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INTRODUCTION

The worldwide consumption of chicken meat has been 
gradually increasing. According to a United Nations Food and 
Agriculture Organization (UN-FAO) report, the consumption of 
poultry meat is growing rapidly, and the annual per capita 
consumption worldwide is expected to reach 17.2 kg in 2030. 
This report predicts that poultry meat consumption will increase 
continuously because it is an inexpensive, good quality protein 
resource. Although chicken is the fowl eaten the most world-
wide, turkey and duck are also important, mainly in the United 
States and China.

This increasing consumption trend reflects the nutritional 
superiority of poultry meat. In terms of fat composition, poultry 
meat contains less fat and cholesterol and fewer saturated fatty 
acids than other meat products. Moreover, the omega-3/omega-6 
fatty acids ratio is higher in poultry meat than in other meat 
products. The fatty acid composition can affect meat quality 
traits, such as firmness, shelf life, and flavor. Specifically, the 
volatile, odorous, and lipid oxidation process during cooking 
can affect the odor and flavor of meat (Wood et al., 2004). 

Therefore, the fatty acid composition is an important para-
meter when evaluating the quality and taste of meat.

Chicken meat has the largest market share in the Korean 
poultry industry. The demand for native chicken meat is in-
creasing steadily due to an increase in consumer preference 
for high-quality meat. Korea has five distinct Korean native 
chicken (KNC) lines that are adapted to the regional climate 
and resistant to disease. Additionally, KNC meat has a high 
protein content and a unique texture and flavor in comparison 
with commercial broilers. The excellent flavor of KNC is 
attributable to the fact that it is rich in C18:2, C20:4, C20:5, 
and C22:6 fatty acids, which are well-known taste-active com-
ponents of chicken meat (Jin et al., 2017).

The fatty acid composition is affected by various environ-
mental factors, and it has difficulties as to what criteria should 
be used selecting the birds for the actual breeding program. 
In particular, the interactions of genes are important, as va-
rious genes affect fatty acid composition in meat. Through the 
previous study, we investigated the relationships between the 
fatty acid composition and nine single-nucleotide polymor-
phisms (SNPs) of six candidate genes (DEGS1, ELOVL6, 
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FABP3, FABP4, FASN and SCD) in KNC. We found total 10 
significant SNP effects (P<0.05), 21 significant haplotype 
effects (P<0.05) and 51 significant SNP x SNP pairwise 
interactions (P≤0.05) in thigh and breast meat (Jin et al., 
2020). Therefore, in this study, we performed additional 
analysis of the patterns of SNP × SNP interactions which ob-
tained through previous studies. We investigated the epistatic 
effects from the combination of two genotypes affecting one 
fatty acid trait in order to utilize in the future breeding pro-
grams. The results of this study could be used as information 
to improve the meat quality, especially fatty acid composition, 
of KNC.

MATERIALS AND METHODS

This study followed “The Guide for Care and Use of 
Laboratory Animals” published by the Institutional Animal 
Care and Use Committee of the National Institute of Animal 
Science (NIAS) in Korea. The detailed information on the 
materials and methods used in this study was already 
described in Jin et al. (2020). Briefly, the thigh and breast 
meat from 597 KNC were used for this study, the lipid 
samples were extracted using Folch method (Folch et al., 
1957) and the fatty acid composition (%) was analyzed using 
gas chromatography (HP 7890, Agilent Technologies, USA). 
Five SNPs of four candidate genes (FABP3, FABP4, FASN and 
SCD) were genotyped using PCR-restriction fragment length 

polymorphism (PCR-RFLP) and four SNPs in two genes (DEGS1 
and ELOVL6) were genotyped using the BioMark Fluidigm array 
system (Fluidigm® 192.24 SNP Type™, USA). The genotype 
information is represented at the Table 1 The effects of SNP × 
SNP interactions were investigated using linear mixed model in 
the ASReml-W software (VSN International, Hemel Hempstead, 
UK).

       
  



     

where Yijklm is the observation for trait, μ is the overall 
mean, Li is the fixed effect of the ith line (five levels), Sj is 
the fixed effect of the jth sex (two levels), Bk is the fixed effect 
of the kth batch (two levels), and Gl is a SNP combination 
coded as 0, 1 and 2 as a covariate of each genes. CWm is the 
covariate for the carcass weight, Aijklm is a vector of random 
polygenic effect) ～ and  is a vector of random 

residual ～. Among them, of the 50 results with P 

values less than 0.05 were used for this study. Python and R 
programs were used for illustrating the figures of SNP × SNP 
interaction patterns.

RESULTS AND DISCUSSION

The significant epistatic effects were found in all fatty 
acids except for C20:1 in thigh and C16:0 in breast meat. The 

Table 1. The genotype information of six candidate genes

Gene SNP
Genotype code

0 1 2

DEGS1
rs312725810 AA AG GG

rs741339687 GG GA AA

ELOVL6
rs313000917 CC CT TT

rs10722047 AA AG GG

FABP3 rs315785407 GG GA AA

FABP4 rs316253049 GG GA AA

FASN rs316292215 GG GA AA

SCD
rs313838448 TT TC CC

rs10731498 CC CT TT
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patterns of genotype combination which influenced the phe-
notype were appeared very diverse. As the genotypic value 
coded as 0, 1, and 2 were increased (substituted to alternative 
allele), the phenotypic values were changed as follows, 1) 
increased or decreased together, 2) when the genotypic value 
is 1 (the allele is heterozygote), the phenotypic value is the 
highest or lowest, and then the genotypic value is 2, the 
phenotype value is increased or decreased compare to that of 
genotype value is 0. Following these patterns, the genotype 
combination can contribute to raising or lowering the phenotype 
value (meat fatty acid composition, %). In the case of the 
epistatic effect on C18:3 in the thigh meat, when the genotype 
value of rs313838448 in SCD and rs316253049 in FABP4 
changed from 0 to 1, both the phenotype values showed a 
tendency to decrease. On the other hand, in the case of 
rs313838448 in SCD and rs741339687 in DEGS1, the phenotype 
value of rs313838448 in SCD decreased, whereas the phenotype 
value of rs741339687 in DEGS1 increased, and the genotype 
value showed a big difference in phenotype value at 2. As the 
analysis results of this study on C20:4, five epistatic effects were 
identified for each thigh and breast meat. Among them, four 
combination effects (rs313838448 in SCD and rs316253049 in 
FABP4, rs313838448 in SCD and rs741339687 in DEGS1, 
rs10731498 in SCD and rs741339687 in DEGS1, rs316253049 
in FABP4 and rs313000917 in ELOVL6) appeared in both 
parts of meat, but the patterns were different (Fig. 1, 2).

Genetic relationship studies of the fatty acid composition of 
meat mainly have examined in beef and pork. In these, the 
SCD and FASN genes were related to the meat fatty acid 
composition, and they contributed to increased monounsaturated 
fatty acids (MUFAs), especially in beef (Taniguchi et al., 2004; 
Zhang et al., 2008). Moreover, various studies have reported 
that both candidate genes had significant genetic relationships 
with the C18:1 composition of beef (Uemoto et al., 2011; Li et 
al., 2012; Yokota et al., 2012). Ishii et al. (2013) also reported 
that bovine SCD and FASN genes were related to the fatty acid 
composition, but they confirmed a relationship only for C14:1. 
For pork, SCD and FASN had significant effects on the fatty 
acid composition (Renaville et al., 2013; Grzes et al., 2016; 
Henriquez-Rodriguez et al., 2016; Sato et al., 2017). Uemoto et 
al. (2011) reported a strong effect of SCD on the fatty acid 

composition and fat melting point using quantitative trait locus 
(QTL) fine mapping. The main role of FABP genes is to regulate 
fatty acid uptake and transport, and they are specifically dis-
tributed in tissues where they perform their respective roles.

FABP3 (heart FABP) and FABP4 (adipocyte FABP) have 
been widely reported to affect the fats in beef and pork. Lee 
et al. (2010) also reported that FABP3 affects the unsaturated 
fatty acid (UFA) content of pork. Oh et al. (2012) reported 
a significant effect of FABP4 on UFAs, whereas Narukami et 
al. (2011) and Hoashi et al. (2008) reported its effects on 
C16:0 and C16:1, respectively, in beef. ELOVL6 is also 
involved in fatty acid synthesis, and Corominas et al. (2013) 
reported that porcine ELOVL6 was strongly associated with 
C16:0 and C16:1 in muscle and backfat. The DEGS1 gene is 
an endoplasmic reticulum membrane enzyme that catalyzes the 
desaturation of fatty acids in humans (Cadena et al., 1997), 
although there are no specific reports on its effects on the fatty 
acid composition of meat.

Compared with studies of beef and pork, relatively few 
chicken meat studies have examined the genetic relationships 
of candidate genes with the fatty acid composition. Maharani 
et al. (2011; 2013) investigated SCD, FASN, FABP3, and 
FABP4 in broiler chicken meat and found that the SCD gene 
affected C14:0, C16:0, and C16:1, whereas the other genes 
had no significant effects. D’Andre et al. (2013) reported the 
effects of FASN and ELOVL6 on fat deposition by comparing 
fast- and slow-growing chickens. Wang et al. (2006) and 
Wang et al. (2007) also reported the effects of FABP4 on lipid 
deposition and various fatness traits. Fatty acid composition 
and fat deposition are closely related to each other. Fat 
deposition is determined by de novo fatty acid synthesis and the 
uptake of exogenous fatty acids (De Smet et al., 2004). Fat 
deposition is a major factor that affects the fatty acid com-
position of pig and ruminant meats (Wood et al., 2004). 

Considering these SNP effects on meat fatty acid com-
position, it is necessary to investigate the epistatic effects of 
SNP genotype combinations. The epistatic effect is the inter-
action between multiple genetic variants located at different 
genetic loci. This means that the phenotypic effect of having 
more than one genetic variation may be different from the effect 
of simply adding the effects of each variation(Lee et al., 2006).
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Fig. 1. The patterns of significant epistatic effects on fatty acid composition in thigh meat of Korean native chicken
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Fig. 2. The patterns of significant epistatic effects on fatty acid composition in breast meat of Korean native chicken
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These effects have been investigated for complex traits in 
human diseases (Cordell, 2002), and polygenic traits in live-
stock. Regarding the fatty acid composition of beef, Matsuhashi 
et al. (2011) identified the epistatic effects of five SNPs of four 
genes, FASN, SCD, SREGP1 and GH, in longissimus muscle of 
Japanese black cattle and reported the significance between GH 
and SCD on C18:3. Li et al. (2012) investigated the interaction 
effects between SCD and FASN in brisket adipose tissue of 
Canadian Angus and Charolais-based commercial cross bred, 
and identified significant epistatic effects on various fatty acids. 
Therefore, we need to consider the difference in genotype 
effect according to allele substitution in the improvement of 
polygenic traits such as fatty acids. In addition, the epistatic 
effect on the phenotype should checked to predict the 
transmission patterns to the next generation, and non-additive 
effects should be researched from various areas.

The fatty acid composition of meat is influenced more by 
environmental factors than by genetic factors (De Smet et al., 
2004; Wood et al., 2004). Nonetheless, many genetic studies 
have examined genetic variations based on heritable charac-
teristics (Ishii et al., 2013). In this aspect, it is necessary to 
investigate the differences between varieties or lines based on 
the genetic diversity of chickens, and it is thought that genetic 
parameters are useful in the livestock industry. It is necessary 
to determine the fatty acid composition preferred by consu-

mers and understand the synthesis and metabolism of fatty 
acids.

This study provides genetic information on the fatty acid 
composition of chicken meat. In particular, the results of this 
study should be useful for improving KNC, which has unique 
flavors and characteristics compared with commercial broilers.

적 요

지방산 조성은 고기의 풍미에 영향력 있는 중요한 경제

형질 중 하나이며, 다양한 유전자들의 효과가 알려져 있다. 
본연구는한국재래닭의지방산조성에유의적인영향을미

치는 것으로 조사된 6개의 후보 유전자들(DEGS1, ELOVL6, 
FABP3, FABP4, FASN, SCD)의 51개 SNP 조합에대한추가
적인 분석결과로, 선행연구를 통하여 확인된 SNP 조합들이
가지는상위성효과에대하여조사하였다. 본연구를통하여
매우다양한유형의 SNP 조합들이한국재래닭의지방산조
성에영향을미치는것으로확인되었으며, 추후에지방산조
성과 같은 다유전자성 형질들을실제 육종프로그램에 활용

하기 위해서는이러한 분석이 이루어져야 될 것으로 생각된

다. 본 연구 결과는 한국 재래닭의 육질, 특히 지방산 조성
의 개선을 위한 유전학적인 정보를 제공할 수 있을 것으로

생각된다.
(색인어: 닭, 상위성 효과, 지방산 조성, 상호작용, SNP)

Fig. 2. Continued



Jin et al : Epistatic effects on fatty acid composition in chicken 57

ACKNOWLEDGEMENTS

This work was supported by Korea Institute of Planning 
and Evaluation for Technology in Food, Agriculture, Forestry 
and Fisheries (IPET) through Golden Seed Project, funded by 
Ministry of Agriculture, Food and Rural Affairs (MAFRA) 
(213010-05-5-SB250) and "Cooperative Research Program for 
Agriculture Science & Technology Development (Project 
No.PJ012820052021)" Rural Development Administration, 
Republic of Korea.

ORCID

Shil Jin https://orcid.org/0000-0003-1120-3631
Seung Hwan Lee https://orcid.org/0000-0003-1508-4887
Doo Ho Lee https://orcid.org/0000-0002-2174-7897
Jun Heon Lee https://orcid.org/0000-0003-3996-9209

REFERENCES

Cadena DL, Kurten RC, Gill GN 1997 The product of the 
MLD gene is a member of the membrane fatty acid 
desaturase family: overexpression of MLD inhibits EGF 
receptor biosynthesis. Biochem 36(23):6960-6967.

Cordell HJ 2002 Epistasis: what it means, what it doesn't 
mean, and statistical methods to detect it in humans. Hum 
Mol Genet 11(20):2463-2468.

Corominas J, Ramayo-Caldas Y, Puig-Oliveras A, Pérez- 
Montarelo D, Noguera JL, Folch JM, Ballester M 2013 
Polymorphism in the ELOVL6 gene is associated with a 
major QTL effect on fatty acid composition in pigs. PlOS 
One 8(1):e53687.

D’Andre HC, Paul W, Shen X, Jia X, Zhang R, Sun L, Zhang 
X 2013 Identification and characterization of genes that 
control fat deposition in chickens. J Anim Sci Biotechnol 
4(1):43.

De Smet S, Raes K, Demeyer D 2004 Meat fatty acid 
composition as affected by fatness and genetic factors: a 
review. Anim Res 53(2):81-98.

Folch J, Lees M, Stanley GS 1957 A simple method for the 
isolation and purification of total lipides from animal 

tissues. J Biol Chem 226(1):497-509.
Grzes M, Sadkowski S, Rzewuska K, Szydlowski M, Switon-

ski M 2016 Pig fatness in relation to FASN and INSIG2 
genes polymorphism and their transcript level. Mol Biol 
Rep 43(5):381-389.

Henriquez-Rodriguez E, Bosch L, Tor M, Pena R, Estany J 
2016 The effect of SCD and LEPR genetic polymorphisms 
on fat content and composition is maintained throughout 
fattening in Duroc pigs. Meat Sci 121:33-39.

Hoashi S, Hinenoya T, Tanaka A, Ohsaki H, Sasazaki S, 
Taniguchi M, Oyama K, Mukai F, Mannen H 2008 
Association between fatty acid compositions and genotypes 
of FABP4 and LXR-alpha in Japanese Black cattle. BMC 
Genet 9(1):84.

Ishii A, Yamaji K, Uemoto Y, Sasago N, Kobayashi E, 
Kobayashi N, Matsuhashi T, Maruyama S, Matsumoto H, 
Sasazaki S 2013 Genome wide association study for fatty 
acid composition in Japanese Black cattle. Anim Sci J 
84(10):675-682.

Jin S, Jayasena D, Jo C, Lee J 2017 The breeding history and 
commercial development of the Korean native chicken. 
Worlds Poult Sci J 73(1):163-174.

Jin S, Lee SH, Lee DH, Manjula P, Lee SH, Lee JH 2020 
Genetic association of DEGS1, ELOVL6, FABP3, FABP4, 
FASN and SCD genes with fatty acid composition in breast 
and thigh muscles of Korean native chicken. Anim Genet 
51(2):344-345.

Lee JG, Yoo HJ, Kim JJ, Han HR, Kin YJ 2006 Genetic 
Variation and Diseases. 1st. ed. Publishing Company World-
science.

Lee S, Choi Y, Choe J, Kim J, Hong KC, Park H, Kim BC 
2010 Association between polymorphisms of the heart 
fatty acid binding protein gene and intramuscular fat 
content, fatty acid composition, and meat quality in 
Berkshire breed. Meat Sci 86(3):794-800.

Li C, Aldai N, Vinsky M, Dugan M, McAllister T 2012 
Association analyses of single nucleotide polymorphisms 
in bovine stearoyl CoA desaturase and fatty acid synthase 
genes with fatty acid composition in commercial cross‐
bred beef steers. Anim Genet 43(1):93-97.

Maharani D, Park HB, Jung Y, Jung S, Jo C, Lee JH 2011 



Jin et al : Epistatic Effects on Fatty Acid Composition in Chicken58

Investigation of SNPs in FABP3 and FABP4 genes and 
their possible relationships with fatty acid composition in 
broiler. Korean J Poult Sci 38(3):231-237.

Maharani D, Seo DW, Choi NR, Jin S, Cahyadi M, Jo C, Lee 
JH 2013 Association of FASN and SCD genes with fatty acid 
composition in broilers. Korean J Agric Sci 40(3):215-220.

Matsuhashi T, Maruyama S, Uemoto Y, Kobayashi N, 
Mannen H, Abe T, Sakaguchi S, Kobayashi E 2011 
Effects of bovine fatty acid synthase, stearoyl-coenzyme A 
desaturase, sterol regulatory element-binding protein 1, and 
growth hormone gene polymorphisms on fatty acid 
composition and carcass traits in Japanese Black cattle. J 
Anim Sci 89(1):12-22.

Narukami T, Sasazaki S, Oyama K, Nogi T, Taniguchi M, 
Mannen H 2011 Effect of DNA polymorphisms related to 
fatty acid composition in adipose tissue of Holstein cattle. 
Anim Sci J 82(3):406-411.

Oh DY, Lee YS, La BM, Yeo JS 2012 Identification of the SNP 
(Single nucleotide polymorphism) for fatty acid composition 
associated with beef flavor-related FABP4 (Fatty acid 
binding protein 4) in Korean cattle. Asian Australas J Anim 
Sci 25(7):913.

Renaville B, Prandi A, Fan B, Sepulcri A, Rothschild M, 
Piasentier E 2013 Candidate gene marker associations with 
fatty acid profiles in heavy pigs. Meat Sci 93(3):495-500.

Sato S, Uemoto Y, Kikuchi T, Egawa S, Kohira K, Saito T, 
Sakuma H, Miyashita S, Arata S, Suzuki K 2017 Genome 
wide association studies reveal additional related loci for 
fatty acid composition in a Duroc pig multigenerational 
population. Anim Sci J 88(10):1482-1490.

Taniguchi M, Utsugi T, Oyama K, Mannen H, Kobayashi M, 

Tanabe Y, Ogino A, Tsuji S 2004 Genotype of stearoyl-CoA 
desaturase is associated with fatty acid composition in 
Japanese Black cattle. Mamm Genome 15(2):142-148.

Uemoto Y, Abe T, Tameoka N, Hasebe H, Inoue K, Nakajima 
H, Shoji N, Kobayashi M, Kobayashi E 2011 Whole 
genome association study for fatty acid composition of oleic 
acid in Japanese Black cattle. Anim Genet 42(2):141-148.

Wang Q, Li H, Li N, Leng L, Wang Y, Tang Z 2006 
Identification of single nucleotide polymorphism of adi-
pocyte fatty acid-binding protein gene and its association 
with fatness traits in the chicken. Poult Sci 85(3):429-434.

Wang Y, Shu D, Li L, Qu H, Yang C, Zhu Q 2007 
Identification of single nucleotide polymorphism of H-FABP 
gene and its association with fatness traits in chickens. Asian 
Australas J Anim Sci 20(12):1812-1819.

Wood J, Richardson R, Nute G, Fisher A, Campo M, 
Kasapidou E, Sheard P, Enser M 2004 Effects of fatty acids 
on meat quality: a review. Meat Sci 2004 66(1):21-32.

Yokota S, Sugita H, Ardiyanti A, Shoji N, Nakajima H, 
Hosono M, Otomo Y, Suda Y, Katoh K, Suzuki K 2012 
Contributions of FASN and SCD gene polymorphisms on 
fatty acid composition in muscle from Japanese Black 
cattle. Anim Genet 43(6):790-792.

Zhang S, Knight TJ, Reecy JM, Beitz DC 2008 DNA 
polymorphisms in bovine fatty acid synthase are associated 
with beef fatty acid composition 1. Anim Genet 39(1):62-70.

Received Mar. 11, 2021, Revised Jun. 7, 2021, Accepted Jun.. 
11, 2021


