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INTRODUCTION

The improvement of domestic animals for human 
needs depends on genetic diversity of the species (Wei-

gend S et al, 2002). The criterion for such diversity is 
the availability of different species which are the main 
material for breeders and the foundation for the adjust-
ment of domestic animals to our needs (Mackowski M 
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Aim. Our work was aimed at investigating the specifi cities in the formation of the genetic structure of populations 
depending on the productivity direction of cattle, bred in Ukraine, using single locus DNA fragments, and studying the 
impact of the parental form on genetic polymorphism of modern intensive specialized breeds as a factor. Methods. The 
following methods were used in the work: veterinary methods (peripheral blood sampling); molecular-genetic meth-
ods (the isolation and genotyping of DNA samples of dairy (83 animals), meat (192 animals) and aboriginal (43 ani-
mals) cattle, bred in Ukraine, were performed by 10 microsatellite loci from the list, recommended by the International 
Society for Animal Genetics (ISAG); the complex of statistics methods was used for mathematic-statistical analysis, 
using modern software. Results. The analysis by 10 microsatellite loci demonstrated the specifi cities of genetic dif-
ferentiation and the similarities between the investigated cattle populations, bred in Ukraine. Our results provide new 
information about the impact of artifi cial selection factors on single locus DNA fragments under the specialization of 
cattle breeds. The impact of the factor of ancestral form on the genetic structure was determined and confi rmed by the 
same polymorphism spectra of the investigated DNA fragments in the maternal and derivative breeds. Another con-
fi rmation was found in the differences, observed in animals of different productivity directions, which are a probable 
result of the breed-forming process, demonstrated by the results of the mathematic calculations of the data obtained. 
It was shown that microsatellite DNA loci are highly informative markers of genetic processes, occurring in domestic 
cattle populations. Conclusions. The specifi cities in the formation of the genetic structure of populations depending 
on the productivity direction of animals were determined. The impact of the parental form on genetic polymorphism 
of modern intensive specialized breeds was noted. It was found that among 10 microsatellite loci, used by us, there 
were loci in each group of animals, regarding which the hypothesis about their neutrality was reliably rejected accord-
ing to the results of Ewens-Watterson test: for dairy cattle (INRA023, ETH3, ETH225, BM1824, BM2113, ETH10 and 
SPS115), for meat cattle (TGLA122 and ETH225), and for aboriginal cattle (TGLA126, INRA023 and TGLA227). We 
determined a high level of genetic diversity, remarkable for each investigated cattle population, bred in Ukraine, and 
general tendencies of differentiation in the selected populations depending on the targeted breeding work, on the level 
of polymorphism of microsatellite DNA loci (Friedman’s test: P < 0.01), and a similar genetic picture for a number of 
loci of investigated DNA fragments, which may be related to the history of creating these breeds.
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et al, 2015). Each breed has its own set of genes, formed 
under the impact of different factors of artifi cial and 
natural selection (Putnová L et al, 2019). Recently the 
problem of preserving domestic breeds and sustainable 
use of genetic resources has become one of the most 
relevant ones for most countries (Oppermann M et al, 
2015; Sunnucks P, 2000; Pamilo P, Nei M, 1988).

To estimate the genetic structure and to study the 
dynamics of population genetic processes in the pop-
ulations of domestic animals, many countries use the 
advantages of the methods of molecular-genetic analy-
sis. Microsatellites – highly polymorphic genetic mar-
kers – are the main instrument for European investiga-
tors (Teneva A et al, 2018).

The analysis of microsatellite DNA sequences in dif-
ferent breeds is of interest because the study of this is-
sue may facilitate the understanding of the evolution 
mechanisms, divergence dynamics for both wild and 
domesticated species, including the processes of breed-
formation (Li MH et al, 2009). Microsatellite loci have 
non-randomized character of distribution, but their 
functional relevance, genetic and evolutionary mecha-
nisms of formation are yet to be determined. Micro-
satellites are believed to be selectively neutral DNA 
fragments, not related to productive features. However, 
recently there is more and more information about the 
association between some microsatellite loci and spe-
cifi c productivity indices in domestic animals (Ciam-
polini R et al, 2002; Bressel RMC et al, 2003; Andrade 
PC et al, 2008; Komatsu M et al, 2011).

Contrary to our previous studies (Shelyov AV et al, 
2017; 2018) this publication highlighted the specifi ci-
ties in the formation of the genetic structure of pop-
ulations depending on the productivity direction of 
animals, which allowed us to combine animals of two 
Ukrainian dairy breeds into one population according 
to the productivity direction. The second important 
aspect of this study was to estimate the impact of the 
parental form on genetic polymorphism of modern in-
tensive specialized breeds.

MATERIALS AND METHODS

The material of our study was the herd (n = 318 ani-
mals) of Ukrainian cattle, which belongs to dairy cattle 
(n = 83 animals), represented by Ukrainian Red-and-
White dairy breed (n = 42 animals) and Ukrainian 
Black-and-White dairy breed (n = 41 animals), kept at 
Voronkiv farm, Boryspil District, Kyiv Region; meat 
cattle (n = 192 animals), represented by Southern Beef 
breed, kept at SE DG Askaniyske farm of the Askanian 

State Agricultural Experimental Station of the Insti-
tute of Irrigated Agriculture, the NAAS, in Kakhovka 
District, Kherson Region; and aboriginal cattle (n = 43 
animals), represented by Gray Ukrainian breed, kept at 
Voronkiv farm, Boryspil District, Kyiv Region. 

The molecular-genetic analysis was conducted in 
the Department of Genetics and Biotechnology of the 
M.V. Zubets Institute of Animal Breeding and Gene-
tics, the NAAS of Ukraine, the Mykolayiv National 
Agrarian University, and the experimental part – at the 
Ukrainian Laboratory of Quality and Safety of Agricul-
tural Products of the National University of Life and 
Environmental Sciences of Ukraine.

The following methods were used in the study.

Veterinary methods. The blood was sampled from the 
jugular vein using double-ended needles Venoject and 
vacuum tubes and holders Venosafe (Terumo, Belgium) 
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In terms of some loci, we detected very low indices 
of M-ratio (0.500–0.652) only for locus TGLA122, 
which demonstrated faster loss of allelic diversity by 
this locus than on average for 10 investigated micro-
satellite DNA loci. It was especially notable for meat 
cattle, where a very high number of alleles were absent 
in the investigated animals (TGLA122147, TGLA122155, 
TGLA122157, TGLA122159, TGLA122163, TGLA122165 
and TGLA122167) (Fig. 1). 

As for the multilocus heterozygosity (MLH), the 
highest indices were noted for dairy cattle (0.802 ± 0.015), 
where 8 out of 10 investigated microsatellite DNA loci 
(on average) were in the heterozygous state (Fig. 1). As 
for aboriginal and meat cattle, these indices were signifi -
cantly lower – 0.672 ± 0.021 and 0.677 ±  0.011, respec-
tively (one-way ANOVA: F2; 315 = 23.63; P < 0.001). 

No signifi cant deviation from Hardy-Weinberg equi-
librium was found for three out of 10 microsatellite 
DNA loci, used in the analysis (TGLA122, INRA023 
and ETH10) (Table 3). In general, the signifi cant devia-
tion from the state of genotype equilibrium was noted 
for 4–5 loci in different breeds. 

The estimation of the inbreeding index, Fis (as a 
total for three groups) varied from –0.040 (locus 
SPS115) to 0.262 (locus ETH225) and was 0.138 ± 
0.030 (per locus on average), which demonstrated 
some defi cit of heterozygosity among the investigated 
animals (Table 4).

The estimation of the genetic differentiation index 
between breeds (Fst) also varied within a considerable 
range – from 0.032 (locus ETH225) to 0.093 (locus 

Fig. 1. The distribution by the incidence of alleles in locus TGLA122

Table 3. The results of checking the Hardy-Weinberg genotypic equilibrium for 10 microsatellite DNA loci based on the 
likelihood ratio G-test

Locus
Cattle

Dairy Aboriginal Meat

TGLA126
TGLA122
INRA023
ETH3
ETH225
BM1824
TGLA227
BM2113
ETH10
SPS115

0.041
ns
ns

0.009
0.001
0.009

ns
0.004

ns
ns

< 0.001
ns
ns
ns
ns
ns

0.050
< 0.001

ns
< 0.001

ns
ns
ns

< 0.001
< 0.001
0.036

ns
ns
ns

0.028
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TGLA126), and was 0.060 ± 0.007 on average. Signifi -
cant differences between breeds were found in terms of 
the distribution of allele incidences for all microsatel-
lite loci and for the mean value of Fst (Table 4).

A high specifi city rate was confi rmed by the results 
of the assignment test based on the distribution of in-
cidences of multilocus genotypes by 10 microsatellite 
DNA loci (Table 5). The genetic uniqueness of the in-

Table 5. The results of the assignment-test between different cattle breeds based on the distribution of incidences of multilocus 
genotypes by 10 MC-DNA loci

Cattle (observ.)
Breed (expected) Precision of referring an 

animal to its breed, %Dairy Aboriginal Meat

Dairy
Aboriginal
Meat

78
4
0

5
39
0

0
0

192

94.0
90.7
100.0

Table 6. The results of Ewens-Watterson neutrality test for 10 MC-DNA loci (only the loci, for which the hypothesis about 
neutrality was reliably rejected, are presented)

Cattle Locus Obs. F L95–U95

Dairy

Aboriginal

Meat

INRA023
ETH3

ETH225
BM1824
BM2113
ETH10
SPS115

TGLA126
INRA023
TGLA227

TGLA122
ETH225

0.1088
0.1495
0.1555
0.1353
0.1008
0.1585
0.1542 

0.2155
0.1652
0.1214

0.1891
0.1150

0.1395–0.5182
0.1682–0.6210
0.1957–0.6884
0.1567–0.5398
0.1489–0.5292
0.2167–0.7683
0.1761–0.6511

0.2299–0.7480
0.1668–0.5489
0.1374–0.4321

0.1977–0.7205
0.1200–0.3882

Note. Obs. F – observed sum of squares of allele incidences; L95, U95 – lower and upper thresholds of 95 % confi dence 
interval of the estimate of Obs. F, calculated as based on 1000 simulations.

Table 4. The estimates of Fisher’s indices (Fis and Fst) for 10 MC-DNA loci

Locus Fis P Fst P

TGLA126
TGLA122
INRA023
ETH3
ETH225
BM1824
TGLA227
BM2113
ETH10
SPS115
On average ± SE

0.186
0.186
0.070
0.191
0.262
0.113
0.070
0.252
0.090
–0.040

0.138 ± 0.030

ns
0.038

ns
ns
ns
ns
ns

< 0.001
ns
ns

< 0.001

0.093
0.051
0.079
0.044
0.032
0.060
0.064
0.057
0.087
0.033

0.060 ± 0.007

< 0.001
< 0.001
< 0.001
< 0.001
0.002

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001




















