIN arpapHblii YHUBEPCUTET —
MockoBckas cenbckoxo3siiicTBeHHas akagemus uM. K.A. Tumupszesa, Mocksa, Poccus

UHJEKCHAS OLIEHKA INIEMEHHOM HEHHOCTH BBIKOB-ITIPOU3BOJUTEJER
OTEYECTBEHHBIX TOPO/ ITO KAYECTBY IIOTOMCTBA METOJ1OM BLUP

Annoranus. OQHUIHaIEHBIM METOIOM OIEHKH IUIEMEHHOW IIEHHOCTH OBIKOB IO KadecTBY motomctBa B PK
siBrsieTcs HCTPYKIHS 10 IpOBEpKe OBIKOB MOJOYHBIX M MOJIOYHO-MSICHBIX TTOPOJI IO Ka4eCTBY MMOTOMCTBA. J{aHHBIH
METOJI JIETKO IPUMEHHUM Ha MPaKTUKE, HO JUIS MOJIYYCHHUS Pe3yIbTaToB TpeOyeTcs AUTeIbHOe BpeMs. B wactHOCTH,
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OH HE YYUTHIBAET F€HETHUUECKHE PA3NUYUS MEXKIY TPYMIaMU )KMBOTHBIX M T€HETUYECKUN TPEH B Momynsauuu. s
TOr0 4YTOOBI OIICHKA IUICMEHHOW IIEHHOCTH NpOM3BOJUTE]eH mo MHCTpyKIMU maBajga HECMEIICHHBINH MPOTHO3
TCHOTHIIA OBIKOB, HEOOXOJMMAa 3aKphITas CHUCTEMa Pa3BEJCHUSA, YTO B COBPEMCHHBIX YCJOBHSAX MOBCEMECTHOTO
HCTIOJIb30BaHUS] IMITOPTHBIX OBIKOB-IIPOU3BOIUTEIICH HEBBITOIHIMO.

HccnenoBanusi, HanpaBJieHHbIE HA COBEPILICHCTBOBAHUE CEJIEKIIMOHHBIX MPOrpaMM, B TOM YHCIIE OLEHKH IUIe-
MEHHOH IIEHHOCTH OBIKOB-TIPOM3BOIUTENICH MOJIOYHBIX TOPOJ ¢ HMcHoib3oBaHHeM MeroqoB BLUP Ha ocHOBe mpo-
IyKTHBHBIX Ka4eCTB MacCHBA CKOTa MOJIOYHBIX opox Kazaxcrana, onpeaemnsroT cyTh JaHHOW pabOTHI.

HccrnenoBanms B AaHHOM HAINpaBICHUH OOYCIIOBJIEHBI HEOOXOOMMOCTBHIO TapPMOHHU3AIMHM OTEYECTBEHHBIX H
MEKTyHAPOJHBIX METO/IOB OLIEHKH IIEMEHHOW IEHHOCTH MOJIOYHOTO CKOTa U C IEJhI0 BHEAPCHUS B OTCUCCTBCHHOM
OTpaciu XUBOTHOBOACTBA MeTosa BLUP.

Ha manHOM 3Tare raHupyeMbIe UCCIICAOBAHUS SIBISIOTCS AKTyadbHBIME U OYIyT CIOCOOCTBOBATH YIIYUIIICHUIO
BEJICHUS CEJICKIIMOHHO-TUIEMEHHON pa0OThl C YY4ETOM B3aWMOCBS3M MOJIOUHOW MPOAYKTUBHOCTH C WX JIMHCHHOM
MIPHUHAIJICKHOCTBIO M OIICHKOH M0 KaYeCTBY MOTOMCTBA C HCIOJIb30BaHUeM MeTonoB BLUP.

Pabora HampapiicHa Ha BBISBICHHE JYYIIUX MPOU3BOIUTEICH IS MOCICIYIOIIETO 3aKa3HOro criapuBanus. [Ipu
3TOM MIMPOKO HKCIOJB3YIOTCSA BO3MOXKHOCTH JJICKTPOHHBIX 0a3 MAHHBIX O JKHBOTHBIX, a TAKKC BO3MOXKHOCTH
T€HOMHOM CeJleKIuN.

[Ipennonaraercsi, 9T0 JaHHBIM METOJ CENEKIMH OYyJeT OTCICKUBATh BCIO TCHETHYCCKYIO M3MECHUHBOCTH IIO
XO3AWCTBEHHO IICHHBIM IIPU3HAKaM, YTO IO3BONUT NONy4uTh TouHylo EBV y kanammaroB Ha otOop. Takum
00pa3oM, MOKHO PE3IOMHUpPOBATh, YTO COBEPIICHCTBOBAHNE CEJICKIMOHHBIX IpOrpaMM B ycioBHsax Kazaxcrana c
HCTIOJIB30BaHUEM MHPOBOTO OITHITA MO0 BHEAPESHUIO HOBEUIIMX TEXHOJOTHH U MPOTPaMM, TTO3BOIUT BECTU CEIEKIUIO
CeNIbCKOXO035HCTBEHHBIX JKUBOTHBIX HA COBEPIICHHO IPYTroM ypoBHE. Hapsay ¢ JaHHBIMH TEXHOJOTHSIMH, BHEPEHHUE
MpOIeTypsl TCHOMHOM OIICHKH IIEMEHHON IICHHOCTH B MPAKTHYECKYIO CEJICKIHI0 3HAYUTEIHFHO YCKOPHT TEMITBI
TEHETUYECKOTO YIYUIICHUs OTE€UECTBEHHBIX MTOPO]] MOJIOYHOTO CKOTA.

YcTaHoBeHO, UTO Ucmob3oBanue Metoaa BLUP mpu pacdere mo3BossieT 60j1€e TOYHO OCYIIECTBIIATH OTOOP
JKUBOTHBIX JJIsS CIApUBaHHUS C KEJIaeMbIMH XapaKTepUCTHKaMH. B 3aBUCHMOCTH OT M3MEHSIONIMXCS YCJIOBHH B
6azoByto Monenb BLUP AM MoryT ObITh JONOJHHUTENBHO J00aBieHbl (akTopbl U 3(PdEeKTsl BIMSIHUS Ha CeleK-
LMOHHBIN PU3HAK.

Ilo cocrostauio Ha 2013-i rog Bo Bcex MpHBENCHHBIX cTpaHax B cTpykrype WIIL] (MHOexkc mnieMeHHOH
[EHHOCTH) JKUBOTHBIX TOJNIIITHHCKOW MOPOIBI yXKe OBII YYTEH IOKa3aTellb COACPIKaHUS COMATHYCCKHX KIIETOK B
Mooke. [Tpr 3TOM CTpyKTYpHAS OIS JAHHOTO ITOKa3aTells 0 CTPaHaM MOXKET COCTaBILATh 10 15%. OMmedaeTcs, 4To
BIIEPBEIC TOKA3aTelh KOJMYECTBA COMATHYECKUX KJIETOK B MoJoke Obul BKmtoueH B pacuer UIIL B 1996 romy B
TaKWX CTpaHax, Kak ['epmanus u M3panis.

YcranosneHo, uto B Uspauie dopmyna pacuera UIILL (PD — Predicated difference) Boirnisigena ciemyromnm
obpazom:

IPD% = —0,274 xyno#, kr + 6,41 x xup,kr + 34,85 x 6estok, kr - 300 x KCK,

rie PDgs — m3pannbckuit UL 1996 rona xopos roimtuHckoi noposl; KCK — xonndecTBo coMaTHUECKUX KIETOK
B OJTHOM MHIJUIMIIUTPE MOJIOKA.

B T'epmaHuy oOlLieHKa IUIEMEHHOM IIEHHOCTH KOPOB IO COAEPYKAHUIO COMAaTHYECKHUX KIETOK B MOJIOKE OCYy-
mectBisercs ¢ 1996 roma. [lepen pacueToM HEMOCPEICTBEHHO MHIECKCOB JJISl JOCTHKEHHS] HOPMAJIBHOTO pacmpe-
JIEJICHUS] 3HAYCHHWH pPEe3yNbTaTOB aHalk3a MOJOKa MO KOJNMYECTBY COMATHUECKUX KJIICTOK TONYyYCHHBIC JTaHHBIC
MTOJIBEPTArOT JOTapuPpMHICCKON TpaHCHOopMAaITH.

B cooTBeTcTBHE ¢ MEXIYHAPOJHBIMU CTaHIAAPTAMH JUISL JOTapUPMHUYCCKON TpaHCPOPMALMU JaHHBIX ObLIa
BBIOpaHa Tak Ha3biBaeMas Iukana Linear Somatic CellScore (SCS), dopmyna:

5CS = log, (Zellzahl / 100000) + 3,

rae SCS — nokasaTesnb OLEHKH YHCIa COMaTHYeCKHX KieTok; Zellzahl — KoHUIEHTpanus coMaTnuecKux KIETOK B
1 M mostoka; log, — morapugm 1Mo OCHOBAHHIO 2.

ITo pe3ynpTaTaM HcClIeOBAaHUNA NPHUBEICHBI IPUMEp Tpac(hopMaIiii KOJIHMIecTBa COMaTHIECKUX KIeToK B SCS
10 TePMAHCKOM TIKaJe OIeHKH OT 1 710 9 Gaos.

Hcxons w3 pe3yiabTaTOB MPOBENEHHBIX HCCICIOBAHUM, CUMTa€M IEJIECOOOpPa3HBIM MPEIUIOKHUTh IS
ncnons3oBanus B Kazaxcrane cinenyromue GpopMyIisl pacdeTa HHASKCA IUIEMEHHON IIEHHOCTH IO 3/I0POBBIO BEIMEHU!

Cp = [(log Cic — log Cm) [ <2,

rac: Cp — abCoJIIOTHAsT TeHEeTHYEeCcKast pa3Hulla MoKa3arejsd Mo COMAaTHUYCCKUM KIICTKaM OHCHHBaCMOﬁ KOpPOBBI OT
CPCAHECTATUCTUYCCKOIO 3HAYCHUA 10 HNOIIYJISAINU, IOgCK — J'IOI'apI/I(bM KOHIICHTpaluh COMAaTU4YCCKUX KIICTOK
OHGHHBaeMOﬁ KOPOBBI; IOgCH — CpCAHECTATUCTUYCCKOC 3HAYCHUC J'IOFapI/I(i)MOB KOHICHTpau COMAaTUYCCKUX
KJICTOK I1O MOITYJIAIAN; h2 — KO3(1)(1)I/IIII/I€HT HacJIeAyeMOCTH COMAaTHYCCKUX KIICTOK, paBHbIﬁ 0, 1.
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|14c=\%3|-100,

rae Mc — OTHOCHTENBbHBIH HHIEGKC 310pOBbS BbIMEHH; CII — CpeIHECTATUCTHYECKOE 3HAUCHUE JIOrapH(pMOB
KOHIIGHTPAIlUd COMATHYECKHX KJISTOK 1o nomyasnud; Cp — abcomroTHas reHeTHdeckas pasHUIa Jorapupma
KOHIIGHTPAIIMH COMAaTHYECKUX KIETOK OLICHHBAEMOI KOPOBBI OT CPEIHECTATUCTUYECKOrO 3HAYCHHS 110 IOITYJISALHH,
moJry4eHHas 1mo gopmye 15.

CraTucTHYECKass MOJEINb OLCHKH IUIEMEHHOH LIEHHOCTH >KUBOTHBIX IO 3KCTEPhEpy BBIPAXKaeTCs CIeIyIOIIei

dopmyioii (9).
Yijklmnopqr =m-+ BJ| + JSJ + Knk + Ak| + Abm + Ekan + Betro + BJp+ Tierp + eijk|mn0pqr (9),

rae, Y — 3HaueHHE OIIEHKW Npu3HakKa Y; M — cpelHee M0 BCEM JKMBOTHBIM JUIS JAaHHOTO Npu3Haka; BJ; — moc-
TOSIHHBIN 3 dexT OoHnTep-KIaccuduxaTop*roa orneHku; JS; — nocrosHHbIH 3bdexT cezoHa roga; Kny — mocrosH-
HbIH 3¢ dekT cuera otena matepu; AK; — HOCTOSHHBIN dPDEKT MIUTENFHOCTH MEXOTEeIbHOrO nepuoaa; Aby, — moc-
TOSHHBIN 3 (EKT ATUTETBHOCTH Meprona Mexnay moikamu;, EKa, — moctosHHBINA 3G ¢eKT Bo3pacta KOPOBBI MPH
nepBoM otene; Betr, — mocTosHHEIN 3QdeKT npeaAnpuATH UM pernoHa * crago * rom; BJ,— cmydaiinsni addekt
npexnpusaTus * rox; Tier, — caydaiiaere >QheKTs! HHANBUIYaTbHBIX XapaKTEPHUCTUK KHBOTHOTO; €jjkimnopgr — OLIOKA
BIIMSHUSA CITyqaiiHBIX 3 ()EeKTOB HEyUTEHHBIX (PaKTOPOB.

[Ipu pa3zpaboTKe METOIUKH MHICKCHON OLCHKH INIEMEHHOM LIEHHOCTH OBIKOB-IIPOU3BOIUTENEH OTEUECTBECHHBIX
MOpoA 1O KadecTBY moTomcTBa MeronoM BLUP menecooOpa3Ho B KadecTBe OCHOBBI HCIIOJIB30BATh IPHHIIHUIIBI
MEXIYHApPOAHBIX METOJMK, MPUMEHIEMBIX IJIsI OIIEHKH MOPOA, POJACTBCHHBIX OTEUECTBEHHBIM IopojaM. Tak, Io
COCTOSTHAIO HAa CETONHSMIHWN JEHb, OIS OLEHKH OTEYECTBCHHOTO TOJIIITHHCKOTO M YEPHO-TIECTPOTrO CKOTa
paLMOHAIBHO HCIIOJIb30BaHHUE MOJXOJ0B MEXKAYHAPOIHBIX METOAUK OIIEHKH TOJILITHHCKOI'O CKOTa, JJIS MajeBo-
MECTPBIX TOPOJ — EBPONEHCKUX METOIMK OIIEHKH CUMMEHTAIBCKOT'O CKOTA.

KiarwueBble c10Ba: MOJIOYHBIN CKOT, OBIKU-TIPOM3BOANTENH, OllcHKa, BLUP Meton, reHOTHII.
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