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Abstract

Rearing specialized cattle breeds or several intra-breed lines reduces the breed and genetic
diversity and creates a real threat of extinction of native livestock. Microsatellite analysis and ge-
nome-wide SNP (single nucleotide polymorphism) genotyping are common methods to study the
population genetic structure of local breeds with unique adaptive traits and diseases resistance. The
history of the Tagil breed is more than 200 years old. Currently, in Russia and the world, there is
the only herd of Tagil cattle of about 600 animals molecular genetic characteristics of which remain
insufficiently poor studied. Here we present the first results of identification of STR and SNP
genotypes of the unique local Tagil breed. The work aimed to assess genetic diversity and survey the
population structure of the modern population of indigenous Tagil cattle by microsatellite analysis
(STR) and genome-wide analysis of single nucleotide polymorphism (SNPs). Genotypes of the Tagil
animals (TAGIL, » = 98; SPK Shorokhov, Perm Territory, 2021) were studied by multiplex analysis
using 11 microsatellites (TGLA227, BM2113, TGLAS3, ETH10, SPS115, TGLA122, INRA0623,
TGL1812 ETH225, BM1824). For interbreed differentiation by STR markers in PCA, we used a set
of breeds that could be potentially involved in the formation of the modern population of Tagil
cattle (TAGIL) — Holstein (HLST), Kholmogory Holsteinized (Tatarstan type) (TAT), Kholmo-
gorsk purebred (Pechora type) (PECH), black-and-white (old type) (Ch_P_OLD), Tagil (TAG) (sam-
ples from the ONIS BioTechZh database, 2020, https://www.vij.ru/2-obshchaya/226-infrastruktura-
test). To cover maximum genetic diversity in genotyping of TAGIL by SNP markers, the most
unrelated animals (n = 48) were selected based on the results of analysis of STR genotypes. Genome-
wide genotyping for SNP markers was performed using a high density GGP Bovine HD 150K
BeadChip DNA chip (150,000 SNPs, Illumina, Inc., USA) (10,8432 SNPs before and 62,809 SNPs
after LD filtration). A database of genome-wide SNP genotypes of Tagil cattle (TAGIL) was formed
to analyze the results of SNP genotyping (population genetic and phylogenetic studies). Holstein
animals (HLST) (n = 45) were the reference group. We clearly differentiated the Tagil (TAGIL)
and Holstein animals by PCA method. Cluster analysis based on genetic distances Fst divided the
Tagil and Holstein animals into two separate groups. Genome-wide SNP genotyping revealed ge-
nomic regions in which allelic variants are specific for the Tagil cattle (TAGIL). The hapFLK
analysis showed five regions (p < 0.01) (chromosomes 4, 5, 8, 11, and 15, from 1.20 Mb on BTAS
to 9.61 Mb on BTAS, the number of SNPs within the regions from 24 to 92) under selection pressure
in the Tagil animals (TAGIL). The STR genotyping data showed the participation of the Kholmo-
gory cattle, Black-and-White and Holstein breeds in the Tagil breed formation with the greatest
introgression of Holstein cattle which most likely was used to improve Tagil cattle in recent decades.
We reveled that more than 50 % of the Tagil animals (TAGIL) have the ROH (BTA14, positions
24437778-25098364, 0.661 Mb) previously identified in the Yaroslavl and Kholmogor breeds as a
region under selection pressure. This ROH region may be an element of the adaptive genetic system
in indigenous Russian breeds. In 40 % Tagil animals, we additionally identified five ROH islands.
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The findings of the research will be used to identify genes and their variants that determine adaptive
and commercial traits of the Tagil breed, study the formation of its genetic structure, develop mon-
itoring regulations to preserve the Tagil cattle breed specificity and biodiversity.
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The intensification of world dairy cattle breeding leads to the predomi-
nance of Holstein cows in the structure of cattle breeds. According to statistics,
Holstein cattle (purebred or crossbred) in the aggregate account for 61% of the
3.47 million dairy cows in the UK [1], in the USA the proportion of cattle with
Holstein breed in the pedigree is even higher and reaches 90% of the total num-
ber of dairy cows (2). In Russia, the number of Holstein cattle is still not so
large (22.95%), but the black-and-white breed prevails (49.98%) [3], including
partially Holsteinized. Breeding of specialized breeds or several intrabreed lines
reduces the pedigree and genetic diversity of the livestock, and, as a result, a
real threat of extinction of aboriginal livestock is created. In this regard, the
study of the population genetic structure of local breeds, which have unique
adaptive traits and resistance to a number of diseases, is attracting more and
more attention [4]. Most often, such studies use microsatellite analysis or a more
informative method of whole genome SNP (single nucleotide polymorphism)
genotyping, which has become actively used in population genetics and breeding
of cattle after deciphering its genome [5].

Using STR (short tandem repeat) markers, we studied the genetic struc-
ture of populations of local breeds of Indian zebu Ongole, Deoni, Gir, Kankrei
[6], Mexican Criollo [7], as well as Red Steppe [8], Suksun, Istoben, Yaroslavl,
Kholmogory, gray Ukrainian and Kholmogory (Pechora type) breeds of cattle [9].
Genome-wide SNP screening has been used to establish genetic diversity and in-
terbreed differentiation of native South African cattle (Afrikaner, Drakensberger,
Nguni) [10], five indigenous cattle breeds in Bangladesh (Chitagon Red, Pabna
and Zebu Munshiganj, Northern Bengal Gray, Deshi) [11], six breeds of cattle
from the Sichuan province in China (Ba Shan, Xuanhan, Pingwu, Sanjiang,
Ganzi, Langshan) [12], the Irish Kerry breed [13] and Russian ancient breeds
Bestuzhev, Kholmogory, Kostroma, Red Gorbatov and Yaroslavl [14, 15].

Tagil cattle is one of the oldest domestic breeds of dairy cattle in the
Russian Federation. The history of the creation of this breed has more than 200
years. The formation of the main group of Tagil cattle took place in the Ural
region in the Nizhny Tagil region. There is no exact information about the origin
of the Tagil cattle, but the participation in its formation of the English short-
horned and Kholmogory cattle, imported from the Arkhangelsk province in 1842,
was discussed [16]. There is an opinion that the Tagil breed is a product of crossing
local Ural cattle with imported animals of the Kholmogory, Yaroslavl and Dutch
breeds [17] and the use of Black-and-White bulls [18]. Planned selection and
breeding work to improve the Tagil cattle began after the decree of the Council of
People’s Commissars dated July 19, 1918 “On breeding livestock” was issued.
Then a strict selection of purebred Tagil sires was applied, followed by breeding
“in itself”, which made it possible to significantly increase the productivity of Tagil
cows, and in 1930 a new Tagil breed of cattle was approved [18, 19]. Unpreten-
tious to the conditions of feeding and keeping, Tagil cattle, when bred in the
Urals, were not much inferior in terms of milk yield to black-and-white, surpassing
it in fat milk content. In addition, Tagil cows, due to the specific structure of the
pelvis, are distinguished by the ease of calving.

Subsequently, the massive Holsteinization of cattle led to the displacement
of not only the Tagil, but also the Black-and-White breed. As a result, the only
gene pool herd of Tagil cattle in Russia and the world (about 600 heads) is cur-
rently left, formed at the Shorokhov SPK in the Oktyabrsky District of the Perm



region. This gene pool, limited in number, is of undoubted interest as a source of
valuable biological and economic traits; however, its molecular genetic character-
istics remain insufficiently studied.

This report presents for the first time the results of identification of the
STR and SNP genotypes of the unique local Tagil breed of cattle, which will allow
the identification of genes and their variants that determine the biological, adaptive
and productive qualities of animals of economic importance.

The purpose of this work is to carry out microsatellite analysis (STR) and
genome-wide analysis of single nucleotide polymorphisms (SNPs) to assess genetic
diversity and establish the population structure of the modern population of abo-
riginal Tagil cattle.

Materials and methods. DNA was isolated from blood samples (n = 98) of
Tagil animals (TAGIL). Samples were taken at the SPK them. Shorokhov (Perm
Territory, 2021), the QIAmp® DNA Mini Kit (QIAGEN, Germany) was used
for DNA extraction according to the attached protocol. The purity and concen-
tration of the resulting DNA preparations were determined (OD260/280, ultraviolet
microspectrophotometer Implen Nano-Photometer®, Implen GmbH, Germany),
the concentration of double-stranded DNA was measured using a Qubit™ (1.0)
fluorimeter (Life Technologies, USA).

Animal genotypes were analyzed by multiplex analysis for 11 microsat-
ellites (TGLA227, BM2113, TGLAS53, ETH10, SPS115, TGLA122, INRA023,
TGLA126, BM1818, ETH225, BM1824) using the STR panel developed at the
V.I. OK. Ernst based on the recommendations of the International Society for
Animal Genetics (ISAG).

Interbreed differentiation by STR-markers was carried out by the
method of principal components (PCA) with the involvement of genotypes of
cattle breeds that could potentially take part in the formation of the studied
modern population of Tagil cattle (TAGIL): Holstein (HLST), Kholmogory
Holsteinized (Tatarstan type) (TAT) , Kholmogory purebred (Pechora type)
(PECH), black-and-white (old type) (Ch_P_OLD), Tagil (TAG) (samples
from the ONIS BioTechJ databank, 2020, https://www.vij.ru/2-obshchaya
/226-infrastruktura-test).

For genotyping by SNP markers, samples (n = 48) were selected based
on the results of the analysis of STR genotypes. In the Structure 2.3.4 program
(https://web.stanford.edu/group/pritchardlab/structure.html), the similarity coef-
ficient Q was used to preliminarily evaluate the purebred and in the ML-Relate
program (https://www.montana.edu/kalinowski/software/ml-relate/index.html) the
degree of relatedness of individuals in the studied population of Tagil cattle.

Whole genome genotyping for SNP markers was performed using a
GGP Bovine HD 150K BeadChip high-density DNA chip (~ 150,000 SNPs,
Illumina, Inc., USA). Quality control and filtering of genotyping data for each
sample and SNP was performed using the PLINK 1.9 [20] software package
(https://www.co-genomics.org/plink/). The following filters were applied (corre-
sponding commands in the PLINK program are given in parentheses): call-rate
for all studied SNPs for an individual sample is not lower than 90% (--mind);
call-rate for each of the studied SNPs for all genotyped samples is not less
than 90% (--geno); the frequency of occurrence of minor alleles (MAF) more
than 0.01 or 0.05 (--maf 0.01); deviation of SNP genotypes from the Hardy-
Weinberg distribution in the totality of tested samples with a p-value < 1076 (--hwe).
Linkage disequilibrium (LD) was also assessed using the Pearson correlation
coefficient (#2 < 0.2) with a step of 50 kb (--indep-pairwaise).

To analyze the results of genotyping of SNP markers (population ge-
netic and phylogenetic studies), a database of whole genome SNP genotypes



of Tagil cattle (TAGIL) was formed. Animals of the Holstein breed (HLST)
(n = 45) were introduced into the data set as a comparison group.

Observable heterozygosity (Ho), unbiased expected heterozygosity
(uHe), allelic diversity (Ar), and inbreeding coefficient Fis (with 95% confi-
dence interval) were calculated based on the obtained SNP genotypes for each
data set in the R package diveRsity [21].

Principal component analysis (PCA) was performed in the PLINK 1.9
program followed by plotting in the R package ggplot2 [22]. For phylogenetic
studies in the R package diveRsity [21], pairwise FsT values were calculated
[23]. The matrix of pairwise FsT values was visualized as a Neighbor-net group
genetic network in the SplitsTree 4.14.5 [24] program (https://splitstree4.soft-
ware.informer.com/). The population structure and genetic homogeneity of the
studied cattle breeds were determined using the Admixture 1.3 program [25]
with a graphical representation using the pophelper R package [26]. The most
probable number of ancestral clusters (K) was determined by calculating the
cross-validation error values (CV error) for K from 1 to 5 in the Admixture 1.3
program.

To search for loci under selection pressure, selection of 0.1% SNPs
with the highest FsT values in pairwise comparison of breeds was used, as well
as hapFLK analysis and detection of ROH islets overlapping in some individ-
uals [15]. For islets, the minimum ROH size was taken to be 0.5 Mb with 50%
of animals carrying overlapping ROHs and an ROH overlap length of at least
0.1 Mb.

Bioinformatic data processing and plotting were performed using the R
Project for Statistical Computing software environment [27].

In hapFLK analysis, a threshold of significance was set p < 0.01. Con-
fidence intervals (CI, 95%) are given for Fis values. When determining the
mean values (M), their standard errors (+SEM) were calculated.

Results. The results of principal component analysis (PCA) (Fig. 1) were
obtained from the data of our microsatellite profiling of Tagil animals in compar-
ison with the data of the previously performed STR genotyping of populations of
the Holstein, Kholmogory (Holsteinized and purebred), Black-and-White and
Tagil cattle breeds. It can be seen that a significant part of the Tagil cows differs
from animals of other breeds, but the arrays of both populations of Tagil cattle
overlap with the Holstein breed. On this basis, we further considered the Holstein
breed as a comparison group.

Fig. 1. Distribution of the Tagil breed
animals based on genotypes by STR
markers in the principal components
analysis method: the modern popula-
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To cover the maximum range of genetic diversity of the Tagil breed, the
most unrelated animals were selected for SNP genotyping. Based on the calculation



of the similarity coefficient (Q) and the assessment of the degree of kinship (indi-
viduals with Q > 0.35 were considered relatives), 51 animals (48 main and 3 spare)
were selected. The selected individuals were divided into five groups: 1st with Q >
90%, relatives not > 2 for each animal (although there are relatives with Q = 0.50;
37 cows); 2nd with 90% > Q > 80%, no relatives > 2 for each animal (although
there are relatives with Q = 0.50; 7 cows); 3rd with 80% > Q > 70%, each animal
has > 1 relative (none closer than with Q = 0.49; 5 cows); 4th with 70% > Q >
60%, no relatives (2 cows); 5th (other) are undesirable for genotyping.

Whole genome genotyping of Tagil cattle for SNP markers was performed
using the GGP Bovine HD 150K BeadChip DNA chip; the results were obtained
for 48 animals (genotyping efficiency was more than 90%). The efficiency of gen-
otyping (call rate) of the studied Tagil cows varied from 0.9900 to 0.9982. A total
of 108432 SNPs were selected for analysis after quality control.

Table 1 summarizes the data of our population genetic study of the Tagil
breed by SNP markers in comparison with the Holstein breed. One can see a
significantly higher genetic diversity (in terms of Ar allelic diversity, observed Ho
heterozygosity, and unbiased expected uHe heterozygosity) of Tagil cattle compared
to Holstein. This may be the result of both less stringent selection for economically
useful traits, and the participation of several breeds in the creation of Tagil cattle.
The excess of heterozygotes in both populations should also be noted (see Table 1).

_1. Comparative characterization of the genetic diversity of the Tagil cattle population
(Shorokhov SPK, Perm Territory, 2021) and Holstein cattle (ONIS BioTechl]
databank, 2020) by SNP markers (ME=SEM, GGP Bovine HD 150K BeadChip,
Illumina, Inc., USA)

Breed [ n [ Ar ] Ho | uHe | Fis [CI 95 %]
Tagil 48 1,999+0 0,408+0,001 0,398+0,000 -0,023 [-0,024; -0,022]
Holstein 45 1,989+0 0,366%0,001 0,360+0,001 -0,014 [-0,015; —0,013]

Fig. 2. Distribution of individuals of the
Tagil (TAGIL, 1 = 48) (Shorokhov SPK,
Perm Territory, 2021) and Holstein breeds
0.21 (HLST, ONIS BioTechJ databank, 2020)
based on genotypes for 108432 SNPs.
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same time, unlike the Tagil Hol-
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typic variability and separated the Tagil cattle from the Holstein cattle.

Cluster analysis based on Fst genetic distances (Fig. 3) assigned ani-
mals of the Tagil and Holstein breeds into two large groups in accordance with
the breed. Animals belonging to the same breed were grouped on neighboring
branches of the corresponding clusters.

When performing a structural analysis, the calculation of the cross-valida-
tion error (CV) showed the minimum value of this indicator for the number of
clusters K = 4. At K = 2 (Fig. 4), each of the two compared breeds (TAGIL and
HLST) exhibits a specific cluster structure, while the formation of the Tagil breed
shows the presence of specific Holstein ancestral genomic components. An anal-
ysis of the genetic structure at K = 3 and K = 4 indicates the participation in the




formation of the Tagil breed of three more different ancestral breeds in addition
to the Holstein breed. Taking into account that specific Holstein genomic com-
ponents are manifested in most of the Tagil animals, and the components of the
other three ancestral breeds of Tagil cattle have only minor traces of admixture in
the Holstein breed, the resulting data set can be considered suitable for searching
for loci that are under selection pressure.

0.01

TAGIL HLST

Fig. 3. Neighbor-net dendrogram based on genotypes of 108432 SNPs for selected animals of the Tagil
(TAGIL, n = 48) (Shorokhov SPK, Perm Territory, 2021) and Holstein breeds (HLST, » = 45, ONIS
BioTechlJ databank, 2020) (visualization in SplitsTree 4.14.5).

paarg ¢

HLST TAGIL

Fig. 4. Genetic structure of the Tagil breed population (TAGIL, » = 48, Shorokhov SPK, Perm Ter-
ritory, 2021) compared to the Holstein breed population (HLST, » = 45, ONIS BioTechJ databank,
2020) according to the Admixture analysis for 62809 SNPs (Admixture 1.3 program, K is the number
of clusters). Blue and yellow colors are genomic components of ancestral breeds identified in the Tagil
breed.

By selecting the 0.1% SNPs with the highest FST values in a pairwise
comparison of breeds, 109 SNPs located on 24 chromosomes were identified (ex-
cluding BTAS8, BTA23, BTA27, BTA28, and BTA29).

Analysis of hapFLK showed the presence of five areas (p < 0.01) under
selection pressure in the studied groups of Tagil cattle (Table 2) in comparison
with Holstein. The identified regions were localized on chromosomes 4, 5, 8, 11,
and 15, while a higher level of identification reliability was established for two



regions (p < 0.001). The length of the regions varied from 1.20 Mb (BTAS) to
9.61 Mb (BTAS), the number of SNPs localized within these regions varied from
24 to 92.

2. Characterization of chromosome (BTA) regions under selection pressure in Tagil
cattle (TAGIL, n = 48, analysis by hapFLK method, Shorokhov SPK, Perm
territory, 2021)

BTA Position Length, Mb Most significant SNPs Number of SNPs
start | end nosuumsi | p
4 6,842.949 10,648,384 3.81 8,495,236 7.08E-04 63
5 16,952.114 26,561,662 9.61 24,064,770 8.42E-04 92
8 50,695.489 51,899,568 1.20 51,101,318 5.14E-03 24
11 86,926.025 89,081,028 2.16 88,186,796 6.16E-03 31
15 48,905.274 54,898,376 5.99 54,218,907 5.08E-03 59

As a result of the study of the genomes of Tagil and Holstein cattle for the
presence of runs of homozygosity (ROH), we identified 37 ROH islets that were
found in more than 50% of animals, and 36 such regions were found in the genome
of Holstein cattle, and only one is in Tagil (BTA14, positions 24437778-25098364,
length 0.661 Mb). Interestingly, this region almost completely overlapped with the
identical region identified in the genome of Holstein cattle (positions 24437778~
25175950, length 0.750 Mb). It should be noted that the region on BTA14 in the
region of 24.4-25.1 cm was previously identified as being under selection pressure
in the Yaroslavl and Kholmogory breeds of cattle [15]. The structural annotation
performed revealed the localization of eight genes in this region, the XKR4,
TMEMG6S, TGS1, LYN, RPS20, MOS, PLAGI, and CHCHD?7. Previously, in stud-
ies on different breeds of cattle (Holstein, Simmental, Wagyu, Hanu, etc.), it was
shown that the listed genes are associated with height, exterior tallness, live weight,
and feed intake [28-33].

Based on the fact that, when improving the Tagil cattle, it was crossed not
only with the Holstein, but also with other black-and-white breeds of cattle (Khol-
mogory and Black-and-White), we lowered the threshold for the proportion of an-
imals of the Tagil breed to 40%, whose genome contains common ROH. This made
it possible to additionally identify five ROH islands in the Tagil breed (Table 3).

3. Characterization of ROH islets identified in the genome of Tagil cattle (TAGIL,
n =48, the threshold for the proportion of animals with total ROH is 40%,
Shorokhov SPK, Perm territory, 2021)

Breed | BTA | Number of SNP Position Length, Mb | Proportion, %
start | end
TAGIL 2 15 65,513,882 65,946,493 0.433 41.7
TAGIL 14 15 33,026,716 33,348,218 0.322 41.7
TAGIL 16 4 44,372,045 44,552,678 0.181 41.7
TAGIL 20 17 71,433,871 71,720,853 0.287 41.7
TAGIL 23 18 479,600 936,645 0.457 41.7

Thus, as a result of the studies, a characterization of the population genetic
characteristics of modern Tagil cattle was given and a database of full genome
SNP genotypes was created that meets the established quality criteria (the number
of genotyped animals with a genotyping efficiency of more than 90%). According
to STR-marking, the participation of Kholmogory cattle, as well as Black-and-
White and Holstein breeds in the formation of the Tagil breed was established. The
greatest introgression of Holstein cattle was noted, which in the last decades, most
likely, was used as an improving breed for Tagil cattle. In the analyzed population,
animals of the Tagil breed are differentiated from Holstein cattle and represent a
genotypically less consolidated and less structured group. In contrast to the Holstein
cattle, the Tagil cattle were characterized by significantly (p < 0.05) higher genetic
diversity and an excess of heterozygotes. Whole genome SNP genotyping revealed



genomic regions in which allelic variants are specific for the Tagil breed. When
comparing the Tagil and Holstein breeds, 109 SNPs with the highest Fst values
were identified on 24 chromosomes in pairwise comparison. Five regions under
selection pressure (p < 0.01) were identified in Tagil and Holstein cattle on chro-
mosomes 4, 5, 8, 11 and 15. In more than 50% of the animals of the Tagil breed,
an ROH islet (BTA14, positions 24437778-25098364, length 0.661 Mb) was found,
previously identified in the Yaroslavl and Kholmogory breeds as a region under
selection pressure. This ROH region may be an element of an adaptive genetic
system in aboriginal breeds. In 40% of animals of the Tagil breed, five additional
ROH islets are present. The data obtained by us will be used to identify genes and
their variants that determine the adaptive and economically significant features of
the Tagil breed, to study the history of the formation of its genetic structure, and
to develop monitoring regulations to preserve the breed specificity and biodiversity
of the Tagil cattle.
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