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Aim. To study the specifi cities of population genetic structure of Ukrainian Black-and-White dairy breed, Ukrainian 
Red-and-White dairy breed, and Ukrainian Grey cattle breed by polymorphism of TLR1, TLR4, and SLC11A1 genes. 
Methods. The study was conducted using the method of polymerase chain reaction and restriction fragment length 
polymorphism (PCR-RFLP). Results. The results of the study demonstrated that in all the experimental populations, 
the locus TLR4 by mutations 8732G>A, 8834G>C, and 2021C>T was monomorphic, while loci TLR1 (1596G>A) 
and SLC11A1 (7400C>G and 7808A>T) were polymorphic. For the TLR4 gene by 8732G>A mutation, only individu-
als with genotype BB were found; by 8834G>C – with genotype GG; by 2021C>T – with genotype CC. By BclI-
polymorphism in the fi rst exon of TLR1 (1596G>A) the A and G allelic variants were found in each experimental 
population. The deviation from the Hardy-Weinberg equilibrium state was revealed for the populations of Ukrainian 
Black-and-White and Ukrainian Grey cattle breeds. A considerable excess of heterozygous individuals was fi xed in 
both cattle populations (31 and 39 % respectively). Considering PstI-polymorphism in exon 11 of SLC11A1 gene, 
allelic variants C and G were found for SNP5 (7400C>G), as well as A and T for SNP6 (7808A>T) in all experimen-
tal populations. As for SNP5 (7400C>G), a considerable excess (from 15 to 30 %) of heterozygous individuals was 
determined for all experimental groups. Unlike other breeds, there was no excess (Fis = 0,04) of heterozygotes for 
SNP6 (7808A>T) in the population of Ukrainian Grey cattle. Conclusions. The parameters of genetic variability in 
the different cattle populations of Ukrainian selection by TLR1, TLR4, and SLC11A1 loci were studied. The results 
of the study showed the impossibility of using TLR4 locus by 8732G>A, 8834G>C and 2021C>T mutations in the 
programs of marker-associated selection of the investigated cattle breeds due to its monomorphic nature. The analysis 
of the allele and genotype distribution by TLR1 and SLC11A1 loci (presence of individuals with different genotypes in 
all experimental cattle breeds) indicates the possibility of using different allelic variants of these genes in the breeding 
programs for the studied cattle populations.
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INTRODUCTION
High productivity indices of animals are incorporated 

into the main purpose of selection in animal breeding, 
the process of implementing which involves the use of 
modern DNA-technologies that form the foundation 
for marker-assisted selection (MAS) (Wakchaure R et 
al, 2015; Salisu IB et al, 2018). In addition to rather 
well-studied marker mutations and genes with exten-
sive data not only about the population genetic struc-

ture of different cattle breeds, but also about the results 
of the analysis of their association with economically 
valuable traits of animals, which opens immediate 
wide perspectives for the application of MAS. There 
are also new promising trends, including the analysis of 
novel candidate genes and mutations (polymorphisms), 
previously not described for specifi c breeds (Bordbar F 
et al, 2020).

To date, there are almost no data on the genetic 
structure features of different cattle breeds of Ukrai-
nian selection by gene polymorphism, associated with 
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the parameters of animal resistance to various diseas-
es, which leads to the impossibility of using MAS in 
breeding work on these populations. In this context, 
promising objects of study are the loci TLR1, TLR4, 
and SLC11A1, which will be explained below.

Toll-like receptors (TLR) are a family of receptor mol-
ecules (transmembrane proteins), expressed on leuco-
cytes, T- and B-cells and some non-immune cells, whose 
main function is to activate the immune system in re-
sponse to the impact of pathogenic microbes and their 
virulence factors (El-Zayat SR et al, 2019). In animal ge-
netics, particular functional elements of the TLR family 
have long attracted attention in the context of studying 
the issues of resistance breeding (Novak K et al, 2019).

The TLR1 gene is located on chromosome 4, contains 
4 exons and 3 introns, the total size is about 8.5 kb. 
Among rather a large number of alternative alleles in 
the genetics of cattle, mutations (polymorphisms) have 
been determined with prominent phenotypic manifes-
tation. For instance, the association was found between 
different allelic variants of TLR1 and the susceptibility 
of cattle to bovine tuberculosis (the study was conduct-
ed using PCR-RFLP and SSCP-markers) (Sun L et al, 
2012). Different mutations of TLR1 were also found in 
the context of susceptibility to Mycobacterium avium 
paratuberculosis infection in cattle of Holstein and lo-
cal Turkish breeds (Cinar MU et al, 2018). In addition 
to the abovementioned diseases, an association was 
found between different single nucleotide polymor-
phisms of locus TLR1 (SNP-79T>G and +2463C>T) 
with clinical mastitis in Holstein Friesian cattle (Rus-
sell CD et al, 2012). Recently, along with the study on 
the resistance parameters of animals to diseases, there 
have also been studies, aimed at analysing the associa-
tion of polymorphism in the loci of TLR family and 
the indices of reproductive parameters of animals, such 
as indicators of calving ease, production longevity and 
others (Bjelka M et al, 2020).

Gene TLR4 is located on chromosome 8, contains 
3 exons and 2 introns, the total size is about 11 kb. 
Similar to TLR1, this locus is actively studied in the 
context of the resistance of animals to diseases. For 
instance, signifi cant association was found between 
haplotype C-T (–226G>C and 2021C>T) in TLR4 gene 
with susceptibility to Mycobacterium avium ssp. para-
tuberculosis in Canadian Holsteins (Sharma BS et al, 
2015). Furthermore, there are studies of an association 
between different allelic variants of TLR4 and the re-
sistance to mastitis and the content of somatic cells in 
milk (Li Z et al, 2014; Gupta PH et al, 2015; Razak R 

et al, 2015). Bilgen et al studied the polymorphism of 
TLR4 by several marker systems using animals of both 
commercial and local cattle breeds in Anatolia, Turkey 
(Bilgen N et al, 2016). In addition to the study of the 
effect of different mutations in TLR4 gene on the re-
sistance/susceptibility to diseases, there are also recent 
investigations on their infl uence on economically valu-
able traits in cattle such as milk production, including 
milk quality, in different countries (Zhou H et al, 2017; 
El-Domany WB et al, 2019; Mišeikienė R et al, 2020).

Gene SLC11A1 is located on chromosome 2, con-
tains 15 exons and 14 introns, the total size is about 11 
kb. Gene SLC11A1 encodes protein NRAMP (Natural 
Resistance Associated Macrophage Protein 1), which 
plays a key role in the immune control of a wide spec-
trum of different infectious agents (Cheng Y et al, 
2015; Holder A et al, 2020). Similar to TLR1 and TLR4 
a relation between mutations in gene SLC11A1 sus-
ceptibility to bovine tuberculosis has been established 
(Kadarmideen HN et al, 2011; Liu K et al, 2017; Okuni 
JB et al, 2021). There have been some recent articles 
from Spain and China, reporting the relation between 
SLC11A1 alleles and economically valuable traits of 
cattle, including milk production traits (Canive M et al, 
2020; Ma Y et al, 2021).

Unfortunately, the scientifi c literature practically 
lacks the data about the specifi cities of the population 
genetic structure of cattle, bred in Ukraine, regarding 
the abovementioned loci despite the perspectives of 
their further application in the programs of marker-
assisted selection. Taking the abovementioned into 
consideration, this article is aimed of studying the 
population genetic structure of different cattle breeds 
of Ukrainian selection by TLR1, TLR4, and SLC11A1 
gene polymorphism.

MATERIALS AND METHODS
The study was conducted at the Laboratory of Mo-

lecular, Genetic, Physiological, and Biochemical Re-
search in Animal Science of the Institute of Animal 
Science, NAAS of Ukraine.

The populations of different cow breeds were used 
in the study – Ukrainian Black-and-White dairy breed 
(n = 100, state experimental farm “Hontarivka”), 
Ukrainian Red-and-White dairy breed (n = 100, state 
experimental farm “Hontarivka”) and Ukrainian Grey 
cattle (n = 30, State experimental farm “Polivanovka”).

Hair follicles were used as a source of biological 
material. DNA isolation was conducted using a com-
mercial set of reagents DNA-Sorb-B according to the 
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manufacturer’s protocol (AmpliSense Biotechnolo-
gies, Russia).

The following variants were studied to determine 
the gene polymorphism: TLR1 – Bc1I-polymorphism 
in exon 1 (1596G>A); TLR4 – polymorphism in exon 
3 (8732G>A, MspI; 8834G>C, RsaI; 2021C>T, Bsi-
HKAI); SLC11A1 – PstI-polymorphism in exon 11 
(7400C>G and 7808A>T). The information about the 
primers, amplicon lengths and restriction endonucleases 
shown in the Table 1.

The amplifi cation of the selected genome frag-
ments was conducted using a programmed thermo-
cycler “Tertsik” following the program: 1 cycle –
denaturation at 94 °C for 3 min; 35 cycles – de-
naturation at 94 °C for 45 s, annealing for 45 s 
(64 °C – for TLR1; 59 °C – for TLR4; 60 °C – for 
SLC11A1), elongation at 72 °C for 45 s; 1 cycle – 
fi nal elongation at 72 °C for 10 min. The volume 
of the reaction mixture was 20 μL, the concentra-
tion of primers – 0.2 μM for each case.

The genotyping of animals was done using PCR-
RFLP method. The restriction procedure was conduct-
ed according to the manufacturer’s protocols (Thermo 
Scientifi c).

Bc1I-polymorphism in exon 1 of TLR1 gene – geno-
type AA (BclI+) is presented on the electrophoregram 
by fragments of 261, 72, and 21 bp; АG – 333, 261, 72, 
and 21 bp; GG (BclI–) – 333 and 21 bp.

In case of MspI-polymorphism in exon 3 of TLR4 lo-
cus genotype ВВ is presented on the electrophoregram 
by fragments of 490, 110, and 82 bp; АВ – 682, 490, 
110, and 82 bp; АА – 682 bp. As for RsaI-polymor-
phism, genotype AA is presented on the electrophore-
gram by fragment of 664 bp; GG – 348, 212, and 104 
bp; AG – 664, 348, 212, and 104 bp.

BsiHKAI-polymorphism in exon 3 of TLR4 – geno-
type CC is presented with fragments of 485 and 94 bp; 
CT – 579, 485, and 94 bp; TT – 579 bp.

PstI-polymorphism in exon 11 of gene SLC11A1 – the 
individuals were typed by the evaluation of complex 
genotypes regarding two mutations in the fragment 
under analysis (SNP5 7400C>G and SNP6 7808A>T) 
according to Liu K et al (Liu K et al, 2017). There 
are two SNP in the experimental fragment (SNP5 and 
SNP6), and SNP5 is presented with variants C and G, 
SNP6 – A and T. In this case, the complex genotype is 
a variation of a haplotype. Genotypes GG and TT are 
presented in the electrophoregram with the fragments 
of 633 and 303 bp; CC and AA – 227 and 709 bp; CG 
and AT – 227, 709, 633 and 303 bp; CC and TT – 227, 
406 and 303 bp; CG and TT – 227, 406, 709 and 303 
bp; CC and AT– 227, 406, 303, 227 and 709 bp.

The electrophoresis of restriction products was con-
ducted with 1.5–3.0 % agarose gel. Ethidium bromide 
(0,5 mkg/ml) was used to visualize the fragments in 
the ultraviolet spectrum. The sizes of the restriction 
fragments were determined using molecular mass mar-
kers – 50 bp Ladder DNA Marker (Size Range: 50 to 
500 bp) and 100 bp Ladder DNA Marker (Size Range: 
100 to 3000 bp) (Simgen).

The results of the study regarding each detected poly-
morphic locus were used to evaluate the frequencies of 
genotypes and alleles, the observed and expected dis-
tribution of genotypes, the correspondence to the state 
of genetic equilibrium according to Hardy-Weinberg by 
the method of χ2, the parameters of the expected (He) 
and observed (Ho) heterozygosity, the effective number 
of alleles (ne), Wright’s fi xation index (Fis). The calcula-
tions were done using Popgen32 Version 1.32 software 
(https://sites.ualberta.ca/~fyeh/popgene_download.html).

Table 1. Primer sequences and restriction endonucleases

SNP Primer sequence Amplicon 
length (bp)

Restriction 
endonuclease Reference

TLR1
(1596G>A)

TLR4
(8732G>A; 8834G>C)

TLR4
(2021C>T)

SLC11A1
(7400C>G;7808A>T)

tttagcagcctttccatact;
cagatccaggtagatacagag

gcctaaaccacctctccac;
agaagggcttgtagacttct

aacaggtagcccagacagcatttc; 
gcacgccctcctccaagttc

tgtgcttcacatctccttccta;
agcacattgagcaggtcgtt

354

682

579

936

Bc1I

MspI
RsaI

BsiHKAI

PstI

Arslan K et al, 201]

Elmaghraby MM et al, 2018

Beecher C et al, 2010

Liu K et al, 2017
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RESULTS

Based on the results of the studies, the polymorphism 
of the TLR1, TLR4 and SLC11A1 genes was studied 
in experimental cattle populations. The electrophore-
grams of restriction products for TLR1 and TLR4 are 
presented in Fig. 1.

As for BclI-polymorphism of TLR1, three possible 
genotypes (AA, GG, and AG) were found in the stud-
ied populations of Ukrainian Black-and-White and Red-
and-White dairy breeds, while homozygotes AA were 
not detected in the population of Ukrainian Grey cattle. 
All the obtained restriction patterns corresponded to the 
expected ones completely (which is given in the section 
“MATERIALS AND METHODS”), which allowed for 
successful genotyping of all individuals in each experi-
mental population. With direct determination of a geno-
type, the presence of a monomorphic restriction site for 
BclI in exon 1 of TLR1 can be an advantage, since it 
allows determining the true genotype of an individual 
with high level of effi ciency by the presence of heavy 
fragments on the electrophoregram, even in the case of 
incomplete activity of the restriction endonuclease.

Contrary to the fi ndings with TLR1, for TLR4 gene 
no different alleles were found regarding all potential 
polymorphic variants (8732G>A, MspI; 8834G>C, 
RsaI; 2021C>T, BsiHKAI) which demonstrated com-
plete genetic homogeneity of the studied populations. 
By MspI-polymorphism it was shown that all individu-
als in all experimental populations had genotype BB; 
by RsaI – only genotype GG; and BsiHKAI – only 
genotype CC (Fig. 1). Each obtained restriction pattern 
corresponded to the expected according to Elmaghraby 
et al (Elmaghraby MM et al, 2018) and Beecher et al 
(Beecher C et al, 2010) and no added variations were 
observed.

The PstI-polymorphism in exon 11 of SLC11A1 gene 
demonstrates, that this locus was polymorphic in all 
experimental populations: individuals with different 
genotypes for corresponding mutations (7400C>G and 
7808A>T) were found in all breeds. The electrophore-
gram of restriction products for SLC11A1 is presented 
in Fig. 2.

In this case, the insuffi cient restriction endonuclease 
activity can be observed, that, however, with given the 

Fig. 1. The electrophoregram of restriction products: a – TLR1 (BclI): 1–4, 10 – genotype GG, 5–8, 11, 12 – AG, 9 – AA; 
b – TLR4 (MspI): 13–24 – BB; c – TLR4 (RsaI): 25 – amplicon, 26–35 – GG; d – TLR4 (BsiHKAI): 36 – amplicon, 
37–46 – CC
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presence of additional monomorphic site for PstI in 
each allele, practically does not create seriously diffi -
culties for genotyping of individuals. The incomplete 
activity of PstI can lead to formation an alternate frag-
ment in the restriction pattern which is equal to the 
amplicon by size. Different variants of genotypes by 
PstI-polymorphism of SLC11A1 gene (CC and AA; CG 
and AT) were shown on the electrophoregram (Fig. 2).

Since TLR4 showed no variations, only polymorphic 
variants of TLR1 and SLC11A1 genes will be detailed 
below.

The genetic structure of the experimental populations 
by TLR1 gene is presented in Table 2.

All three experimental breeds were characterized 
by the prevalence of allele G frequency, that reached 
its maximum in Ukrainian Grey cattle population, in 
which there were no individuals with the A allele in the 
homozygous state. By this polymorphism all experi-
mental cattle populations, except Ukrainian Red-and-
White dairy breed, showed a deviation from Hardy-
Weinberg equilibrium state.

The genetic structure of the experimental cattle popu-
lations by SLC11A1 gene is presented in Table 3. 

In this case, the genotyping was conducted simulta-
neously for two mutations (previously identifi ed with 
sequencing and described in the article of Liu K. et 
al.2017). Actually, the complex genotypes (CC-АА, 
CG-ТТ and others) belong to the haplotypes, what can 
lead to the observed ratio of allele frequencies.

In all the experimental populations the complex 
genotype CC-AA was prevalent. The Ukrainian Grey 

Fig. 2. The electrophoregram of restriction products for exon 
11 of SLC11A1 gene using PstI: 1 – 100 bp Ladder DNA 
Marker; 2 – 50 bp Ladder DNA Marker; 3 – amplicon; 4, 
6–8, 10–12 – genotypes CC and AA; 5, 9 – CG and AT

Table 2. The genetic structure of experimental populations by TLR1 gene (1596G>A) 

Note. О – observed and E – expected number of animals with appropriate genotype; HWЕ – correspondence to Hardy-Weinberg 
Equilibrium by using χ2.

Breed

Genotypes Allele frequency

HWE
(χ2)AA AG GG

A G
O E O E O E

Ukrainian Black-and White dairy
Ukrainian Red-and-White dairy
Ukrainian Grey

12
13
0

19.36
16

2.52

64
54
17

49.28
48

12.35

24
33
13

31.36
36

15.12

0.44
0.40
0.29

0.56
0.60
0.71

8.93
1.56
4.57

Table 3. The genetic structure of experimental populations by SLC11A1 gene (SNP5 7400C>G and SNP6 7808A>T)

Breed

Genotypes (SNP5-SNP6) Allele frequency

CC-АА CG-AT CG-AA CG-ТТ
SNP5 SNP6

C G A T

Ukrainian Black-and-White dairy
Ukrainian Red-and-White dairy
Ukrainian Grey

66
57
21

32
17
8

2
26
–

–
–
1

0.83
0.79
0.85

0.17
0.21
0.15

0.84
0.92
0.83

0.16
0.08
0.17
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cattle appeared to be considerably different from the 
others, since no animals with genotype CG-AA were 
detected for it, but genotype CG-TT was found (with 
the minimal possible frequency). In general, in all cat-
tle populations the prevalence of allele C (SNP5) and 
allele A (SNP6) frequencies wwere revealed.

To analyze the correspondence of cattle populations 
to the genetic equilibrium according to Hardy-Wein-
berg the obtained complex genotypes by SLC11A1 
gene were analyzed separately for SNP5 and SNP6. 
The results of this analysis are presented in Table 4.

Generally, deviation from the genetic equilibrium 
was found only in the case of SNP5 (7400C>G) for the 
Ukrainian Black-and-White and Red-and-White dairy 
breeds. As for the second mutation (7808A>T), all the 
experimental populations were in the equilibrium state, 
which indirectly indicates the absence of expressed ac-
tive form-generating processes in these groups.

The total genetic-population parameters of the ex-
perimental cattle populations by founded polymorphic 
loci (except for the monomorphic marker for TLR4), 
are presented in Table 5.

In this case, table 4 shows data only on polymorphic 
loci that describe above. 

Our study demonstrates that the experimental cattle 
populations were considerably different by parameters 
of genetic variability. A general excess of heterozygous 
animals was found in all the investigated populations in 
rather a wide range (from 13 to 39 %) which resulted in 
deviations from the equilibrium state. The only excep-
tion (no excess of heterozygotes) was demonstrated for 
Ukrainian Grey by SLC11A1 (SNP6).

In its turn, as for TLR1 (1596G>A), the maximal 
level of polymorphism, which value was practically 
maximal for two-allele systems, was observed for the 
Ukrainian Black-and-White dairy breed, and the mini-

Table 4. The genotype frequencies by different SNP in SLC11A1 gene in the experimental cattle populations

Breed

Genotypes

HWE
(χ2)

O E O E O E

SNP5 (7400C>G)

CC CG GC

Ukrainian Black-and-White dairy
Ukrainian Red-and-White dairy
Ukrainian Grey

66
57
21

68.89
62.41
21.67

34
43
9

28.22
33.18
7.65

0
0
0

2.89
4.41 
0.68

4.13
7.78
0.93

Breed
SNP6 (7808A>T) HWE

(χ2)AA AT TT

Ukrainian Black-and-White dairy
Ukrainian Red-and-White dairy
Ukrainian Grey

68
83
21

70.56
84.64
20.67

32
17
8

26.88
14.72
8.47

0
0
1

2.56
0.64
0.86

3.63
1.02
0.06

Table 5. The main genetic-populational parameters of the experimental cattle populations

Breed
TLR1 (BclI-polymorphism) SLC11A1 (SNP5) SLC11A1 (SNP6)

Ho He Fis ne Ho He Fis ne Ho He Fis ne

I
II
III

0.64
0.54
0.57

0.49
0.48
0.41

–0.31
–0.13
–0.39

1.96
1.92
1.69

0.34
0.43
0.30

0.28
0.33
0.26

–0.21
–0.30
–0.15

1.39
1.49
1.35

0.32
0.17
0.27

0.27
0.15
0.28

–0.19
–0.13
0.04

1.37
1.18
1.39

Note. I – Ukrainian Black-and-White dairy breed; II – Ukrainian Red-and-White dairy breed; III – Ukrainian Grey cattle; 
He – expected heterozygosity; Ho – observed heterozygosity; Fis – Wright’s fi xation index; ne – the effective number of alleles.

Note. О – observed and E – expected number of animals with appropriate genotype; HWЕ – correspondence to Hardy-Weinberg 
equilibrium by using χ2.
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mal one – for Ukrainian Grey cattle. The situation was 
somewhat different for SLC11A1 – the total level of 
polymorphism is reduced, which may be caused by 
linkage, related to the binding of two SNP within one 
locus.

DISCUSSION

In order for different candidate genes to be used 
in MAS programs, they must be present as different 
variants (alleles) relative to a particular site (muta-
tion). Only when polymorphism of candidate genes is 
detected in experimental animal populations, further 
studies can be carried out to analyze the associations 
between various allelic variants and economically 
valuable traits for the selection of individuals with the 
desired genotypes. It is for this reason that the study of 
the genetic-populational parameters of different breeds 
of livestock is given such close attention by population 
biology. Thus, it can be noted that the analysis of the 
genetic variability of populations is an integral part of 
the overall MAS strategy, in line with which the pres-
ent work was carried out.

The results of the study demonstrated the genetic 
structure features of the populations of different cat-
tle breeds of Ukrainian selection by TLR1, TLR4 and 
SLC11A1 genes, which allowed for some generaliza-
tions and conclusions. For instance, one of the most 
notable specifi cities of dairy cattle (Ukrainian Black-
and-White and Red-and-White dairy breeds) and du-
al-purpose breed (Ukrainian Grey cattle) is the mono-
morphic character of each population by TLR4 gene. 
Moreover, it applies to each of the studied mutations 
(8732G>A, 8834G>C, 2021C>T), which signifi cant-
ly distinguishes Ukrainian breeds from their foreign 
counterparts. The polymorphic variants of TLR4 gene 
are typical for different cattle breeds that indicates a 
major impact of a breed factor and the direction of the 
selection work on the genetic structure features of ex-
perimental animal populations. For instance, 8732G>A 
polymorphism was found in a population of Holstein 
cattle in Iran (Elmaghraby MM et al, 2018). Moreover, 
according to the results of the study, allele B belongs 
to the predominant allelic variant, which, in turn, was 
found in an invariant form in experimental cattle popu-
lations in our studies. In this context, the monomorphic 
character of cattle breeds of Ukrainian selection by this 
locus potentially refl ects the general trends in breeding 
work in animal husbandry. As for RsaI-polymorphism, 
our study is consistent with the results obtained by El-
maghraby et al. – the monomorphic character of the 
locus by this mutation was confi rmed. As for 2021C>T 

polymorphism of TLR4 gene, different allelic variants 
were found in Holstein, Jersey, and Montbeliarde cattle 
as well as in Holstein-Friesian breed in New Zealand 
(Carvajal AM et al, 2013; Zhou H et al, 2017). How-
ever, it should be noted, that the frequency and type 
of the prevailing allele vary depending on the popula-
tion and breed of animals. For instance, in most cases, 
different populations are characterized by high allele 
C frequency, which may be related to ongoing breed-
ing work in the direction of increasing milk produc-
tivity parameters. The association of the C allele with 
the milk production traits of Holstein cows was con-
fi rmed in a study by Chen et al (Chen H et al, 2021). 
At the same time, in the work of other authors, actu-
ally parity values of the C and T allele frequencies for 
this locus were revealed for Lithuanian Holstein cattle 
(Mišeikienė R et al, 2020). Such differences in the val-
ues of allele frequencies may indicate on infl uence of 
the origin of animals (population factor).

All experimental populations of Ukrainian cattle 
breeds demonstrated a completely different (compared 
with TLR4 gene) situation for the TLR1 gene, namely a 
high level of polymorphism, the maximum for Black-
and-White dairy breed and the minimum for Ukrainian 
Grey cattle.

The common feature for all studied breeds was the 
prevalence of the allele G frequency which reached 
its maximum value in the population of Ukrainian 
Grey cattle. In its turn, a mutant allele А of TLR1 gene 
(1596G>A, V>I) was found in the homozygous and 
heterozygous state in 76 % individuals of Black-and-
White and in 67 % of Red-and-White dairy breed. In-
dividuals with homozygous genotypes by allele A were 
12–13 %, and were completely absent in the population 
of Ukrainian Grey cattle.

Our results differ from those, obtained by other au-
thors while analysing the genetic structure of Holstein 
cows and local Turkish breeds (Arslan K et al, 2018). 
An increase of allele G frequency in the cattle popu-
lations is also associated with the results of genomic 
selection for resistance to brucellosis and tuberculosis 
(Prakash O et al, 2014). A similar situation was also 
noted for Chinese Holstein cattle (Sun L et al, 2012).

The analysis of SLC11A1 gene polymorphism con-
siderably differed from the above-mentioned markers 
due to a more complicated technical procedure (which 
was described by Liu K et al, 2017), since in this case 
genotyping is carried out simultaneously for two mu-
tations (7400C>G;7808A>T). Different allele vari-
ants were found for both SNPs (SNP5 and SNP6) in 
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each experimental cattle population. In all cases, the 
prevalence of allele C and A frequencies for SNP5 and 
SNP6, respectively, were fi xed. The frequencies of mu-
tant alleles G and T were within 0.08–0.21 which dem-
onstrated indirectly a relatively high level of possible 
functional changes in the investigated gene.

The presence of individuals with different geno-
types in the experimental cattle populations creates 
the necessary prerequisites for further studies towards 
the analysis of the association between the detected 
polymorphic variants of different genes and animal 
productive traits. It is also important in the context 
of issues of studying resistance to diseases, which is 
especially promising for local/native cattle breeds. 
In this case, TLR1 and SLC11A1 are promising tar-
gets for further study due to the presence of differ-
ent allelic variants of each of these genes in studied 
breeds of Ukrainian selection. In turn, TLR4 gene (by 
8732G>A, 8834G>C and 2021 C>T polymorphism) 
cannot be used in breeding programs for populations 
of Ukrainian Black-and-White dairy breed, Ukrainian 
Red-and-White dairy breed and Ukrainian Grey cat-
tle, due to its monomorphic state.

CONCLUSIONS

Our studies show that the TLR4 gene by each in-
vestigated mutation (8732G>A, 8834G>C, 2021C>T) 
is monomorphic, while TLR1 and SLC11A1 are poly-
morphic in the experimental populations of differ-
ent cattle breeds of Ukrainian selection (Ukrainian 
Black-and-White dairy breed, Ukrainian Red-and-
White dairy breed and Ukrainian Grey cattle). The 
monomorphic character of TLR4 gene (8732G>A, 
8834G>C, 2021C>T) makes it impossible to further 
use in breeding programs of studied cattle popula-
tions. By BclI-polymorphism in the fi rst exon of TLR1 
gene (1596G>A) allelic variants A and G were found 
in each studied breed. The populations of Ukrainian 
Black-and-White dairy breed and Ukrainian Grey cat-
tle demonstrated the deviation from Hardy-Weinberg 
equilibrium state and a considerable excess (31 and 
39 % respectively) of heterozygous individuals was 
revealed in both breeds. By PstI-polymorphism in 
exon 11 of SLC11A1 gene, allelic variants C and G 
were found for SNP5 (7400C>G), as well as A and 
T for SNP6 (7808A>T) in all experimental popula-
tions. As for SNP5 (7400C>G), a considerable excess 
of heterozygous individuals (from 15 to 30 %) was 
determined for all breeds. For SNP6 (7808A>T) there 
was no excess of heterozygotes (Fis = 0,04) in the pop-
ulation of Ukrainian Grey cattle.
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Поліморфізм генів TLR1, TLR4 та SLC11A1 
у популяціях корів різних порід української селекції

Р. О. Кулібаба 1, Ю. В. Ляшенко 2, О. Ю. Іващенко 1

1 Національний університет біоресурсів
і природокористування України 

Вул. Героїв Оборони 15, Київ, Україна, 03041
2 Інститут тваринництва НААН України

Вул. Тваринників 1А, Харків, Україна, 61026

Мета. Дослідити особливості генетико-популяційної 
структури української чорно-рябої молочної породи, 
української червоно-рябої молочної породи та сірої 
української породи корів за локусами TLR1, TLR4 та
SLC11A1. Методи. Дослідження проведено за викорис-
тання методів полімеразної ланцюгової реакції та рес-
трикційного аналізу (PCR-RFLP). Результати. За ре-
зультатами проведених досліджень показано, що у всіх 
дослідних популяціях корів локус TLR4 за мутаціями 
8732G>A, 8834G>C та 2021C>T відноситься до моно-
морфних, у той час як локуси TLR1 (1596G>A) та 
SLC11A1 (7400C>G и 7808A>T) – до поліморфних. За 
локусом TLR4 за мутацією 8732G>A виявлені особини 
лише з генотипом BB; за мутацією 8834G>C – із 
генотипом GG; за 2021C>T – із генотипом CC. За BclI-
поліморфізмом у першому екзоні TLR1 (1596G>A) 
виявлено алельні варіанти A та G у кожній з дослід-
жених порід. Встановлено відхилення від рівноваж-
ного стану за Харді-Вайнбергом популяцій української 
чорно-рябої молочної та сірої української породи, для 
обох порід виявлений суттєвий ексцес гетерозиготних 
особин (31 та 39 % відповідно). За PstI-поліморфізмом
у 11 екзоні гену SLC11A1 виявлено алельні варіанти C
та G для SNP5 (7400C>G), а також A і T для SNP6 
(7808A>T) у всіх дослідних популяціях корів. Для SNP5 
(7400C>G) встановлений суттєвий ексцес гетерозигот-
них особин (від 15 до 30 %) для всіх дослідних груп. 
Для SNP6 (7808A>T) показана відсутність ексцесу 
гетерозигот (Fis = 0,04) у популяції сірої української по-
роди. Висновки. Досліджено параметри генетичної мін-
ливості популяцій корів української селекції за локусами 
TLR1, TLR4 та SLC11A1. За результатами досліджень 
доведено неможливість використання локусу TLR4 за 
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мутаціями 8732G>A, 8834G>C і 2021C>T у програмах 
маркер-асоційованої селекції досліджених порід корів 
внаслідок його мономорфності. Аналіз розподілу час-
тот алелів та генотипів за локусами TLR1 та SLC11A1 
свідчить про можливість проведення подальших дос-
ліджень у напряму використання різних алельних ва-
ріантів у селекційних програмах на дослідних популя-
ціях корів.

Ключові слова: поліморфізм, рестрикція, мінливість, 
алель, ген, популяція.
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