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ABStRACt 

The objective of this work was to investigate the effect of feeding 
conditions on methylation status of FATP1 gene, which is an important 
candidate gene of Intramuscular fat and important indicator of 
chicken meat quality. We selected Daninghe (DNH) and Qingjiaoma 
(QJM) chickens under scatter-feeding and captivity-feeding conditions 
as experimental animals, and detected the methylation status of 
FATP1 genes in chicken breast muscle using Bisulfite Sequencing PCR 
method. The results showed that the methylation level of FATP1 in 
scatter-fed chicken was lower than in captivity-fed conditions in DNH 
and QIM chicken breast tissues; DNA methylation in the promoter and 
exon1 region was demonstrated to negatively regulate the expression 
of the FATP1 gene. These results suggested that feeding conditions 
affect the methylation status and expression level of FATP1, thereby 
affecting the Intramuscular fat content in DNH and QJM chicken 
breast muscle.

IntRoduCtIon 

Chicken meat quality traits are complicated traits that are affected 
by many factors, such as breed, sex and feeding conditions (Musa et 
al., 2006; HuiFeng et al., 2014). Intramuscular fat (IMF) content is an 
important indicator of chicken meat quality (Li et al., 2013), as is the 
juiciness and flavor of the meat (Murray et al., 2004), and these were 
affected by feeding conditions (HuiFeng et al., 2014).

FATP1 is one of the important candidate genes of IMF (Bong et 
al., 2012; Juan Wang et al., 2012), which involved many biological 
processes, such as fatty acids uptake and storage as triglycerides (TGs), 
extra- and intracellular lipid metabolism, and TG biochemical synthesis 
and storage (Stahl, 2004; García-Martínez et al., 2005; Yuan et al., 
2012). The polymorphisms of FATP1 gene is associated with chicken 
carcass traits in Chinese meat-type quality chicken populations and 
the meat quality of breast muscle (Wang et al., 2010). 

As an important epigenetic modification, DNA methylation in 
the promoter is often negatively associated with gene expression, 
whereas the methylation status in the body of the same gene might 
be positively related to gene expression (Jones, 2012; Kulis et al., 
2013).

In this study, to investigate how feeding conditions affect chicken 
meat quality, we detected the methylation level of the promoter, 
exon 1 region (−559 to +146 bp) and the mRNA expression of the 
FATP1 gene. Our finding suggests that feeding conditions affect the 
methylation status of FATP1 gene, thereby affecting the content of 
IMF in DNH and QJM chicken breast muscle.
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MAteRIAlS And MethodS

Ethics Statement

Animal experiments were reviewed and approved by 
the Research Ethics Committee and the Animal Ethical 
Committee of the Chongqing Academy of Animal 
Sciences. The experiment was performed according 
to the regulations and guidelines established by the 
Ministry of Science and Technology of the People’s 
Republic of China (Approval number: 2006–398).

Experimental animals

In this study, five-month-old DNH and QJM chicken 
were selected as experimental animals. The two 
populations were separated into four groups: DNH 
chicken under scatter-feeding conditions (SFDNH), DNH 
chicken under captivity-feeding conditions (CFDNH), 
QJM chicken under scatter-feeding conditions (SFQJM) 
and QJM chicken under captivity-feeding conditions 
(CFQJM), each group size was 300-500. These animals 
were reared on the same diet at the breeding base 
in Wulong County, Chongqing, China. The basal 
diet, water and feeding conditions were the same as 
those in our previous study (HuiFeng et al., 2014; Gao 
et al., 2015). Five chickens were randomly selected 
from SFDNH, SFQJM, CFDNH and CFQJM groups, 
respectively. In total, twenty chickens were used in 
further study. 

DNA Extraction and Bisulfate Modification

The left breast muscle tissues of twenty chickens 
from the four groups that were used for RNA-seq 
and Real-time PCR in our previous study (Gao et al., 
2015), were used to study the DNA methylation level 
of FATP1 gene. Genomic DNA from each sample was 
extracted from the chicken breast muscle tissues using 
the DNeasy Blood & Tissue Kit (Qiagen, Dusseldorf, 
Germany), and treated with the EpiTect Plus Bisulfite 
Kit (Qiagen), following the manufacturer’s instructions. 
The quality of the genomic DNA was assessed on 
a NanoVue spectrophotometer (GE LifeSciences, 
Piscataway, NJ, USA). 

The promoter regulation region (−559 to +1 bp), 
exon1 (+1 to +148 bp), containing one CpG island 
(−621 to +491 bp) and 82 methylation sites of FATP1 
(Picture 1), was amplified from the modified genomic 
DNA by bisulfte sequencing PCR (BSP). The specific 
bisulfite sequencing PCR primers for the target region 
were designed using Methyl Primer Express Software 
v1. 0 (Applied Biosystems Inc., Foster City, CA, USA) 
with the sequence of FATP1 (GenBank Accession 

NW_003779439.1). The FAPT1 primer (forward 
primer: 5’-GAATTAAGGTTAAAAAGAAGTTTTTT-3’, 
reverse primer: 5’- TTTACAAATAACCCTCAACAAC-3’) 
encompassed the promoter and exon 1 region (−500 
to +100 bp), which harbors one CpG site. We predicted 
CpG islands using the Methprimer website (http://
www.urogene.org/methprimer/) (Figure 1). 

Figure 1 – The mean methylation level of the FATP1 gene at each methylation site in 
DNH and QJM chickens

The PCR reaction system comprised: 15μL of PCR 
Mixture 2 × Mix, 1 μL of forward primer (10 µM), 1μL 
of reverse primer (10 µM), 3μL of DNA template (1 µg/
µL), and 10 μL of ddH2O in a total volume of 30μL. The 
PCR amplification reaction was carried out as follows: 
hot-start of 94°C for 3 min; 40 cycles of 94°C for 1 
min, 58.4°C for 50 s, and 72°C for 30 s; and an exten-
sion step of 72°C for 3 min. The amplified PCR prod-
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ucts were purified, ligated into the pEASY-T1-vector 
(Trans, Beijing, China) and transformed into Trans-T1 
competent Escherichia coli cells (Trans, Beijing, China). 
Ten ampicillin-resistant colonies per sample were sub-
cultured for plasmid extraction and sequencing.

Statistical Analyses

The differences in methylation and mRNA expres-
sion among the four groups were analyzed using 
Student’s t-test. Extremely significant differences and 
significant differences were considered significant at 
p<0.01 and p<0.05, respectively. The relationship be-
tween methylation and mRNA expression levels were 
assessed using Pearson’s correlation coefficients. We 
employed 2 × 2 factor analysis models by the JMP 8 
(SAS Inst., Inc., Cary, NC, USA) to evaluate the degree 
of influence that feeding conditions and breed had on 
the methylation and expression level of FATP1 gene in 
chicken breast muscle; the models were described in a 
previous study (Gao et al., 2015). 

ReSultS 

In order to investigate how feeding conditions 
affect meat quality, we selected SFDNH, CFDNH, 
SFQJM and CFQJM chicken as experimental animals, 
and detected the methylation status of FATP1 genes of 
each group using BSP method. As shown in figure 2, 
the methylation level of the FATP1 gene in the scatter-
feeding groups was lower or much lower (p<0.01) 
than in the captivity-feeding groups of DNH and QJM 
chicken (Figure 2), which suggested that the feeding 
conditions affected the methylation of the FATP1 gene. 

Figure 2 – Mean methylation level of the FATP1 gene in SFDNH, CFDNH, SFQJM and 
CFQJM chickens

However, there were no differences between 
the two breeds under scatter-feed or captivity-feed 
conditions.

Moreover, we utilized a 2 × 2 factor analysis model 
to evaluate the degree by which feeding conditions 
and breed influence the methylation and expression 
level of FATP1 gene in chicken breast muscle, the results 
showed that the DNA methylation level of the FATP1 
gene was significantly associated with the feeding 
conditions (p=0.0083), but not breed (p=0.74).

Our previous study in DNH and QJM chicken also 
showed that the feeding conditions, but not the breed, 
affected the mRNA expression of FATP1 (HuiFeng et al., 
2014). We extracted the DNA from the same samples 
to investigate the DNA methylation of FATP1 gene in 
the four groups. The Pearson correlation coefficients 
for methylation and mRNA levels were −0.80, −0.61, 
−0.62 and −0.77 for SFDNH, CFDNH, SFQJM and 
CFQJM groups, respectively, which suggested that the 
methylation status of the −559- to +146-bp region has 
a negative effect on the expression of the FATP1 gene. 

dISCuSSIon 

DNH chicken is a well-known Chinese egg and meat 
dual-function local chicken breed, and QJM chicken is 
bred for its meat (Chen et al., 2004). Previous studies 
show that IMF content in DNH chickens or QJM chickens 
under captivity feeding condition is significantly higher 
than scatter feeding condition (Hui Feng et al., 2014). 
In this study, we found that the methylation level of 
FATP1 gene in DNH chickens or QJM chickens under 
scatter feeding condition were higher than captivity 
feeding condition. Methylation status of FATP1 gene 
may be associated with the content of IMF in chicken 
breast muscle tissues.

Numerous studies have indicated that DNA 
methylation involved in many biological processes, 
such as cell differentiation, gene expression regulation, 
X chromosome inactivation, genomic imprinting, 
chromatin modification, cancer development and 
embryo development biological processes (Bock et al., 
2012; Jones, 2012; Rigal et al., 2012; Akhavan-Niaki 
and Samadani, 2013; Smith and Meissner, 2013; Vu 
et al., 2013; Tannan et al., 2014). In this study, the 
methylation status of the promoter and exon1 region 
of FATP1 gene showed a negative relationship with 
expression of the FATP1 gene, which is consistent 
with the previous studies that show DNA methylation 
in the promoter negatively associated with gene 
expression(Jones, 2012; Kulis et al., 2013). 

In conclusion, our results showed that feeding 
conditions affect the methylation status and expression 
level of the FATP1 gene. The methylation status of the 
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promoter and exon1 region of FATP1 gene showed 
a negative relationship with expression of the FATP1 
gene. We speculated that feeding conditions affect 
the methylation of FATP1 gene, methylation affected 
the expression of FATP1 gene, thereby affecting the 
content of IMF in DNH and QJM chicken breast muscle. 

ACknowledgeMentS 

This study was supported by Chongqing Social 
Livelihood Scientific and Technological Innovation 
projects (No.cstc2016shmszx0136), Chongqing 
agricultural development foundation (No.16404) and 
Chongqing fundamental research funds projects (No. 
14405).

RefeRenCeS 
Akhavan-Niaki H; Samadani AA. DNA methylation and cancer development: 

molecular mechanism. Cell Biochemistry and Biophysics 2013;67:501-
513.

Bock C, Beerman I, Lien WH, Smith ZD, Gu H, Boyle P, et al. DNA methylation 
dynamics during in vivo differentiation of blood and skin stem cells. 
Molecular Cell 2012;47:633-647.

Bong JJ, Jeong JY, Rajasekar P, Cho YM, Kwon EG, Kim HC, et al. Differential 
expression of genes associated with lipid metabolism in longissimus 
dorsi of Korean bulls and steers. Meat Science 2012;91:284-293.

Chen GH, et al. Poultry genetic resources in China. Shanghai: Scientific and 
Technological Press; 2004.

Gao GL, Wang HW, Zhao XZ, Li Q, Li QR, Wang QG. Feeding conditions 
and breed affect the level of DNA methylation of the mitochondrial 
uncoupling protein 3 gene in chicken breast muscle. Journal of Animal 
Science 2015;93:1522-1534.

García-Martínez C, Marotta M,  Moore-Carrasco R, Guitart M, Camps M,  
Busquets S,  et al. Impact on fatty acid metabolism and differential 
localization of FATP1 and FAT/CD36 proteins delivered in cultured 
human muscle cells. American Journal of Physiology-Cell Physiology 
2005;288: C1264-C1272.

HuiFeng Z, . et al. Effects of different breeds and raising modes on meat 
flavors and candidate genes expression levels. Journal of Agricultural 
Biotechnology 2014;22:1018-1026.

Jones PA. Functions of DNA methylation: islands, start sites, gene bodies 
and beyond. Nature Reviews Genetics 2012;13:484-492.

Juan Wang X,  Wei DL,  Song ZG,  Jiao HC,  Lin H. Effects of fatty acid 
treatments on the dexamethasone-induced intramuscular lipid 
accumulation in chickens. PloS One 2012;7:e36663.

Kulis M, Queirós AC, Beekman R, Martín-Subero JI. Intragenic DNA 
methylation in transcriptional regulation, normal differentiation 
and cancer. Biochimica et Biophysica Acta (BBA)-Gene Regulatory 
Mechanisms 2013;1829:1161-1174.

Li DL, Chen JL, Wen J, Zhao GP, Zheng MQ, Liu C. Growth, carcase and 
meat traits and gene expression in chickens divergently selected for 
intramuscular fat content. British Poultry Science 2013; 54:183-189.

Murray A, Pommier S, Gibson L, Robertson W, Johns M. Influence of 
intramuscular fat (IMF) on pork quality. Advances in Pork Production 
2004;15:16.

Musa H, Chen G, Cheng J, Shuiep E, Bao W. Breed and sex effect on meat 
quality of chicken. International Journal Poultry Science 2006;5:566-
568.

Rigal M, Kevei Z, Pélissier T, Mathieu O. DNA methylation in an intron of 
the IBM1 histone demethylase gene stabilizes chromatin modification 
patterns. The EMBO Journal 2012;31:2981-2993.

Smith ZD, Meissner A. DNA methylation: roles in mammalian development. 
Nature Reviews Genetics 2013;14:204-220.

Stahl A. A current review of fatty acid transport proteins (SLC27). Pflügers 
Archiv 2004;447:722-727.

Tannan NB, Brahmachary M, Garg P, Borel C, Alnefaie R, Watson CT, et al. 
DNA methylation profiling in X; autosome translocations supports a 
role for L1 repeats in the spread of X chromosome inactivation. Human 
Molecular Genetics 2014;23:1224-1236.

Vu TM, Nakamura M, Calarco JP, Susaki D, Lim PQ, Kinoshita T, et al. RNA-
directed DNA methylation regulates parental genomic imprinting at 
several loci in Arabidopsis. Development 2013;140:2953-2960.

Wang Y, Zhu Q, Zhao XL, Yao YG, Liu YP. Association of FATP1 gene 
polymorphisms with chicken carcass traits in Chinese meat-type quality 
chicken populations. Molecular Biology Reports 2010;37: 3683-3690.

Yuan J, Zhang B, Guo Y. Poultry fat decreased fatty acid transporter protein 
mRNA expression and affected fatty acid composition in chickens. 
Journal of Animal Science and Biotechnology 2012;3:1.


