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In the poultry industry, indicators reflecting the growth rate of young stock and the exterior characteristics
of chickens are important benchmarks for breeding. Traditional selection based on phenotypic evaluation is
characterized by low efficiency with a low character inheritance ratio and is difficult to apply in small groups
of animals and birds bred in bioresource collections. The use of molecular genetic markers associated with eco-
nomically important traits makes it possible to carry out early selection of birds. This entails an increase in the
profitability of the poultry industry. Recently, single nucleotide polymorphisms (SNPs) have served as convenient
markers for selection purposes. For five generations (P1-P5), an experimental selection of hens of the Pushkin
breed was carried out for live weight. It was based on selection for single nucleotide polymorphism rs313744840
in the MSTN gene. As a result, a significant increase in the frequency of allele A in this gene, from 0.11 to 0.50,
took place. The association of SNP markers with meat qualities in the experimental group led to changes in the
exterior profile of an adult bird at 330 days of age. The individuals with the AA and AG genotypes had the great-
est live weight and longest body. As a result of selection, the bird on average became larger due to an increase
in the number of heterozygous individuals with long bodies and large chest girths. The depth of the chest and
the width of the pelvis increased due to an increase in the frequency of allele A in the experimental population.
A tendency towards an increase in these indicators with the substitution of G with A in the genotype was found.
Saturation of the population with desirable alleles led to an increase in the average live weight of the chickens.
Analysis of the exterior parameters of adult birds showed that this growth is achieved by increasing the depth
and volume of the bird body, and not by increasing the length of the limbs. Thus, marker selection carried out for
five generations in the experimental population of Pushkin breed chickens to increase body weight has reliably
(p < 0.001) changed the exterior profile of adult birds.
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OPPEKTUBHOCTD UCIIOIb30BaHMsI SNP-MapKepoB
B reHe MSTN B ceJjIeKIn Kyp NYIIKMHCKON IMTOPOAbI
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B nTLeBoaCTBe NOKasaTenu, oTpaXkatoLme MHTEHCMBHOCTb POCTa MOJIOAHAKA M SKCTePbePHble XapaKTepucTukn
Kyp, — BaXKHble OPUEHTVPbI ANs cenekunn. TpaanLMOHHBI CeneKUMOHHbIN 0TOOP, OCHOBaHHbIN Ha GeHoTUMnYe-
CKOW OL|eHKe, OT/IYAEeTCA HEBbICOKON 3GeKTUBHOCTBIO NMPY HU3KOM Ko3dduLmeHTe HacnegyemocTy NprusHa-
Ka, 1 B MafIOYMNCIIEHHbIX MPYMMax »KMBOTHbIX U MNTUL, Pa3BOAUMbIX B BMOPECYPCHBIX KOMIEKLUAX, EFO CIIOXKHO
NpUMeHATb. /Icnonb3oBaHne MONEKYNAPHO-TEHETUYECKNX MaPKePOB, CBA3aHHbIX C SKOHOMUYECKM 3HAYNMbIMUN
npri3HaKamu, MO3BOJIAET MPOBOAUTL PAHHUI OTOOP NTULbI. ITO BNEYET 3a OO0 NOBbILLEHNE PEHTAOEBHOCTY
NTULUEBOACTBa. B nocnegHee Bpema yao6HbIMU ANA CeNeKUMOHHBIX Leniell MapKkepaMun Ciy»KaT OfHOHYKIeo-
TgHble nonvmopdusmsl (SNP). B onbITHOM nonynaumn Kyp NyLWKUHCKON NOPOAbl B TeUeHMEe NATA MNOKONEeHNN
(P1-P5) npoBofmnm MapKepHyto cenekuuio Ha yBesimyeHmne X1Bom Maccbl. B ee ocHoBe 6b11 0T6OP NO OAHOHY-
KNeoTaHOM 3ameHe rs313744840 B reHe MSTN. B pe3ynbTaTe 0T60pa 3a 3TOT Neprof NPou30LLIo 3HaUnUTeNbHOE
yBenunuyeHne yactotbl annena A B 3Tom reHe: ¢ 0.11 go 0.50. Accounauma SNP-mapkepa ¢ MACHbIMU KayecTBaMu B
OMbITHOW rpynne Kyp NpuBena K U3MEHEHUAM SKCTEPbePHOro Npodus B3pociol NT1Lbl B Bo3pacTte 330 gHeN.
Hanbonbluen »nBoi Maccoi 1 JfIVHHBIM KOPMYCOM OTAnYanmcb ocobm ¢ reHotunamm AG n AA. B pesynbrate ce-
neKkuun NTrLa B CpefHEM CTana KpynHee 3a CYET yBeIMYEHUS KONMYeCTBa reTepo3nroTHbIX 0Cobel ¢ AfIVHHbIM
Koprycom 1 6onbwmm obxBaTom rpyau. MMybmHa rpyam u WwmnpriHa Tasa yBennymincb napaanenbHo C poCcToM
YyacToTbl annens A B onbiTHOW nonynaumn. O6Hapy»KeHa TeHAEHUMA K YBENIMUYEHNIO STUX NOKasaTenen npu 3a-
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MeHe G Ha A B reHoTune. HacblleHre nonynsauym >enateslbHbIMY aniensmy NprBENo K POCTy CPefHMX NoKasa-
Tenewn XnBoW Macchbl Kyp. AHanm3 sKCTepbepHbIX MapameTPoB B3POCION NTULLbI MOKa3as, YTo 3TOT POCT JOCThra-
€TCsA 3a cYeT yBenmueHrs ry6rHbl 1 06beMa Kopryca NTHLbl, @ He pocTa ASIMHbI KOHEYHOCTEN. Takum o6pasom,
B OMbITHOM MOMYNAUMU Kyp MYLIKAHCKOW MOPOAbI Ha MPOTAXEHUW NATW MOKONEHU NpoBefeHa MapKepHas
ceneKkuys Ha yBenMYeHMe XMBOI MacCbl, KOTopas [OCTOBEPHO (p < 0.001) n3MeHMNa 3KCTepbepHbI NPodub

B3pOCJ'IOIZ nTndbl.

KnioueBble cnosa: MUP-MAP®; nonmopdusm; MMOCTaTWH; Kypbl; MapKepHasa cenekums; sKcTepbep.

Introduction

In the poultry industry, indicators reflecting the growth rate of
young stock and the conformation characteristics of chickens
are important breeding benchmarks. The use of molecular
genetic markers associated with economically important
traits allows for the early selection of birds, which entails an
increase in the profitability of the poultry industry. Recently,
single nucleotide polymorphisms (SNPs) have served as con-
venient markers for this purpose. Chicken genomes include
13.93 millions such polymorphisms (Boschiero et al., 2018).
Since the identification of SNP is not difficult and the search
focuses only on genetic sequences of interest, this reduces the
time and cost of evaluation (Smaragdov, 2009).

Currently, there are many studies in the world aimed at
identifying genomic associations between individual SNPs
and breeding traits in chickens (Fornari et al., 2014; Cruz et
al.,2015; Grupioni et al., 2017). This abundance of identified
links in the future can help in the mapping of polymorphisms
deterrmining complex traits in poultry. Modern technologies
based on work with SNP chips make it possible to identify
genome-wide associations for growth rates in chickens (Zhang
etal., 2015). But selection by individual markers continues to
be a convenient tool for achieving genetic progress in popula-
tions of farm animals and birds. It is especially relevant when
breeding small and gene pool populations of chickens.

Traditional selection is based on a phenotypic evalua-
tion, characterized by low efficiency and complexity. It is
not always possible to use it for quantitative traits, as well
as for small groups of animals and birds, which are usually
the populations bred in bioresource collection farms. In this
case, it is reasonable to use marker-based selection methods,
the so-called MAS (marker-assisted selection) (Khlestkina,
2014). This way allows breeders to choose farm animals
with high rates of breed specific traits and reproduction early
and efficiently. This is a selection process that focuses on the
trait of interest based on genetic markers associated with it
and leads to the accumulation of individuals in the population
with the desired combinations of genes (Collard et al., 2005).

When using this method on birds with a small popula-
tion size, it is necessary to control genetic diversity. Similar
studies were carried out on indigenous chicken breeds (Li
et al., 2008; Guo et al., 2016). Until now, genetic studies of
the conformation traits of the birds have been focused on the
qualitative indicators of the appearance of the birds, such as
color and shape (Sun et al., 2015; Guo et al., 2016). At the
same time, live weight and conformation traits are important
goals of breeding in the poultry industry. Consequently, one
should not overlook the search for links between genomic loci
responsible for the growth and accumulation of muscle mass.
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One of these genes that directly affects the body weight of
various animals and humans which has been under investiga-
tion for the past twenty years is myostatin gene MSTN (Zhang
etal., 2012). Myostatin, a protein that inhibits the growth and
differentiation of muscle tissue in the body, acts as a negative
regulator of skeletal muscle mass. This protein is secreted by
muscle cells and acts on the basis of feedback regulation. With
increasing muscle mass increases the secretion of myostatin,
which inhibits further muscle growth.

Natural mutations that lead to a decrease in the amount
of myostatin and/or suppress its function were identified in
various species of animals and birds, including chickens. In
latter a large number of SNPs have been found in this gene
and their effect on growth rate, reproductive parameters and
meat quality have been documented (Baron et al., 2002; De-
menteva et al., 2017). In addition, mutations in non-coding
regulatory regions were identified in various breeds of sheep,
pig, dog, and chicken, which affect the expression level of
MSTN, and, consequently, growth and muscle mass (Hu et
al., 2013). The effect of SNP in this gene on live weight under
various growing conditions and mortality of chickens was
studied (Ye et al., 2007).

The aim of our study was to determine the effect of the
conducted MAS by rs313744840 SNP in the myostatin gene
on the conformation traits of Pushkin chicken breed from
the Russian Research Institute of Farm Animal Genetics and
Breeding bioresource collection farm.

The specific tasks of the research included tracing the dy-
namics of the rs313744840 allele frequency in the myostatin
gene in the population of Pushkin chicken breed over a number
of years, and also analyzing the associations of rs313744840
replacement in the myostatin gene with the conformation
traits of poultry.

Materials and methods
The material for the study was DNA isolated from the blood
of hens and cocks of the experimental population of Pushkin’s
breed, which was selected during five generations (P1-P5) for
rs313744840 replacement in the MSTN gene and live weight.
This population was formed on the basis of the Russian
Research Institute of Farm Animal Genetics and Breeding
bioresource collection farm “Genetic collection of rare and
endangered breeds of chickens” (Pushkin, St. Petersburg).
At birth, chickens were individually tagged. During raizing,
they were regularly weighed in 7, 33, 80 and 90 days. At the
same time there was a culling of sick or injured chickens. Birds
with the desired genotype for replacement in the myostatin
gene was selected in the breeding core, whose representa-
tives at the age of 330 days were weighed and evaluated by
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conformation traits. In addition, in the P2—P4 generations the
selection of chickens by weight was not carried out. In the
PS5 generation, a strict culling of chickens was carried out and
birds with an increased growth rate, high body weight and
good egg production of mothers was taken to the breeding
core, even if their genotype for rs313744840 replacement in
the MSTN gene was different from the desired one. The fol-
lowing traits were measured: body length, chest girth, tarsus
girth, keel length, tarsus length, hip length, chest depth, pelvis
width, chest width in the clavicle, chest angle. As a control,
a population of chickens of Pushkin breed from the same
bioresource collection farm was taken, which was contained
under similar conditions in group breeding.

Blood for DNA extraction was collected at the age of 33
days from a wing vein into a microtube containing 50 ul of 0.5
mM EDTA Ph 8.0 as an anticoagulant. Samples were stored
at—20 °C until use. Genomic DNA was isolated by a standard
phenol-detergent method.

Detection of a single nucleotide polymorphism was per-
formed using the PCR-RFLP method. Tools for the detection
of SNP are presented in Table 1. Polymerase chain reaction
was performed according to the previously described proce-
dure (Mitrofanova et al., 2017).

For electrophoresis, 1.5 % agarose gels containing ethidium
bromide fluorescent dye and TBE buffer (45 mM Tris-borate,
1 mM EDTA) were used. The mixture after restriction reac-
tion was introduced into wells of the gel. Electrophoresis
was carried out for 1 h at an operating voltage of 150 V. The
fluorescence signal was photographed in the gel documenta-
tion system (Kodak).

Based on the genotyping, one-factor analysis of variance
was performed to identify differences in productive charac-
teristics in the SigmaPlot software package (version 12.0.5)
based on the Shapiro—Wilk criteria and the Students ¢-test.

Analysis of differences in conformation traits in chicken
genotypic groups was carried out using the analysis of vari-

Table 1. Single nucleotide polymorphism detection tools
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ance analysis for multiple comparisons (All Pairwise Multiple
Comparison Procedures).

Results

For five generations (2012-2016) in the experimental
population of Pushkin’s chicken breed, selection was made
to increase the frequency of the allele A by replacement in
rs313744840 locus in MSTN gene. As a result of the selection
over this period, there was a significant increase in the
frequency of allele A from 0.11 to 0.50 (Table 2).

Since the critical ¥ is 3.84, violation in Hardy—Weinberg
equilibrium was observed in the P3 generation due to an ex-
cess of GG homozygotes, and in the P5 generation — due to
an excess of heterozygotes.

As part of the study of the association of SNP marker with
meat qualities in the experimental group, a comformation
evaluation of adult birds aged 330 days was carried out.
According to the results in the P5 generation evaluation, the
selection carried out reliably increased (p < 0.001) the length
of the body, the girth and depth of the breast, the length of the
keel, the width of the breast, the length of the tarsus and the
width of the pelvis in chickens of the experimental population
compared to the control group (Table 3). The chest angle in
P5 chickens increased in comparison with the chickens of the
previous P4 generation, but did not differ from the chest angle
of chickens of the control population.

Table 4 presents the analysis of differences between geno-
types in chickens in the P5 generation of the experimental
population by replacement in rs313744840 locus in MSTN
gene. The heterozygotes of AG differed from other individuals
in body weight and on average weighed 2731 £ 59 g. They
showed a significant increase in body size by three traits (body
length, taped body length, diagonal body length). By the traits
ofthe chest depth, the chest width at clavicle, the pelvis width,
there is a tendency to trait increase when replacing G with A
in the genotype.

SNP Replacement Annealing tem-  Primers (3'-5") Endonuclease  Fragment size,
perature, °C bp
rs313744840 A/G 60 aaccaatcgtcggttttgac Mspl 297,260, 37
cgttctctgtgggctgacta

Table 2. Dynamics of changes in the frequencies of genotypes and alleles for the replacement in rs313744840 locus in MSTN gene
in the course of directed selection in chickens of the Pushkin breed of the bioresource collection farm

Chicken Indicator Genotypes

generation AA AG

Allele x2
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Table 3. Conformation evaluation of the experimental population of Pushkin chickens (populations P4 and P5)

in comparison with the control population

Trait Population p-values
P 4 . ( n =93) ........................ P 5(n= 9 7 .......................... C ontro| (n=20) .............

Liveweightat330days,g 2430+20 2707£341° 2500£80 fa-1b;1b-1c-p<005
‘Bodylength,cm 18710002 1949£007° 1823£020% 2a-2b; 2b-2; 2-2 - p < 0,001
Breastgirthcm 3461£052% 3524£015% 3155£034% 3a-33b-3c-p<0001
Tarsusg"thcm .................................. 4 0210034081002 ......................... 3 85106 ........................... N on5|gn|ﬁcant ...........................
Tarsuslength,cm,cm 1033£000% 1064£007% 10152010  da-dbj4b-dc-p<005
H|p|engthcm .................................... 10661030 ...................... 10101007 ...................... 9 771034 ......................... N on5|gn|ﬁcant ...........................
Breastdepth,cm 1139£008% 1229£008% 11382012 5a-5b; 5b-5c-p<0001
Peliswidth,cm 872£006% 936+006® | 866+025% 6a-6b; 6b-6c—p <0001
Breastwidth at lavicle,cm 707£006" 756£006® 672£008 7a-7b;7b-7c-p<0001
Breastangle, degrees 7704£034% 8060+047% 8121+146% 8a-8b; 8a-Bc-p<0001
K e e .I. |e ngthc m ................................... 1121i0 07 ...................... 1135J_ro O 7% ................... 1095i0 1 69c .................... 9 b9 c _p< O O 0 1 .........................
Table 4. Conformation evaluation of the experimental population of P5 chickens of various genotypes
by rs313744840 replacement in MSTN gene

Trait Genotype p-values

Discussion

The myostatin gene in chickens in our work was selected for
use as a selection criterion. Interest for its investigation does
not fade. Various allelic variants has been identified, the rela-
tionships of single nucleotide substitutions in this gene with
productive traits in various animals has been determined (Ye
etal.,2007; He et al., 2013; Hope et al., 2013; Tu et al., 2013;
Dementeva et al., 2017; Mitrofanova et al., 2017; Rooney et
al., 2017). There are studies confirming the associative links of
SNPs in the region of the myostatin gene with the growth rate
of young chickens and body weight (Dushyanth et al., 2016).

996

Study of the results of chicken breeding by the marker allele
of the myostatin gene in non-industrial breeds yet was not
conducted. At the beginning of our work, several SNPs in
the myostatin gene (Dementeva et al., 2018; Mitrofanova,
Dementeva, 2018) were under study, but only the replacement
in the rs313744840 position of this gene was effective for
selection for live weight in birds. The marker-assisted selec-
tion in the Pushkin gene pool breed has been carried out for
5 years. As a result, an increase in live weight of the experi-
mental chicken population along with a shift in the frequency
of occurrence of allele A from 0.11 to 0.50 was achieved.
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The violation in Hardy—Weinberg equilibrium is observed
in the P3 generation due to the disproportionate selection of
AAhomozygotes compared with the P2 generation, and in the
PS5 generation due to an excess of heterozygotes taken into the
breeding core by their productivity criterion. In the course of
breeding, the main selection criterion for hens was not only the
genotype of the individual, but also the reproductive qualities
of mothers (egg production, egg mass). Perhaps the increase
in the pelvis width (see Table 3) was a consequence of the
selection for egg mass increase.

The association of the SNP marker with meat qualities in
the experimental group led to changes in the conformation
profile of an adult bird at 330 days of age. An analysis of dif-
ferences in conformation traits between genotypes showed
that individuals with a heterozygous and AA genotypes were
characterized by the greatest live weight and body length.
For these genotypes, there was a significant increase in the
size of the body by three traits: body length, taped body
length, diagonal body length. As a result of breeding, birds
on average became larger due to an increase in the number
of heterozygous individuals in a population with a long body
and a large chest girth. The chest depth and the pelvis width
increased due to an increase in the frequency of allele A in
the experimental population compared to chickens from the
control group. A tendency to an increase in these traits with the
replacement of G by A in the genotype was found. Since the
selection was carried out over several years, one can witness
the saturation of the population with the desired alleles that led
to an increase in the average chickens live weight. Analysis of
the conformation traits of adult birds demonstrated that this
increase is achieved by increasing the depth and volume of
the bird body, and not by limbs elongating.

Conclusion

Thus, marker-assisted selection conducted for five genera-
tions in the experimental population of Pushkin chicken breed
resulted in body weight increase. Breeding carried out on this
population changed the conformation profile of adult birds
at 330 days of age (» < 0.001). There was an increase in the
body length, chest girth and depth, the keel length, the chest
width, and the pelvis width.
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