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Introduction Ukrainian Gray cattle are one of the oldest indigenous breeds in

Diversity of living organisms is determined by the fundamental pro-
perties of biological macromolecules, especially nucleic acids, their pro-
perty to spontaneously undergo changes in structure, leading to changes in
genomes, and inherent variability. On this biochemical basis, diversity is
the result of three separately acting processes: mutations, natural selection,
geographic and reproductive isolation. These processes, in tum, lead to
consequent taxonomic and ecological differentiation at all the following
levels of biological ecosystems: species, coenotic and ecosystemic. Lately,
humans have been actively interfering in these ecosystems, causing some
species to be become extinct. Regular extinctions of cattle breeds are con-
sidered the main cause of loss of genetic diversity affecting agricultural
animals (Scherf, 2000).

A relevant problem of contemporary cattle breeding is preservation
and rationalization of using the gene fund of existing cattle breeds (Moi-
seeva et al., 2006). Special attention is paid to autochthonous breeds cha-
racterized by high adaptive properties, diversity of intrinsic benefits, un-
damaged balance in the system of genotype-environment and resistance to
local pathogens, making the breeds highly resistant to diseases. Indigenous
animals are highly valued as carriers of specific gene fund and unique
genetic blocks that provide development of economically beneficial traits,
lost by modem highly productive breeds. Expansion of the range of com-
mercial breeds leads to steep decrease and total extinction of low-number
native breeds, and therefore loss of unique genes and their combinations
developed over prolonged use in agriculture and influence of natural fac-
tors (Stolpovskij et al., 1998; Guzjejev, 2014).

Ukraine, characterized by highly valuable agricultural-biological traits:
high resistance to diseases and extreme environmental factors, while being
undemanding to the conditions of maintenance and feeding, strength of
constitution, long period of productive use, high content of fat and protein
in milk, high fat and meat parameters, high quality of meat (Kozyr, 2006).
The animals have strong well-proportioned bodies, long life expectancy,
and are adapted to the conditions of the steppe. A distinctive property of
the breed is the high fertility of the cows. Birth of calves per 100 cows has
for many years remained at the level of 90-99%. It is a natural native gene
fund object which is now at the brink of disappearance, and which has
received the status of the first category of protection (Fig. 1).

Conservation of a breed is impossible without complex systems of
monitoring, assessment and prediction of changes in genetic structure of
the populations. Regarding this aspect, the genetic variability provided by
diversity of genes related to the development of the agriculture-beneficial
traits deserves the greatest attention. The necessary condition of evolution
is existence of genetic variability. Genetic diversity is variation of genes
inside a population. It lies in the changes in the sequence of four pairs of
DNA bases and constitutes a genetic code. New genetic variability is
created by mutations of genes and allows populations to adapt to variable
conditions of environment.

Loss of genetic diversity as a result of long depression of number of
the animals and malfunctioning of the mechanism of preservation of bio-
logical diversity in low-number populations is one of the most important
problems in modermn nature-protection biology. Populations with insignifi-
cant genetic variability are more vulnerable to new pests or diseases, envi-
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ronmental pollution, changes in climate and environment caused by the
destructive activities of humans or other catastrophic events (Yuhki &
O’Brien, 1990). Genetic diversity to a large extent reflects the adaptive
potential of organisms, populations and species (Fox & Reed, 2011). This
is related to variety of functionally important genes and gene complexes
responsible for resistance of animals to unfavourable environmental factors —
infectious agents, various climate changes, etc. Therefore, researchers pay
special attention to the genes of the major histocompatibility complex
(MHC) responsible for the immunity. There are persuasive evidences that
MHC polymorphism is driven by one or the other form of overdominance
or balancing selection (Hughes & Nei, 1989).
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Fig. 1. Ukrainian Gray cattle

The species Bos taurus, to which cattle belong, has MHC genes lo-
cated on the 23d chromosome (Fries et al., 1993). The major histocompa-
tibility complex in cattle is known as the bovine leukocyte antigen (Bo-
LA). It is a relatively large cluster of genes (multigene family) spanning
nearly 2.5 Mb of cattle genome. It is divided into three classes: the first is
responsible for immunity to intracellular parasites (of both viral and bac-
terial origin), the second one for susceptibility to extracellular alien agents,
and the third class of genes provides assistance to the first two classes
(Mota etal., 2004; Behl et al., 2014).

Within the area of class II, two subclasses are designated — ITa and IIb.
Subgroup of class Ila contains functionally expressed genes DR and DQ.
Genetic products of molecules DR and DQ are the main restrictive ele-
ments of class II for CD4 T-helper cells (Glass et al., 2000).

Cattle have three DRB genes, among which only one, DRB3, is con-
sidered functionally important. It is the most polymorphic locus of I class
in cattle and affects both size and epitope specificity of antigen-specific
T-cellular reaction to infectious diseases. The BoLA-DRB3 gene encodes
antigen of II class of MHC of cattle. It is located on the outer side of the
membrane of B-lymphocytes in the area of the Ila sublocus of the DR
system. The main locus is exon 2 of BoLA-DRB3 that encodes 1-do-
main of antigen of II class with broad variable structure of the grooves as a
receptor to alien antigens. It is extremely polymorphic, and this polymor-
phism is carried out mostly in residues of peptide-binding grooves (Brown
etal, 1993; Park et al., 1995).

Intensification of livestock breeding requires further development of
the theoretic basis and improvement of organizational forms of selection
of agricultural animals by employing new methods of assessment of their
genetic structure, the main of which are various types of molecular mar-
kers. At the current stage of scientific research, studying biodiversity at the
genetic level is impossible without them. Analysis of genetic variability
using molecular technologies reveals data at the level of DNA. The keys
in such research are the molecular markers that reflect polymorphism at
DNA level. Such markers should be informative and take into account the
level of complexity of typing, because experimental selections include a
large number of animals.

For cattle research, various genetic markers are proposed (Singh et al.,
2014). If the occurrence of a variant of a gene (allele) is found to be statis-
tically significant in connection to some feature (disease, productivity,
etc.), in this case one then may state a genetic-conditioned association of
allele-trait or presence of its genetic marker.

Among the whole variety of genetic markers, the BoLA-DRB3 gene
is unique. Its polymorphism is related to formation of immune response of
the organism to viral and bacterial infections, and first of all is relevant for
analysis of problems of resistance to diseases. In is in this particular con-
text that most researchers consider application of the BoOLA-DRB3 gene.

Evolutionary processes in MHC have developed a number of unique
peculiarities of exon 2 of this gene. It has the highest polymorphicity
among all the studied loci of MHC. There are described 144 BoLA-
DRB3 alleles for cattle and 303 subtypes are listed in the Immuno Poly-
morphism Database (IPD-MHC database: www.ebi.ac.uk/ipd/mhc/
group/BoLA).

Variability of MHC reflects evolutionary and adaptive processes in-
side and between the populations and is very convenient for studying a
broad circle of open questions in evolutionary ecology and conservation
(Sommer, 2005). The extremely high level of polymorphism in BoLA-
DRB3 genes allows it to be used as a highly informative marker for study-
ing genetic variability and biodiversity of cattle. Polymorphism of its
alleles is crucial for vitality of populations and species undergoing pro-
longed and catastrophic decline in numbers. Biodiversity of cattle at the
level of DNA sequence according to the BoLA-DRB3 gene has been
analyzed for two dozen breeds of Bos taurus out of over 800 existing. The
main surveys in this direction belong to the group of researchers with
participation and leadership of S. N. Takeshima. They conducted studies
on genetic diversity of more than ten breeds, particularly Japanese Short-
hom and Jersey (Takeshima et al., 2003), Japanese black and Holstein
cattle in Japan (Miyasaka et al., 2011; Miyasaka et al., 2012), Philippine
native cattle (Takeshima et al., 2014), South American Holstein cattle
populations (Takeshima et al., 2015a), Chilean cattle (Takeshima et al.,
2015b), South American Zebu cattle (Takeshima et al., 2018) etc.

Currently, the BoLA-DRB3 gene is becoming more widely used in
the study of genetic diversity of native breeds: Kankrej Indian cattle (Behl
etal., 2007), Sahiwal, Rathi and Hariana Indian breeds (Behl et al., 2009),
Mongolian, Kalmyk and Yakut cattle breeds (Ruzina et al., 2010), Korean
native cattle (Lee et al., 2012), Latin American creole cattle breeds (Gi-
ovambattista et al., 2013), Mexico creole cattle (Ferandez et al., 2015),
Myanmar cattle (Giovambeattista et al., 2020), native Sudanese cattle from
Taurine and Zebu breeds (Salim et al., 2020), Kostroma and Yaroslavl
indigenous Russian cattle breeds (Lazebnaya et al., 2020) etc. However,
there are many unstudied breeds, most of the Ukrainian breeds being in
this category, including Ukrainian Gray cattle. Among domestic breeds,
such a study has been carried out only for black-pied (black-and-white)
dairy cattle (Suprovych et al., 2017a).

There is one more aspect interesting for researchers: due to their close
localization to some productive loci, polymorphism of BoLA-DRB3 gene
is associated with economically useful traits of the cattle (Sharif et al,
1999), in particularly dairy productivity (Starkenburg et al., 1997; Gladyr
etal, 2012).

The Ukrainian Gray breed as a unique gene fund object is of great in-
terest to researchers. There was conducted a large-scale study of the gene-
tic structure of the breed according to various genetic markers. Contempo-
rary studies of blood and milk revealed unusual genetic combinations in
genotype, namely specific alleles in the groups of blood system B, rare
intrinsic blocks of casein alleles of milk, found erythrocytes to have a
variant of protein of phosphoglucomutase, and detected a new protein of
post-transferase in the plasma. As marker systems, the genes beta-lacto-
globulin (BLG), kappa-casein (CSN3), thyroglobulin (TGS), calpain
(CAPNI1 530), growth hormone (GH), microsatellite loci (BM2113 and
TGLA 227), transferase (Tf), blood type, etc are used (Huzeyev et al.,
2014; Bodnaruk et al., 2017; Suprovich & Mokhnachova, 2017; Sydo-
renko & Gyzieev, 2019).

In the study, we used the following definitions of varieties of breeds:
autochthonous, native, indigenous breed is the one that has emerged and
exists in the same territorial boundaries, has its own source origin, inde-
pendent from external factors; a local, regional breed is breed artificially
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created by cross breeding of native breed with another one for establish-
ment of a certain direction of productivity; a commercial breed is a nu-
merous breed artificially created for achieving maximum productivity
according to a particular economically useful trait (for example the Hols-
tein breed was developed for maximum milk yield).

In this study, we demonstrated the results of studying polymorphism,
parameters of genetic variability and biodiversity of an autochthonous
Ukrainian breed according to alleles of the BoLA-DRB3.2 gene using the
PCR-PLFP method.

Materials and methods

We hereby declare that all ethical standards have been respected in
preparation of the submitted article. Permission to use animals was ap-
proved by the State Agrarian and Engineering University in Podilya in
accordance with the European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific Purposes.

The experimental work was carried out in 20152018 at the laborato-
ry of the Institute of Animal Breeding and Genetics named after
M. V. Zubets of the National Academy of Agrarian Science of Ukraine.
There were studied 88 samples of vein blood of cows of the Ukrainian
Gray breed from two farms — Markeievo State Research Enterprise of the
Institute of Animal Husbandry of the Steppe Regions named after Ivanov
“Askania Nova”, NAASU (herd A, n = 40) and the Polyvanivka State
Enterprise of the SI Institute of Grain Crops, NAASU (herd B, n = 48)
and the samples of sperm of breeder bulls of this breed, kept in the Bank
of Animals Genetic Resources of the Institute of Animal Breeding and
Genetics named after M. V. Zubets, Chubunske (n=5, Fig. 2).
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Fig. 2. Locations of research: Markeievo and Polyvanivka — farms of
Ukrainian Gray cattle, Chubuns’ke — Bank of Animals Genetic Resources

Allele frequencies were determined based on the restriction analysis
of polymorphism of products of amplification of exon 2 of BoLA-DRB3
gene (Sulimova, 2004).

PCR-RLFP technique belongs to enzymic methods of SNPs analysis
(Single Nucleotide Polymorphism) and is similar to the RLFP method,
though it is based on using PCR. Restrictions (using one or several restric-
tion enzymes) in this case are applied to the products of amplification, but
not genome DNA. Due to its simplicity and reliability, the method be-
came broadly used for analysis of allele polymorphism of genes of various
biological objects (Thiel, 2004; Al-Samarai & Al-Kazaz, 2015).

Isolation of DNA from the samples of blood and sperm was made
using standard commercial sets of DNA-sorb B manufactured by Ampli-
Sens (Scientific Research Institute of Epidemiology, Moscow, Russia)
according to the requirements of modified protocols using a set of reagents
for isolating DNA from liquid blood and sperm respectively. Isolation of
DNA from blood was performed using Chelex-100 ion-exchange resin
according to the manual.

DNA isolated from pure biological material had high molecular mass
(40-50 bp) and was pure substance (ODyg080 nm = 1.6-2.0). Concentra-
tion and purity of DNA were measured using spectrophotometry and
electrophoresis in 1% agarose gel (Agarose, Biotechnology grade, and
Helicon).

Amplification of exon 2 of BoLA-DRB3 was performed using PCR
with ready-to-use sets manufactured by AmpliSens (Scientific Research

Institute of Epidemiology, Moscow, Russia) (Van Eijk et al, 1992).
The total amount of the mixture (20 pL) contained 60 mM of Tris-HCL
(pH 8.8), 2.5 mM of MgCl,, 20 mM of KCl, 15 mM of (NH,),SO,,
10mM of mercaptoethanol, 0.1% of Triton X-100, 0.2 mM of dNTP,
10 U of Klentaq DNA polymerase, 10 pM of each primer, matrix DNA.

For the first round of reaction, we used the following primers: HLO-
30 (5-3" TCCTCTCTCTGCAGCACATTTCC) and HLO-31 (5-3"
ATTCGCGCTCACCTCGCCGCT). As matrix, we used 5 pL. of DNA,
regardless of concentration.

For the second round of PCR, we used primers: HLO-30 and HLO-
32 (5-3" TCGCCGCTGCACAGTGAAACTCTC). Matrix was 2 pL of
PCR products of the first round.

PCR was carried out in Tertsia amplifier manufactured by the firm
“DNA-technology”. After the second round of well PCR, we performed
electrophoresis in 1.8% agarose for assessment of quality and concentra-
tion of the obtained fragment. No more than 3 pL of sample were sub-
jected to the gel. Products of PCR in the amount of 5 pulL were electropho-
resed in 1.8% agarose gel in order to test the quality and specificity of
fragments of DNA amplification.

Electrophoretic division of restrictive enzymes of DNA was carried
out in 2% agarose gel and 9-12% of polyacrylamide gels in tris-borate
electrophoresis buffer (TBE: 0.089 M of boric acid, 0.002 M EDTA pH
8.0). To apply the samples onto the gel, we used the buffer of the follo-
wing composition: 0.25% bromphenol blue, 0.25 xylene cyanol, 30%
glycerol. Agarose gel was electrophoresed in a horizontal chamber for 1—
3 hours at the voltage of 2 V/em. Electrophoresis of polyacrylamid gel
was carried out in a vertical chamber for 10-12 hours at 80 V. The gels
were stained using ethidium bromide (0.5 pg/mL) for 10 min, after which
they were subjected to multiphase rinsing in distilled water. Fragments of
DNA were visualized in a UV transilluminator at the wavelength of
280 nm. To measure the length of fragments, we used molecular weight
marker GeneRuler ™ Ultra Low Range DNA Ladder manufactured by
Fermentas, Latvia. The electrophoregrams obtained as a result were then
subjected to analysis. Restrictive fragments were divided using electro-
phoresis in 9-12% polyacrylamide gel.

Amplification of exon 2 with the subsequent analysis of length of re-
striction fragments and comparisons of DNA patterns obtained using three
restrictive endonucleases Rsal, Xholl and Haelll allows the identification
of 54 nomenclature alleles (Van Eijk et al., 1992; Gelhaus et al., 1995;
Maillard et al., 1999). Apart from them, some studies found other alleles,
undescribed using methods of PCR-RLFP, indicated as “without estab-
lished nomenclature” (Oprzadek et al., 2012; Fernandez et al., 2015).
They are identified through the totality of the patterns of each of three
restriction enzymes.

The allele (P,) and genotype (G,) frequencies, observed heterozygosi-
ty (H,) were determined by direct counting. Expected heterozygosity (He)
was determined through allele frequencies by the formula (Hedrick,
2010). Individual index of fixation was calculated through the observed
and expected heterozygosity checked according to the test of ¢ (for sin-
gle-zlocus system at dF = 1 and N of animals in calculation selection y* =
NF-).

While analyzing genetic variability, we determined the effective
number of alleles (Hedrick, 2010) and index of major allele frequency
(Pojski¢, 2018):

A.=1/(1-H,) o
IMAF =(1/N,)/P,,, ¥)]
where P, is frequency of major allele in the given locus.

Reliability of the results was evaluated according to Z-score (Z) indi-
cator for the right-side hypothesis.

Assessment of allele variety was performed according to Shannon in-
formation index (Lebedeva et al., 2002), based on which we then calcu-
lated the evenness indicator or Pielou’s evenness index (Pielou, 1966).

Frequencies of alleles and deviation from Hardy-Weinberg equili-
brium (HWE) were calculated using PyPop-Win32-0.7.0 software (Lan-
caster et al., 2007). Test for normality of the distribution of frequencies of
alleles was made using the Shapiro-Wilk statistic (SW) and Kolmogorov-
Smimov statistic with Lilliefors’ significance (KS) in the standard soft-
ware pack of IBM SPSS Statistics V24.0 (www.ibm.convsupport/ know-
ledgecenter/rt/SSLVMB _24.0.0/spss/product_landing.html).
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Results

The results of the study revealed that the quantity and frequency of al-
leles in the surveyed selections significantly varied. In herd A, we found
12 variants, out of which only three alleles had frequencies exceeding 5%.
In herd B, we found 25 variants, that 4 alleles DRB3.2*06, *12, *¥16, *24 i
*jba had frequencies higher than 5% (Table 1). Typing of the sperm sam-
ples from the bulls had the following genotypes: Inzhyr (7927) *16/*16,
Zenit (2785) *12/*12, Hihant (5948) *16/*jba, Zapad (9705) *16/*16 and
Barvinok (8247) *14/*16.

(4.3%), which overall accounted for 49.5% of the total number of tested
animals. The determined excess of homozygotes was not statistically
significant. Pearson's chi-squared test for single locus system at dF = 1
shows that obtained deviation from HWE was not significant (= 0.159
<o) Therefore, the statement that inbreeding is possible in the popula-
tion of Gray cattle is wrong, though denials of the selective effect on dev-
iation from panmixia require additional experiments.

Results of the study on polymorphism of BoLA-DRB3 gene indicate
that the Ukrainian Gray breed is characterized by a population with an
uneven distribution of alleles, in which there is significant prevalence of
variant BoLA-DRB3.2¥16, with presence of prevailing genotypes with
involvement of the same allele, insignificant deviation toward increase in
homozygosity without distortion of the normal distribution according to
the Hardy—Weinberg equilibrium.

Table 3
Parameters of polymorphism, genetic variability and biodiversity
of Ukrainian Gray breed according to alleles of BoLA-DRB3.2

Table 1
The frequencies BoLA-DRB3.2 alleles of Ukrainian Gray breed
frequencies, %

Alldes 7 9A herd B 1A P 4
*04 25 - 1.08 2.15 1.74
*06 150 2.1 7.53 14.00 438"
*12 250 2.1 129 226 244
*14 13 42 323 645 0.03
*15 25 6.3 430 8.60 0.15
*16 438 427 4.1 67.7 460°
*20 - 3.1 1.61 323 1.07
*22 - 2.1 1.08 2.15 1.74
*23 25 2.1 2.15 430 0.57
*24 - 73 3.76 7.53 0.01
*53 - 2.1 1.08 2.15 1.74
*iba - 94 538 10.80 091
*jbb - 31 1.61 2.15 1.07
Other 74 134 102 129 309

In total 100.0 100.0 100.0 — 5329

Note: the table presents alleles with frequency over 1%; P, " calculation according to
the total number of alleles (herd A + herd B + bulls); P, " calculation according to the
number of alleles in genotypes (herd A + herd B + bulls); Major alleles: *— P < 0.05;
°—P <0.005; °~P<0.001.

In total, comparison of restriction patterns of 93 samples of DNA al-
lowed us to identify 28 alleles, including 23 variants that were nomencla-
ture. The share of alleles “without established nomenclature” — jba, *jab,
*ibb, *nad and *nda — accounted for 8.9%. Interestingly, in the experi-
mental population, there are alleles of jba and *ibb, that were previously
found in Polish Holstein-Friesian cattle (Oprzadek et al., 2012), and also
variants jba, *jab and *jbb, found in Mexican Creole cattle (Fernandez
etal., 2015). The breed is characterized by great unevenness of distribution
of alleles. The total share of consolidating alleles of (Pa > 5%) BoLA-
DRB3.2*06, *12, *16 and *jba equaled 69.9%. Broadest distribution was
seen in variant *16 (44.1%).

In genetic studies, great importance belongs to significant alleles.
They occur quite often or, on the contrary, rarely and have significant de-
viation from the normal distribution. Therefore, the traits related to them
are usually associative. For such alleles, condition y* > 3.84 (dF = 1) at
CI = 95% should be satisfied. In this case, the zero hypothesis about the
normal (in our case even) distribution of the obtained variants in the study
selection is discarded. Significant alleles are important for the population
because the trait it is associated with makes them available to be used as
DNA-markers. According to this condition, we distinguished three alleles:
BoLA-DRB3.2¥06, *12 and *16.

For the established frequency spectrum, the observed uneven distribu-
tion was reliable O:XZ =1532.9; P>0.999 at dF =27). This conclusion was
confirmed according to tests of Kolmogorov-Smirmov and Shapiro-Wilk.

Indication Metric Value
Number of animals 93
Alleles per locus 28
Effective number alleles 442
Number of homozygotes observed 240
Number of homozygotes expected 21.1
Number of homozygotes 69.0
Number of heterozygotes 719
Heterozygosity observed 0.742
Heterozygosity expected 0.774
Individual Wright’s F-statistics 0.041
Shannon’s information index 221
Indicator of evenness 0.663

Table 2
Test for the normality of distribution of allele frequencies
Kolmogorov-Smimov Criteria * Shapiro-Wilk Criteria
KS dF P KS dF P
0.241 27 <0.01 0.832 27 <0.02

Note: * —with Lilliefor’s correction.

Allele BoLA-DRB3.2*16 in its genome was found in each second
animal out of three (67.7%). In total, in the study selection, 40 genotypes
were found. Taking into account significant dominance of variant *16, as
expected, 5 genotypes with its participation manifested: *16/*16 (20.4%),
*12/%16 (11.8%), *06/*16 (7.53%), *16/*24 (5.38%) and *jba/*16
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‘When comparing genetic diversity of various breeds, it is practical to
use iIMAF index. Graphic depiction of the results of calculation of index
for arithmetic mean of consolidating alleles of BoLA-DRB3.2 for Ukrai-
nian Gray and other breeds involved in the analysis (Table 4) is presented
in Figure 3.

0.7

0.6

frequency

iMAF major alleles (average)

B Yakut ® Ukrainian red-and-white milk ~ ® Sahival
8 White-Headed Ukrainian H Mongolian

@ Holstein USA HRed Gorbatov
i Holstein Canada EKalmyk

4 Gray Ukrainian

Fig. 3. Rating of consolidating alleles according to the iMAF index

In Ukrainian Gray cattle, we found the lowest index iMAF = 0.277 at
highest mean frequency of major alleles P, = 0215 and Z = 1.88 (P <
0.03). Also, the breed was characterized by a low level of biodiversity
according to Shannon’s information index and Pielou’s evenness index.

HKostroma
HUkrainian black-and-white milk
i Yaroslavl

Discussion

Allele frequency is the indicator used for quantitative determination of
genetic variability and the basis of all population genetic analyses (Gilles-
pie, 2004). While identifying the status of the Ukrainian Gray breed ac-
cording to the parameters of genetic variability and biodiversity, we com-
pared genetic-population indicators of 12 breeds, for which we know the
results of polymorphism of BoLA-DRB3 gene using PCR-RLFP me-
thod. According to well-known allele frequencies, we carried out the
necessary calculations (Table 4).
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Table 4

The BoLA-DRB3.2 gene polymorphism and indicators of genetic variability and biodiversity calculated by allele frequencies for different
cattle populations: expected (H,) and observed (H,) heterozygosity, inbreeding coefficient (Fis), effective allele number (A,),

Shannon’s information index (I) and Pielou’s evenness index (J)

. Alleles (list/ total frequency)
Cattle population . . N, H, H Fs A 1 J
consolidating significance
EODM K (YT 1) Mok ] 7M. k)1 Mk Mk Q. k21 M.
Yakut ¥187%20;%45:%50; *54/ 88:6 J02or 2T RAIBN20I3 0 0401 0743 0460 389 175 066
. 30454/ 65.8
£ Mongolian” 7 ¥18.420,426,428, %29, #46,%49 /512 *18,%20,428 /232 35 0775 0954 0188 217 324 091
“ Kalmyk® ¥12,%15,424.428 /341 *12,04.508 /28,8 36 0818 0948 0.137 192 329 092
Yaroslavl® ¥12%13%24.428/52.5 *12,413424, %28 / 47.5 35 0688 0921 0253 127 297 084
Sahiwal® #02,406,%08,¥10.¥15,¥37 /51,5 *02,%06,%08, *37 /39,7 24 0857 0944 0092 179 225 071
§ W}“m ‘F"Eneﬁded 03 ¥12,¥14,516,%22,%23 %24 /65.3 H03K12,616,622, *23,%24/59.2 23 0957 0928 0031 139 261 083
Kostroma* *01,407,%10,*11, *28,*36/75.0 *07,%10,*11, *28,#36/69.3 2 0729 0888 0179 893 250 081
Red Gorbatov 03,%11,*18#24/ 360 *03,%11,*18, *24/36.0 29 0882 0953 0075 213 275 082
Ukrainian black-and- 3 40 41 32 #04%28 /503 *08,¥22,424, *28 /39.1 320092 0938 0017 161 306 088
= white milk
g WUkIma“e mﬂk@ﬂed'and' *01,%03,%07,%11, 16,422,424/ 59.4 07,511,422, %24/ 46.6 2 0864 0921 0062 127 277 089
S Holstein USA? *07,408,%11,%16, 22 #2324/ 75.6 *08,#11,%16,422, #2324/ 70.3 25— 0906 - 106 248 077
Holstein Canada® ~ *03,%08,%11,%16, *22,#23.¥24/88.7 *08,#11,%16,422, %24/ 77.1 26— 085 - 741 229 07

Note: *—Suprovych & Suprovych (2020); *— Chakraborty et al. (2015); ¢ — own research; - Dietz et al. (1997); °— Sharif et al. (1998); m — minor allele frequency.

The uniqueness of the BoLA-DRB3 gene is that according to the lev-
el of variation the single-locus system exceeds multi-loci systems, provid-
ing possibilities of performing grounded analysis, having the data of dis-
tribution of alleles of only one gene. Frequency of emergence of various
variants of BoLA-DRB3 locus varies greatly depending on breed, type,
population of cattle. In our study, we determined that Ukrainian Gray
cattle have 28 alleles of BoOLA-DRB3.2 gene. Such a variation is characte-
ristic of most studied breeds. According to the data of the review (Behl
etal.,, 2012), among the breeds of species Bos taurus, 20 to 30 alleles are
most often found. High allele diversity according to BoLA-DRB3 gene
was determined for the Indian breed Malnad Gidda — 37 variants (Das
etal., 2012), Kalmyk cattle — 36 variants, Russian Yaroslavl cattle (Suli-
mova, 2006) and Mongolian cattle (Ruzina et al., 2010) — 35 variants in
each, (Ruzina et al., 2010) and Iranian zebu-like Sistani cattle — 32 variants
(Mohammadi et al., 2009). The recent surveys of local and autochthonous
breeds indicate that their allele polymorphism of the BoLA-DRB3 gene is
broader than in the commercial and native ones. Therefore, in the Philip-
pine native breed using PCR-SBT (Takeshima et al., 2014) and Mexican
Creole breed using the PCR-RLFP method (Feméndez et al., 2015) 71
alleles were found in each, and three indigenous breeds of Sudan were
found to have 53 alleles (Salim et al., 2020), and 38 alleles in each were
determined in Latin American Creole breeds (Giovambattista et al., 2013)
and indigenous Korean breed Hanwoo (Lee et al., 2012). At the same
time, up to a dozen and more new variants of alleles have been described,
indicating that indigenous breeds remain highly diverse according to the
BoLA-DRB3 gene. The exceptions are Yakutsk cattle, in which the low
number of alleles may be a consequence of inbreeding depression caused by
the low number of pathogens that affect them in the region where they live.

In multi-allele loci, we should pay attention to nomenclature of alle-
les. Among the obtained variants, the main attention should be drawn to
consolidating and significant alleles and their total share. The set of conso-
lidating alleles may be defined as the quantitative characteristic of the
breed. Accumulation of 6-7 variants with overall share of over 75% indi-
cates that most animals of the breed have these alleles in their own geno-
types. Such a situation is developing as a result of long oriented selection,
for example the situation with consolidating alleles in commercial breeds.

Distribution of alleles in autochthonous breeds has various patterns.
Among them, there is a number of consolidating alleles: the lowest in Ukrai-
nian Gray (4 variants) and Yakutsk (5 variants) cattle, and their total shares
are large, 69.9% and 88.3% respectively. The Kalmyk and Yaroslavl breeds
were observed to have only 4 alleles with frequencies over 5%, though due
to even distribution, their share in the allele fund was lower. Maximum
number (8 of consolidating alleles) was seen in the Mongolian cattle.

Local breeds have been developed based on introduction to native
cattle of genetic material from other breeds. For example, Red Gorbatov
breed was created by cross-breeding native Prioksk cattle and bulls of the
Tirol breed with subsequent pure breeding of hybrids, while the Kostroma
breed was developed by cross-breeding native cattle with Allgau and
Swiss cattle (Moiseeva et al., 2006). Ukrainian White-Headed cattle were
created as a result of reproductive crossing of native cattle of the Polissya
climatic zone and Groningen offspring of Dutch cattle (Shuplyk et al.,
2013). Therefore, local breeds are characterized by unevenness of consoli-
dating and significant alleles according to the nomenclature, amount and
share in the allele fund.

Commercial breeds are local cattle that became broadly distributed,
both geographically and quantitatively due to high productivity according
to a certain trait. Quite often, they are used to improve economically useful
traits of other breeds, leading to accumulation of alleles of the improving
breed. There occurred a situation when Holstein cattle were massively
used for increasing dairy productivity. A number of dairy breeds have
been created using it, including Ukrainian black-and-white and red-and-
white dairy breeds, which are currently being modified by the principle of
open populations with further use of genetic potential of Holstein cattle.

Research on Holstein herds in the USA (Dietz et al., 1997) and Cana-
da (Sharif et al., 1998), revealed 7 consolidating alleles in each with total
frequencies of 75.6% and 88.7%, six of which (*08, *11, *16, *22, *23
and *24) had prevailing frequencies in both populations. They also had
identically significant alleles (*08, *11, *16, *22, *23 and *24), which in
total amounted to 70.3% and 77.1%. A similar set of consolidating alleles
with permutation of the frequencies was found in Columbian Holstein
(Gomez-Castro et al., 2006; Morales et al., 2020), Iranian (Nassiry et al.,
2005), Argentinean (Juliarena et al., 2008), and also Polish Holstein (Opr-
zadek et al., 2018) and Holstein-Friesian (Oprzadek et al., 2012) cattle.
In studies conducted in the Iranian population of Holstein bulls, seven
most frequent alleles (BoLA-DRB3.2*08, *11, *16, *22, *24, *28 and
*51) accounted for 80% of all found alleles (Parnian et al., 2006). There-
fore, the abovementioned BoLA-DRB3.2 alleles were present in geno-
types of Holsteinized cattle and were associated with traits considered
introduced by the Holstein breed (Suprovych et al., 2017b). In domestic
commercial breeds (Ukrainian black-and-white dairy, Ukrainian red-and-
white dairy), there were also found 6-7 alleles with frequency over 5%,
but their overall frequency was somewhat lower — 50.3% to 59.4%.

Initial data will always concemn polymorphism of loci, i.e., quantity
and share of animals in the genotype of which the significance alleles were
found. They need to be considered as qualitative genetic traits of a breed.
Statistically significant deviation of allele frequencies from the normal
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distribution means that such a genetic unit is a distinctive trait of the breed.
Two parameters of allele frequencies are special indicators: frequency of
major allele frequency and minor allele frequency, when SNP and other
biallelic loci are analyzed. Fluctuations of allele frequencies between and
inside populations have evolutional value, when selective pressure aims at
removal of deleterious alleles, favouring new genetic variants that provide
the adaptive advantage. Selection may directly cause changes in the fre-
quency of major and minor alleles. Significance of frequencies of such
alleles in the assessment of genetic diversity has been the object of various
studies (Kaur et al., 2014; Engelsma et al., 2013), because they are an
indicator of genetic variability and polymorphism in the observed locus
(Singhetal., 2013).

In Ukrainian Gray cattle, only 3 major alleles were found, with note-
worthy prevalence of DRB3.2*16 variant with total frequency of 64.5%.
Among the analyzed populations, such a situation was characteristic only
of Yakutsk cattle, where notable domination of two major PCR-RLFP
alleles was seen: BoLA-DRB3.2*29 (42.9%) and *54 (22.9%). Only this
breed was observed to have 8 minor alleles that had frequencies below
2%. Two other native breeds, Mongolian and Kalmyk, also had three
significant major alleles each, though with a much lower overall share,
which may be explained by equal distribution of frequencies.

Other than allele frequencies in single loci, another important indica-
tor that characterizes genetic variability of populations is heterozygosity.
An animal that is heterozygous according to a certain gene has different
alleles, i.e. bears double genetic information unlike the homozygous va-
riant, thus illustrating variability. Accumulation of homozygous variants in
a population reduces the amount of genetic information, impoverishing its
biodiversity. In Ukrainian Gray cattle, we found one of the lowest hetero-
zygosity parameters (H. = 0.774) according to BoLA-DRB3 gene.
Thereason for this is significant prevalence of allele *16 frequency.
A similar situation was characteristic of Yakutsk cattle that had the lowest
heterozygosity (H. = 0.743) and two high-frequency alleles BoLA-
DRB3.2*29 and *54.

Significant accumulation of frequencies of several alleles is explained
by the peculiarities of selection of various breeds. Artificial selection has
determined the intense pressure on the species Bos taurus toward the
development of genotypes associated with production of milk or meat,
making the cow a convenient object for understanding the mechanisms of
interaction between genotype and the environmental factors (Zerabruk
etal.,, 2007). To a certain extent this also affects native breeds. Subject to
the influence of such factors as migration of genes, selection, inbreeding,
the discrete genetic load of populations is able to rapidly change frequency
is found more often. Such phenomena are especially characteristic of low-
number populations, including autochthonous breeds. Pure breeding in
native cattle leads to inbreeding.

The problem of heterozygosity is important regarding morbidity of
cattle, because one of the hypotheses explaining the high level of poly-
morphism of MHC genes is heterosis. It was proposed due to the observa-
tions where particular allele products were observed to have various abili-
ties to present alien protein T-cells. Selection to the advantage of heterozy-
gotes leads to development of stable polymorphic balance, caused by
antigen-binding functions of molecules of the complex. Heterozygous
animals of populations in the zone of influence of numerous pathogens
have the advantage of having the ability to bind more alien antigens (He-
drick et al., 1991). Therefore, equilibrium populations with minimum de-
viation from HWE characterized by excess of heterozygotes, while artifi-
cially developed breeds were seen to have varying levels of prevalence of
homozygotes.

Deviation from Hardy-Weinberg equilibrium is determined accor-
ding to Wright’s fixation index. It assesses decrease in heterozygosity of
animals due to random crossing within a population. Positive values of the
index indicate possibility of closely related crossing, and its value shows
that in the next generations, using the same levels of relative mating, ho-
mozygosity on average will increase by magnitude FIS. Inbreeding is
considered tight (blood-mixing) at coefficient of 25% and higher, close at
12.5-25.0%, moderate at 1.55-12.50%, and remote at 0.20-1.55% (Sha-
rafutdinov et al., 2019). Mongolian and Kalmyk cattle kept in the condi-
tions of free grazing and crossing were observed to have prevalence of
homozygotes within the moderate thresholds. The Yakutsk breed had an

excessive surplus of homozygotes (Fig = 0.46, P < 0.001), which may
have been a consequence of the fact that low-number populations that live
in the conditions of low amount of disease pathogens tend to experience
inbreeding depression. Inbreeding leads to decrease in biodiversity, contri-
butes to spread of genetic diseases, causes lower fertility and weakens
resistance to diseases. Moreover, “‘genetic purity”” in diploid species pro-
vides no clear definition in molecular aspect. Controlled cross-breeding
has been being practiced for centuries and is not always undesired. Practi-
cally, it has never reduced the role of a native breed in conditions of con-
servation of its type peculiarities.

The Ukrainian Gray breed is beneficially different from the other na-
tive breeds. Thanks to scientifically-based selective work, purpose-orien-
ted stabilizing selection has been conducted, taking into account determi-
nation of traits and consolidation of peculiarities of the Gray cattle. A stu-
dy was conducted on microevolutionary changes in ratio of its geno- and
phenotypes using express prediction of optimum additional selection and
selection of geno- and phenotypes over the last 64 years, at the same time
predicting productivity of parents and future descendants in a closed popu-
lation (Kozyr, 2016). Therefore, deviation of distribution of heterozygotes
from HWE in Gray cattle accounted only for 4.1% (P <0.001).

Variability of genetic variance is easier to measure in Ae units.
The number of effective alleles is the quantity of alleles with the same
frequency (in the conditions of unequal heterozygosity), necessary to
achieve certain level of diversity, thus allowing one to compare the popu-
lations where quantity and distribution of allele variants are strikingly
contrasting, In the Ukrainian Gray breed, this parameter is quite low (Ae=
4.42). Such a situation is characteristic of populations where one allele (the
only actual factor favourable for the effective number of alleles) domi-
nates, while all other variants occur rarely. A similar situation is observed
in Yakutsk cattle. The parameter of the number of effective alleles is most
often used to compare biodiversity of various populations, therefore ob-
tained Ae values should not be considered a characteristic trait of genetic
variability of breeds. It is confirmed by the fact that the numbers of effec-
tive alleles in Kalmyk and Mongolian cattle were 21.7 and 19.2, some of
the highest among other breeds. Low Ae parameters in Holstein and Ko-
stroma breeds at similar values of Na are explained by broad variation in
allele frequencies. Variants with frequencies remote from paired “ave-
rage” ones contribute very little to the effective number of alleles.

The parameter of iIMAF indicates to what extent the highest frequen-
cy exceeds the expected one, assuming the frequencies of all found alleles
in this locus are equal. Indices with values close to 1 have positive predic-
tion of the distribution of allele frequencies in this locus in observed popu-
lations. A high iIMAF index indicates better genetic potential of this popu-
lation from the perspective of diversity. The range of the index is within 0
to 1, where 0 means absence of polymorphism in a locus, and 1 indicates
absence of a major allele and equal frequency of all detected variants in a
locus.

Ukrainian Gray cattle (Fig. 3) were found to have the lowest index
iIMAF = 0.277 among all the analyzed breeds. The maximum calculated
value of iMAF = 0.664 was in the Yakutsk breed at P, = 0.177, though
with quite low level of significance (Z = 0.885 at P < 0.188). This indi-
cates that cumulative alleles tend to increase their presence in a population,
but the chance of losing minor alleles is low, and the parameter itself is
sensitive to quantity of detected alleles. Among other breeds, the allowable
level of likelihood, other than Ukrainian Gray breed, was observed in four
other breeds: Yaroslavl—iMAF =0.328, P,,=0.112, Z=2.35 (P <0.01),
Kalmyk —iMAF =0. 373, P,,,=0. 085, Z=2.21 (P <0.014); Red Gorba-
tov—iMAF =0.404, P,,=0.09, Z=2.16 (P <0.016) and Ukrainian black-
and-white dairy breed — iIMAF = 0.391, P, = 0.084, Z = 1.7 (P < 0.045).
By selecting frequencies of major alleles according to iMAF, it is possible
to predict their distribution so as to determine possible selective actions in
order to preserve biodiversity based on molecular-genetic markers, be-
cause DNA-technologies are quite efficient in analyzing the gene fund
structures of herds of indigenous breeds.

According to the law of required Wiener-Shannon-Ashby diversity
for stable existence of a biological system, it must necessarily be diverse
internally to be able to block any external and internal disturbances.
Its value may be assessed using the Shannon index based on the formula
of entropy, reflecting the extent of non-subordination of the distribution of
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the elements of the system. The highest value of the index corresponds to
greatest degree of ““chaoticity” of allele distribution. The lower is the value
of the index, the higher is evenness in distribution of allele frequencies.
The index is sensitive to changes in frequencies of major components of
the system, making it a convenient tool for analysis of biodiversity of
multi-allele exon 2 of BoLA-DRB3 gene. For Ukrainian Gray cattle, the
parameter of the Shannon index was low, equaling [ =2.21. Higher values
were determined for breeds that had the highest number of alleles. Respec-
tively, it was [ =329 and N, = 35 in Kalmyk cattle, | = 3.24 and N, = 34
in Mongolian cattle, [ =2.97 and N, = 35 in Yaroslavl cattle and I = 3.06
and N, = 32 in Ukrainian black-and-white cattle.

To level out the deviation of the parameters obtained above due to
prevalence of a large number of alleles in some breeds and to elaborate the
assessments of uneven distribution of allele frequencies, we calculated the
Pielou evenness index. It is more balanced regarding the dispersion of
frequency fluctuations of the system, practically does not depend on the
number of the elements that form it and therefore most accurately depicts
the diversity of the system. According to the Pielou index, Ukrainian Gray
cattle, along with Yakutsk cattle, have the lowest parameter, equaling J =
0.66. Also, an insignificant level of allele biodiversity of BoLA-DRB3.2
gene was seen in Holstein and Sahiwal breeds. The largest parameters of
biodiversity, despite the evenness, have remained in the Kalmyk (J = 0.92)
and Mongolian (J = 0.91) native breeds.

Abnormal distribution of BoLA-DRB3.2*16 allele in the Ukrainian
Gray breed has its own disadvantages and advantages. Its significant do-
minance causes low level of genetic variability and biodiversity, as con-
firmed by the parameters of heterozygosity, effective number of its alleles,
Shannon and Pielou indices.

On the other hand, share of allele is specific weight of all alleles of this
gene in a population. While determining the statistically significant rela-
tionship between it and a certain phenotypic trait (disease, economically
useful trait, etc.), it may be used as a DNA marker. Usually, an allele that
is manifested to the highest degree is first of all competing for such a role,
whereas the animal in the genotype of which it is present, has determining
status in selective breeding programs.

There are numerous studies where associations of the BoLA-
DRB3.2*16 allele with various phenotypic traits of cattle were deter-
mined. For example, surveys by lowa State University of blood samples
from 137 pregnant herd cows revealed the relationship between
DRB3.2*16 allele and higher value SCC (somatic cell count) (Kelm et al.,
1997). Studies of 100 Holstein cows on farms (Giza, Egypt), that were
regularly diagnosed with clinical and subclinical forms of mastitis, revealed
3 alleles of DRB3.2*11, *16 and *24, which had a genetically-caused
relationship with mastitis, and at the same time, allele *11 was related to
susceptibility, while allele *16 was associated with resistance to the dis-
ease. The obtained results have high statistical significance and indicate
that the determined alleles may be recommended as markers the applica-
tion of which range from selecting animals at a young age to actual use of
them in a productive herd (Ibrahim et al., 2012). Research on a population
of 350 Iranian Holstein dairy cattle revealed that close relationship with
the diseases of the udder was manifested by alleles *08, *23 and *24, and
resistance was displayed by *03, *11 and *16 (Nikbakht et al., 2012).
Research on blood samples from 45 cows of the Sarabi (Iranian native)
breed revealed association of DRB3.2*16 allele with resistance to mastitis
(Firouzamandi et al., 2010). In Holstein cows (Canada) this allele was
associated with low risk (P < 0.05) of the development of cystic ovarian
disease and lowest values of (P < 0.05) SCC in milk (Sharif et al., 1998).
A similar situation was found in the study of associations of BoLA-DRB3
genotype with the number of somatic cells in milk from 808 Polish Hols-
tein cows, where the decrease of SCC was determined for cows that had
allele *16 in genotype (P < 0.01) (Oprzadek et al., 2018). Gene typing
using the PCR-RLFP method on 548 Canadian and American Holstein
bulls revealed that the BoOLA-DRB3.2*16 allele had a favourable effect on
durability of productive herd life, as compared with allele *23, and geno-
type BoLA-DRB3.2*16/*23 had a favourable effect on daughter fertility
(Sharma et al., 2011). Also, there are other significant associative relation-
ships between prevalent alleles BoLA-DRB3.2*06 and *12 of Gray
Ukrainian cattle and useful traits.

Conclusions

Genetic studies of MHC of Ukrainian Gray cattle using the PCR-
RLFP method revealed peculiarities of polymorphism of alleles of exon 2
of the BoLA-DRB3 gene. The breed has a specific distribution of BoLA-
DRB3.2*16 allele variants, and is characterized by the extremely high
weight of the allele *16 and consolidation of major alleles. Domination of
*16 allele was also manifested through its presence in 2/3 of surveyed
animals. The population of Ukrainian Gray cattle is low and territorially
they are kept only on two farms. These factors cause a low level of genetic
variability and biodiversity. Despite this and significant prevalence of one
allele, this breed has no inbreeding motifs characteristic of such popula-
tions.

Surveys of polymorphism of BoLA-DRB3 gene confirm the thesis
that Ukrainian Gray cattle, as with any other autochthonous breed, is
characterized by a specific gene fund and unique genetic parameters,
which the modern commercial breeds have lost. Therefore, study of po-
lymorphism of alleles of BoLA-DRB3.2 gene in this breed may be useful
for genetic-populational programs with the purpose of improving the
genetic potential of breeds of cattle. Such studies should be continued in
order to determine association between alleles of BoLA-DRB3.2 gene of
Ukrainian Gray cattle and useful traits and various diseases of cattle.
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