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Abstract: Buffalo breeding in Ukraine is an ancient traditional branch of animal husbandry of the Crimean Tatars and
Rusyns of Transcarpathia. Basically, "Ukrainian" buffaloes belong to the river buffalo (Bubalus bubalis) and are bred for dairy and
meat production. Polymorphism of genes associated with dairy productivity will allow breeding buffaloes taking into account the
“desired” genotypes in relation to economically useful traits. The paper dwells on studying allelic polymorphisms of beta-casein
(B-CN), kappa-casein (CSN3) and beta-lactoglobulin (B-LG) genes in population of water buffaloes bred in Ukraine using PCR
followed by restriction hydrolysis of the formed fragments (PCR-RFLP). Results of study of the “Ukrainian” population of water
buffaloes are discussed, namely: the frequency of genotypes and alleles at the loci of beta-casein, kappa-casein and beta-lactoglob-
ulin genes. Amplified fragment $-CN with the length of 121 bp was digested with Ddel restriction enzyme. A feature of the allelic
spectrum of the beta-casein gene (B-CN) in the studied population was absence of Al allele. All animals carried the B-CN***
genotype of beta-casein gene, respectively, B-CN™ allele frequency was 1.0. For the CSN3 gene, an amplified fragment in 273 bp
was digested with HinfT restriction enzyme. A 100% predominance of animals with the most preferred homozygous CSN3** gen-
otype was revealed. During the B-LG gene study process, an amplified fragment with a size of 247 bp was digested with Haelll.
It has been determined that the most frequent was allele BLGA and genotype PLGAA of beta-lactoglobulin gene (0.96 and 0.92,
respectively). Heterozygous B-LG*® genotype is present in 8 % of buffaloes. The research results are of interest in the field of
molecular genetic analysis of the buffalo genome, which are the source of specific properties. The data obtained can be useful for
preserving and increasing the genetic diversity of the “Ukrainian” population of water buffaloes, as well as for obtaining valuable
products from buffaloes. Acknowledgments. This research was performed with supported of the program 31.01.00.03. F "Genetic
assessment of animal reference populations for SNP-polymorphism of different DNA loci", SR No. 0121U109254.
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H.b. MoxHaueBa

Hnemumym paszeedenus u eenemuru dcusomuvix umenu M. B. 3ybya HayuonanbHotl akademuu acpapHulx HaAyK
¢. Yybunckoe, bopucnonvckuil paiion, Kuesckas obiacms, Ykpauna

TEHOTUINIHPOBAHUE «Y KPAUHCKHMX» BOJHBIX BY1BOJIOB IO TEHAM B-CN (A2 — MOJIOKO),
CSN3 V1 BLG

AnnHoTtanus: B YkpawHe pa3BeneHue OyifBOJIOB SBISIETCS APEBHEH TPaIUIIMOHHON OTPACIBIO )KUBOTHOBOJICTBA KPHIMCKHX
TaTap U PyCHHOB 3aKapmaThbs. B OCHOBHOM «yKpaWHCKHE» OyHBOJIBI OTHOCATCS K peuHomy OyiiBony (Bubalus bubalis) n pas-
BOZATCS [UISL MOJIOUHOTO M MSCHOTO Croco0a Mpou3BOACTBa. [omMMop(u3M IeHOB, aCCOLMMPOBAHHBIX C MOJIOYHOH TPOIYK-
THUBHOCTBIO, TI03BOJIUT BECTU CEJIEKIUIO OYHBOJIOB C yUETOM <GKEIaHHBIX)» FCHOTHIIOB B OTHOIICHUH XO3SICTBEHHO ITOJIE3HBIX
IPU3HAKOB. B cTaThe mccienoBaHbl anienbHble TOIMMOp(U3MEL TeHoB OeTa-kazenHa (3-CN), kanma-kazenHa (CSN3) n Gera-
nakTornoOynuHa (B-LG) B mOMynsLuu BOTHBIX OyHBOJIOB, KOTOpbIE pa3BoOAATCA B YKpauHe, ¢ momouibio [P ¢ mocnenyrommm
PECTPUKIIMOHHBIM Tuaponn3oM obpasyromuxcs Gpparmentos (ITLIP-TIAP®). O6cyxaeHb! pe3yabTaThl HCCICHA0BAHUS KyKpParH-
CKO¥» IOMYJISIIAN BOAHBIX OyHBOJIOB, @ IMEHHO: YaCTOTa T€HOTHUIIOB U aJUIeNIeH B JIOKycaX FeHOB OeTa-Ka3eHHa, Kallna-Ka3enHa
n OeTa-maKToro0yHa. AMIUTHUIIpoBaHHEIN GparMenT B-CN mauHoit 121 1.H. pa3pe3aiy ¢ MOMOMIBI0 pepMEeHTa PECTPHK-
uun Ddel. XapakTepHas 0COOEHHOCTH aJUIENBHOTO CIEKTpa reHa Oera-kasenHa (-CN) B n3ydeHHOW MOMYJISIUH BBIPAa3HUIach
orcyTtcteueM anens Al. Bee xuBotHble Hecnu renotun B-CN*** rena Gera-kasenna, cooTBeTcTBeHHO aiens B-CN™ Berpe-
gancs ¢ gacroroit 1,0. st rera CSN3 ammmndunnpoBaHHbIi GpparMent pazmepom 273 m.H. o6pabaTtsiBanu pecTpuxtasoit Hinfl.
Brissiero 100%-Hoe Tpeo6iagaHie KHBOTHBIX ¢ HAHG0JIee MPEATOYTHTENEHBIM TOMOSHTOTHEIM reroTurioM CSN3%. B mpo-
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necce uccienoBanus reHa B-LG aMmmnUIIpoBaHHBIN (parMeHT pa3mepom 247 1.H. pacmemsics Haelll. YCTaHOBICHO, 4TO
HauGoree 4acTo BeTpedauch amiens B-LG* u renorun B-LG* rena 6era-nakrornobynuna (0,96 u 0,92 coorBercTBeHHO). I'e-
Teposurousiii B-LG**-renorun npucytcTyeT y 8 % OyiBonOB. PesyssTaThl HCCIE0BaHMil TIPEJICTABIAIOT HHTEPEC B 00J1aCTH
MOJIEKYJISIPHO-TE€HETHYECKOr0 aHaJIM3a FeHOMa Oy BOJIOB, KOTOPBIE SIBJISIFOTCSI HICTOUHUKOM CrielinpuIecKux cBoicTB. [TomyyeH-
HBIE JaHHbIE MOTYT OBITH MOJE3HBIMHU AJISI COXPAHEHHS M YBEIHUEHUS] TEHETHUECKOTO PAa3HOOOpas3us «yKPamHCKOI» MOILyIis-
LMY BOAHBIX OYHBOJIOB, a TaKXKe C HEIBIO TOMyUYeHHs OT OyHBOJIOB LIeHHOH nponykiun. biaarogapuoctu. Pabora BrImonHEHA
B paMKax Iporpammsl « eHeTnka, COXpaHEeHHUs 1 BOCIIPOM3BOACTBA OHOPECYPCOB B )KUBOTHOBOACTBE» Ha 20212025 roasl, noj-
nporpamma «['eHeTHYeckasi OLeHKa KUBOTHBIX peepeHTHBIX nomyisiiuid 3a SNP-nonmumopdusmom passeix sokycos JJHK»,
I'P Ne0121U109254.

KuroueBble cj10Ba: KPYIHBIN POTATHI CKOT, BOASHOM OyiBOJ, A2-MOJIOKO, TEHETHYECKHE MapKephl MPOAYKTUBHOCTH,
T'eH, TeHOTHII, 0eTa-Ka3enH, Kanmna-ka3enH, oera-nakroriaooynus, JJHK-momumopdusm, [TLP-I1/IP®, reroTutinposanue, ai-
JIeJ1b, MOJIOUHAs IIPOyKTUBHOCTb

Jas uutupoBanusi: MoxnaueBa H.B. T'eHoTHIIpOBaHHE «yKpPAaHMHCKHX» BOIHBIX OyiiBoJoOB Mo reHam [-CN (A2 —
monoko), CSN3 u BLG / H.b. Moxnauea // Bec. Han. akan. HaByk bemapyci. Cep. arpap. HaByk. = 2021. — T. 59, Ne3. —
C. 361-365. https://doi.org/10.29235/1817-7204-2021-59-3-361-365

Introduction. Buffaloes are a group of closely related genera of ruminant mammals of the Bovids (Bo-
vidae) family of the artiodactyls (4rtiodactyla) type, sometimes combined into one genera Bubalus. Never-
theless, now it is more often common to refer it only to one species - the ‘Asian, or Indian, buffalo (B. bub-
alus), and distinguishe the others in genera Anoa and Syncerus. Domesticated forms of buffaloes belong to
the Asian. Recently, more attention has been paid to these animals abroad. This is especially noticeable in
countries such as India, Egypt and Italy [1]. In Ukraine, there is an environmental initiative ‘“Preservation
of agro-biodiversity of the Carpathian Mountains”, aimed at restoring the population of Carpathian buftalo.

In Ukraine, buffalo breeding is an ancient traditional livestock industry of the Crimean Tatars and
Ruthenians of Transcarpathia. Basically, “Ukrainian” buffaloes belong to the river buffalo and are bred
for dairy and meat production.

Dairy productivity of buffaloes, in comparison with cows, is small - up to 2500 liters. However, it
should be noted that the benefits of buffalo milk determined by its composition, which is almost identical to
female. Buffalo milk has a more viscous consistency than cow’s milk and can be beige or white. This drink
has no smell and also has a pleasant taste. The fat content of buffalo milk is 7.6 %, protein 4.3-5.1 %, and
carbohydrates about 5 %. This product is very popular in Egypt, Georgia, the Caucasus and Armenia [1, 2].

The B-casein composition of milk and dairy products is an important economic feature of dairy
animals. The loci of milk protein genes have a direct impact on the quality of milk and the level of milk
productivity. B-casein is the second most common cow’s milk protein. The cattle B-casein (3-CN) gene
is mapped on chromosome 6 and has 12 different genetic variants. Genetic variants Al, A2, A3 and
B were found in populations of Bos taurus and B. Indicus. The best known are Al and A2 - genetic vari-
ants. Histidine which is contained.in Al-milk has a weak bond, which is easily broken down with the
release of the bioactive peptide B-casomorphin 7. Whereas the proline contained in milk A2 has a strong
bond and is not destroyed during digestion. According to the literature, Al-milk is associated with type
1 diabetes, coronary heart disease, atherosclerosis and sudden infant death syndrome [3-9].

Kappa-casein (CSN3) is a polymorphic gene of cattle that is found in water buffaloes on chromosome
7 and exists in several allelic variants. The most common are alleles A and B, which differ in the replacement
of two amino acids at positions 136 (Thr — Ile) threonine is replaced by isoleucine, and 148 (4Asp — Ala)
aspartic acid by alanine. Polymorphism of the kappa-casein gene is associated with the protein content in
milk, its coagulation, the amount and yield of protein milk products, in particular the suitability [10-13].

Also the main whey protein - beta-lactoglobulin (BLG) is important for the desired composition of
milk, its biological value and physicochemical properties. The BLG gene is located on chromosome 12
of buffalo and has two of the most common allelic variants, A and B. Allele B of this gene is associated
with a high content of protein fraction of casein and fat in milk, and allele A is associated with a high
content of whey proteins [14,15].

The value of milk proteins for the food industry has necessitated their comprehensive study. Thus,
the aim of this study was to identify polymorphisms of beta-casein, kappa-casein and beta-casein genes
in the “Ukrainian” population of water buffalo.

Materials and methods of research. The study was performed on venous blood samples from buf-
faloes in a total of 66 from LLC “TASBIO” Kozelets district of Chernihiv region in 2020. The company
specializes in breeding buffaloes and making food from buffalo milk.
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Isolation of genomic DNA was performed from Table 1. Restriction enzymes and genotypes
whole blood using a commercial set of “DNA-sorb : _
B” produced by “AmpliSense” (Russia). Gene poly- | cene |fied tag|  sion Genotypes and restiction | o
morphism was detected using PCR-RFLP analysis ment, bp | enzyme emen e
method. Nucleotide sequences of primers for am- |B-CN| 121 |Ddel |4142 |121,86,35 McLach-
plification: B-CN (5- CCT TCT TTC CAG GAT AlAl | 121 ﬁgi 006
GAA CTC CAG - 3" ; 5" - GAG TAC GAG GAG A242 | 86,35
GGA TGT TTT GTG GGA GGC TCT - 3%), CSN3  |CSN3 | 273 |Hifl |AB | 224, 133, 91, 49|S. Pinger,
(5" - GAA ATC CCT ACC ATC AAT ACC — 3 A4 | 133,91, 49 1991 [17]
5 -CCATCT ACC TAG TTT AGA TG - 3°), BLG BB (224, 49
(5‘ - TGT GCT GGA CAC CGA CTA CAA AAA BLG 247 |Haelll |AB 148, 99,74 J. Medra-
G -3 5 - GCT CCC GGT ATA TGA CCA CCC AA | 147, 99 ?%]1990
TCT — 3%). The names of restriction enzymes for BB 99,74
restriction of amplification products are shown in
Table 1.

The PCR mixture consisted of: 2 ul of DNA polymerase buffer, 1 ul of amixture of three phosphates
(“Amplisens”, Russia), 0.8 pl of the appropriate primer, 0.2 pl of DNA polymerase (“Fermentas”, Lithu-
ania). Genomic DNA was added in an amount of 2.0 pl, and the rest was ddH,O. The total volume of the
DNA mixture was 10 pl.

Amplification of total DNA with primers was performed on a programmed four-channel thermocycle
“Tertsyk” (“DNA technology”, Russia) according to the following program: 95 °C, 5 minutes - 30 cycles:
95 °C - 10 seconds, 58 °C - 30 seconds, 72 °C - 30 seconds. The last step is 72 °C - 5 minutes.

PCR products were treated with specific restriction endonucleases (Table 1) according to the scheme:
H20 - 3.5 pl, 10x enzyme buffer - 1.0 pl, restriction enzyme - 0.5 pl and 5.0 pl of amplification per 10.0 pl
of the working mixture. Visualization of the results was performed using method of electrophoretic distri-
bution of DNA fragments in 3 % agarose gel in 1XTBE buffer, followed by detection using a transillumina-
tor TUV-1 in ultraviolet light 312 nm.

The dimensions obtained in PCR, or as a result of restriction products were detected using molecular
weight markers: GeneRuler TM 50 bp DNA Ladder, GeneRuler TM, 100 bp DNA Ladder, “Fermentas”.
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).

Results of the research. With the help of PCR-PDFR the diagnosis was made and the results of the
study of the “Ukrainian” population of water buffaloes were obtained, namely: the frequency of geno-
types and alleles at three loci (beta-casein, kappa-casein and beta-lactoglobulin) (Table 2).

Analysis of the results revealed that according to the beta-casein (B-CN) gene, all buffaloes were car-
riers of the B-CN"*** genotype, which is considered “desirable” (Fig. 1). It is the local breeds of cattle and

Table 2. Frequency of alleles and genotypes
according to loci of beta-casein, kappa-casein and beta-
lactoglobulin genes in water buffaloes

Frequency
Gene Geno- of geno- Frequency H, H, e F.
type types of alleles
AIAL | (Al - o] o | - 1% 121
100 s s——. o BT
B-CN | A1A2 ' 50 ) .
A2424/ 1 |AZ] ]
AA - A - 0 0 - -
CGA - B |1 MIP A2A2 A2A2 A2A2 A2A2 A2A2 A2A2 A2A2 A2A2 A2A2
BB 1
AA 092 A 10.96]008100771004|-0.042| Fig. L. Electrophoretic analysis of restriction products in the
BLG | AB 0.08 determination of genotypes according to 3-CN: M - marker
. B 004 of molecular weights; the genotypes of the samples are
BB - i shown in the figure
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Fig. 2. Electrophoretic analysis of restriction products in the

determination of genotypes according to CSN3: M - marker

of molecular weights; the genotypes of the samples are
shown in the figure

M 1 2 3 4 5 6 7 8 9 10 11 12

247

M AA AA AA AA AA AA AA. AA AA AA AB

Fig. 3. Electrophoretic analysis of restriction products in the

determination of genotypes according to LG: M - marker of

molecular weights; the genotypes of the samples are shown
in the figure

representatives of wild species of the genus Real bulls (Bos): Bos taurus L. (domestic bull), Bos indicus L.
(zebu), Bos bonasus L. (European bison), Bos bison L. (American bison), Bos bubalis L. (house water buf-
falo) being the carriers of rarest alleles [19, 20].

The data obtained from the study of the kappa-casein gene (CSN3) indicate that all animal studied
had the CSN3"" genotype (Fig. 2). According to the literature; milk that contains the B-allelic variant of
kappa-casein has a higher protein content and higher cheese yield, as well as better coagulation proper-
ties. Hard cheeses of high quality can be cooked only from milk of cows with the BB genotype on kap-
pa-casein. Due to the lack of an alternative allele in one of the herds, the fixation index and the criterion
of conformity for the breed were not determined at all.

The results of the analysis of the polymorphism of the beta-lactoglobulin gene of buffalo are
shown in table 2. The restriction endonuclease Haelll revealed the presence of two alleles 4 and B and
two genotypes A4 and AB (Fig. 3). It was found that the vast majority of animals (0.92) are homozy-
gous for allele 4 and only 8 % are carriers of heterozygous genotype 4B. The BLG"® genotype was
not detected in the studied herd. Allele 4 is-associated with bigger milk yield and protein yield. This
allows to conclude that in herd occurs intensive selection on increasing milk productivity occurs in
herd. Actual (H,= 0.08) and expected (H;= 0.077) heterozygosity did not differ. The predominance of
homozygous genotypes (AA = 0.92) over heterozygous ones impacted the deviation of genetic equi-
librium (F ;g = 0.042).

Conclusions

1. Analysis of the results-of study of the “Ukrainian” population of water buffaloes according to the
beta-casein gene (B-CN)showed that 100 % of the animals were carriers of the B-CN*”** genotype. This
makes it possible to recommend buffaloes for creation of herds producing A2 milk.

2. In the studied sample of buffaloes, a 100 % predominance of animals with the CSN3** genotype
was revealed, which is associated with a higher protein content in milk and a higher yield of cottage
cheese and cheese:.

3. For the beta-lactoglobulin (B-LG) gene - 92% of the buffaloes studied had the B-LG** genotype,
the rest of the animals (8%) are carriers of the B-LG"* heterozygous genotype. The frequency of occur-
rence of B-LG " and B-LG” alleles was 0.96 and 0.04, respectively.

The research results are of interest in the field of molecular genetic analysis of the buffalo genome
and‘study of biodiversity of cattle. The data obtained can be used as an additional criterion in breeding
programs in order to preserve and increase the genetic diversity of the “Ukrainian” population of water
buffaloes, as well as to obtain valuable products from buffaloes.
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