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INTRODUCTION

The study on the structure of populations and genetic 
processes, occurring therein, surveillance of the genet-
ic information  ow from generation to generation as 
well as the determination of relations between separate 
markers and selective features constitute a necessary 
database for the analysis of genotypes of speci  c ani-
mals with the purpose of comprehensive evaluation of 
their pedigree value.

The populations of farm animals have been subject 
to various evolutionary factors in effect throughout 
the whole history of their existence. The cumulative 
effect of “genetic drift”, related to the “founder ef-
fect”, considerable level of population consolidation, 
leading to the “bottleneck effect” in combination with 
the action of natural and arti  cial selection lead to the 
formation of genetically unique and isolated breeds 
[1]. Numerous studies have proven that there are con-
siderable differences between different cattle breeds 

on the genetic level, which may be registered using 
molecular and genetic markers, including microsatel-
lites of DNA [2, 3, 4]. The quantitative evaluation of 
these processes and the monitoring of actual condi-
tions of the populations in time and space are of ut-
most relevance for the maintenance of genetic diver-
sity and prevention of further loss of important animal 
genetic resources [5, 6].

The main purpose of our study was to analyze popu-
lation-genetic processes in different dairy cattle breeds 
using highly polymorphic molecular and genetic mar-
kers (microsatellites of DNA).

MATERIALS AND METHODS

The study was conducted using the population (n =
= 88 heads) of Ukrainian red-and-motley dairy cattle 
breed (URM; n = 45 heads) and Ukrainian black and 
white dairy breed (UBW; n = 43 heads), kept at Vo-
ronkiv farm in Boryspil district, Kyiv region.
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The blood was sampled from the jugular vein using 
double-ended Venoject needles and Venosafe vacuum 
tubes and holders (“Terumo”, Belgium), following the 
standard method in accordance to the manufacturer’s 
recommendations in sterile conditions.

DNA isolation from blood samples was conducted 
using DNA-sorb-B kit (Amplisense, Russia) according 
to the manufacturer’s recommendations. The micro-
satellite analysis was performed using 10 loci, recom-
mended by the International Society for Animal Gene-
tics (ISAG).

The polymerase chain reaction (PCR) was conducted 
using  2720 Thermal Cycler ampli  er (“Applied 
Biosystems”, USA). The reaction mixture for PCR 
was prepared according to the protocol, recommended 
by the manufacturer of the test-system (Stock Marcs, 
2010). The ampli  ed DNA was separated by the meth-
od of capillary gel electrophoresis at ABI Prism 3130 
Genetic Analyzer (“Applied Biosystems”, USA). The 
registration of the obtained graphic results was done 
using programs Run 3130 Data Collection v.3.0 (“Ap-
plied Biosystems”, USA) and GeneMapper 3.7 (“Ap-
plied Biosystems”, USA).

All the statistical calculations were done by common 
methods [7] using special software for population-
genetic analysis – GenAIEx [8], BOTTLENECK [9], 
PopGene [10], and NeEstimator [11].

RESULTS AND DISCUSSION

It was demonstrated in [12] that rather an adequate 
marker of the manifestation of genetic-automatic 
processes was found in the ratio of the number of 
the determined alleles (by a specific microsatellite 
locus) and the difference in length between the far-
thest alleles by this locus, which was called M-ratio 
by the authors. This index characterizes the inten-
sity of the decrease in the degree of genetic diversi-
ty due to the action of genetic-automatic processes 
(first of all, population fluctuation, inbreeding, and 
bottleneck effect). Low values of M-ratio testify to 
a higher susceptibility of the subpopulation of the 
studied animals to the effect of the abovementioned 
processes.

The lowest indices of M-ratio (0.244 and 0.268) 
among the studied cattle were registered for loci 
TGLA122 and BM1824, respectively. In other loci, 
the values of this index  uctuated in the range of 
0.412 (SPS115) – 0.538 (ETH3 and ETH10). As for 
the distribution of the values of this characteristic 
by breeds, it was less or more even. For instance, 

by locus TGLA126 the lowest value (0.462) was 
notable for UBW animals, while for URM animals 
it was 0.533, by locus TGLA122 the lowest value 
(0.244) was registered for URM, and the highest one 
(0.478) – for UBW, by locus INRA23 – the minimal 
value (0.480) was found in UBW, and the maximal 
one (0.524) – in URM, by locus ETH3 – the low-
est value (0.412) was registered for URM, and in 
UBW – 0.538, by locus BM1824 – the lowest value 
(0.268) was in UBW, and in URM – 0.526, by lo-
cus TGLA227 the lowest value (0.400) was noted 
for UBW animals, while in URM it was 0.419, locus 
BM2113 was remarkable for the lowest value of M-
ratio (0.474) in UBW breed and the highest (0.524) 
in URM, by SPS115 the lowest value of this index 
was 0.412 (URM), and for UBW – 0.474, and,  -
nally, for loci ETH225 and ETH10 in both breeds, 
similar values of this feature were registered – 0.533 
and 0.538, respectively.

Thus, there were no considerable differences by M-
ratio registered among the studied breeds which testi-
 ed to almost the same level of genetic-automatic pro-

cesses in the investigated populations. It is likely that 
a sharp decrease in the population number,  rst of all, 
in the population gene pool, may lead to the loss of 
rare alleles, but these may not always be the longest 
or shortest ones [12]. Therefore, allele diversity would 
be reduced faster than the sizes of alleles which would 
lead to the reduction in M-ratio estimations.

Table 1. Heterozygosity status for microsatellite loci of 
different cattle breeds

Note. Ho – actual heterozygosity; Heq – heterozygosity at 
equilibrium between the mutation process and gene drift.

Locus
URM UBW

Ho Heq Ho Heq

TGLA126
TGLA122
INRA23
ETH3
ETH225
BM1824
TGLA227
BM2113
ETH10
SPS115

0.667
0.756
0.733
0.844
0.778
0.800
0.778
0.867
0.822
0.800

0.803
0.861
0.861
0.772
0.802
0.844
0.886
0.862
0.769
0.824

0.628
0.744
0.884
0.860
0.907
0.814
0.930
0.767
0.814
0.860

0.728
0.861
0.876
0.773
0.803
0.862
0.896
0.828
0.772
0.771

Sign test (p) 0.066 0.605
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On the other hand, the action of genetic-automatic 
processes was manifested in the decrease in the hetero-
zygosity level, and thus in higher level of inbredness 
among animals. In this case, the actual heterozygosity 
would be much lower than the equilibrium one (Heq), 
as the gene drift would prevail over the effect of the 
mutation process [9].

The estimations of actual and equilibrium heterozy-
gosity were different for the investigated breeds (Ta-
ble 1). There was a considerable difference, noted for 
URM breed animals. The prevalence of the equilibrium 
heterozygosity over the actual one was found for seven 
loci and the contrary situation – for two loci. The same 
ratio was four to  ve for UBW breed.

The obtained results allowed for the conclusion 
that the actual tendency in the manifestation of bot-
tleneck effect was remarkable only for URM animals 
with some allowance, as the zero hypothesis in their 
case may be dismissed with the relevance level p = 
0.066 (sign test). According to the results of Wil-
coxon test, URM breed was statistically (  < 0.05) 
notable for heterozygote de  ciency. Here there were 
noted cases of related inheritance of different loci in 
animals of all the investigated cattle breeds.

The evaluation of the degree of nonrandom union 
of gametes (HWD) did not demonstrate any reliable 
prevalence of any breed, the value of this index for 
UBW animals was close to zero (–0.021), which testi-
 ed to the fact that nonrandom union of gametes in 

this population was almost random (Table 2 ).

Relatively low values NLD for the studied cattle breeds 
(7 and 12 cases out of 45) testi  ed to a low degree of 
inbreeding for the investigated populations.

According to the rule, “50: 500”, if the effective 
population size (Ne) exceeds 500 animals – the popu-
lation is in a favorable condition, if it is in the range 
of 50–500 animals – it is in a vulnerable condition, 
and,  nally, if it drops below 50 – it is at the edge of 
extinction [13, 14].

Taking into consideration the results of the calcula-
tions (Table 3) we can say that URM breed is in the 
favorable conditions (Ne = 554.6 animals, with 95 % 
con  dence interval – 132.8- ), and UBW breed – in 
the critical conditions (Ne = 397.1 animals, with 95 % 
con  dence interval – 93.2- ). On the other hand, the 
estimate of effective population even for such a com-
mon beef breed as Hereford is only 60–90 animals 
[15, 16], and that for Aberdeen-Angus breed in the 
USA – as low as 30 heads [17].

The analysis of the results of estimating genetic dis-
tance and genetic identity according to M. Nei [18] 
provided for the assumption that the cattle breeds, in-
vestigated by us, were rather alike: genetic distance 
D = 0.170, and genetic identity I = 0.844.

The calculations testify to a considerable level of 
genetic consolidation of the investigated popula-
tions. The animals of the studied breeds were char-
acterized by insigni  cant yet reliable level of genetic 
differentiation.

CONCLUSIONS

The evaluation of genetic-automatic processes in 
the populations made it possible to determine a low 
level of inbreeding of the populations and approxi-
mately the same level of genetic-automatic processes 
in these populations. The manifestation of the action 
of genetic-automatic processes was the decrease in 
the heterozygosity level and respective higher level 
of inbreeding only among representatives of URM 
breed. The results obtained demonstrated the pro-
gressing tendency in the manifestation of the “bottle-
neck effect” for URM cattle breed. Also, URM breed 
statistically had heterozygote de  ciency. The evalua-
tion of the degree of non-random zygosis (HWD) in 
animals of the investigated breeds was unreliable, and 
the value of this index for UBW breed animals tes-
ti  ed to the fact that union of gametes in the inves-
tigated population was almost random. The obtained 

Table 2. Results of analysis on LD of the studied breeds 
using the polymorphism of microsatellite loci

Breed NLD HWD df 2 p

URM
UBW

12
7

0.117
–0.0217

10
10

8.56
7.30

0.575
0.696

Note. NLD – number of cases of adherence between alleles of 
different microsatellite loci. HWD – Measuring nonrandom 
union of gametes

Table 3. Effective population of different cattle breeds by the 
polymorphism of microsatellites of DNA, (heads)

Note. N  – the effective population size

Breed Evaluation of Ne 95 % con  dence interval

URM
UBW

554.6
397.1

132.8-
93.2-



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 4   No. 1   2017 77

ANALYSIS OF POPULATION-GENETIC PROCESSES IN DIFFERENT CATTLE BREEDS

values of NLD testi  ed to the low level of inbreeding 
of these populations. The results of the calculations of 
effective population size for the investigated breeds 
demonstrated that URM breed was in the favorable 
conditions, and UBW – in the critical state.
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