UDC 113:636.2.034.082(477)
DOI: 10.56407/2313-092X/2022-26(2)-4

Ukrainian Black Sea Region Agrarian Science
Vol. 26, No. 2

Productivity of Cows of the Ukrainian Red-Spotted Dairy Breed
with Different Genotypes According to the TLR1, SLCT1A1 and CSN2 Loci

Oksana lvashchenko’, Roman Kulibaba

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The use of methods of marker-associated selection opens up new perspectives in the context of maximum
realization of the productive potential of animals, which makes the issue of the application of modern scientific
approaches in animal husbandry particularly relevant. Considering this, the analysis of the productive qualities
of cattle with different genotypes according to the set of candidate genes is one of the most urgent tasks of
animal genetics and breeding. Therefore, the purpose of this study is to analyze the productive qualities of cows
of the Ukrainian red-spotted dairy breed with different genotypes according to the TLR1, SLC11A1 and CSN2 loci.
Genotyping of cattle individuals was performed using the PCR-RFLP method for TLR1 and SLC11A1 and AS-PCR
for CSN2. The analysis of productive qualities of animals was carried out by comparing the parameters of three
lactations for each group of animals according to the indicators of average milk yield for 305 days of lactation (kg),
protein content in milk (%) and milk fat content (%). The study was carried out on the basis of previously obtained
results of individual typing of individuals according to research loci. According to the results of studies conducted
in the experimental population of cows for the toll-like receptor 1 (TLR1) locus for the first and third lactations,
the dominant values of the yield index are characteristic of homozygotes with the GG genotype, while for the
second lactation the highest values of yield are observed for homozygous individuals for allele A. At the same
time, a probable difference between the indicators of individuals with different genotypes was not established.No
significant difference between the groups of cows with the studied genotypes in the parameters of fat and protein
content in milk by the TLR1 locus was also found. SLC11A1 is characterized by a characteristic difference from the
previous gene, as two mutations forming haplotypes — CC-AA, CG-AA and CG-AT out of nine potentially possible
variants were found in this locus. According to indicators of milk productivity, animals with the CG-AA haplotype
had higher values of milk compared to other haplotypes during all three lactations (the difference is probable).
The greatest differences were observed with the CG-AT haplotype. According to the indicators of the content of
milk protein and fat, no probable differences between individuals with different haplotypes were established.
The variability of signs for all lactations was at a low level. As for the beta-casein locus, according to the results
of the conducted research, no significant difference in the indicators of milk productivity of cows with different
genotypes was found. The highest confidence values are characteristic of individuals with the A1A1 genotype,
however, the difference with individuals with other genotypes is unlikely. In any case, the A2 allele, according to
the value of the indicators of homozygous individuals (genotype A2A2), does not have a negative effect on the
parameters of milk productivity of animals
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INTRODUCTION
The basis of the high efficiency of selection work in
animal husbandry is based on the principle of fol-
lowing the advanced achievements of genetics as the
fundamental basis of selection. Over the past several
decades, DNA-oriented technologies have become the
most widely used - from the use of various types of
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molecular genetic markers to genomic selection. The
possibility of direct assessment of an animal's geno-
type by DNA, in the absence of phenotypic assessment
at this stage, made it possible to carry out large-scale
passporting of populations of representatives of vari-
ous agricultural animal species, as well as to identify
carriers of productive and counterproductive alleles
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and genotypes. Today, in Ukraine, despite the difficult
circumstances associated with the difficulties of financ-
ing scientific research programs in animal husbandry,
work is being carried out on the use of methodical ap-
proaches of marker-associated selection (MAS), aimed
at determining the characteristics of the genetic and
population parameters of research groups of animals,
as well as for the analysis of the productive qualities
of individuals with different genotypes based on the set
of potential candidate genes. Toll-like receptor 1 (TLR1),
transmembrane protein SLC1 (SLC11A1) and beta-casein
(CSN2) genes are among the most promising in cattle
genetics. The presence of marker alleles, which are as-
sociated with economic and valuable traits of animals
within experimental groups, is quite important for tar-
geted selection in order to maximize the productive
potential of cattle. Undoubtedly, traditional methods of
animal selection based on phenotypic traits (selection by
phenotype) are of great importance in the selection pro-
cess. However, from the point of view of world practice, it
is the selection by genotype (MAS) that makes it possible
to significantly increase the efficiency of the work being
carried out.

According to the results of numerous studies, the
presence of a number of mutations in the above-men-
tioned loci has been established, which in some breeds
of cows are associated with adaptive qualities of ani-
mals [1-3]. On the other hand, the relationship with in-
dicators of milk productivity of animals (protein content,
fat content, etc.) has practically not been investigated.
Considering the above, the purpose of further research
was to analyze the productive qualities of cows of the
Ukrainian red-spotted dairy breed with different geno-
types according to the TLR1, SLC11A1 and CSN2 loci.

Vertebrate TLR1 and SLC11A1 genes are associ-
ated with the regulation of immune responses against
a wide range of pathogenic microorganisms, and their
products, proteins, by their function mostly belong to
receptors involved in the processes of innate immunity.
Individual mutations of the TLR1 gene reduce the ef-
fectiveness of the immune response against lipopeptide
and lipopolysaccharide components of the cell wall of
various types of bacteria [4; 5]. In turn, the SLC11A1
gene encodes a transmembrane protein known as one
of the potential targets that contribute to innate immu-
nity against various intracellular pathogens (tuberculo-
sis [1], bovine brucellosis [2; 3]).

An important role of the TLR1 gene in the im-
plementation of adaptive immunity lies in its ability
to influence antimicrobial activity in the skin, mucous
membranes of the respiratory tract, and the gastroin-
testinal tract of animals [6]. With the help of phyloge-
netic analysis, it was established that the TLR1 gene,
together with TLR6 and TLR10, is characterized by a
common origin and is located in a tandem that forms
a gene cluster of ~69 kb TLR6-TLR1-TLR10 on Bos tau-
rus chromosome 6 (btaé) [7]. According to the results
of the mapping of quantitative traits QTL (Quantitative
Trait Loci) in the cattle genome, it was established that
this cluster is located in a dense QTL region, which is
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important for a number of traits of technical parame-
ters of milk and the manifestation of clinical mastitis [8].
Under these circumstances, the TLR1 locus turned out
to be a promising candidate for the study of animal re-
sistance/susceptibility parameters to diseases such as
mastitis [9]. Different authors found out that mutations
in genes of the TLR family lead to a decrease in the
efficiency of pathogen recognition and activation of the
link of the innate immune system [10; 11]. In particu-
lar, Cinar and co-authors [12] revealed the association
of research genotypes of cows with the risk factor for
infection of animals with paratuberculosis (John's dis-
ease, pTB). Based on the results of immunoenzymatic
analysis, it has been proven that East Anatolian Red and
Anatolian Black breeds are more resistant to paratu-
berculosis compared to Holsteins, therefore, selection
of animals for a certain genotype of TLR1 (+1380A/G)
can potentially reduce the risk of developing this dis-
ease in cattle. Other scientists have demonstrated that
some mutations of the TLR1 gene are associated with
the manifestation of clinical signs of such infections as
brucellosis and bovine tuberculosis [13; 14]. Instead,
Russell and co-authors established an association be-
tween different SNPs in the TLR1 locus, reduced levels
of clinical mastitis (CM) and increased protein and fat
content in milk [15].

The SLC11A1 gene, located on chromosome 2,
consists of 15 exons and 14 introns, with a total size of
~11 kb. In addition to associations of this gene with pa-
rameters of resistance/sensitivity to various infectious
diseases, a reliable connection between research gen-
otypes of the Holstein breed and the manifestation of
clinical mastitis has been proven. It can be assumed that
the SLC11A1 locus is a potentially valuable candidate
gene, first of all, for improving resistance to mastitis, as
well as for determining the parameters of productive
traits in dairy cattle populations [16]. This is confirmed
by the studies of other scientists, who found a corre-
lation between NRAMP1 (alternative name SLC11A1)
polymorphisms and the number of somatic cells in the
milk of cows [17].

In contrast to the above, the beta-casein gene
refers to objects related not to the functioning of the
body’'s immune system, but to milk proteins. In cow's
milk, beta-casein belongs to one of the most common
fractions, while two variants - A1 and A2 - are the most
interesting and promising for research. Variant Al is
(potentially) associated with a set of pathological ef-
fects on the human body if milk containing beta-casein
of this type is consumed. In turn, the A2 option is com-
pletely devoid of these features. However, the question
of potential counterproductiveness of the “desired” A2
allele (association with low milk yield compared to Al)
remains open. In this regard, in addition to the issues
of general typing of animals of different cattle popula-
tions according to Al and A2 alleles, it is also advisable
to investigate the productive qualities of individuals
with different genotypes.

Previously, in our research, we determined the
features of the genetic structure of research populations



of cattle of various breeds based on the TLR1, SLC11A1,
and CSN2 loci [18]. In this work, we focus on the study
of productive parameters (milk yield) of cattle (Ukrainian
red-spotted dairy cow breed) with different genotypes
according to the above-mentioned loci.

MATERIALS AND METHODS

The study was conducted in the laboratory of molecular
genetic and physiological and biochemical research in
animal husbandry of the Institute of Animal Husbandry
of the National Academy of Sciences and in the labora-
tory of molecular genetic research of the Department
of Animal Biology of the National University of Biore-
sources and Nature Management of Ukraine.

As an object of research, we used a population
of cows of the Ukrainian red-spotted dairy breed (DPDG
“Gontarivka”, Kharkiv region, Vovchanskyi district). DNA
was isolated from individual samples of biological ma-
terial (hair bulbs) using a commercial kit of reagents
“DNA-Sorb-B” (Amplisens) according to the manufacturer's
recommendations. Genotypes were determined using
the PCR-RFLP (Polymerase Chain Reaction - Restric-
tion Fragment Length Polymorphism) method for TLR1
(Bcll polymorphism) and SLC11A1 (Pstl polymorphism),
and using AS-PCR for CSN2.

To separate the restriction/amplification frag-
ments, electrophoresis was performed in a 1.5% aga-
rose gel with the addition of ethidium bromide as a dye.
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AUV transilluminator with a wavelength of 312 nm was
used for visualization.

The value of average milk yield for 305 days of
lactation (kg), indicators of milk fat content (%) and pro-
tein content in milk (%) were used to study parameters
of milk productivity of animals. Performance analysis
was performed by comparing the parameters of the
first three lactations for each studied locus.The analysis
of productive parameters of cows with different geno-
types for the TLR1, SLC11A1 and CSN2 loci was carried
out using one-way analysis of variance (ANOVA) and the
Tukey-Kramer multiple comparisons test as a tool for
post-hoc testing. Calculations were made in Microsoft
Excel using the Real Statistics Resource Pack. Distribu-
tion was tested for normality using the Shapiro-Wilk
test. In case of deviation from the normal probability
distribution, the non-parametric Mann-Whitney U-test
was used.

RESULTS AND DISCUSSION

Based on the results of the research, the milk produc-
tivity parameters of cows of the Ukrainian red-spotted
breed with different genotypes according to the TLR1
locus were determined (Table 1). Taking into account
the peculiarities of the genetic structure of the experi-
mental group of cows, parameters were compared be-
tween individuals with all possible (according to this
locus) genotypes - AA,AG and GG.

Table 1. Indicators of milk productivity of cows of the Ukrainian red-spotted breed
with different genotypes according to the TLR1 locus

Indicator

Genotype

AA

AG GG

First lactation

Milking, 305 days, kg 5370.5+306.02°
C,% 13.96
Fat, 305 days, % 3.82%0.021°
C,% 1.32
Protein, 305 days, % 3,32%0,0482
C,% 3.55

5135.9+158.20° 5375.7%£280.27°
14.11 18.79
3.86*0.017° 3.87+0.034°
2.05 3.13
3,31+0,028° 3.319+0.022°
3,86 2.35

Second lactation

Milking, 305 days, kg 6214+267.85% 5949.3£159.422 6127.5+281.332
C,% 10.56 12.28 16.55
Fat, 305 days, % 3.73+0.032° 3.76%0.015° 3.77+0.026°
C,% 2.11 1.81 2.48
Protein, 305 days, % 3.26*0.066° 3.25+0.025° 3.26%0.026°
C,% 4.95 3.58 2.88
Third lactation
Milking, 305 days, kg 6760.5+301.21° 6576.5+129.532 6783.7£240.832
C,% 1091 9.03 12.80
Fat, 305 days, % 3.67+0.030° 3.69+0.013? 3.70+0.022°
C,% 2.02 1.56 2.12
Protein, 305 days, % 3.19+0.057° 3.17+0.0272 3.15%0.032°
C,% 4.41 4.02 3.63

Note: different subscripts (a, b) indicate the probability of difference (p<0.05) within the indicator
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According to the research results, it was found
that for both the first and third lactation, the maximum
values of the lactation index are characteristic of ho-
mozygotes for the G allele, however, AA homozygotes
have practically identical values. In turn, on the second
lactation, the situation changes somewhat - the high-
est milk yield values are characteristic of individuals
homozygous for the A allele, while for homozygotes GG,
a slight difference in this indicator was noted (87 kqg).
Based on the obtained results, no probable differ-
ence between the values of the indicators was found
(Table 1). In addition, according to the yield index for
305 days, the value of the coefficient of variation was
mostly within the average level of variability of the in-
dicator (it did not exceed the limit of 19%) for all three
lactations.

It should be noted that the sample was charac-
terized by a small number of individuals of individual
genotypes, which is explained by the inclusion of only
individuals of the first three lactations, which thus re-
duced the total number of animals in groups relative to
one or two lactations.

No significant difference was found between the
groups of cows with the tested genotypes for the TLR1

locus regarding the indicators of milk fat and protein
content. According to the parameters of the content of
milk fat and protein in relation to the value of the coef-
ficient of variation, all groups of animals are character-
ized by a low level of variability (the value of Cvin each
case is below 5%).

The SLC11A1 locus is significantly different from
the TLR1 described above. In this locus, two mutations
that form haplotypes - CC-AA, CG-AA and CG-AT out of
nine possible variants were investigated. Other variants
of haplotypes were not detected in the research pop-
ulation of cows. In more detail, the results of studies
of the features of the genetic structure of cow popu-
lations of various breeds of Ukrainian selection based
on the TLR1 and SLC11A1 genes are considered in our
previous work [18]. Features of the distribution of hap-
lotypes in the research population of animals (ratio of
frequencies of individuals with different haplotypes)
made it possible to analyze the productive indicators of
cows (Table 2). It should be noted that in this case, the
analysis of performance indicators of animals with dif-
ferent haplotypes has more practical value compared
to individual genotypes. This is due to the fact that the
haplotype is a single functional unit.

Table 2. Indicators of milk productivity of cows of the Ukrainian red-spotted breed
with different haplotypes at the SLC11A1 locus

Haplotype
Indicators
CC-AA CG-AA CG-AT
First lactation
Milking, 305 days, kg 5006.8+129.79% 5587.5+222.17° 4814.6%+211.28
C,% 9.69 17.3 11.61
Fat, 305 days, % 3.88+0.026° 3.84+0.02° 3.89+0.031°
C,% 2.57 2.28 2.11
Protein, 305 days, % 3.31+0.027° 3.335%0.029° 3.29+0.029°
C,% 3.09 3.76 2.40
Second lactation
Milking, 305 days, kg 5884.4+119.33® 6295.9+233.92° 5696.3£213.31%
C,% 7.59 16.19 9.90
Fat, 305 days, % 3.776%0.019° 3.74%0.0192 3.78%0.021°
C,% 191 2.29 1.48
Protein, 305 days, % 3.26%0.029° 3.26%0.029° 3.22%0.034°
C,% 3.42 3.87 2.84
Third lactation
Milking, 305 days, kg 6518.2+133.62% 6899.7+200.68° 6358.1%67.03%
C,% 7.67 12.68 2.79
Fat, 305 days, % 3.72%0.017° 3.68%0.016° 3.7¥0.019°
C,% 1.74 1.94 1.35
Protein, 305 days, % 3.18+0.027¢° 3.17+0.029° 3.13+0.057°
C,% 3.24 4.07 4.84

Based on the results of the research, it was found
that according to the indicators of milk productivity, in-
dividuals with the CG-AA haplotype are characterized by
higher yield values compared to individuals with other

Ukrainian Black Sea Region Agrarian Science, 26(2), 35-42

haplotypes (the difference is probable, p<0.05). Moreo-
ver, the biggest difference is observed with the CG-AT
haplotype (772.9 kg). This tendency (predominance of
index values in individuals with the CG-AT haplotype)



was noted during all three lactations. For individuals
with the CG-AA haplotype, the maximum value of the
coefficient of variation was also established, which indi-
cates the average level of trait variability, but these val-
ues do not go beyond the definition of the homogeneity
of the sample. In our opinion, this is due, in addition to
everything else, to the need to analyze a much larger sam-
ple of animals in the case of a large number of potential
variants of variability (9 possible haplotypes).

Based on the indicators of the content of milk
protein and fat, no probable differences between indi-
viduals with different haplotypes were established. The
variability of signs for all lactations was within the insig-
nificant (low) level.

It should be noted that the situation may be differ-
ent for the SLC11A1 locus due to the variability of the
distribution of haplotypes in the group, but, in any case,
the results of the research indicate the perspective of
further research on other populations and breeds of cattle
(subject to the mandatory condition of increasing the
sample of animals, which will it is possible to analyze
the productive parameters of individuals with other hap-
lotypes).

Regarding the above two loci, it should be noted
that most studies are devoted to the analysis of the rela-
tionship between TLR1, SLC11A1 gene polymorphisms
and resistance/susceptibility to various infectious diseas-
es, in contrast to our study, which covers the parame-
ters of milk productivity of animals. In various scientif-
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ic works, it is stated that genes of the TLR family are
associated with the innate immune response in various
animal species [1; 12].In the studies of Bjelka and co-au-
thors [19], performed on breeding cows of the Czech Red
breed, the association of the synonymous polymorphism
798 C>T TLR1 with reproductive and physical character-
istics of cows, namely the connection with ease of calv-
ing and duration of productivity, was proven.

In the case of SLC11A1, Bagheri and other au-
thors established [16] that the g.1139 C>G mutation in
exon 11 of the indicated gene of the Holstein breed
had a probable connection with the signs of clinical
mastitis (P<0.05). A. Ateya et al., [20], using the exam-
ple of Holstein and Brown Swiss dairy cattle, also found
nucleotide sequence variations (SNPs) associated with
resistance/sensitivity to mastitis, which, in turn, makes
it possible to consider the SLC11A1 gene as a valuable
gene - a candidate for solving the problems of improv-
ing resistance to mastitis and, accordingly, productive
traits in dairy cattle populations.

According to the results of research on the features
of the genetic structure of the experimental group of
cows, the productive parameters of animals with different
genotypes at the CSN2 locus were analyzed (Table 3). It
should be noted that in this case, all possible variants
of the genotypes — A1A1,A1A2 and A2A2 - were ana-
lyzed, but the number of individuals for each fluctuated
significantly (which was reflected in the error value of
the mean).

Table 3. Indicators of milk productivity of cows of the Ukrainian red-spotted breed
with different genotypes according to the CSN2 locus

Indicator Genotype
A'A! A'A? AZA?
First lactation
Milking, 305 days, kg 5502,0+410.122 5170,0+173.392 5266,4+213.42°
C,% 14.90 13.83 17.66
Fat, 305 days, % 3.81+0.0382 3.86+0.022° 3.88+0.022?
C,% 2.02 2.28 2.50
Protein, 305 days, % 3.36%0.0242 3.31+0.024* 3.32+0.0292
C,% 1.40 3.02 3.86
Second lactation
Milking, 305 days, kg 6384,00+363.552 5967,4+169.322 6047,2+214.122
C,% 11.39 11.70 15.43
Fat, 305 days, % 3.68+0.0272 3.76+0.014° 3.78+0.020?
C,% 1.49 1.54 2.33
Protein, 305 days, % 3.22+0.0402 3.24+0.0192 3.27%0.033%
C,% 217 2.50 4.40
Third lactation
Milking, 305 days, kg 6754,3%£269.69° 6727,9+158.812 6603,4+181.90°
C,% 7.99 9.73 12.01
Fat, 305 days, % 3.64+0.0297 3.69+0.0132 3.70+0.0182
C,% 1.57 141 211
Protein, 305 days, % 3.16+0.024° 3.16*0.0277 3.18+0.0332
C,% 1.52 3.54 4.56

Ukrainian Black Sea Region Agrarian Science, 26(2), 35-42

39



40

Productivity of cows of the Ukrainian red-spotted dairy breed with different genotypes according to the TLR1...

According to the results of the research, no signif-
icant difference in milk productivity indicators of cows
with different genotypes at the beta-casein locus was
found. The highest values of confidence are character-
istic of individuals with the A1A1 genotype, but, as al-
ready noted, the difference is unlikely. According to the
value of the coefficient of variation, the lactation indi-
cator is characterized by an average level of variability,
its variability slightly decreases by the third lactation.
In any case, the A2 allele, according to the value of the
indicators of homozygous individuals (genotype A2A2),
does not have a negative effect on the parameters of
milk productivity of animals. The research results are
consistent with the data obtained by other authors on
various breeds of cattle [21; 22]. Thus, the differences
between individuals with different genotypes at the
CSN2 locus lie in the qualitative composition of milk
beta-casein (beta-casein type - Al or A2). However, this
conclusion can be true only for the experimental group
of cows (Ukrainian red-spotted dairy breed). In the case
of another population, provided that the modifying ef-
fect of the genetic background is taken into account (the
peculiarities of the influence of the genetic structure
at a number of other loci), the effect may be different,
which indicates the need for analytical studies in each
individual situation.

Targeted studies on the study of the genetic struc-
ture of populations by gene complexes that are related
to productive parameters are of great importance for se-
lection work on improving economic and useful traits in
various breeds of cattle, in particular breeds of Ukrainian
selection and preserving their genetic potential. Based
on the results of the conducted research, it is possible
to draw a conclusion regarding the need for targeted
and intensive selection work with various breeds of farm
animals, taking into account the data on genotyping in-
dividuals by a number of markers and analyzing their
associations with economic and useful traits of animals.

Taking into account the results of the research,
only the analysis of individuals by genotype according
to the set of candidate genes and the use of modern ge-
netics methods will allow obtaining experimental groups

of cows that will be characterized by clearly defined
complex genotypes (at certain loci), which in the future
will allow to carry out directed selection work with the
aim of maximum implementation of the productive po-
tential of animals.

CONCLUSIONS

Based on the results of the research, it was established
that for cows of the Ukrainian red-spotted dairy breed,
according to the locus of toll-like receptor 1 (TLR1)
accordingtothe parameter of standard milk,the maximum
values of the indicator for the first and third lactations
are characterized by individuals with the homozygous
genotype GG, while for the second lactation, the highest
milk yield values are typical for individuals homozygous
for allele A. Probable differences in milk productivity
indicators between individuals with different genotypes
for the TLR1 locus (1596G>A) have not been established.

Based on the results of the analysis of the produc-
tive qualities of animals with different haplotypes at the
SLC11A1 locus, it was found that during all three lacta-
tions, animals with the CG-AA haplotype were character-
ized by higher milk yield values in 305 days compared
to individuals of other haplotypes. At the same time, the
biggest difference is observed with the CG-AT haplotype.
According to the indicators of the content of milk fat and
protein, no significant differences between animals with
different haplotypes were established. The variability of
signs for all lactations was at a low level.

According to the beta-casein (CSN2) locus, accord-
ing to the results of research conducted for individuals
with different genotypes (A1A1,A1A2 and A2A2), no prob-
able differences were found during three lactations in
terms of milk productivity (milk yield, fat content, protein
content).

According to the results of the research, prom-
ising genotypes for the TLR1, SLC11A1 and CSN2 loci
were identified in experimental groups of cows of the
Ukrainian red-spotted dairy breed, which makes it pos-
sible to use the obtained data for further breeding work
to obtain experimental populations of animals with the
desired genotypes.

REFERENCES

[1] Le Roex, N., Koets, A.P.,Van Helden, P.D., Hoa, E.G. (2013). Gene polymorphisms in African Buffalo associated
with susceptibility to bovine tuberculosis infection. Plos One, 8(5), article number E64494.

[2] Prakash, O., Kumar, A., Sonwane, A., Rathore, R., Vir Singh, R., Chauhan, A., Kumar, P., Renjith, R., Yadav, R.,
Bhaladhare, A., Bagir, M., & Sharm, D. (2014). Polymorphism of cytokine and innate immunity genes associated
with bovine brucellosis in cattle. Molecular Biology Reports, 41, 2815-2825.

[3]  Kumar, N., Ganguly, I, Singh, R., Deb, S.M., Kumar, S., Sharma, A., & Mitra, A. (2011). DNA polymorphism in
Slc11al gene and its association with brucellosis resistance in Indian zebu (Bos Indicus) and crossbred (Bos
IndicusxBos Taurus) cattle. Asian-Australasian Journal of Animal Sciences, 24(7), 898-904.

Ukrainian Black Sea Region Agrarian Science, 26(2), 35-42



[4]

[5]
[6]
[7]
[8]
[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

Ivashchenko and Kulibaba

Hawn, T.R., Misch, E.A., Dunstan, SJ., Thwaites, G.E., Lan, N.T., Quy, H.T., Chau, T.T., Rodrigues, S., Nachman, A.,
Janer, M., Hien, T.T., Farrar, JJ., & Aderem, A. (2010). A common human Tlrl polymorphism regulates the
innate immune response to lipopeptides. European Journal of Immunology, 37,2280-2289.

Underhill, D.M., Ozinsky, A., Smith, K.D., & Aderem, A. (1999). Toll-Like receptor-2 mediates mycobacteriainduced
proinflammatory signaling in macrophages. Proceedings of the National Academy of Sciences, 96, 14459-14463.
Shcheblyakov, D.V., Logunoy, D.Yu., Tuhvatulin,A.l., & Shmarov, M.M. (2010). Toll-like receptors (TLR) and their
importance in tumor progression. Acta Nature, 3, 28-37.

Opsal,M.A.,Vage, D.I., Hayes, B., Berget, |., & Lien, S. (2006). Genomic organization and transcript profiling of
the bovine toll-like receptor gene cluster TLR6-TLR1-TLR10. Gene, 384, 45-50.

Ogorevg, J., Kunej, T., Razpet, A., & Dovc, P. (2009). Database of cattle candidate genes and genetic markers
for milk production and mastitis. Anim Genet, 40, 832-851.

Jann, 0.C,, King, A., Corrales, N.L., Anderson, S.I., Jensen, K., Ait-Ali, T., Tang, H., Wu, C., Cockett, N.E.,
Archibald, A.L., & Glass, E.J. (2009). Comparative genomics of Toll-like receptor signalling in five species.
BMC Genomics, 10, article number 216.

Hawn, T.R., Misch, E.A., Dunstan, SJ., Thwaites, G.E., Lan, N.T., Quy, H.T., Chau, T.T., Rodrigues, S., Nachman, A.,
Janer,M,, Hien, T.T., Farrar,JJ., & Aderem,A. (2007). A common human TLR1 polymorphism regulates the innate
immune response to lipopeptides. European Journal of Immunology, 37, 2280-2289.

Johnson, CM,, Lyle, E.A., Omueti, K.O., Stepensky, VA, Yegin, O., Alpsoy, E., Hamann, L., Schumann, R.R., &
Tapping, R.I. (2007). Cutting edge: A common polymorphism impairs cell surface trafficking and functional
responses of TLR1 but protects against leprosy. The Journal of Immunology, 178,7520-7524.

Cinar, M.U., Hizlisoy, H., Akylz, B., Arslan, K., Aksel, E.G., & Gumdussoy, K.S. (2018). Polymorphisms in toll-like
receptor (TLR) 1,4,9 and SLC11A1 genes and their association with paratuberculosis susceptibility in Holstein
and indigenous crossbred cattle in Turkey.Journal of Genetics,97(5),1147-1154.doi: 10.1007/5s12041-018-1008-7.
Prakash, O., Kumar, A., Sonwane, A., Rathore, R., Singh, R. V., Chauhan, A., & Sharma, D. (2014). Polymorphism
of cytokine and innate immunity genes associated with bovine brucellosis in cattle. Molecular Biology Reports,
41(5),2815-2825.doi: 10.1007/s11033-014-3136-3.

Sun, L., Song, Y., Riaz, H., Yang, H., Hua, G., Guo, A., & Yang, L. (2012). Polymorphisms in toll-like receptor
1 and 9 genes and their association with tuberculosis susceptibility in Chinese Holstein cattle. Veterinary
Immunology and Immunopathology, 147(3-4), 195-201. doi: 10.1016/j.vetimm.2012.04.016.

Russell, C.D., Widdison, S., Leigh, J.A., & Coffey, TJ. (2012). Identification of single nucleotide polymorphisms
in the bovine Toll-like receptor 1 gene and association with health traits in cattle. Veterinary Research, 43(1),
article number 17.doi: 10.1186/1297-9716-43-17.

Bagheri, M., Moradi-Sharhrbabak, M., Miraie-Ashtiani, R., Safdari-Shahroudi, M., & Abdollahi-Arpanahi, R.
(2015). Case-control approach application for finding a relationship between candidate genes and clinical
mastitis in Holstein dairy cattle. Journal of Applied Genetics, 57(1), 107-112.

Hu, H.C., Wang, H.M,, Li, J.B., Wang, C.F., Lai, SJ., Li, Q.L., & Zhong, J.F. (2009). Genetic polymorphism of
Nrampl gene and correlation with mastitis in Holstein cattle. Journal Yi Chuan, 31(1), 57-62.

Kulibaba, R., Liashenko, Yu., & Ivashchenko, O. (2021). Polymorphism of TLR1, TLR4, and SLC11A1 genes in
populations of different cattle breeds of Ukrainian selection. Agricultural Science and Practice, 8(3), 25-34.
Bjelka, M., & Novak, K. (2020). Association of TLR gene variants in a Czech red pied cattle population
with reproductive traits. Veterinary Immunology and Immunopathology, 220, article number 109997
doi: 10.1016/j.vetimm.2019.109997.

Ateya, A.l., Ibrahim, S.S., & Al-Sharif, M.M. (2022). Single nucleotide polymorphisms, gene expression and
economic evaluation of parameters associated with mastitis susceptibility in European cattle breeds.
Veterinary Sciences, 9(6), article number 294. doi: 10.3390/vetsci9060294.

Ladyka, V.I., Pavlenko, Yu.M., Drevycka, T.I., Dosenko, V.le., Skljarenko, Yu.l., & Bartjenjeva, L.S. (2021). Study
of beta-casein gene polymorphism and its relationship with milk composition in simmental cows. Animal
Breeding and Genetics, 62,106-113. doi: 10.31073/abh.62.14.

Ladyka, V.1, Skljarenko, Yu.l., Pavlenko, Yu.M., & Malikova, A.l. (2020). Comparative evaluation of dairy productivity
of cows of Ukrainian brown milk breed of different genotypes by B-casein. Bulletin of Sumy Ntional Agrarian
University, 3(42), 3-7.

Ukrainian Black Sea Region Agrarian Science, 26(2), 35-42

41



42

Productivity of cows of the Ukrainian red-spotted dairy breed with different genotypes according to the TLR1...

MpoayKTUBHICTb KOPiB YKPaiHCbKOI YepBOHO-pPS60i MONTIOYHOI Nnopoau
3 pi3HUMMU reHoTMNaMm 3a nokycamm TLR1, SLC11A1 Ta CSN2

OkcaHa KOpiiBHa IBaweHko, Poman Onekcanpposuy Kyni6a6a

HauioHanbHui yHiBEpcuTET BiopecypciB i MPUPOLOKOPUCTYBAHHS YKpaiHu
03041, Byn. lepois O60poHK, 15, M. Kuis, YkpaiHa

AHoTaujig. 3acToCcyBaHHS METOAIB MapKep-acoLLiMoBaHOI cenekLii BiAKpUBAE HOBI NEPCNEKTUBM B KOHTEKCTI MaKCUMasbHOI
peanizauii NpoAyKTUBHOrO MOTEHLiaNy TBAPUH, WO pobUTb NMUTAHHS 3aCTOCYBAHHS CyYaCHWMX HAYKOBMX MiAXOAIB Y
TBAPUHHMLTBI 0COBAMBO aKTyasbHUM. 3 OINISIAY Ha Lie, aHani3 NpOAYKTUBHUX SSIKOCTeM 0COBMH BENUKOI poraToi Xyao6u
3 PiI3HMMU rEHOTUMAMM 33 CYKYMHICTIO reHiB-KaHAWAATIB HANEXWUTb A0 OAHOTO 3 HAWAKTYya bHILLMX 3aBAAaHb FEHETUKM
i cenekuii TBapuH. OTxe, MeTa AaHOI0 JOCNIAXKEHHS, — MPOBECTM aHaNi3 NPOAYKTUBHUX SKOCTEW KOPiB YKPAiHCbKOI
4yepBOHO-ps60i MONOYHOI NOpOAK 3 pisHMMK reHoTUNaMmn 3a nokycaMn TLR1,SLC11A11a CSN2.feHoTNYyBaHHSA 0COOMH
BPX npoBoawnnu 3a BukopuctanHa metoay PCR-RFLP onsa TLR1 1a SLC11A1 i AS-PCR ana CSN2.AHani3 npooyKTUBHMUX
SKOCTEN TBAapUH MPOBOAMAM 33 PaxXYHOK MOPIBHSHHA NapaMeTpiB TPbOX NaKTaLii AN KOXHOI rpynu TBapuH 3a
MoKa3HMKaMu cepefHboro Hagot 3a 305 aHiB nakTauii (kr), BMicTy 6inka B Monoui (%) Ta >xupHoMono4HocTi (%).
HocnigXeHHs NpoBeAeHO HAa OCHOBI OTPUMaHMX paHille pe3ynbTaTiB iHAMBIAYaNbHOMO TUMYBaHHS OCOOMH 3a
[OCNiAHMMM NOKYCaMuW. 33 pe3ynbTaTaMu NPOBEAEHUX AOCNIAXKEHb Y AOCNIAHIA Nonynauii KOpiB 3@ OKYCOM TONN-
noai6Horo peuentopa 1 (TLR1) ang nepluoi Ta TpeTbOi NaKTaLii LOMiHYHOUI 3HAYEHHS NOKA3HMKY HAA0H XapaKTepHi
[N TOMO3MIoT 3 reHoTMNoM GG, y TOM Yac, ik ANg Apyroi nakTauii HanMbinbLWwi 3HAaYEHHS HALOH CNOCTEPIralTbCs ANs
rOMO3MroTHMX 0CO6MH 3a aneneM A.T1pu LbOMY BipOriAHOI Pi3HULL MiXX MOKa3HUKAMM 0COOMH 3 pi3HUMM FreHOTUNaMU
He BCTAHOBJ/IEHO. 3HAYHOI Pi3HULI MiX rpynamMu KOpiB 3 AOCAIAXYBAaHUMMU reHOTUMNAMM 32 NOKA3HWKAMK BMICTY
Xupy Ta 6inka B Monoui 3a nokycom TLR1 Takox He BuseneHo. Ansg SLC11A1 BnactmBa xapakTepHa BifMiHHICTb Bif
nonepesHbOro reHy, OCKiNbKM B LLbOMY JIOKYCI BUSBNEHO ABi MyTauii, wo ¢opmytots rannotmnu — CCG-AA, CG-AA ta CG-AT
i3 0eBITU NOTEHLINHO MOX/IMBUX BapiaHTIB. 3@ NOKAa3HMKAMMU MONOYHOT NPOAYKTUBHOCTI TBAPMHU 3 rannoTUnoMm
CG-AA Manu 6inbLli 3Ha4YeHHS HAA0H NOPIBHSAHO 3 IHWMMM ranaoTUNAMM NPOTAroM BCiX TPbOX NaKTauin (pisHMUS
BiporigHa). Hanbinbwi BigMiHHOCTI cnocTepiranu 3 rannotunom CG-AT. 3a NOKa3HMKAMM BMICTY MOIOYHOrO Ginka Ta
XXMPpY BipOrifAHUX BiAMiIHHOCTEN MiX OCOBMHAMM 3 Pi3HMMM FranIOTMNAaMU He BCTAHOBNEHO. BapiaTMBHiCTb 03HaK Ang
BCiX NlaKkTaLin nepebyBana Ha HM3bKOMY piBHi. LLlo cTocyeTbcs nokycy 6eTa-kaseiHy, 3a pe3ynbraTaMu NpoBeAeHUX
[OCNiAXeHb 3HAYHOI Pi3HMLI B NOKAa3HMKAX MOMOYHOI NPOAYKTUBHOCTI KOPIB 3 Pi3HUMU FEHOTUNAMU HE BUSB/IEHO.
HarBuLli 3HAaYeHHs HafoK NpuUTaMaHHi Ang 0ocobuH 3 reHotunom A1AL, npoTe, pi3HMLUS 3 OCOBUMHAMU 3 HWKUMKU
reHoTMNaMu He € BiporigHoto. Y 6yab-9KoMy BUNAAKY, anenb A2, 33 3Ha4YeHHSAM NOKA3HMKIB TOMO3UIOTHUX 0COBMH
(reHotnn A2A2), He NPOSIBNSIE HEraTUBHOMO BM/IMBY Ha NapaMeTpy MONOYHOI NPOAYKTUBHOCTI TBApUH

Kntouosi cnoBa: nonimopdisM, anenb, nonynauis, npoayKTUBHICTb, KOPOBU
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