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Aim. To study the genetic structure of cattle populations of Ukrainian selection by polymorphism of functional
genes (PRL, PL) and microsatellites (BM027, RM185). Methods. The study was conducted using the method
of polymerase chain reaction (PCR) and restriction analysis in case of loci PRL and PL, and using classic PCR
with subsequent electrophoresis in polyacrylamide gel to analyze microsatellite variability. Results. The re-
sults of the studies demonstrated that the locus of prolactin by Rsal-polymorphism in the fourth exon was poly-
morphic in both experimental populations (Ukrainian Black-and-White and Ukrainian Red-and-White dairy
breeds of cattle). The mutation (Indel) was first determined in the fourth exon of prolactin gene, the variants
of which correlated with some alleles of the locus by Rsal-polymorphism. The locus of placental lactogen by
Rsal-polymorphism in the fifth exon was monomorphic in both experimental populations. Microsatellite locus
RM185 was polymorphic in both groups of animals, whereas BM027 — only in the Black-and-White dairy
breed. Conclusions. The specificities of the genetic structure of the Ukrainian Black-and-White and Red-and-
White dairy breed populations by polymorphism of functional genes and microsatellite loci were determined.
The locus of placental lactogen by Rsal-polymorphism in the fifth exon cannot be used in further studies due
to the absence of alternative variants of the gene in both studied populations of animals. The analysis of the
distribution of haplotype frequencies demonstrated the absence of deviation from the equilibrium state by
linkage for each of the investigated markers which makes their use impossible in the breeding programs as a
separate functional unit.
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INTRODUCTION

Regardless of the outstanding success of genomic
selection, based on the analysis of large bulks of data
about the whole genome of animals, the application of
MAS or selection using markers is still urgent [1]. It
is especially fair regarding local breeds as well as the
tasks of preserving gene fund. Therefore, the studies
on the specificities of genetic structure of the popula-
tions of different breeds of cattle by the combination
of different types of molecular and genetic markers are
conducted in many countries regarding very different
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objects [2]. Microsatellite markers are used for issues
of passportization of breeds and lines as well as for
identification and comparative analysis (phylogenet-
ics) [3, 4]. However, the markers, related to polymor-
phism of target genes are even more popular, as this
method allows using the results of studies in different
breeding programs with the purpose of obtaining more
productive lines [5, 6]. In this direction, the most wide-
spread marker systems include PCR-RFLP and Indel,
the efficiency of using which in the breeding work is
determined by a number of factors. First of all, one of
the main constituents is related to the selection of the
object of studies. In this case, a good target is function-
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al genes, whose products may be related to the mani-
festation of economically valuable features of animals
[7-9]. Rather many works were conducted in this di-
rection, involving such genes as prolactin, growth hor-
mone receptor, pituitary transcription factor 1, etc. [10—
15]. Special attention in the practical genetics of cattle
is paid to the issues of polymorphism of milk protein
genes and the determination of desirable allelic vari-
ants, related to the parameters of milk quality [16—18].
In general, according to the common methodology of
research work, following the analysis of genetic struc-
ture by the selected objects it is necessary to pass to
the next phase, which is a key phase in many respects,
— the analysis of the association between different al-
lelic variants of polymorphic loci and the performance
indices for animals. The studies demonstrate a picture
of the most desirable complex genotypes by different
polymorphic loci [19-21]. Similar work is also done
regarding the issues of adaptive ability of animals and
resistance to diseases [22, 23]. In this context, it is nec-
essary to consider the breed-wise specificity of each
marker, which leads to the impossibility of mere copy-
ing of results, obtained in one line/breed of animals,
onto other lines. Thus, the accumulation of a large bulk
of data about the association between the polymor-
phism of very different genes and the productive traits
of animals from different breeds is an urgent and neces-
sary task of agricultural biology.

In the presented work we highlight the study on dif-
ferent types of molecular and genetic markers, each of
which is related in some way to the regulation of milk
performance of cattle of Ukrainian selection. First of
all, we shall analyze the polymorphism of prolactin
gene and placental lactogen using PCR-RFLP. On the
next stage, we shall conduct the analysis of microsatel-
lite variability of experimental populations on two loci
— RM185 and BMO027, which are actually connected
to the prolactin gene due to its location in the genome.
The selection of microsatellite loci is determined by the
need to conduct the linkage disequilibrium analysis as
in case of the presence of stable haplotypes it is pos-
sible to change the general approach to conducting the
breeding work in experimental cattle populations con-
siderably.

MATERIALS AND METHODS

The studies were conducted in the laboratory of mo-
lecular-genetic and physiological-biochemical research
in animal science of the Institute of Animal Science,
NAAS.
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The populations of cattle of Ukrainian Black-and-
White and Red-and-White dairy breeds (Hontarivka
experimental farm, Vovchansk district, Kharkiv re-
gion) were used as an object of study. 100 animals per
population were analyzed.

Hair follicles (individually from each animal) were
used as a source of biological material. The commer-
cial set of reagents DNA-Sorb-B was used to extract
DNA according to the manufacturer’s instructions.

The amplification of exon fragments of the genes
of prolactin and placental lactogen was conducted
with use of primers developed using the programs
FastPCR v6.5.54 and PerlPrimer v1.1.21 based on the
analysis of nucleotide sequences (NCBI, Ensembl):
for the locus of prolactin:. GTTCTTGCTTTATG-
TAACACCG and TAGGTCAATCACTCTGAGCA;
for the locus of placental lactogen: TTTGGGTGCT-
TAGGTTCATCC and ATCATCACTAACCATC-
TCAGGAC.

PCR-RFLP was used to study Rsal-polymorphism of
the fourth exon of prolactin gene (C/T transition in po-
sition 35106206) as well as Rsal-polymorphism of the
fifth exon of the gene of placental lactogen (C/A trans-
version, missense-mutation in position 35071890).

In both cases the amplification products were pro-
cessed using restriction endonuclease Rsal according
to the manufacturer’s instructions (ThermoScientific).

The genotyping of animals was conducted using the
analysis of the distribution of restriction fragments af-
ter electrophoresis in agarose gel (1.5 %). Ethidium
bromide was used for staining.

The size of amplified fragment by locus PRL is 416
b.p. Allele C is notable for the presence of one restric-
tion site which leads to the formation of two restriction
fragments of 56 and 360 b.p. In case of allele T, there
are two restriction sites and thus three restriction frag-
ments of 56, 165 and 195 b.p.

The size of amplified fragment by locus PL is
239 b.p. Allele C does not contain a restriction site for
Rsal and thus is presented in the electrophoregram in
the form of a single fragment of 239 b.p. In its turn, al-
lele A contains one restriction site and is presented in
the electrophoregram in the form of two fragments of
65 and 174 b.p.

Along with the study on the polymorphism of target
genes, related to milk productivity traits for animals,
there was a study on the genetic structure of experi-
mental populations of animals by two microsatellite
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loci — BM027 and RM185, directly connected to pro-
lactin gene.

The microsatellite locus BMO027 is located in
5'UTR of PRL gene; it is a dinucleotide motif (CA)
nTA(CA)n. The following primers were used for am-
plification: GCCCTCTCTTCTACAATGAACAC and
GGAAAGTGAACATGACTGTCTAG. The size of the
amplified fragment is in the range of 160 b.p.

The microsatellite locus RM185 is located in 3’UTR
of PRL gene; the dinucleotide motif is presented by
the formula (CA)nGA(CA)n. The following prim-
ers were used for its amplification: TGGCTGCCT-
TATGCTTGCATC and GAGTTTCCTTTGCATGC-
CAGTC. The size of the amplified fragment is in the
range of 106 b.p.

In case of microsatellite markers, the electrophore-
sis of amplification products was conducted with 7 %
polyacrylamide gel. Ethidium bromide was used for
staining.

The amplification of different experimental targets
was conducted using programmed thermocycler AM-
PLY 4 using standard programs: 1 cycle — denaturation
at 94 °C for 3 min, 35 cycles — denaturation at 94 °C
for 45 sec, annealing for 45 sec (56 °C for PRL; 58 °C
for PL; 61 °C for BM027; 62 °C for RM185), elonga-
tion at 72 °C for 45 sec; 1 cycle — final elongation at
72 °C for 10 min. The volume of the reaction mixture
was 20 pL, the concentration of primers — 0.2 pM for
each case respectively.

The frequencies of alleles were calculated using the
formula of maximum likelihood according to E.K.
Merkurieva (1977). The obtained data were used to
evaluate the observed and expected distribution of gen-
otypes, the compliance with Hardy-Weinberg equilib-
rium state by the method of 2, the indices of observed
(H,) and expected (H,) heterozygosity, the total num-
ber of alleles in the locus (Na), the effective number
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Fig. 1. The electrophoregram of restriction products of the
fourth exon of prolactin gene: 1-14 — sample numbers; 1-4,
813 — genotype CC; 5, 14 — C/T; 6 — T/T; 7 — marker of
molecular masses M-100

of alleles (n ) and Wright’s fixation index (F,) by stan-
dard methods using the computer program Popgen32
(https://sites.ualberta.ca/~fyeh/popgene_do-wnload.
html). The frequencies of haplotypes were determined
via the calculation of EM-algorithm using the program
EH+ [24]. The index of standardized value of the mea-
sure of deviation by linkage (D") was determined using
the program MIDAS v.1 (Multiallelic Interallelic Dis-
equilibrium Analysis Software) [http://www.genes.org.
uk/software/midas].

RESULTS AND DISCUSSION

The results of the conducted studies demonstrat-
ed that prolactin locus by Rsal-polymorphism of the
fourth exon was found to be polymorphic in both ex-
perimental populations of cows. The animals of three
possible genotypes — CC, CT and TT — were found in
each population.

The electrophoregram of restriction products of the
fourth exon PRL was presented in Fig. 1.

As seen in the presented electrophoregram, different
genotypes correspond to expected restriction patterns
by the locus of prolactin hormone completely.

Table 1. The genetic structure of the experimental populations by locus PRL

Ukrainian Red-and-White Ukrainian Black-and-White
Genotype
O E O E e
CcC 38 28.62 76 76.56
CT 31 49.76 14.21 23 21.88 0.26
TT 31 21.62 1 1.56
Allele Allele frequencies
C 0.535 0.875
T 0.465 0.125

Note: O — observed number of animals with this genotype; E — expected (estimated) number of animals with this genotype.
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The study results were used to conduct the analysis
of specificities of the genetic structure of experimental
cattle populations (Table 1).

Regardless of the presence of all the possible vari-
ants by prolactin locus in both populations, the groups
of animals are significantly different in the ratio of
frequencies of alleles and genotypes. Therefore, the
population of Ukrainian Black-and-White dairy breed
is characterized by a considerable advantage (two-
fold) regarding the number of animals with genotype
CC compared to the Ukrainian Red-and-White dairy
breed. In its turn, this regularity was not noted in the
population of Ukrainian Red-and-White dairy breed —
the frequencies of different genotypes are close to each
other in their frequencies (Table 1). At the same time,
this population is remarkable for higher indices of ob-
served (H ) and expected (H ) heterozygosity — 0.31
and 0.498 against 0.23 and 0.219 in the second experi-
mental group respectively. Regardless of prevalence in
the value for the indicator of observed heterozygos-
ity almost by 50 %, the population of the Red-and-
White breed by the value of the Wright’s fixation index
(F,, = 0.37) demonstrates evident lack of heterozy-
gotes, i.e. inbreeding. There is an opposite situation
with the Black-and-White breed — the value of F, was
—0.05; which demonstrated an insignificant excess of
heterozygotes. Here the first group had a deviation
from Hardy-Weinberg genetic equilibrium state (first
of all, due to the excess of homozygous animals). The
populations also had significant differences by the
index of effective number of alleles (n ). For Ukrai-
nian Red-and-White dairy breed, the index n_ reaches
almost maximal value for two-allele systems (1.99);
in its turn, its value for the Black-and-White breed is
considerably lower — 1.28.

While conducting additional studies on more accu-
rate determination of the sizes of amplicon in the ex-
perimental fragment of prolactin gene using electro-
phoresis in polyacrylamide gel, it was demonstrated
that the presence/absence of the polymorphic restric-
tion site for Rsal correlated with the presence/absence
of insertion, which we managed to reveal during the
studies. The electrophoregram is presented in Fig. 2.

The results of studies demonstrated that the pres-
ence of insertion corresponded to allele C (Rsal-),
whereas its absence (deletion) —to allele T (Rsal+). In
other words, the deletion in this fragment correlated
with the presence of the restriction site for Rsal, while
the insertion — with its absence (as seen in Fig. 2). It
may be assumed that the insertion of the fragment is
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either related directly to the restriction site (chang-
ing its nucleotide sequence), or is connected to it via
linkage.

The correspondence of insertion/deletion to specific
alleles was confirmed in each case of the whole bulk
of the analyzed data (100 animals from each breed).
The results of studies allow using the analysis in poly-
acrylamide gel for the presence of insertion/deletion
in the fourth intron of prolactin gene as an alternative
of PCR-RFLP method which allows reducing the ex-
penses for restriction. There is also a possibility of re-
quired further studies, related to the determination of
the nucleotide sequence of the experimental fragment
of the gene (sequencing) with the purpose of specify-
ing the structure of insertion.

In any case, this example may serve as a wonderful
illustration of the phenomenon of “transformation, in-
version” of different types of molecular-genetic mark-
ers one into another (PCR-RFLP in Indel).

The experimental groups of cattle of Ukrainian se-
lection are similar to the prevailing majority of other,
both commercial and local, breeds in the specificities
of the ratio of allelic frequencies by the prolactin locus
(the prevalence of allele C frequency) [13]. In our opin-
ion, the observed picture is caused by the associative
connection between prolactin alleles and the indices
of milk productivity, which was already noted in many
publications [25, 26]. One of the factors, impacting the
differences in the values of milk productivity indices in
the experimental groups of cows (6133 £ 136 kg in 305
days of lactation against 4811 = 131 kg), may be the
fact of two-fold prevalence in the frequency of homo-
zygous animals by allele C in the population of Ukrai-
nian Black-and-White dairy breed.

The presence of promising genotypes by prolactin
locus of expressed phenotypic manifestation led to a
great effect of selection while conducting the breed-
ing work. However, it is practically impossible to
reach the monomorphic character of the locus in the
absence of the methods of molecular-genetic typing
of alleles due to the inability of revealing heterozy-
gous animals in the populations. Therefore, the ob-
served phenomenon serves as a wonderful example of
the need to have a complex approach to the work with
animals, comprising the methods of both marker-as-
sociated and classic breeding.

The situation regarding the locus of placental lacto-
gen is completely different from the aforementioned.
The gene of placental lactogen was found to be mono-
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morphic in each of the experimental populations of
animals. Only the animals with CC genotype (Rsal—/
Rsal-) were revealed in both groups. The fact of
monomorphic nature of this locus leads to the impos-
sibility of its further application in breeding, as the
absence of allelic variants allow neither studying their
associative connections with the performance indices
of animals, nor evaluating the main genetic-popula-
tional parameters of the experimental groups.

Further on, the studies were conducted on microsat-
ellite variability of the experimental populations by
loci BM027 and RM 185, which are potential markers
of different alleles (in case of linkage disequilibrium)
of prolactin gene, as they are located in flanking re-
gions 5' and 3' of the locus.

The results of the studies in the population of cows
of Black-and-White dairy breed demonstrated 2 al-
leles by locus BM027 and 7 by RM185; of Red-and-
White breed — 1 and 6 respectively. In the population of
Black-and-White dairy breed by locus BM027, the al-
lele frequency of 164 b.p. was 0.115; 168 b.p. — 0.885.
In its turn, by locus RM185 the allele frequency of 104
b.p. was 0.025; 106 b.p. — 0.1, 108 b.p. — 0.4, 110 b.p. —
0.2,112b.p.—0.125, 114 b.p. — 0.125, 116 b.p. — 0.025.

At the same time, in the population of Red-and-
White breed locus BM027 was found to be monomor-
phic. There were only animals with genotype 168/168
b.p. present, which makes this population of cows con-
siderably different from the abovementioned. By locus
RM18S5 the allele frequency of 104 b.p. was 0.06; 106
b.p. — 0.365, 108 b.p. — 0.325, 110 b.p. — 0.135, 112
b.p. —0.095, 114 b.p. — 0.02.

The main genetic-populational parameters of the ex-
perimental breeds of cattle are presented in Table 2.

According to the results of the presented studies,
the experimental populations of cattle have consider-
able differences. For instance, as it has already been
aforementioned, the Black-and-White population is
polymorphic by locus BM027, whereas the Red-and-
White population is monomorphic. The analysis of fre-
quency distribution demonstrates that allele of 168 b.p.
is expressively prevalent in this locus and is present in
the only variant in the second group of animals. The
values of the observed and estimated heterozygosity
are rather close (0.18 against 0.21) which demonstrates
some excess in homozygotes according to the indices
of Wright’s fixation index, which still does not lead to
the deviation from the Hardy-Weinberg’s equilibrium
state of the population.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No.3 2019
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Fig. 2. The electrophoregram of amplification products of
the fourth exon of prolactin gene (PAAG, 6 %)

The situation is somewhat different by locus
RM185. Higher number of alleles (7 against 6) was
found in the Black-and-White population along with
higher values of the indices of observed and estimat-
ed heterozygosity compared to the second group of
animals. At the same time, a considerable excess of
homozygotes, inbreeding (43 %) was determined in
the Red-and-White population. Wright’s fixation in-
dex was 0.43.

Both groups are rather similar in the value of effec-
tive number of alleles, the differences are defined by a
different number of alleles in the locus, first of all. Both
populations demonstrated the deviation from the state
of genetic equilibrium.

It was noted during the comparison of the study re-
sults against the data of other authors that the mono-
morphic character of locus BM027 is also revealed in
the population of the Red Gorbatov breed, whereas the
Black-and-White breed of Russian breeding and the
Ayrshire breed were noted for the parameters of het-
erozygosity, similar to the ones, presented in this study
(0.13 and 0.10 respectively) [3]. It should be noted that

Table 2. The main genetic-populational parameters of the
experimental groups of animals by loci BM027 and RM185

Breed Na n, H, H, F,
BM027

Ukrainian 2 [ 127018 [ 021 | 015
Black-and-White RM185

7 | 414 | 065 | 076 | 0.14
BM027

Ukrainian 1 | _ | — | — | _
Red-and-White RM185

6 | 373|042 073|042
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in the context of the analysis of microsatellite variabil-
ity of different breeds and lines of animals in different
laboratories there should be consideration of the varia-
tion factor of allele frequency values in case of using
electrophoresis in polyacrylamide gel, which may lead
to the discrepancy in the absolute values of the sizes
of detected alleles. However, it does not reflect on the
main parameters of genetic variability of the popula-
tions (number of alleles, heterozygosity indices, etc.).
A promising direction in exercising the control over the
origin of animals with the purpose of maximally ac-
curate identification of the sizes of alleles for passpor-
tization of cattle specimen is genotyping using modern
automatic analyzers.

The check of the level of deviation from the equilib-
rium state between loci BM027 and prolactin (PRL),
which potentially are in the same group of linkage due
to close location within a gene, the highest frequency
of incidence was revealed for haplotype BM027!6%/
PRL€ (0.73) in the Red-and-White population. How-
ever, it was not sufficient for the impairment of genetic
equilibrium (2= 0.93), which reflected on the value of
the standardized measure of the deviation (D' = 0.21).
Therefore, the prevalence of the frequency of haplo-
type BM027'®/PRLC in the experimental population is
derivative from the accidental distribution of variabil-
ity of the occurrence of the two analyzed alleles.

In a similar way, the analysis of distribution of hap-
lotype frequencies PRL and RM185 demonstrated the
absence of allelic combinations, which are inherited
together with high probability in the form of a single
functional structure (D’ < 0.33).

A similar picture is also observed in the Red-and-
White population. The analysis of distribution of hap-
lotype frequencies of loci PRL and RM185, as well as
PRL and BM027 in the experimental population dem-
onstrates the absence of the impairment of equilibrium
state. The values of the standardized measure of devia-
tion D’ (in the range of 0.25-0.30) indicated that the
observed allelic combinations (forming different hap-
lotypes) were conditioned by accidental factors.

Therefore, the fact of deviation from the equilibrium
state by linkage was not revealed in both studied popu-
lations of cattle, which does not allow considering dif-
ferent haplotypes in the form of a unified functional
structure in the context of breeding tasks.

CONCLUSIONS

The analysis of genetic structure of cattle popula-
tions of Ukrainian Black-and-White and Red-and-
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White dairy breeds was conducted by loci of prolactin
(PRL), placental lactogen (PL), microsatellite markers
BMO027 and RM185. It was demonstrated that the lo-
cus of prolactin by Rsal-polymorphism in the fourth
exon was polymorphic in all the experimental popu-
lations of animals. The mutation (Indel) was first re-
vealed in the fourth exon of prolactin gene, here the
presence/absence of the polymorphic site of restriction
for Rsal correlated with the presence/absence of inser-
tion in the experimental fragment PRL. The locus of
placental lactogen by Rsal-polymorphism in the fifth
exon was monomorphic in both experimental popula-
tions of animals. The microsatellite locus RM185 was
polymorphic in both experimental populations, while
BMO027 was polymorphic only in the Ukrainian Black-
and-White population. The analysis of distribution of
haplotype frequencies revealed the absence of devia-
tion from the equilibrium state by linkage for each of
the studied markers.

All the applicable international, national and/or insti-
tutional principles of care for and use of animals were
complied with.
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Mera. JlocmimpkeHHs TeHETUIHOT CTPYKTYPH TTOMYIIAIIH Be-
JUKOI poraroi XymoOM yKpaiHCBKOI CeJeKIii 3a moiimMop-
¢dismMoM QyHKIIOHATEHUX TeHiB (PRL, PL) Ta Mikpocaremti-
tiB (BM027, RM185). MeTtoau. JocmimKkeHHS TPOBEIEHO 3
BHKOPHUCTAHHSIM METOIY TONIMEpa3HOl JaHIFOTOBOI peakiii
Ta PECTPUKIIHHOTO aHajily y BUMAIKy 3 JOKycamu PRL
Ta PL, Ta 3 BUKopucTtanHaM kiacuyHoi [IJIP 3 HactynHum
eNeKTpo(ope3oM y TMOTIaKpUIaMiTHOMY TeJi IS aHai3y
MiKpocarenniTHOI MiHauBocTi. Pe3yiabraTH. 3a pesynbra-
TaMH JIOCII/PKEeHb BCTaHOBJICHO, IO JIOKYC MPOJIAKTHHY 32
Rsal-momimMop¢izmMoM y 4eTBepTOMy €K30Hi € MOTIMOpPHUM
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B 000X JIOCHITHUX TMOMYJAMIsIX TBapUH (YKpaiHChKa YOPHO-
psiba Ta ykpaiHCbKa 4epBOHO-psiba MOJIOYHI TOPOIH BEJIH-
Koi poraroi xynoOu). Briepmre BusiBieno myrairo (Indel) y
YEeTBEPTOMY €K30HI T€HY IMPOJIAKTHHY, BapiaHTH SKOi KOpe-
JIIOIOTH 3 IEBHUMHU aJIelIsIMU JIOKyCy 3a Rsal-moiimMopdimom.
Jloxyc mmarieHTapHOTO JIakToreHy 3a Rsal-mmomimMopdizmom y
II’SITOMY €K30HI € MOHOMOP(HUM B 000X JOCIITHHX MOIMY-
nmsmisgx. Mikpocaremitauid tokye RM185 € momiMopduanm
B 000X Tpymax TBapWH, B Toi yac sk BMO027 — mwme y
MOMYJISILIIT YOPHO-Psi00i MOJI0UHOT opoau. BucHoBKH. 3’51-
COBaHO OCOOJIMBOCTI TEHETUYHOI CTPYKTYPH TIOMYJISIIIN Be-
JUKOI POraroi XyJoOHM YKpaiHCBKHX YOpHO-psiboi Ta dep-
BOHO-PsI00i MOJIOYHUX TOPIiJ 33 MOJIMOP(i3MOM (DYHKITIO-
HAJBHUX TEHIB Ta MiKpOCaTeNiTHUX JOKyciB. Jlokyc mia-
LIEHTApHOT0 JakToreHy 3a Rsal-nomiMopdizmoM y m’sitomy
€K30HI HE MOKHA BUKOPHCTOBYBAaTH Yy MOAAIBLINX JIOCII/I-
JKCHHSX BHACIIJOK BiICYTHOCTI albTepHATHBHUX BapiaHTIB
reHy B 000X JOCIHIPKCHUX MOMYINSIisX TBapvH. AHami3
PO3MOMITY YacTOT TAaIUIOTHITIB BHSBHUB BiJICYTHICTH BiIXH-
JICHHS BiJ] PIBHOBAXHOTO CTAaHy 3a 3YCIJICHHSAM 3a KOXK-
HUM 3 JOCII/DKEHUX MapKepiB, 0 YHEMOXIIMBIIOE iX BH-
KOPHCTaHHS y CENEKIIHNX MporpaMax y SIKOCTI OKpeMoi
(byHKII0HATBHOT OJIMHUIII.

KurouoBi cioBa: Bemuka porara xygo0a, momiMopdism, e,
aJelb, TOMYJISIis, TPOAYKTHBHICTh, PECTPHUKILS, €IEKTPO-
¢dopes, reHeTHYHA PiBHOBAra, 3UeTICHHS.
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Meab. MccnenoBaHue I€HETUYECKON CTPYKTYPhI IHOIYJIS-
LMH KPYITHOTO POTaroro CKOTa 10 NOIMMOphH3MY (DYHKIHO-
HaNbHBIX TeHOB (PRL, PL) m mmukpocaremmutoB (BM027,
RM185). Metoasbl. VcciaenoBaHust MPOBEACHBI C HCHONb-
30BaHMEM METOZA TMOJIMMEPA3HON IIETHON peakluu U pecT-
PUKLMOHHOTO aHaju3a B ciydae ¢ Jokycamu PRL u PL, u
¢ ucnons3oBanueM kiaccuueckoit P ¢ mocnemyromum
AIIEKTPOPOPEe30M B MOTHAKPUIAMUAIHOM Telle JUIs aHaIIn3a
MHKpOCATEeJNIMTHON u3MeHuuBocTU. Pesyabrartbl. [lo pe-
3yabTaTaM HCCIIEIOBAHUI BBIICHEHO, YTO JIOKYC MPOJIaKTH-
Ha 1o Rsal-nonumopdusmy B 4eTBEPTOM IK30HE SIBIISIETCS
l'lOJ'lI/IMOp(bHBIM B 00€MX OIBITHBIX nmonyinAnuAaX XUBOTHBIX
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(YKpamHCKasi 4epHO-TiecTpass M YKpaWHCKash KpacHO-TIECT-
past MOJIOUHBIE TOPOJBI KPYITHOTO POTaTroro ckora). Brep-
Bble BhIsBNeHa MyTarus (Indel) B weTBeproM 3K30HE TeHa
MIPOJIAKTHUHA, BAPUAHTBHI KOTOPOH KOPPEIUPYIOT C COOTBET-
CTBYIOIIMMH aJUIeISIMK JIOKyca 1o Rsal-mommmopdusmy.
Jlokyc muranieHTapHOTO JIakToreHa 1o Rsal-mommmopdusmy
B TIATOM JK30HE SIBISETCS MOHOMOP(HBIM B OOEHX OIIBIT-
HBIX TOMYJSIIASX. MUKpocaTeIuUTHBIN Jokyc RM185 sB-
nsieTcst monMMOp(HBIM B 00€MX TpyHIax >KUBOTHBIX, B TO
Bpemst kak BMO027 — ToipKO B TOMYIALNNH YKPaHHCKON
YepHO-TIECTPON MOJIOYHON TTOpossl. BeiBoabI. OnpeneneHs!
0COOCHHOCTH T€HETHUECKOH CTPYKTYpBI MOMYISINNA KpyTI-
HOTO POTaToro CKOTa yKPamHCKUX YEPHO-TIECTPON M KPAacHO-
MECTPOI MONOYHBIX TOPOJ TIO TONUMOPPI3MY (HYHKIIHO-
HaJIbHBIX TEHOB U MUKPOCATEIUINTHBIX JIOKycoB. JIokyc mia-
[IEHTapHOTO JakToreHa 1o Rsal-mommMopdusMy B msartom
9K30HE HENb3sl WMCHOJIB30BAaTh B JAIBHEHIINX HMCCIIENI0BA-
HUSIX BCIICICTBHE OTCYTCTBUSI allbTEPHATHBHBIX BapHAHTOB
reHa B OOEMX ONBITHBIX TOMYJALMSIX >KABOTHBIX. AHAIN3
pacIipeielieHlss 4acToT TalIOTUIIOB BBISIBHI OTCYTCTBHE
OTKJIOHEHHSI OT PaBHOBECHOTO COCTOSIHHSI IO CIICTUICHHIO
M0 KaXJIOMY M3 M3yYEHHBIX MapKEpOB, UTO JIEJIAET HEBO3-
MOKHBIM MX HCIIOJIb30BaHNE B CENCKIIMOHHBIX ITPOTPAMMAax
B Ka4eCTBE OTACITbHON (PyHKINOHAIBHOHN €ANHHIIBI.

KioueBble cjioBa: KPYNHBIH porarblii CKOT, TOIUMOPQH3M,
TeH, ajuleNb, MOMYIAUs, MPOIYKTUBHOCTh, PECTPHUKIIHS,
aNeKTpohope3, TeHETUIECKOEe PABHOBECHUE, CILICIUICHHE.

REFERENCES

1. Rezende FM, Ferraz JBS, Eler JP. Silva RCG, Mattos
EC, Ibanez-Escriche N. Study of using marker assisted
selection on a beef cattle breeding program by model
comparison. Livestock Sci. 2012;147:40-8. doi: 10.
1016/j.1ivsci.2012.03.017.

2. Wakchaure R, Ganguly S, Praveen PK, Kumar A, Sharma
S, Mahajan T. Marker Assisted Selection (MAS) in
Animal Breeding: A Review. J. Drug. Metab. Toxicol.
2015;6(5):e127. doi: 10.4172/2157-7609.1000e127.

3. Udina IG, Turkova SO, Kostyuchenko MV, Lebedeva
LA, Sulimova GE. Polymorphism of Bovine Pro-lactin
Gene: Microsatellites, PCR-RFLP. Russian Journal of
Genetics. 2001;37(4):407—11. doi: 10.1023/A:101665-
4410191.

4. Garkovenko AV, Radchenko VYV, Ilnitskaya EV, Ko-
shchaev AG, Shchukina 1V, Bakharev AA, Sukhanova SF.
Polymorphism of Cattle Microsatellite Complexes. J.
Pharm. Sci. Res. 2018;10(6):1545-51.

5. Alipanah M, Kalashnikova L, Rodionov G. Association
of prolactin gene variants with milk production traits in
Russian Red Pied cattle. Iran. J. Biotech. 2007;5(3):158—
61. doi: 10.1017/S1752756200020597.

6. Trakovicka A, Moravcikova N, Minarovic T, Navratilova
A. SNPs analyses of the bovine LEP and PIT-1 genes
by multiplex PCR-RFLP method and their effect on
milk performance traits in Slovak Simmental cattle. J.

43



KULIBABA et al.

Central Europ. Agric. 2015;16(1):65-75. doi: 0.5513/
JCEAO01/16.1.1542.

7. Ozsensoy Y. Investigation of PRL-Rsal and Haelll ge-
ne polymorphisms in Anatolian water buffaloes bred
by using PCR-RFLP method. R. Bras. Zootec. 2018;
47:¢20170166. doi: 10.1590/rbz4720170166.

8. Pan CY, Lan XY, Chen H, Yang DY, Hua LS, Yang XB, Lei
CZ, Guo YK, Zhang B, Zhang CL, Kang XT, Wang IQ.
A Ddel PCR-RFLP detecting a novel missense mutation
of the POU1F1 gene showed no effects on growth traits
in cattle. Czech J. Anim. Sci. 2008;53(12):523-7. doi:
10.17221/364-cjas.

9. Yamauchi E, Suzuki Y, So K, Suzuki K, Katoh K, Roh S.
Single Nucleotide Polymorphism in the Coding Region
of Bovine Chemerin Gene and Their Associations with
Carcass Traits in Japanese Black Cattle. Asian Australas. J.
Anim. Sci. 2015;28(8):1084-9. doi: 10.5713/ajas.14.0560.

10. Madnalwar VS, Sawane MP, Pawar VD, Patil PA,
Fernandis AP, Bannalikar AS. Genotyping the prolactin
gene in Pandharpuri buffaloes by PCR-RFLP. Buffalo
Bulletin. 2010;29(2):88-91.

11. Akad IA, Mengi A, Oztabak KO. A determination of growth
hormone receptor gene polymorphisms in East Anatolian
Red cattle, South Anatolian Red cattle, and Turkish Grey
cattle. Turk. J. Vet. Anim. Sci. 2012:36(1):27-33. doi:
10.3906/vet-1102-756.

12. Echeverri J, Saldamando CI, Lopez-Herrera A. Genetic
structure analysis of a Holstein cow population in
Colombia. Rev Colomb Cienc Pecu. 2015;28:54-63.

13. Unal EO, Kepenek ES, Dinc CH, Ozer F, Sonmez G,
Togan 1Z, Soysal MI. Growth hormone (GH), prolactin
(PRL), and diacylglycerol acyltransferase (DGAT1) gene
polymorphisms in Turkish native cattle breeds. Turkish J.
Zool. 2015;39:734-48. doi: 10.3906/z00-1409-9.

14. Al-Shuhaib MBS, Al-Fihan RA, Al-Qutbi AA, Al-Thu-
waini TM. Potential Consequences of DGAT2 and BTN
Genes Polymorphism in Iraqi Holstein Cattle. Scientia
agriculturae bohemica. 2017;48(3):127—41. doi: 10.1515/
sab-2017-0020.

15. Sonmez Z, Ozdemir M. Prolactin-Rsal gene polymorphism
in East Anatolian Red cattle in Turkey. South Afric. J.
Anim. Sci. 2017;47(2):124-9. doi: 10.4314/sajas.v47i2.3.

16. Hristov PI, Teofanova DR, Mehandzhiyski ID, Zagorchev
LI, Radoslavov GA. Significance of Milk Protein Ge-
nes Polymorphism for Bulgarian Rhodopean Cattle:
Comparative Studies. Biotechnol. Biotechnolog. Equip.
2013;27(2):3659-64. doi: 10.5504/BBEQ.2012.0132.

44

17. llie DE, Neamt RI, Popescu C, Saplacan G. Preliminary
Report on CSN3 and LGB genes Polymorphism among
Two Romanian Cattle Breeds. Scientific Papers: Animal
Science and Biotechnologies. 2017;50(1):69—73.

18. Cislinska A, Fiedorowicz E, Zwierzchowski G, Kordu-
lewska N, Jarmolowska D, Kostyra E. Genetic Poly-
morphism of B-Casein Gene in Polish Red Cattle —
Preliminary Study of Al and A2 Frequency in Genetic
Conservation Herd. Animals. 2019;9:377. doi: 10.3390/
ani9060377.

19. Rambachan, Nigam R, Pandey V, Singh P, Singh SP,
Sharma D. Genetic Polymorphism of Leptin Gene in
Relation with Reproduction Traits in Hariana Cows. J.
Anim. Res.2017;7(3):425-429. doi: 10.5958/2277-940X.
2017.00063.8.

20. Amiri S, Jemmali B, Ferchichi MA, Jeljeli H, Boulbaba
R, Gara AB. Assessment of growth hormone gene poly-
morphism effects on reproductive traits in Holstein dairy
cattle in Tunisia. Arch. Anim. Breed. 2018;61:481-9.
doi: 10.5194/aab-61-481-2018.

21.Thuy NTD, Thu NT, Cuong NH, Ty LV, Nguyen TTB,
Khoa DVA. Polymorphism of PIT-1 and Prolactin Ge-
nes and Their Effects on Milk Yield in Holstein Fri-
sian Dairy Cows Bred in Vietnam. Rus. J. Genet.
2018;54(3):346-52. doi: 10.1134/S1022795418030146.

22. Badri TM, Chen KL, Alsiddig MA, Li L, Cai Y, Wang GL.
Genetic polymorphism in Hsp90AAT1 gene is associated
with the thermotolerance in Chinese Holstein cows. Cell
Stress and Chaperones. 2018;23:639-51. doi: 10.1007/
$12192-017-0873-y.

23. Kumar S, Kumar S, Vir Singh R, Chauhan A, Kumar A,
Bharati J, Singh SV. Association of Bovine CLEC7A
gene polymorphism with host susceptibility to paratu-
berculosis disease in Indian cattle. Res. Veterin. Sci.
2019;123:216-22. doi: 10.1016/j.rvsc.2019.01.016.

24. Zhao JH, Curtis D, Sham PC. Model-free analysis and
permutation tests for allelic associations. HumHered.
2000;50:133-9. doi: 10.1159/000022901.

25. Plivachuk O, Dubin O, Dyman T. Effect of prolactin gene
polymorphism on milk production traits in Ukrainian
black-and-white dairy cattle. Tehnol. Virobnit. Pererobki
Produkt. Tvarinnits. 2015;1:57-60.

26. Patel JB, Chauhan JB. Polymorphism of the Prolactin
Gene and Its Relationship with Milk Production in Gir
and Kankrej Cattle. J. Nat. Sci., Biol. Med. 2017;8:167—
70. doi: 10.4103/jnsbm.JNSBM 303 16.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No.3 2019



