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Abstract In this study, we aimed to detect the single

nucleotide polymorphisms (SNPs) of the chicken FATP1

gene and discern the potential association between FATP1

SNPs and chicken carcass traits. A total of 620 meat-type

quality chickens from six commercial pure lines (S01, S02,

S03, S05, S06 and D99) and two cross lines (S05 9 S01

and S06 9 S01) were screened by using the single-strand

conformational polymorphism analysis (SSCP) and DNA

sequencing. Five SNPs [g.49360G [ A, g.48195G [ A,

g.46847A [ G, g.46818A [ G, and g.46555A [ G] were

identified in chicken FATP1 gene. SNP g.46818 A [ G

was a rare variant and was not considered in the subsequent

analysis. Sixteen haplotypes were reconstructed on the

basis of the other four SNPs. The linear regression model

analysis indicated that there were significant associations

of certain diplotypes with part of carcass traits, such as live

weight (LW), carcass weight (CW), and semi-eviscerated

weight (SEW) (P \ 0.05). In particular, diplotype H2H4

had a negative effect on LW, CW, SEW, and abdominal fat

weight (AW); diplotype H6H10 had the highest reducing

effect on subcutaneous fat thickness (SFT). Our results

suggested that FATP1gene polymorphisms were associated

with chicken carcass traits or was linked with the major

gene. The SNPs in this gene may be utilized as potential

markers for marker-assisted selection (MAS) during

chicken breeding.
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Introduction

Because of the balanced amino acid, low cholesterol, good

tenderness, and juiciness, poultry meat is very popular and

serves as one of the major dishes in China [1–3]. More and

more attention has been paid on how to improve chicken

meat quality and to provide a quick marker assisted

selection during the breeding in recent years. One of the

factors that affect meat quality is tissue-specific distribu-

tion of fat that is positively correlated with carcass quality

[4, 5]. Thus, it is essential to study the characteristics of fat

deposition in birds and the related species.

FATP1 (Fatty acid transport protein 1 or SLC27A1) is

highly expressed in adipose tissues and skeletal muscles

[6–8]. It is considered as one of the important candidate

genes that can influence the obesity because of its active

role in mediating fatty acid uptake [9]. The FATP1 gene

was first isolated and characterized by Schaffer and Lodish

[8]. Subsequently, single nucleotide polymorphisms

(SNPs) in the FATP1 gene were widely studied in human

by using various genotyping methods. Intronic polymor-

phism in FATP1 gene was found to be associated with

increased plasma triglyceride levels in a French population

[10], but had no effect on the metabolic syndrome [11].
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The expression of FATP1 gene presented a gender-related

variance in skeletal muscle of lean individuals and might

not actively contribute to the alterations of fatty acid

uptake in patients with obesity and/or type 2 diabetes [12].

Up to now, there is no study on poultry FATP1 gene

despite that it has been extensively studied in human and

mouse. Similar association study with other genes was

reported recently [13, 14]. In this study, we aimed to

characterize the sequence variation of the chicken FATP1

gene in 620 individuals from eight different chicken

breeds. We identified potential association of the FATP1

gene SNPs with chicken carcass traits in our experimental

animals.

Materials and methods

Resource population

A total of 620 chickens from eight meat-type quality

chicken populations, including S01 (N = 128), S02

(N = 60), S03 (N = 56), S05 (N = 136), S06 (N = 82),

D99 (N = 64), S05 9 S01 (N = 42), and S06 9 S01

(N = 52) (which were development by Dahen Poultry

Breeding Company and Sichuan Animal Science Acad-

emy), were randomly selected from each of the commercial

population. These populations differ considerably in car-

cass composition and appearance. All chickens were hat-

ched on the same day, housed on the deep-litter bedding

and moved to the growing pens at 7 weeks of age. Birds

had access to feed (commercial con-soybean diets meeting

the National Research Council’s [NRC] requirements) and

water ad libitum. Before slaughter, blood was collected and

the genomic DNA was isolate by the standard phenol/

chloroform method.

Phenotypic measurements

Carcass traits were measured at 91 days of age as described

in our previous study [15, 16]. In brief, live weight (LW)

was measured on live birds after 12 h with no access to

feed. After the slaughter of chicken of the same age at the

same day, seven carcass traits, including carcass weight

(CW), eviscerated weight (EW), semi-eviscerated weight

(SEW), breast muscle weight (BMW), leg muscle weight

(LMW), abdominal fat weight (AW), and subcutaneous fat

thickness (SFT) were measured. The CW was measured on

the chilled carcass removed feather; semi-eviscerated

weight was measured on the carcass removed trachea,

esophagus, gastrointestinal tract, spleen, pancreas, and

gonad. Eviscerated weight was measured on the semi-

eviscerated weight after removal of head, claws, heart,

liver, gizzard, glandular stomach, and abdominal fat.

Subcutaneous fat thickness was measured at the caudal

spondyle including the skin and fat width with a vernier

caliper after dressing. The ratios of each of the above traits

to CW were calculated as breast muscle percentage

(BMWP), leg muscle percentage (LMWP), and abdominal

fat percentage (AP), respectively.

Genotyping of FATP1 gene polymorphisms

Ten primer pairs were designed according to the genomic

sequence of Gallus gallus FATP1 gene (GenBank Acces-

sion number NW_001488613). The amplified products

were expected to cover a region from nucleotide position

33 to nucleotide position 7531 that contains all the exons

and partial introns of FATP1 gene. Polymerase chain

reaction (PCR) amplification was carried out on Gene Amp

PCR System 9700 in a volume of 10 ll reaction, which

contains 40 ng genomic DNA, 3 pmol of each primer, 29

Taq PCR Master mix (including Mg2?, dNTP, Tag DNA

Polymerase; Beijing TIAN WEI Biology Technique Cor-

poration, Beijing, China). A hot start (94�C for 5 min) was

used at the beginning of the thermal cycles, followed by 35

cycles of 94�C for 45 s, 55�C (or other apt temperature) for

35 s, 72�C for 45 s, and ended with a final extension at

72�C for 7 min.

PCR products were resolved by SSCP analysis. Several

factors were tested for each fragment in order to optimize

the amount of PCR products, denaturing solution, gel con-

centration, glycerol, voltage, running time, and tempera-

ture. Each PCR product was diluted in denaturing solution

(95% formamide deionized, 0.05% of bromophinol blue,

0.25% xylene cyanole and 10% glycerol) and was denatured

at 99�C for 10 min, then quickly chilled on ice for 5 min.

Three microliters of mixture was resolved on 12% poly-

acrylamide gel (polyacrylamide:bisacrylamide = 39:1)

using 19 TBE buffer and run for 9–14 h at 130–150 V. The gel

was washed in 10% ethanol for 10 min, then in deionized

water for 1 min, followed by an incubation for 10 min in

0.1% silver nitrate, and ended with an incubation in 1.5%

sodium hydroxide, 0.01% sodium borohydride, and 0.4%

(v/v) formaldehyde for 10 min. The bands on the gel were

visualized by gel imaging system. Samples showing dif-

ferent bands in the gel were further amplified and purified,

and were sequenced by a commercial sequencing company

(Shanghai Yingjun Biology Technique Corporation,

Shanghai, China).

Statistical analyses

We reconstructed the haplotypes of the FATP1 gene based

on the identified SNPs in 620 chicken samples using

PHASE 2.0 software [17]. Marker-trait association analyses

were performed with SAS GLM procedure (SAS Institute,
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1996) and the genetic effects were analyzed using the

following mixed model:

Y ¼ lþ Bi þ Sj þ Gk þ Af þ eijkf

where Y = the dependent variable, l = the population

mean, Bi = fixed effects of breed, Sj = fixed effects of

sex, Gk = genotype value, Af = fixed effects of age, and

eijk = random error. The interaction G 9 S and G 9 A

were not significant for any trait and therefore was not

included in the model. Significant differences (P \ 0.05)

were found among different genotypes in the light of least

square means using Duncan’s multiple-range test.

The data of some fat traits such as AP, BMWP and

LMWP were not normally distributed. Therefore, CW,

EW, SEW, BMW, LMW and AW were analyzed using the

linear model with parameters estimated on the Square Root

scale; the BMWP, LMWP and AP traits were shifted and

rescaled to achieve approximate normality and equality of

variance.

Results

Genetic polymorphisms of FATP1 gene

in chicken populations

We used ten pair of primers to amplify and screen SNPs in

the entire exons of the chicken FATP1 gene (Table S1).

PCR products from four pairs of primers (P-3, P-5, P-7, and

P-8), which cover exons 3, 5, 7, and 8, respectively, pre-

sented a profile suggesting for SNPs by the SSCP method

(Fig. 1). Three individuals with the same genotype for each

primer pair were sequenced to confirm the sequence

variations.

We numbered the SNPs relative to the Gallus gallus

genomic sequence (NW_001471503) in GenBank (Table S2).

The substitution of G [ A at nt49360 (which is located in

exon 3) caused an amino acid change from A to S (Table S2).

The other polymorphisms, G [ A at nt48195 in intron 5,

A [ G at nt46847 and A [ G at nt 46818 in intron 7, and

A [ G at nt46555 in exon 8 were either synonymous or were

located in the intron regions (Fig. 1).

Frequencies of FATP1 gene genotypes and alleles

We analyzed the genotypes and alleles of the identified

SNPs in the FATP1 gene in chicken populations. Because

variant g.46818A [ G was a rare SNP in our samples, we

did not include it in the following analyses. The genotype

and allele frequencies of the other four SNPs in the eight

chicken populations were shown in Table S3. The AA

genotype at nt49360 had the highest frequency in popula-

tions S01, S03, S05, S06 and D99, but had a lower fre-

quency in S02, S05 9 S01 and S06 9 S01; the GG

genotype at this site was even absent in S03 and D99. The

observed genotype frequencies in each population were in

agreement with Hardy–Weinberg equilibrium (HWE)

(P [ 0.05), except for S01, S05 and S06 9 S01. The allele

G at nt48195 was identified as the dominant allele among all

populations (average = 79.79%). The frequency of GG

genotype at nt48195 had the highest value among all pop-

ulations with the exception of D99, in which the GA

genotype had the lowest frequency. Meanwhile, the geno-

type AA at nt48195 was not found in S02. Using the v2-test,

we found that the genotype frequencies at nt48195 in

populations S01, S02, S03, S05, S06 and S05 9 S01 were

in agreement with HWE, while D99 and S06 9 S01 were

deviated from HWE (P \ 0.01). There were no GG geno-

type at nt46847 in all populations, and the frequency of AA

was higher than that of AG. In S06 9 S01 chicken samples,

we only observed the AA genotype. The frequency of

genotype AA at nt46555 was very high and reached a value

(B) g.48195G>A

AA   GG   AA   AG   AA   AG

(C) g.46847A>G

AA   AG    AA    AA AA AA

(D) g.46555A>G

GG   AA   AA AA AG   AA   AA

(A) g.49360G>A

AA    AA  GG   AA  AA  AG  AGGenotype

Fig. 1 Identification of single nucleotide polymorphisms in chicken

FATP1 gene by using PCR-SSCP and sequencing. Genotypes of a
g.49360G [ A, b g.48195G [ A, c g.46847A[ G, and d g.46555A

[ G were well resolved on SSCP gel and confirmed by sequencing. The

boxes in the sequencing electropherograms indicated the sites with the

nucleotide changes
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of 0.953 in D99. The allele A was identified as the dominant

allele among all populations due to the highest allele fre-

quency (average = 0.927). Furthermore, variant g.46555A

[ G was deviated from the HWE in samples S01, S02, S03,

S05, S06 and S05 9 S01, whereas variant g.46847A [ G

was not violated the HWE.

Association of SNPs with chicken carcass traits

The GLM analysis of potential association between the

FATP1 SNPs and carcass traits in the chicken populations

was summarized in Table 1. Traits LW, CW, SEW, EW

and BMWP were significantly associated with FATP1

genotypes at nt49360 (P \ 0.05). Chickens with AA

genotype at nt49360 had a higher value for LW, CW, SEW

and EW than those with genotypes AG and GG. For

g.48195G [ A, chicken with the AA genotype had sig-

nificantly higher LW, CW, SEW, EW, LMW, BMWP and

LMWP than those with GG or GA (P \ 0.05), and there

was no difference between chickens with GG and GA

(P [ 0.05). The A allele at nt48195 had a favorably posi-

tive effect on LW, CW, SEW, EW, LMW, BMWP, and

LMWP. For g.46847A [ G, the genotypes of at nt46847

were significantly associated with LW and CW (P \ 0.05),

but not associated with the other carcass traits (P [ 0.05).

The LW and CW of chickens with the AA genotype was

significantly higher than those of the chickens with the AG

genotype (P \ 0.05). The genotypes at nt46555 were not

associated with all carcass traits except for LMWP, which

had a significantly higher value in chicken with the GG

genotype than the other genotypes.

Haplotypes of FATP1 gene in chicken populations

Haplotypes were reconstructed with the four SNPs in all 620

experimental chickens by employing the PHASE program

[17]. Table 2 listed all sixteen haplotypes, which were

accounted for 100% of all the observations. Among them,

Table 1 Least square means of the carcass traits, by genotype, of chicken FATP1 gene

Traits SNP1 (g.49360G [ A) SNP2 (g.48195 G [ A)

AA AG GG GG GA AA

LW (g) 1958.23 ± 24.03A 1954.61 ± 36.33A 1745.35 ± 87.06B 1938.67 ± 23.66B 1919.20 ± 36.59B 2253.85 ± 94.64A

CW (g) 1749.98 ± 22.02A 1746.38 ± 33.51A 1547.26 ± 79.39B 1728.41 ± 21.74B 1721.47 ± 33.47B 2024.40 ± 88.05A

SEW (g) 1654.37 ± 24.82A 1633.97 ± 37.78A 1443.06 ± 89.50B 1636.44 ± 24.57B 1604.05 ± 37.82B 1892.60 ± 99.48A

EW (g) 1367.06 ± 18.02A 1368.62 ± 27.43A 1207.42 ± 64.99B 1351.69 ± 17.78B 1342.72 ± 27.37B 1600.60 ± 72.01A

BMW (g) 110.09 ± 55.06 265.22 ± 83.69 103.70 ± 198.26 176.11 ± 54.67 106.19 ± 84.06 128.73 ± 221.14

LMW (g) 153.66 ± 4.53 160.46 ± 6.89 134.53 ± 16.31 154.87 ± 4.49B 149.24 ± 6.90B 187.98 ± 18.14A

AW (g) 46.82 ± 2.08 51.28 ± 3.16 38.02 ± 7.47 48.40 ± 2.06 45.87 ± 3.21 47.42 ± 8.34

SFT (mm) 0.43 ± 0.01 0.44 ± 0.02 0.39 ± 0.04 0.43 ± 0.01 0.44 ± 0.01 0.38 ± 0.04

BMWP (%) 8.42 ± 0.09B 8.64 ± 0.15AB 9.21 ± 0.34A 8.60 ± 0.09AB 8.28 ± 0.14B 9.10 ± 0.42A

LMWP (%) 10.98 ± 0.12 10.36 ± 0.20 10.76 ± 0.45 10.79 ± 0.12B 10.71 ± 0.18B 12.21 ± 0.55A

AP (%) 2.21 ± 0.14 2.65 ± 0.23 2.13 ± 0.51 2.43 ± 0.14 2.11 ± 0.21 1.92 ± 0.63

Traits SNP3 (g.46847A [ G) SNP5 (g.46555A [ G)

AA AG GG AA AG GG

LW (g) 1954.56 ± 19.95A 1755.20 ± 96.99B – 1945.24 ± 20.67 1935.00 ± 95.49 1974.57 ± 82.30

CW (g) 1746.05 ± 18.30A 1557.50 ± 90.29B – 1735.80 ± 18.98 1741.35 ± 87.10 1780.43 ± 75.07

SEW (g) 1645.24 ± 20.63 455.63 ± 101.78 – 1636.16 ± 21.39 1629.62 ± 98.13 1668.71 ± 84.58

EW (g) 1365.13 ± 14.98 1219.17 ± 73.92 – 1356.86 ± 15.53 1359.42 ± 71.27 1398.57 ± 61.43

BMW (g) 156.52 ± 45.73 96.12 ± 230.44 – 158.68 ± 47.33 111.21 ± 216.92 116.80 ± 186.96

LMW (g) 155.61 ± 3.76 129.84 ± 18.93 – 154.19 ± 3.89 146.50 ± 17.83 167.52 ± 15.37

AW (g) 48.11 ± 1.73 36.05 ± 8.67 – 48.46 ± 1.79 42.13 ± 8.16 38.83 ± 7.14

SFT (mm) 0.43 ± 0.01 0.41 ± 0.04 – 0.44 ± 0.01 0.39 ± 0.04 0.39 ± 0.03

BMWP (%) 8.54 ± 0.07 8.14 ± 0.37 – 8.48 ± 0.08 9.15 ± 0.35 8.63 ± 0.29

LMWP (%) 10.83 ± 0.10 10.57 ± 0.49 – 10.79 ± 0.11B 9.79 ± 0.45C 11.87 ± 0.38A

AP (%) 2.33 ± 0.12 2.05 ± 0.55 – 2.36 ± 0.12 2.05 ± 0.52 1.92 ± 0.44

LW live weight (g); CW carcass weight (g), SEW Semi-eviscerated weight (g), EW eviscerated weight (g), BMW breast muscle weight (g), LMW
leg muscle weight, AW abdominal fat weight (g), SFT subcutaneous fat thickness (mm), Percentage sign (%) indicates the marked traits were

relative to CW. Different uppercase letters mean significant difference at the P \ 0.05 level for chickens with different genotypes of certain SNP

3686 Mol Biol Rep (2010) 37:3683–3690
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three haplotypes, H1 (A-G-A-A), H5 (A-A-A-A), and H9

(G-G-A-A) were prevalent and counted for 87.4% of the

observations. Twenty-eight diplotypes were obtained based on

these sixteen haplotypes. Among them, the frequencies of 18

diplotypes were higher than 6.0%. Three diplotypes, H1H1,

H1H5 and H1H9, totally accounted for 72.09% (Table 2).

The mixed model analysis indicated that there were

significant associations between the haplotypes and carcass

traits (Table 3). Haplotypes were associated with LW, CW,

SEW, EW, SFT, BMWP and LMWP (P \ 0.05). Signifi-

cantly and suggestively dominant effect of the diplotype

H5H7 were observed for LW, CW, SEW and EW. Diplo-

type H1H9 had a higher BMW. Diplotype H2H6 had a

higher LMW, and diplotype H10H10 was associated with

BMWP and LMWP. Remarkably, diplotype H2H4 had a

negative effect on LW, CW, SEW, and AW. H6H10 had

the highest reducing effect on SFT, and H1H4 had the

highest reducing effect on SFP.

Discussion

Since the first characterization of the FATP1 genes [8],

numerous association studies have been carried out to dis-

cern a correlation between the FATP1 gene polymorphisms

and disorders. Meirhaeghe et al. [10] found that the intronic

SNP of human FATP1 gene was associated with the altera-

tions in human lipid homeostasis. Gertow et al. [18] also

found the A/G polymorphism in intron 8 of human FATP1

gene was associated with elevated post-prandial lipaemia

and alterations in LDL particle size distribution in Swedish

populations. All these studies suggested that FATP1 gene

Table 2 Haplotype frequency and main diplotypes in the chicken FATP1 gene

Haplotype SNPa Frequency (%) Diplotype Frequency (%)

g.49360G [ A g.48195G [ A g.46847A [ G g.46555A [ G

H1 A G A A 59.65 H1H1 38.87

H2 A G A G 4.43 H1H2 1.61

H3 A G G A 1.09 H1H3 1.45

H4 A G G G 0.24 H1H4 0.16

H5 A A A A 13.08 H1H5 16.45

H6 A A A G 1.26 H1H6 0.65

H7 A A G A 0.22 H1H7 0.32

H8 A A G G 0.11 H1H8 0.16

H9 G G A A 14.67 H1H9 16.77

H10 G G A G 1.30 H2H2 2.10

H11 G G G A 0.21 H2H4 0.16

H12 G G G G 0.10 H2H6 0.97

H13 G A A A 3.30 H2H8 0.32

H14 G A A G 0.22 H2H10 0.81

H15 G A G A 0.04 H3H9 0.48

H16 G A G G 0.08 H5H5 1.45

– – – – – – H5H6 0.16

– – – – – – H5H7 0.16

– – – – – – H5H9 7.58

– – – – – – H5H12 1.94

– – – – – – H6H6 0.32

– – – – – – H6H9 0.32

– – – – – – H6H10 0.32

– – – – – – H7H9 0.32

– – – – – – H9H12 0.65

– – – – – – H9H9 3.39

– – – – – – H10H10 0.32

– – – – – – H13H14 0.16

a The rare variant g.46818 A [ G was not included for the analysis
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played an active role in cell metabolism and would be a good

candidate gene in determining the carcass traits in domestic

animals. However, there was no formal report about FATP1

gene polymorphisms in domestic animals so far. One SNP of

chicken FATP1 (rs14729179), which is located in exon 10

and is synonymous, could be retrieved from GenBank

(http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi? locus I =

426008) recently. In the present study, we screened the SNPs

in chicken FATP1 gene in well-defined meat-type quality

chicken populations, in order to detect the potential associ-

ation between FATP1 gene and carcass traits. Despite of the

low efficiency of the SSCP method to identify unknown

SNPs, we still found five SNPs in our chicken samples. We

would expect that more SNPs could be identified if these

samples were sequenced directly.

Association analysis showed that the identified SNPs in

chicken FATP1 gene (except for one rare SNP) had an

effect on chicken carcass traits (Tables 1 and 3). This result

confirmed our speculation that FATP1 gene be a good

candidate gene for marker-assisted selection during

chicken breeding. In addition, it suggested a conserved role

of this gene during the lipid metabolism and fatty acid

transport that controlled the metabolism of triglyceride and

energy homeostasis [6].

Previous studies have showed that associations of hap-

lotypes with carcass traits were more accurate than those of

single SNPs [19, 20]. This result implied that there was an

interaction between different SNPs, and that the haplotypes

generally provided more information than SNPs [21]. Thus,

it was observed that both haplotype diversity and the method

of SNP selection based on maximizing haplotype diversity

were preferred to single SNPs [20, 22]. Haplotype analysis

has gained increasing attention in the mapping of complex-

disease genes in recent years, because of the abundance of

SNP and the limited power of conventional single-site

analyses [23–25]. We reconstructed haplotypes based on

four common FATP1 gene SNPs and discerned an associa-

tion between the diplotypes and carcass traits. Particularly,

H5H7 diplotype was found to contribute more to LW, CW,

SEW and EW than the other diplotypes. Diplotypes H1H9,

H2H6, and H10H10 were also associated with certain traits.

In short, we screened the SNPs in entire exons of the

FATP1 gene in a large number of chicken samples from eight

populations by using the PCR-SSCP approach. Association

analysis of the identified SNPs with chicken carcass traits

showed that these SNPs would affect the carcass traits, and

we identified several diplotypes that showed advantageous

effects. This result suggested that FATP1 gene played an

important role in the regulation of carcass traits in chickens

and could be of potential usage in molecular MAS program

during chicken breeding. More chicken samples and

expression analysis of this gene in different chicken tissues

may help to further solidify our results.
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