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Porcine MC4R and LEPR gene polymorphisms have been implicated in traits associated with 
feed intake and carcass fatness. These genes could also indirectly regulate reproductive processes. 
The objective of this study was to determine the MC4R and LEPR effects on basic components of 
colostrum and milk from sows on their reproductive performance. The experiment was performed 
on 230 sows of breeds used in the breeding program as a maternal line: Polish Large White (PLW) 
and Polish Landrace (PL). The animals were maintained under the same feeding and housing 
conditions, according to the test station procedure and they were adapted for use as lactating sows. 
Colostrum and milk of sows were collected at 1, 7, 14 and 21 days of lactation to assay solids, total 
protein, fat and lactose. Data on piglet rearing performance were collected at 1, 7 and 21 days of 
lactation. The present study showed that MC4R and LEPR genes affected carcass fat deposition in 
sows and influenced production of nutrient-rich milk. Sows of the MC4RAA genotype, as well as sows 
of the LEPRBB genotype, characterized by a greater backfat thickness, produced colostrum with a 
lower content of fat, protein and solids. In addition, the fact that the investigated polymorphisms 
have no effect on piglet rearing results suggests that these markers could be used in selecting pigs for 
decreased backfat thickness, without fear of reducing the quality of milk and thereby piglet rearing 
performance.
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The body weight and weight gains of piglets during the maternal nursing period 
are factors affecting the economic performance of production farms. During the first 
weeks of life, these parameters are influenced, among others, by the composition of 
colostrum and milk. Their abundance of nutrients and immunoglobulins enhances 
passive immunity in piglets. Many studies [e.g. Alston-Mills et al. 2000] identified 
factors affecting the quality of sow milk, the composition of which was found to 
be influenced by breed. This is related to differences in resistance to environmental 
conditions [Gourdine et al. 2006], which has a direct effect on the course of lactation. 
When ambient temperatures and humidity are high, not only the quantity, but also the 
quality of milk is affected [Babicz et al. 2012]. Many authors recognize diet as the most 
important determinant of milk quality [Beyer et al. 2007, Ariza-Nieto et al. 2011].  

In research concerning expression of genes in different pig breeds, significant 
relationships between transcript abundance of GHR, IGF1, IGF2, IGF1R genes and 
carcass composition traits were observed [Pierzchała et al. 2012]. Furthermore, the 
expression levels of both MC4R and LEPR genes were associated with intramuscular 
fat content and fatty acid composition in the longissimus dorsi muscle [Wang et 
al. 2013]. Genetic merit of sows may also have some influence on the chemical 
composition of their milk, and thereby on rearing of piglets. Porcine MC4R gene 
polymorphisms have also been implicated in traits associated with feed intake, carcass 
fatness and meat quality traits. In contrast to allele G (MC4R p.298Asn), the A allele 
is associated with higher daily gains, higher feed intake, greater carcass fatness, 
better flavor and less shear force of meat [Meidtner et al. 2006, Piórkowska et al. 
2010, Zhang et al. 2014]. Within the LEPR locus, several polymorphisms have been 
identified so far. Their association with porcine production traits was investigated 
and confirmed by many authors. Li et al. [2010] showed an effect of LEPR AvaII 
polymorphism e.g. on cholesterol and intramuscular fat content. Also Óvilo et al. 
[2002] and Tyra and Ropka-Molik [2011] demonstrated a significant effect of the 
LEPR/HpaII polymorphism on backfat thickness and intramuscular fat percentage 
(IMF). Through their role in the melanocortin pathway initiated by leptin [Hausman 
and Barb 2010], the LEPR and MC4R genes indirectly regulate reproductive processes 
[Barb et al. 2005]. Furthermore, Szyndler-Nędza et al. [2013b] showed a significant 
association between both genes and colostrum and milk compositions in pigs. The 
promising results indicated the need for further research in this area. 

Thus, the objective of the present study was to determine the effects of MC4R 
and LEPR genes on body weight, as well as backfat thickness and reproductive 
performance of sows of maternal breeds.  The association between both loci and basic 
components of colostrum and milk was also investigated. 

Material and methods

The analysis was performed on the second and third litters of sows of maternal 
breeds: Polish Large White (PLW) and Polish Landrace (PL), (109 and 121 sows; 
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respectively). All sows were kept at the Experimental Station of the National Research 
Institute of Animal Production Ltd. in Żerniki Wielkie (Poland). In the experiment, 
only sows in a similar condition on the day of mating were used. Their condition was 
determined based on body weight and last rib (P2) backfat thickness, measured with 
an ultrasonic device (Piglog 105). For each sow, the standard weaning-to-rebreeding 
intervals were applied, which were on average 149.6 days (SD=16.10; V=9.29). Blood 
samples were collected from all sows to determine polymorphisms of the melanocortin 
4 receptor (MC4R) and leptin receptor (LEPR) genes. The animals were maintained 
under the same feeding and housing conditions, according to the test station procedure 
and they were adapted for use as lactating sows. The food ration contained 12.94 MJ 
metabolizable energy, 15% crude protein and 6.2% crude fat. Colostrum was collected 
after parturition and expulsion of the placenta. Milk was collected at the 7, 14 and 
21 days of lactation, two hours after the morning feeding. Milk samples (50 ml per 
sample) were taken from the first, third and sixth teats following administration of 
2 ml oxitocin. Next, the samples were labelled and chilled to 4°C. Cooled samples 
of fresh milk were transported to the Milk Testing Laboratory of the University of 
Environmental and Life Sciences in Wrocław to determine the basic composition of 
milk: solids, total protein, fat, and lactose.

Reproductive performance of the experimental sows was determined based on 
230 litters, which were analysed for the number and body weight of piglets at birth 
and at 7 and 21 days of age.

DNA was isolated from whole blood using the Wizard Genomic Purification 
Kit (Promega, Madison, WI, USA). Mutation in the MC4R gene was genotyped 
for each animal using the Allelic Discrimination method on a 7500 Real-Time PCR 
System (Applied Biosystems). Primers and probes for detecting the mutation in the 
MC4R gene (G1426A missense mutation) were designed as described by Burgos et al. 
[2006]. Primers to detect mutations in the LEPR gene using enzyme HpaII (MspI) (F 
GGAAGGCATTTGTTTCAGCAGTTA and R CAAGTCCTCTTTCATCCAGCACTG) 
were designed following the method described by Stratil et al. [1998]. After restriction 
digestion, the PCR products were separated on 2% agarose gel.

The data were statistically analysed using the procedures of Statistica version 10 
(2011, StatSoft Inc.). The differences between groups were estimated by the ANOVA 
procedure according to the following statistical model:

        yijkl = ai + bj + ck + eijkl
where:

yijkl – trait observation of ijkl-th individual; 
ai – fixed effect of i-th breed (i = 1, 2);
bj – fixed effect of j-th lactation (j=1, 2);
ck – fixed effect of k-th genotype (k= 1, 2, 3).

Differences between the means of individual traits were tested using Duncan’s 
multiple range test. 
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Results and discussion

The PLW and PL breeds raised in Poland differ in the frequency of the MC4RA and 
MC4RG alleles [Szyndler-Nędza et al. 2013b, Piórkowska et al. 2010, Stachowiak et al. 
2006]. The MC4RG allele is more frequent in the PL breed, while the MC4RA allele is 
more common in the PLW breed. In turn, both alleles of the LEPR gene have an almost 
similar frequency in both breeds. Animals of the LEPRAA genotype are least frequent in 
the two breeds [Szyndler-Nędza et al. 2013b, Tyra and Ropka Molik 2011]. A previous 
study, investigating the effect of MC4R and LEPR polymorphisms on the composition 
of colostrum from PLW and PL sows [Szyndler-Nędza et al. 2013b], demonstrated 
that the analyzed polymorphisms have a similar effect in both breeds. The MC4RA and 
LEPRB alleles (in the PLW and PL breeds) reduce the content of fat, protein and solids in 
the colostrum of sows. Thus, in the present study molecular analyses were performed to 
determine the association of the MC4R and LEPR genes with milk composition in both 
maternal breeds (PLW and PL). Most of the animals had the MC4RGG genotype (34.96%), 
followed by MC4RAA (32.74%) and MC4RAG (32.30%). As regards the LEPR gene, 
most animals had the LEPRAB and LEPRBB genotypes (47.83%, 46.09%, respectively), 
with the LEPRAA genotype being the least frequent (6.09%) – most analyzed animals 
had the LEPRG allele (70%). The lack of the Hardy-Weinberg equilibrium (HWE) in 
the analyzed populations may be due to the effect of selection aimed at improving 
sows reproduction traits on genotype frequencies of both genes. Analysis of genotype 
frequency showed a difference in the analyzed populations between the observed and 
expected frequencies of MC4R and LEPR genotypes (P≤0.01) (HWE p-values 0.006 
and 0.0011, for MC4R and LEPR, respectively). 

The estimated effects of polymorphisms of the MC4R and LEPR genes are 
presented in Tables 1-2. Within the MC4R polymorphic groups (Tab. 1), sows of 
maternal breeds were characterized by similar body weight and backfat thickness 
(non-significant differences). Likewise, Galve et al. [2012] and Kim [2006] reported 
no significant effect of the MC4R polymorphism on backfat thickness. However, Kim 
et al. [2006] estimated the significant differences for backfat thickness in animals 
with various diplotypes of two genes: HMGA1 and MC4RAA. Opposite results were 
obtained by Van den Maagdenberg et al. [2007] and Piórkowska et al. [2010], who 
showed that animals of the MC4RAA genotype have a significantly thicker backfat 
compared to the MC4RGG animals. 

Milk quality is one of the main factors which affects daily gain and weight of 
weaned piglets, so the objective of the present study was to examine  the effect of 
the polymorphisms of the LEPR and MC4R genes on the chemical composition of 
colostrum and milk from sows of these maternal breeds. The results obtained in this 
study showed that animals with the MC4RA allele (MC4RAA and MC4RAG) in their 
genotype had a significantly lower content of fat, protein and solids in colostrum 
compared to animals with the MC4RGG genotype. Differences in the contents of these 
components between the above mentioned polymorphic groups (AA<AG, AA<GG) 
were 0.21% and 1.4% (P≤0.01) for fat, 1.24% (P≤0.05) and 2.3% (P≤0.01) for 
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protein, and 1.31% (P≤0.05) and 2.74% (P≤0.01) for solids. Analysis of the chemical 
composition of milk from the 21-day of lactation revealed similar trends for fat and 
solids, but differences between the groups were not significant. Also for piglet rearing 
performance differences between the polymorphic groups of the MC4R gene were 
not significant. However, homozygous sows (MC4RGG), which produced colostrum 
and milk containing more nutrients, gave birth to slightly heavier piglets with quicker 
weight gains at 7 and 21 days of age compared to sows of the MC4RAG and MC4RGG 
genotypes (without statistical significance). Similarly, studies analyzing the effect of 

MC4R and LEPR loci with reproductive performance and milk composition of sows

 Table 1. Means and standard deviations for sows’ condition on the day of mating, chemical 
composition of colostrum and milk from 21-day lactation, and rearing performance of 
piglets from sows of maternal breeds with different MC4R genotypes 

 
 PLW and PL 
 MC4R Item 
 AA (n=74)  AG (n=73)  GG (n=79) 

Condition       
body weight at mating (kg)  193.2±26.3  189.0±27.7  187.2±23.9 
backfat thickness (P2) (mm)  13.66±3.69  14.00±3.94  14.27±3.40 

Composition of colostrum  
and milk from 21-day lactation       

fat (%) 
colostrum 
milk 

 
 

3.93B±2.70 
6.99±0.92 

  
4.14b±1.85 
7.30±1.08 

  
5.33aA±2.49 
7.33±1.54 

protein (%) 
colostrum 
milk 

  
13.51aA±3.09 

5.05±1.38 

  
14.75b±3.14 

4.65±0.56 

  
15.81B±3.16 

4.97±1.51 
lactose (%) 

colostrum 
milk 

  
2.53±0.87 
5.45±0.63 

  
2.22±0.73 
5.68±0.40 

  
2.04±2.58 
5.41±0.73 

solids (%) 
colostrum 
milk 

  
20.71±3.07aA 

17.90±1.26 

  
22.02±3.13b 

17.94±1.40 

  
23.45±3.17cB 

18.05±1.89 
Rearing of piglets during  
21-day lactation 

      

no. of piglets at days of age (head) 
1 
7 
21 

  
11.69±1.14 
11.01±1.33 
10.21±1.69 

  
11.40±1.32 
10.90±1.26 
10.26±1.34 

  
11.54±1.21 
10.81±1.38 
10.11±1.59 

weight of piglets at days of age (kg) 
1 
7 
21 

  
1.46±0.14 
2.68±0.31 
5.70±0.56 

  
1.47±0.14 
2.67±0.31 
5.66±0.62 

  
1.50±0.17 
2.80±0.39 
5.78±0.61 

weight gain of piglet until day (kg) 
7 
21 

  
1.22±0.27 
4.24±0.54 

  
1.20±0.31 
4.19±0.57 

  
1.30±0.36 
4.28±0.60 

% reared until day 
7 
21 

  
94.35±7.67 
87.41±12.10 

  
95.91±6.08 
90.44±9.45 

  
93.81±8.37 
87.85±11.68 

       
 
aA...In rows means bearing different superscripts differ significantly at: small letters − P≤0.05; 
capitals P≤0.01. 
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milk protein polymorphism in sows [Skrzypczak et al. 2012] and in goats [Schmidely 
et al. 2002, Barłowska et al. 2007] on rearing performance of the offspring showed 
that animals of the CSN1S1AA and CSN2BB genotypes produced milk with higher 
concentrations of protein and fat, thus ensuring better rearing performance of their 
offspring in the form of higher body weight and rapid weight gains. Also, Babicz et al. 
[2011] and Szyndler-Nędza et al. [2013a] demonstrated that a higher content of basic 
milk nutrients, in particular protein and solids, may be one of the factors contributing 
to increased weight gains and body weight of piglets during 21-day lactation.
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 Table 2. Means and standard deviations for sows’ condition on the day of mating, chemical 
composition of colostrum and milk from 21-day lactation, and rearing performance of 
piglets from sows of dam breeds with different LEPR genotypes 

 
 PLW and PL 
 LEPR Item 
 AA (n=14)  AB (n=110)  BB (n=106) 

Condition       
body weight at mating (kg)  197.1±28.5  188.0±27.1  190.0±24. 
backfat thickness (P2) (mm)  12.50a±2.18  13.73±3.61  14.36b ±3.81 

Composition of colostrum  
and milk from 21-day lactation       

fat (%) 
colostrum 
milk 

 
 

6.00aA±3.93 
7.50±1.54 

  
4.25B±2.10 
7.32±1.45 

  
4.62b±2.17 
7.05±0.82 

protein (%) 
colostrum 
milk 

  
15.91a±2.71 

4.54b±0.50 

  
15.47±4.10 

5.22a±1.58 

  
14.26b±2.61 

4.60b±0.68 
lactose (%) 

colostrum 
milk 

  
1.59±0.85 
5.54±0.69 

  
2.02±1.00 
5.38±0.72 

  
2.45±2.01 
5.64±0.42 

solids (%) 
colostrum 
milk 

  
24.31aA±3.61 
17.88±2.15 

  
22.55b±3.70 
18.32±1.73 

  
16.97B±2.13 
17.60±1.08 

Rearing of piglets during  
21-day lactation 

      

no. of piglets at days of age (head) 
1 
7 
21 

  
11.57±0.76 
11.07±0.73 
10.29±0.91 

  
11.47±1.56 
10.82±1.58 
10.11±1.84 

  
11.63±0.81 
10.99±1.04 
10.27±1.22 

weight of piglets at days of age (kg) 
1 
7 
21 

  
1.49±0.14 
2.70±0.22 
5.54±0.62 

  
1.49±0.17 
2.75±0.37 
5.78±0.64 

  
1.47±0.14 
2.69±0.32 
5.66±0.55 

weight gain of piglet until day (kg) 
7 
21 

  
1.21±0.21 
4.06±0.61 

  
1.26±0.35 
4.29±0.62 

  
1.23±0.30 
4.19±0.52 

% reared until day 
7 
21 

  
95.77±4.40 
89.21±9.34 

  
94.56±7.61 
88.54±12.65 

  
94.60±7.60 
88.44±9.63 

       
 
aA...In rows means bearing different superscripts differ significantly at: small letters − P≤0.05; 
capitals P≤0.01. 
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Analysis of the effect of the leptin receptor gene polymorphism on the body 
weight of sows on the day of mating (Tab. 2) did not show any significant differences 
among the genotype groups. On the other hand, the LEPRBB homozygotes were 
characterized by significantly thicker backfat compared to animals of the LEPRAA 
genotype. Differences between the analysed polymorphic groups (BB>AB, BB>AA) 
were 0.63 and 1.86 mm (P≤0.05). This is consistent with the findings of Óvilo et al. 
[2002] and Tyra and Ropka-Molik [2011], who showed that pigs with the LEPRBB 
genotype have greater contents of intramuscular and subcutaneous fat compared to 
the AB animals.

When analysing the chemical composition of sow colostrum, it was observed that 
LEPRAA homozygotes had significantly higher contents of fat, protein and solids in 
colostrum compared to sows with the LEPRAB and LEPRBB genotypes. Differences in 
the content of individual components between the above genetic groups were 1.74% 
(AA>AB, P≤0.01) and 1.38% (AA>BB, P≤0.05) for fat, 0.44% (AA>AB) and 1.65% 
(AA>BB, P≤0.05) for protein, and 1.76% (AA>AB, P≤0.05) and 7.34% (AA>BB, 
P≤0.01) for solids. Analysis of the content of milk components over 21 days of 
lactation only revealed a statistically significant difference for protein content. LEPRAB 
heterozygotes were characterized by the highest protein content of milk (P≤0.05). 
Furthermore, as regards rearing of piglets during 21-day lactation, the LEPR gene 
had no effect on the number of piglets born or on their rearing performance. Different 
results for the number of piglets born were reported by Sun et al. [2009], who found 
that the polymorphism of this gene located in exon 2 had an effect on the number of 
piglets born in litters 1-4 from Luchuan sows. Luchuan sows of the LEPRAA genotype 
gave birth to significantly more live piglets compared to sows of the LEPRAB and 
LEPRBB genotypes. When studying the impact of the LEPR polymorphism on the 
composition of milk from cows of different breeds, Banos et al. [2008] also showed 
that this mutation had no noticeable effect on the content of individual nutrients. 
Suchocki et al. [2010] noted that in the Holstein-Friesian breed different alleles of the 
LEPR gene were associated with increasing milk fat content compared to the Jersey 
breed. On this basis the authors excluded the causal nature of the investigated LEPR 
mutation in cows.

It is concluded from the present results and the review of the literature that MC4R 
and LEPR polymorphisms affect carcass fat deposition in sows and production of 
nutrient-rich colostrum and milk. Sows of the MC4RAA genotype, characterized by 
higher feed intake and greater fatness [Piórkowska et al. 2010], and sows of the 
LEPRBB genotype, characterized by greater backfat thickness, produced colostrum 
with a lower content of fat, protein and solids (LEPRBB and MC4RAA) as well as milk 
with lower fat and solids contents (MC4RAA). Tummaruk et al. [2004] showed that an 
excessive reduction in backfat thickness, or the lack of body fat reserves in sows, has a 
negative effect on subsequent reproductive performance, and often contributes to their 
earlier culling due to excessive condition loss and disruption of lactation. On the other 
hand, Revell et al. [1998] demonstrated that overfat sows produced 15% less milk 
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compared to thinner sows, and these differences were more evident in early lactation. 
Szulc et al. [2013] also showed that PLW sows with backfat thickness exceeding 15 
mm produced fewer piglets than sows with backfat thickness of 11-15 mm and less than 
10 mm. The components of milk produced by the sows are derived not only from the 
components of consumed feed, but also from the dam’s body fat reserves. Therefore, 
the optimal condition of pregnant sows and feeding level in advanced pregnancy and 
during nursing are important elements of lactation, during which colostrum and milk 
components are synthesized [Valros 2003, Beyga and Rekiel 2009]. Thus, it is thought 
that dams of the MC4RGG and LEPRAA genotypes, which were in good condition and 
probably had no tendency for excessive fat deposition, used the feed consumed during 
lactation in particular to enrich the composition of both their colostrum and milk. The 
present study showed no effect of the studied polymorphisms on rearing performance 
of the piglets; however, some trends were observed in the association between the 
LEPR and MC4R genes and piglet weight at birth and weight gains (at 7 and 21 days). 
Moreover, the direction of the influence of the investigated genes on colostrum and 
milk composition and sows’ condition suggests that these markers could be used in 
selecting pigs of maternal breeds for decreased backfat thickness, without fear of 
reducing the quality of milk and thereby piglet rearing performance. 
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