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Aim. The aim of our work was to investigate the interbreed differentiation of Ukrainian Red-and-Motley and
Black-and-White dairy cows based on the results of the analysis of allelic and genotypic polymorphism of
DNA microsatellites. Methods. Genotyping of 88 DNA samples of two most numerous dairy cattle breeds
in Ukraine — Ukrainian Red-and-Motley and Black-and-White dairy cows — was conducted by 10 loci,
recommended by the International Society for Animal Genetics (ISAG). The analysis of allelic and genotypic
polymorphism was performed using parametric and non-parametric methods. Results. Informative value of
DNA microsatellites as markers of genetic processes, which take place in the populations of domestic animals,
was assessed. Conclusions. The investigated breeds demonstrate a reliable level of genetic differentiation

with a high level of similarity.
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INTRODUCTION

The estimation of interbreed differentiation of the
most numerous cattle breeds in Ukraine is one of the
most relevant elements of breeding in domestic ani-
mal farming and the preservation of local breeds. One
of the most conclusive directions of estimating this
characteristic is the analysis of genetic diversity.

DNA microsatellites — highly polymorphic multilocus
genetic systems — are highly informative markers of
the degree of genetic differentiation for the popula-
tions of domestic animals [1, 2, 4]. Almost all the mi-
crosatellites are located in qualitative trait loci (QT)
or are related to genes, connected to reproduction pro-
cesses [3].

Microsatellites of DNA have been used for the analy-
sis of genetic diversity of many cattle breeds includ-
ing Northern breeds [5], breeds of Central [6] and
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Eastern Europe [7], breeds of India [8], Africa [9],
Korea [10] and Southern-Eastern Asia [4], including
those of Indonesia [11].

The most common cattle breeds in Ukraine are Ukrai-
nian Red-and-Motley (URM) and Ukrainian Black-
and-White (UBW) breeds. The main aim of this study
was to analyze the genetic structure of the mentioned
breeds and to determine the degree of their affinity
and differentiation.

To this end, an analysis was made of allelic and geno-
typic polymorphism of microsatellites.

MATERIALS AND METHODS

The study was conducted using a population (rn = 88
heads) of Ukrainian Red-and-Motley dairy cattle breed
(URM; n = 45 heads) and Ukrainian Black-and-White
dairy cattle breed (UBW; n = 43 heads), kept at the Vo-
ronkiv farm in Boryspil district, Kyiv region.

Blood was sampled under sterile conditions from
the jugular vein using double-ended needles Venoject
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and vacuum tubes and holders Venosafe (Terumo, Bel-
gium) following the standard method in accordance to
the manufacturer’s recommendations.

DNA isolation from blood samples was conducted
using the DNA-sorb-B kit (Amplisense, Russia) ac-
cording to the manufacturer’s recommendations. The
microsatellite analysis was performed using 10 loci
(Table 1), recommended by the International Society
for Animal Genetics (ISAG).

The polymerase chain reaction (PCR) was con-
ducted using an ABI 2720 Thermal Cycler (Applied
Biosystems, CA, USA). The reaction mixture for PCR
was prepared according to the protocol, recommended
by the manufacturer of the test-system (StockMarcs,
Cattle Bovine Genotyping Kit (Applied Biosystems,
CA, USA). The amplified DNA was separated by the
method of capillary gel electrophoresis on an ABI
Prism 3130 Genetic Analyzer (Applied Biosystems,
CA, USA). Data registration and mapping (genotyp-
ing) was performed using programs Run 3130 Data
Collection v.3.0 and GeneMapper 3.7 of Applied Bio-
systems, CA, USA.

The frequencies of alleles and the genotypes were
estimated, including one-time (N1), two-times (N2)
observed and unique ones (Nunik). The comparison of
breeds in terms of frequencies of alleles and genotypes
was performed using the criterion y? of K. Pearson (by
Monte Carlo method for low frequencies) [12] using
special software for population-genetic analysis — Ge-

nAlEx [13], BOTTLENECK [14], PopGene [15] and
NetEstimator [16].

RESULTS AND DISCUSSION

The analysis of the allelic diversity of 10 microsat-
ellite loci demonstrated that the highest average num-
ber of the allelic variants was found in the population
of URM breed — 9.5 alleles/locus, whereas the same
index for UBW breed was 9.2 alleles/locus. The val-
ues of the effective number of alleles were 6.757 and
6.023 alleles/locus, respectively. In our study each
breed was characterized by the highest number of al-
leles in three microsatellite loci out of the 10 investi-
gated ones, namely, URM —in loci TGLA126, BM2113
and SPS115, and URM — in loci INRA23, BM1824 and
TGLA227. The differences between breeds did not ex-
ceed two alleles. In the remaining loci, the number of
allelic variants was the same for the two breeds.

The broadest allelic spectrum was observed for the
breed with the highest number of alleles. Loci with a
similar number of allelic variants had the same allelic
spectrum, except for locus ETH3 that had a wider one.
The obtained estimates of the criterion %> of K. Pearson
allow stating highly reliable (P < 0.001) differences in
the distribution of the investigated population by the
allelic frequencies in all the investigated loci.

Unique alleles were registered in seven out of ten
investigated microsatellite loci, seven (30 %) for
URM breed and five (22 %) — for UBW. A quite simi-
lar distribution was found for the number of loci with

Table 1. The number of alleles, including rare ones, calculated using the rarefaction-method (n = 25) for 10 microsatellite loci
of two cattle breeds, Ukrainian Red-and-Motley (URM) and Ukrainian Black-and-White (UBW)

Breed
Locus URM UBW

number of alleles inc. rare ones number of alleles inc. rare ones
TGLAI26 7.45 0.14 5.83 0.04
TGLAI22 10.39 1.43 10.11 0.65
INRA23 10.50 0.20 11.26 0.99
ETH3 6.80 1.00 6.92 0.45
ETH225 7.96 0.002 7.89 0
BMI1824 9.78 0.05 9.95 0.58
TGLA227 11.67 1.85 13.40 2.45
BM2113 10.82 1.45 8.44 0.09
ETHI0 6.98 6.99 0
SPS115 8.55 1.84 6.99 0.001
Mean 9.09 + 0.555 0.80 £ 0.251 8.78 £0.746 0.53 £ 0.240
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Fig. 1. Actual number of found alleles by DNA microsatellite loci, total (a) and for URM (b) and UBW (c), calculated using

different mathematical models

unique alleles: the highest number (five, or 33 %) was
found for URM breed, and the lowest number (four,
or 27 %) — for UBW. In the populations of URM and
UBW, two unique alleles were found in two and one
loci (TGLA227, SPS115 and TGLA227), respective-
ly. It should be noted that only in loci TGLA122 and
TGLA227 unique alleles were found in both investi-
gated breeds. Unique alleles in loci ETH3, BM2113
and SPS115 were recorded for URM breed, and loci
INRA23 and BM1824 — for UBW. In general, the fre-
quency of unique alleles in URM breed (0.049) was
almost twice higher than for UBW breed (0.026).

Two main models were used to analyze the character
of the distribution of alleles of microsatellite DNA by
specific loci — the infinite alleles model (IAM) [17, 18,
19] and the stepwise mutation model (SMM) [20, 21].

SMM was more adequate for both investigated breeds
with the approximation of the level of allelic diversity
in all the investigated microsatellite loci without excep-
tions, compared to IAM model (P < 0.0001). The latter
exaggerates the actual values greatly both in general
and for each breed, in particular (Fig. 1).

Taking into account our limited number of samples
and limited number of loci studies where direct com-
parison of the obtained results is impossible, we used
the rarefaction procedure. The number of alleles (cal-
culated per 25 randomly selected diploid animals)
varied greatly both for animals of different breeds and
for different loci (Table 1). In general, URM breed
had a higher total of alleles and more unique alleles
were found than in UBW breed. The highest level of
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allelic diversity, however, was observed for UBW in
locus TGLA227 (13.40 alleles), and the lowest — for the
same breed in locus TGLA126 (5.83 alleles). The high-
est number of unique alleles (2.45) was also found for
UBW in locus TGLA227, and the lowest — for the same
breed in the locus SPS1715 (0.01). The estimates, made
using the rarefaction-procedure, prove the absence of
unique alleles in both populations for locus ETHI0,
and as for UBW — for locus ETH225 as well.

The highest number of genotype variants was found
in URM, viz. four microsatellite loci out of ten inves-
tigated ones (INRA23, ETH225, TGLA227, BM2113),
while for UBW this was found only for three loci —
TGLA122, ETH3 and BM1824. The number of geno-
type variants in loci TGLA126, ETHI0 and SPS115 was
the same for representatives of both breeds.

The analysis of the distribution character of the found
genotype frequencies allows stating that URM and
UBW breeds demonstrate a high level of similarity by
this index (Table 2). There is also a high demonstrated
level of polymorphism by the number and character of
distribution of the frequencies of the established geno-
types, which is proven by the value of the approximat-
ing model (the selected exponential function) and the
degree of its adequacy and determination coefficient
(Fig. 2).

In general, the number of rare genotypes in the repre-
sentatives of the investigated breeds fluctuated from 11
(in locus TGLA126) to 45 (in locus TGLA227) (Table
2). The tendency of frequency distribution (the same
loci were the most and the least polymorphic, efc.) was
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found for the total number of genotypes, which were
observed only once — from five (in locus 7GLA126) to
33 (in locus TGLA227). The lowest number of geno-
types, observed only twice each time (four genotypic
variants), were found in locus SPS/15, and the high-
est (15) — in locus INRA23. The lowest number of rare
genotypes (two variants) determined for the represen-
tatives of URM in locus ETH3, and for UBW — in the
locus ETH225. The highest number of rare genotypes
(10 variants) was found for URM (in locus TGLA122),
and as for UBW, this index was eight variants (in locus
BM1824). The highest number of genotypes, observed
once each time (24 variants), was found for locus
TGLA227 in URM, and the lowest (six variants) —
in the same breed in the loci TGLA126, TGLAI22 and
ETH3.

The analysis of the frequencies of unique genotypes
showed that the lowest number of such genotypes (four
genotype variants) was found in the loci TGLA126 and
BM1824 in animals of both breeds and in the loci ETH3
and ETH225 — in UBW, and the highest (20 variants) —
in locus BM2113 in URM. The intrabreed analysis
demonstrated that the average number of unique geno-
types per locus in URM was 9.0 and fluctuated from
four (in loci TGLAI126 and BM1824) to 20 (in locus
BM?2113). For UBW the average was 8.1 and fluctu-
ated from four (in loci TGLAI126, ETH3, ETH225 and
BMI1824) to 17 (in locus TGLA227). 1t is noteworthy
that no differences were found between the breeds in

the ratio of three out of ten investigated microsatellite
loci, and there was only one genotype variant found in
three more.

In general, the analysis of genetic variation in the two
Ukrainian breeds of Bos taurus species demonstrated
that all the investigated microsatellite loci were char-
acterized by a high number of incongruous genotype
variants, for instance, TGLA126"9"¢, TGLA126"¢118
TGLA126116/120, TGLA126“8/118, TGLA126118/120’
etc. Their total number in the animals of this species
fluctuated from 21 (in loci TGLA126) to 53 (in locus
TGLA227). The highest level of genotype polymor-
phism was found in loci INRA23 and TGLA227 in URM
(32 variants) and UBW (31 variant). Locus ETH3 was
found to be the least polymorphic in URM (15 vari-
ants), and for UBW it was TGLA126 (16 variants).

According to the nonparametric method of A. Chao,
the use of which ensures more accurate comparison of
the populations (groups of animals) of different size
[22] in general, the distribution for the number of gen-
otypes in the animals of different breeds is incongru-
ous. For instance, in loci TGLAI26, INRA23, ETH3,
ETH225, TGLA227, ETHI0 and SPSI15 no reliable
difference was found between the breeds, and in locus
BM2113 in URM, the potential number of genotypes
was much higher than that for the representatives of
the other breed.

The parametric rarefaction-procedure was also used
to estimate the “possible genotype diversity”. The ob-

Table 2. The total number of genotypes, determined, rare and unique genotypes for 10 microsatellite loci of two Ukrainian

cattle breeds

Breed
Locus UR URM UR URM UR URM UR URM
N, N, N, Nunik

TGLAI26 16 16 8 5 3 4 4
TGLA122 21 25 14 10 6 11 12
INRA 23 32 31 23 22 7 6 12 12
ETH 3 15 18 6 8 2 5 5

ETH225 25 19 14 12 6 2

BM1824 24 25 15 13 3 8 4

TGLA227 32 31 24 22 5 7 14 17
BM2113 31 20 23 8 4 7 20 8
ETHI0 22 22 10 12 5 4 5 10
SPS115 22 22 11 12 3 5 7 6
Mean 24 22.9 13.8 13.1 5 53 8.1

54

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.1 2018



GENETIC VARIATION DETERMINATION AND INTERBREED DIFFERENTIATION

14 - y=12.292x""
12 - R’=0.935
10 {g
8 A
6 4
4 -
2 o
0 4
1234567 8910111213141516
in locus TGLA126 URM
7 y = 6.2974x "
6 1 R’=0.8249
5
4 4
3 -
2 -
1 .
0 -

1234567 8 9101112131415161718192021
in locus TGLA122 URM

y=3.9335x "4
R’=0.83

N W a O»,

”|i|.|ﬂ.TTﬂﬂ;III||||||||||||

0
1 357 9 11131517192123 25272931
in locus /INR423 URM
14 1 y=12.292x""
12 - R’=0.935
10
8 4
6 - A
24 T "
o 441 I I:.[.I....i.::.._'.;l.:..:._:-._.:,
123456178 91011213141516
in locus ETH3 URM
¥ y=6.4477x """
6 A R’=0.8967
5 4
4 - -
3 4l [ ha
Itttz
o JMALHYE I“‘“\l 0000000 T

1234567 8 91011M21314151617181RR 1223425

in locus ETH225 URM

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.1 2018

y=12.359x""
R’=0.9267

15 1

1234567 8 910111213141516
UBW

¥ =5.5989x "
R’=0.8686

1234567 8910111213141516171819202122232425
UBW

y=3.6667x "
R’=0.819

1 35 7 9 11131517 19 21 23 2527 29 31
UBW
y=12.359x""

12 - ,
R’=0.9267
10 4
8 -
6 -
4 -
2 4
0 -
12345678 910111213141516171819
UBW
y=10.116x""
12 1 R’=0.9103

12345678 910111213141516171819
UBW

55



SHELYOV et al.

6 - y=5379x"* y=7.3934x""
5 | R'=0.8726 8 R =0.9019
7
4 4 6
5
3 9 4
2 4 3
- 2
1
0 - | ' o
123456 ? 8 9101112131415161 7181202 12232425 12345678 9101112131415161718192021222324
in locus Bm1824 URM UBW
45 y=4.0519x"* y=3.716x""
o | R=0.8291 *° R =0.8378
35 4 i
3

25 M|

0 UL 0
1357 911131517 1921 2325 27 29 31 12345678910 12314516 181 2R L2 RLDPRRRBB
in locus TGLA227 URM UBW
5 y=43920x """ y=7.5115:""
4 R'=0834 g. R*=0.8729
? -
3 6 -
5 -
2 4 4 -
1 T Raaae 2
. MHANAL |__..I.II_|_|.||.|_|||.|||; U T T T
1 357 91113151719212325272931 12345678 91011121314151617181920
in locus BM2113 URM UBW
8 1 y=6.9531x " y=7.3914x """
6 R'=0.8156 8 R =0.9024
6
4 1m o\n
I» - :
2 1 ’I‘I’l - Bk 2
o MU H T e rr 4 | [ IR NiNinin N
12345678 910111213141516171819202122 12345678 9101112131415161?1319202122
in locus ETHI0 URM UBW
8 y="17.3972x" y=17.5061x""

R =0.8381 R'=0.9234

C=NWLEOO ~N®

O = NWaOd~
I ST N SR SN TR S T

T

T AT

1234567 89101112131415161 718122 122 12345678 910111213141516171819202122
in locus SPS715 URM UBW

Fig. 2. Character of distribution for genotype frequencies in the investigated cattle breeds in 10 loci of microsatellite DNA,
where y — approximating model (selected exponential function) and its adequacy level, R? — determination coefficient
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tained data allow for the assumption that by the ma-
jority of loci both URM and UBW demonstrate high
similarity in the distribution of genotype frequencies.
For loci TGLA126, INRA23, TGLA227, ETHI0 and
SPS115 there was an observed tendency, similar to
the general one, i.e. the distribution of frequencies in
URM and UBW breeds was practically identical, in
locus BM1824 it was very similar, and only for four
loci (TGLA122, ETH3, ETH225 and BM2113) the in-
vestigated animals demonstrated breed-specific charac-
ter of the distribution of genotype frequencies in locus
TGLAI126.

CONCLUSIONS

Our analysis of the presented data allows the assump-
tion that the investigated breeds (populations) demon-
strated high level of identity with a simultaneous reli-
able level of genetic differentiation. This is confirmed
with the observed differences by the character of dis-
tribution of frequencies of the found allelic variants
(profiles of allelic polymorphism) (P < 0.001) and by
the distribution of genotypes, which is proven by the
estimates of the approximating model (the model of the
exponential function) and the degree of its adequacy
and determination coefficient.

High level of similarity between the investigated
breeds, determined by the results of estimating «po-
tential genotype diversity», obtained on the basis of
the rarefaction-procedure, allows stating that by the
prevailing majority of loci the animals of both breeds
demonstrate high similarity regarding the distribution
of genotype frequencies. For both breeds, the character
of variability in the investigated microsatellite loci for
both the ratio of observed alleles and the character of
their distribution corresponds to the stepwise mutation
model (SMM).

The results of estimating the indices of allelic (the
highest number of found alleles, the number and dis-
tribution of breed-specific alleles) and genotypic vari-
ability (the number of found rare and breed-specific
genotypes), confirmed by nonparametric methods
(rarefaction-method and the method of A. Chao) dem-
onstrate high level of genetic differentiation of the in-
vestigated breeds.

Bu3zHauyeHHsI reHeTHYHOI BapiaTHBHOCTI
Ta MizKnopoaHa audepeHnianisi 1BoX YKpaiHCbKHUX
MOJIOYHHX MOPi/l BeJIMKOI poraroi Xy1oou
3a mikpocareaiTHuMu Jokycamu JJTHK

A. B. lleasos !, K. B. Konuos !,
C. C. Kpamaperko 2, O. C. KpamapeHko >

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.1 2018

e-mail: shelyov@gmail.com

! THCTUTYT po3BenieHHs i reHeTnkH TBapud HAAH,
By Iorpebnsika 1, c. Yyounceke, KuiBcbka o0acts,
Vkpaina, 08321
2 MuKOJaiBChKHUIT HAIIIOHATLHII arpapHUil YHIBEPCHTET,
Byu. I'eoprist Tonranse 9, m. Mukonais, Ykpaina, 54020

Meta. MeTtoro Hamoi pobotu Oyno MOCTIIKECHHS MiX-
mopoAHo1 audepeHiiarii yKpalHCbKUX YepBOHO- Ta YOPHO-
psi6oi mopix Mono4yHol XymoOHM 3a pe3yJabraraMH aHalizy
aJIENIEHOTO ¥ TEeHOTHUIIOBOIO IMOJiMOp(i3My MIiKpOCaTemiTiB
JHK. Metonu. I'enorumyBanas 88 3paskiB JJHK mBox
HalfYuCeNpHIMNUX B VYKpaiHi MOJIOYHHX TOPiJ BEITHKOT
poraroi XymoOm — yKpaiHCBKOi YepBOHO-PsI00T MOIOYHOL
Ta yKpaiHCHhKOI YOPHO-psA00i MONOYHOI — mpoBoAuiH 3a 10
JIOKyCaMH, PEKOMEHJOBAaHMMH MIDKHApOIHUM TOBApPUCT-
BoM 3 renetuku TBapuH (ISAG). Bymo 3milicHeno anami3
aJeTHPHOTO Ta TEHOTHUIOBOTO ModiMopdizmy i3 3acTocy-
BaHHAM IapaMETPUYHUX Ta HEMapaMETPHUYHHUX METOIB.
PesyabraTtu. Briepmie B VYkpaiHi BHKIIQJIEHO pPe3ysbTaTH
aHaJi3y aJeNbHOr0 Ta TeHOTHIIOBOTO MOJIMOP(i3My TO-
MyJSIIIH yKpaTHCBKUX YEPBOHO- Ta YOPHO-Psi00T MOJIOYHOT
XynoOu 3a BuKopucTaHHS 10 MIKpOCATETITHHX JIOKYCIiB
JHK. Tlokazano, mo wikpocaremitd JJHK, sk Bucoko-
moiMOpQHI TEHETHYHI CHCTEMH, € HaI3BHYAiHO iHQOp-
MaTUBHUMH MapKepaMH T€HETHYHMX IPOLECIB, SIKi MalOTh
MiCIle B TOMYJAIISAX CBIMCBKMX TBapuH. BucHoBku. [lo-
CIIJDKEHI TIOPOAM IEeMOHCTPYIOTh JOCTOBIpHHN piBEHB
TeHeTHYHOI nudepeHtiamii i, 0JHOYACHO, BUCOKUN PiBEHB
momiOHOCTI, 110, 0€3CYMHIBHO, TOSCHIOETHCS OJHAKOBHMU
[UTIMA Ta METO/IaMH CeJICKIIIfHOT poOOTH 3 HUMHU.

KirouoBi ciaoBa: Benuka porara xyno6a, JITHK-mapkepu,
MIKpOCATEIiTH, 010pI3HOMAHITTSI, IOMYJISIiHHA TCHETHKA.

OmnpenesneHue reHeTHYECKOM BAPUATUBHOCTH
U Me:KnopoaHas auddepeHuanNs IBYX YKPAHHCKUX
MOJIOYHBIX MOPOJI KPYIIHOTO POraToro cKoTa
110 MUKpOCaTeJIMTHBIM JIokycam THK
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Heasn. Llenpto Hameld paboTHI OBIIO HCCIICIOBAHHUE MEXK-
mopomHoil muddepeHnnua  YKPAaWHCKUX KpacHO- U
YEpHO-TIECTPOH MTOPOJ MOJOYHOTO CKOTA IO pe3yibTaraM
aHaJIM3a aJUIeTbHOTO M TEHOTHUIHYECKOTO MoJIMMopdu3Ma
MukpocareuiutoB JITHK. Meroabl. beuio ucnonb3oBaHo
10 moKycoB, pPEeKOMEHIOBAHHBIX MEKIyHApOTHBIM 00-
MECTBOM IO TeHeTHuke XUBOTHBIX (ISAG), nns ananmmsa
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88 obpasno JIHK nByx Hambosiee MHOTOYHCICHHBIX B
VYKpanHe MOJOYHBIX HOPOA KPYNHOTO POraTtoro CKoTa —
YKPAUHCKOM KpPacHO-IECTPOH MOJOYHOW U YKpauHCKOH
YepHO-MeCTpol MOJOYHOW. bBblI mpoBeneH aHamus an-
JIETPHOTO W TEHOTHIHMYECKOro MOJIMMOp(hHU3Ma ¢ HpuMe-
HEHHEM MapaMeTPUYECKUX U HemapaMeTPHUUeCKUX METO-
JnoB. Pesynasrarel. B pabore WM3IOXKEHBI pe3ynbTaThl
aHaJIM3a aJuleIbHOTO M TE€HOTHIHMYECKOro mHoiumopduima
HOMYJSIIUNA YKPAUHCKOTO KPACHO- U YEPHO-IECTPOrO MO-
JIOYHOTO CKOTa C HMCIOIb30BaHUEM 10 MHUKPOCATEIIUTHBIX
nokycoB JIHK. ITokaszano, uro mukpocaremnuts! JJHK, kak
BBICOKO TIOMIMMOP(HBIC MYJIBTHIOKYCHBIC T'€HETHYECKHUE
CHCTEMBI, SBISIFOTCSI CBEPXMH()OPMATHBHBIMH MapKepamMH
TEHETHYECKUX IPOIECCOB B MOMYISAIMAX JOMAIIHHUX JKHU-
BOTHBIX. BBIBOABI. VccrenoBaHHbBIE TOMY/SIINN YKPAHHC-
KX MOJIOYHBIX IIOPOJl KPYITHOI'O POTaTtoro CKOTa IOKa3bl-
BAIOT JIOCTOBEPHBIN ypOBEHb TeHeTHUeCcKor Tuddepenima-
LM ¥, OJTHOBPEMEHHO, BBICOKMH YPOBEHb HIACHTUYHOCTH,
9YTO, HECOMHEHHO, OOBSICHACTCS CXOXKHMH LEISIMH U Me-
TOAAMH CEJICKIIMOHHON pOOOTHI C HUMH.

KaroueBble ciaoBa: kpymnHbii porateiii ckot, JJHK-map-
Kepbl, MHUKpPOCATEJIUThI, OMOpa3HOOOpa3ne, reHeTHKa To-
IyJIsUUN.
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