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Abstract

Improving the genetic potential of animals using genomic technologies is an effective way to solve problems in
domestic breeding of dairy breeds. The aim of the current study is to analyze the genetic diversity of Holstein
cattle bred in the Tyumen Region using microsatellite markers. The blood samples of 241 Holstein cow were
collected for genomic analysis. Genetic identification was performed using COrDIS kits. The resulting data
indicated the presence of genetic diversity in the studied sample of dairy cattle bred at the Tyumen Region for a
number of indicators. The number of alleles at 15 microsatellite loci in the tested breeds varied from 5 to 14.
Eighteen unique allelic variants can be breed-specific markers for genetic identification of dairy cattle. The
recorded data showed a high level of animal genetic variability. A high level of polymorphism (A >3.32) was
detected in 47% of the loci under research. High values of the observed heterozygosity up to 0.91 at the Eth3
locus and of the polymorphism up to 0.77 at the Tgla53 locus were detected. In the results, 7% erroneous entries
in the progeny pedigree was detected. The results of the current study contribute to the knowledge of genetic
diversity of dairy cattle in the Tyumen region, Russia, and also paved the way to seek new relationships between
allelic variants of microsatellite loci with the productive traits of animals.
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Diversité Génétique des Bovins Elevés sur le Territoire de la Région de Tioumen, en Russie

Résumé: L'amélioration du potentiel génétique des animaux a l'aide des technologies génomiques est un moyen
efficace de résoudre les problémes de I'élevage domestique des races laitieres. L'objectif de la présente étude est
d'analyser la diversité génétique des bovins Holstein élevés dans la région de Tioumen a l'aide de marqueurs
microsatellites. Les échantillons de sang de 241 vaches Holstein ont été collectés pour analyse génomique.
L'identification génétique a été réalisée a l'aide de kits COrDIS. Les données résultantes ont indiqué la présence
d'une diversité génétique dans I'échantillon étudié de bovins laitiers élevés dans la région de Tioumen pour un
certain nombre d'indicateurs. Le nombre d'alléles & 15 loci microsatellites dans les races testées variait de 5 a 14.
Dix-huit variantes alléliques uniques peuvent étre des marqueurs spécifiques a la race pour l'identification
génétique des bovins laitiers. Les données enregistrées ont montré un niveau élevé de variabilité génétique
animale. Un niveau élevé de polymorphisme (A:>3.32) a été détecté dans 47% des loci étudiés. Des valeurs
élevées de I'nétérozygotie observée jusqu'a 0,91 au locus Eth3 et du polymorphisme jusqu'a 0,77 au locus Tgla53
ont été détectées. Dans les résultats, 7% d'entrées erronées dans la généalogie de la descendance ont été détecteés.
Les résultats de la présente étude contribuent a la connaissance de la diversité génétique des bovins laitiers dans
la région de Tioumen, en Russie, et ont également ouvert la voie a la recherche de nouvelles relations entre les
variantes alléliques des loci microsatellites avec les traits productifs des animaux.
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1. Introduction

Improving the genetic potential of some animal
breeds using developments in domestic and adapted
foreign breeds based on genetic technologies (including
genomic) is an effective way to solve problems in the
domestic breeding of pedigree animals. At present, in a
number of European countries, obtaining reliable
results of animal genotyping in several generations is a
prerequisite and a necessary criterion for their use in
genomic selection.

The genetic structure of cattle bred in livestock
enterprises in the Tyumen region, Russia, remains
poorly understood. The system of screening/selecting
animals by phenotype wusing the results of
immunogenetic analyses in small groups of animals is
still used. At the same time, due to the high level of
polymorphism  (informativeness), the  uniform
distribution throughout the animal genome, and
codominant inheritance, microsatellite (STR) markers
are a convenient tool for studying genetic diversity,
determining kinship, and identifying herds (1-3).

To obtain reliable data compatible with international
identification systems on the origin of descendants
according to STR markers, it is necessary and
expedient to introduce DNA technologies into high-
tech dairy enterprises in the region, where imported
semen and animals are purchased. The data obtained on
the genome of each animal will allow specialists to
identify errors in the primary registration, carry out
competent breeding work, and use in the future the
results obtained in genomic breeding of cattle on a
national scale.

The aim of the current study was to analyze the
genetic diversity of Holstein cattle bred in the Tyumen
region, Russia, using microsatellite markers. To
achieve this goal the following tasks were identified:

1) Determine the genetic structure of dairy cattle herd
in the Tyumen region, Russia, using microsatellite
loci.

2) Reveal the genetic variability level of dairy cattle
bred at the enterprise of the Tyumen region using
microsatellite loci.

Reveal errors of primary accounting and experimental
data related to the quality of the DNA test being used
for genetic identification by microsatellite regions of
the genome of cattle.

2. Material and Methods

The research was carried out at the Centre for
Genomic Technologies of the Federal State Budgetary
Educational Institution of Higher Education at the
Northern Trans-Urals State Agrarian University during
2020. The biological materials for the study were blood
samples from 241 head of Holstein cattle bred at a large
industrial complex in the Tyumen region of Russia.
Genetic  identification was carried out using
commercial kits of OOO Gordis (Russia), which
contained a panel with microsatellite regions of the
nuclear genome of animals at 15 loci: Eth3, Bm1818,
Crsm60, Inra23, Tgla227, Tglal26, Tglal22, Sps115,
Eth225, Tgla53, Bm224113, Bm224113, Ethl0,
Cssm66, and lIst6 (https://gordiz.rul).

Genomic DNA was extracted from liquid and dried
blood using the ion-exchange resin "Chelex 100"
(Bio-Rad, USA), phenol (Sambrook), and a
commercial kit of reagents, "DNA Extran" (OO0
"Syntol”, Russia) (4). DNA quality was checked
electrophoretically using 2% agarose gel. The DNA
concentration was measured using a Qubit 3.0
fluorometer (Thermo Fisher, USA), a dsSDNA BR kit
(Thermo Fisher, USA), and the instrument software.
Samples with a DNA concentration of at least 20-40
ng/ul were suitable for STR analysis. PCR was
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performed using a ProFlex 96-well PCR system
(Applied Biosystems, Singapore). Amplification
products were separated according to the
manufacturer's protocol using an ABI 3500 genetic
analyzer (Thermo Fisher Scientific, Japan).

The following indicators were used to assess the
genetic structure: allele frequency (p); polymorphism
level (Ae); observed (Ho,) and expected (He)
heterozygosities; Wright Fixation Index (Fis); and the
information polymorphism amount (PIC) (2, 5-7).

The calculation of indicators for each locus was made
by the variation statistics method using the Microsoft
Office Excel 2010 software package.

3. Results and Discussion

The characteristics of 15 microsatellite loci
subjected for investigation of dairy cattle animals
(Holstein, Holsteinized black-and-white breeds) bred
at large industrial enterprises in the Tyumen and
Sverdlovsk regions are presented in Table 1.

Table 1. Characterization of microsatellite loci existing in the genome of dairy cattle

Reference interval of sizes of
microsatellite loci fragments and
nucleotide pairs (n.p.)

Range of allelic variants of microsatellite loci and
nucleotide pairs (n.p.) in dairy cattle

Chromosome Locus theoretical actual Holstein breed bred at the Holstein black-and-white breed
enterprise of the Tyumen  bred at the enterprises of the
region Sverdlovsk region *
D2S26 Bm2113 133 -165 125-143 125-139
D3S10 Inra23 197 - 229 198 - 220 198 - 218 198-216
D5S3 Eth10 207 -235 209 — 225 209 — 225
D7S8 lst6 273-320 286 — 302 288 - 296 -
D9S2 Eth225 138 - 167 140 - 160 140 — 152
D1S34 Bm1824 175-202 178 - 190 178 -190
D10S5 Csrm60 80-115 90 —116 92 -102 -
D15 Sps115 246-262 240 - 260 248-260
D16S3 Tgla53 168 — 210 154 — 186 154 —188
D14S31 Cssm66 140 - 179 181 -209 177 - 199 -
D18S1 Tgla227 70-110 77-103 81-103 77-103
D19s2 Eth3 95-129 109 - 131 117 -129 109-129
D20S1 Tglal26 113-136 113-123 115-123 107-123
D21S6 Tglal22 137-190 139 -185 141-183 139-183
D23S21 Bm1818 250 -270 256 - 272 258 - 270 258-272
Total 15

*-Literature data (3)

To characterize polymorphism, the reference interval
of fragments was analyzed, and the range of allelic
variants for STR markers was determined in 241
Holstein animals bred in the Tyumen region. The actual
(recommended by the manufacturer of the test systems)
reference range of sizes determined for fragments of
nucleotide sequences belonging to the microsatellite

loci of the cattle genome slightly differed from the
theoretical one (according to international identification
systems). The difference in base pairs ranged from 1 to
41. The range of allelic variants for 15 studied animal
loci in the breed under research ranged from 81 to 296
base pairs. The range of allelic variants in animals in
the sample under investigation corresponded to the
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actual reference range of fragment sizes at all
microsatellite loci, except for the Tgla53 locus, the
interval of which was 2 base pairs longer. Thus, for the
correct genetic identification of cattle bred at the
enterprise in the Tyumen region using this set of
reagents, it was necessary to include an additional
interval in the binary grid at the above-indicated locus.

When comparing the data obtained in this research
with that available in the literature for the Holsteinized
black-and-white breed (Sverdlovsk region), the
coincidence of the actual reference interval for 5 loci
under research (Bm2113, Eth10, Eth225, Bm1824, and
Tgla53) was found. Differences in the ranges of allelic
variants at loci Inra23, Tglal22, and Bm1818 by 2 base
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pairs were found. Loci distinguished by 8 base pairs
were Sps115, Eth3, and Tglal26 (3).

The data obtained in the current study indicated the
presence of genetic diversity in the studied sample of
dairy cattle bred at the Tyumen Region enterprise by a
number of indicators.

The number of alleles for 15 microsatellite loci in the
tested breeds ranged from 5 to 14, the average trait
index being 7.53+0.68 (Figure 1). In Holstein cattle, the
greatest number of alleles was revealed at locus Tgla53
(14 alleles); the lowest number was at the Bm1824,
Eth3, list6, Csrm60, and Tglal26 (5 alleles) loci. The
most variable loci were Tglal22, Tgla227, Cssm66,
and Tgla53; the number of alleles varied from 10 to 14.

20
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Figure 1. Number of alleles of microsatellite loci of dairy cattle under investigation at enterprises.

It can be assumed that the low values of the
allele number for some loci (Bm1824, Tglal26) in
the researched group of animals bred at the
Tyumen Region enterprise are due to the use of
semen obtained from bull producers belonging to a
limited contingent, which can lead to a decrease in
genetic diversity.

According to (3), Khabibrakhmanova, Kalashnikova
(8), in populations of dairy cattle bred in Krasnoyarsk
Krai and Sverdlovsk regions, the number of alleles for
STR loci varied from 4 to 16. Comparison of the
number of alleles at the loci under research in the
populations of Tyumen and Sverdlovsk regions
revealed differences by 1-2 alleles at the Bm181818,
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Bm2113, Eth10, Eth3, Inra23, Tglal26, Tgla227, and
Tgla53 loci.

No differences were found for Bm1824, Eth225, or
Sps115 loci. It should be noted that in the populations
of the Tyumen and Sverdlovsk regions, the most
variable locus was Tglal26, with the number of alleles
14 and 16, respectively. In the Holstein breed of OAO
Krasnoyarsk Agroplem, the number of alleles varied
from 3 to 8, which is significantly lower compared to
the above-mentioned populations (3, 8).

Table 2 shows the allele frequencies for 15
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microsatellite loci in the animals under investigation,
which turned out to be different. The maximum allele
frequency of microsatellite loci allelic variants was
revealed for 3 loci: Bm1818266 (0.52), Sps115248
(0.65), and Tglal26117 (0.63). The lowest allele
frequency was detected at 17 loci: Eth10221,
Eth225142, Inra23198, Inra23212, Inra23218,
Sps115240, Tglal26119, Tglal22141, Tglal22173,
Tglab3164, Tgla53176-178, Tgla22795, Tgla22799,
Cssm66177, Cssm66197, Cssm66199, and 11st6296
with a range of 0.002 to 0.005.

Table 2. Frequency of 15 microsatellite loci alleles of Holstein breed animals bred at the enterprise in Tyumen region, Russia

Allele Number of alleles
Locus Allele
frequency™ 1 2 3 4 5 6 7 8 9 10 11 12 13 14
BM1818 allele 258 260 262 264 266 268 270
frequency 0,006 0,02 038 003 052 0,03 0,008
Bm1824 allele 178 180 182 188 190
frequency 0,27 0,14 0,11 0,47 0,01
Bm2113 allele 125 127 131 133 135 137 139
frequency 035 0,13 001 0,006 0,39 0,02 0,10
Eth10 allele 209 213 217 219 221 223 225
frequency 0,0 0,06 021 045 0,004 0,07 0,10
Eth225 allele 140 142 144 146 148 150 152
frequency 0,21 0,002 0,02 004 034 032 0,04
Eth3 allele 117 119 125 127 129
frequency 041 0,10 0,09 015 034
Inra23 allele 198 200 202 206 208 210 212 214 218
frequency 0,002 0,02 017 017 003 0,30 0,002 0,31 0,002
Spsii5 allele 240 248 252 254 256 258 260
frequency 0,002 065 015 0,04 0,11 0,008 0,05
Tglal126 allele 115 117 119 121 123
frequency 0,31 0,63 0,002 0,03 0,03
Tgla122 allele 141 143 149 151 159 161 163 171 173 183
frequency 0,002 041 019 010 0,008 0,07 0,12 0,04 0,002 0,06
Tgla227 allele 81 83 87 89 91 93 95 97 99 103
frequency 0,01 0,02 007 036 009 001 0,002 039 0,002 0,05
Tglas3 allele 154 158 160 162 164 166 168 170 172 174 176 178 186 188
frequency 0,05 0,22 032 014 0,003 005 016 002 0,02 001 0,003 0,003 0,007 0,007
Cssm66 allele 177 179 181 183 185 187 189 193 197 199
frequency 0,002 0,03 0,006 013 0,18 0,05 05 010 0,002 0,004
lIst6 allele 288 290 292 294 296
frequency 0,38 0,02 0,15 0,44 0,004
Csrm60 allele 92 96 98 100 102
frequency 0,23 0,18 0,10 0,08 0,41

*Allele frequency in fractions of units.
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For a number of the microsatellite loci under research
in cattle, namely Bm18182"°, Bm2113'*, Eth225,
Inra23'%8, Inra23%8, Tgla126'°, Tgla122#, Tgla122%*,
Tgla122'7, Tgla127%, Tglal27%°, Tgla53%4, Tgla53'®
188 Tgla227%, Cssm66'8!, Cssm66'®’, and Cssm66%,
unique allelic variants were identified that may be
breed-specific markers for dairy animals.

When comparing the data on animals of the Tyumen
region with the data available in the literature, the
frequency of alleles for the investigated microsatellite
markers turned out to be slightly lower compared to the
population of the Holstein breed imported from
Holland and Canada to OAO Krasnoyarsk Agroplem
(Bm1818%%° — 56%, Bm1824'% — 60%, Eth10%*° — 60%,
Sps11528 — 77%, Tglal26'" — 70%) (8).

On the basis of allelic frequencies for 15
microsatellite loci, the genetic diversity degree for
animals at the intraspecific level was determined using
the main quantitative indicators: the level of
polymorphism (Ac), expected (He) and observed (Ho)
heterozygosities, Wright's fixation index (Fis), and the
informational  polymorphism value (information
content index, PIC). An objective algorithm for
assessing polymorphism and formulas is well known
(2,7,9, 10).

The genetic diversity analysis for the Holstein
animals bred at the enterprise of the Tyumen region,
Russia, according to the genetic variability indicators is
presented in Table 3.

The level of polymorphism (A¢) was associated with
the number of alleles in each investigated locus; with
an increase in their number, the value of this indicator
increased, making it possible to efficiently identify
acting alleles in the presented sample. As a result of
this study using STR markers, high values of the
polymorphism level (A:) were obtained at all loci
within the range from 2.04 (Tglal26) to 5.02 (Tgla53).
The average Ae value for the investigated sample was
3.31, which divided the animals into two equal groups.
The first group included the following loci: Eth3,
Cssm66, Bm1818, |lIst6, Spsll5, Bm1824, and
Tglal26, which had an A. value below the revealed
average level. The second group of loci comprised
Inra23, Tglal22, Eth225, Csrm60, Eth10, Tgla53, and
Tgla227; conversely, it was characterized by indicators
higher than the revealed average for our sample, with
the exception of the Bm2113 locus, which was equal to
3.32. In general, in the animal population under
research, a high level of polymorphism was revealed
for 7 investigated loci.

Table 3. The level of genetic variability of Holstein animals by microsatellite loci

Item

Holstein (n-241)

Locus -

No. Ae Ho He Fis PIC
1 Eth3 3,18 0,91 0,69 -0,32 0,63
2 Cssm66 3,20 0,77 0,69 -0,16 0,65
3 Inra23 4,06 0,78 0,76 -0,03 0,71
4 Bm1818 2,37 0,63 0,58 -0,09 0,50
5 lIst6 2,72 0,63 0,63 0 0,56
6 Tglal22 4,17 0,80 0,76 -0,05 0,73
7 Sps115 2,19 0,59 0,54 -0,09 0,51
8 Eth225 3,50 0,79 0,72 -0,10 0,66
9 Csrm60 3,72 0,87 0,73 -0,19 0,69
10 Bm2113 3,32 0,88 0,70 -0,26 0,65
11 Bm1824 3,08 0,74 0,68 -0,09 0,62
12 Eth10 3,67 0,78 0,73 -0,07 0,69
13 Tgla53 5,02 0,55 0,80 0,31 0,77
14 Tglal26* 2,04 0,46 0,51 0,10 0,43
15 Tgla227* 3,42 0,81 0,71 -0,14 0,66

X+Sx 3,31+0,20 0,7340,03 0,68+0,02 X 0,63+0,02

*The sample of animals for loci Tglal26 and Tgla227 was n = 204.
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To assess the genetic diversity in populations, it is
necessary to take into account their heterozygosity,
which is an important indicator for the genetic structure
of organisms with a different composition of alleles of
the same gene. The inheritance of different gametes by
the descendants from the parents leads to the formation
of heterozygotes. Heterozygosity is a tool of heterosis,
in particular, in livestock breeding; it is used in the
theory and practice of selecting/screening pairs to
increase the productivity of the herd, and it also has a
positive effect in the adaptation of organisms to
changing environmental conditions; therefore, its
assessment is an important criterion for calculating
values in the population genetics (2).

The heterozygosity level observed reflected genetic
variation in the population and was regulated by the
frequency of heterozygotes. Expected heterozygosity
(He) determines the expected level of precise genetic
variation using allelic diversity for DNA markers in
animals. The observed and expected heterozygosity
values ranged from 0 to 1 (5). In general, a high
heterozygosity level was revealed in the population
under research. The highest level of observed
heterozygosity (Ho), equal to 0.91, was found at the
Eth3 locus. The lowest level of observed
heterozygosity was found at the Tglal26 locus and
amounted to 0.46. The expected heterozygosity level
exceeded 0.51, which indicates high heterozygosity in
all loci under research (7, 10).

The comparison made between the observed and
expected heterozygosities for microsatellite loci
revealed that the value of the average values of H, and
He heterozygosity in Holstein cattle bred in the Tyumen
region do not differ significantly and are equal to 0.73
and 0.68, respectively. Thus, the close values of the H,
and H. heterozygosity indices characterize a high level
of genetic diversity in the sample of animals under
research, reflect the competent selection and breeding
work performed by the specialists of the Tyumen
region enterprise, and indicate the low inbredity of the
herd.

According to the available literature data, this
indicator in animals of the Sverdlovsk and Krasnoyarsk
regions was approximately similar to those identified
by us and amounted to 0.74 and 0.68, respectively
(Table 4). It was revealed that the level of observed
heterozygosity in animals from the samples of the
Tyumen and Sverdlovsk regions was approximately the
same with average values of 0.73 and 0.74,
respectively; it turned out to be slightly lower in
animals of the Krasnoyarsk Territory and amounted to
0.67 (3, 8).

The expected heterozygosity level in the
Holsteinized black-and-white breed of the Sverdlovsk
region was slightly higher than in the populations of
the Tyumen and Krashoyarsk regions, where it was
approximately the same and amounted to 0.68 and
0.67, respectively.

Table 4. Indicators of genetic variability in dairy cattle

Region Breed Sample size, n He PIC Literature sources
Tyumen region Holstein 241 0,73 0,68 0,63 own research
Sverdlovsk region HO'S‘ewhbi{ZCk and 404 074 073 0,69 3)
Krasnoyarsk region Holstein 24 0,67 0,67 0,61 (8)
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To characterize the population level of variability, we
used the Wright fixation index (Fis), which reflects the
deviation of the frequencies of heterozygous genotypes
from the theoretically expected proportion of
heterozygotes and allows estimating the inbredness of
the population during random mating within the
population (5). The current study revealed that in 12
loci, the data obtained had negative values ranging
from -0.03 to -0.32, indicating some excess of
heterozygotes; only three loci, lIst6 (0), Tglal26 (0.10),
and Tgla53 (0.31), showed their deficiency. Thus, the
population under research is almost in Hardy-Weinberg
equilibrium, with a slight deviation towards
heterozygotes.

The informational polymorphism value (PIC) shows
the ability of a marker to establish polymorphism in a
population depending on the number of alleles detected
and the distribution of their frequencies for each locus
(5, 9). Values of this criterion close to 0 allow us to
conclude that the population is monomorphic; vice
versa, values close to 1 indicate its polymorphism. In
addition, the locus is highly informative when the PIC
is 0.5; when it is in the range of 0.25 to 0.5, it is rather
informative; a value < 0.25 means low informativity of
the locus (11). As a result of the analysis of the data
obtained, it was found that in the Holstein breed
animals bred at the Tyumen region enterprise, all the
microsatellite loci under research had a PIC value >
0.50. The highest PIC value was detected at the Tgla53
locus (0.77) and the lowest at Tglal26 (0.43). This

characterizes the high informativity level of the
microsatellite markers used in genotyping. It should be
noted that the information polymorphism value
characterizes the diversity of allelic variants at the
locus, which means that this index is suitable for
estimating the informativity level in the group of
animals under research.

The obtained results characterize the genetic
variability of cattle bred in the Tyumen region and also
agree with the results of studies of other scientists on
the allelofund of the Holstein breed animals bred in the
Sverdlovsk region. Thus, the loci used are applicable
for assessing the genetic diversity of the animals bred
in this enterprise of the Tyumen region, Russia.

It should also be noted that in breeding work, it is
important for specialists of livestock enterprises to
obtain reliable information on the origin of descendants
by parents using microsatellite markers. Therefore,
inaccuracies (errors) in the interpretation of fragment
analysis data on STR loci of the cattle genome should
be taken into account when testing animals.

As a result of our genotyping of animals in 120
incomplete  (descendant/mother)  families, 7% of
erroneous entries in the pedigree of the descendants was
found. Moreover, based on the interpretation of the data
obtained on electrophoregrams at a number of loci
(Cssm66, Eth3), a number of artifacts were obtained in the
form of additional peaks that made it difficult to recognize
true peaks (Figure 2A) (10). True peaks that were located
outside the binary matrix were identified (Figure 2B).

_—————

1mm

e

Figure 2. Data interpretation errors based on the results of microsatellite analysis of the genome of animals bred in the Tyumen
region, Russia (additional (false) peak (A), peak outside the binary matrix (B)).
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Thus, the use of the panel of 15 microsatellite loci
made it possible to characterize the genetic structure
of the cattle allelofund, assess genetic diversity,
determine the breed affiliation of animals and the
origin of descendants by parents with a high degree
of reliability of the results, as well as to use
individual loci more effectively for various studies in
genetics. The high level of polymorphism at the loci
under research made it possible to study the genetic
variability level for the cattle and opened the
possibility of searching for new relationships
between allelic variants of microsatellite loci with
productive traits of animals.

4, Conclusion

The following conclusions can be made based on the
results obtained:

1) The allelic diversity and characterization of the
genetic structure for Holstein breed cattle bred at the
enterprise in Tyumen region in 241 head by 15
microsatellite loci such as Eth3, Cssm66, Inra23,
Bm1818, IllIst6, Tglal22, Sps115, Eth225, Csrm60,
Bm2113, and Bm1824 were analyzed. Eighteen unique
allelic variants at 10 microsatellite loci that can be used
as breed-specific markers for genetic identification of
dairy cattle were revealed.

2) A high genetic variability level of dairy cattle bred
in the Tyumen region was revealed. A high level of
polymorphism (Ae 3.32) was detected in 47% of the
loci under research. The maximum values of the
observed heterozygosity (Ho) for the Eth3 locus (0,91)
and the value of informational polymorphism (PIC) for
the Tgla53 locus (0,77) were revealed.

Herein, 7% of erroneous entries in the pedigree of
descendants in 241 animals of Holstein breed bred in
the Tyumen region were revealed. The results of
experiments on DNA testing of animals using
microsatellite loci of the cattle genome were obtained.
The Cssm66 and Eth3 loci revealed true and additional
peaks that distorted the true value of the results.
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