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The analysis of distribution of allelic variants of RLIN and MC4R genes in pigs of different breeds is presented. The influence of gene polymorphism on animal fattening qualities was established. The obtained research results substantially complement the scientific and cognitive basis of genetic factors that determine the level of productivity of fattening young animals and confirm the effective use of their polymorphism as DNA markers in the periodic breeding programs.
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Formulation of the problem. One of the priority directions of development of modern agrarian science and production is the genetic control of animals for the purpose of establishing the carriers of the desired genotypes of productive features and the convergence of such model specimens in the herds by means of planned selection. On the basis of such molecular genetic information it is possible to form a gene pool with necessary gene combinations, since it is based on the analysis of the genotype, does not depend on the influence of the external environment and provides the opportunity to breed genetically best animals at the early stages of their ontogenetic development [4].

The use of traditional breeding methods and the evaluation of the phenotype does not provide an efficient and necessary rate of growth of livestock production. So, breeding in a pure-breed stock at the selection of not less than 50 % of the assessed animals, and even with the existing practice of changing generations for 2,5–3 years. That is, for four generations, it promotes an increase in average daily gain of only 28 g for 10 years, a reduction in the cost of feed per 1 kg of growth and the thickness of the tri-tip respectively of 0.16 feed units and 3 mm [2].

Therefore, the intensification of the breeding process in pig breeding requires more scientifically based approaches to assess the genotype during breeding selection as well as the search for new methods for determining their breeding value. For the rapid increase of the genetic potential of domestic breeds of pigs for the breeding and meat qualities and the production of competitive pork, it is necessary to apply in conjunction with the methods of classical selection and marker, which takes into account the polymorphism of the marker genes of productive qualities. In this regard, there was a scientific and practical need for the development and widespread use of DNA technology [7]. Leading overseas companies (PIC International Group, JSR Farming Group, Cotswold Pig Development Company, Rattlerow Seghers and several others) use genetic markers for productivity signs to improve pigs’ livelihoods. Marking signs at the genotype level in addition to traditional classical breeding methods can significantly improve the efficiency of breeding and breeding work and achieve the desired result for several generations [1].

It should be noted that if the index score of animals is carried out exteriors and in terms of productive qualities, in both cases, use phenotypic indicators, but for the use of these features in calculations, it is necessary to know their inheritance rate, but even in this case we will deal with probability genetic justification of any sign, averaged indicators of its ancestors and descendants (without identifying inherited genes: better or worse than the average). By analyzing the genotype, it is possible to accurately establish the fact of inheriting certain genes at birth, to evaluate genotypes directly, and not through phenotypic manifestations. However, if the selection of pigs is based on indicators characterized by high heredity, genomic selection will not bring significant benefits.

Marker breeding does not deny traditional approaches to determining breeding value. Statistical analysis and technologies of genomic selection mutually complement each other. The use of genetic markers can accelerate the selection of animals, and index methods more accurately assess the effectiveness of this selection.

Therefore, for the study of population gene pools and the reflection of the genetic processes occurring in them, new methodological approaches are needed, based on the use of the principles of systemic, entropy, informational and analytical analysis of breeding genetic parameters, including taking into account the frequencies of the presence of various integrated genotypes.

An analysis of recent research and publications, which launched a problem solving. The world tendency of pig breeding to create pure-sided and hybrid lines with a high yield of lean meat has become possible thanks to the use of molecular genetic markers. The thickness of the spike of animals is significantly determined by their genotype. The structure and function of a number of genetic locus that are related to fat deposition processes are investigated.

Perylipine (perylipin) – a spot-bound phosphoprotein is involved in the protein kinase K cycle, which causes hormonal stimulation of fat splitting. Animals without PLIN gene expression are characterized by lower body weight and less adipocytes, have a higher level of leptin expression and are not susceptible to obesity [10]. Samples of tissues in which the PLIN expression of the pig gene was studied showed the synthesis of its mRNA with the highest levels in the fatty, and lower in other tissues (liver, kidney, heart, muscle, lungs, spleen, pancreas, colon, brain, stomach) [9]. From the above mentioned facts, the PLIN gene can be considered as a candidate for the sign of fattening in pigs.

According to the literature, a probable link between the AG genotype and the polymorphic site 4119 A>G (hereinafter referred to as PLIN 1) with a reduced thickness of the pigskin pigtails of the Landrace and the large white Hungarian breed, the genotype AA, with an increase in the average daily increment of the animal, genotype individuals GG are characterized by undesirable seduction of carcasses during fattening. By the insertion 7966 T>C (hereinafter – PLIN 2) there is established the existence of similar associations between the genotype and a certain fattening sign of pigs, with the desired genotypes determined by CT to reduce the thickness of the sphincter and TT – to increase the average daily growth in fattening livestock [9].

The promising gene involved in regulation of energy homeostasis is melanocortin receptor-4 (MC4R). Single-nucleotide replacement in the seventh exon of the gene MC4R leads to a violation of the hormonal signal of leptin via a melanocortin receptor, which directly affects the signs of fattening and meat productivity of pigs [13, 15, 16].

According to literary data, the biological feature of MC4R is the control of eating behavior. So, it detected a mutation that causes pigs to eat more (about 10 %), grow faster (6–8 %), and gain higher living weight (6–10 %) [11, 17, 20]. Higher growth energy and better muscle tissue development were observed in animals that were homozygous for the CTSLC allele and MC4RG [8].

Alle A determines the rapid growth and large thickness of the spike, and the G allele is responsible for the growth efficiency and a large percentage of lean meat. Homozygous pigs with the genotype AA reach a market weight of three days faster than pigs are homozygous for the G (GG) allele, but in pigs with a genotype GG, they have 8 % less fat and are characterized by a higher conversion of feed [14].

The purpose of our research was to evaluate the influence of PLIN and MC4R gene polymorphism on the fattening and meat qualities of pigs of different breeds.
Objectives of the study: identify the desirable genotypes of the studied genes, the fixation of which in the selection herd will contribute to the increase of productive features.
Material and methods of research. The whole volume of scientific research was carried out under the conditions of the experimental base and the Genetics Laboratory of the Institute of Pig Production and Agro-Industrial Production of the National Academy of Sciences. Samples of blood samples of pig breeds were used: large White, Myrgorod, Landrace, Duroc, Pyrets, Red Lobes, and Large White Land × Landrace.

To determine the effect of marker genes on the productive qualities of fattening young, the PCR analysis method followed by restriction digestion of the resulting fragments (PCR-PDRF) was used. The genotyping of PLIN and MC4R genes was carried out in accordance with existing recommendations [12] using Fermentas (Lithuania) reagents. Electrophoresis was performed in 1.5 % agarose gel. Statistical processing of the obtained results was performed using the computer program «GenAlEx 6» [18]. As a value indicating the degree of association of discrete qualitative features in the population, the association coefficient (tetrachronic ratio) was used, the validity of which was estimated by the χ-square criterion [5].

The frequency of alleles and genotypes was determined by the formulas [6]:

PA = 2 • n1 + n2 / 2 • N; RA = 2 • n2 + n3 / 2 • N

PAA = n1 / N; PA'A' = n2 / N; P AA' = n3 / N,
where PA is the frequency of the allele A, PA' is the allele frequency A', PAA is the frequency of the genotype AA, PA'A' is the frequency of the genotype A'A', P AA' is the frequency of the genotype AA', n1 is the number of homozygotes AA, n2 – number of homozygotes A'A', n3 – number of heterozygotes AА', N – total number of animals.

The fixation index was determined by the formula F = (He-Ho) / He,

where: Non-expected heterozygosity, Ho is the actual heterozygosity calculated using the GenAlEx 6 program [19].

Research results. The genetic and population characteristics of pigs according to perilipin gene polymorphisms indicate that all investigated pig populations have a high genetic polymorphism in both PLIN gene site inserts, which creates opportunities for marker breeding in these herds.

The distribution of allele frequencies for the PLIN1 and PLIN2 locuses in the studied populations was significantly different (Table 1).
1. Genetic and population characteristics of pigs for polymorphisms of the gene of perilipin

	Population

pigs
	The frequency of alleles
	Frequency

genotypes
	Heterozygosity
	Fixation index

	PLIN1

	
	А
	G
	AА
	АG
	GG
	Н0
	Не
	F

	Great white 
n = 70
	0,528
	0,472
	0,279
	0,498
	***

0,223
	0,229
	**

0,498
	0,540

	Landras 
n = 17
	0,588
	0,412
	0,346
	0,485
	0,055
	0,412
	0,485
	0,150

	Landras х 
Great white 
n = 11
	0,727
	0,273
	0,529
	0,397
	0,074
	0,545
	0,397
	-0,373

	Durok 
n = 21
	0,643
	0,357
	0,413
	0,459
	0,128
	0,378
	0,459
	0,176

	Myrgorods’ka
n = 49
	0,591
	0,409
	0,349
	0,487
	0,167
	0,455
	0,483
	0,058

	PLIN2

	
	С
	Т
	СС
	СТ
	ТТ
	Н0
	Не
	F

	Great white
n = 46
	0,620
	0,380
	0,384
	0,471
	0,145
	0,283
	*

0,471
	0,399

	Landras х 
Great white 
n = 11
	0,773
	0,227
	0,598
	0,351
	0,051
	0,273
	**

0,351
	0,222

	Myrgorods’ka
n = 36
	0,633
	0,367
	0,265
	0,735
	*

0,000
	0,735
	0,465
	-0,581


Note: Ho – actual heterozygosity; He – anticipated heterozygosity; Fis – Wright fixation index; 
          * - p ≤0.005; ** - p ≤0.01 – criterion χ2.
Thus, the population of pigs of Durok breed and Landrace x Large white is predominantly carriers of allele A, respectively, by 63.4 % and 72.7 %. The animals of a large white breed are more saturated with the allele G (0.472). The low frequency of the G allele is probably due to the influence on the genetic structure of the experimental population of the meat breeds of the meat production direction and the effective heterogenous heterozygosity.
Available in samples of Large white breeds of pigs, Landrace, Myrgorod, and Duroc by PLIN1 and in large white and mixed landraces, the Large white PLIN2 deviation from the expected distribution of genotypes occurs due to the predominance of homozygotes, indicating the existence of inbred individuals and the use of a limited number of pedigrees in experimental herds, since a targeted selection of animals by these markers was not carried out. It is worth noting the negative value of the fixing coefficient for Myrgorod breed by PLIN2, which is a reflection of the excessive number of heterozygous individuals and may be explained by the outbreed selection of parent pairs or the use of genealogically unaffiliated breeders for this herd.
In populations of Large white pigs, Landrace x Large white PLIN1 locus, and animals of Myrgorod breed according to the PLIN2 locus, there was a significant deviation of the actual distribution of genotypes from the expected value of Hardy-Weiberg, with the share of undesirable haplotypes GGTT lowest in the population of local pigs (GG – 0.074, TT – 0.051), as well as in the animals of Landrace genus PLIN1 (GG – 0.055). In the fattening young Large white breed, the frequency of the genotype GG (0.223) was the highest among all the studied populations. Significant advantage of the expected heterozygosity over the actual evidence of heterogeneity and the lack of consolidation in general, which creates favorable conditions for breeding activities in individual farms based on the genetic heterogeneity of the breed.

The population genetic analysis of Large white pigs and Landrace in relation to the melanocortin receptor polymorphism (MC4R) showed (table 2), which, according to the distribution of allele frequencies, the genotypes between them differ significantly.
2. Genetic and population characteristics of pigs for the polymorphism of the melanocortin receptor gene (МС4R)

	Population

pigs
	Frequency of alleles
	Frequencies of genotypes
	Heterozygosity
	Fixation

index (F)

	
	А
	G
	AA
	AG
	GG
	Ho
	He
	

	Great white

	UA

400527
	0,461
	0,539
	0,212
	0,497
	0,291
	0,497
	0,615
	-0,118

	UA

231158
	0,650
	0,350
	0,422
	0,455
	0,123
	0,455
	0,500
	-0,075

	By breed
	0,543
	0,457
	0,295
	0,496
	0,209
	0,496
	0,565
	-0,069

	Landras

	UA 100410
	0,075
	0,925
	0,006
	0,011
	0,983
	0,011
	0,05
	-0,039

	UA 064040
	0,143
	0,857
	-
	0,286
	0,714
	0,286
	0,285
	-0,0003

	By breed
	0,092
	0,908
	0,0085
	0,1671
	0,824
	0,1671
	0,1111
	0,056


Thus, the population of pigs of Landrace genus is more saturated with the G allele (0,908), while the animals of large white breed are carriers of alleles such as A (0,543) and G (0,457). Somewhat higher number (by 18.9 %) of the G allele is characteristic for the descendants of the bark UA400527 (No. 44).

Genotypes AG (0,496) are the most frequent genotypes in animals of large white breed, while in the pigs the landrace is GG (0.8244) and the genotype AA is almost absent. The index of the fixation index of -0,003 in the descendants of UA 064040 of the Landrace breed can indicate the selective neutrality of this locus, that is, the propagation of the genotypes behind this locus does not deviate from the theoretically expected by Hardy-Weinberg.
The biometric analysis (table 3), namely the calculation of mean values and statistical error, as well as the proportion of the effect of the genotype on the quantitative sign, the indicators of lifetime spike thickness measurement and the average daily increment of pigs of different populations, depending on the genotype of the two sites of the perilipin gene, showed that the highest opacity Animals with GG genotype (25.5–36.9 mm) were characterized.
3. Indicators of variability of fattening qualities of pigs of different populations

  in relation to different genotypes for the polymorphism of the PLIN gene 
	The population of pigs
	Genotype
	Number of animals
	Average daily gain, g
	Pump thickness over 6/7 thoracic vertebrae, mm

	PLIN1

	Great white
η, %
	АА
	14
	740,4±44,5*
	27,7±2,4**

	
	АG
	10
	900,0±57,5
	26,1±3,5**

	
	GG
	22
	848,1±31,2
	36,9±1,7

	
	-
	-
	2,3
	27,7

	Myrgorods’ka
η, %
	АА
	17
	737,9±25,0
	33,0±0,5***

	
	АG
	24
	743,1±29,9
	29,7±1,1***

	
	GG
	8
	705,8±41,5
	36,4±0,5

	
	-
	-
	1,5
	59,7**

	Durok
η, %
	АА
	6
	945,5±9,4
	26,2±2,1

	
	АG
	7
	970,4±35,9
	25,5±1,9

	
	GG
	2
	1000,7±60,0
	27,7±2,4

	
	-
	-
	8,6
	30,4

	Landras 

η, %
	АА
	7
	760,1±10,2
	24,0±0,4

	
	АG
	6
	748,7±31,2
	21,2±0,7

	
	GG
	4
	723,0±12,4
	25,5±0,6

	
	-
	-
	9,0
	64,2***

	Landras х Great white η, %
	АА
	5
	964,6±42,2
	16,4±0,5

	
	АG
	6
	1010,3±70,1
	17,0±1,9

	
	-
	-
	3,0
	12,1

	PLIN2

	Great white
η, %
	СС
	17
	851,2±31,1
	36,5±1,8*

	
	СТ
	21
	872,9±56,6
	27,7±2,7

	
	ТТ
	8
	722,6±45,8
	27,0±3,2

	
	-
	-
	12,6
	22,7

	Landras х Great white η, %
	СС
	7
	1011,3±59,2
	16,9±1,6

	
	СТ
	3
	964,7±70,9
	16,7±0,9

	
	ТТ
	1
	912,0
	16,0

	
	-
	-
	5,9
	1,2

	Myrgorods’ka
η, %
	СС
	16
	31,26±0,69
	740,86±20,31

	
	СТ
	20
	36,08±0,46***
	709,92±36,67

	
	ТТ
	-
	-
	-

	
	-
	-
	36,3
	1,3


The difference in comparison with animals of alternative genotypes of homozygous AA and heterozygous AG in porcine Duroc, Landrace and Landraces x Large in the range of 5.7–20.3 %, whereas it was reliable in the fattening young of the large white and Myrgorod breeds (р≤0,01, р≤0,001) and amounted respectively to 33.2–41.4 % and 10.3–22.5 %. The proportion of the influence (η) of the genotype of the polymorphic locus 4119A> G of the perilphin gene on the thickness of the spike was significant: Large white – 27.7 %, Landrace – 30.4 % Myrgorod – 59.7 %.

Regarding the influence of the polymorphism of the perilphin gene on the A-G substitution site, the variation statistical methods failed to reveal the reliable effect of the corresponding genotypes on the average daily gain, which is confirmed and the data of the dispersion analysis – the parameters of the force of influence of the genetic factor on the studied trait was 1.5–8,6 %.

It is known that one of the markers associated with selection for high yield of lean meat in pigs is the receptor gene of melanocortin-4 (MC4R), allelic variants of which correlate with the thickness and intensity of growth of adipose tissue [3].

According to the MC4R genome, according to Table 4, in the genus Landrace genotype GG at 28.4–33.9 % (p≤0.05) had lower specimens of the thickness of the spike, while the Large white breed on the contrary yielded to other genotypes at 8,9–14.8 % (probability not established).
4. The relation between the melanincortin-receptor gene (MC4R) and the fattening qualities of pigs of Large white and Landraces
	Breed
	Genotype
	Number of animals
	Age of achievement of live weight 100 kg, days
	Average daily gain, g
	Feed costs on

1 kg growth, kg
	Pump thickness

over 6/7 thoracic vertebrae, mm

	Great white
	АА
	7
	170,2±3,73
	938,6±46,9
	3,27±0,24
	18,46±0,72

	
	АG
	12
	172,2±1,8
	925,1±29,9
	3,45±0,06
	18,20±0,77

	
	GG
	4
	174,6±4,31
	883,2±32,1
	3,51±0,07
	18,92±0,28

	Landras 
	АА
	1
	164,0
	867,0
	3,40
	22,10

	
	АG
	3
	183,7±8,0
	1011,3±29,4**
	3,37±0,18
	21,67±1,8

	
	GG
	23
	176,2±2,5
	865,2±34,2
	3,51±0,05
	18,85±0,49

	On average, according to genotypes
	АА
	8
	169,6±3,3
	929,6±41,6
	3,28±0,08
	20,28±0,77

	
	АG
	15
	178,5±4,2
	938,1±33,0
	3,45±0,08
	19,93±0,90

	
	GG
	27
	174,8±1,8
	885,7±24,9
	3,49±0,04
	18,88±0,41


Animals of genotype AA of Large white breed have a slightly better speediness (for 2–4 days), higher average daily increments (by 13.5–55.4 g), lower feed costs per 1 kg of growth (by 0.18–0.24 kg). In the breed of Landraces, the fattening young of the genotype AG was allocated a high average daily gain (n16,6–16,9 %; P≤0,01). For the speck of the thickness of the spike, the greatest influence of the polymorphism of the gene MC4R was found in animals of the genotype GG, which exceeded their peers of other genotypes by an average of 5.6–7.4 %.

Conclusion. It is recommended to use the DNA-diagnosis of PLIN and MC4R genes as an auxiliary selection and selection criteria for raising the pig's fattening qualities, which is a guarantee that meat products will meet quality standards.

Prospects for further research. In order to increase the content of lean meat in the carcass and reduce the thickness of the pig root of domestic pigs, we suggest selecting the parent pairs to obtain the AG genotype for the 4119 A>G polymorphism of the PLIN gene and the CT genotype for 7966 T>C, as well as GG MC4R-1426 G>A.
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