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Resume

The application of the developed approach for the screening polymorphism of TLR genes in a
representative group of historical and modern cattle breeds from Russia is relevant today. The pipeline
included the stages of obtaining overlapping amplification products from the coding regions of all ten
cattle TLR genes, their subsequent purification and normalization. While the antibacterial group included
TLR1, TLR2, TLR4, TLR5, and TLR6, the antiviral group includes TLR3, TLR7, TLR8, TLR9, and TLR10
(despite unclear specificity). For the analysis, 575 animals were used, both bulls and cows. Combined
samples containing equimolar concentrations of amplicons obtained from pooled genomic DNA were
sequenced on the PacBio platform. Identified structural 36 variants of TLR were annotated according to
their biological significance. Both new and already identified patches of variability, already annotated and
documented in dbSNP, were found. The data are necessary for the further breeding of local breeds in
Russia with regard to their natural resistance to various diseases.
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Introduction

The application of the developed approach for the
screening polymorphism of TLR genes in a representative
group of historical and modern cattle breeds from Russia
is relevant today. TLR genes code for Toll-like receptors,
which represent a key part of the system recognizing
microorganisms and viral nucleic acids associated with
bovine diseases and disorders. Among others, they are
known to activate. For this, the signalling pathways that
involve the interferon regulatory factors (IRFs), as a
family of transcription factors known to play a critical
role in antiviral defense, cell growth and immune
regulation. Three IRFs (IRF3, IRF5 and IRF7) functioned
as direct transducers of virus-mediated TLR signalling,
and their activation depends on the TLR stimulated: thus,
while TLR3 activates IRF3 and IRF7, while TLR7 and
TLR8 activate IRF5 and IRF7. In addition to these IRFs,

several kinase-pathways are involved in fine-tuning the
intracellular response.

Toll-like family (TLR) are essential in vital when
the formingation of and the innate immune response from
of animals to various pathogens, for example fungal,
bacterial and viral origin [10-11]. The variability of
immunity genes with high-throughput technology has
been studied and shown to be a modern and real, and
cattle immunity genes [16], and TLR-1-10 genes that
recognize viral nucleic acids and microorganisms of
bovine diseases and disorders was investigated.

The diversity of the Toll-like receptors is of direct
relevance to the selection of highly productive animals
demonstrating high disease resistance. The obtained data
are also expected to be used in the implementation of
conservation programs for native breeds in the diverse
regions of Russia.



mailto:aekalashnikov@yandex.ru

Sequencing and innate immunity of cattle

Materials and methods

The tissue samples comprised cows and bulls of
Kholmogor breed (Pechora type), Yakut breed, Yaroslavl
breed, Simmental dairy and meat breed variant, Black-
white breed (black Holstein), and the cattle-forest buffalo
hybrid. Altogether, 575 samples of 14 populations were
used for the study. DNA from the sperm and cartilage
specimen was hydrolyzed with proteinase K and after 8-
hour incubation, DNA was isolated by separation by
MagSep magnetic particles using the robotic station
epMotion 5070 (Eppendorf, Germany). The DNA
concentration was determined by UV-spectrophotometry
and its integrity were checked electrophoretically. DNA
samples were normalized to 50 ng/uL.

The coding sequences of the TLR genes were
amplified in a series of PCR reactions performed on an
eqimolar DNA pool. Subsequently, an equimolar
combined sample of all amplicons (31 of anti-bacterial
TLRs, 52 of anti-viral TLRs) [9, 17] was prepared
according to the electrophoretically determined yield of
PCR reactions and the product molecular weight. The
pooled amplicon sample was purified using a NucleoSpin

column (Macherey-Nagel, Germany). After additional
purity checks with gel and Agilent chip electrophoresis,
the amplicons were sequenced using SMRT sequencing
technology (Pacific Biosciences, USA) on the RS-II
instrument in the GATC Biotech (Constanz, Germany)
sequencing center. The average coverage for sequencing
were up to 76 reads of genes from 400 to 1200 bp in
length, with a depth of coverage of 3-12 per individual.
During sequencing, reading lengths of up to 35-37 kb
were obtained, which were then cut according to the
repeat cycle and sent to the duplicate removal process.

Results and Discussions

The primary processing of our data was carried out
according to the flowchart implemented in the UGENE
software package (version 1.23.1, www.ugene.net) [12].
The quality assessment was performed with FastQC [9].
The reads of appropriate quality were aligned to the
reference genome Bostau6 [1] using BWA-MEM [2].
Removing duplicates was progressed in Cigar MDWMC
[3], SNV was detected using FreeBayes [7] and
SAMTOOLS [14] (Tables 1-2).

Table 1
Parameters of the TLR gene resequencing
Gene | Chromosome Start End Coverage Reads/ Reads/ Combi of coverage
coverage coverage RemDb
RemDb

TLR1 chré 59,678,173 | 59,689,488 22746- 455901- 2265-4380 386753-464166
38236 553591

TLR2 chrl7 3,949,870 | 3,963,092 14784- 448428- 2140-3327 394409-478635
23262 543892

TLR4 chr8 108,828,899|108,839,911| 19641- 455348- 2076-3686 381340-459607
32480 553106

TLR5 chrl6 27,303,742 | 27,306,323 13335- 453639- 1539-2650 387898-467064
22907 550379

TLR6 chré 59,686,794 | 59,720,509 22746- 455901- 2265-4380 386753-464166
38236 553591

TLR7 X 141,044,355| 141,063,596 | 22750- 455950- 2270-4390 386755-464167
38350 553600

TLR8 X 141,063,596 141,063,596 | 14800- 448430- 2145-3330 394550-478700
23300 543750

TLR9 chr22 49,229,610 | 49,233,939 19550- 455200- 2080-3690 381450-459750
32600 553250

TLR10 chré 59,670,230 | 59,677,223 13252- 453700- 1540-2655 387920-467124
22950 550400
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Table 2
Variants indentified in the TLR genes
Gene Coverage/sample Mutations (from Byers calc) | Mutations (from SAMTOOLS | QC, score| GC, %
TLR1 | 5.2-15.9 (for 2 genes) 36 (for 2 genes) 30 (for 2 genes) 9-19 44
TLR2 7.7-12.1 8 30 6-14 43
TLR4 7.5-13.4 13 28 5-13 43
TLR5 5.6-9.6 28 70 5-13 43
TLR6 | 5.2-15.9 (for 2 genes) 36 (for 2 genes) 30 (for 2 genes) 9-19 44
TLR7 3.7-6.2 4 6 6-14 44
TLR8 7.5-14.2 8 12 5-13 43
TLR9 5.5-9.5 12 22 5-13 44
TLR10 5.2-8.0 5 7 3-12 44

The application of the FreeBayes algorithm in
combination with SAMTOOLS allowed in an automatic
mode to identify meaningful variants of mutations "in the
flow".

Abstract and validation of the variant alleles
obtained were carried out with the help of VelP [18].

In the future work, the found genotypes will
require validation in order to exclude errors that occur
during poor-quality sequencing. Currently, the genotyping
assays exploiting the primer extension technology as
enabled by the SNaPshot Multiplex Kit (Applied
Biosystems, USA) are applied to this task. The validated
novel SNPs will be added to the dbSNP database [4].

Only after the completion of these stages, the found
single nucleotide variation (SNP/SNV) will be used for
the association studies  with  the disease
resistance/susceptibility traits.  Application of the
algorithms for factor statistics implemented in the SAS
package [15] and the definition of haplotypes is presumed
[13].

We plan to refine animal diagnostics by the
monitoring of the expression of immunity genes, as
elicited in experimental groups of animals with external
factors [19]. The available techniques of parallel
sequencing or real-time PCR will be applied according to
the number of targets and the expediency of scaling, as
exemplified in infected animals with different viral load
[5, 8].

In conclusion, sequences of TLR genes of cattle
from seven different breeds were obtained. Method of
next generation sequencing made it possible to identify
from 5 to 36 suspected mutations in the coding sequences
of the screened genes. This information allows for the
determination of their occurrence in the population using
direct genotyping assays. The SAM-TOOLS-method as a
whole revealed more mutations in genes than the method

of Bayers [7]. ldentified mutations require further
assignment at the individual level to identify associations
with the susceptibility to diseases.
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