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Introduction
One of the relevant objectives of modern animal hus-

bandry is an application of new methods for assessing the 
productivity characteristics of farm animals, directly based 
on genome analysis [1]. All over the world the large-scale 
studies are conducted, which studies are aimed to identify 
genes associated with economically useful features of ani-
mals [2]. Genetic differences are usually presented in the 
form of single-nucleotide polymorphisms (SNP), which 
allows using them as a molecular genetic marker, on which 
basis the animals can be taken for further selection [3].

It is known that both in breeding of farm animals as a 
whole and in a single herd, some individual animals have 
a low rate of productivity, some animals feature medium 
rate, and some —  high, and a very small number of ani-
mals have the highest rate of productivity. It is these very 
animals which are of the greatest interest for the selection 
process. The development of molecular genetic methods, 
the possibility of simultaneous genotyping of dozens of 
loci in a single genome  —  together with the phenotypic 
assessment allows the breeder to select with much higher 
accuracy the valuable animals, which shall transmit their 
best economically valuable features to their offspring, 

thereby providing a significant acceleration of selection 
breeding progress. In addition, the molecular-genetic ap-
proach to genotyping avoids the manifestation of genetic 
regression, when an animal highly valuable for its own rate 
of productivity does not transmit its meat qualities to sub-
sequent generations.

To increase meat productivity is important for sheep 
breeding, since in recent decades in many countries of the 
world the development of sheep breeding is determined 
by efficiency of mutton production. In its turn it leads to 
a steady increase of specialized meat breeds share and in-
creasing demands on the very meat rate productivity for 
sheep of meat and wool breeds [4]. However, the marker-
associated approach in selection of this type of productiv-
ity in sheep should be recognized as an insufficiently de-
veloped topic [5].

There are reports of associations of the myostatin 
(myostatin, MSTN), calpain-calpastatin cascade (calpain, 
CAPN, calpastatin, CAST), leptin (lepnin, LEP) genes 
with characteristics that determine the number and size of 
muscle fibers, features of hemolytic processes during meat 
maturation, and determine the degree of its tenderness and 
juiciness [5,6,7,8,9,10]. These genes are considered to be 
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promising for their use in breeding programs to improve 
the meat rate productivity of sheep [11].

The genes of growth hormone (GH) and growth dif-
ferentiation factor 9 (GDF9) can be considered as can-
didate genes associated with the general development of 
muscle mass and, accordingly, with the meat rate produc-
tivity of sheep.

The growth hormone gene, or somatotropic hormone, 
is a key regulator of somatic growth throughout the life of 
an animal. Range of studies has demonstrated the relation 
of genetic variants of the gene with characteristics of meat 
rate production in sheep. Thus, in young animals of Salsk, 
Kalmyk and Edilbaevskaya breeds, the AB genotype stipu-
lated the significantly higher parameters of carcass mass and 
its slaughter yield [12, 13]. The nucleotide substitution at the 
point rs400358099 of the GH gene was associated with the 
growth energy of Texel breed lambs [14]. Different genotypes 
in the growth hormone (GH) gene determined differences in 
live weight of young sheep of the dark-headed sheep breeds, 
as well as the breeds of Poll Dorset, Beluchi, Santa Yves and 
seven breeds of sheep from China [15,16,17,18,19].

The majority of studies witness a link between the 
growth differentiation factor gene and the reproductive 
qualities and fertile multiplicity of sheep [20,21,22]. It has 
been shown that GDF9 expression is significantly higher in 
ovarian tissues than in other body tissues, while the protein 
product of the gene plays an important role in maintain-
ing the normal folliculogenesis [23,24]. At the same time 
there are data on influence of different genetic variants of 
GDF9 on the live weight of young Salsk sheep, the dairy 
productivity of Avassi sheep, which indicates the feasibility 
of studying its polymophism and its relation with meat rate 
productivity indices [25,26].

The Altai Mountains breed of sheep seems to be promis-
ing to obtain high-quality mutton. It belongs to the wool-
meat type of productivity, it was bred by the method of 
complex long-term reproductive crossing in the 30–40s of 
the last century, it is perfectly adapted to all-year-round pas-
ture management in cold climate and the highlands of Altai 
Republic. In the last decade the main direction of breeding 
activity has been aimed to improve the meat rate productiv-
ity of sheep while maintaining the quality characteristics of 
semi fine wool. The result of this work was the development 
of a new intra-breed type —  Prikatun sheep, which belongs 
to the meat-wool type of productivity and currently seems 
to be the most promising one for breeding. The live weight 
of rams and ewes of Prikatun type of Altai Mountains breed 
in breeding farms is 94 kg and 58 kg respectively. The milk 
yield of ewes is more than 100 kg for four months period of 
lactation, the average daily weight gain of lambs during this 
period varies from 240 g to 260 g, the live weight by the mo-
ment of lambs weaning from ewes is 30–32 kg [27].

For further improvement of the type it is quite appro-
priate to include genotyping by candidate genes of meat 
rate productivity into breeding programs. To determine 
the desired genotype it is necessary to apply comprehen-

sive approach, including analysis of the quantitative and 
qualitative indices of meat, its nutritional and energy val-
ue, and consumer characteristics determined by chemical, 
biochemical, and microstructural indices [28].

The above was the rationale for the objective of this 
research  —  this is to study the indices of meat rate pro-
ductivity, biochemical parameters of meat and histologi-
cal parameters of rib eye muscle (m. longissimus dorsi) of 
sheep of Prikatun type of Altai Mountains breed in cases of 
different genotypes for gene GDF9.

Materials and methods
40 rams of Prikatun type of the Gorno-Altaisk (Altai 

Mountains) region were put under the research (private 
farm “Usoltsev  N.  A.” of the Ust-Kansky district of Altai 
Republic). The studied material was DNA extracted from 
blood samples using the Diatomtm DNAPrep kit (Isogen, 
Moscow) in amount of 3–5 micrograms/100 mcl with an OD 
of 260/280 from 1.6 to 2.0. Amplification of the site (exon) of 
the gene GDF9 (NCBI-National Center for Bio-technology 
Information ID is rs410123449, position 46547268 in the 
Oar_rambouillet_v1.0 assembly, 41770341 —  in the Oar_v4 
assembly.0) on a programmable thermal cycler “Tertsik” 
made by the company “DNA-technology” (Russia) with 
kits of “genePakPCRCore” (Isogen, Moscow) with the direct 
primer —  5’-gaa-gac-tgg-tat-ggg-gaa-atg-3’ and the reverse 
primer 5’-cca-atc-tgc-tcc-tac-aca-cct-3’. The presence of am-
plicons and their quality were preliminarily evaluated after 
electrophoresis in 2.0% agarose gel. The samples were re-
stricted with BstHH1 endonuclease and the following geno-
types were identified: AA, AG, and GG (Figure 1).

The occurrence frequency of genotypes and alleles was 
determined in accordance with the Methodological Rec-
ommendations “System of integrated assessment of the ge-
netic potential of breeding animals” [29].

The meat rate productivity was studied on the basis 
of results of the rams slaughter parameters at the age of 
7 months. In each genetic variant —  AA, AG, GG —  three 
animals were slaughtered, which animals corresponded to 
the average live weight in their group.

The pre-slaughter live weight was measured by weighing 
the animals after 24 hours of starvation, with an  accuracy 

Figure 1. Electrophoregram of the results of PCR-RFLP analysis of the 
gene GDF9 in V 2.0% agarose gel: 1-DNA marker 50 bp (Isogenic) —  
4-AA genotype; 8-AG genotype; 2, 3, 5, 6, 7, 9 —  genotype GG
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of 0.1 kg. The mass of the carcass was determined by weigh-
ing the carcass together with kidneys and perinephral fat. 
The carcass yield was determined by the ratio of the car-
cass mass to the pre-slaughter live weight after 24 hours of 
starvation, expressed as a percentage. Slaughter masswas 
determined by summing the mass of an exsanguinated car-
cass without a head, skin, tail, internal organs, limbs cut off 
at the hock and wrist joints, and without internal fat. The 
mass of internal fat was determined by the total amount of 
pelvic, renal, intestinal, gastric, and diaphragmatic fat. The 
slaughter yield was calculated as the ratio of the slaughter 
mass to the pre-slaughter mass, expressed as a percentage. 
The meat content coefficient was determined by the ratio 
of the mass of the boneless meat to the mass of bones, ex-
pressed as percentage. The boneless meat coefficient was 
determined by separating the muscle tissue from the bone 
tissue and their weighing with an accuracy of 0.01 kg.

Some indices of meat rate productivity of young sheep 
of Altai Mountains breed of different genotypes were used 
from the experiment, where these indices were studied 
when comparing animals for two genes-GDF9 and CAST 
[30] simultaneously.

During the control slaughter the rams meat samples 
were taken from the main topographic areas of the car-
cass for the preparation of an average sample and chemical 
analysis, as well as samples of the rib eye muscle (m. longis-
simus dorsi) were prepared for histological studies.

The amount of moisture in the average sample of minced 
meat was determined according to GOST 33319–2015 1 “Meat 
and meat products. Method for determination of moisture 
content». The sample was minced and mixed by meat ho-
mogenizer, dried in a drying chamber till a constant air-dry 
mass at a temperature of 103 ± 2 °C. The mass fraction of 
moisture, expressed as a percentage, was determined by the 
difference in the weight before and after drying. The amount 
of fat was determined according to GOST 23042–2015 2 
“Meat and meat products. Methods of fat determination”, by 
extracting the fat from the sample with petroleum ether in a 
Soxlet device, followed by its drying to a constant mass and 
determining the percentage difference. The amount of pro-
tein was determined according to GOST 25011–2017 3 “Meat 
and meat products. Protein determination methods”, using 
the method of Kjeldahl, by the amount of nitrogen formed 
during the mineralization of organic substances and its con-
version to protein applying coefficient of 6.25. The caloric 
content was determined by calculation according to the for-
mula of V. M. Alexandrov:
 C = [D –  (F + A)] × 4, 1 + (F × 9,3),
where
 C —  caloric content, kcal; 
 D, A, F —  respectively, the amount of dry matter, ash, fat.

 1 GOST 33319–2015. “Meat and meat products. Method for determination 
of moisture content”. Moscow: Standartinform, 2018. — 14 p. (In Russian)
 2 GOST 23042–2015 “Meat and meat products. Methods of fat determina-
tion”. Moscow: Standartinform, 2019. — 8 p. (In Russian)
 3 GOST 25011–2017 “Meat and meat products. Protein determination 
methods”. Moscow: Standartinform, 2018. — 14 p. (In Russian)

For histological analysis, the samples were fixed in a 
10% solution of neutral formalin, then compacted by gela-
tin pouring. The slices of 7–8 microns thick were obtained 
by freezing microtome. Structural components of the mus-
cle tissue were defined by hematoxylin staining by Caracci 
with Sudan III according to Ehrlich method. The area of 
the muscle bundle, the quantity of muscle fibers in the 
bundle, the diameter of the muscle fiber and the bundle, 
the ratio of muscle and connective tissue were defined ac-
cording to GOST 19496–2013 4 “Meat and meat products. 
Method of histological study”.

The resulting numerical material was biometrical-
ly processed using the software Microsoft Office and 
 BIOSTAT. Based on the average values and standard er-
rors, the reliability of the difference between the average 
values was calculated using the Student’s criterion.

Results and discussion
Genotyping of sheep of Altai Mountains breed of Pri-

katun type revealed that the polymorphism of the gene 
GDF9 is represented by A and G alleles. At the same time, 
the G allele and the GG genotype featured high prevalence, 
their occurrence frequency was 0.73 and 0.55, respectively. 
Whereas the occurrence frequency of allele A and geno-
types AG and AA was 0.27; 0.35 and 0.10 (Table 1).

Table 1. Occurrence of frequency of genotypes and alleles of the 
gene GDF9 in sheep of Altai Mountains breed of Prikatun type

Genotype Number 
of animals

Occurrence frequency
Of genotype Of allele

AA 4 0.10
А 0.27
G 0.73АG 14 0.35

GG 22 0.55

The results obtained are similar to the data on the GDF9 
polymorphism obtained by other researchers in the study of 
sheep breeds of Russian and foreign selection breed. Thus, 
in sheep of the Salsk and Romanov breeds, the G allele and 
the GG genotype also had a high frequency of occurrence —  
0.95 and 0.90, 0.80 and 0.61, respectively. At the same time 
the occurrence of heterozygous AG genotype was detected 
with a low and medium frequency of 0.10 and 0.39 respec-
tively [31]. In Hissar sheep the GG genotype was found in 
96.3% of cases, and in Avassi breed —  in 80.0% [26,32].

The comparative analysis of the slaughter parameters of 
young sheep of Altai Mountains breed of different geno-
types for the gene GDF9 at 7 months of age revealed that 
the AA-genotype rams were superior in comparison with 
their peers of the AG, GG-genotypes in terms of pre-
slaughter weight, carcass weight, slaughter yield and meat 
ratio, respectively by 1.62 and 7.01 kg; 1.34 and 3.98  kg 
(P<0.05); 1.86 and 1.21 abs. percent, 0.16 and 0.39 units 
(P<0.05) (Table 2).

 4 GOST 19496–2013 “Meat and meat products. The method of histological 
study” Moscow: Standartinform, 2019. — 12 p. (In Russian)
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Table 2. Slaughter parameters of Altai Mountains rams of 
Prikatun type with different genotypes according to the gene 
GDF9, in the age of 7 months

Parameters
Genotype

AA AG GG
Pre-slaughter live 
weight, kg 46.33 ± 2.18*1 44.71 ± 2.99*2 39,32 ± 2.78

Weight of a carcass, kg 22.17 ± 0.94*1 20.83 ± 1.37 18.19 ± 0.84
Carcass yield, % 47.86 ± 0.17*1 46.65 ± 0.12 46.00 ± 0.26
Weight of internal 
fat, g 744.0 ± 112.62 619.2 ± 85.17 709.3 ± 65.43

Slaughter weight, kg 22.91 ± 2.76 21.45 ± 1.30 18.89 ± 1.20
Meat rate productivity 4.10 ± 0.01 3.94 ± 1.19 3.71 ± 0.26
Slaughter yield, % 49.44 ± 0.28 48.04 ± 0.22 47.97 ± 0.24

* — Р < 0,05, 1 —  АА‑GG; 2 —  АG‑GG

The obtained results allow to conclude that in order to 
increase meat rate productivity, it is advisable to select the 
animals which carry the A allele. This will allow obtain-
ing a greater number of homozygous AA individuals and, 
accordingly, their specific weight in the herd, which will 
ultimately affect its overall level of meat productivity.

The results of the comparative analysis of chemical 
analysis indices of average sample of minced meat ob-
tained from animals of different genotypes also confirm 
the above information. The superiority of the AA genotype 
was established in protein, fat, and caloric content over the 

AG and GG genotypes by 1.19 and 1.30%; 1.24 and 0.81%; 
164.16 and 128.63 kcal respectively (Table 3).

Table 3. Chemical analysis of mutton from rams  
of Altai Mountains of Prikatun type of different genotypes  
by the gene GDF9

Parameter
Genotype

AA AG GG
Moisture, % 68.80 ± 0.31 71.22 ± 0.29 70.90 ± 0.24
Dry matter, % 31.20 ± 0.19 28.78 ± 0.16 29.10 ± 0.15
Protein, % 15.42 ± 0.19 14.23 ± 0.17 14.12 ± 0.14
Fat, % 14.82 ± 0.18 13.58 ± 0.14 14.01 ± 0.19
Ash, % 0.96 ± 0.01 0.97 ± 0.02 0.97 ± 0.01
Calories, kcal 2010.46 ± 8.13 1846.30 ± 7.12 1881.83 ± 6.89

Microstructural analysis of m. longissimus dorsi also 
confirmed the advantage of the AA genotype in terms of 
morphometric parameters. Thus, the rams had larger di-
ameter of muscle fibers: the difference from AG and GG 
genotypes was 2.52 and 1.44 microns. In addition, there was 
a greater number of inter-fiber and inter-bundle inclusions 
of fat and a lower content of connective tissue, which gave 
the higher marbling score of 3.13 and 3.52 points respec-
tively. The carriers of the genotype AA featured a larger 
area of the rib eye. Their superiority over the AG and GG 
genotypes was 1.36 cm2 and 1.74 cm2 (Table 4, Figure 2).

Table 4. Microstructural analysis of m. longissimus dorsi in rams of Altai Mountains breed of Prikatun type of different genotypes 
by the gene GDF9

Genotype
Indices

Number of muscle 
fibers, pcs. per mm2

Diameter of muscle 
fiber, μm

general “marbling 
score”, points

Content of connective 
tissue, %

Meatiness 
(muscle eye area), cm2

AA 441.12 ± 8.31 28.67 ± 1.55 33.27 ± 2.82 8.45 ± 0.31 17.84 ± 2,31
AG 448.39 ± 9.67 27.23 ± 2.03 30.14 ± 0.76 9.26 ± 0.44 16.48 ± 1.79
GG 452.44 ± 10.01 26.15 ± 1.88 29.75 ± 0.14 9.41 ± 0.37 16.10 ± 2.23
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а)                                                                        б) 
Figure 1. Histological slices of m. longissimus dorsi of the rams of Altai Mountains breed of Pri-

katun type of different genotypes for the gene GDF9 a) AA-genotype b) GG-genotype 
(top – transverse slices; bottom – longitudinal slices) 

1-muscle fibers; 2-fat tissue; 3-connective tissue 
(color: hematoxylin Carracci and sudan III, magnified 10x40) 
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a)                                                                                                    b)
Figure 2. Histological slices of m. longissimus dorsi of the rams of Altai Mountains breed of Prikatun type of different genotypes for the gene 
GDF9 a) AA-genotype b) GG-genotype (top —  transverse slices; bottom —  longitudinal slices) 1 — muscle fibers; 2 — fat tissue; 3 — connective 
tissue (color: hematoxylin Carracci and sudan III, magnified 10 × 40)
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Conclusion
In result of DNA typing, the polymorphism of the gene 

GDF9 and its relation with the indices of meat rate produc-
tivity in young sheep of Altai Mountains breed of Prikatun 
type were proven.

The most widespread in the breed is G allele and the 
GG genotype respectively, but the results of our own re-
search and the data of other authors defined that A allele is 
desirable for breeding to increase the reproductive quali-
ties and productivity of sheep.

The study of the influence of different genotypes in the 
gene GDF9 on the indices of sheep meat rate productivity 
also allowed to confirming the positive effect of A allele.

It was revealed that the rams-carriers of AA genotype 
were superior to their peers of AG and GG genotypes in 
terms of pre-slaughter weight, carcass weight and yield, 
meat content ratio respectively by 1.62 and 7.01 kg; 1.34 and 
3.98 kg (P < 0.05); 1.21 and 1.86 abs. percent, 0.16 and 0.39 
units (P < 0.05).

The muscle tissue of rams of the desired genotype fea-
tured the highest content of protein, fat and, accordingly, 
energy value in comparison with the sheep of AG and GG 
genotypes. Animals of the AA genotype had the largest 

area of the rib eye and the diameter of the muscle fibers. 
The superiority over other genotypes achieved 1.55 cm2 
and 1.98 microns in average. In addition a bigger number 
of inter-fiber and inter-bundle inclusions of fat and lower 
content of connective tissue stipulated the higher marbling 
score —  by 3.32 points.

The obtained data prove the feasibility of studying the 
influence of the gene GDF9 on the meat rate productivity 
of sheep of other breeds, in particular, A alleles and AA 
and AG genotypes. This is also promising from the point 
of view that a range of researches have demonstrated that 
the AG genotype has a positive effect on fertile multi-
plicity of ewes [20, 21, 22]. All thing being equal, getting 
more lambs provides increase of mutton rate production, 
which largely determines the economic efficiency of meat 
sheep farming.

The results of this research allow to conclude that the 
genotyping of sheep of Altai Mountains of Prikatun type 
by the gene GDF9, the purposeful selection of parents in 
order to obtain more desirable genotypes, will not only in-
crease the meat rate productivity of a herd as a whole, but 
also will contribute to the production of mutton of high 
quality parameters.
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