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A b s t r a c t  
 

Development of programs for marker-assisted selection has to be based on genetic poly-
morphisms, whose effect on the production traits and breeding values of animals is reliable and sig-
nificant. Prospects for the use of genomic selection in pigs are associated with the development of 
low-density (LD) DNA arrays, which include the SNPs (single nucleotide polymorphisms) selected 
by the results of genome-wide association studies (GWAS) with HD-panels. Genes of insulin-like 
growth factor 2 (IGF2), cholecystokinin receptor A (CCKAR) and melanocortin 4 receptor (MC4R) 
are of interest for inclusion in LD-panels. Numerous studies have shown a significant effect of these 
genes on feed conversion rate, growth rate, meat content, and fat deposition. The aim of this work 
was to evaluate the effect of complex genotypes for IGF2, CCKAR and MC4R on growth and carcass 
traits of the Landrace and Large White pigs raced in Russia. In total, 1262 animals, including Large 
White (n = 667) and Landrace pigs (n = 595) were studied. Pig phenotypes were determined for 
muscle depth (MD, mm), adjusted age at 100 kg (AGE100, day) and back fat thickness (BF, back 
fat) at three points: BF1 (at ribs 6-7, mm), BF2 (at rib 10, mm), BF3 (at 14 rib, mm). DNA was 
extracted from tissue samples (ear pluck) using a DNA-Extran-2 Kit (Sintol, Russia). Polymor-
phism of IGF2 was determined by real-time PCR. Causative SNPs in CCKAR and MC4R genes 
were defined by multiplex PCR with FLASH detection. The allele frequencies of DNA-markers 
were pA = 27.2 % and pA = 86.3 % for IGF2, pA = 0.6 % and pA = 21.1 % for CCKAR, pA = 54.1 % 
and 60.0 % for MC4R in Landrace and Large White pigs, respectively. The heritability coefficients 
(h2) were 0.204-0.242 for BF1, BF2, and BF3, 0.309 for MD, and 0.366 for AGE100. We developed 
an equation model for the pig's breeding traits and found the significant effects of fixed factors in the 
model (breed, sex, year of birth), including specific genotypes for the analyzed genes on the pheno-
typic variations (for IGF2 and MC4R on BF1, BF2 and BF3, P > 0.95), and estimated breeding 
values (EBV) for growth and carcass traits (for each of the three markers the ratio of additive genetic 
variation ranged from 0.5 to 7.6 %, P > 0.95-0.999). We identified the economically desired alleles 
for IGF2 (allele A) and MC4R (allele A) genes. Animals which carried the homozygous genotypes 
for the desired alleles (AA for both of IGF2 and MC4R genes) were characterized by the signifi-
cantly better scores for analyzed traits, estimated by least squares method, comparing to the indi-
viduals which were homozygous for the alternative allele G. The additive compensating effect of 
genotypes’ combinations for IGF2 and MC4R on the pig growth traits was established. The ani-
mals with the highest number of the A alleles for IGF2 and MC4R had preferable characteristics 
for the back fat thickness comparing to animals with GG genotypes (for both DNA markers). The 
differences between groups of animals carrying in their genotypes from four to single copy of the 
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A alleles comparing to animals which do not have A alleles (GG genotypes for both markers) var-
ied from 7.9 to 21.0 % for BF1, from 8.5 to 21.4 % for BF2, from 9.9 to 22.6 % for BF3, and 
from 2.8 to 3.2 % for MD. In this regard, the IGF2 and MC4R genotypes can be used in breeding 
programs of Large White and Landrace pigs raced in Russia to select the pigs with desired growth 
and carcass characteristics. 
 

Keywords: pigs, Large White breed, Landrace, IGF2, CCKAR, MC4R genes, polymor-
phisms, estimated breeding value (EBV), growth and carcass traits 

 

The genomic selection is thought of as a promising strategy of genetic im-
provement of livestock, including pigs [1-3]. The integration of genome methods 
in pig breeding became possible due to the development of commercial SNP-
arrays (single nucleotide polymorphisms) for highly productive genotyping with 
density varying from 10.2 thousand to more than 650 thousand SNPs [4]. If in 
livestock breeding the genomic selection programs are implemented on the basis of 
using SNP-arrays of medium density (MD) and high density (HD) [2, 5, 6], in 
pig breeding the application of MD- and HD-arrays is economically unjustified. 
The implementation of genomic selection of pigs is associated with the develop-
ment of low density DNA-matrixes with inclusion of SNPs in them selected by 
the results of GWAS (genome-wide association studies) analysis using MD- and 
HD-arrays [7-10]. In order to increase the information content of LD-arrays, 
they additionally include SNPs localized in "primary" genes associated with QTL. 
Presently, more than ten genes are known that have a noticeable effect on eco-
nomic traits of pigs [11]. Their inclusion in LD-arrays will facilitate the im-
proved forecast accuracy of estimated breeding values (EBV). In order to select 
economically significant SNPs, their impact on economic traits in populations 
should first be evaluated, which implements the programs of marker and ge-
nomic selection. The insulin-like growth factor 2 (IGF2) genes, Cholecystokinin 
A receptor (CCKAR) and Melanocortin 4 receptor (MC4R) act as potential 
DNA markers for inclusion in LD-arrays.  

The IGF2 gene is localized to the distal end of SSC2 pig chromosome 
[12]. G3072A has been identified, which has a significant impact on the rate of 
growth, muscle gain and fat deposition of these animals [13-15]. Subsequently, 
the effect of this mutation was confirmed in numerous studies conducted in var-
ious pig populations of both foreign (16, 17) and domestic selection [18, 19]. 
The advantage of using IGF2 as a DNA marker is attributable to its paternal na-
ture, i.e. the effect of paternal genotype for IGF2 manifests itself in progeny re-
gardless of maternal genotype [13]. Another advantage of IGF2 is related to the 
positive impact of potentially "desirable" allele A on reproductive qualities from 
the point from view of feeding qualities [18].  

CCKAR is one of the principal receptors participating in hunger regula-
tion [20, 21]. The CCKAR gene of pigs is mapped on SSC8 chromosome [22]. 
An economically significant SNP A179G (exon 1) [23] associated with the grow-
ing power and feed conversion rate of pigs is known: the animals with at least G 
allele are on average characterized by at least a 3% higher daily body weight gains 
and at least 5 % higher cost of feed per 1 kg of weight gain [23, 24]. 

MC4R is involved in regulation of hypothalamic-pituitary-adrenal axis 
(HPA) via vasopressin and corticotropic neurons [25]. Due to MC4R expression 
in the brain region regulating appetite its connection with feed consumption and 
energy balance can safely be presumed. The MC4R locus is mapped on SSC1 
chromosome in the q22-27 region [26]. A G→A mutation is known, which re-
sults in Asp298Asn ammo-acid replacement, which establishes a connection to the 
increase of fatness, body weight gain and increased feed consumption [26]. The 
population-genetic studies showed significant differences in MC4R (pA = 0.24-
1.00) allele frequencies both among and inside varying pig breeds [27-29]. A 
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connection has been identified between allocations of MC4R alleles with the 
selection strategies deployed. For instance, lines of Large White pigs selected 
for high fleshing and low feed conversion rate, the MC4R A allele frequency 
was pA = 0.52 against pA = 1.00 in the line selected for low fleshing and high 
feed conversion rate [30]. The available data about the effect of MC4R poly-
morphism on productive indicators are not universal. However, a marked im-
pact of this gene on daily live weight gain of purebred pigs [28-30] and cross-
bred pigs [31-33], feed consumption [27], as well as muscle weight gain and 
carcass fat content [33-35] has been identified. A significant effect of MC4R 
polymorphism has been identified, which is manifested with regard to feed 
consumption which, in turn, influenced back fat and growth rate (variations of 
5-8%) [27]. The impact of this mutation on the aforementioned characters was 
noted in almost all analyzed commercial lines. The maximum mean differences 
for combined genotypes constituted 2 mm for back fat, 70 g/day for average dai-
ly live weight gain and 2 % for meat content. K. Salajpal at al. [36] determined 
the impact of MC4R genotype on back fat (GG < AA) and percentage content of 
meat in the carcass (GG > AA, p < 0.05) in marketable pigs.  

The inclusion of several DNA markers in selection programs requires 
evaluation of their combined effect on manifestation of economic traits and es-
tablishing quantitative relations with the estimated breeding values (EBV).  

In this study, for the first time we analyzed the associations of polymor-
phisms of several genes involved in regulating a number of metabolic and phys-
iological processes with carcass and growth traits of pigs bred in Russia, and 
identified a reliable connection between certain IGF2, CCKAR and MC4R geno-
types with variability of these attributes. 

Our goal was to study the combined effect of IGF2, CCKAR and MC4R 
genotypes on carcass and growth traits of Large White and Landrace pigs. 

Techniques. In 2017-2018, 1262 pigs (Sus scrofa) were selected to form a 
test sample which included Large White pigs (n = 667) and Landrace pigs (n = 
595) of Russian selection (Selection and Hybrid Center LLC, Voronezh region). 
The pig phenotypes were identified using muscle depth (MD), mm, age of 
100 kg live weight (AGE100, days) and back fat (BF) in three points: BF1 (in the 
area of 6-7 rib, mm), BF2 (in the area of 10 rib, mm) and BF3 (in the area of 
14 rib, mm). 

The DNA was separated from boar tissue samples (ear notch) using a set 
of DNA-Extran-2 (Syntol R&D company, Russia) reagents. The DNA concen-
tration and quality were evaluated with a Qubit 2.0 desktop fluorimeter (Invitro-
gen/Life Technologies, USA) and NanoDrop 8000 spectrophotometer (Thermo 
Fisher Scientific, USA). IGF2gene polymorphism (G→A in position 16144, Ac-
cession No. AY242112) was determined via PCR method in real time using a 
QuantStudio 5 device (Thermo Fisher Scientific, USA). The single nucleotide 
polymorphisms in CCKAR gene (A→G in position +179, Accession No. 
DQ496228.1) and MC4R gene (G→A in position +1426, Accession No. 
NM_214173.1) were defined by multiplex PCR method with FLASH-detection 
(fluorescent amplification-based specific hybridization) at the end point using high 
performance genotyping system Fluidigm EP1 (Fluidigm Corporation, USA).  

The development of a model to evaluate the degree of impact of IGF2, 
CCKAR, MC4R animal genotypes for variability of test parameters included con-
sideration of a number of equations, which, apart from the studied genetic factors, 
contained the factors reflecting paratypic effects, possibly affecting the phenotypic 
manifestations of carcass and growth traits. Using the multivariate analysis of variance 
(MANOVA) model equations with a varying number of fixed factors were tested. 
The equation characterized with the lowest error variance value was selected for 
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further analysis, which was used to calculate mean appraisal values using the least 
squares method (LSM) via STATISTICA 10 (StatSoft, Inc., USA) software: 

y = µ + Bi + Sexj + Yeark + Gl + e, 
where y is the calculated indicators of carcass and growth traits (BF1, BF2, BF3, 
MD, AGE100); µ is mean population constant; Bi is "breed" factor (Landrace, 
Large White); Yeark is the year of birth of an animal (years 2009-2017); Gl is 
the effect of the genotype for each of IGF2, CCKAR and MC4R markers; e is a 
random error (unallocated variance). 

The estimated breeding values of livestock units when comparing with 
marker genotypes were calculated using a similar model using additive kinship 
matrix information according to the BLUP Animal Model (n = 1752, including 
1262 animals with genotypes of corresponding genes) method. The EBV calcula-
tions and analysis of variation components were conducted using BLUPF90 (37) 
program family. 

When studying the combined impact of genotype combination for two 
markers (IGF2/MC4R), all animals were divided into groups by desirable allele A 
frequency. Group 4A (100%) includes pigs with genotype AA/AA for IGF2 and 
MC4R; 3A pigs (75%) are with AA/AG, AG/AA; 2A pigs (50%) are with AA/GG, 
AG/AG, GG/AA; 1A pigs (25%) with AG/GG, GG/AG; 0A (0 %) means GG/GG. 

Fisher criterion was used to evaluate statistical significance of factors 
taken into account (F-criterion, the ratio between the considered factor vari-
ance and residual variance F = f

2/e
2) for the corresponding number of degrees 

of freedom (df). The accuracy of mean bias of traits for the compared genotype 
groups was determined using t-Student criterion for the corresponding number 
of degrees of freedom and levels of confidence factors P > 0.95, P > 0.99, 
P > 0.999. 

Results. The studied pig sample had relatively high mean values of car-
cass and growth traits (Table 1). The moderate nature of heritability for studied 
traits was identified (h2 = 0.204-0.366), which is in line with the results of works 
by other authors [38]. 

1. Characterization of carcass and growth traits in the analyzed sample of Large 
White and Landrace pigs (Sus scrofa) (Selection and Hybrid Center LLC, Vo-
ronezh region, 2017-2018) 

Traits M σ BF1 BF2 BF3 MD AGE100 
BF1 14.74 3.44 0.242с 0.931 0.926 0.400 0.070 
BF2 12.10 2.92 0.878 0.236с 0.969 0.165 0.008 
BF3 11.74 2.75 0.807 0.843 0.204с 0.216 0.136 
MD 56.36 6.06 0.327 0.325 0.351 0.309с 0.070 
AGE100 159.6 8.26 0.116 0.127 0.099 0.099 0.366с 
N o t e. BF1 — back fat thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, 
mm; BF3 — back fat thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 
100 kg body weight, days; M — mean value of an indicator, σ — mean square deviation; с — diagonally located 
heritability coefficients h2 (under the diagonal line are the phenotypic correlations, above the diagonal line are genetic 
correlations). 

 

In the course of the analysis we identified high positive interrelations 
among phenotypic (r1 from +0.807 to +0.878) and genetic (r2 from +0.926 to 
+0.969) indicators of BF1-BF2, BF1-BF3, BF2-BF3 trait pairs, which is indica-
tive of uniformity of fat deposit (fatty tissue) of pigs by analyzed control points 
when they achieve body weight of 100 kg and is considered a positive trait of 
raised livestock population. At the same time, the values of back fat thickness 
indicated an average and low (for genetic properties of units) degree of connec-
tion with muscle depth and age of live weight gain of 100 kg, i.e., from the genetic 
point of view they turned out almost completely independent. That being said it 
seems feasible to conduct genetic evaluation of livestock population for each of the 
mentioned traits individually, and to include them in integrated evaluation of car-
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cass and fattening traits of pigs.  
 

 

The genotyping of IGF2, CCKAR and MC4R using high performance 
PCR-analysis methods allowed us clearly identify genotypes of DNA markers in 
question (Fig. 1). 

All DNA markers of analyzed pig breeds turned out polymorphous (Fig. 
2). The analysis shows lack of essential differences in frequencies of occurrence 
of MC4R genotypes and alleles between Large White and Landrace pig breeds 
(pA corresponds to 54.1 and 60.0%). At the same time, uneven distribution of 

 
Fig. 1. Genotyping  IGF2, CCKAR and MC4R DNA markers of Large White and Landrace pigs (Sus 
scrofa): А — genotyping IGF2 DNA marker using the allele-specific  real time PCR method 
(QuantStudio 5, Thermo Fisher Scientific, USA), B and C — genotyping CCKAR and MC4R DNA 
markers respectively using  FLASH-PCR (fluorescent amplification-based specific hybridization) 
technology with end point detection (Fluidigm EP1, Fluidigm Corporation, USA); а — G allele, 
b — A allele (Selection and Hybrid Center LLC, Voronezh region, 2017-2018). 



728 

genotypes and alleles of other DNA markers are identified, i.e. there are pA 
27.2 and 86.3% for IGF2, and pA 0.6 and 21.1% for CCKAR for Landrace and 
Large White pigs respectively.  

 

 
Fig. 2. Distribution of genotype frequencies (А) and alleles (B) of IGF2, CCKAR and MC4R DNA 
markers in Large White (a) and Landrace (b) pigs (Sus scrofa) (Selection and hybrid center LLC, 
Voronezh region, 2017-2018). 

 

2. The reliability values of model factor impact on variance of carcass and growth 
traits of Large White and Landrace pigs (Sus scrofa) based on multivariate 
analysis of variance without factor interaction (Selection and hybrid center LLC, 
Voronezh region, 2017-2018) 

Factor df 
F-criterion  

BF1 BF2 BF3 MD AGE100 
Breed 2 2.03 3.18* 2.20 0.02 6.01* 
Gender  1 12.10* 14.37* 16.87* 0.41 14.50* 
Year of birth  8 21.16* 26.85* 17.54* 40.35* 19.35* 
IGF2 genotype  2 12.06* 11.67* 13.83* 0.64 2.16 
CCKAR genotype 2 0.02 0.24 0.15 0.28 0.06 
MC4R genotype 2 21.27* 18.59* 15.66* 2.07 2.81 
N o t e. df — number of degrees of freedom; F-criterion — statistical Fisher distribution criterion; BF1 — back fat 
thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, mm; BF3 — back fat 
thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 100 kg body weight, days.  
* Impact of the factor on variance of the indicator is statistically significant at P > 0.95. 

 

3. The contingency of estimated breeding values (EBV) for carcass and growth traits of 
Large White and Landrace pigs (Sus scrofa) depending on genotype for IGF2, CCK-
AR and MC4R genes (Selection and Hybrid Center LLC, Voronezh region, 2017-
2018) 

Marker Comparable  
genotype pair  

EBV 
BF1 BF2 BF3 MD AGE100 

IGF2 AA 0.086 0.005 0.024 0.519 +0.043 
AG +0.122 +0.137 +0.122 0.303 0.114 
GG +0.491 +0.450 +0.399 0.186 0.042 
F-criterion 33.0*** 31.3*** 33.6*** 3.2* 0.3 
R2, % 4.99 4.75 5.07 0.51 0.05 

CCKAR AA 0.245 0.010 0.038 2.276 +0.553 
AG 0.029 +0.059 +0.035 0.732 +0.155 
GG +0.172 +0.183 +0.157 0.247 0.090 
F- criterion 4.6** 2.5 3.0* 11.4*** 0.9 
R2, % 0.73 0.40 0.48 1.78 0.14 

MC4R AA 0.244 0.123 0.132 0.616 +0.327 
AG +0.191 +0.207 +0.178 0.345 0.120 
GG +0.599 +0.527 +0.480 +0.073 0.481 
F- criterion 49.0*** 46.4*** 51.6*** 8.5*** 5.6** 
R2, % 7.24 6.88 7.59 1.33 0.88 

N o t e. BF1 — back fat thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, 
mm; BF3 — back fat thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 100 kg 
body weight, days. 
*, **, *** Impact of the factor on variance of the indicator is statistically significant at P > 0.95, P> 0.99 and P > 0.999.   
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In the course of the multivariate analysis of variance (MANOVA) it was 
observed that for the analyzed group of animals the following factors had signifi-
cant impact on the variance of productivity: (for BF2 and AGE100 traits P > 
0.95), gender and year of birth (for all traits P > 0.95, with the exception of 
MD), and IGF2 and MC4R market genotypes (for traits BF, P > 0.95) (Table 
2). A genotype of pigs regarding CCKAR marker had no reliable impact on man-
ifestation of productive traits in question.  

Of particular interest for the usage of DNA markers in the selection is 
the study of their impact on estimated breeding values of units (Table 3). De-
termining the criterion of significance (F-criterion) for "genotype for DNA 
marker" trait enabled identifying reliable impact of each of the genetic traits in 
question on the change of estimated breeding values for all five traits for MC4R, 
for four out of five traits for IGF2 (apart from AGE100) and for three traits for 
CCKAR (apart from BF2 and AGE100). The findings confirm the reliable breed-
ing value superiority (P > 0.95-0.999) of pigs with IGF2 AA genotype over those 
with AG and GG genotype in terms of back fat thickness. Furthermore, AA pigs 
stood out by decreased EBV values for MD and AGE100. Identical tendencies 
are identified for CCKAR and MC4R markers, for which desirable AA genotypes 
were defined for BF1, BF2 and BF3 genetic values and GG genotypes for MD 
and AGE100 traits. The highest value of interconnection linearity between the 
traits analyzed were observed for trait pairs "genotype for MC4R marker—back 
fat thickness in three points" (R2 = 6.88-7.59 %) (see Table 3). 

The identified regularities are confirmed upon comparison of the results 
received for both pig breeds (Table 4). Furthermore, for Large White pigs statisti-
cally significant variances have been determined between MC4R homozygous gen-
otype for AGE100 trait (P > 0.95-0.999), which is indirectly indicative of a rela-
tion between this trait and carcass trait (back fat thickness in three measurement 
points, BF1, BF2 and BF3). 

 

4. The weighted appraisal values for productive traits for IGF2, CCKAR and MC4R 
genotypes in pigs (Sus scrofa) of different breeds obtained by the least squares 
method (Selection and Hybrid Center LLC, Voronezh region,  2017-2018) 

DNA marker Genotype (n) 
LSM estimates for productive traits 

BF1 BF2 BF3 MD AGE100 
L a n d r a c e  

IGF2 AA (n = 42) 13.69±0.60a 10.63±0.48a 9.66±0.46a 55.18±0.99 160.12±1.40 
AG (n = 240) 14.46±0.38 11.67±0.30 10.62±0.29 53.74±0.62 159.84±0.88 
GG (n = 313) 15.22±0.39 12.34±0.31 11.20±0.30 53.12±0.65 161.19±0.91 

CCKAR AA (n = 0)      
AG (n = 7) 14.38±1.32 11.60±1.06 10.29±1.01 54.37±2.17 160.15±3.07 
GG (n = 588) 14.68±0.36 11.83±0.28 10.76±0.27 53.63±0.58 160.39±0.83 

MC4R AA (n = 165) 13.88±0.41b 11.11±0.32b 10.26±0.31b 53.39±0.68 160.44±0.97 
AG (n = 314) 14.82±0.37 11.97±0.29 10.80±0.28 53.62±0.62 160.36±0.87 
GG (n = 116) 15.84±0.45 12.82±0.36 11.63±0.35 54.19±0.76 160.42±1.07 

L a r g e  W h i t e  
IGF2 AA (n = 481) 13.68±0.38а 11.25±0.33а 10.69±0.32а 52.52±0.65 153.71±0.94 

AG (n = 165) 14.45±0.44 11.68±0.38 11.22±0.36 52.47±0.75 154.54±1.08 
GG (n = 7) 16.64±1.22 13.47±1.07 13.39±1.02 57.20±2.11 158.63±3.03 

CCKAR AA (n = 10) 13.83±1.05 11.54±0.91 10.87±0.88 51.35±1.80 154.58±2.58 
AG (n = 256) 13.85±0.41 11.27±0.36 10.77±0.35 52.45±0.71 153.82±1.02 
GG (n = 387) 13.86±0.39 11.39±0.34 10.85±0.32 52.62±0.67 153.96±0.96 

MC4R AA (n = 231) 13.12±0.42b 10.88±0.37b 10.37±0.35b 51.94±0.73 155.24±1.04b 
AG (n = 335) 13.81±0.39 11.30±0.34 10.78±0.33 52.65±0.68 153.96±0.98 
GG (n = 87) 14.73±0.46 11.97±0.40 11.39±0.39 52.99±0.80 152.43±1.14 

N o t e. BF1 — back fat thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, 
mm; BF3 — back fat thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 
100 kg body weight, days. а The differences with the GG (IGF2) are statistically significant at P > 0.95-0.999. 
b The differences with the GG (MC4R) are statistically significant at P > 0.95-0.999. 

 

IGF2 and MC4R DNA markers can not only have a significant and simi-
lar impact on carcass and growth traits, but also be interconnected among each 
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other and have compensatory effect (the additive effect of genes). In order to 
test this hypothesis we analyzed evaluations of carcass and growth traits of ani-
mals depending on genotype combinations for two markers (IGF2/MC4R). The 
findings (Table 5) confirm the validity of the proposed hypothesis relative to the 
traits of fattening productivity of pigs (back fat thickness in three measurement 
points). Moreover, the pigs with the best traits are the ones with the highest fre-
quency of occurrence of desirable A alleles according to IGF2 and MC4R. The 
identified regularities confirm the availability of correlative interconnections of 
IGF2 and МС4R genotypes with carcass and growth traits, which can be used in 
practical selection. 

5. The weighted appraisal values for productive traits for genotype combinations for 
IGF2/MC4R DNA markers in large white and landrace pig groups (Sus scrofa) 
obtained by the least squares method (LSM) (Selection and Hybrid Center 
LLC, Voronezh region,  2017-2018) 

Group n  
LSM estimates for productive traits 

BF1 BF2 BF3 MD AGE100 
4А 195 12.96±0.41аbc 10.35±0.34аbc 9.61±0.33аbc 52.71±0.71 160.81±1.02 
3А 400 13.65±0.35аb 10.85±0.30аb 10.17±0.28аb 53.54±0.61 159.93±0.87 
2А 339 14.19±0.38аbeд 11.25±0.32аbe 10.60±0.31аbe 53.01±0.66 159.69±0.94 
1А 258 15.14±0.40аcde 12.05±0.34аcde 11.18±0.32аcde 52.96±0.70 160.21±0.99 
0А 64 16.43±0.53bcde 13.17±0.45bcde 12.41±0.43bcde 54.47±0.92 160.52±1.32 
N o t e. BF1 — back fat thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, 
mm; BF3 — back fat thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 
100 kg body weight, days.. 
а The differences are statistically significant when comparing with the 0A group, P > 0.95-0.999. 
b The differences are statistically significant when comparing with the 1A group, P > 0.95-0.999.  
c The differences are statistically significant when comparing with the 2A group, P > 0.95-0.999.  
d The differences are statistically significant when comparing with the 3A group, P > 0.95-0.999.  
e The differences are statistically significant when comparing with the 4A group, P > 0.95-0.999. 

 

Therefore, proven impact of certain IGF2, CCKAR and MC4R genotypes 
on variability of carcass and growth traits of Large White and Landrace pigs has 
been determined. The presence of a desirable genotype for these genes can be 
used as a factor in marker selection of pigs based on back fat thickness traits (in 
three measurement points) and muscle depth for IGF2 (P > 0.95-0.999), and for 
back fat thickness traits (in three measurement points), muscle depth and age of 
live weight gain of 100 kg for MC4R (P > 0.99-0.999). Connectivity of CCKAR 
gene genotype with genetic estimates for BF1 (P > 0.99) and MD (P > 0.999) 
traits has been identified. Our findings identify the additive interconnection of 
genotypes for IGF2 and MC4R markers with fattening pig traits in question and 
prove superiority of pigs with the highest frequency of a desirable allele above 
those homozygous for an alternative genotype. 

To conclude, presence of a certain genotype for markers in question can 
conventionally characterize the genetic potential of a pig for its carcass and 
growth traits. When evaluating and allocating animals to primary selection 
groups it is expedient to take into consideration both the presence of desirable 
individual alleles for IGF2 and MC4R markers and combinations of genes dis-
playing proven correlated impact on variance of economically significant traits. 
When developing DNA biochips, the analyzed mutations associated with the 
quantitative traits of pig productivity, as reliably significant for breeding value of 
animal, should be taken into account in the array design. This will improve the 
efficiency of selection during pig breeding. 

 
R E F E R E N C E S  

 
1. Sermyagin A.A., Naryshkina E.N., Karpushkina T.V., Strekozov N.I., Zinov'eva N.A. Mo-

lochnoe i myasnoe skotovodstvo, 2015, 7: 2-5 (in Russ.).   
2. Sermyagin A.A., Gladyr' E.A., Kharitonov S.N., Ermilov A.N., Strekozov N.I., Brem G., Zi-



 

731 

nov'eva N.A. Genome-wide association study for milk production and reproduction traits in 
Russian Holstein cattle population. Agricultural Biology [Sel’skokhozyaistvennaya Biologiya], 
2016, 51(2): 182-193 (doi: 10.15389/agrobiology.2016.2.182eng). 

3. Zinov'eva N.A., Sermyagin A.A., Kostyunina O.V. Zhivotnovodstvo Rossii, 2018, 7: 53-55 (in 
Russ.).   

4. Ramos A.M., Crooijmas R.P., Affara N.A., Amaral A.J., Archibald A.L., Beever J.E., Ben-
edixen C., Churcher C., Clark R., Dehais P., Hansen M. S., Hedegaard J., Hu Z.L., Ker-
stens H.H., Law A.S., Megens H.-J., Milan D., Nonneman D.J., Rohrer G.A., Rothschild M.F., 
Smith T.P.L., Schnabel R.D., Van Tassell C.P., Taylor J.F., Wiedmann R.T., Schook L.B., 
Groenen M.A.M. Design of a high density SNP genotyping assay in the pig using SNPs identi-
fied and characterized by next generation sequencing technology. PLoS ONE, 2009, 4(8): 6524 
(doi: 10.1371/journal.pone.0006524). 

5. Meuwissen T.H.E., Hayes B.J., Goddard M.E. Prediction of total genetic value using genome-
wide dense marker maps. Genetics, 2001, 157(4): 1819-1829. 

6. VanRaden P.M., Null D.J., Sargolzaei M., Wiggans G.R., Tooker M.E., Cole J.B., Sonste-
gard T.S., Faust M.A., Doak G.A. Genomic imputation and evaluation using high-density Hol-
stein genotypes. J. Dairy Sci., 2013, 96(1): 668-678 (doi: 10.3168/jds.2012-5702). 

7. Habier D., Fernando R.L., Dekkers JCM. Genomic selection using low-density marker panels. 
Genetics, 2009, 182(1): 343-353 (doi: 10.1534/genetics.108.100289). 

8. Huang Y., Hickey J.M., Cleveland M.A., Maltecca C. Assessment of alternative genotyping 
strategies to maximize imputation accuracy at minimal cost. Genet. Sel. Evol., 2012, 44(1): 25 
(doi: 10.1186/1297-9686-44-25).  

9. Cleveland M.A., Hickey J.M. Practical implementation of cost-effective genomic selection in 
commercial pig breeding using imputation. J. Anim. Sci., 2013, 91(8): 3583-3592 (doi: 
10.2527/jas.2013-6270). 

10. Abell C.E., Dekkers J.C.M., Rothschild M.F., Mabry J.W., Stalder K.J. Total cost estimation 
for implementing genome-enabled selection in a multi-level swine production system. Genet. 
Sel. Evol., 2014, 46(1): 32 (doi: 10.1186/1297-9686-46-32). 

11. Pig QTLdb. Available https://www.animalgenome.org/cgi-bin/QTLdb/SS/index. Accessed May 
10, 2018. 

12. Van Laere A.-S. From QTL to QTN. Identification of a quantitative trait nucleotide influencing 
muscle development and fat deposition in pig. Doctoral thesis. Swedish University of Agricultural 
Sciences, Uppsala, 2005.  

13. Van Laere A.S., Nguyen M., Braunschweig M., Nezer C., Collette C., Moreau L., Archibald A.L., 
Haley C.S., Buys N., Tally M., Andersson G., Georges M., Andersson L. A regulatory mutation 
in IGF2 causes a major QTL effect on muscle growth in the pig. Nature, 2003, 425 (6960): 832-
836 (doi: 10.1038/nature02064). 

14. Chang K.C. Key signalling factors and pathways in the molecular determination of skeletal 
muscle phenotype. Animal, 2007, 1(5): 681-698 (doi: 10.1017/S1751731107702070).  
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