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The aim of the study was to analyze the parameters of the reproductive ability of Chinchilla doe rabbits with
different genotypes by locus GH (mutation c¢.-78C>T). Methods. The genotypes of animals were determined by
PCR-RFLP. The amplification was conducted in the programmed thermocycler Applied Biosystems MiniAmp
(Thermo Scientific, the USA) using specific primers. The amplicons were cleaved with the endonuclease BstUI
(Thermo Scientific, the USA), and the fragments were separated in 2 % agarose gel supplemented with ethidium
bromide. The following indices were used to evaluate the reproductive ability of doe rabbits: milk production
(kg), number of litter kits, birth and weaning weight of litter (kg), and average daily gain of infant rabbits (g).
The population and genetic indices were assessed using common methods. The impact of the genotype of GH
locus on the parameters of the reproductive function of doe rabbits with different genotypes by locus GH was
analyzed using ANOVA. Results. The investigated sampling of Chinchilla doe rabbits (34 animals) was found
to have BstUI-polymorphism in position -78 of the start codon of exon I of gene GH (c.-78C>T). The analysis
of associations demonstrated that the doe rabbits with the heterozygous genotype CT in locus GH had higher
indices of milk production, number of litter kits and live weight of the litter, average daily gain, and live weight
of one animal at the age of 35 days. Statistically significant differences were found between genotypes CT and
TT in terms of milk production (p<0.001) and live birth and weaning weight of the litter (p<0.05). Conclusions.
The results obtained demonstrated the promising perspectives of the use of BstUI-polymorphism of locus GH
(c.-78C>T) as a genetic marker in the breeding programs, aimed at enhancing the fecundity of rabbits.
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INTRODUCTION

Rabbit breeding is a high-value branch of the ani-
mal breeding industry due to the rapid reproduction
of livestock, efficient use of fodder, and very low
production costs (El-Sabry et al., 2021, Wongnaa et
al., 2023, Siddiqui et al., 2023; Wang et al., 2022).

The efficiency of industrial rabbit breeding depends
on their reproductive potential, including the number
and survival rate of the newborns (Helal et al., 2024).
However, the traditional methods of rabbit breeding
demonstrate limited efficiency in improving repro-
ductive traits. Firstly, it is conditioned by their de-
pendence on gender which complicates the selection,
and secondly, by a low coefficient of heritability for
these traits. The resulting genetic progress, achieved
using traditional breeding, is often insignificant (Sosa-
Madrid et al., 2020).

The use of genomic information and marker-as-
sociated selection (MAS) to enhance the efficiency
of breeding provides for a considerable acceleration
of genetic progress tempo in industrial rabbit breed-
ing (Bozhilova-Sakova et al., 2022; Kyselova et al.,
2021). Among potential genes-candidates, associa-
ted with productive and reproductive traits in farm
animals, including rabbits, special attention is paid
to the growth hormone gene (GH).

Growth hormone gene (GH) is located on chro-
mosome 19 of rabbits, and consists of 5 exons and
4 introns, encoding the protein of 216 aminoacids.
The main physiological function of gene GH is to
regulate the post-natal growth, metabolism of lipids,
and formation of the muscle bulk in mammals (Fon-
tanesi, 2012).

The studies on different allelic variants of GH
and their association with productive and reproduc-
tive traits of farm animals are conducted in different
countries, using different species and breeds. For
instance, the associations between gene GH and per-
formance were studied in bovine cattle (Cruz et al.,
2022; Dzitsiuk, Guzevatiy, 2024), goats (Buranakarl
et al. 2024), sheep (Al-Muhsen et al., 2019; Kumar
et al., 2024), pigs (Kmie¢ et al., 2007), and rabbits
(Garcia, Argente, 2020).

The studies of Abdel-Kafy et al. (2015) deter-
mined the impact of BsfUI-polymorphism of gene GH
(c.-78C>T) on the live weight of rabbits. In addi-
tion, in rabbits, gene GH plays a considerable part
in the complex regulation of reproductive processes
(Gencheva et al., 2022; Migdal et al., 2019). It modu-

lates gametogenesis, for instance, it stimulates the
development and maturity of spermatogonia (Zach-
mann, 1992) and impacts such parameters of ejaculate
as volume, concentration, and motility of spermatozoa
(Khalil et al., 2021; Zachmann, 1992; Tusell et al.,
2012). In doe rabbits, gene GH impacts the develop-
ment of follicles (Downing and Scaramuzzi, 1991),
stimulates the maturity of oocytes (Silva et al., 2009)
and regulates lactogenesis (Fontanasi et al., 2012;
Tusell et al., 2012; Amalianingsih i Brahmantiyo,
2014). A relevant criterion of reproductive ability
in selecting maternal lines in rabbit breeding is the
number of litter kits at birth and weaning (Garreau H.,
et al., 2004). In this context, the genes, impacting
the ability of a doe to reproduce, are of special rele-
vance.

Considering the role of the growth hormone in
the reproduction processes of rabbits, we studied
the possible association between a single nucleotide
polymorphism (SNP) ¢.-78C>T of gene GH and the
reproductive characteristics of Chinchilla doe rabbits.
This study is a logical continuation of the study of
the polymorphism of gene GH, initiated in our pre-
vious publication in Visnyk ahrarnoi nauky scientific
journal (Dzitsiuk et al., 2025).

MATERIALS AND METHODS

The studies were conducted at the Genetics Labora-
tory of the M. V. Zubets Institute of Animal Breeding
and Genetics, the NAAS, and the experimental farm
of the Cherkasy Experimental Station of Bioresour-
ces, the NAAS. The experimental group of 5-month-
old Chinchilla doe rabbits (34 animals) was used as
the study object.

The investigated doe rabbits were kept in one-
storied cage complexes. Each animal was identified
with an ear tag and kept in group cages of 4 animals
in each, and after giving birth — in individual cages.
The cage size was 80x60x35 cm which ensured the
minimal area of 0.14—0.22 sq.m. per animal and cor-
responded to the age and weight norms. The animals
were fed with commercial complete pelleted feed.

Peripheral blood of doe rabbits taken from the ear
vein into blood collection tubes with the anticoagulant
EDTA was used as a source of biological material.

DNA extraction was conducted using the DNA
extraction kit Quick-DNA Miniprep Plus (Zymo Re-
search, the USA). The efficiency of DNA extraction
was defined by electrophoretic separation in 0.7 %
agarose gel at 200 V for 10 min.
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The genotypes of animals in the experimental pop-
ulation were determined by PCR-RFLP. The analysis
of the allelic frequencies of the locus of gene GH was
conducted along with the determination of BstUI-
polymorphism of the start codon of exon I, caused
by replacing cytosine with thymine.

The PCR was conducted in the programmed ther-
mocycler Applied Biosystems MiniAmp (Thermo
Scientific, the USA). The reaction mixture (the vo-
lume of 10 pl) contained the fivefold PCR buffer
with ammonium sulfate, 2.5 mmol MgCI2, 50 ng
DNA, 1 uM of each primer, 0.2 mm of each dNTP,
0.5 un. of DreamTaq polymerase (TermoFisher, the
USA). The following primers were used for the amp-
lification of DNA fragments: GTA TAG TGG GAT
GGG GTT GG; TTA CGC TCC CAT TCA GAA GC
(Fontanesi et al., 2012; Migdal et al., 2019). The amp-
lification was conducted according to the following
protocol: primary denaturation (95°C) — 2 min;
34 amplification cycles (denaturation at 95°C —
30 s, hybridization of primers at 59°C — 30 s, elon-
gation at 72°C — 45 s); final elongation at 72°C for
5 min, retention at 15°C.

The size of the amplified fragment was 231 bp. The
amplicons were cleaved with the endonuclease BstUI
(Thermo Scientific, the USA) at 37°C/15 min. The
restriction products were separated in 2.5 % agarose
gel at 90 V for 90 min.

The indices of milk production, number of litter
kits, live weight of the litter at birth and weaning, and
the average daily gain of young rabbits were used as
experimental traits of the reproductive function of doe
rabbits. The amount of milk, produced by the feeding
breeding rabbit (the milk production of does), was
determined by the formula:

M=(W,-W,) xC,

where M — milk production of a doe with young rab-
bits; W, — live weight of the litter of young rabbits at
the age of 35 days, g; W, — live weight of the litter
of newborn rabbits, g; C — coefficient of converting
live weight of young rabbits into milk production of
a doe rabbit (Boiko et al., 2024).

The study results were used to determine the ge-
neral population and genetic parameters: observed
(Ho) and expected (He) heterozygosity, frequencies of
alleles and genotypes, correspondence of the genetic
equilibrium state by Hardy-Weinberg, Wright’s fixa-
tion index according to the general methods, using
POPGENE32 software (https://sites.ualberta.ca/~fyeh/

popgene download.html). The reproductive param-
eters of doe rabbits with different genotypes by locus
GH were analyzed using ANOVA.

RESULTS

BstUI-polymorphism in the start codon of exon I
of the growth hormone locus leads to the occurrence
of two allelic variants, C (restriction site is absent)
and T (restriction site is present). The size of the
amplicon is 231 bp.

In the experimental sampling of Chinchilla doe
rabbits, the study results revealed individuals with
all possible genotype variants — CC, CT, TT. The
homozygous TT genotype is characterized by the
presence of a non-cleaved DNA fragment of 231
bp. The CC homozygous genotype after treatment
with restriction endonuclease BstUI demonstrated
two DNA fragments of 169 bp and 62 bp, indicating
the presence of a cleavage site. The heterozygous
CT genotype is characterized by the presence of all
three fragments: one non-cleaved (231 bp) and two
cleaved ones (169 bp and 62 bp).

It was determined that animals with heterozygous
genotype CT prevailed in the experimental sampling
of doe rabbits by the growth hormone locus. The
share of CC homozygotes is 26.5 %; the animals with
TT genotype make up 20.6 % of the total number of
genotyped animals. The frequencies of alleles C and
T were 0.529 and 0.471, respectively (Fig. 1).

To evaluate the genetic equilibrium of the sam-
pling, we conducted the comparative analysis of the
empirically determined frequencies of alleles and the
frequencies, expected according to Hardy-Weinberg
law. The statistical processing of the data using crite-
rion y* did not find statistically significant deviations
from the expected values (p>0.1).

The results confirm that the investigated sampling
is in the state of genetic equilibrium, and one may
assume that either the selection does not impact the
investigated locus considerably or its impact is insuf-
ficient to disturb the equilibrium. In the investigated
sampling of animals, the level of observed heterozy-
gosity (Ho=0.52) somewhat exceeds the expected
heterozygosity (Ne=0.49). The negative value of
Fisher’s coefficient (Fis=-0.06) demonstrates the
excess of heterozygotes, which may be an indicator
of outbreeding. The polymorphic information con-
tent (PIC), which is an index of genetic diversity, is
0.50 which demonstrates a high level of diversity in
the investigated population of rabbits. The effective
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2,47%

1,27%

Fig. 1. The frequencies of alleles and genotypes in the investigated population of Chinchilla rabbits

number of alleles (ne=2.0) reaches the threshold
value, which is an index of efficient participation
of both alleles in genotyping, typical for diallelic
systems (Table 1).

The locus of the growth hormone gene was used
to analyze the parameters of the reproductive ability

of doe rabbits in the experimental group with all the
determined genotypes — CC, CT, TT (Table 2).

The results of the study of milk production of doe
rabbits demonstrated that the animals with heterozy-
gous genotype CT were characterized by the highest
indices of the milk production index, which were reli-

Table 1. The main genetic and population characteristics of the Chinchilla rabbit population by locus CH

Breed, n Ho He

nc

Ca

PIC

Fis

XZ

Chinchilla, 34 animals 0,529 0,498

2,0

0,47

0,50

—0,06

0,42

He — expected heterozygosity; Ho — observed heterozygosity; nc — effective number of alleles; Ca — homozygosity coefficient;

PIC — polymorphic information content.

Table 2. The indices of reproductive ability in doe rabbits with different genotypes by growth hormone gene

Female genotype
Parameters

CC (n=9) CT (n=18) TT (n=7)
Milk production, kg 4.520+£0.50 | 5.650+0.34%* | 2.350+0.46*
Liveborn kits/litter, n 6.22+0.52 7.26+0.54 5.4+1.20
Stillborn kits/litter, n 0 0.35+0.08 2.6+1.02
Weaned rabbits, n 6.22+0.52 6.70+£0.60 3.94+1.20
Percentage of survival of rabbits until weaning at the age of 35 days, % 100.0 92.93+£3.82 | 73.06+5.41
Live weight of litter at birth, kg 0.38+0.078 [0.49+0.030** | 0.30+0.050**
Live weight of litter at weaning, kg 5.12+£0.012 |6.96+0.022%%* | 3.95+0.028**
Live weight of one animal at 35 days, kg 0.86+0.032 | 0.89+0.029 | 0.80+0.038
Average daily gain of a young rabbit, g 0.022+0.0007 | 0.026+0.0009 [ 0.021£0.0019
* (p<0.01); ** (p<0.05).
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ably higher than those of homozygotes TT (p<0.01).
The analysis of variation coefficients (Cv) for milk
production parameters demonstrated a low level of
variability in the investigated groups, where Cv values
did not exceed 12.5 %. As for the size of the litter (the
number of young rabbits), higher indices at birth were
registered for heterozygous animals with genotype CT
as compared to the carriers of homozygous genotypes
CC and TT, by 14.3 % and 25.6, respectively. Simi-
larly, the animals with genotype CT prevailed in terms
of the litter size at weaning. However, no statistically
significant differences between genotypes were found
for this index. The value of the variation coefficients
among the indices of litter size demonstrated that the
variability level was above average, in a wide range
of 10.01-33.60 %. The highest variation index was
observed for homozygotes TT, while in heterozygotes,
it was closer to the average one. No stillborns were
registered in the group of doe rabbits with genotype
CC, which demonstrated a high survival rate of the
progeny. In the group with genotype CT, there was
an insignificant decrease in the progeny survival —
about 4 % of non-viable newborns.

The most manifested decrease in survival rate with
the statistically significant difference (p<0.01) was
observed in the groups with genotype TT, where 40 %
of young rabbits did not survive after birth. 100 %
survival of young rabbits until weaning at the age
of 35 days was observed in the group of doe rabbits
with genotype CC, while in the group with genotype
TT, this index was much lower — 73.06 %, and in
the group of genotype CT, it had an intermediate
value — 92.93 %. Noteworthy is a group of doe rab-
bits with genotype TT which was characterized by
the smallest litter size, a high percentage of stillborn
animals, and the lowest survival rate of young rabbits
until weaning, which may indirectly demonstrate that
their performance is not high. The analysis of the
distribution of genotypes by live birth weight of the
litter indicates that genotype CT is associated with
a larger litter weight as compared to TT (by 30 g)
and CC (by 50 g). This tendency was preserved in
the analysis of the live litter weaning weight, when
the difference between genotypes CT and TT was
statistically significant (p<0.05). The doe rabbits
with genotype CT have some advantages over ani-
mals with other genotypes in terms of the live weight
of one animal at the age of 35 days and the average
daily gain. Yet the differences, found in terms of the
live weight of young rabbits at birth and weaning

are statistically insignificant, which may be caused
by a considerable range of variation (the variation
coefficient is almost 22 %).

DISCUSSION

In this study, we analyzed BstUl-polymorphism
(c.-78C>T) in the start codon of exon I of the growth
hormone gene (GH) to investigate its possible as-
sociation with the reproductive function traits of
Chinchilla doe rabbits. The review of the literature
showed that most published data indicate a higher
frequency of allele C as compared to allele T in this
polymorphic locus. For instance, in the population of
Harnali rabbits, the frequency of allele C was 0.630,
and that of allele T — 0.370 (Ramadan et al. 2020).
Similar results were obtained in the population of
New Zealand white rabbits (NZW), where the fre-
quencies of alleles C and T were 0.613 and 0.387,
respectively, and the frequency of the homozygous
genotype CC exceeded the frequency of TT (0.300
against 0.075) with the frequency of the heterozygous
genotype CT — 0.625 (Gencheva et al., 2018). In
Flemish giant rabbits, the frequencies of alleles C
and T were 0.68 and 0.32, respectively, and those of
genotypes — CC — 0.449, CT — 0.457, TT — 0.093
(Migdat et al. 2019).

Similar results were obtained with New Zealand
white rabbits, where the frequency of heterozygous
genotype CT was 0.615, while the frequencies of ho-
mozygous genotypes CC and TT were much lower —
0.270 and 0.115, respectively, which demonstrates the
prevalence of allele C (0.577) over allele T (0.423)
(Hristova D., et al., 2017). A higher distribution of
allele C as compared to allele T (0.625 against 0.375)
was also reported by Fontanasi et al. (2012) and Ama-
lianingsih et al. (2014) in New Zealand white rabbits
and Californian breeds. The communications of the
same authors show that Champange d'Argent has
only allele C, and in Satin breed, the frequencies of
alleles C and T are the same.

The results of the studies, conducted by Rogel-
Gaillard et al. (2009) demonstrated an opposite ten-
dency: the frequency of allele T (0.594) exceeded
that of allele C (0.406) in Strokach breed of rabbits.
Similar data were obtained by Hussein et al. (2015),
where the rabbits of the APRI line had the same dis-
tribution of frequencies of alleles T and C (0.540 and
0.460, respectively). According to numerous studies,
gene GH plays a key role in the regulation of repro-
duction processes in rabbits (Fontanasi et al., 2008,
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2012; Amalianingsih and Brahmantiyo, 2014; Abdel-
Kafy et al., 2015; Migdal et al., 2019).

In these studies, this gene is mostly viewed as a
promising candidate for the identification of molecu-
lar markers, associated with quantitative and qualita-
tive traits of sperm in rabbits (Fontanesi et al., 2012;
Abdel-Kafy et al., 2015; Migdal et al., 2019). At pre-
sent, there are rare studies on the possible association
between the polymorphism in gene GH and reproduc-
tive function traits in doe rabbits. For instance, Rama-
dan et al. (2020) conducted a study of the reproduc-
tive function of doe rabbits with different genotypes
by gene GH and determined that the animals with
the heterozygous genotype CT had more litter kits
and a higher live weight of young rabbits at the age
of 8 and 12 weeks, as compared to the homozygous
genotypes CC and TT.

The results of the study, conducted by Abdel-Kafy
et al. (2015), demonstrated the association between
genotype CC by mutation c.-78C>T of gene GH
with the earlier age of sexual maturity in rabbits.
The studies of Silva et al. (2009) showed the impact
of gene GH on folliculogenesis and ovulation of doe
rabbits via the induction of the development of small
antral follicles and stimulation of oocyte maturity.
The confirmation of the involvement of gene GH
in the reproductive function of doe rabbits is found
in the results of the studies, conducted by Sirotkin
et al., (2003), which demonstrated the impact of allele
C on the reproductive function via the regulative GH-
pituitary axis (hypothalamo-pituitary-somatotropic
axis), which may be related to the key role of GH
in the processes of oogenesis and folliculogenesis
(Silva et al., 2009).

In addition, based on the results of their studies,
Alsat et al. (1997) reported that gene GH impacts
the development of mammary glands in mammals,
including doe rabbits. The results of the studies of
Abdel-Kafy et al. (2015) demonstrated a statistically
significant additive impact of allele C on milk pro-
duction of APRI doe rabbits, and the heterozygous
genotype CT demonstrated higher milk productivity,
which may illustrate the effect of domination of allele
C over allele T.

The single nucleotide polymorphism (SNP) c.-78-
C>T, localized in the flanking region of the growth
hormone gene (GH), is known not to cause changes
in the aminoacid sequence of the relevant protein,
which classifies it as “silent mutation”. However,
even “silent” mutation may impact the regulatory

expression of the gene at the post-transcription level
(Roos, de Boer, 2021).

From here, SNPs, localized in the non-coding sites
of gene GH, may impact the transport mRNA from
the nucleus into the cytoplasm, which is a critical
stage of gene expression (Neilson JR, Sandberg R.
2010). In its turn, it impacts the regulation of the
protein level and its conformation (three-dimensional
structure) (Sauna and Kimchi-Sarfaty, 2011).

Anandakumar et al. (2017) also report in their
publication that non-coding single nucleotide poly-
morphisms (SNPs) are capable of inducing changes
in DNA loci, increasing their polymorphism, which,
in turn, impacts the formation of phenotypic traits
in mammals. It may explain the role of mutation
c.-78C>T of the growth hormone gene in the forma-
tion of the reproductive function of animals, including
rabbits, in the ontogenesis.

The studies of Helal et al. (2024) demonstrated
that non-coding SNPs were capable of impacting
the milk productivity of rabbits, which confirmed
the hypothesis about their role in regulating the phe-
notypic traits.

Our results of the studies on the association be-
tween SNP ¢.-78C>T in gene GH and the reproduc-
tive traits of rabbits are in agreement with these con-
clusions.

CONCLUSIONS

The presence of BstUI-polymorphism (¢.-78C>T)
in the start codon of exon I of the growth hormone
gene (GH) was found in the sampling of Chinchilla
doe rabbits.

It was determined that animals with heterozygous
genotype CT prevailed in the experimental sampling
by the locus of growth hormone (GH); the frequen-
cies of alleles C and T were 0.529 and 0.471, res-
pectively. The analysis of associations determined
higher indices of milk production, number of litter
kits, live weight of the litter, average daily gain, and
live weight of one animal at the age of 35 days, in
the doe rabbits with heterozygous genotype CT by
locus GH (polymorphism c.-78C>T).

Statistically significant differences were found be-
tween genotypes CT and TT in terms of milk produc-
tion (p<0.001) and live birth and weaning weight of
the litter (p<0.05). The results of the study demon-
strated that BstUI-polymorphism (c.-78C>T) in locus
GH may be a promising marker in the evaluation of
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reproductive traits of doe rabbits with its potential
application in MAS-selection.

However, prior to the practical application of this
polymorphism as a marker, its efficiency should be
assessed more accurately and checked using a larger
number of animals.
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Mera. [Ipoanasi3zyBaru nmapameTpu BiITBOPHOI 31aTHOCTI
KPOJHIb MOPOAYN IHWHIINIA 3 PI3HUMH TEHOTUIIAMH 32
nmokycom GH (myrauist c.-78C>T). Metoau. BusnaueHus
TeHOTHUIIIB TBAPUH MPOBOJIMIH 32 BUKOPUCTAHHS METOJY
PCR-RFLP. Ammuidikariro 31ifiCHIOBaIN y IporpaMo-
BaHomy Tepmoiukiepi Applied Biosystems MiniAmp
(Thermo Scientific, CIIIA) 3 BUKOPUCTaHHSAM CTICITU(DITHIX
npaiiMepiB. AMIITIKOHN PO3MIEIIITIOBAIH CHIOHYKIIEa30i0
BstUI ((Thermo Scientific, CIIIA), ¢parmentn pozains-
nu 'y 2,0% arapo3HoMmy Teji 3 10JaBaHHSIM OpPOMHCTOIO
eTuAito. [ oniHKY penpoOAYKTHBHOI 3AaTHOCTI KPOJIHIIH
BHKOPHUCTOBYBAJN IMOKa3HUKH: MOJIOYHICTH (KT), pO3Mip i
KUBY Macy THi3Ja NMpH HApO/KEHHI Ta BIUTy4eHHI (KT),
cepeaHbo000BUH npupicT Kposnerar (r). [lonymnsuiiino-
TeHETUYHI MOKA3HUKH PO3PaxOBYBaJM 3a 3arajbHOIPHIi-
HATHMHU METOAMKaMHU. AHaJli3 BIUIUBY T€HOTHILY JIOKYCY
GH na mapaMerpu penpoayKTHBHOT (QYHKIIT KPOIHIH 3
pi3HMMH reHoTHnamu 3a JokycoM GH 3nilicHioBann 3a
JIOTIOMOTO0I0 OAHO(AaKTOPHOTO AMCIEpCiiiHOTO aHaiizy
(ANOVA). Pesyabratu. Y nociijokyBaHiil BUOIpIi Kpo-
nunk (34 TONOBM) MOPOAM IIMHIINIA BUsABIeHO BsfUI-
moriMopdi3M y mo3utii -78 cTapTOBOTO KOJOHY €K30HY
I rena GH (c.-78C>T). Anani3 acouianiif nokasas, 1o y
Kpouuip 3 rerepo3urorium resotunom CT y jokyci GH
BHSIBUBCSI BHII[I MOKa3HUKH MOJIOYHOCTI, PO3MIpY Ta *KH-
BOi MacH THi37a, CepeaHbOI000BOTO IPUPOCTY Ta KUBOI
MacH onHiel ocoOuHM y 35-neHHOMY Bimi. BeranoBineHo
CTATUCTUYHO 3HAYYIII BiIMiHHOCTI Mixk reHoturmamu CT
i TT 3a monounicTio (p<0,001) Ta )xuBOIO Macol rHizna
Mpu HapopKeHHI Ta BiurydeHHi (p <0,05). BucHoBok.
OTpuMaHi pe3ynbTaTH CBiI4aTh PO IMEPCIEKTUBHICTH BH-
kopuctanus BsfUI-nonimopdizmy nokycy GH (c.-78C>T)
SIK TEHETUYHOT'O MapKepa B CeJIEeKI[IHHUX Iporpamax Jyis
M1 IBUILNECHHS MPOAYKTHBHOCTI KPOJIB.

Kurouogi caoBa: nmomimopdism, red GH, renotun, mio-
JIOYICTB, KPiJTb.
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