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ABSTRACT: There is interest in fatty acid composition as 
an index of pig meat taste. A high concentration of mono-
unsaturated fatty acid promotes desirable meat flavor and a 
low fat melting point. Stearoyl-CoA desaturase (SCD) is the 
enzyme responsible for the conversion of saturated fatty 
acids into monounsaturated fatty acid. The objective of this 
research was to investigate difference of SNPs in the SCD 
gene of different pig breeds. We analyzed polymorphisms 
in the SCD gene promoter region of 156 pigs from six 
breeds: Large White (W), Landrace (L), Duroc (D), Middle 
White (MW), Meishan (M) and Agu, which is native pig 
breed of Ryukyu, Japan. Results on SCD g.-233 C>T, the C 
allele is major allele in W, D and M, the T allele is major 
allele in L, MW, Agu. On SCD g.-180 A>G, this SNP is 
found by this study, W, L, MW, M and Agu have more A 
allele. Though, D have lots of AG genotypes. These SNPs 
could be useful to selecting for pigs breeding. 
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Introduction 
 

Recently there has been interest in using fatty acid 
composition as an index of pig meat taste. It determines 
important sensorial and technological aspects of meat due 
to the variability in the melting point of fatty acids. Thus, 
variation in fatty acids has an important effect on flavor, 
muscle color and the firmness or softness of fat in meat 
(Wood et al. (2004)). A high unsaturated fatty acid concen-
tration in adipose tissue improves the health quality of fat 
by decreasing the circulating concentration of low density 
lipoprotein (LDL) cholesterol, which in turn helps to pre-
vent arteriosclerosis and coronary heart disease in humans 
(Rudel et al. (1995)). Specifically, oleic acid (C 18:1) posi-
tively correlates with desirable flavor and is a major fatty 
acid in muscle and adipose tissue in pigs. Stearoyl-CoA 
desaturase (SCD) is the enzyme responsible for the conver-
sion of saturated fatty acids into monounsaturated fatty ac-
ids, such as converting palmitic acid (16:0) into palmtoleic 
acid (16:1), and stearic acid (18:0) into oleic acid (Kim et al. 
(1999)). The objective of this research was to investigate 
the difference in Single Nucleotide Polymorphism (SNPs) n 
the SCD gene of different pig breeds. 
 

Materials and Methods 
 

Animals. We used 39 Large White (W), 26 Land-
race (L), 39 Duroc (D), 26 Middle White (MW), 17 

Meishan (M) and nine Agu pigs from six different farm 
(Agu pigs are a native breed from Ryukyu, Japan). Samples 
were stored at -20℃ until DNA analysis. 

 
Genomic Analyses. DNA samples were prepared 

from hair roots, meat or back fat using a standard protocol. 
DNA from each animal was amplified by polymerase chain 
reaction (PCR) using specific primers. The mutation of 
SCD was the T/C mutation in the promoter, described by 
Ren et al. (2004), at position −233 and it was deposited in 
Genbank, with access number AY487830. We use the fol-
lowing primer designed by Renaville et al. (2013). 

 
SCD-F: CTCTGTCTCCTCCCCTCTCC, 
SCD-R: GATCACTTTCCCAGGGATGA 

 
The amplicons ranged from 300–500 bp in length. PCR 
fragments were purified using ExoSap-IT (USB Corpora-
tion), and sequenced (ABI 3130XL DNA Analyzer). The 
sequences were edited, assembled, and aligned using 
MEGA software version 4.0 (Tamura et al. (2007)). For 
each SNP, adherence to the Hardy–Weinberg equilibrium in 
the study population was tested using the chi-square test for 
goodness of fit.  

 
Results and Discussion 

 
SCD g.-233 C>T SNP. We analyzed SCD gene 

promoter region polymorphisms of all 156 pigs. For the 
SCD g.-233 C>T SNP, the C allele was the major allele in 
W (C allele frequency: 0.64), D (C allele frequency: 0.87) 
and M (C allele frequency: 0.82) breeds. On the other hand, 
the T allele was the major allele in L (C allele frequency: 
0.83), MW (C allele frequency: 0.98), and Agu(C allele 
frequency: 0.67) breeds (Table 1). The genotypic distribu-
tion concurred with the Hardy–Weinberg equilibrium in the 
populations of W, L, D, MW, and Agu, but revealed a sig-
nificant deviation in M (P<0.05). This deviation may have 
been due to the small number of pigs analysed. Uemoto et 
al. (2011) showed a significant association between SCD 
haplotypes and fatty acid composition and fat melting point 
in Duroc population. It has been reported that the composi-
tion traits of five fatty acids (palmitoleic acid (C16:1), stea-
ric acid (C18:0), arachidic acid (C20:0), saturated fatty acid, 
and unsaturated fatty acid were highly significant in associ-
ation with the SCD g.-233 C>T SNP in the F2 resource 
population produced by crossing Landrace and Korean na-
tive pigs (Maharani et al. (2013)). Also, significant associa-



tions have been found between this SNP and stearic acid, 
oleic acid and palmitreic acid in backfat and Longissimus 
dorsi, with oleic acid in leg fat, and with stearic acid in Bi-
ceps femori (Renaville et al. (2013)), and this SNP changed 
the fatty acid composition. Our results show that there are 
allele deviations in most breeds and between breeds. Thus 
this SNP could be used as a genetic marker to help se-
lectpigs for breeding. 

 
Table 1. The genotype and allele frequencies of stea-
royl-CoA desaturase single nucleotide polymorphisms, 
and P values of the Hardy–Weinberg equilibrium test. 

Breed N 

g.-233 C>T 

Genotype fre-
quency 

Allele fre-
quency 

P 
value 

CC CT TT C T  

W 39 0.46 0.36 0.18 0.64 0.36 
> 0.05 

L 26 0.04 0.27 0.69 0.17 0.83 
> 0.05 

D 39 0.74 0.26 0.00 0.87 0.13 
> 0.05 

MW 26 0.00 0.04 0.96 0.02 0.98 
> 0.05 

M 17 0.76 0.12 0.12 0.82 0.18 
< 0.05 

Agu 9 0.00 0.67 0.33 0.33 0.67 
> 0.05 

        

Breed N 

g.-180 A>G 

Genotype fre-
quency 

Allele fre-
quency 

P 
value 

AA AG GG A G  

W 39 1.00 0.00 0.00 1.00 0.00 - 

L 26 1.00 0.00 0.00 1.00 0.00 - 

D 39 0.10 0.90 0.00 0.55 0.45 < 0.05 

MW 26 1.00 0.00 0.00 1.00 0.00 - 

M 28 1.00 0.00 0.00 1.00 0.00 - 

Agu 9 0.67 0.33 0.00 0.83 0.17 > 0.05 

P values of the Hardy–Weinberg equilibrium test by chi-square test. 
 

 
SCD g.-180 A>G SNP. For the SCD g.-180 A>G 

SNP, this SNP is found by this study, W, L, MW and M 
breeds had only the A allele, while Agu had more A allele 
than G allele (A allele frequency is 0.83). However, D had 
almost entirely AG genotypes (Table 1). The genotypic 
distribution concurred with the Hardy–Weinberg equilib-
rium in the Agu population, and it revealed a significant 

deviation in D (P<0.05). As for the results of the SCD 
g.-233 C>T SNP analysis, the small sample population 
could explain the reported deviation. However, this SNP 
would not be useful for selecting suitable pigs for breeding 
because most of the breeds had no genotype variety. How-
ever, if further research with a larger population showed 
more genotype variety, then it is still possible that this SNP 
could be useful to help to select suitable pig breeds. 

 
It has been reported there was a positive relation-

ship between SCD protein expression in longissimus mus-
cle and monounsaturated fatty acids content and SCD pro-
tein expression and total muscle fatty acid content on LW 
cross breed (Bessa et al. (2013)). Furthermore, SNPs on 
SCD gene might be related to SCD protein expression lev-
els. Zhang et al. (2008) reported that Breeds were signifi-
cantly associated with the percentages of the majority fatty 
acids of triacylglycerol on pig longissimus muscle. Duroc 
pigs had greater total saturated fatty acids and lower total 
monounsaturated fatty acids contents than did pigs of all 
other breeds (Yorkshire, Duroc, Hampshire, Spotted,	 
Chester White, Poland China and Landrace), except for 
Berkshire. It is shown that breed affected the fatty acid 
composition of intramuscular neutral lipid, with more val-
ues for the saturated fatty acids, 14:0 and 16:0 in Berkshire 
and Tamworth and high values for polyunsaturated fatty 
acids in Duroc and Large White (Wood et al. (2004)). Su-
zuki et al. (2003) investigated Berkshire contained signifi-
cantly higher concentration of saturated fatty acids, but had 
lower concentration of unsaturated fatty acid than Duroc. 
The melting point of inner and outer subcutaneous fat and 
perirenal fat of Berkshire was significantly higher than that 
of Duroc. Furthermore, though there was no breed differ-
ence in concentration of saturated fatty acids of intramus-
cular fat, Duroc had more oleic acid than Berkshire. Fatty 
acid concentrations of inner and outer subcutaneous fat and 
intramuscular fat as well as melting points of both subcuta-
neous fat layers and perirenal fat were the same in Berk-
shire and LDB cross breeds and in Duroc and LDD cross 
breeds. These results suggested that there were remarkable 
differences between Berkshire and Duroc in fat quality 
(Suzuki et al. (2003)). Thus, breed is one of the most im-
portant factors that changing fatty acid compositions, 
moreover SNPs on SCD gene deviation may affect that fat-
ty acid composition between breeds. 

 
These results show that further research should be 

conducted to study the relationship between SNPs and fatty 
acid composition. Such studies should be conducted with 
larger pig populations and also study other breeds, for ex-
ample Hampshire and also wild boar which is the ancestor 
of all pigs. We intend to analyse other regions of SCD, and 
also other genes such as Sterol Regulatory Element Binding 
Protein-1 (SREBP1), and ELOVL fatty acid elongase 6 
(ELOVL6). 
 

Conclusion 
 

In this study, we analyzed two SNPs in the SCD gene pro-
moter region of 156 pigs from six breeds. For SCD g.-233 
C>T, the C allele is major allele in W, D and M breeds, and 



the T allele is major allele in L, MW, Agu breeds. For SNP 
of SCD g.-180 A>G, W, L, MW, M and Agu have more 
allele A, but D comprises mainly AG genotypes. These 
differences may change the fatty acid composition, and thus 
we have shown that there are allele deviations in most 
breeds, and between breeds. These SNPs in the SCD pro-
moter region, especially SCD g.-233 C>T SNP, should help 
to select suitable breeding pigs. 
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