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Aim. To investigate the genetic structure of New Zealand white rabbits population by different types of DNA-
markers. Methods. The individual genotypes of animals were identified using the polymerase chain reaction
with further determination of the restriction fragment length polymorphism (RFLP-analysis). Results. The
data on the distribution of allele variants of molecular markers in the population of rabbits were obtained;
the impact of the genotype factor on meat production, prolificacy and milk production traits was determined.
The relationship between genotypes by polymorphic DNA-markers of myostatin and progesterone receptor
of animals and the values of meat productivity traits and reproduction capability was established. It was
demonstrated that TT homozygotes excel other animals in the indices of average daily growth, while GG
homozygotes excel others in prolificacy. Conclusions. The “desired” genotypes by myostatin gene (CC) and
myostatin of rabbits were revealed. They may be used for targeted selection with the purpose of increasing the

indices of meat production.
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INTRODUCTION

Most economically valuable traits of farm animals,
which are of interest for selection, are quantitative. At
present there are several key genes, identified in rabbit
breeding, which determine the formation of quantita-
tive traits [1, 2]. The significance of their contribution
is regulated by the environment. Myostatin (MSTN)
was defined among individual genes, the polymor-
phism of which determines the impact on the mani-
festation of phenotypic traits, related to meat produc-
tion and reproduction, noteworthy for reproductive
capability of rabbits are progesterone receptor (PGR),
uteroglobulin (SCGB1A1), insulin-like growth factor
1 (IGF1) and tissue inhibitor of metalloproteinase 1
(TIMP1) [3-5].) Myostatin and progesterone receptor
are the most wide-spread among the quantitative trait
loci (QTL).
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Myostatin, also known as GDF8, is a member of
the family of the transforming growth factor (TGF)-p,
participating in the inhibition of the development of
skeletal muscles of animals [4—7]. The mutations in
the myostatin gene are known for cattle; they cause
sharp muscle gains of the livestock. A similar mecha-
nism of double muscling was also established for mice
and dogs [8]. In rabbits the length of the nucleotide
sequence of myostatin gene is 4,912 base pairs (bp).
located on chromosome 7. The mutation, manifested in
the transition of C—T in intron 2, was first described
by Fontanessi’s group [4].

Progesterone receptor is a member of the superfamily
of intracellular receptors; its physiological role being
the binding of steroid hormones [5, 9, 10]. PGR gene
is 297,639 bp and is located on chromosome 11. It is
remarkable for polymorphism in two alleles: G and A
(position 2464) in the promotor region [3].
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It should be noted that the issues of determining the
allelofund, estimating the genetic situation — the level
of consolidation and differentiation of different rabbit
breeds are solved on the population level. The popu-
lation genetic monitoring also provides information
on the distribution and flow of hereditary material in
generations, genetic regularities in micropopulations.
RAPD (random amplified polymorphic DNA) as well
as ISSR DNA-markers are used in the study of genetic
diversity and classification of rabbits [11—14].

The application of the mentioned molecular markers
in the analysis and selection of valuable genotypes of
animals is relevant for the intensification of the selec-
tive process in rabbit breeding.

MATERIALS AND METHODS

The study was conducted using New Zealand white
rabbits (n = 130), bred at a rabbit farm of the agricul-
tural private enterprise Marchuk N. V. (Tashlyk village,
Smila District, Cherkasy Region). Blood samples were
taken from the auricular vein and placed into 1 ml poly-
ethylene test-tubes (Eppendorf, Germany), containing
200 pl of 3.8 % sodium citrate solution. The genomic
DNA was isolated from blood using the standard meth-
od [5] with the DNA-sorb B set (Amplisense, RF) ac-
cording to the manufacturer’s recommendations.

The nucleotide sequences and restrictases, indicated
in Table, were used to conduct the polymerase chain
reaction in order to determine the polymorphism of
myostatin and progesterone receptor.

The mixture for PCR of the genes of myostatin and
progesterone receptor contained 1 x buffer for DNA-
polymerase, 200 pmol of the mixture of triphosphates
(Amplisense), 0.5 umol of the corresponding primer,
0.6 u. a. of DNA-polymerase (Fermentas, Lithuania).
Genomic DNA was added in the amount of 50 ng. The
total volume of PCR-volume was 25 pl. The genomic
DNA of rabbits with primers to myostatin was ampli-
fied using the programmed four-channel thermocycle

Tertsik (DNA-technology, RF) in the following con-
ditions: 180 s — denaturation at 95 °C (“hot start”);
30 s — denaturation (95 °C); 30 s — annealing of prim-
ers (60 °C); 30 s — elongation (72 °C); 10 min — syn-
thesis (72 °C) — 40 cycles. DNA with primers to the
progesterone receptor were amplified in the following
conditions: 5 min — denaturation (95 °C) (“hot start”);
30 s — denaturation (95 °C) — 34 cycles; 30 s — an-
nealing of primers (66 °C); 60 s — elongation (72 °C);
5 min — pre-synthesis (72 °C). The amplification pro-
ducts of genes MSTN and PGR were cleaved using en-
donucleases Eco311 and Alul respectively (Fermentas)
at 37 °C for 12—16 h. The restriction fragments were
separated in 2 % agarose gel (Helicon, RF) and stained
with ethidium bromide.

DNA, obtained during the PCR or as a result of amp-
lification product restriction, were measured using the
molecular mass marker O’GeneRuler™ DNA Ladder
Mix (Fermentas), 3,000 bp long.

The electrophoregrams were visualized using the
transilluminator in the ultraviolet light. After the elec-
trophoresis the gel was photographed using the profes-
sional digital camera. The size of the amplified frag-
ments was defined using TotalLab 2.01 software.

The meat production and reproductive capability of
rabbits were revealed using the data of zootechnical ac-
counting according to the Instruction on evaluation of
rabbits.

The statistical processing of the data was performed
using standard methods and MS Excel, GenAlEx 6.0,
STATISTICA 6.0 software.

RESULTS AND DISCUSSION

The DNA-fragments of polymorphic variants of the
genes of myostatin and progesterone receptor of New
Zealand white rabbits are presented in Figure.

The following distribution of alleles C34 and 34T
of gene MSTN (frequencies p and q) was obtained: for

The genotyping of New Zealand white rabbits by the genes of myostatin and progesterone receptor using the PCR-RFLP

method
Gene Primer Restrictase
Myostatin [4] Forward: 5-TAACTGAAAAGAACCCTCTAGTAGC-3' Alul
Reverse: 5'-TCGGTAGTTGTTTCCCACTTT-3'
Progesterone receptor [3] | Forward: 5'-GAAGCAGGTCATGTCGATTGG AG-3' Eco311
Reverse: 5'-CGCCTCTGGTGCCAAGTCTC-3'
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The electrophoregram of restriction products of the amplified fragments of the genes of myostatin (a) and progesterone
receptor (b) of New Zealand white rabbits. Gel electrophoresis of PCR products, hydrolyzed with restriction endonucleases
Alul (@) and Eco311 (b), in 3 %- and 2 % agarose gel, respectively; M — molecular marker O’geneRuler™ DNA Ladder Mix,
ready-to-use (Fermentas); 2, 4—10, 14—16 — homozygotes by allele T; 7, 3, 1/—13 — heterozygotes CT; 17-20, 22—24 — het-

erozygotes GA; 21, 25, 26 — homozygotes by allele A

males of New Zealand white rabbits pMS™ — 0.500;
gMs™ — 0.500; for females pMS™ — 0.457; qMS™N —
0.543. The distribution of alleles G2464 and 2464A
of gene PGR was somewhat different: for males
pPR — 0.500; qP°® — 0.500; for females p*“® — 0.433;
PR — 0.567. There was no statistically relevant diffe-
rence revealed in the distribution of alleles of myosta-
tin gene between males and females of New Zealand
white rabbits (df = 1; x> = 3.84; > = 0.007; p < 0.05).

The data obtained are somewhat different from the
results, presented by Markowska A. et al. [7]. Polish
researchers established that the frequency of allele
C for the New Zealand white rabbits was 0.618, and
the frequency of allele T — 0.382. While genotyping
the Polish Hermelin by the polymorphic variants of
myostatin gene they had the following values: the
frequency for allele C was 0.558, and that for allele
T—0.442.

The analysis of the actual and estimated distribution
of the genotypes of New Zealand white rabbits by poly-
morphic variants of myostatin gene demonstrated that
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the population structure corresponds to Hardy-Winberg
equation (df = 2; x* = 5.99; 2 = 0.034; p > 0.05). It
was established that the structure of the population by
the polymorphic variant G2464A of progesterone re-
ceptor gene also corresponds to Hardy-Weinberg equa-
tion (df = 2; x> =5.99; x> = 0.018; p > 0.05).

Taking into account the fact that polymorphic vari-
ants of the investigated genes are not bound, the equi-
librium of the analyzed selection may be expected for
all the independent combinations. However, the data of
the analysis of the distribution series for genotypes of
New Zealand white rabbit females allowed determin-
ing statistically relevant difference between estimated
and actual frequencies (df = 8; x> = 20.09; x> = 20.65;
p > 0.01). The selection of animals demonstrates the
deviation from equilibrium by the combinations of al-
leles of the analyzed genes. Such deviations may testify
to the fact that the carriers of some genotypes are of
selective advantage, while those of others — vice versa,
of decreased adaptivity and viability and thus are due
to the selection impact.
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The study of the effect of eimeriosis epidemic on the
distribution of genotypes in the population of rabbits
demonstrated that the ratio of genotypes of animals has
a statistically relevant deviation from the estimated one
(df=2; x> = 13.82; x> =79.05; p>0.001). The share
of animals-carriers of allele T, conditioning the impair-
ment of the functional activity of myostatin, decreased
almost thrice.

It is known that in the course of inflammatory pro-
cesses in liver the rabbits, affected by eimeriosis,
also have other symptoms, including paralysis of
limbs and cervical muscles, and convulsions [15].
The animals-carriers of allele T, which have inhib-
ited growth and differentiation of muscles, may have
less resistance to infectious diseases with this patho-
genesis. From this standpoint allele C and genotype
CC have a selective advantage compared to allele T
and genotypes CT and TT.

The results of the single-factor analysis of variance
demonstrated the impact of the genotype of New Zea-
land white rabbit by myostatin gene on the manifesta-
tion of average daily growth (n? = 0.45; p > 0.05) and
on the weight of a fresh animal (y? = 0.35; p > 0.05).

The share of the impact of the genotype of New Zea-
land white rabbit by MSTN gene on the manifestation
of a phenotypic feature of feed-gain relationship rela-
tive to 1 kg of gain for the period of 60—120 days was
24 %, but it was proven unreliable (p < 0.05).

The data of the analysis of average daily growth of
males and females of New Zealand white rabbit tes-
tify to the regularities of the distribution of these traits
among the animals with different genotypes. For in-
stance, by myostatin gene the heterozygous males with
genotype CT exceeded the homozygote by allele C in
the average daily growth by 2.3 % (39.0 + 0.3 against
382+0.2g; 1= 2.3;¢,=2.09; df =20; p <0.05). The
values of the average daily growth for males with geno-
type TT was lower by 2.6 % than that for heterozy-
gous animals (38.0 £ 0.3 against 39.0 + 0.3 g; 1,=2.33;
t,=2.13;df=15;p<0.05).

There was a similar regularity in the phenotypic
manifestation of the average daily growth among fe-
males of New Zealand white rabbit by the polymor-
phic variants of gene PGR. Breeding female rabbits
with genotype CT had higher indices of average daily
growth compared to homozygotes by allele C by 7.3 %
(38.6 = 0.3 against 35.8 £ 0.2 g; 1, = 2.53;¢,=1.99;
df = 97; p < 0.05). The animals with genotype TT
were characterized by lower average daily growth
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compared to heterozygotes CT (37.2 + 0.3 against
38.6+0.3g;1,=3.23;1 =2.66;df=78;p<0.01).

The results of the single-factor dispersion analysis
testify to the impact of the genotype of breeding female
rabbits by gene of the progesterone receptor on their
milk production, but there was no statistically relevant
difference between the groups of animals with different
genotypes (n = 60; n*> = 0.35-0.43; p < 0.05). Contrary
to the results of our studies, Peiro R. et al. [5] estab-
lished that the expression of polymorphic variants of
the progesterone receptor gene, which conditions the
formation of different isoforms of the receptor protein,
has its impact on the development of rabbit embryos
(94-100 %, p < 0.05 with the consideration of Monte-
Carlo method).

CONCLUSIONS

Genotypes CT by myostatin gene (47.1 %) and GA
by progesterone receptor gene (50 %) were most fre-
quently observed for the New Zealand white rabbits.

There are reliable differences between the genotypes
of New Zealand white rabbits by myostatin gene re-
garding the manifestation of phenotypic traits: 2.5 %
(p <0.05) of average daily growth.

The genotyping of rabbits by polymorphic variants
C34T of myostatin gene and G2464A — the progeste-
rone receptor gene serves as a foundation for the in-
troduction of molecular and genetic expertise in rabbit
breeding with the purpose of further selection of ani-
mals of different genotypes with maximal realization
of their genetic potential.
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Meta. JlocmiDkeHHS TEHETHYHOI CTPYKTYpH MOMYISIIi{
KPOJIIB HOBO3EIAHJCHKOI OLIOT TOpoaH 3a Pi3HUMH THIIAMHA
JHK-mapkepi. Meronu. [HIMBiTyaTbHI TCHOTHAITN TBAPHH
IIeHTU(]IKYyBAT METOIOM ITOJiMEpPa3HO-JIAHITFOTOBOT peaKiil
3 MOJAJBIINM BH3HAYCHHSAM TOIIMOP(]IZMY TOBKHH PecT-
puktHEX (pparmentiB (I[IJJP®D-anami3). Pesyasrarn. Otpu-
MaHO JaHi 3 PO3MONLTY aJelbHIX BapiaHTIB MOJICKYISIPHUX
MapKepiB y TMOMYIALIi KPOJTiB Ta BU3HAYEHO BIUIHB (paKTopa
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TCHOTHUITYy Ha MTOKa3HUKH M SICHOI TMPOAYKTHBHOCTI, Oararo-
IUTITHOCTI 1 MOJIOYHOCTI. BCTaHOBIEHO B3a€MO3B’I30K MIXK
reHotunamu 3a momiMoppuuME JIHK-mapkepamu miocTa-
THHY 1 IPOTECTEPOHOBOTO PELENTOpa TBAPUH Ta 3HAYCHHIMHU
MTOKAa3HHUKIB M’SICHO{ TPOAYKTHBHOCTI 1 BiATBOPIOBAJIBHOI
3marHocTi. [lokazano, mo romosurotn TT BuNepemxaroTh
IHIMX TBApWH 32 MOKa3HUKAMHU CEpPEIHBOTO00BHUX MPHUPO-
criB, a romo3urotu GG — 3a GaraTomungHicTIo. BUCHOBKH.
Bussneno «6axaHi» FeHOTHUITH 32 TEHOM MiOCTaTHHY KpPOJIiB
(CC), sxi MOXYTh OyTH BHKOPHUCTaHI 3a IIJIECIPSIMOBaHOT
CeJIeKIii JUTS TiABUIIEHHS MOKa3HUKIB M’ SICHOT IPOTYKTHB-
HOCTI.

KurouoBi cioBa: HoBo3enaH/Chbka Oia mopoga Kpodris,
MiOCTaTHH, IPOreCTEPOHOBUI PELENTOp, TPOLYKTUBHICTS.
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Leas. MccnenoBanne reHETHUECKOW CTPYKTYPHI MOITYIIs-
IIUH KPOJIeH HOBO3EJIAH ICKOH 010l ITOpOAIbI IO pa3HbIM TH-
naMm JIHK-mapkepoB. Mertoabl. nanBuiyanbsHble T€HOTH-
ITBI )KHBOTHBIX UICHTU(HUINPOBATIH METOAOM ITOJTUMEPa3HOI
LETTHOH peaKknuu C MOCIEAYIOIUM OINpEIeIICHHEM MONH-
Moppu3Ma UTHH PeCTPUKIHOHHBIX (parmenToB (I1JJPD-
aHanmu3). Pe3yasTarel. [lomydeHs! qaHHBIE TIO pacmpenene-
HUIO aJUICJIBHBIX BapHAaHTOB MOJICKYJISIPHBIX MapKepoB B
TIOMYJISIUN KPOJIEH W OMpE/eNICHO BIMAHUE (aKTopa TeHo-
TUIA Ha TIOKa3aTely MsCHOH MPOAYKTUBHOCTH, MHOTO-
IUTOAYSA U MOJIOYHOCTH. YCTAHOBJIEHA B3aMMOCBS3b MEKIY
reHotunamu 1o nonuMopdueM JIHK-mapkepam mmocTta-
THUHA U TIPOTE€CTEPOHOBOTO PEIENTOpa KUBOTHBIX U 3HAde-
HUSIMU TIOKa3areseil MSCHON NPOAYKTUBHOCTH M BOCIIPOU3-
BOAMTENLHOM criocooHocTr. Tlokasano, uto romo3urorsl TT
OTIEPEXKAIOT APYTHX JKUBOTHBIX II0 IOKA3aTeNlsM CpeHe-
CYTOUHBIX TIPUBECOB, & TOMO3UTOTEI GG — TI0 MHOTOTLIONHIO.
BoiBoabl. OO0HApYKEHBI «KEIaeMbIe» TCHOTHIBI M0 TEHY
muoctatuHa kposneil (CC), KoTopble MOXKHO HCIIONB30BaTh
MIpY TIPOBEICHHUN IIeJICHANPABICHHOMN CEIeKIIMOHHOI pabo-
ThI JJIs1 IOBBILICHUSA rnokasareyiei MSICHOM MMPOAYKTUBHOCTH.

KiroueBble c10Ba: HOBO3emaH ICKas Oerast IIopoza KpoJieH,
MHOCTAaTUH, TPOTreCTEPOHOBBIN PELENTOP, NPOTYKTHBHOCTS.
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