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The article presents the results of a study of polymorphism
in the Ukrainian Brown breed (UB) for the BoLA-DRB3 gene.
Experimental data were obtained using the PCR-PCRF method.
The genotypes of the animals were determined based on the
results of typing blood samples from 30 cows and semen from
10 bulls. Twenty-three alleles and 18 genotypes were identi-
fied. The proportion of each of the three most common BoLA-
DRB3 alleles, *27, *28 and *50, was 10 %. Among other variants,
three more stand out with a frequency of more than 5 %: *8, *19
and *36. The most frequently detected genotype was BoLA-
DRB3.2*32/*54, which was typed in 9 cows (15.0 %). The total
frequency of consolidating alleles was 50 %. Several rare alleles
(BoLA-DRB3.2*36, *50, *71 and *98) were detected in the sam-
ple, which were rarely found in studies of Major Histocompatibil-
ity Complex (MHC) polymorphism in other cattle breeds. A small
pool of consolidating alleles and the presence of rare variants
with high frequencies indicate the influence of natural selection
and regional characteristics of the breed. The observed (0.9) and
expected (0.94) heterozygosity indices indicate a high level of
genetic variability in the tested animals, which is confirmed by the
highest values of the effective number of alleles (16.7) and the
efficiency index (0.726). A slight deviation from panmixia detected
by Wright's index proved to be unreliable. The high level of biodi-
versity of UB is confirmed by the Shannon index (2.97). The pres-
ence of specific alleles, established indicators of variability and the
Shannon index indicate a high level of genetic differentiation and
biodiversity of the breed. Autochthonous populations have unique
BoLA-DRB3 variants, which serve as a genetic reserve for future
selection and development of the dairy industry, especially in the
context of climate change or the emergence of new diseases, as
well as a source of genetic diversity for the cattle gene pool.

Key words: Brown Carpathian cattle, major histocompatibility
complex, polymorphism, BoLA-DRB3 gene, alleles, PCR-RLFP,
genetic variability

Introduction

crossbreeding of local cattle breeds, Ryzhka and Mo-
kana, with brown Alpine breeds (in particular, Swiss

The Carpathian brown cow is a local (indigenous) breeds). The goal was to obtain animals that were well
endangered breed. It was created through selective adapted to the climatic conditions of Ukraine and had
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increased milk productivity. It was officially registered in
1972. The breed is versatile, producing good quality milk
and meat: average milk yield is 4000-5000 kg per year
with a fat content of 3.7—4.0 %; meat yield is up to 60 %.
The animals are hardy, tolerate both heat and cold well,
are adapted to pasture grazing, and are undemanding
in terms of feed. They have a calm, obedient tempera-
ment. They are most widespread in the central, northern,
and western regions of Ukraine.

Aboriginal breeds are usually local, historically formed
populations of animals adapted to specific natural and
climatic conditions. They preserve a unique gene pool,
which is often lost due to intensive selection for productivity
in modern industrial herds. Studies show that indigenous
Ukrainian cattle breeds have higher genetic variability
compared to commercial breeds, which ensures adapta-
bility to stressful conditions such as heat, feed shortages,
and disease; genetic stability in small populations; a gene
pool reserve for future breeding programmes.

The genetic diversity of cattle breeds is a critically im-
portant resource for breeding, adaptability to environmen-
tal changes, disease resistance and ensuring the long-term
development of the livestock industry. In this context, the
BoLA-DRB3 gene, which belongs to MHC and has sig-
nificant polymorphism of exon 2, is of particular interest.
It encodes polymorphic regions of the MHC Il molecule
that are directly involved in the presentation of antigens to
CD4* T-lymphocytes [9]. The polymorphism of this locus
determines the range of peptides that the immune sys-
tem can present, i.e., it is directly related to resistance or
susceptibility to infectious agents. For this reason, BoLA-
DRB3 is widely used to assess genetic diversity and as
a potential marker in disease resistance selection, i.e. its
variants can be DNA markers of disease susceptibility.

Aboriginal populations around the world are character-
ised by high allelic diversity of BoLA-DRB3 alleles, often
with region-specific or unique alleles [13]. This indicates
a high level of natural selection and adaptive potential in
these populations, in contrast to intensively selected dairy
breeds such as Holstein, where a reduction in allele diver-
sity for this gene has been observed.

Autochthonous breeds, as carriers of unique BoLA-
DRB3 alleles, can serve as a genetic reserve for future
selection and development of the dairy industry, espe-
cially in the context of climate change or the emergence
of new diseases. For their further effective use and sup-
port, regular monitoring of DNA markers is necessary,
including research into the allelic polymorphism of the
BoLA-DRB3 gene.

Analysis of recent research and publications

The work was performed using the PCR-RLFP meth-
od [15]. Despite the expansion of advanced modern SBT-
typing technologies, the PCR-RLFP scheme is still widely
used to detect allelic polymorphism of the BoLA-DRB3
gene. The results of studying BoLA-DRB3.2 allele poly-
morphism are used to determine three main directions
of breeding work [1, 2, 5, 7, 11, 16]:
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— identification of associations with cattle diseases
and somatic cell count;

— identifying associations with economically use-
ful traits;

— genetic and population analysis of the biodiversity
of Bos taurus and Bos indicus.

In previous studies using the PCR-RLFP method on
four Ukrainian breeds (black-and-white dairy, red-and-
white dairy, grey and white-headed) with the participation
of the authors of the article, 37, 31, 28 and 29 alleles of
the BoLA-DRB3 gene were identified, respectively [12].
Over the past two decades, researchers have focused
their attention on local and indigenous breeds [6, 8, 9,
10, 14]. To date, the allele spectrum of two local breeds
has been established in this direction: Ukrainian grey and
Ukrainian white-headed [11, 13]. Research on other do-
mestic breeds, in particular Ukrainian red dairy, as well as
river buffalo populations, is continuing.

Purpose

The work is devoted to the study of polymorphism
of the BoLA-DRB3 gene of the brown Carpathian breed
to replenish the cattle genotype bank based on the re-
sults of molecular genetic analysis of MHC. The results
deepen the data on the genetic structure and allelic di-
versity of Ukrainian and world breeds. The formation of
more complete and representative genetic databases by
supplementing them with new data is an important condi-
tion for improving the effectiveness of modern breeding
programmes, in particular for the selection of animals with
valuable genetic characteristics, optimisation of breeding
work and ensuring the sustainable development of ani-
mal husbandry.

Materials and Methods

Molecular genetic studies were conducted in the
laboratory of genetic of the M. V. Zubets Institute of Ani-
mal Breeding and Genetics of the National Academy of
Agrarian Sciences of Ukraine. The study used blood and
semen samples from 40 Ukrainian Brown (UB) animals,
30 cows and 10 bulls. Blood samples were collected
during an expedition in the private sector of the Tran-
scarpathian region. Bull semen samples were collected
from the M. V. Zubets Institute of Animal Breeding and
Genetics Animal Genetic Resources Bank.

PCR-PCREF studies of BoLA-DRB3 polymorphism
were performed based on the following five steps [12, 13]:
1. Isolation of DNA from blood or semen samples.

2. Amplification of specific short DNA fragments of
exon 2 of the DRB3 locus, 284 bp in size (281 bp in
the presence of a deletion).

3. Restriction treatment of the amplified mixture of
DNA fragments using specific restriction endonucleases:
Rsal, Haelll and BstY(Xholl).

4. Vertical electrophoresis of restriction products in
polyacrylamide gel.
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5. Deciphering alleles from the obtained electrophero-
grams. PDRF allele numbers were identified based on the
extended nomenclature in the format “locus.exon*allele” [3].

For statistical analysis based on direct counting of
alleles (N,) and genotypes (N), allele frequency (P.),
genotype frequency (G,) and observed heterozygo-
sity (H,) were determined. The expected heterozygosity
was determined by the frequencies of all detected alleles
using the formula H, = 1 — 2P?,. Genetic variability was
assessed using Wright's individual fixation index (F), the
effective number of alleles A, = 1/ (1 - H,) and the
efficiency index A./N,, which shows the proportion of
effective alleles among the total number detected in the
experimental sample. Biodiversity was assessed based
on Shannon’s information index I = =% (P,; X InP,).

Data processing was performed in the standard
Microsoft Excel 2013 program based on the integrated
GenAIEx GenAlEx 6.51 package (http://biology-assets.
anu.edu.au/GenAlEx/Download.html). For other calcu-
lations, the PAST 4.03 program (https://www.nhm.uio.no
» downloads » past4manual) was used.

Results and Discussion

From the processing of 40 electropherograms,
data on the allelic composition of the Ukrainian Brown
(Carpathian region) breed were obtained (table 1).

Table 2 shows the typing results and calculated values
of genetic differentiation of the UB breed at the DRB3 lo-
cus. Atotal of 23 alleles and 18 genotypes were identified
with average frequencies of 4.35 % and 5.56 %, respec-
tively. The most common alleles were BoLA-DRB3.2*27,
*28 and *50 with a frequency of P, = 0.1 and the BoLA-
DRB3.2*32/*54 genotype, which was typed in 9 cows.
Among other variants, three more stand out with P, = 5%:
*8,*19, *36. The total frequency of consolidating alleles
was only 50 %, which indicates a fairly high level of biodi-
versity in the breed. It should also be noted that the BoLA-
DRB3.2*36, *50, *71 and *98 alleles are rarely found in
scientific literature. The presence of such rare (specific)
variants with high frequencies indicates the influence of
natural selection and regional characteristics of the breed.

As noted, autochthonous and local breeds have
a high level of genetic variability and biodiversity com-
pared to industrial breeds. In different regions of the
world (Africa, Asia, Latin America), indigenous breeds
demonstrate a rich BoLA-DRB3 allele pool, often with
several unique or rare alleles that are absent in industrial
breeds [9]. Some alleles of the locus are region-specific
and probably arose under the influence of local selection
and under the influence of pathogens and climate [4].

The established excess of homozygotes was not sta-
tistically significant. Testing for the x?2 criterion for a single-
locus system shows that the deviation from Hardy-
Weinberg equilibrium is not reliable (x? = 0.0017 < x2.)-
Therefore, statements about possible shifts towards
outbreeding should be considered false.
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Table 1. Results of typing exon 2 of the BoLA-DRB3 locus
in cows and bulls of the Ukrainian Brown breed

Cows (fragment) Bulls
Sample  General Geno- Sample  General Geno-

No. pattern type No. pattern type

1 obb *28 86 obb *28
tba *39  Kozel uba *40

9 maa *32 92 bbb *03
jdb *54 Radist bba *02

3 maa *32 96 obb *28
jdb *54  Ryck aaa *01

4 maa *32 111 oba *37
jdb *54 Metsor oba *37

5 oaa *25 98 obf *27
maa *32  Mahovyk obe *08

6 Ibb *20 112 mba *22
nbb *24 Reid Ibb *20

7 bbb *03 90 obb *28
aaa *01  Tsezar oba *37

9 bba *02 87 faa *08
jdb *54 Sjurpryz Iba *36

14k jbd *16 91 ibb *71
jbd *16 Kashtan sbb *19

15 jbd *16 102 xba *50
rcc *05  Parol’ nba *23

Note. Sample numbers are given in accordance with the numbers
of the Genetic Resources Bank of the Institute of Animal Breeding
and Genetics.

Table 2. Allele spectrum, genetic variability and biodiversity
of Ukrainian brown cattle according to the BoLA-DRB3 gene
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0.94 -0.044 16.7 0.726 2.9
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The information of the level of genetic variability and
biodiversity of UB must be analysed in comparison with
other Ukrainian breeds for which the polymorphism of
the BoLA-DRB3 gene has been studied (table 3).

The variability of genetic diversity can be convenient-
ly assessed using the number of effective alleles (A,).
This indicator reflects the conditional number of alleles
with identical frequencies that would ensure the same
level of genetic diversity as actually observed in the sam-
ple. In other words, Ae transforms the real, often uneven
distribution of allele frequencies into a balanced model in
which each allele has an equal probability of appearing.
This is a convenient criterion for comparing samples in
which the number and structure of allele frequencies may
differ significantly. In population genetic studies, with simi-
lar heterozygosity values, the number of effective alleles
provides a more accurate and unified assessment of the
actual level of diversity. The value of A, = 16.7 established
for the brown breed is quite high, which characterises
the high level of biodiversity of the studied population.
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Table 3. Polymorphism of BoLA-DRB3 gene alleles for autochthonous Ukrainian cattle

Alleles with a frequency of P, =5 %

Ukrainian breeds and their total proportion (%) na H, He ) A. AJ/N, I
Ukrainian Brown *8, *19, *27, *28 *36, *50 / 50.0 23 0.9 0.94 -0.044 16.7 0726 297
Grey Ukrainian [12] *06, *12, *16, *78 /69.9 28 0.774 0.742  0.041 442 0.158 2.21
White-headed Ukrainian [12]  *03, *12, *14, *16, *22, *23, *24 / 65.3 28 0.927 0959 -0.035 137 0489 294

A more accurate assessment of the level of genetic
variability is considered to be the efficiency index, which
shows the proportion of consolidating alleles among all
those detected in the sample. It characterises the over-
all efficiency of the locus, which does not depend on
the number of alleles detected. The results of the study
showed that the brown breed has the highest efficiency
index value of A/N, = 0.726 among domestic populations.

The Wiener-Shannon-Ashby law of requisite variety
states that for a biological system to exist sustainably,
it must have sufficient internal diversity to compensate for
external and internal influences. It can be quantified using
the Shannon index, which reflects the entropy of the dis-
tribution of elements in the system: maximum values of
the index indicate the highest chaos of allele distribution,
while lower values indicate its orderliness. The sensitivity
of the index to changes in high-frequency allele variants
allows for an effective assessment of the biodiversity
of the allele-saturated exon 2 of the BoLA-DRB3 gene.
The calculated value of the index / = 2.97 indicates
a high level of biodiversity in the brown breed.

Based on the results obtained, it can be stated that
the Ukrainian brown breed is unique in terms of genetic
variability for the BoLA-DRB3 gene. Two rare BoLA-
DRB3.2*71 and *98 alleles were identified, which had
not been previously reported in scientific literature.
The presence of specific alleles, heterozygosity indices,
effective number and efficiency index indicate a high
level of genetic differentiation of the breed, which is con-
firmed by the high Shannon index.

Indigenous cattle populations harboring unique BoLA-
DRB3 variants should be given priority in gene pool con-
servation programs as vital reservoirs of genetic diversity.
These results should be incorporated into dedicated
genetic databases and breeding strategies. Moreover,
they enhance our understanding of the allelic diversity
and distribution of BoLA-DRB3 in Ukrainian cattle and
contribute to broader insights into the global polymor-
phism and variability of the BoLA-DRB3 gene.
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33aknag BuLLOi oCBITU «OAINBCLKNIA AepXaBHUI YHIBEPCUTET», hakynsTeT eHepreTukn Ta iHPopMaLinHUX TEXHOMOTIN,
Byn. LeeyeHka, 12, M. Kam’siHeLp-MNoginbcbkuil, XMenbHULbka obn., 32316, YkpaiHa

Y cTatTi HaBeaeHo pesynkTaTi AoCTioKEHHS noniMopdiaMy ykpaiHcbkoi Bypoi nopoau (UB) 3a reHom BoLA-DRB3. EkcriepumeHTarnbHi
OaHi otpumaHo metogom MIP-NOP®. 3a pesynsratamu TvnyBaHHs 3pas3kiB kposi 30 kopi i cnepmu 10 Byrais BCTaHOBNEHO reHOTUNM TBApWH.
BuseneHo 23 anens i 18 reHoTuniB. YacTka KOXXHOrO 3 TPbOX HanbinbL nowmpennx anenis BoLA-DRB3.2*27, *28 i *50 craHoBuna 10 %.
Cepeq iHWKX BapiaHTiB BUAINSETLCA Le TPY 3 YacToTor noHag 5 %: *8, *19 i *36. MakcumansbHo BusieneHo reHotvn BoLA-DRB3.2*32/*54,
sk TMNoBaHo y 9 kopiB (15 %). CymapHa KinbkicTb 4acToT KoHconigyrouux anenis ckrana 50 %. Y BubipLi BUSBNEHO Aekirnlbka ManonoLum-
peHux anenis (BoLA-DRB3.2*36, *50, *71 i *98), siki piako BUsSiBNAnm B gocnimkeHHsx nonimopdiamy MHC iHwux nopig BPX. Hesenwvikuin nyn
KOHCOMiAyt4MX anenis Ta HasiBHICTb MarionoLLMPEHKX BapiaHTIB 3 BUCOKMMM YacToTaMu CBigYaTh Npo BhvB NpupoaHoro Aobopy Ta perio-
HanbHi ocobnmeocTi nopoau. MokasHuku cnioctepexxysaHoi (0.9) Ta ovikyBaHoi (0.94) reTepo3vroTHOCTI BKa3yHoTb Ha BUCOKWI PiBEHb reHEeTUNY-
HOI MiHMMBOCTI MPOTECTOBAHMX TBAPWH, LLIO MiATBEPMHKYOTb HANOINbLLI 3Ha4eHHs edbeKTMBHOrO Ymcna anenis (16.7) Ta iHaekcy edeKTMBHOCTI
(0.726). HeaHauHe BigxuneHHs Bif naHMiKcii BUsiBNEHe 3a iHaekcoM Paiita BUSIBUINOCS HEQOCTOBIPHUM. Bricokuin piBeHb GiopisHomaHiTTs UB
NiATBEPIKYETHCS BENMUMHOM iHAaekcy LLleHoHa (2.97). HasiBHicTb cneuwmdpivyHnx anenis, BCTaHOBMNEHi MOKa3HMKW MIHMMBOCTI Ta iHaekcy LLieHo-
Ha cBig4aTb NPO BUCOKWI PiBEHb reHETUYHOI AndbepeHLiaLlii Ta GiopisHoMaHiTTs nopoaun. ABopureHHi nonynsAuji MatoTb yHikansHi BoLA-DRB3
BapiaHTW, siki CNyrytoTb FeHETUYHUM PE3EPBOM AMs MabyTHLOT CenekLii Ta po3BUTKY MOMOYHOI rany3i, 0cobrnmBo B ymoBax 3MiH Knimaty
41 NOSIBU HOBUX 3aXBOPIOBAHb, @ TAKOX 5K [DKEPENO reHETUYHOrO Pi3HOMaHITTA reHodoHay BPX.

KntovoBi cnoBa: ykpaiHcbka Oypa xyaoba, ronoBHWA KOMMNEKC ricTocymicHocTi, nonimopdiam, reH BoLA-DRB3, aneni, MNPJ1-
MAP®, reHeTyHa MiHMUBICTb
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