f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

DOI 10.32900/2312-8402-2025-133-60-68
UDC 575.113:63.27.082(477)
ASSESSMENT OF GENETIC DIVERSITY IN THE POPULATION
OF CHAROLAIS CATTLE OF UKRAINIAN SELECTION USING
MICROSATELLITE MARKERS

Yuriy LYASHENKO, Candidate of Agricultural Sciences, Senior Researcher,
https://orcid.org/0000-0003-2747-476X
Volodymyr MARCHUK, post-graduate student
Livestock Farming Institute of NAAS of Ukraine, Kharkiv, Ukraine

The article presents the results of a study of the genetic-population structure in a
herd of beef-type Charolais breed cows of Ukrainian selection (SEEF "Hontarivka",
Kharkiv region). Genetic variation analysis in the experimental group of animals was
performed using 10 microsatellite loci recommended by FAO-ISAG: ETH225, BM2113,
ETH3, BM1818, BM1824, ILSTS006, INRA023, TAGLAO053, TAGLA122, ETH10. The
amplification products were separated in native polyacrylamide gels. All the loci studied
were polymorphic. The number of detected alleles per locus ranged from 2 (ETH10) to
10 (TGLAO53) (an average of 5 alleles per locus), the size of which ranged from 117 bp
(ETH3) to 307 bp (ILSTS006). The vast majority of the studied loci belong to informative
and valuable markers (PIC > 0.5). The most polymorphic loci were TGLA053 (PIC
=0.81) and INRA023 (PIC =0.72). The main population and genetic parameters for the
studied loci are calculated. The highest values of heterozygosity (He) and effective allele
count (ne) were inherent in the loci TGLAO053 (He =0.82, ne =5.7) and INRA023 (He
=0.73, ne =3.8). The minimum values of observed heterozygosity are set for loci ETH10
(Ho =0.21) and TGLA122 (H, =0.44).

Most microsatellite loci are characterized by an equilibrium state between actual
and expected genotype frequency indicators, and a likely deviation in the form of
heterozygote deficiency was established only for the TGLA122 locus (Fis = 0.29; p <
0.05).

Changes in the genetic structure of the experimental population of Charolais
cattle in comparison with data from previous years and populations from other regions
of the world are analyzed. These results indicate a significant narrowing of genetic
variability in the domestic Charolais population. This can have further negative
consequences and requires replenishment of allelic diversity and control of genetic
processes in breeding work using DNA markers.
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OIIHKA TEHETUYHOI'O PI3BHOMAHITTS B TOMTYJISIII
KOPIB IIIAPOJIE3BKOI IOPOJIM YKPATHCBKOI CEJIEKIII 3A
BUKOPUCTAHHS MIKPOCATEJIITHUX MAPKEPIB

FO0piii TALIEHKO, xanauaaT clIbChbKOTOCIIOAAPChKUX HAYK, CTApIIUI HAYKOBUH
criBpoOiTHUK, https://orcid.org/0000-0003-2747-476X
Boaogumup MAPYYK, acnipant
Incruryr TBapunnuuTea HAAH, XapkiB, Ykpaina

YV cmammi Hasedeni pesynomamu  OOCHIONCEHHSA 2eHEeMUKO-NONYIAYIHOL
cmpykmypu 8 ¢cmaodi Kopie M SICHO20 Hanpsamy npoOyKMUEHOCMI Uapoie3bkoi nopoou
yrpaincokoi cenexyii (I «'onmapiexay, Xapkiecokoi obnacmi). Ananiz eenemuunoi
MiHAUGOCMI 8 OQOCHIOHIU 2pyni meapuH Nposoounu 3 euxopucmauuam 10
Mikpocamenimuux n0xycie pexomenooganux FAO-ISAG: ETH225, BM2113, ETHS3,
BM1818, BM1824, ILSTS006, INRA023, TAGLA053, TAGLA122, ETHI0. IIpooykxmu
amniigikayii po30inanu 6 HAMUBHUX NONIAKPULAMIOHUX 2ensax. Bci docnidoceni nokycu
sUABUIUCH noaiMoppHumu. Kinbkicmv eussnenux anenié Ha JOKYC KOAUBALACh 8i0 2
(ETH10) 0o 10 (TGLA0S53) (v cepeonvomy 5 anenié Ha 10KYC), pO3IMIP AKUX 3HAXOOUBCS
6 medcax 6i0 117 n.n. (ETH3) — oo 307 n.n. (ILSTS006). Ilepesasicna 6inbuicmo
00CNIOHCEHUX JIOKYCI8 Hanexcums 00 ingopmamusHo-yinnux mapkepie (PIC > 0,5).
Haiibinow nonimopgpnumu  eusasunuca noxycu TGLA053 (PIC=0,81) ma INRA023
(PIC=0,72). Po3paxoéano  OCHOBHI  NORYIAYIUHO-CEHEMUYHI — napamempu  3d
docniodacysanumu nokycamu. Haiisuwi 3nauenns noxaznuxie cemeposucomuocmi (He) i
epexmusnoi kinokocmi anenis (ne) 6ynu enacmusi roxycam TGLA0S3 (H.=0,82, ne=5,7)
ma INRA023 (H.=0,73, Nne=3,8). Minimanvhi 3nauenHs haxmuunoi cemepo3ucomuocmi
scmanosneni ons nokycie ETHI10 (Ho=0,21) i TGLA122 (Ho=0,44).

s b6invuocmi mikpocamenimuux 10Kyci6 61ACMUBUM € PIBHOBANCHULL CIAH MIdHC
Gdaxmuunumu i 04IKy8AHUMU NOKAZHUKAMU 4acmom 2eHomunis, Bipocione gioxunenns y
suenadi degiyumy cemepozuzom ecmanognero auwe 0as aokycy TGLA122 (Fis = 0,29;
p <0,05).

IIpoananizosano 3minu 6 ceHemuuHiu cmpykmypi O00CHiOHOI nonyasayii Kopie
nOpoOU Wapone NOPIGHAHO 3 OAHUMU NONEPEOHIX POKI6 ma Nonyasayil 3 IHUUX pe2ionie
ceimy. Ompumani pezyiomamu c8i0uams NPO CYMMEBE 38VHCEHHS 2eHEeMUUHOT
MiHIUBOCMI Y 8IMYU3HANIL nonyaayii wapore. L]e mooice mamu 6 nOOAIbULOMY HE2AMUBHI
HAcnioku  ma nompeOye NONOBHEHHS ANeIbHO20 DIHOMAHIMMA mMa KOHMPOIIO
2EHEMUYHUX Npoyecié 8 CcenleKyiliHo-niemMinHiu pobomi 3a euxopucmanus J[HK-
mapxepis.

KurouoBi cjoBa: MikpocaremniTd, moaiMopdi3M, MOMyJsIis, IIapoJie, ajeib,
TEHOTHII, TE€TEPO3UTOTHICTh

Introduction. Knowledge of the genetic diversity of cattle (cattle) is an important
step for effective management of genetic resources in agriculture. Assessment of the
genetic diversity of animals is carried out using molecular markers. Microsatellites are
the most involved DNA markers for this type of research. Microsatellites (short tandem
repeats, STR ) are widely used for animal identification and genetic examination of origin,
scientific support for breeding work, determination of the level of consolidation of created
groups and the degree of genetic differentiation of populations (Debrauwere H. et al.,
1997; Senan S. et al., 2014). Microsatellites can be used as a fairly subtle and effective
tool for studying genetic variability, which allows monitoring processes, in particular, in
artificially reproducible populations of farm animals (Shel'ov, 2017; Al-Jubori & Senkal,
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2023) (Shel'ov, 2015; Mishra S. et al., 2017; Zhao J. et al., 2017).

To assess the biodiversity and genetic research of cattle, the International Society
for animal genetics (ISAG) and the Food and Agriculture Organization of the United
Nations (FAO) have proposed microsatellite panels and recommendations for their use in
scientific research (ISAG/FAO, 2004; FAO, 2011). ISAG recommends 12 STR loci
(TGLAS3, TGLA122, TGLA126, TGLA227, ETH3, ETH10, ETH225, SPS115,
INRA23, BM2113, BM1824, BM1818) based on dinucleotide repeats for testing and
confirming paternity (Koskinen, 2006). According to the FAO recommendations, 30
microsatellite loci were identified for cattle (FAO, 2011).

The study of allelic polymorphism of cattle microsatellite loci began in the late
1990s. This development coincided with the introduction of specialized equipment,
namely DNA analyzers such as Abi377, Abi3110, and their more modern versions. These
analyzers enabled accurate fragment analysis of amplified segments. As a result,
deviations in determining the number and size of microsatellite alleles were minimized.
However, most domestic scientists of the NAAS system are deprived of the possibility of
using such equipment and, at best, send samples for analysis abroad. An example of such
works is the study of microsatellite variability of native cattle breeds of domestic
selection, such as Ukrainian Gray (Shkavro et al., 2010), lebedinskaya (Shkavro et al.;
2018, Ladyka et al., 2019), Krasnaya stepnaya (Kramarenko et al., 2018), Southern Meat
(Sneginetal., 2019, Kramarenko, 2019), Buffaloes (Dzitsiuk et al., 2020). Given the great
desire to engage in research in this area, we searched for alternative methodological
approaches. This possibility was found based on the use of native gel electrophoresis and
detailed analysis of the conformational structure of the DNA molecules that are formed
(Kulibaba & Liashko, 2016).

The paper presented for consideration is a continuation of the study of
microsatellite polymorphism of cattle populations in the Kharkiv region (Liashko et al.,
2024) and is devoted to the study of the genetic variability of one of the breeds of meat
productivity — the Charolais breed. The versatility to adapt to a wide range of farming
conditions has made Charolais a widely used cattle meat breed in the world. In Ukraine,
populations of the Charolais breed were mainly concentrated in the experimental farm
"Gontareva" of the Institute of animal husbandry of the National Academy of Sciences,
LLC "Rachanskoe" of the Zhytomyr region and LLC "Agricor holding" of the Chernihiv
region (Petrenko et al., 2016).

Purpose of the study. To assess the genetic diversity in the Charolais cattle herd
SEEF "Hontarivka" (Kharkiv region), which is a specialized breeding farm for breeding
this breed. To analyze the changes that occurred during the reproduction of the local
Charolais population on the basis of reproductive and breeding management, as well as
local isolation, data on the genetic diversity of the Charolais breed of the same farm, made
in 2010, will be used (Shkavro et al.) and from other regions of the world (Sifuentes-
Rincon et al., 2007; Putnova et al., 2011).

Materials and methods. The object of research was the number of cows of the
meat direction of productivity of the sharolezh breed of Ukrainian selection, which was
kept in the breeding reproducer of the State Enterprise Experimental Farm "Hontarivka"
(Volchansky district, Kharkiv region) in 2018. The sample consisted of 30 individuals.
DNA isolation was performed from hair follicles using the NeoPrep DNA reagent kit
(Lab Neogene P.C., Ukraine).

10 microsatellite loci from the FAO-ISAG list were used to study microsatellite
variability: ETH225, BM2113, ETH3, BM1818, BM1824, ILSTS006, INRA023,
TAGLAO053, TAGLA122, ETH10.

Amplification of fragments of the studied loci was performed using the Amply-4
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thermal cycler (Biocom, Russia) according to the appropriate program: 1 cycle —
denaturation 94°C 3 min; 35 cycles — denaturation 94°C 20 s, annealing 30 s (56-62 °C
depending on the locus), elongation 72°C 55 S; 1 cycle — final elongation 72 °C 10 min.
The volume of the reaction mixture was 10 pL, which included 5 pL of Mastermix
(2xbuffer with 4 mM MgClz, 0.4 mM DNTP mixture and 0.5 units. DreamTagq DNA
polymerase (Thermo Scientific)), 2.5 uL of 1 pM primer and 2.5 uL of DNA Matrix.

Amplification products were separated in native polyacrylamide gels of various
concentrations (5-8 %). Gel staining was performed using ethidium bromide
(visualization was performed in the ultraviolet spectrum) or silver nitrate. Genotyping of
individuals based on a set of microsatellite markers was performed according to the
method of assessing the conformational structure of DNA under the conditions of native
PAAG electrophoresis based on the use of available equipment (Kulibaba & Liashko,
2016). This makes it possible to accurately determine the allelic spectrum (number of
alleles) of the studied SSR loci. The disadvantage of this approach is certain inaccuracies
in determining the size of amplified fragments.

The fragment size was determined using molecular weight markers pUC19 and
O'RangeRuler 20 bp (Thermo Scientific, USA). Molecular weights of amplification
products were calculated using the GelAnalyzer program (version 2010a freeware).
Control of the software calculation of the size of electrophoregram fragments was
performed using a millimeter ruler on a monitor screen.

Based on the data obtained, genotype and allele frequencies, actual (Ho) and
expected (He) heterozygosity, effective allele count (ne), Wright fixation index (Fis) were
calculated, and The Hardy-Weinberg genotype distribution was checked using the
GenAlEx 6.503 add-on integrated in Excel (Peakall &Smouse, 2012). https://biology-
assets.anu.edu.au/GenAlEx/Download.html).

Research results. Based on the results of the conducted studies, it was found that
all microsatellite loci that were used in experimental animal populations are polymorphic
(the proportion of polymorphic loci was 100 %). The number of detected alleles ranged
from 2 (ETH10) to 10 (TGLAO053) per locus. The analysis of the obtained results of
genotyping of individuals allowed us to identify a total of 50 alleles for 10 microsatellite
loci (an average of 5 alleles per locus), the size of which ranged from 117 bp (ETH3) to
307 bp (ILSTS006) (table 1).

Table 1
Allele frequencies in the study population at 10 loci
locus Allele frequency (allele (bp)-frequency)
ETH10 216-0,89 218-0,11
BM1824 190-0,15 | 194-0,46 | 196-0,39
BM1818 266-0,08 268-0,63 276-0,19 278-0,10
ILSTS006 291-0,11 295-0,28 301-0,11 307-0,50
BM2113| 125-0,22 127-0,09 135-0,17 137-0,50 139-0,02
ETH3 117-0,65 119-0,10 121-0,04 125-0,17 127-0,04
TGLA122| 148-0,56 152-0,03 156-0,17 160-0,17 172-0,07
ETH225 | 140-0,02 | 144-0,05 | 146-0,02 | 150-0,22 | 152-0,60 154-0,09
INRAO23| 199-0,04 | 203-0,18 | 205-0,40 | 211-0,04 | 215-0,25 219-0,09
154- | 158- | 160- | 168- | 170- | 174- | 178- | 180- | 182-
TGLAS3] 011 | 0,04 | 007 | 0,06 | 003 | 017 | 0,04 | 033 | 0,11 190004
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The highest level of polymorphism in the study population was found at the
TGLAA53 locus (10 alleles). However, the frequency of occurrence of only 2 alleles of
this locus was 0.17 and 0.33, and for 6 out of 10 alleles, the frequency value was in the
range of 4-7%, which affected the value of the effective number of alleles (ne = 5.68 (57)
(table. 2).

Table 2
Main genetic and population indicators in the experimental group of cattle by
microsatellite markers

L ocus Indicators

Na Ne Ho He Fis xZ PIC
ETH225 6 2,38 0,60 0,58 -0,03 0.071 0,46
BM2113 5 2,98 0,63 0,66 0,05 0.124 0,62
ETH3 5 2,15 0,51 0,54 0,06 0.185 0,50
BM1818 4 2,23 0,57 0,55 -0,04 0.079 0,51
BM1824 3 2,59 0,58 0,61 0,05 0.145 0,54
ILSTS006 4 2,84 0,62 0,65 0,05 0.128 0,63
INRAO23 6 3,76 0,75 0,73 -0,03 0.045 0,72
TGLA53 10 5,68 0,79 0,82 0,04 0.08 0,81
TGLA122 5 2,65 0,44 0,62 0,29 5.06* 0,58
ETH10 2 1,24 0,21 0,20 -0,05 0.15 0,18
Average 5,0 2,85 0,57 0,60 0,04 0.61 0,56
Error 0.68 0.37 0.05 0.05 0.03 1.56 0.05

Notes: Na - number of alleles, n. — effective number of alleles, Ho — observed heterozygosity, He — expected
heterozygosity, Fis — Wright fixation index, PIC - information polymorphism Index, * - P<0.05.

For 6-allele loci, the most aligned in allele frequencies (0.17 to 0.06) and the
maximum value of their effective number (ne = 3.8 (63 )) was locus INRA023. among
loci with 5 alleles, the most uniform distribution of allele frequencies was observed for
locus BM2113 (0.2 to 0.075), of which 60 % (ne = 2.98) can be considered effective.
Higher ne scores occurred for the less polymorphic loci ILSTS006 (2.84 and 71% of
effective alleles) and BM1824 (2.59 and 86%, respectively) (Table 1). 2).

Analysis of the distribution of expected heterozygosity (He), as one of the main
indicators of genetic variation in the population, revealed the average level of the studied
trait for a set of microsatellite loci (He = 0.6 + 0.05). High values of expected
heterozygosity were established for loci TGLAO53 (He = 0.82) and inra023 (He = 0.73).
The lowest level of variability in the study population was observed at the two-allele
ETH10 locus (He = 0.2), which coincides with the actual number of heterozygous
individuals (Ho = 0.21) and corresponds to the normal Hardy-Weinberg distribution (%=
0.15; table. 2).

The vast majority of microsatellite loci are characterized by an equilibrium state
between actual and expected indicators (x? = 5.1; p < 0.05), which was caused by an
excess of homozygous individuals (Fis = 0.29). The average value of the Wright fixation
index gives reason to believe that an independent state of genotype distribution occurs in
the experimental cow population (Fis = 0.04 + 0.03; table. 2).

Based on the results of the conducted studies, it was found that most of the studied
loci belong to informatively valuable markers (average PIC value=0.56 + 0.05). The
exception is loci ETH10 (PIC = 0.18) and ETH225 (PIC = 0.46).

The results of the analysis prove the possibility of using 9 out of 10 SSR markers

64



E[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

for certification, identification and confirmation of the origin of individual individuals
within the studied cattle populations.

Discussion. To analyze the changes that occurred during the reproduction of the
experimental Charolais population, we used data on the genetic diversity of the Charolais
breed from the same farm, made in 2010 (Shkavro et al., 2010), as well as populations
from other regions — Mexico (two populations, Sifuentes-Rincon et al., 2007) and the
Czech Republic (Putnova et al., 2011). Table 3 shows data on indicators of genetic
variability of Charolais populations (total number of alleles at the locus (Na) and expected
heterozygosity (He)), the analysis of which allows us to draw certain conclusions
regarding the assessment of genetic processes that occur in artificially reproduced animal
populations.

Table 3
Indicators of genetic variation in Charolais populations from different regions

Population, variability indicators
Locus Charl Char2 Char3 Char4 Charb
Na He Na | He Na | He Na |He |Na |He
ETH225 6 0,58 5 051 |5 0.74 - - - -
BM2113 5 0,66 5 0.67 7 0.82 8 0.80 |9 0.78
ETH3 5 0,54 5 053 |5 0.55 - - - -
BM1818 4 0,55 - - 7 0.78 - - - -
BM1824 3 0,61 3 066 |5 0.73 6 0.80 | 8 0.78
ILSTS006 |4 0,65 - - 10 | 0.88 - - - -
INRAO23 |6 0,73 6 0.76 10 | 0.78 13 |0.87 | 13 0.88
TGLA53 10 0,82 10 {083 |- - 13 | 091 |14 |0.88
TGLA122 |5 0,62 - - 11 | 0.74 - - - -
ETH10 2 0,20 2 019 |4 0.15 3 048 | 5 0.40
TGLA226 | - - 3 053 |5 0.58 - - - -
TGLA227 | - - 6 081 |9 0.84 - - - -
SPS115 - -- 5 062 |5 0.51 - - - -

Notes. Charl-own data; Char2-Shkavro et al., 2010; Char3-Czech population, Putnova et al.,
2011; Char4-Mexican (import from France), Char5 — Mexican (import from France , Great Britain and
Ireland), Sifuentes-Rincon et al., 2007; Na-number of alleles, He-expected heterozygosity

It should be noted that it was not possible to analyze polymorphism for all the
studied loci due to the fact that the authors used different microsatellite panels. 7 common
loci were found to compare Char1-Char2, 9 for Char1-Char3, 5 for Charl-Char2 (Char3).
In addition, it is incorrect to compare the size of alleles and their frequencies for the
Ukrainian Charolais population (Char1-Char2), but comparing data obtained using DNA
analyzers (Char2-Charb) is of interest.

Analysis of the genetic structure of the Ukrainian population of Charolais cattle
during 2010-2018 (possibly another period of time in the absence of information about
the year of birth of cattle of the experimental livestock) revealed the absence of significant
changes in the main indicators. The total number of Charl-Char2 alleles was 37 and 36
(average 5.3 and 5.1, respectively), and the average level of expected heterozygosity (He)
in both groups of cattle was 0.59. The absence of changes in the genetic variability of the
experimental population may be due to the peculiarity of the reproduction scheme of this
breed based on the use of a limited number of breeding bulls in the breeding core.

The results of assessing genetic variability in Charolais populations from other
regions confirm our assumption. If we compare the data with the Czech population
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(Char1-Char3, table.3), we have a significant advantage of Char3 both in the total number
of alleles 64 versus 40 (Charl) (on average 7.1 and 4.4, respectively) and in the average
level of heterozygosity (He“"9® = 0.69; He"9! = 0.57).

For the Mexican population of Char4 (imported Charolais animals from France),
the indicators of genetic variation at 5 common microsatellite loci have even higher
values: N.°"* = 43 (medium 8.6) and Hc“™%* = 0.77 compared to the Ukrainian
population (N2t = 26 (5.2) and He"91= 0.60). A similar trend is observed for another
Mexican population of Char5, created on the basis of Charolaise animals imported from
France, Great Britain and Ireland (N."" = 49 (average 9.8), HeS"%9%5= 0.74).

Let's consider how the qualitative composition of alleles for the studied loci
changed in the Ukrainian population of the Charolais breed. We are talking about the
frequencies of the most common alleles inherent in the original forms of French breeding
(Table 4).

Table 4
The most common alleles in Charolais cow populations
Population
Locus Char2 Char3 Char4 Char5
BM2113 131, 135, 137 131 131 133,135
TGLA53 166, 170 - 151, 153, 157 155, 157, 159
INRAO23 200, 206, 214 206 203, 205, 207 199,203, 205
BM1824 178, 182, 188 182 178,182 180, 182, 184

Notes. Char2— Shkavro et al., 2010; Char3-Czech population, Putnova et al., 2011; Char4-Mexican
(import from France), Char5 —Mexican (import from France , Great Britain and Ireland), Sifuentes-Rincon
et al., 2007; lower underscore-allele with the highest frequency

According to the BM1824 locus, the 182 bp allele is the most common in all
populations. However, out of 5-8 alleles of BM1824, 3 remained in the Ukrainian
population. a similar situation is observed for loci INRAO23 (high frequency of
occurrence of the INRA023%%6P allele and a decrease in variability from 10-13 alleles to
6), BM2113 (predominance of the BM211331 allele, a decrease in the number of alleles
from 7-9 to 5). The lowest genetic variability among all populations was observed for
ETH10. Of the 6 known alleles of this locus, two ETH102* and ETH102!°* remained
in the Ukrainian population and completely lost alleles, which were most common in the
populations of French origin Char4 (ETH10%1%%") and Char4 (ETH1021%?), as well as two
alleles detected in the Czech Charolais population (ETH10?%1%° and ETH10%%%P).

A significant decrease in the variability of these loci may be due to the
peculiarities of reproductive and breeding management in the domestic Charolais
population, which, according to Shkavro et al. (2010), for a long time bred "by itself" due
to the lack of "blood flow", which usually occurs when purchasing new breeding bulls
and using them in the herd reproduction system.

Conclusions

1. Data from the analysis of 10 microsatellite DNA markers in the population of
cattle of the meat direction of productivity of the Charolais breed of Ukrainian selection
are obtained. The proportion of polymorphic loci was 100 %. The number of detected
alleles per locus ranged from 2 (ETH10) to 10 (TGLAO053) and averaged 5 alleles per
locus.

2. The average level of genetic variability for the set of microsatellite loci in the
experimental population was established (He=0.6+0.05). High values of expected
heterozygosity are characteristic of loci TGLAO53 (He = 0.82) and INRA023 (He = 0.73),
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while low values are characteristic of locus ETH10 (He = 0.20).

3. Most microsatellite loci are characterized by an equilibrium state in the
distribution of genotype frequencies. The deviation was found only at the TGLA122 locus
(% =5.1; p < 0.05) caused by the excess of homozygous individuals (Fis = 0.29).

4. Most of the studied loci belong to informatively valuable markers (average
value PIC =0.56 + 0.05; ), indicating the possibility of their use for certification,
identification and confirmation of origin in the experimental animal population.

5. Analysis of genetic changes that occurred during the reproduction of
experimental populations of the Charolaise breed in comparison with data from other
regions of the world indicates a narrowing of genetic variability, which in the future may
have negative consequences and requires replenishment of allelic diversity and control of
genetic processes in breeding work using DNA markers.

References

Debrauwere, H., Gendrel, C., Lechat, S. Dutreix, M. (1997). Differences and similarities
various tandem repeat sequences: minisatellites and microsatellites, Biochimie,
Vol, 79, P, 577-586. https://doi.org/10.1016/S0300-9084(97)82006-8.

Dzitsiuk, V., Guzevatiy, O., Lytvynenko, T., & Guzeev, Y. (2020). Genetic
polymorphism of buffalo Bubalus bubalis bubalis by cytogenetic and molecular
markers. Agricultural Science and Practice, 7(1), 24-31.
https://doi.org/10.15407/agrisp7.01.024.

FAO. (2011). Molecular genetic characterization of animal genetic resources. FAO
animal production and health guidelines, No, 9, Rome, Italy, URL:
http://www.fao.org/docrep/014/i2413e/i2413e00.pdf.

FAO/ISAG. (2004). Secondary Guidelines. Measurement of Domestic Animal Diversity
(MoDAD): New  recommended microsatellite markers. URL.:
http://dad.fao.org/en/refer/library/guidelin/marker.pdf.

Koskinen, M.T. (2006). Development of STR assays for identification and forensic
testing. In: Proceedings of the 30th International Conference on Animal Genetics,
2006, Porto Seguro, Brazil. Belo Horizonte, Brazil: CBRA, 2006. W582: 21.
https://www.isag.us/Docs/20061SAG_Proceedings.pdf.

Kramarenko, A. (2019). Genetic structure of the Southern meat cattle breed based on
microsatellite markers. Scientific Messenger of LNU of Veterinary Medicine and
Biotechnologies. Series: Agricultural Sciences, 21(91), 21-28.
https://doi.org/10.32718/nvlvet-a9104.

Kramarenko, A. S., Gladyr, E. A., Kramarenko, S. S., Pidpala, T.V., Strikha, L.A.,
Zinovieva, N. A. (2018). Genetic diversity and bottleneck analysis of the Red
Steppe cattle based on microsatellite markers. Ukrainian Journal of Ecology, Vol,
8 (2), P. 12-17. https://www.researchgate.net/publication/324068904

Kulibaba, R. A., Liashenko, Y. V. (2016). Influence of the PCR artifacts on the
genotyping efficiency by the microsatellite loci using native polyacrylamide gel
electrophoresis. Cytology and Genetics, Vol, 50, Ne 3, P, 162-167.
DOI: 10.3103/S0095452716030087.

Ladyka, V.I., Khmelnychyi, L.M., Lyashenko, Y.V., Kulibaba, R.O. (2019). Analysis of
the genetic structure of a population of Lebedyn cattle by microsatellite markers,
Regulatory Mechanisms in Biosystems, Vol, 10 (1), P, 45-49,
DOI:10,15421/021907

Liashenko, Y. V., Kulibaba, R. A., Marchuk, V. S, Kulibaba, S. V. (2024). The Scientific
and Technical Bulletin of the Institute of Animal Science NAAS of Ukraine. Ne132.
87-99. DOI 10.32900/2312-8402-2024-132-87-99.

Mishra, S. P., Mishra, C., Mishra, D. P., Rosalin, B. P., Bhuyan, C. (2017). Application

67


https://doi.org/10.1016/S0300-9084(97)82006-8
http://www.fao.org/docrep/014/i2413e/i2413e00.pdf
https://www.isag.us/Docs/2006ISAG_Proceedings.pdf
https://doi.org/10.3103/s0095452716030087

f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

of advanced molecular marker technique for improvement of animal: A critical
review, Journal of Entomology and Zoology Studies, Vol, 5 (5), P, 1283-1295.
https://www.researchgate.net/publication/320298591.

Peakall, R., Smouse, P.E. (2012). GenAlEx 6.5: genetic analysis in Excel. Population
genetic software for teaching and research — an update. Bioinformatics. 28 (19):
2537—2539. doi: 10.1093/bioinformatics/bts460.

Petrenko, S.M., Nosevych, D.K., Tokar, Yu.l., Uhnivenko, A.M. (2016). Naukovi osnovy
rozvytku miasnoho skotarstva v Ukraini. K.: KOMPRYNT,330 c. (in Ukrainian)
https://nubip.edu.ua/sites/default/files/u249/naukovi_osnovi_rozvitku_myasnogo
_skotarstva_v_ukrayini.pdf.

Putnova, L., Vrtkova, I., Srubarova, P., & Stehlik, L. (2011). Utilization of a 17
microsatellites set for bovine traceability in Czech cattle populations. Iranian
Journal of Applied Animal Science, 1(1), 31-37.
https://sanad.iau.ir/fa/Journal/ijas/DownloadFile/1023224.

Al-Jubori, S.M. & Senkal, R.H. (2023). Genetic Diversity And Productive Performance
In Local And Imported Iraqi Cows Using Microsatellite Markers. The lraqi
Journal Of Agricultural Sciences, 54(6):1538-1547.
D0i:10.36103/1jas.VV54i6.1854.

Senan, S., Kizhakayil, D., Sasikumar, B., Sheeja, T. (2014). Methods for development of
microsatellite markers: an overview. NotSciBiol, Vol, 6 (1) P, 1-13. DOI:
https://doi.org/10.15835/nsb619199.

Shel'ov, A. V. (2015). Polimorfizm mikrosatelitnykh lokusiv DNK u riznykh vydiv
sil's’kohospodars’kykh tvaryn [Polymorphism of microsatellite DNA loci in
different species of farm animals]. Animal Breeding and Genetics, 50, 183-190
(in Ukrainian). http://nbuv.gov.ua/UJRN/rgt_2015_50_28

Shel'ov, A. V., Kopylov, K. V., Kramarenko, S. S., & Kramarenko, O. S. (2017). Analysis
of population-genetic processes in different cattle breeds by microsatellite loci of
DNA. Agricultural Science and Practice, 4(1), 74-78.
DOI: https://doi.org/10.15407/agrisp4.01.074

Shkavro, N. M., Radko, A., Slota, E., & Rossokha, V. I. (2010). Polimorfizm
mikrosatelitnykh markeriv. DNK dvokh porid velykoyi rohatoyi khudoby
[Polymorphism of microsatellite DNA markers two breeds of cattle]. Visnyk
Kharkivs'’koho Natsional'noho Universytetu imeni V. N. Karazina. Seriya
Biolohiya, 905(11), 120-126 http://nbuv.gov.ua/UJRN/VKhb_ 2010 905 11 19.
(in Ukrainian).

Shkavro, N., Blyzniuk, O., Pomitun, I., & Babicz, M. (2018). Evaluation of the genetic
structure and main productive traits of Lebedyn cattle based on genetic markers
polymorphism. Journal of Animal Science Biology and Bioeconomy, 36(2), 17—
26. DOI: 10.24326/jasbbx.2018.2.2.

Sifuentes-Rincon, A.M., Puentes-Montiel, H., & ParraBracamonte, G.M. (2007).
Assessment of genetic structure in Mexican Charolais herds using microsatellite
markers. Electronic Journal of Biotechnology, 10(4), 492-499. doi:
10.4067/S0717- 34582007000400002.

Snegin, E. A., Kramarenko, A. S., Snegina, E. A, & Kramarenko, S. S. (2019).
Evaluation of genetic diversity and relationships among eight Russian and
Ukrainian cattle breeds based on microsatellite markers. Regulatory Mechanisms
in Biosystems, 10(4), 388-393. https://doi.org/10.15421/021958.

Zhao, J., Zhu, C., Xu, Z., Jiang, X., Yang, S., & Chen, A. (2017). Microsatellite markers
for animal identification and meat traceability of six beef cattle breeds in the
Chinese market. Food Control, 78, 469-475. doi:10.1016/j.foodcont.2017.03.017.

68


https://doi.org/10.1093/bioinformatics/bts460
https://nubip.edu.ua/sites/default/files/u249/naukovi_osnovi_rozvitku_myasnogo_skotarstva_v_ukrayini.pdf
https://nubip.edu.ua/sites/default/files/u249/naukovi_osnovi_rozvitku_myasnogo_skotarstva_v_ukrayini.pdf
https://sanad.iau.ir/fa/Journal/ijas/DownloadFile/1023224
https://www.researchgate.net/journal/The-Iraqi-Journal-of-Agricultural-Sciences-2410-0862?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/journal/The-Iraqi-Journal-of-Agricultural-Sciences-2410-0862?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoiX2RpcmVjdCJ9fQ
http://dx.doi.org/10.36103/ijas.v54i6.1854
https://doi.org/10.15835/nsb619199
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=rgt_2015_50_28
https://doi.org/10.15407/agrisp4.01.074
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=VKhb_2010_905_11_19

