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ABSTRACT

The Melanocortin-4 Receptor (MC4R), a G-protein dedpreceptor, is implicated in mediating the
effect of leptin on food intake and energy balanéeprevious candidate gene study reported an
association between an MC4R polymorphism (Asp298Asrd growth and meat productive traits of
pigs. The aim of this work was to determine frequies of the MC4R/Taq | genotypes and alleles in
Danish Landrace (LD), Canadian Landrace (LC) andsstired pigs Danish Landraee Canadian
Landrace (LDx LC) in breeding Cent “Plemzavod Jubilee” (TyumdRj)ssia and to estimate their
associations with some growth and meat traits. galgmorphism was identified by PCR-RFLP method.
The traits studied were: Number of days to 100kgerage Daily Gain (ADG), Backfat Thickness
(BFT), average daily Feed Intake (FI) and LengtiBotly (LB). In the all test groups we found a highe
frequency of G allele (0.71) compared with the kelal (0.29). The results of present study sugdestthe
MC4R gene contributes to Days to 100 kg, ADG and B#e heterozygous genotype AG was favorable in
LD breed. The significant effects of-1.43 (LD madeid -2.81(LD female) for Days to 100 kg and of461.
(LD male) and +26.3 (LD female) for ADG were caktigld. The homozygous genotype GG was favorable
in crossbred LD< LC. The significant effects of +74.2 for ADG andsXor BF were calculated. Therefore,
the data support a role for the MC4R Asp298Asn moiyphism in the genetic basis of economically
important traits in pigs of RussiBurther research is needed to determine the effabis gene on growth,
meat and reproduction traits in pigs of differergdals and crosses.
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1. INTRODUCTION Looset al., 2008; Waret al., 2012; Kesmanee, 2013;
Lisyova et al., 2014). Molecular studies in the
Genetic studies in animals have contributed to thedepartments of the paraventricular nucleus of the
identification of the main genetic causes of ohesit hypothalamus revealed gene expression of MC4R,
(Tenesat al., 2009; Hinneyet al., 2010; Hebebranetal., ~ Which encodes a second type of neuronal
2013; Kalogeropoulos, 2013; Khast al., 2014).  Mmelanocortin receptors (Gan#t al., 1993). These
Particular interest among the candidates of siggali Studies led to the assumption that the participatb
molecules involved in the regulation of energy the melanocortin-4 receptor in the regulation of
homeostasis is Melanocortin-4 Receptor (MC4R). hypothalamo-pituitary axis (Mountjost al., 1994).
MC4R is responsible for the leptin signal between  The porcine gene Melanocortin-4 Receptor (MC4R)
food intake and body weight (Benoét al., 2000; was mapped on chromosome 1g22-g27. Kemal.
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(2000) identified the missense mutation p.Asp298Asn  After amplification, the PCR product was digested
(AF087937: C.746G A) in a highly conservative regio Wwith Tagl.

of MC4R which was agsomgted with feed intake and 2.4. Statigtical Analysis

carcass fatness traits in pigs. The effect of MC4R

polymorphism Asp298Asn on feed intake, growth rate
in several@s a genotype percentage in the population. Arslysi

and meat traits has been confirmed
populations of pigs with different genetic backgnda
(Kim et al., 2000; Houstoret al., 2004; Jokubkat al.,
2006; Ovilo et al., 2006; Piorkowskaet al., 2010;
Switonskiet al., 2010). However, some studies did not
detect any significant effects of this gene polyphmism
on production traits (Pamdt al., 2002; Maagdenbewr al.,

2007). Perhaps these results are related to genetiﬁ

features associated with the breed of the animals.

The aim of our work was to determine frequencies of

the MC4R/Taq | genotypes and alleles in Danish taoe]
Canadian Landrace and crossbred pigs Danish Landrac

Canadian Landrace from Russia and to estimate their

associations with some growth and meat traits.

2. MATERIALSAND METHODS
2.1. Animals

A total of 398 pigs were included in the analysis.
There were 186 Danish Landrace pigs (LD) (66 mél (
and 120 female¥)); 80 Canadian Landrace (LC) (56
meal ¢¢) and 24 female%)) and 132 female crossbred
pigs Danish Landrace Canadian Landrace (L® LC).

All the pigs were from breeding center Yubileiny,
Tyumen, Russia. All individuals were reared in sagne
conditions and fed with standard feed.

2.2. Studied Traits

The animals were recorded for the following traits:
The number of days to 100-kg (days to 100 kg), Ager
Daily Gain (ADG), Feed Intake (FI) and Backfat
Thickness (BFT). All traits were obtained according
the results of growing up to 100 kg.

2.3. Genotyping

DNA was taken from samples of animal tissue

(hair) of animals. Genotyping was performed by PCR-

RFLP method described by Kimt al. (2000) with
subsequent primers:

FOR: 8-TAC CCT GAC CAT CTT GAT TG-3
5-ATA GCA ACA GAT GAT CTC TTT G-3
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Frequencies of the MC4R genotypes were calculated

the gene effect to observed traits were analyzéwyus
linear model. The model was:

Yijkl = p + Gi + Sexj + MC4RK + eijkl

Where:

Yijkl = The phenotypic record

= The general mean

= The effect of genetic group of sow (i = LD,
LC, LDxLC)

Sexj = The effect of sex (j = F, M)

MC4Rk = The effect of MC4R genetype (k = AA, AG,
GG)

= The random error

Gi

Eijkl
3.RESULTS

We tested 186 pigs of Danish Landrace, 80 pigs of
Canadian Landrace and 132 crossbred pigs (Danish
Landrace x Canadian Landrace) for the Taql
polymorphism in the MC4R gene by PCR-RFLP. The
frequencies of alleles and genetic structure inMI@4R
gene are shown ifable 1. Lower frequencies of the AA
genotype were found in tested pig. We did not famy
AA genotype in the group female LC. In the all test
groups we found a higher frequency of G allele 1p.7
compared with the A allele (0.29).

Effects of the MC4R genotypes on Days to 100 kg,
ADG, feed intake, backfat thickness and length adyb
are presented ihable 2.

Tablel. The genetic structure and frequencies of alleles at
polymorphism within MC4R gene in pigs of Danish
Landrace, Canadian Landrace and crossbred (D

Genotypes (%) Allele
Breed AA AG GG A G
JdLD (n = 66) 6.2 492 446 0.31 0.70
QLD (n =120) 10.8 417 475 0.32 0.69
JdLC (n =56) 89 411 50.0 0.30 0.71
QLC (n=24) 0.0 50.0 50.0 0.25 0.75
LDxLC (n = 132) 6.3 40.6 53.1 0.26 0.74
N =398 6.4 445 49.1 0.29 0.71
AJABS
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Table 2. Effect of the MC4R genotypes (least square meastaridard error) on the number of days to 100-kgg(dia 100 kg), Average Daily Gain
(ADG), Feed Intake (FI), backfat thickness (BF) &mbth of body (LB) in LD, LC and LRLC pigs
Days of 100 kg (days)

MC4R AA AG GG
Danish Landrace (male)
M

144.14 142.9% 144.59
SE 155 0.78 0.75
Danish Landrace (female)

M 163.23 161.30** 165.00
SE 0.62 111 1.00
Canadian Landrace (male)

141.32 141.40 141.30

SE 0.53 0.90 0.81
Canadian Landrace (female)

164.30 160.21
SE 2.18 2.19
Danish Landrace x Canadian Landrace (female)

163.40 159.30
SE 2.28 3.25
ADG (
Danish Landrace (male)

M 1067.57 1140.16* 1090.41
SE 14.89 18.74 16.15
Danish Landrace (female)

M 860.69 865.44* 817.51
SE 14.09 12.30 12.41
Canadian Landrace (male)

1112.88 1097.41 1114.91
SE 11.98 17.31 15.91
Canadian Landrace (female)
874.91 844.21
SE 24.06 28.99
Danish Landrace x Canadian Landrace (female)
768.40 842.60
SE 20.70 21.50
FI (kg)
Danish Landrace (male)
SM 2.57 2.60 2.62
SE 0.06 0.05 0.05
Canadian Landrace (male)
2.55 2.58 2.50
SE 0.03 0.04 0.04
BF (mm)
Danish Landrace (male)
SM 10.29 10.81 10.69
SE 0.61 0.47 0.40
Danish Landrace (female)

M 11.54 11.10 11.00
SE 0.85 0.41 0.30
Canadian Landrace (male)

10.55 11.00 9.75
SE 0.27 0.40 0.28
Canadian Landrace (female)
9.25 9.08
SE 0.64 0.54
Danish Landrace x Canadian Landrace (female)
14.30 12.80
SE 0.54 0.52
LB (cm)
Danish Landrace (male)

M 127.86 127.06 126.00
SE 1.53 0.76 0.57
Danish Landrace (female)

M 126.00 125.50 125.60
SE 117 0.70 0.60
Canadian Landrace (male)

125.29 125.40 125.30
SE 0.44 0.70 0.70
Canadian Landrace (female)

126.90 126.60

SE 1.28 111
Danish Landrace x Canadian Landrace (female)
SM 124.80 124.30
SE 0.74 0.58
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Our results indicate that the MC4R gene contributesother hand, the homozygous genotype GG could be
to Days to 100 kg, ADG and BF. The heterozygous more favorable for selection to improve the meat
genotype AG was favorable in LD breed. The sigaific  traits. According to the results shown above, GG
effects of -1.43 (LD male) and -2.81 (LD female) fo genotype is associated with reduced backfat thiskne
Days to 100 kg and of +61.17 (LD male) and +26.B (L in commercial crossbreds (XDC).
female) for ADG were calculated. Therefore, can be noted that polymorphism

The significant effects of the MC4R genotypes in LC Asp298Asn of the MC4R gene is associated with the
breed were observed only for male LC. The diffeeeof  growth traits and backfat thickness. Allele G,
0.8+0.38 $<0.05) for BF between genotypes AA and representing Asp298, conserved amino acids in tiero
GG of LC male was calculated. We also found that th subtypes of MCR, due to the smaller backfat thiskne
ADG and FI better in genotype GG (LC male) compared ajigle A, which is Asn298, is associated with mdat
with genotypes AA and AG, but these differencesever 5,4 pest growth rate. Although allele A blocks the

not significant. Effects of the GG genotypes on ®&  iteraction the lebti ;
. : ptin receptor, melanocortin-4eor,
100 kg, feed intake and backfat thickness wererobde e jinks with other hypothalamic neurons suppdt

for female LC but they were not S|gn|f|_cant. The s a result, the secretion of gonadotropins is not
homozygous genotype GG was favorable in crossbred,;

o isturbed and at an elevated secretion leptin aep ée
LDxLC. The significant effects of +74.2 for ADG and - activated. It is possible that the allele A may be
1.5 for BF were calculated.

L associated with reproductive characteristics inspig
No significant effects of the MC4R genotypes on Future studies should pay attention to this issue.
length body were observed for all breeds.

4. DISCUSSION 5. CONCLUSION

The results of present study suggest that the MC4R

associated with growth, fat deposition and feedkiatin ~ 9€N€ contributes to Days to 100 kg, ADG and BF. The
pigs could have a great economic impact on porkheterqzygpus genotype AG was favorable in LD breed.
production. Many polymorphic genes have been | N€ significant effects of -1.43 (LD male) and 2@&D
analyzed up to date including those for key hormsone female) for Days to 100 kg and of +61.17 (LD malayl
and their receptors (Hongyaial., 2010; Yuet al., 2013;  +26.3 (LD female) for ADG were calculated. The
Oczkowiczet al., 2013; Huang and Wang, 201Ghaly homozygous genotype GG was favorable in crossbred
and Al-Sowayan, 2014Nanuwong and Bodhisuwan, LD xLC. The significant effects of +74.2 for ADG and -
2014). The Melanocortin-4 Receptor (MC4R) is one of 1.5 for BF were calculated.

the most important signaling molecules involvedthie Therefore, the data support a role for the MC4R
conduct of the leptin signal and regulates energyAsp298Asn polymorphism in the genetic basis of
homeostasis. Polymorphism of the MC4R gene leads teeconomically important traits in pigs of RussiartRar
replacement of the amino acid sequence of theresearch is needed to determine the effect ofgén® on

melanocortin-4 receptor. If the missense mutationgrowth, meat and reproduction traits in pigs ofediént
p.Asp298Asn formed asparagine (Asn), this leads topreeds and crosses.
blocking the leptin signal. Kinget al. (2000) were the

The identification of genes or genetic markers
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