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In dairy cattle breeding, much attention is paid to indicators of the
milk quality and technological properties. These indicators are signifi-
cantly influenced by milk proteins. Therefore, the goal of our research
is to evaluate the effectiveness of creating dairy herds of domestic dairy
cattle breeds that are characterized by the desired beta- and kappa-casein
genotypes. To fulfill these tasks, the genotyping of cows of the Ukrainian
Brown dairy, Sumy intrabreed type of the Ukrainian Black-and-White
dairy, Simmental and Lebedyn breeds was carried out. The beta- and kap-
pa-casein gene polymorphism was determined in the genetic laboratory of
the Bogomoletz Institute of Physiology of the National Academy of Sci-
ences of Ukraine using real-time molecular biological analysis of allele
recognition by polymerase chain reaction (PCR).

As a result of the conducted studies, it is found that cattle of Lebedyn
and Ukrainian Brown dairy breeds have a higher frequency of the desired
kappa-casein BB genotype. As a result, they are also characterized by a
higher frequency of the B allele. More than 50 % of cattle of Simmental
breed have a heterozygous AB genotype. Cattle of the Sumy intrabreed
type of the Ukrainian Black-and-White dairy breed have a higher fre-
quency of the homozygous AA genotype and the A allele. Cattle of the
Ukrainian Brown dairy breed are characterized by the highest frequency
of the A2A2 genotype and the A2 allele of beta-casein. Cattle of the Sim-
mental breed, which are also characterized by the highest frequency of the
A1A2 heterozygous genotype, have a slightly lower frequency. Homo-
zygous A1Algenotype is more common in cattle of the Sumy intrabreed
type of the Ukrainian Black-and-White dairy breed.

Using the principles of the model for creating a herd with the desired
genotype, which is proposed by Mencarini IR et all, it is found that when
testing the entire breeding stock, inseminating it with semen of homozy-
gous stud bulls with the A2A2 genotype, random cow disposal at the level
of 22 %, it takes 9—10 years to create herds with the desired genotypes of
the Ukrainian Brown dairy, Simmental and Lebedyn breeds, respective-
ly. To reduce the period for creating herds, it is essential to increase the
percentage of cow disposal and simultaneously disposecattle with unde-
sirable genotypes.

Key words: genotype, casein, stud bull, breeding, allele.

Problem statement and analysis of recent
research. High-quality and technological indica-
tors of milk are given great attention in dairy cattle
breeding. The composition of milk proteins sig-
nificantly affects the physical and chemical prop-
erties of milk and, as a result, its technological
indicators.

In cheese manufacture, much attention is paid
to the quality of dairy raw materials, namely the
type of kappa-casein that is part of these raw ma-
terials. The kappa-casein gene polymorphism has
been studied for more than 40 years. To date, thir-
teen genetic variants of bovine kappa-casein have
been described. The most common genetic vari-
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ants are A and B [6]. It is found that the B allele is
associated with the production of milk that is most
suitable for cheese manufacture in terms of tech-
nological properties. This explains the fact that
cattle with the homozygous BB genotype have
better cheese making of milk [4, 5, 20].

Different breeds of cattle and the same breed
differ significantly in the frequency of kappa-ca-
sein genotypes and alleles. The Jersey cattle are
characterized by a high frequency of the B allele
(0.69) and BB genotype (0.45) [9, 13]. The Hol-
stein breed is characterized by significant differen-
tiation on this basis, depending on the country of
origin (breeding). The frequency of the desired B
allele, depending on the country of origin, was 41—
49 % (Serbia, Iraq) and 14-17 % (Poland, China).
Accordingly, the BB genotype was more common
in the Serbian population — 23 %, the least — in the
Canadian population (2.7 %) [1, 2, 8, 12, 15].

Recently, beta-casein polymorphism has at-
tracted great interest from both the scientific com-
munity and the dairy sector due to its impact on
milk quality. The two main subvariants of beta-ca-
sein (Al and A2) are encoded by the CSN2 gene.
It is found that the consumption of A1l variant, in
comparison with A2 variant, potentially negative-
ly affects human health after its digestion, but at
the same time its availability improves the techno-
logical properties of milk [7, 16, 18].

The researchers have concluded that the ami-
no acid content, fatty acid content, and milk color
may be affected by the CSN2 A1A1, A1A2, and
A2A2 genotypes. As a result of selective breeding
of genotypes with the desired qualities, milk and
dairy products can be improved [19].

The researchers state that the simplest process
for creating a herd of cattle with the A2A2 genotype
is to use bull semen with the A2A2 genotype by be-
ta-casein. However, the transformation function is
curved and asymptotic, and this strategy itself can-
not achieve herd purity. The conversion rate can be
significantly increased by genotyping calves and/
or cows. This is required for completing the con-
version process. The mating of heifers with semen
with the A2A2 genotype by beta-casein can have
a significant impact, especially in connection with
an increase in the level of cow disposal. Combin-
ing these strategies can lead to pure herds with the
A2A2 genotype within 5-8 years, depending on the
initial structure of the herd. The use of sexed semen
can further accelerate the conversion period [14].

The results of studies to estimate the frequency
of beta-casein variants in the offspring of pre-gen-
otyped cows inseminated with homozygous A2A2
semen indicate that the frequency of cattle with
the A2A2 genotype has almost doubled — from
37t0 69 % [17].
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Similar work may be carried out on the cre-
ation of dairy herds with the BB genotype by kap-
pa-casein.

The goal of the research is to evaluate the
prospect of creating dairy herds with the desired
genotypes by beta- and kappa-casein of domestic
dairy cattle breeds.

Material and methods of research. The ge-
notyping of cows of the Ukrainian Brown Dairy
breed (n=44), Sumy intra-breed type of the
Ukrainian Black-and-White Dairy breed (n=26),
Simmental (n=30), Lebedyn (n=59) breeds was
carried out.

The kappa-casein gene polymorphism was de-
termined in the genetic laboratory of the Bogomo-
letz Institute of Physiology of the National Academy
of Sciences of Ukraine using real-time molecular
biological analysis of allele recognition by poly-
merase chain reaction (PCR). Blood samples were
taken to the 2.7 ml Monovette (Sarstedt, Germany),
followed by freezing the samples and storing them
at -20°C. DNA for genotyping was obtained from
samples using the Monarch® New England BioLa-
bGenomic DNA Purification Kit (USA) in accor-
dance with the manufacturer’s protocol.

Allele frequencies were calculated taking into
account the number of homozygotes and hetero-
zygotes found for the corresponding allele using
the formula:

ZN1+NZ
P(A)= Zn
where N, and N, are the number of homozygotes and
heterozygotes for the allele under study, respectively;
n is the sample number.

In order to assess the statistical reliability of
the discrepancy between the distributions of the
obtained results, the Pearson criterion was used as
follows:

_ E(A-T)?
X —3
T

where: A is the actual number of genotypes;
T is the theoretical number of genotypes.

Theactual (available) heterozygosity was de-
termined by direct calculation using the formula:
N2

H=""

The expected heterozygosity was determined
by the formula:
2
H.=1- ; p;

where p, p,,....p,are allele frequencies.
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The research results were processed us-
ing mathematical statistics using the Statisti-
ca-6.1Package in the Windows PC environment.

Results and discussion. According to the fre-
quency of the desired genotype of BB kappa-ca-
sein, cattle of the Lebedyn and Ukrainian Brown
dairy breeds have an advantage. They also pre-
dominate among representatives of other breeds
in terms of the frequency of the B allele. The
Simmental breed has a higher frequency of het-
erozygous (AB) genotypes, in which it is almost
50 %. Cattle of the Sumy intrabreed type of the
Ukrainian Black-and-White Dairy breed have the
highest frequency of the homozygous AA geno-
type and Aallele. In all the studied breeds, except
Simmental, there is an advantage of the expected
heterozygosity over the actual one (Table 1).

Studying the beta-casein polymorphism, it is
found that the highest frequency of both the A2A2
genotype and the A2 allele is found in cattle of
the Ukrainian Brown Dairy breed. Half of them
have this genotype. Cattle of the Simmental breed
have a slightly lower frequency of the A2A2 ge-

notype (40 %). At the same time, cattle of this breed
have the highest frequency of heterozygous A1A2
genotype (57 %). Cattle of the Sumy intrabreed
type of the Ukrainian Black-and-White Dairy
breed have the highest frequency of homozygous
AlAltype (38 %). They are also characterized by
the advantage of the expected heterozygosity over
the actual one (Table 2).

The number of cattle with the desired homo-
zygous A2A2 genotype by beta-casein and BB
genotype by kappa-caseincan be increased by
selecting parent pairs. Complete penetrance, i.e.
100 % of the frequency and probability of pheno-
typic gene expression, can be achieved if:

3

A2A2 x A2A2 =100 % penetrance;
A2A2 x A1A2 =50-70 % penetrance;
ATA2x A2A2 = 50-70 % penetrance;
A2A2 x ATA1 =50-70 % penetrance;
ATA2 x ATA2 =25-50 % penetrance;
ATA1 x A1A2=25-50 % penetrance;
ATA2 xA1A1=25-50 % penetrance.

Table 1 — Frequency of alleles and genotypes by kappa-casein genelocus

C Genotypes, % Allele,pcs. 5
Distribution AA | AB BB A | B X
Ukrainian Brown Dairy
Actual 30 40 30
Theoretical 25 50 25 0,500 0,500 1,455
Ukrainian Black-and-White Dairy
Actual 58 27 15
Theoretical 51 41 8 0,712 0,288 3,079
Simmental
Actual 43 47 10
Theoretical 44 44 11 0,667 0,333 0,075
Lebedyn
Actual 15 36 49
Theoretical 11 44 45 0,328 0,672 2,014
Table 2 — Frequency of alleles and genotypes by beta-casein genelocus
o Genotypes, % Allele, pcs. 5
Distribution AIAl | AlA2 | A2A2 Al | A2 X
Ukrainian Brown Dairy
Actual 7 43 50
Theoretical 8 41 51 0,284 0,716 0,167
Ukrainian Black-and-White Dairy
Actual 38 35 27
Theoretical 31 49 20 0,558 0,442 2,314
Simmental
Actual 3 57 40
Theoretical 10 43 47 0,317 0,683 2,871
Lebedyn
Actual 19 51 30
Theoretical 20 49 31 0,447 0,553 0,048
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An individual approach to the issues of se-
lection, control of the processes of gene transfer
from parents to offspring using DNA diagnostics
methods will make it possible to replenish herds
with carriers of the A2 or B gene in a relatively
short time [10, 11].Taking into account the initial
frequency of genotypes and alleles of the studied
casein fractions in the studied breeds, using the
principles of the herd creation model with the de-
sired genotype [14], it is found that when using
bull semen with the BB or A2A2 genotype on a
number of cows and heifers without testing them,
random cow disposal at the level of 22 % to cre-
ate herds with the desired genotypes takes more
than 15 years. Similar results will be obtained
when using cow testing. It is possible to reduce
the time required to create a herd by using gen-
otype testing of heifers or cows and heifers. The
best indicators regarding the timing of herd cre-
ation can be obtained by testing cows and heifers
in combination with the use of sexed semen of
stud bulls with the A2A2, BB genotypes. At the
same time, over a 10-year period, such a herd can
be created using genetic testing of heifers. In the
case of using genetic testing of cows and heifers,
such a herd can be created in nine years. Thus,

in 9 years it is possible to create a herd of cattle
of the Lebedyn breed with the BB genotype by
kappa-casein and cattle of the Ukrainian Brown
dairy and Simmental breeds with the A2A2 gen-
otype by beta-casein. More time is needed to cre-
ate similar herds of cattle of other studied breeds
(Table 3).

It should be note that it is possible to reduce
the time required to create such herds by increas-
ing the percentage of accidental cow disposal and
disposal of cattle with undesirable genotypes.

Conclusion. Results of the conducted studies
indicate prospects for creating dairy herds with
cattle of the desired genotypes by kappa-casein
(BB) and beta-casein (A2A2). Given that the fre-
quency of desired genotypes is higher in cattle of
the Lebedyn and Ukrainian Brown Dairy breeds,
this work is more promising with these breeds. In
9 years, the breeders can create a herd of cattle of
the Lebedyn breed with the BB genotype by kap-
pa-casein and cattle of the Ukrainian Brown Dairy
and Simmental breeds with the A2A2 genotype by
beta-casein. To reduce the time frame for creating
herds, it is essential to increase the percentage of
cow disposal and simultaneously dispose cattle
with undesirable genotypes.

Table 3 — Analysis of mechanisms for creating herds with the desired genotype

Genotype fractionin 10 years . .
in thI:le of the mainhgrd Requl.red time, years
Optionsforcarryingoutthework CSN2 CSN3 for creating a herd of cows
with a genotype
CSN2
A2A2 BB (A2A2) CSN3 (BB)
Ukrainian Brown Dairy
Lack of testing of cows and calves 0,78 0,66 >15 >15
Genetictestingofcows 0.85 0,71 >15 >15
Genetictestingofcalves 1,00 0,99 10 12
Genet@c testing og COWS an(cii callves A 1,00 1,00 9 10
Genetic testing of cows and calves and the
use of sexed semen (A2A2) or (BB) 1,00 1,00 9 10
Ukrainian Black-and-White Dairy
Lack of testing of cows and calves 0,66 0,54 >15 >15
Genetic testingofcows 0,71 0,57 >15 >15
Genetic testingofcalves 0,99 0.93 12 14
Genetjc testing olg COWS an(cli callves R 1,00 0,95 10 11
Genetic testing of cows and calves and the
use of sexed semen (A2A2) or (BB) 1,00 1,00 10 10
Simmental
Lack of testing of cows and calves 0,78 0,54 >15 >15
Genetic testingofcows 0,85 0,57 >15 >15
Genetic testingofcalves 1,00 0,93 10 14
Genetic testing of cows and calves 1,00 0,95 9 11
Genetic testing of cows and calves and the
use of sexed semen (A2A2) or (BB) 1,00 1,00 9 10
Lebedyn
Lack of testing of cows and calves 0,71 0,78 >15 >15
Genetic testingofcows 0,99 0,85 >15 >15
Genetic testingofcalves 1,00 1,00 12 10
genet@c testin,q 0§ COWS an((ii callves R 1,00 1,00 10 9
enetic testing of cows and calves and the
use of sexed semen (A2A2) or (BB) 1,00 1,00 10 ?
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OcobauBocTti ¢opmyBaHHsi cTaa 3a 0era- Ta
Kana-Ka3eiHoM MOJIOYHOI XyAo0H pi3HHMX mopix

Jaguka B. 1., IlaBirenko FO.M., CkasipeH-
ko 0.1

Y MOJIOYHOMY CKOTapCTBi BEJHKY yBary IpHAiIs-
I0Th MMOKAa3HUKAM SIKOCTI Ta TEXHOJOTIYHOCTI MOJIOKA.
Ha ui noxa3sHHUKM iCTOTHUI BIUJIMB MarOTh OLJIKH MOJIO-
ka. ToMy MeTOI0 IIUX JOCHTIPKEHb € OILliHKa e(eKTHB-
HOCTI CTBOPEHHSI MOJIOYHUX CTaJ BITYMU3HSIHUX TOPIJ
MOJIOYHOT XyHOOH, SIKi XapaKTepU3YIOThCSI Oa’kaHIMH
TEHOTHIAMU 3a OeTa- Ta Kara-Ka3eiHoM. J{J11 BUKOHAH-
HS TIOCTABJICHUX 3aBJaHb MPOBEICHO T'€HOTUITYBaHHS
KOpIiB yKpaiHChbKOi Oypoi MOJIOYHOI, CyMCBKOTO BHY-
TPILIHBOIIOPOHOTO THITY YKPaiHCHKOi 4YOPHO-pS00i
MOJIOYHOI, CHMEHTAIIbChKOI Ta IJICOCAMHCHKOI MOPi.
BusnaueHnHs momimMopdisMy TeHy Kama-OeTa-Ka3eiHy
MIPOBOIIIIN B T€HETHUHIiH maboparopii [HetuTyTy i-
3ioorii iM. Boromonsis HAH 3a mormomMororo moire-
KYJISIPHO-010JIOT1YHOTO aHaji3y pO3Ii3HaBaHHS aleliB
METOJIOM ToJiMepasHoi JaHiroroBoi peakuii (ITJIP) y
peasbHOMYy Yaci.

V pesyabrari IPOBEJCHUX AOCIIHKCHb BCTAHOBIIE-
HO, III0 TBapHUHH JIeOSTMHCHKOI Ta YKpaiHChKOi Oypoi Mo-
JIOYHOT TIOPiJ] MAFOTh BHII 3HAYSHHS YaCTOTH 0aKaHOTO
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resorurry BB kama-kxaseiny. Sk Hacmimox, s HUX Xa-
pakTepHa i Bumia yactota anens B. [Tonan 50 % TBapun
CUMEHTAJIbCHKOI IOPOAY MAaKOTh I'€TEPO3UTOTHUI I'€HO-
tun AB. Bijblry 4acToTy roMO3UTOTHOTO TreHOTHITy AA
Ta ajens A MaroTh TBAPHHH CYMCBKOTO BHYTPIIIHBOIIO-
POIHOTO THUITY YKPaiHCHKOi YOPHO-PsI001 MOJIOYHOI ITT0-
pomu. [l TBapuH yKpaiHCBKOI Oypoi MOJIOYHOI OpO-
JIM XapakTepHa Haioinbia yacrora reHotuny A2A2 Ta
anenst A2 Oera-kaseiHy. Jlelo HIKYY 4acTOTy MaroTh
TBapUHU CUMEHTAJIbCHKOI MOPOJHY, VI IKUX TaKOXK Xa-
pakTepHa HaAMOUIBbIIA YacTOTa IeTepO3UTOTHOTO T'€HO-
tuy A1A2. TomosurotHmid reHoTnn AlAl wacrimie
3yCTpidaeThCs Y TBAPHH CYMCHKOTO BHYTPIITHBOIIOPO-
HOTO THUITYy YKPaiHCbKOi YOPHO-PsI001 MOIOYHOT TOPOIH.

Copyright: Ladyka V., Pavlenko Yu., Skliarenko Yu. © This is an open-
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Attribution License, which permits unrestricted use, distribution, and E

BUKOpPUCTOBYIOUM TPUHIWITN MOJAETI CTBOPEHHS
cTajga 3 Oa)yKaHUM TEHOTHUIIOM, SIKYy 3allpONOHOBAHO
Mencarini [Retall, BcTaHOBJIEHO, 1110 TPH TECTYBaHHI
BCHOTO MAaTOYHOT'O IOTOJIB’sI, OCIMEHIHHS HOro crep-
MOIO TOMO3WIOTHHUX ILTITHHKIB 3 TeHOTHIIOM A2A?2,
BUIIaJJKOBOMY BHOpaKyBaHHI KOpiB Ha piBHI 22 % ms
CTBOPEHHS cTaj 3 0a)kaHUMH T€HOTUIAaMH YKPaiHCHKO1
Oypoi MOJIOYHOI, CHMEHTAIBCHKOI Ta JIeOEAUHCHKOI
opi, BiAmOBigHO HeoOXigHo 9—10 pokis. J{ist ckopo-
YEeHHSI CTPOKIB CTBOPEHHS CTaJ HEOOXiTHO 30LTBIINTH
BIZICOTOK BHOpaKyBaHHs KOpIiB Ta IapajeibHO BUOpa-
KOBYBATH TBapHH 3 HeOAKaHUMU T€HOTHUIIAMH.

KarouoBi caoBa: reHoTmn, KaselH, IUIIIHHK,
CEJIEKILis, alleIb.
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