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Aim. To determine the level of polymorphism of some genes, pertaining to the quantitative traits of sheep
and to study the genetic diversity and population structure of breeds of Askanian sheep and one of its hy-
brids. Methods. Molecular—genetic, population—statistical, biometric methods. Results. The genetic struc-
ture of populations of the Askanian Fine-Fleeced (AFF, n = 33), Askanian Meat-and-Wool (AMW, n = 22)
and Askanian Karakul (AK, n = 46) breeds and a hybrid of Askanian Fine-Fleeced x Texel (AFFT, n = 40) has
been studied for the fi rst time in terms of the polymorphisms of the following qualitative trait genes (loci) :
meat productivity genes: ovine growth hormone (GH), calpastatin (CAST) and myostatin (MSTN); prolifi cacy genes:
Booroola (fecundity gene FecB) and bone morphogenetic protein (BMP15). The sheep in all studied breeds and the
hybrid mentioned above are characterized by the polymorphism of two loci, GH and CAST. The other three loci stud-
ied did not show polymorphism for the markers studied. GH is present as two genotypes (A/A, A/B), and CAST as
three genotypes (A/A, A/B, B/B). The remaining genes were found to be in the monomorphic state. The frequencies
of certain genotypes and alleles change in the direction from fine—fleeced to meat animals. For instance, the concen-
tration of heterozygous growth hormone (GH) genotype A/B increases from 0.0 % (AFFB) to 38.2 % (AMWB), and
the concentration of allele A — from 0.083 to 0.191. The live bodyweight of fine—fleeced lambs with GH genotype
A/B at birth equaled 4.5 kg, and those with homozygous genotype A/A —4.9 kg (P < 0.001). Therefore, homozygous
genotype A/A determined the increased level of meat productivity of sheep. A similar dependence was established
at birth for the Askanian Karakul breed. Conclusions. The specificity of genetic structure of Askanian breeds and
hybrid is polymorphism of the GH and CAST and absence of polymorphism of BMP15 and FecB genes, determin-
ing the prolificacy (reproduction) trait. According to the distribution of polymorphic loci variants, the gene pools of
Askanian Meat-and-Wool breed and the local Askanian-Texel hybrid are closely related and therefore explains the
same direction of their productivity. At the same time, all populations are in a state of genetic equilibrium according
to Hardy-Weinberg, which indicates a high level of their consolidation. Sheep which have the A/A homozygote of the
gene growth hormone are characterized by an increased level of the body weight development.
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INTRODUCTION

Classical selection methods were used when creat-
ing the Askanian Fine-Fleeced, Askanian Meat-and-
Wool, Askanian Karakul and Askanian Fine-Fleeced x
x Texel breeds of sheep.

In current state of the art sheep breeding, the applica-
tion of selection methods, based on phenotypic assess-
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ment of animals only, is a long and not always fruitful
path. There is now the possibility of directly evaluat-
ing the genetic background, using molecular methods.
This is possible via so-called marker-assisted selection
(MAS) where these markers are located near the DNA
sequence of genes desired for breeding and when pres-
ent (as detected by molecular methods) through genetic
linkage confirm the presence of those desired genes
(Bertrand et al., 2007).
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The study of genetic structure of local (domestic) gene
pools of different sheep breeds and their hybrids is the
first step in the general strategy of MAS, and that is what
we have performed and report in the present work. Ge-
netic studies allow assessing allelic diversity of breeds
by each target locus, determining polymorphic and
monomorphic variants of different genes. Relevance is
also attributed to establishing the fact of presence/ab-
sence of disturbances (mutations) that endanger the state
of genetic equilibrium of a population (the so-called
Hardy-Weinberg equilibrium (Merkureva, 1977).

The following step is the investigation of the con-
nection between different allelic variants of genes (so—
called qualitative traits loci, or QTLs) and phenotypi-
cally complex quantitative traits of sheep of different
breeds and productivity directions.

This work presents the results of the determination
of the genetic structure (i.e. combining phenotypic trait
measurements with genetic data via the study of QTLs
of five quality trait genes) of three Askanian sheep
breeds and one of its hybrids, Askanian Fine-Fleeced
x Texel which are of different productivity directions.
The studied genes are: ovine growth hormone (GH),
calpastatin (CAST), myostatin (MSTN), Booroola
(FecB), and bone morphogenetic protein (BMP15).

The GH gene is very important in (genetic) breeding
efforts of animals. It has a similar structure in many
species of vertebrae, in particular, the amino acid se-
quence of the GH of cattle and sheep has 98.7 % ho-
mology (Wallis et al., 1998). In sheep, GL is mapped
on chromosome 11 and contains five exons and four in-
trons (Ofir et al., 1997). This gene is involved in accel-
eration of metabolism and stimulation of the growth of
many organs and tissues, especially bones, muscles and
internal organs (Akers 2006, Jia et al., 2014). In most
investigated sheep it is in a polymorphic state with two
allelic variants (Ahlawat et al., 2014).

Meat tenderness is one of the most important qual-
ity attributes of meat. Proteolytic enzymes belonging
to the calpain family (CAPNs), including calpain |
(CAPNI1) and calpastatin (CAST) are closely linked to
meat tenderness after slaughter in livestock (Ahani et
al., 2012). CAST causes specific inhibition of calpain —
calcium-dependent cysteine protease CAST affects the
proteolysis of myofibrilla due to the regulation of cal-
pain, which may initiate the degradation of myofibrilla
proteins (thymine and nebulin) after slaughter. The
polymorphism of CAST gene consists of three geno-
types and two alleles M and N (Shahroudi et al. 2006,
Szkudlarek-Kowalezyk et al. 2011).
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Myostatin (MSTN) is a member of the TGF-beta su-
perfamily of proteins and is involved in regulating skel-
etal muscle growth via inhibition of Myo5 and MyoD
factors and development as well as muscle catabolism.
This gene encodes a member of the TGF-beta (trans-
forming growth factor-beta) family of proteins. Muta-
tions in this gene are associated with increased skeletal
muscle mass (Miar et al., 2014). In sheep, the MSTN
gene is situated on chromosome 2, it consists of three
exons and two introns and has a single-nucleotide poly-
morphism in the third non-coding region of the gene
(Clop A. et al. 2006). The polymorphism of this gene is
conditioned by the presence of a mutation, determined
by two alleles, but it occurs rather rarely (Zhou et al.,
2008). Sheep, homozygous by this mutation, have up to
10 % more muscular weight and 10 % less fat in their
body (Boman et al., 2010).

Due to a wide application of sheep as a model species
to investigate the genetic control of prolificacy, inter-
esting data were obtained regarding the connection be-
tween genetic variability of specific prolificacy loci of
different breeds of sheep. Genetic mutations, affecting
the number of ovulating eggs and prolificacy, were de-
termined in three genes which belong to the superfamily
of the transforming growth factor p (TGFp), namely 1)
Booroola or FecB). The Booroola trait was first noticed
in Merino sheep producing large litters on the Booroola
Farm in Cooma, Australia. The bone morphogenetic
protein IB (BMP-IB) receptor (also known as ALK-6),
binding members of the transforming growth factor—3
(TGF-B) superfamily, is located in the region with the
FecB locus., 2) bone morphogenetic factor 15 (BMP15
also known as FecX) and 3) the growth and differentia-
tion factor 9 (GDF9 or FecG) (Davis G. et al. 2002).
FecB is localized on chromosome 6 and increases the
ovulation rate with about 1.6 corpora lutea per cycle.
Four to twelve eggs mature at once in sheep with this
mutation (Mokhtar G. et al. 2009, Montgomery G. et
al. 1993, Samik P. et al. 2009). This gene is monomor-
phic in most investigated breeds of sheep (El-Hanafi A.
et al. 2009, Abdoli et al., 2016).

Gene BMP-15 is located on the X-chromosome. This
gene regulates the development of oocytes and fol-
licles. Animals, heterozygous by mutation BMP-15,
have a higher average number of ovulating eggs com-
pared to wild type genotype. On the contrary, ewes,
homozygous by mutation BMP-15, are barren due to
the impairment of normal development of follicles at
early stages of formation (Galloway S. et al. 2000),
(Iheagha-Awemu E. et. al. 2014). In most investigated
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gene pools of sheep in different regions of the world,
this gene is monomorphic (Palmer B. et al. 1997, Fog-
arty, 2009).

MATERIALS AND METHODS

The study was conducted in the Laboratory of Mo-
lecular Genetics of the Askania Nova Institute of
Animal Breeding in the Steppe Regions, the Nation-
al Academy of Agrarian Sciences of Ukraine, using
sheep of the breeds Askanian Meat-and-Wool (AMW,
n = 22), Askanian Karakul (AK, n = 46), Askanian
Fine-Fleeced (AFF, n = 33) and the hybrids of Aska—
nian Fine—Fleeced x Texel (AFF x T, n = 40).

The polymorphism of the following genes was in-
vestigated: meat productivity genes — growth hormone
(GH), calpastatin (CAST) and myostatin (MSTN); pro-
lificacy — Booroola (FecB) and bone morphogenetic
protein 15 (BMP15).

SAMPLING AND DNA ISOLATION

In total, 161 blood samples of 4 ml were collected,
transported and stored in vacuum Lind—Vac ® K2
EDTA vials. DNA was extracted using the DNA sorb-B
nucleic acid extraction kit (AmpliSens®). The quality
of extracted DNA was checked via visualization in 2 %
agarose gel using the trans-illuminator.

PCR

The amplification was conducted using the pro-
grammed thermocycler Libe Line (Germany) accord-
ing to the programs, selected for each locus.

The composition of the reaction mixture for ampli-
fication:

2.0 ul PCR 5—x buffer;

1.0 ul ANTP of the mixture 10—x (2 mM of each);
0.8 pul of two primers (70 ng of each);

0.1 ul Tag—polymerase (1 mol /1000 U);

1.5 ul DNA 50-100 ng.

The total volume of the reaction mixture was 10 pl.

The list of primers, used in the investigation, is
presented in Table 1 (GH — Ahlawat A. et al., 2014,
CAST — Ahani Azari M. et al., 2012, MSNT - Lazar
C. et al. 2016, FecB — Davis G. et al. 2002, BMP15 —
Shabir M. et al., 2019).

For the GH gene fragment, the PCR was conduct-
ed according to the following temperature regimes:
one cycle — denaturation at 94 °C for 5 min; 35 cy-
cles: denaturation — 95 °C, 30 sec, annealing — 30 sec,
65 °C and elongation — 72 °C, 45 sec; one cycle — final
elongation at 72 °C for 7 min. CAST gene fragment:
one cycle — denaturation at 94 °C for 5 min; 33 cyc-
les: denaturation — 94 °C, 15 sec, annealing — 30 sec,
67 °C and elongation — 72 °C, 30 sec; one cycle — final
elongation at 72 °C, 5 min. MSTN gene fragment: one
cycle — denaturation at 95 °C for 5 min; 33 cycles: de-
naturation — 95 °C, 40 sec, annealing — 40 sec, 67 °C
and elongation — 72 °C, 40 sec; one cycle — final elon-
gation at 72 °C for 5 min. FecB gene fragment, PCR:
one cycle — denaturation at 94 °C for 5 min; 33 cycles:
denaturation — 94 °C, 15 sec, annealing — 30 sec at
60 °C and elongation — 72 °C, 30 sec; one cycle — final
elongation at 72 °C for 5 min. BMP15 gene fragment:
one cycle — denaturation at 94 °C for 5 min; 33 cycles:
denaturation — 94 °C, 15 sec, annealing — 30 sec, 62 °C
and elongation — 72 °C, 30 sec; one cycle — final elon-

4.6 pl H0; gation at 72 °C for 5 min.
Table 1. The primers used for amplification in this study
Locus Sequence (5-3") Product

GH F: 5-CTCTGCCTGCCCTGGACT-3' 422 bp
R: 5-GGAGAAGCAGAAGGCAAC-3'

CAST F: 5-TGGGGCCCAATGACGCCATCGATG-3' 622 bp
R: 5-GGTGGAGCAGCACTTCTGATCACC-3'

MSTN F 5~CCG GAG AGA CTT TGG GCT TGA-3' 337 bp
R5-TCA TGA GCA CCC ACA GCG GTC-3'

FecB F: 5-CCAGAGGACAATAGCAAAGCAAA-3' 190 bp
R: 5'-CAAGATGTTTTCATGCCTCATCAACACGGTC-3'

BMP 15 F: 5-TTCTCCGTCTAGGGGTATGAG-3' 356 bp
R: 5-AGGGAACAAGAGCAAAGCGTTAGC-3'
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Fig. 1. The electrophoregram of separating GH gene restriction products (restriction enzyme Hae III): 1 - DNA-marker Mspl
(501, 404, 331, 242, 190, 147, 111bp); 2, 4 — genotype AB (422, 366, 56 bp); 3, 5, 6, 7, 8, 9 — genotype AA (366, 56 bp);

10 — PCR product (422 bp)

RESTRICTION FRAGMENT LENGTH
POLYMORPHISM (RFLP) ANALYSIS

The processing of 10 pl amplified fragments was
conducted by the following restriction endonucle-
ases: restriction enzym Hae III (GG/CC) was used
for GH gene; Mspl (C/CGG) — for CAST; Hae III
(GG/CC) — for MSTN; Avall (G/GACC) — for FecB;
Mph11031 (ATGCA/T) — for BMP15, according to
standard manufacturer’s protocols (Thermo Scientific,
USA). The restriction products (10 ul) were separated
by horizontal electrophoresis in a 2-3 % agarose gel at a
voltage of 80 V for 30 min using a power supply assem-
bly Neogen SPN300-03C, Ukraine. The visualization
was done using ethidium bromide (0,01 %) and observed
under UV light (312 nm). The size of the restriction frag-
ments was determined using molecular mass markers
(Gene Ruler TM 50 bp DNA Ladder of Fermentas (Ger-
many) and pUC19/Mspl of Sib Enzim (Russia).

Genotyping for each locus was conducted via the
analysis of the obtained electrophoregrams (Ahlawat
A. et al. 2014, Shahroudi F. et al. 2006, Zhou I. et al.
2008, Polley S. et al. 2009). The size of the amplifica-
tion product for each gene is presented in Table 1.

STATISTICS

The data obtained were used to calculate the ob-
served (O) and expected (E) distribution of genotypes,
frequencies of genotypes and alleles, Hardy—Weinberg
equilibrium was tested by the Pearson’s > goodness—
offit or chi-squared test, observed (H ) and expected
(H,) heterozygosity, effective number of alleles (n),
(Merkureva, 1977). Wright’s fixation index (Fis) ac-
cording to the algorithms of Nei M. et al. 1983. Naga-
ki’s algorithm, 1972 was applied to determine the indi-
ces of genetic distance.

6

To detect the relationships between specific geno-
types of GH gene and indices of live bodyweight of
animals, young animals of Askanian Meat—and—Wool
and Askanian Karakul breeds were studied at birth and
at the age of 4 and 6 months.

RESULTS OF INVESTIGATIONS

Out of five investigated QTL’s, RFLP analysis de-
termined different polymorphisms of GH and CAST
genes in the three Askanian sheep breeds and one of its
hybrids (Fig. 1).

GH

In case of Hae III — polymorphism for the growth
hormone (GH) gene in the investigated populations,
two out of three theoretically possible genotypes were
found — A/A and A/B. Homozygote B/B was absent.
Genotype A/A was presented with two fragments, 366
and 56 bp long, genotype A/B — with three fragments,
422,366 and 56 bp long.

There are considerable differences in the concentra-
tion of the genotypes between gene pools (Table 2).
For instance, in AFF this gene is presented with only
one genotype, homozygote A/A (100 %). In others, its
concentration varies from 62.8 % (AMW) to 95.2 %
(AFF x T). Among local animals, heterozygote A/B
was found in one animal (4.8 %), in AK — in five ani-
mals (16.7 %) and in AMW — in 13 animals (38.2 %).
The distribution of alleles of this locus is rather con-
trastive, with absolute predominance of allele GHA
from 0.809 to 1. ’

The monomorphic state of GH locus in the population
of'the AFF breed (Merino sheep of Ukrainian selection)
conditioned a low level of polymorphism in the group
of hybrid animals, obtained from the cross—breeding of
AFF with meat breed Texel (AFF x T). For instance,
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while in AMW the number of effective alleles equals
1.44, in AFF x T it is 1.05. Accordingly, the degree of
heterozygosity for GH is the highest in the population
of cross—bred AMW (0.309), and the lowest in AFF x
x T (0.047). The gene pool of Karakul (AK) sheep takes
middle position for GH, n = 1.18; H, — 0.152. Wright’s
fixation index indicated only a weak excess of hetero-
zygotes for the investigated genes. However, a more
substantial number of homozygous animals was found
for GH-locus in AMW population (Fis = —-0.052).

The analysis of observed and expected distribution
of different genotypes and calculation of the Hardy—
Weinberg equilibrium for all breeds and hybrid tested,
showed that this equilibrium was not impaired. The
fluctuations in Fis index values are also within the
range of an equilibrium state, indicating a low level of
impact of classical breeding work on the genetic struc-
ture of sheep herds regarding GH.

CAST

As for CAST, in all the investigated breeds and one
of its hybrids a certain degree of polymorphism oc-
curred with three genotypes (A/A, A/B, B/B) (Fig. 2),
determined by two alleles, CAST* and CAST®. The
length of the amplicon for this gene is 622 bp. restric-
tion enzym Homozygote A/A carriers show two frag-
ments of 336 and 286 bp, Heterozygote A/B three
(622, 336 and 286 bp), and homozygote B/B only one
(622 bp) fragment.

As for the distribution of genotypes (Table 3), all
three genotypes are found only in the Askanian Kara-
kul (AK) breed. Homozygote B/B is absent in the other
breeds and hybrid studied. Here the absolute prevalence
was noted for homozygote A/A, from 66.7 % (AFF)
to 90.9 % (AMW). The frequency of allele CAST#
is at the level of 0.955-0.826, and allele CAST® at

0.045-0.174. Our results show that the polymorphism
degree for CAST in Askanian sheep breeds and hybrid
is not high and fluctuates from 1.09 (AMW) to 1.40
(AK). As compared to wool and skin directions, breeds
of meat productivity direction do not differ insignifi-
cantly in number of effective alleles.

The observed and expected heterozygosity for CAST
show virtually equal values for all breeds and hybrid.
Thus, all the values of Wright’s fixation index equal
zero, which demonstrates a low result in classical se-
lection for this locus up till now. This is also confir—
med by the value of y* whose values equal only
0.0-0.48, i.e. all the populations are in the state of ge-
netic equilibrium.

In general, the obtained values of genetic population
analysis by calpastatin gene are in agreement with the
characteristics for other foreign gene funds of sheep,
for instance, sheep of Turkish selection (Avanus K.
2015, Yilmaz et al., 2014).

The genetic distances between four populations of
sheep were estimated based on the obtained data of
their genetic structure (Table 4).

It was established that the groups of animals of meat
direction, AMW breed and AFFxT, are very closely
related (d = 0.005). The distance values for the other
breeds are considerably higher.

FecB

While studying the polymorphism of FecB, two
alleles were determined, — + and B. Allele B is
characterized by the presence of a point mutation
Q249R in position 746 which leads to the substitu-
tion of Gln amino acid for Arg (Abdoli et al., 2016).
After restriction, fragments of 160 and 30 bp were
revealed in the animals with genotype B/B. The re-
striction site for Avall is absent in the carriers of

Table 2. Genetic structure within a limited population of three Askanian sheep breeds and one of its hybrids for the GH-locus

Genotype, n Allele frequency
Gf)gf n AA AB n, H, H | Fis e
P A B
0] E (0] E

AMW 34 222 21 10.5 13 0.809 | 0.191 1.44 | 0.325 | 0309 | -0.052 | 0.60
AK 30 25.2 25 4.6 5 0.917 | 0.083 1.18 | 0.153 | 0.152 | —0.007 | 0.04
AFF 41 41.0 41 - - 1.0 0.0 0.0 0.0 0.0 - -
AFFxT | 21 20.0 20 1.0 1 0.976 | 0.024 1.05 | 0.047 | 0.047 | 0.00 0.00

Note: here and in Table 3 — O — observed distribution, E — expected distribution.
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Fig. 2. The electropherogram of separating CAST gene restriction products (restriction enzyme Mspl): 1 — DNA—marker
GeneRuler TM 50bp DNA Ladder (Fermentas); 2, 3, 5, 7, 8, 9 — genotype AA (336, 286 bp); 4 — genotype AB (622, 336, 286
bp); 6 — genotype BB (622 bp); 10 — PCR product without restriction (622 bp)

genotype +/+, while the non-restricted amplifica-
tion product of 190 bp is present. Heterozygotes
with genotype B/+ have three fragments of 30, 160
and 190 bp.

We found only the fragment of 190 bp which corre-
sponds to homozygous genotype +/+ that is related to
the wild type (Fig. 3). The absence of mutations in this
gene is a remarkable characteristic of Askanian breeds
and their hybrids as far as now studied.

BMPI15
In all the investigated populations of Askanian selec-

tion sheep, using restriction enzyme Mph11030 for de-
tection of polymorphism of the gene of (BMP15), only

the homozygous genotype of the normal wild type +/+
was detected (Fig. 4).

MSTN

In addition to Booroola gene and bone morphogenet-
ic protein, the locus of myostatin gene was found to be
monomorphic too. It was determined that the amplifica-
tion product is 337 bp when restrictase Haelll is used.
Three DNA fragments, 131, 123 and 83 bp, were found
in all the investigated animals, and it corresponds to
homozygous genotype m/m (Fig. 5). Therefore, no mu-
tation, defining the increase in muscular tissue mass of
animals, was found in all Askanian breeds and hybrid.

It is known that mutations in different sites of the in-

Table 3. Genetic structure within a limited population of three Askanian sheep breeds and one of its hybrids for the CAST

locus
Genotype Allele
Gggle n AA AB BB n, | H | H, | Fis | »
P A | B
0) E o E o E
AMW 22 | 20.0 | 20 2.0 2 0.0 0 0.955 | 0.045 | 1.09 | 0.086 | 0.086 | 0.0 0.0
AK 46 | 314 | 31 13.2 14 1.4 1 0.826 | 0.174 | 1.40 | 0.287 | 0.287 | 0.0 | 0.32
AFF 33 | 229 | 22 9.2 11 0.9 0 0.833 | 0.167 | 1.39 | 0.278 | 0.278 | 0.0 | 0.48
AFFxT | 40 | 36.0 | 36 4.0 4 0.0 0 0.950 | 0.050 | 1.10 | 0.095 | 0.095 | 0.0 0.0
Table 4. The genetic distance between gene pools of sheep of Ukrainian selection
Gene pool AK AMW AFF
AMW 0.129 - -
AFF 0.019 0.122 _
AFFXT 0.127 0.005 0.117

AGRICULTURAL SCIENCE AND PRACTICE Vol.7 No.1 2020
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Fig. 3. Electrophoregram of separating restriction products of gene FecB (restrictase Avall) in sheep: Stripes: 1 — DNA-
marker of Mspl (501, 404, 331, 242, 190, 147, 111); 2-9 — genotype ++ (190 bp); 10 — PCR product without restriction (190 bp)

bp 2 3 4 5

6 7 8 9 10

Fig. 4. The electrophoregram of separating the restriction products of gene BMP154 (restrictase Mph11031) in sheep: Stripes:
1 — DNA-marker Mspl (501, 404, 331, 242, 190, 147, 111 bp); 2-9 — genotype ++ (204 and 152 bp); 10 — PCR product

without restriction (356 bp)

vestigated genes are related to the manifestation and
development of specific economically valuable traits of
animals, including meat qualities of sheep (Bertrand et
al., 2007). This fact may serve as an explanation of in-
terbreed differences in the concentration of genotypes
of structural genes, especially a GH gene (Gorlov et
al., 2017).

Regardless of the differences in the direction of pro-
ductivity, the selection for the development of meat
productivity of animals is carried out in all the inves-
tigated breeds and hybrids, where it is tried to achieve
increase in the live bodyweight. This selection process
may have impact on the accumulation of homozygotes
A/A and thus allele A of the genes of GH and CAST,
as they are part of the genetic background of this trait.

In a separate experiment the Askanian Meat—and—
Wool (AMW) breed and Askanian Karakul (AK) breed
were used to demonstrate that from the birth till 6
months of age, homozygous A/A young animals with
gene GH exceed reliably their heterozygous counter-
parts in the development of their bodyweight (p <0.01)
(Table 5).

AGRICULTURAL SCIENCE AND PRACTICE Vol.7 No.1 2020

DISCUSSION

PCR and restriction analysis were used to determine
polymorphism of growth hormone and calpastatin
genes as well as the monomorphic state of the genes
of Booroola, myostatin and bone morphogenetic pro-
tein in the sheep populations of Askanian selection. In
recent decades scientists of most developed countries
have been investigating the polymorphism of genes of
quantitative traits and thus the study of genetic structure
of sheep populations of different origin, so far different
results were obtained for different genes. For instance,
the data, similar to ours, were obtained for gene GH. In
nine breeds of Indian sheep this gene is presented with
two genotypes, AA and AB (Kumar R. et al. 2014).

Somewhat different data are presented in several arti-
cles regarding gene CAST. For instance, two genotypes
were determined in four out of six investigated breeds,
and three — in two of them in Turkey (Avanus K. 2015).

While studying the polymorphism of FecB gene, two
alternative variants are determined — + and B. Allele
B is characterized by the presence of a point mutation
Q249R in position 746 which leads to the substitution

9
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Fig. 5. The electrophoregram of separating the restriction products of gene MSTN (restrictase Hae I1I) in sheep: Stripes: 1 —
DNA-marker of Mspl (501, 404, 331, 242, 190, 147, 111); 2-9 — genotype mm (131, 123, 83 bp); 10 — PCR product without

restriction (337 bp)

of GIn amino acid for Arg. After restriction, fragments
of 160 and 30 bp are revealed in the animals with geno-
type B/B. The restriction site for this restrictase is ab-
sent in the carriers of genotype +/+, while the non—re-
striction product of amplification of 190 bp is present.
Heterozygotes with genotype B/+ have three fragments
at the same time — 30, 160 and 190 bp. (Polley S et al.,
2009). The results of comparative analysis demonstrate
that in some breeds gene FecB is in the monomorphic
state which is in agreement with our results (Jamshidi
R. et al. 2013), while in others it is polymorphic (Guan
F. et al. 20006).

The same picture is observed for gene BMP15, which
is characterized by the absence of polymorphism in the
breeds under our investigation. Still, two allele vari-
ants, + and A, can be determined by this gene. Allele
A is characterized by the presence of mutation FecX!
in position 299, which leads to the replacement of ami-
noacid Val with Asp (T > A). After restriction, frag-
ments of 152 and 204 bp are revealed in the animals
with genotype +/+. The restriction site for restrictase
Mph1103 is absent in genotype A/A, while the non-re-

striction product of amplification of 356 bp is present.
Heterozygotes A/+ are notable for the presence of three
fragments — 152, 204 and 356 bp. (Polley S. et al. 2009,
Shabiz M. et al. 2012).

As for myostatin (MSTN), most breeds of foreign se-
lection have this gene in the monomorphic state (Jamshi-
di S. et al. 2014, Dimitrova I. et al. 2016) which is also
in the agreement with the results, obtained by us using
Askanian selection sheep. Only in several populations it
is presented with several alleles (Lazar C. et al. 2016).

Therefore, the results of investigating polymorphism
of specific QTL—genes are different for sheep of dif-
ferent breeds, bred in different regions of the planet,
which, in our opinion, is related to their origin, the di-
rection of productivity and to the specifics of conduct-
ing selection work.

In addition, the change in the ratio of allele frequen-
cies in the series of generations may occur due to genet-
ic hitchhiking as well — as a result of changes in allele
concentration, linked to an economically viable trait,
resulting from the targeted selection (Hedrick P. 2003,
Shahroudi F. et al. 2006). These factors may serve as

Table 5. The live bodyweight of AMWB and AKB lambs of different genotypes by GH locus in different age periods, kg

Age
Genotype n
At birth 4 months 6 months
Askanian Meat—and—Wool breed
A/A 21 49+0.217 26.7+£0.982 39.0+£0.979
A/B 13 4.54+0.268 23.7+1.002 342 +£1.084
Askanian Karakul breed
A/A 17 4.4+0.252 25.8+0.894 34.4+0.976
A/B 5 4.0 +0.307 22.2+1.170 30.1 +1.284
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an explanation for the presence of specific differences
between gene pools of sheep of different productivity
directions.
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I'eHeTH4Ha CTPYKTYpa nomyJisiisii
OBellb ACKAHIMCBKOI cesieklii 3a mosiMopdizmMom rexis
KiTbKICHHX 03HAK

B. M. losenko, 1O. B. Bnosuuenko, H. b. ITucapenxko,
K. B. Ckpernens, 1. A. Tnaaiit

[HCTUTYT TBapUHHUIITBA CTETIOBHUX PaliOHIB
«Ackanis-HoBa» — HamioHanpHIIT HayKOBUI
CeJNIeKIIHO-TeHeTHYHHH eHTp 3 BiBuapcTtBa HAAH
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Meta. BcranoButu piBeHb MOJTIMOPQI3MYy JAESKUX TEHIB
KUTBKICHMX O3HAK OBEIb Ta 3 X BUKOPUCTAHHSIM JOCIIiIUTH
TeHETHYHY CTPYKTYpy HOMYNALINA acKaHIMCHKOI CENeKIIii.
MeTtoau. MonekyIsipHO-TEHETHYHI, MOMYJISAMifHO-CTaTHC—
TH4HI, OiomeTpuyHi. Pe3yabraTn. Bnepie nocmimkeHo re-
HETUYHY CTPYKTYpY MOIYJIALIi OBEelb aCKaHIHChKOI TOHKO-
pyHHOi (n = 33), ackaHiificbkoi M’5ICO-BOBHOBOI (n = 22),
ACKaHIMChKOI KapakylbChKoi (n = 46) Ta momicedl acka-
Hilicbka TOHKOpyHHa X Tekcenb (n = 40) 3a BapiaHTaMu
CTPYKTYPHUX I'€HIB: TOPMOHY POCTY, KaJlllacTaTuHa, MiocTa-
THHa, Oypyna, KicTkoBoro MopdoreHernuHoro Oinka. B
yCIX JOCHIKEHUX TPyHax BiBIll XapaKTEepU3YIOTHCS MOIi-
MOp(}I3MOM JIBOX JIOKYCiB, TOPMOHY POCTY Ta KajIacra-
tuHy. CTpyKTypa MNepIIoro 3 HHUX IpeICTaBlieHa JBOMa
renorunamu (A/A, A/B), npyroro — tpeoma (A/A, A/B,
B/B). Iamii reHW 3HAXOmATBCS Y MOHOMOP(HOMY CTaHi.
AHaJli3 TEHETWYHHX B3a€MOBIJHOCHUH MDK JOCIIIKEHUMU
reHo()OHJ]AMHU 3aCBIUMB, 110 ICHY€ NEBHHUH 3B’SI30K MIiXK
BEKTOPOM IPOIYKTHBHOCTI CTaJ OBEIb Ta IX MOJICKYIISIPHO-
TEHEeTUYHUMHM TapameTpaMu. Tak, y HampsIMKy BiJ TOHKO-
PYHHHX TBapHH JI0 M’SICHHX YacTOTH OKPEMHUX T'€HOTHIIIB
i aneneil 3MiHIOIOTHCS. Hanpukian, KOHIEHTpAIlisl TeTepo-
3UTOTHOTO TeHOTHIy A/B TeHy TOpMOHY pPOCTYy 3pOCTae
Big 0,0 mo 38,2 %, a amens A Big 0,083 mo 0,191. Pazom
3 IIMM, )KMBa Maca TOHKOPDYHHHX SITHAT 3 TeHOTHHOM A/B
NPy HapoO/PKeHHI piBHsUIach 4,5 K, @ 3 TOMO3MIOTHUM
reHorunoM A/A — 4,9 kr (p < 0,001). Ananoriuny 3a—
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JISKHICTh BCTAHOBICHO 1 B CEPEIOBHIIN MOJIOIUX OBEIb
acKaHIMChbKOi KapakylnbChkoi mopoau. BucHoBku. OcobO—
JIMBICTIO TEHETHMYHOI CTPYKTYpH MOMYJSIIH OBElb acka—
HIACBHKOI CEJIEKIl € BIACYTHICTH MOiMOp(i3My TEHIB, IO
JIETePMiHYIOTh 03HAKY TUTOI0YOCTI. 3a PO3MOIISIOM BapiaH—
TiB TTOJMIIMOP(HUX JIOKYCIB, 10 BU3HAYAIOTh PIBEHb PO3BUT—
Ky ’KMBOI MacH TBapHH, HAHOULIbII OJIM3BKUMH MiX COOOIO
€ TeHO(OH/IN aCKaHIHChKOI M’sICO-BOBHOBOI MOPOAX 1 TIO—
MICHHX TBapuH, IO MOSICHIOETHCSI OIHAKOBUM HAMPSIMOM X
npoaykTuBHOCTI. [Ipn oMy BCi MOMyIIAIii 3HAXOMATHCS B
CTaHi TEHETUYHOI piBHOBAru 3a Xapmi-BaitnOeprom.

Kurouogi ciioBa: BiBii, nomyssiiist, [1JIP, ren, momimopdizm,
CTPYKTypa.
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Heab. YcraHoBUTH ypOBeHb HOIUMOP(U3MAa HEKOTOPBIX
TEHOB KOJMYECTBEHHBIX MPU3HAKOB OBEI[ M UX HUCIOJb30—
BaHUEM H3yYUTb TIEHETUYECKYIO0 CTPYKTYpYy HOIMYISIHN
ackaHuickod cenexunu. Metoabl. MoseKymnsipHO-reHETH—
YeCKHe, OMYIAINOHHO-CTATUCTHYECKIE, ONOMETPUIECKHE.
PesyabTarsl. Briepseie ncciieoBaHa reHeTHUECKAs! CTPYK-
Typa MOMyJISALUN OBEl] aCKAaHUICKON TOHKOPYHHOH (n = 33),
ACKaHUHCKOW MSACO-IIEPCTHON (n = 22), acKaHUICKON Ka-
pakynbckoi (n = 46) mopo/ 1 IomMecel ackaHuicKasi TOHKO-
pyHHas x Tekcenb (n = 40) Mo BapHMaHTaM CTPYKTYpPHBIX
TeHOB: TOPMOHA pOCTa, KajlacTaTWHa, MHOCTaTWHa, Oy-
pyna, KocTHOro MopdoreHeTrnueckoro oOenka. Bo Bcex
UCCJIEIOBAaHHBIX TPYIIAX OBIBI XapaKTEPU3YIOTCS TOIHMMOp-
(¢u3MOM JBYX JIOKYCOB, TOPMOHA POCTa M KajracTaTHHa.
CrpykTypa NepBOro M3 HHUX MpPEJCTABIEHA JBYMS T€HO-
tunamu (A/A, A/B), Broporo — tpems (A/A, A/B, B/B).
OcTtanpHBIE TEHBI HAXOAATCS B MOHOMOP(HOM COCTOSHHH.
AHanM3 TeHeTHYECKUX B3aMOOTHOIIICHHH MEXTy UCCIIEeI0-
BaHHBIMHU T€HO(OHIAMH 10Ka3ajl, YTO CYILECTBYET OIpesie-
JIEHHAs CBS3b MEX/Y BEKTOPOM NMPOAYKTUBHOCTH CTaJ OBEll
U UX MOJEKYISIPHO-TEHETUYECKUMHU MapameTpaMu. Tak, B
HATIpAaBICHUH OT TOHKOPYHHBIX JKHBOTHBIX K MSCHBIM
YacTOTHl OTACTHHBIX TE€HOTHIIOB W aJUIeNiell M3MEHSIOTCS.
Hamnpumep, KOHIIGHTpaIIXsi TE€TEPO3UTOTHOTO TeHoTHna A/B
reHa ropmMoHa pocrta ysernuuuBaercs oT 0,0 mo 38,2 %,
a amrens A ot 0,083 mo 0,191. BmecTe ¢ 3TuUM, KHBas
Macca TOHKOPYHHBIX SITHAT ¢ TeHoThnoMm A/B mpu pox-
JICHUH paBHAIACH 4,5 KI, a ¢ TOMO3UTOTHBIM TCHOTHUIIOM
A/A —4,9 kr (P <0,001). To ecTh, mocaeTHNN TEHETUIESCKU
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CBSI3aH C YPOBHEM MSICHOW MPOAYKTUBHOCTH OBELl. AHalo-
TMYHAs 3aBUCHMOCTh YCTaHOBJICHA W B CPEIC MOJOMABIX
OBEIl aCKAaHUHCKON KapaKynbckoi moponabl. BeiBoabl. Oco-
OEHHOCTBIO TEHETHYIECKON CTPYKTYPHI HOMYJISIIAI OBEI] ac-
KaHMHCKOM CENEKINH SBISAETCS OTCYTCTBHE MOIMMOphI3Ma
T€HOB, JICTEPMUHUPYIONMX MpU3HAaK MHoToruroaus. Ilo pac-
TIPE/ICIIEHUIO BApHAHTOB MOIMMOP(HBIX JIOKYCOB, OIpese-
JISFOINX YPOBEHBb PA3BUTHS )KUBOW MACCHI )KUBOTHBIX, HaH-
Oomee OMM3KUMHU MEXIY cOOOH SBISIOTCS TeHO(OHIBI acka-
HUICKON MSICO-LIEPCTHOM MOPOJbI U ITOMECHBIX KUBOTHBIX,
YTO OOBSCHSIETCS OITHAKOBBIM HATPABICHIEM MX TPOyKTHB-
HoctH. IIpn 3TOM Bce MOMYNAMK HAXOAATCS B COCTOSTHUH
TEHETHYECKOTO paBHOBecHs 0 Xapau-BaitaOepry.

KunioueBble cjioBa: oBibl, nomymsiius, [P, ren, momnu-
MOpQH3M, CTPYKTYpa.
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