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Aim. To study the polymorphism of genes, associated with resistance to different diseases (TLRI, TLR4, SLC1IAl,
TLRI1, TLR4,IFNGR2,SLC11A1, TNFa, and MBL]I) in the population of Charolais beef cattle. Methods. The studies
were conducted using the methods of polymerase chain reaction and the restriction fragment length polymorphism
(PCR-RFLP); the artificially created restriction site-PCR (ACRS-PCR) was used to study the polymorphism of gene
MBLI. Results. In the population (n = 100) of Charolais cattle, genes TLR1, IFNGR2, SLC11A1, TNFa, and MBLI
were polymorphic, while 7TLR4 was found to be monomorphic by three mutant variants (8732G>A, 8834G>C, and
2021C>T). Bell-polymorphism of the first exon was used to determine the excess of heterozygous animals (81.8 %);
there were no animals homozygous by allele A. By polymorphism of locus SLC/A1 for SNP6 (7808A>T), we deter-
mined complete domination of the frequency of allele A over T (0.985 vs 0.015), no animals, homozygous by allele
TT, were found. As for SNP5 7400C>G, there were no animals homozygous for allele G; the ratio of alleles C and G
was 0.79 and 0.21, respectively. By locus IJFNGR2 (1008 A>G), we determined the prevalence of the frequency of al-
lele A over G (0.745 vs 0.255); the animals with genotype AA were the most common. As for gene TNFo (—824A>Q),
we determined a two-fold prevalence of the frequency of allele G over A due to a higher number of animals with geno-
type GG (39 %). Some 50 % of the animals were heterozygous for this gene.By locus MBLI,we found the prevalence
of the frequency of allele G (Styl-) as compared to A (Sty/+) due to a considerable number of homozygous animals
GG (64 %). The percentage of homozygous animals was 37.8 %. Conclusions. General characteristics of genetic
variability of the Charolais beef cattle population were determined for the loci TLRI, TLR4, IFNGR2, SLC11Al,
TNFa, and MBLI. As for SNP6 7808A>T of locus SLC11A41, we have determined the final stage of allele A fixation,
by the results of which the gene will become completely monomorphic by this mutation. The results of the analysis
of the ratio between the frequencies of alleles and genotypes by the revealed polymorphic markers demonstrated that
it is unreasonable to use animals with different allelic variants of genes TLRI, IFNGR2, SLC11A1 in further studies
on the search for associations with the manifestation of economically valuable traits in Charolais beef cows of the
experimental population due to insufficient number of animals with different genotypes. For loci TNFo and MBLI, we
found enough animals with different genotypes to conduct further association studies. The deviation from the genetic
Hardy-Weinberg equilibrium was observed for the loci TLR1, SLC1141 (7400C>G), and MBL1 in the population.

Key words: polymorphism, variability, allele, gene, population, resistance.
DOI: https://doi.org/10.15407/agrisp11.01.014

INTRODUCTION at the maximization of the productive potential of ani-

mals, is often restricted by methodological approaches

In modern animal breeding, the efficiency of using in conducting the breeding work. A significant num-
different breeding programs, first and foremost targeted  ber of practical issues can be solved by the applica-
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tion of effective modern DNA-technologies, such as
marker-assisted and genomic selection. In addition
to classic methods of evaluating the traits of ani-
mals, DNA technologies provide information about
the structural organization of the genome of animals
(Johnsson, 2023).

Study of genome organization at the level of function-
al gene polymorphism allows for precise assessment of
genetic variability in the hereditary material. This dis-
tinctively differentiates the methodological approaches
of marker-assisted selection (MAS) from classic selec-
tion methods in animal breeding, which primarily rely
on evaluation of the phenotype (Wakchaure et al, 2015;
Sharma et al, 2024). The intensification of the domestic
animal breeding industry, characterized by high indices
of milk and meat cattle performance, is closely linked
to the animals’ high adaptive abilities, but should also
be linked to possible adaptations/changes in resistance
to diseases and unfavorable environmental factors.
Therefore, studying microevolutionary changes oc-
curring in the genetic structure of populations as they
progress towards maximal realization of productive
potential is a pressing issue, especially concerning the
structural organization of the purebred nucleus within
experimental breeds.

Even though in several recent years, the attention of
the scientific community has gradually been shifting
towards investigating the variability on the level of the
entire genome of animals, i.e. towards practical aspects
of genomic selection, the analysis of polymorphism of
specific genes and their complexes, as a foundation of
MAS strategy, still remains very profitable and essen-
tial (Colombi et al, 2024). Especially in combination
with the study of new functional genes, such as myo-
statin (Kostusiak et al, 2023), pyruvate kinase L/R (Du
et al, 2022), heat shock proteins (HSPs) (Hariyono et
al, 2022), adiponectin (Fonseca et al, 2015; Pandey et
al, 2020).

Apart from ensuring maximum performance, resis-
tance/susceptibility and sensitivity to diseases of differ-
ent etiology should be studied and taken into account.
There are cases where breeding for maximum perfor-
mance of cattle has resulted in the deterioration of re-
sistance indices of the animals, (Curone et al, 2018).
Selection and breeding, which involves evaluating and
selecting animals based on their general resistance to
diseases, apart from considering adaptive traits, using
modern molecular-genetic tools, is one of the most ur-
gent and promising areas in cattle breeding (Hu et al,
2020). Despite the focus on achieving maximal values
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of productive traits, the issue of disease resistance is
increasingly gaining attention, driven by its economic
significance (Knap et al, 2020).

Breeding for high performance and disease resis-
tance are usually conducted on different levels — from
genomic selection to applying methodological ap-
proaches in genetic engineering (Islam et al, 2020;
Gao et al, 2023). It involves using both commercial
breeds of animals and native aborigine ones (Curone
et al, 2018; Gogoi et al, 2021). From the standpoint of
general MAS strategy, noteworthy are the studies on
genes, the products of which are directly associated
with the regulation of the immune system of the or-
ganism and, thus, with the indices of resistance/sen-
sitivity to different diseases (Al-Sharif et al, 2023).
As for cattle genetics, in the context of issues of resis-
tance to diseases, some of the best-investigated genes
relevant for the study are the TLR-family (the family
of toll-like receptors) (Mazzone et al, 2023; Maljkovi¢
2023), IFNGR2 (Muthusamy et al, 2019; Holder et al,
2020), TNFo (Sattar et al, 2019), and MBL1 (Aksel et
al, 2021; Kamaldeep et al, 2021; Moretti et al, 2021).
For example, associations between different allelic
variants of genes in the 7LR gene family and the re-
sistance of individuals from various cattle breeds to
paratuberculosis, tuberculosis, and mastitis have been
studied (Cinar et al, 2018; Bartens et al, 2021; Chen et
al, 2022). Associations with resistance to mastitis have
also been demonstrated for genes such as MBL/I and
TNFo (Aksel et al, 2021; Sattar et al, 2019).

This study is a continuation of our previous inves-
tigations which focused on polymorphism of genes
TLRI1, TLR4, and SLC11A1 in populations of Ukraini-
an Black-and-White dairy breed, Ukrainian Red-and-
White dairy breed, Ukrainian Gray cattle (Kulibaba
et al, 2021; Ivashchenko & Kulibaba, 2022). In this
case, our focus is on studying beef cattle to address
the question: Do the observed patterns of allele and
genotype frequencies at identified polymorphic loci
align with general trends, or do they characterize cat-
tle breeds based on their productivity direction (meat
or dairy)? Thus, the aim of this publication is to in-
vestigate the polymorphism of TLRI, TLR4, IFNGR2,
SLCI1AI, TNFa, and MBLI genes in a Charolais beef
cattle population.

MATERIALS AND METHODS

The study was conducted in the Laboratory of
Molecular-Genetic Studies in Animal Science at the
Livestock Farming Institute of NAAS of Ukraine,
and in the Laboratory of Molecular-Genetic Studies
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at the Department of Animal Biology of the National
University of Life and Environmental Sciences of
Ukraine.

The study involved a population of Charolais beef
cattle (n = 100), kept at the agrocompany Pryvillia,
Luhansk region, Ukraine.

Whole blood samples (4 ml) were used as a source
of biological material. Samples were stored at -8 °C
before examination and further testing. The commer-
cial DNA-Sorb-B kit was used to isolate DNA accord-
ing to the manufacturer’s protocol (AmpliSense Bio-
technologies, Russia).

To detect polymorphisms the following marker sys-
tems were used:

Bcll-polymorphism of gene TLRI (chromosome 6,
exon 1, 1596G>A, 15207882984, V>1, GTC>ATC);

BsiHKAI-polymorphism of two genes — TLR4 (chro-
mosome &, exon 3, 2021C>T, rs8193069, 674Thr>1le)
and /FNGR2 (chromosome 1, MN473461.1, exon 7,
1008 A>G, rs109579937);

Mspl-polymorphism (missense mutation 8731A>G,
8732G>A, 322Ser>Asp), and Rsal-polymorphism (sy-
nonymic mutation 8834G>C) of gene TLR4 (chromo-
some 8, DQ839567.1, exon 3);

Pstl-polymorphism of gene SLC11A41 (chromosome 2, 2
SNP —exon 11 7400C>G, A>P and intron 12 7808 A>T);

Sacl-polymorphism of gene TNFa (chromosome 23,
714137.1, promoter fragment, —824A/G);

Table 1. Primer sequences and restriction endonucleases

Styl-polymorphism of gene MBLI (chromosome 28,
MN473461.1, exon 2, 2651G>A, GTT(Val)>ATT (Ile),
rs109492835).

The information about the primers, amplicon
lengths and restriction endonucleases is shown in
the Table 1.

The selected genome fragments were amplified us-
ing either a AMPLY-4 (Biocom, Russia) or a MiniAmp
Thermal Cycler (Applied Biosystems, USA) using the
following programs: 1 cycle — denaturation at 94 °C
5 min; 35 cycles — denaturation at 94 °C 45 s; annea-
ling for 45 s (64 °C — for TLRI; 59 °C — for TLR4;
60 °C — for SLCI1A41; 56 °C — for IFNGR2; 60 °C —
for TNFa; 53 °C — for MBLI); elongation for 72 °C
45 s; 1 cycle — final elongation at 72 °C for 10 min. The
volume of the final mixture was 20 pL that included
10 pL of PCR Master mix (Thermo Scientific DreamTaq
PCR Master Mix 2X), 5 uL of sample and 5 ul of each
primer (the final concentration of primers — 0.2 pM).

The genotyping of animals was conducted using
PCR-RFLP and ACRS-PCR (the latter only for MBL1).
The restriction procedure was conducted according to
the manufacturer’s protocols (New England Biolabs).
The electrophoresis of the restriction products was per-
formed using 1.5-3.0 % agarose gels. Ethidium bro-
mide (0.5 pug/mL) concentration used was used to visu-
alize fragments in the ultraviolet spectrum.

The sizes of DNA fragments were determined us-
ing the molecular mass markers: 100 bp Ladder

. Amplicon -

SNP Primer sequence length (bp) Restriction enzyme Reference
TLRI tttagcagcctttccatact; 354 Bell Arslan et al, 2018
(1596G>A) cagatccaggtagatacagag
TLR4 gcctaaaccacctcteeac; 682 Mspl Elmaghraby et al,
(8732G>A; 8834G>C) agaagggcttgtagacttct Rsal 2018
TLR4 aacaggtagcccagacagcatttc; 579 BsiHKAI Beecher et al, 2010
(2021C>T) gcacgccctcctccaagtte
SLC1IAI tgtgcttcacatetecttecta; 936 Pstl Liuetal, 2017
(7400C>G; 7808A>T) agcacattgagcaggtcgtt
IFNGR?2 atcttagatgccctggac; 306 BsiHKAI Prakash et al, 2014
(1008A>G) cgactgaacgactttcac
TNFa gagaaatgggacaacctcca; 249 Sacl Bojaroj¢-Nosowicz et al,
(-824A/G) ccaggaactcgctgaaactc 2015
MBLI ggtggcaaatgttggeta; 162 Styl Wang et al, 2011
(2651G>A) gtcttetgagceatecteca
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DNA Marker (MD1002, Simgen; Size Range:100 to
3000 bp), 50 bp Ladder DNA Marker (MD1001, Sim-
gen; Size Range: 50 to 500 bp), and GeneRuler 50 bp
DNA Ladder (SM0371, Thermo Fisher Scientific; Size
Range: 50 to 1000 bp).

TLRI (Bcll-polymorphism): allele A (Bcll+) is
presented on the electrophoregram by fragments of
261, 72, and 21 bp; allele G (Bcll-) — 333 and 21 bp
(Arslan et al, 2018).

TLR4 (BsiHKAI-polymorphism): allele C (BsiH-
KAI+) is presented by fragments of 485 and 84 bp;
allele T (BsiHKAI-) — 579 bp (The size of restriction
fragments was calculated based on analysis of the
flanking fragment of the 7LR4 gene, AH013178.2).

TLR4 (Mspl-polymorphism): allele A (Mspl-) is
presented by a fragment of 682 bp, allele B (Mspl+) —
490, 110, and 82 bp (Elmaghraby et al, 2018).

TLR4 (Rsal-polymorphism): allele A (Rsal-)— 682 bp;
allele G (Rsal+) — 365, 211, and 106 bp.

SLC1141 (Pstl-polymorphism). There are two
SNPs (SNP5 and SNP6); SNP5 is presented by
variants C (Pstl-) and G (Pstl+), SNP6 — A (Pstl+)
and T (Pstl-). Both SNP are analyzed simultane-
ously; standard genotypes correspond to haplotype
patterns. Haplotype CA is presented by fragments of
709 and 227 bp, GT — 633 and 303 bp, GA — 406,
303, and 227 bp, CT — 936 bp (Liu et al, 2017).

IFNGR?2 (BsiHKAI-polymorphism): allele A (Bsi-
HKAI-) is presented by a fragment of 306 bp; allele
G (BsiHKAI+) — 200 and 106 bp (The size of re-
striction fragments was calculated based on analy-

sis of the flanking fragment of the /FNGR2 gene,
XM 005201116.3).

TNFa (Sacl-polymorphism): allele A (Saclt) is
presented by fragments of 168 and 81 bp; allele G
(Sacl-) — 249 bp (Bojaroj¢-Nosowicz et al, 2011).

MBL1 (Styl-polymorphism): allele A (Sty[+) is
presented by fragments of 141 and 21 bp; allele G
(Styl-) — 162 bp (Wang et al, 2011).

The results of the studies on each determined poly-
morphic locus were used to estimate the frequencies
of genotypes and alleles, observed and expected dis-
tribution of genotypes, the correspondence of genetic
Hardy-Weinberg equilibrium using y?, the parameters
of expected (H ) and observed (H ) heterozygosity,
the effective number of alleles (n ) and Wright’s fixa-
tion index (F,). For statistical calculations Popgen32
software was used (https://sites.ualberta.ca/~fyeh/pop-
gene download.html).

RESULTS

It was found that loci TLRI, IFNGR2, SLCIIAI,
TNFa, and MBL1 were polymorphic, and 7LR4 mono-
morphic. The detailed analysis of the obtained results
by each specific polymorphism is as follows (also sum-
marized in Table 1).

Restriction analysis using Bcll showed polymor-
phism of locus 7LR1, first exon (1596G>A) see Fig. 1.

Two genotypes, AG and GG, out of three possible
ones, were observed. The mutant allele Bc//+ (the
presence of restriction site in position 1596) was found
in 45 % of animals. No animals with genotype Bcll+/
Bcll+ were found.

8 9 10 11 12 13

e 333

'\261

Fig. 1. The electrophoregram of Bcll-restriction products of the first exon of gene TLRI (1596G>A).; 1, 5 — genotype GG;

2 — 100 bp Ladder DNA Marker; 3, 4, 6—13 — genotype AG

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024
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Fig. 2. The electrophoregram of restriction products of the fragments of gene SLC11/A41 (SNP5 and SNP6). 1-12 — numbers
of samples; 1 —amplicon; 2 — 100 bp Ladder DNA Marker; 3, 6 — genotypes CG and AA; 4, 5, 7, 9—12 — genotypes CC and

AA; 8 — genotypes CG and AT

1 2 3 4 5 6 7

8 9 10 11 12 13

< 306
<200

< 106

Fig. 3. The electrophoregram of restriction products of the seventh exon of gene /FNGR2 (1008A>G). 1-13 — numbers of
samples; 1 — 50 bp Ladder DNA Marker; 2, 3, 6-9, 11-13 — genotype AA (BsiHKAI-/BsiHKAI-); 4 — genotype AG (BsiH-
KAI+/BsiHKAI-); 5, 10 — genotype GG (BsiHKAI+/BsiHKAIT)

Locus TLR4 was studied in three mutant variants
following restriction, namely Mspl (8732G>A), Rsal
(8834G>C), and BsiHKAI (2021C>T). This locus
proved monomorphic with all three restriction en-
zymes. Mspl restriction yielded only genotypes BB
(Mspl+/Mspl+). Only homozygotes GG (Rsal+/Rsal+)
were obtained for Rsal. As for BsiHKAI-polymor-
phism, there were restrictive fragments of 485 and
94 bp, which indicated the animals with genotype CC
(BsiHKAI+/BsiHKAI+), respectively.

Pstl was used to study the polymorphism of locus
SLC1I1A]I (Fig. 2).

Four complex genotypes by two restriction sites we-
re observed: 7400°¢/780824, 74005/7808AT, 7400/

18

78084* and 740099/780844, The most prevalent com-
plex genotype was 7400°¢/7808*4, up to 75 % of the
total number of animals in the population. As it was
discovered in our previous studies (Kulibaba et al,
2021), incomplete activity of Pst/ may lead to possible
mistakes in the genotyping of animals indicating the
need for strict compliance with the restriction proce-
dure (primarily due to the large number of fragments).

The polymorphism of the gene of interferon gamma-
receptor 2 (IFNGR2) was determined by using BsiH-
KAI for the SNP mutation 1008A>G in the seventh
exon of the gene, viz. A (BsiHKAI-) and G (BsiHKAI+).
All possible genotypes were found in the 100 animals
studied (Fig. 3).

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024
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Table 2. The genetic structure of Charolais cattle (n = 100) after analysis of 6 polymorphic loci

Genotypes Alleles 1
TLRI (1596G>A4)
AA AG GG A G
0 E 0 E 0 E 66.95
0.450 0.550
0 2025 90 495 10 30.25
SLCIIAI (SNP5 7400C>G)
cC CG GG C G
0 E 0 E 0 E 7.067
0.790 0210
58 62.41 4 33.18 0 441
SLCIIAI (SNP6 78084>T)
AA AT TT A T
0 E 0 E 0 E 0.021
0.985 0.015
97 97.02 3 2.96 0 0.02
IFNGR? (10084>G)
AA AG GG A G
0 E 0 E 0 E 0.069
0.745 0255
55 55.50 39 38.00 6 6.50
TNFa (-8244>G)
AA AG GG A G
0 E 0 E 0 E 0.723
0.360 0.640
1 12.96 50 46.08 39 40.96
MBLI (2651G>A)
AA (Styl+/Styl+) AG (Styl+/Styl-) GG (Styl-/Styl-) A G
O E O E (0] E 13.710
13 6.00 23 36.00 64 57.00 0.245 0.755

Note: O — observed number of animals of a particular genotype; E — expected number of animals of a particular genotype

1

3

5

6

7 8 9

10

11 12

14

<249
< 168

< 81

Fig. 4. The electrophoregram of restriction products of the promoter area of gene TNFa (-824A>G). 1-15 — numbers of
samples; 1 — genotype AA; 2, 4, 5, 9-15 — genotype AG; 3, 6, 8 — genotype GG; 7 — GeneRuler 50 bp DNA Ladder
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5

6 7 8

9 10 11 12 13 14 15

<+ 162
141

Fig. 5. The electrophoregram of restriction products of the second exon of gene MBLI (2651G>A). 1-15 — numbers of

samples; 1,4, 5,7, 8, 12 — genotype AA (Styl+/Styl+); 2, 3, 9,
(Styl-/Styl-); 10 — GeneRuler 50 bp DNA Ladder

11, 14 — genotype AG (Sty[+/Styl-); 6, 13, 15 — genotype GG

Table 3. The general genetic and populational parameters of Charolais beef cattle (n = 100) for 6 polymorphic loci

Locus C, n, H, H, F,
TLRI1 (1596G>A) 0.505 1.980 0.900 0.495 —0.818
SLCI11A41 (7400C>G) 0.668 1.497 0.420 0.332 —0.265
SLC11A41 (7808A>T) 0.970 1.031 0.030 0.030 0
IFNGR2 (1008A>G) 0.620 1.613 0.390 0.380 -0.026
TNFa (-824A>G) 0.539 1.855 0.500 0.461 —-0.085
MBLI (2651G>A) 0.630 1.587 0.230 0.370 0.378

Note: C, — homozygosity coefficient; n, — effective number of alleles; H — observed heterozygosity; H, — expected hetero-

zygosity; F,_— Wright’s fixation index.

The mutational allele G, which has a restriction site
for BsiHKAI, was found with a frequency of 0.255. The
animals with the homozygous genotype GG amounted
to 6 % of the total number in the group, and the share
of heterozygotes AG was 0.39 (Table 2).

Sacl-restriction of TNFo, also yielded polymorphism
(in mutation —824A>G, see Fig. 4).

Allele G dominated (0.64); the share of homozygous
genotypes GG was 0.39. Homozygotes AA occurred with
a frequency of 0.11 (11 % of the total number of animals).

As for Styl-polymorphism of the second exon of gene
MBLI (2651G>A), we found animals with all the pos-
sible variants (AA, AG, and GG), see Fig. 5.

Frequency of allele A was 0.245; the amount of het-
erozygous (AG) and homozygous (AA) animals was
23 and 13 %, respectively.

20

It should be noted that for the polymorphism of gene
SLC11A1 two SNPs (SNP5 and SNP6) were studied.

The general genetic and populational parameters
based on the 6 polymorphic loci studied are presented
in Table 3.

DISCUSSION

For locus TLRI we observed a near equivalence in
the frequencies of alleles A and G (0.45 vs 0.55), ho-
wever, the frequencies of genotypes differed conside-
rably with an excess of heterozygous animals (81.8 %).
There were no animals homozygous by allele A in the
animal population. This locus showed the highest value
of the effective number of alleles (1.98) among the 5
genes studied, which actually is the maximal level of
polymorphism for two-allele systems. Negative values
of the fixation index were also noted for other cattle
breeds reared in Ukraine (Kulibaba et al, 2021), but

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024
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they did not reach such extreme values. The number
of animals, homozygous for allele G, as compared to
homozygotes AA was high 90 against 0. By this in-
dex, meat Charolais cattle was similar to the Ukrainian
Gray cattle of dual-purpose cows, which did not have
animals with genotype AA either, although AG and GG
percentages were substantially different (Kulibaba et
al, 2021).

For TLR4, our findings were completely opposite to
those of TLR . There was no variation for the investigat-
ed mutations (8732G>A, 8834G>C, and 2021C>T), i.e.
the locus was monomorphic. The results obtained are
in full agreement with other data obtained for dairy and
dual purpose cattle. The locus was monomorphic also in
cattle breeds of dairy (Ukrainian Black-and-White dairy
breed, Ukrainian Red-and-White dairy breed) and com-
bined (Ukrainian Gray cattle) directions of productivity
(Kulibaba et al, 2021; Okuni et al, 2021).

The monomorphism of the locus excludes it of being
a candidate for marker-assisted selection.

For locus SLCI1A1 there was complete domination
of the frequency of allele A over T (0.985 vs 0.015)
for SNP6 7808A>T. Allele T actually even did not ex-
ceed the commonly accepted threshold value for the
polymorphism of the locus (5 %) (King et al, 2006).
Moreover, allele T occurred only in the heterozygotes
(3 % of the total number of the sampling). This means
that there is a final fixation of allele A, becoming com-
pletely monomorphic in terms of this mutation. As a
result, the value of the effective number of alleles was
the lowest among those of the other genes studied.

For the second SNP of locus SLC/1A41 studied (SNP5
7400C>G@), the general tendency was similar to that
of SNP6 7808A>T — no animal was homozygous for
allele G, but this polymorphism had relatively high
values of heterozygosity, both observed (0.42) and ex-
pected (0.332). Due to the presence of a considerable
number of heterozygous animals, allele G was present
in rather a large number (21 %).

This fact is also highlighted by Liu et al. In their
study, they found that the linkage disequilibrium anal-
ysis of single nucleotide polymorphisms (SNP5 and
SNP6) in the SLCIIAI gene suggests a close linkage
between these SNPs (Liu et al, 2017). The high fre-
quencies of alleles C (SNP5) and A (SNP6) observed
for Charolais cattle in this case, were also observed for
some other breeds, both dairy and dual-purpose cattle
reared in Ukraine (Kulibaba et al, 2021). However, the
maximum tendency towards allele A fixation by SNP6
7808A>T was found only in the Charolais breed.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024

The analysis of polymorphism at the /FNGR2 lo-
cus revealed a predominance of allele A over G, with
frequencies of 0.745 and 0.255, respectively. The AA
genotype was the most prevalent, accounting for 55 %
of individuals in the population. This locus suggested
a balanced population state with a heterozygotes ex-
cess of 2.6 %. The effective number of alleles for the
IFNGR?2 gene is at an intermediate level, indicating an
average level of polymorphism. In comparison to dairy
breeds of Ukrainian selection, the Charolais breed ex-
hibits the most significant differences in allele frequen-
cies (A vs G) and the highest number of animals with
genotype AA (Ivashchenko et al, 2023). A (limited)
prevalence of allele A frequency was also obtained for
indigenous and crossbred animals in India (Prakash et
al, 2014).

Locus TNFa (—824A>G) demonstrated the preva-
lence of the frequency of allele G over A (almost two-
fold) due to a larger number of animals with genotype
GG (39 %) and 50 % heterozygous animals. An excess
of heterozygotes was also shown to be present in a pop-
ulation of Holstein dairy cattle (Kulibaba et al, 2024).
Furthermore, in the population of black-breed dairy
cattle in Poland, similar values of A and G allele fre-
quencies were observed, with frequencies of 0.47 and
0.53 respectively, indicating a slight predominance of
the G allele frequency (Bojaroj¢-Nosowicz et al, 2011).
Research conducted by Konnai et al. also demonstrated
a predominance of the G allele frequency over the A
allele in populations of Japanese Black and Holstein-
Friesian cattle breeds (Konnai et al, 2006). Conversely,
a prevalence of the A allele frequency over the G allele
frequency (0.54 vs 0.46) was observed in the popula-
tion of Holstein cattle of Canadian selection (Bimenova
et al, 2018). Hence, the observed pattern of TNFa gene
allele frequency distribution may suggest differences in
breeding practices among different cattle breeds.

For locus MBL1, we found a prevalence of the fre-
quency of allele G (Styl-) as compared to A (Styl+)
due to a considerable number of homozygous animals
GG (64 %). A similar tendency was also observed in a
population of Chinese Holstein and some indigenous
cattle breeds (Liu et al, 2011). However, for the Ukrai-
nian dairy and dual-purpose cattle breeds studied ear-
lier (Ivashchenko, 2023; Kulibaba et al, 2024), a preva-
lence of allele A was observed, which potentially may
be a result of selection. It should be noted for locus
MBL1 was the only one studied so far, where we deter-
mined a high level of proper homozygous animals (the
inbreeding level was 37.8 %).
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In general, it was demonstrated that among the six
polymorphic loci studied, the population of Charolais
beef cattle was in genetic Hardy-Weinberg equilibrium
for SLC11A41 (7808A>T), IFNGR2, and TNFo. How-
ever, TLR1, SLC11A1 (7400C>QG), and MBL1 were not
in equilibrium. The deviation of the latter loci from the
state of genetic equilibrium may indicate drifting of
genes, or selection pressure in the said population. We
intend to do further similar studies in a larger popula-
tion of Charolais beef cattle and also perform transi-
tion studies (effects on disease resistance/susceptibil-
ity, qualitative traits) in the investigated populations of
cattle studied so far.

CONCLUSION

Some specificities in the genetic structure of Charo-
lais beef cattle population (cows, n = 100) were ana-
lyzed by DNA-markers. In the population studied,
genes TLRI, IFNGR2, SLC11A1l, TNFa, and MBLI
were polymorphic, while TLR4 by three mutant vari-
ants (8732G>A, 8834G>C, and 2021C>T) was found
to be monomorphic. Bcll-polymorphism of the first
exon of the TRLI gene (1596G>A) was used to deter-
mine an excess of heterozygous animals (81.8 %); no
animals was homozygous for allele A. Polymorphism
of locus SLCI11A41 for SNP6 (7808A>T) showed a
complete domination of the frequency of allele A over
T (0.985 vs 0.015), and animals, homozygous for al-
lele T, were completely absent. As for SNP5 7400C>G,
there were no animals homozygous for allele G; the
ratio of alleles C and G was 0.79 and 0.21, respec-
tively. Polymorphism in locus /FNGR2 (1008A>Q),
showed the prevalence of the frequency of allele A
over G (0.745 vs 0.255); genotype AA was most com-
mon. As for gene TNFo (—-824A>QG), we determined a
two-fold prevalence of the frequency of allele G over
A due to a higher number of animals with genotype
GG (39). Some 50 of the animals were heterozygous
for this gene. Locus MBL1, showed a prevalence of the
frequency of allele G (Styl-) as compared to A (Styl+)
due to a considerable number of homozygous animals
GG (64 %); The percentage of homozygous animals
was 37.8 %. In general, out of six observed polymor-
phic loci, only by SLC1141 (7808A>T), IFNGR2, and
TNFo were genetic Hardy-Weinberg equilibrium. The
loci TLR1, SLC11A41 (7400C>G), and MBLI were not
in equilibrium. The genes TLRI, IFNGR2, SLCI1Al
likely offer little perspective for further association
studies due to a lack of sufficient genotypes found in
the Charolais population. The other genes 7NFo and
MBL]I are more promising in this respect.
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Mera. Jlocmiautu moniMop(di3M TeHiB, acomiioBaHUX 3
PE3UCTEHTHICTIO OO0 pi3HUX 3axBoptoBaHb (TLRI, TLR4,
SLCI11A1, TLRI, TLR4, IFNGR2, SLCI1IAl, TNFa, Ta
MBLI) y nomysitiii KopiB M’sicHOT opojiu taposie. MeTou.
JlocipKeHHsT IPOBEICHO 32 BHUKOPHCTAHHS METOJIB TOJIi-
Mepa3HOI JIAHIFOTOBOI PeaKIlii Ta PeCTPUKIIITHOTO aHaTi3y
(PCR-RFLP), a Takox, Ans TOCTiIKEHHA MOITIMOpdizmy
reny MBLI, 3a BUKOPHCTAaHHS METOy CTBOPEHHS IITY4HO-
ro caity pectpukiii (ACRS-PCR). Pesyabrarn. ¥ nomny-
st (n = 100) xopiB nopoxu maposie reau 7LR1, IFNGR2,
SLC1IAl, TNFo ta MBLI € moniMmopdHUMH, B TOH Yac 5K
reH TLR4 3a TppOMa MyTaHTHUMH BapiaHTamu (8732G>A,
8834G>C, and 2021C>T) BusiBuBCcs MoHOMOphHNUM. 3a Bcll-
noriMopdizmMoM mepmioro ex3ony reny TRLI (1596G>A)
BCTaHOBJICHUH €KCIeC TeTepo3uroTHux ocobmH (81,8 %),
TTOBHICTIO BiJICYTHI TOMO3HTOTHI 3a ajeneM A ocoOmHH. 3a
moimopdizmom nokycy SLCI1IAI ona SNP6 (7808A>T)
BCTAHOBJICHO TIOBHE JOMIHYBaHHsS YacTOTH alellio A Haj
T (0,985 vs 0,015), ocoOuH, FOMO3UTOTHUX 3a aJieieM
T, ve BusBieHo. 3a SNPS5S 7400C>G moBHICTIO BIiACYTHI
romMo3uroTHi 3a aneneM G 0COOMHH, CITIBBIIHOIIECHHS aJI€IIiB
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C ta G cranosuts 0,79 ta 0,21 BimmoBimHO. 3a JIIOKyCOM
IFNGR2 (1008A>G) BCTaHOBICHO INEPEBAKAHHS YaCTOTH
anemro A Han G (0,745 vs 0,255); maffgacrimme 3ycTpiganucs
ocobunn 3 reHorunom AA. 3a renom TNFo (—824A>QG)
BCTAHOBJICHO JIBOKPATHE MPEBATIOBAHHs 4acToTH anemo G
HaJI A 3a paxyHOK OUIbIIOI KUIBKOCTI OCOOMH 3 TCHOTUIIOM
GG (39 %). busbko 50 % ocoOuH Oy TeTepO3UTOTHUMHU
3a UM TeHOM. 3a JOKycoM MBLI BUSBICHO TepeBa)KaHHS
yactot anemo G (Styl-) y nopiBusiHHI 3 A (Styl+) 3a paxy-
HOK 3HAYHOI KUTPKOCTi roMo3urotTHrx ocoous GG (64 %). Bin-
COTOK TOMO3WTOTHHX TBApWH CTaHOBUB 37,8 %. BUCHOBKH.
BcraHoBneHo 3arajibHi XapaKTEpPUCTUKM T'€HETHYHOI MiH-
JIUBOCTI TOMYJISALIi BEIMKOI POraToi XymnoOu MOpoIu Iapo-
ne 3a nokycamu TLRI, TLR4, IFNGR2, SLC11A1, TNFo ta
MBLI. Nns SNP6 7808A>T noxycy SLCIIAI BusiBieHo
¢dinaneHy cTaniro Qikcaii aneno A, 3a pe3yabraTaMu SIKOT
T'CH TMOBHICTIO CTAaHE MOHOMOP(HUM 3a IIi€l0 MyTalli€r. 3a
pe3yibTaraMu aHalli3y CIIBBIJHOIICHHS YacTOT ajeliB i
TCHOTHUINIB 32 BUSBJICHUMH MOTIMOPQHUMHU MapKepamH,
MOKa3aHO HEIOUIIBHICTh BUKOPHCTAHHSI OCOOHMH 3 PI3HUMH
asnensHUMU Bapiantamu reHiB TLR1, [FNGR2, SLC11A1 y
MOAATBIINX JOCII/DKEHHSIX 3 MOIIYKY acolialii 3 IposBOM
rOCIOIaPChKO-KOPHUCHUX O3HAK Y KOPIiB M’SICHOI IOPOIH
mapojie JOCTIHOI MOMYJAIil, BHACIIJOK HEIOCTATHBOI
YHCEIHLHOCTI OCOOWH 3 PI3HMMH I'€HOTHIIAMH. 3a JIOKyCaMHu
TNFo ta MBLI BUSBICHO JOCTaTHIO KUIBKICTH OCOOWH
3 pI3HAMH TCHOTHIIAMHU Ui MPOBEICHHS IMONATBIINX
acoIiaTMBHUX JIOCITI/DKeHb. 3a jnokycamu TLRI, SLCI11A1
(7400C>G) ta MBLI y nocninHiili mOMyJsIii BCTAHOBICHO
BIIXWJICHHS BiJl CTaHy T'CHCTUYHOI pIBHOBAard 3a Xappi-
Baiin6eprom.

KarouoBi ciaoBa: momimMopdi3m, MIHIHBICT, ajellb, TCH,
TIOTTYJISAIIISI, PE3UCTEHTHICTb.
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