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Ukrainian gray breed of cattle is one of the oldest resident breeds of cattle in Ukraine. Ad-
vances of modern molecular genetics make it possible to identify genes that control economi-
cally useful features, including milk productivity. One of the genes in milk proteins is beta-
casein (CSN2), which has a direct effect on the quality of milk, in particular on the synthesis of
p-casein in milk. The most common variants of S-casein in dairy breeds of cattle are A1 and
A2. Option CSN2*/causes serious abnormalities in the human body, namely a number of
pathological disorders of the intestine, coronary heart disease, diabetes, autism in case of
children. Analysis of scientific publications shows that the beta-casein gene (CSN2) has not
been studied in aboriginal breeds of cattle in Ukraine, which are carriers of specific gene
complexes and rarest alleles. We conducted molecular genetic studies of polymorphism at the
locus of the beta-casein gene in populations of aboriginal gray Ukrainian breed from the main
breeders of this breed in Ukraine.

Genomic DNA taken from the whole blood of 66 buffaloes was amplified using primers
that are based on the basis of sequence of gene CSN2 of cattle. Amplified fragment of CSN2
with the length 121 bp was treated with Ddel restriction enzyme. All three genotypes were
detected in the analyzed populations: homozygous CSN24%%2, CSN24land heterozygous
CSN242, The analysis of the results showed that the cows of the SE DG "Markeevo" are dom-
inated by carriers of the heterozygous genotype CSN2412 (94.2 %), the genotype CSN2422was
absent. The results of genotyping of SE Polyvanivka revealed that 20 % of animals are carriers
of the CSN2242 genotype, which give A2 beta-casein milk. The CSN242 genotype predominat-
ed in 53 % of cows. In general, the analyzed breed shows a fairly high level of the "desired"
allele A2 - 0.471 (SE EF «Markeyevo») and 0.465 (SE «Polyvanivka»), the splitting of which
does not produce g-casoformin 7 (BSM7).

Key words: Ukrainian gray breed, cows, PCR-RFLP, polymorphism, gene, A2-milk, allele,
genotype.

Cepas yKpaunckas nopooa KpynHozo po2amozo cKoma — 00HA U3 Cmapeuuux abopueen-
HBIX NOPOO KPYNHO2O pocamozo ckoma Yxpaumnvl. [Jocmudicenuss cogpemennoll MONeKYIAPHOL
2CeHemMuUKU no360JIA10m uaeHmuqbuuupoeamb 2€Hbl, KOHmMmpoaupymnouwue XO3AUCMBEEHHO-NOLE3HbIe
ceoz?cmea, 6 mom vucie MOJNO0YHYIO npobykmueﬂocmb. OOnum U3 2eH08 MONOUHBIX OenNKos
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saensemea dema-kaseur (CSN2), komopbiil okasvigaem npsamoe GlusHue Ha Ka4ecmeo MOI0Kd,
6 wacmnocmu, na cunmes f-kaseuna 6 monoke. Haubonee pacnpocmpanennvimu sapuanmamu
f-Kazeuna y MOIOUHBIX NOPOO KPYNHO20 pocamozo ckoma aeisiomces Al u A2. Bapuanm
CSN2A1 gvi3visaem cepbestvie OMKIOHEHUsA 8 Op2AHU3ME Yen08eKd, d UMEHHO PO Namono2u-
YecKuX Hapyuwlenutl KUWeYHUKA, uuemMudeckyro 6onesnb cepoya, ouabem, aymusm y Oemeil.
Ananuz nayunelx nybauxayuil nokasvigaem, umo een 6ema-xkazeuna (CSN2) me usyuanca y
abopuzeHHbIX NOPOO KPYNHO20 PO2AMO20 CKOMA 6 YKpauHe, KOmMopuie A61sS0Mcs HOCUMeisamu
cneyuguueckux 2eHHbIX KOMNIEKCo8 u Haubonee pedkux annenei. Hamu nposedenvi monexy-
JIAPHO-2eHemuyeckue UCcile008anUs NOMUMOPPUIMA 8 TOKYCce 2eHa bema-Ka3euna 8 nonyJiayu-
AX AOOpuUceHHoU cepoll YKPAUHCKOU NOpoObl OM OCHOBHLIX PEnpOOyKmMOopo8 3Mmotl Nopoosl &
Ykpaune.

Tenomnasn JTHK, e3amas uz yenvHou kposu 66 6y1i60106, ObLia amMnIUGUYUpOSana ¢ uc-
NOb306aAHUEM NPATMEPOS, OCHOBAHHBIX Ha nociedosamenvrocmu cena CSN2 kpynrnozo poza-
moeo ckoma. Amnmupuyuposannsiii ppaemenm CSN2 onunou 121 n.n. obpabamviéanru pe-
cmpuxmasoti Ddel. B ananusupyemvix nonyiayusx eviaeienst 6ce mpu eenomuna: CSN2442,
2omozucommoiti CSN241 y 2emeposucommviii. CSN24'42. Ananus pesyrmamos noxasan, umo
cpeou ropos I'Tl DX «Mapkeeso» npeobradaiom Hocumenu 2emepo3ucommo2o 2eHOmund
CSN2442 (94,2 %), zenomun CSN24*42 omcymemeosan. Ilo pesyiomamam 2enomunuposanus
I'll «llonusanosxkay ycmanosneno, umo 20 % Jicusomuuix A6IAI0MCA HOCUMENAMU 2eHOMUNA
CSN2442 xomopuie datom monoxo ¢ bema-xazeurom A2. Tenomun CSN24'? npeotnadan y
53 % wopos. B yenom ananusupyemas nopooa noxazviéaenm OOCMAMOYHO BbICOKUL YPOBEHb
«orcenaemocor amnensi A2 — 0,471 (I'll DX «Mapreeso») u 0,465 (I'Tl «Ilonusanoska»), npu
pacujenienuu komopozo He obpasyemcs f-xazopopmun 7 (bCM7).

Knrouesvie cnosa: ykpaunckas cepas nopooa, xopogut, IILP-II/[P®, nonumopghusm, en,
A2-monoko, annens, cenomun.

Introduction.

Ukrainian gray breed of cattle is one of the oldest resident breeds of cat-
tle in Ukraine characterized by extremely valuable economic and biological
qualities: high resistance to diseases and extreme environmental factors,
unpretentious to the keeping and feeding conditions, strength of the consti-
tution, the long term of productive use, high fat and protein content in milk,
high fattening and meat signs, high meat quality. This is a natural domestic
gene pool object that is on the edge of extinction, which has been assigned
the status of the first category of protection (Pic.1).

113



Pic.1. Ukrainian gray breed of cattle

Breed preservation is impossible without integrated systems of inspec-
tion, estimation and forecast of changes in the state of the genetic structure
of the populations. The greatest attention deserves the genetic variability,
which is ensured by the diversity of genes associated with the formation of
economic-useful features.

Advances of modern molecular genetics make it possible to identify
genes that control economically useful features, including milk productivity.
One of the potential markers of milk productivity are milk protein genes:
kappa-casein gene (CSN3), beta-lactoglobulin gene (BLG), beta-casein
(CSN2). Analysis of scientific publications shows that the beta-casein gene
(CSN2) has not been studied in aboriginal breeds of cattle in Ukraine, which
are carriers of specific gene complexes and rarest alleles [1, 2].

Milk proteins casein are the predominant components of milk of cattle.
Their part in the total amount of milk proteins is over 75 %. In fresh milk,
casein is associated with calcium and is represented by a micellar form,
which is destroyed during milk processing. There are four types of casein:
aS1, aS2, p and k. Their coding genes are located on chromosome 6 and are
grouped into a CN cluster [3].

The CSN2 gene is responsible for the synthesis of B-casein in milk,
made up of 209 amino acids and accounting for 25-35 % of total milk pro-
tein [4, 5, 6, 7]. CSN2 has 13 genetic variants: Al, A2, A3, B, C, D, E, F,
H1, H2, I, G, A4, which differ by structures. The most common variants of
[-casein among dairy breeds of cattle are A1 and A2.
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It is believed that initially all domesticated cows produced milk that con-
tained only A2 B-casein. However, probably due to a point mutation, 5000-
10000 years ago in European herds Bos. Taurus codon of CAT, which en-
codes histin, was formed by changing the nucleotide base in the CST codon,
which encodes Proline, at the 67th position of B-casein [7, 8, 9]. Thus, Eu-
ropean cows have got one of the B-casein variants, variant A1 [10].

The high frequency of variant Al is usually found in purebred breeds or
crossed breeds of European origin [11]. The frequency of the CSN2! allele
in black-spotted cows is higher than in brown. Asian and African cattle do
not have Al beta-casein at all [12]. Animals of Holstein, Holstein-Friesian,
Jersey breeds usually produce A1-milk [13]. One of the reasons for the high
prevalence of the mutant Al allele among cattle breeds is high milk yield,
so all commercial cattle breeds are affected by the CSN24! mutation. The
main source of the mutant Al allele is carrier bulls, although cows are also
suppliers of the Al allele, but to a lesser extent [14, 15].

A2-milk is milk obtained from cows carrying the CSN2424? genotype B-
casein (beta-casein, CSN2). The CSN2 gene has two common alleles: Al
and A2, so any cow can have a beta-casein genotype: CSN24/4/ CSN24/42
and CSN24242 [16]. Protein Al is increasingly called the main cause of in-
tolerance to dairy products [17]. When the enzymes of the gastrointestinal
tract split milk containing Al p-casein (obtained from cows with genotypes
CSN244'and CSN24/42), the opioid peptide p-casomorphin 7 (BCM?7) is
formed in a much larger amount of milk than milk with A2 B-casein (from
cows CSN24%42)_ It is with the effect of BCM7 on the human body, various
chronic inflammatory reactions are associated: allergies, skin manifesta-
tions, mucin secretion [18]. A1 B-casein can also cause type 1 diabetes, cor-
onary heart disease and autism [19], while variant A2 lowers cholesterol
and reduces the risk of inflammatory reactions in the gut [20].

In the present study, the PCR-RFLP technique was used to detect the
genetic polymorphism of the CSN2 (beta-casein) gene which associated
with milk trait in populations of Ukrainian gray breed of cattle.

Materials and methods of research. There were analyzed blood sam-
ples (n = 173) from cows of gray Ukrainian breed from the farms of State
enterprise experimental farm «Markeyevo» «Institute of Animal steppe re-
gions named after M.F. lvanov» Askania Nova «National Science Selection
and Genetics center vivchars» (133 goals) and State enterprise experimental
farm «Polyvanivka» Institute of Agriculture steppe zone Academy of Agri-
cultural Sciences Ukraine (40 heads). Molecular genetic research was con-
ducted on the basis of the laboratory of genetics of the Institute of Breeding
and Genetics of Animals named after M.V. Zubtsia of NAAS. Blood for
DNA isolation was taken from the jugular vein in a volume of 5 ml in vacu-
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um tubes with dry EDTA. Isolation of DNA from whole blood was per-
formed using a standard commercial set «kDNA-sorb-B» (manufactured by
AmpliSens, Russia).

The polymorphism of the CSN2 gene was investigated by PCR-RFLP
[21], using the method of Mc Lachlan (2006) [22]. The following primers
were used for amplification:

5- CCTTCTTTCCAGGATGAACTCCAG-3’;

5- GAGTACGAGGAGGGATGTTTTGTGGGAGGCTCT-3".

The PCR mixture consisted of: 2 pl of DNA polymerase buffer, 1 pl of a
mixture of three phosphates, 1 ul of the appropriate primer, 0.2 ul of DNA
polymerase (“Fermentas" Lithuania). Genomic DNA was added in an
amount of 2 pl. The total volume of the DNA mixture was adjusted with
H20 to 10 pl. Amplification of total DNA with primers was performed on a
programmed four-channel thermocycle «Tertsyk» according to the follow-
ing program: 95 °C, 5 minutes — 30 cycles: 95 °C for 10 seconds, 58 °C for
30 seconds, 72 °C for 30 seconds. The last step is 72 °C for 5 minutes. The
PCR reaction products were electrophoresed on 2 % agarose gel stained
with ethidium bromide to test the amplification success.

The 121 bp PCR product was treated with Ddel restriction enzyme ac-
cording to the scheme: H20 — 3.5 pl, enzyme buffer — 1.0 pl, restriction
enzyme — 0.5 ul and 10 ul of amplification per 15 pl of the working mix-
ture. The reaction mixture was incubated at 37 °C in thermostat. After re-
striction digestion, visualization of the results was performed by electropho-
retic distribution of DNA fragments in 3 % agarose gel with ethidium bro-
mide in 1xTBE buffer [23] at 180 V for 15 minutes, followed by detection
using a transilluminator TUV-1 in ultraviolet light 312 nm.

The size of the products obtained in PCR or as a result of restriction
were detected using molecular weight markers: O'GeneRuler Ultra Low
Range DNA Ladder, Ready-to-Use, «Thermo Scientific». Detection of the
results was performed by photographing the gels with a digital camera.

Statistical analysis was performed using the software package Statistica
6.0 and Exel (Microsoft Office 2007).

Research results. The amplification obtained by us was analyzed by re-
striction analysis. After the split of the obtained amplification by the appro-
priate restriction endonuclease, in the presence or absence of restriction
sites, the presence of two alleles Al and A2 and three genotypes were de-
tected: CSN24/47 — 121 bp, CSN24/4? — 121, 86 and 35 bp. and CSN24%42
genotype — 86 and 35 bp. Figure 1 shows an example of an electrophore-
gram obtained by determining the genotypes of animals at the studied locus.
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Fig.1. Electrophoretic analysis of restriction products in the determination of genotypes by
CSN2: M — molecular weight marker; the genotypes of the samples are shown in the photo

Analysis of the obtained results of allele frequencies and genotypes of
the beta-casein gene in cows of SE EF «Markeyevo» ITSR. M.F. lvanov
NAAS «Askania-Nova» — showed (Table 1) that among cows dominated by
carriers of the heterozygous genotype CSN24142 (94.2 %) and only 8 ani-
mals were homozygous for the Al allele (5.8 %).

Table 1. Frequency of alleles and genotypes by the locus of the beta-casein gene
amoung animals of the gray Ukrainian breed of cattle of SE RF « Markeyevo» (133 goals)

YacroTa anemniB
n I'enotun qaCTOT".l Ho He e Fis
TCHOTHIIIB Al A2
AlAl 0,058 -
133 | AlA2 0942 | 0529 | 0471 | 0942 | 0498 | 04 | 089
A2A2 -

Note: Ho— actual heterozygosity; He — expected heterozygosity; ¥ — criterion of con-
formity; Fis— wright fixation index.

The frequency of allele A1 was 0.529, allele A2 — 0.471. Animals with
the CSN24242 genotype were absent. As a result, the actual heterozygosity
(Ho = 0.942) significantly exceeded the expected (He = 0.498), which indi-
cates a shift in genetic equilibrium in the studied gene.

The results of genotyping of animals of SE «Polyvanivka» S| 1ZK
NAAS (table 2) found that among cows in the locus of beta-casein was
dominated by the following genotypes: CSN24142-5305, CSN2411-27 9%,
The fewest animals were carriers of the CSN24242 genotype (20 %), which
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give A2 beta-casein milk.

Table 2. Frequency of alleles and genotypes at the locus of the beta-casein gene in
animals of the gray Ukrainian breed of cattle SE «Polyvanivka» (40 heads)

Yacrora asnenisB
n TeHOTHII qaCTOT? Ho H. a Fis
TEHOTHIIIB Al A2
AlAl 0,270
40 AlA2 0,530 0,535 | 0,465 0,530 0,498 | 0,002 | -0,065
A2A2 0,20

Note: Ho - actual heterozygosity; He — expected heterozygosity; »? — criterion of con-
formity; Fis— wright fixation index.

Accordingly, allele frequencies were determined at the level of Al-
0.535 and A2-0.465. A small difference between the actual (Ho = 0.530) and
expected (He = 0.498) heterozygosity indicates a slight (Fis = -0.065) pre-
dominance of heterozygotes.

The results of the study of the beta-casein gene (CSN2) indicate a high
level of genetic diversity in the studied animals of the gray Ukrainian breed
of cattle. The predominance of the CSN24%allele (0.529 and 0.535) and the
CSN2412 genotype (0.942 and 0.530) was revealed. Respectively, the
CSN242 allele occurred with a frequency of 0.471 (SE «Markeevo») and
0.465 (SE «Polyvanivka»), and the desired CSN24242 genotype was found in
only 20% of SE «Polyvanivka» animals. The detected predominance of the
CSN241 allele is consistent with the results of the study of beta-casein poly-
morphism in animals of the aboriginal Bestuzh breed of cattle — the fre-
quency of the Al allele is 0.76. Similar data were found in the study of the
genetic structure of Simmental cows — allele Al (0.660) [24]. According to
the results of genotyping of Holstein cattle, the frequency of alleles Al and
A2 for the beta-casein gene (CSN2) was 0.819 and 0.181, respectively [25].

Among other studied breeds, the frequency of the desired CSN24%42 gen-
otype of B-casein was also low in populations of black-spotted cattle, in 6 of
8 populations this genotype is not found [26, 27]. In such meat breeds as
Hereford, Limousin, Simmental frequency of the desired genotype
CSN24242 — s also not high (2.6-3.3%) [28,29]. The highest frequency of the
desired CSN24? allele was found in the Jersey breed (0.219) [30] and the
Guernsey breed of cattle. These rare for Ukraine breeds of island origin have
the highest indicators in terms of CSN24?42 content [31].

Conclusion. For the first time, the polymorphism of three genotypes
formed by normal CSN24? and mutant CSN24/alleles of the beta-casein gene
was studied using PCR-RFLP. The frequency of genotypes and alleles in
the locus of beta-casein in the studied cows of aboriginal gray Ukrainian
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breed from the main breeders of this breed in Ukraine was determined.

A large genetic discrepancy was established for the beta-casein gene
(CSN2) in the studied populations of the gray Ukrainian breed of cattle,
which indicates a different system of selection measures of SE EF
«Markeyevo» ITSR. M.F. Ivanova NAAS «Askania-Nova» — NNSGTsV
and SE «Polyvanivka» SI IZK NAAS. In general, the studied breed shows a
fairly high level of the «desired» allele A2 — 0.471 (SE « Markeyevo») and
0.465 (SE «Polivanivka»), the split of which does not produce p-casoformin
7 (BSMT).
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