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Identification of Single Nucleotide Polymorphism of H-FABP Gene and
Its Association with Fatness Traits in Chickens
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ABSTRACT : Heart fatty acid-binding protein gene (H-FABP) is an important candidate gene tor meat quality. One of the objectives
of this study was to screen single nucleotide polymorphisms (SNFP) of chicken H-£4BP gene among 252 individuals that included 4
Chinese domestic clucken breeds (Fengkal Xinglwa (104), Huivang Huxu (H), Qmgyvuan Ma (Q), Guangxi Xiavan (81)), 2 breeds
developed by the Institute of Animal Science, Guangdong Academy of Agricultural Sciences (Lingnan Huang (DC), dwarf chicken (E4))
and one introduced broiler (Abor Acre (AA)). Another objective of this study was to analyze the associations between polymorphisms of
the H-F4BP gene and fat deposition traits m clhickens. PCR-SSCP was used to analyze SNPs in H-FABP and 4 SNPs (T260C, G673A,
C783T and G2778A) were detected. Associations between polymorphic loci and mtramuscular tat (IMF), abdominal fat weight (AFW)
and abdominal fat percentage (AFP) were analyzed bv ANCOVA method. The results showed that the T26(( genotypes were
signiticantly associated with IMF (p = 0.0233) and AFP (p = 0.0001 ), the G675A genotypes were significantly associated with AFW,
AFP (p<0.01) and IMF (p<0.03); at the C783T locus, AFW and AFP differed highly between genotypes. However, the G2778A loci did
not show any significant effect on fat deposition traits m this study, In addition, we found that there were some differences between AFP
and definite haploty pes through a nonparametric statistical method, so the haplotypes based on the SNPs except G2778A loci were also
signiticantly associated with IMF, AFW (g) (p<0.03) and AFP (%) (p<0.001). Significantly and suggestively dominant effects of H+H+
haplotype were observed for IMF and the H2H3 was dominant for AFW (g) and AFP (%). The results also revealed that H5H7 haplotype
had a negative eftfect on IMF, while the H#3H6 had a positive eftect on AFW (g) and AFP (%). (Key Words : Chicken, H-FABP Gene,
Single Nucleotide Polymorphism (SNP), Fat Deposition Traits, PCR-SSCP)

INTRODUCTION

In the past decades, the poultry breeding has achieved
exciting progress. For example, broiler chickens have been
improved in many traits such as daily weight gain. feed
efficiency and resistance to disease. But now. the high
selection intensity for growth rate has caused many
problems. especially the increasing trend for abdominal fat
deposition. Excessive fat deposition affects the carcass
value and flavors of chickens. More and more researchers
and producers have been paving attention to this problem
and some researchers have found several candidate genes or
markers for chicken fat traits (Meng et al.. 2005: Choi et al..
2006: Li et al.. 2006: Wang et al.. 2006).

Fatty acid-binding protein (FABP) genes are important
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genes that are involved in the development of fatness traits
(McArthur et al.. 1999) and belong to a superfamily of
lipid-binding proteins and occur intercellularly in
invertebrates and vertebrates. These proteins are involved in
intracellular fatty acid transportation, cell growth and
differentiation, cellular signaling. gene transcription, and
protection of enzymes from the toxic effects of free fat acid
(Glatz and Veerkamp. 1985: Zimmerman and Veerkamp.
2002). In FABPs families. there are many different types of
FABPs which can be divided into 2 main groups (Glatz and
van der Vusse, 1996): those associated with the plasma
membrane (FABPy,) and those with the intracellular or
cytoplasmic proteins (FABP-). So far. 9 types of tissue-
specific cyvtoplasmic FABPs have been identified. and they
are liver (L-) FABP. intestinal (I-) FABP. heart (H-) FABP.
adipocyte (A-) FABP. epidermal (E-) FABP. ileal (Il-) FABP.
brain (B-) FABP. myelin (M-) FABP. and testicular (T-)
FABP (Zimmerman and Veerkamp, 2002. Chmurzynska.
2006). All FABP types are similar in their three-dimensional
structures except T-FABP. The commion structural feature is
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a l0-stranded B-barrel. made of two orthogonal antiparallel
5-stranded sheets that form the “clam”-shaped binding
cavity (Banaszak. 1994). The overall gene stnucture is
conservative in all family members and consists of 4 exons
separated by 3 introns (Hunt et al., 1986; Havasaka et al.,
1993; Treuner et al.. 1994; Hertzel and Bernlohr. 2000).

H-F1BP is a 15-kDa cytosolic protein found in heart.
muscle. and lactating mammary gland. This protein is the
only FABP expressed in various muscle tissues. in both
vertebrates and invertebrate species (Zanotti, 1999;
Haunerland, 1994). The protein is highly conserved, even in
insects and mammals. and is found in all muscles that
metabolize fatty acid (Norbert and Friedrich. 2004). In
muscle cells. H-F1BP is believed to be involved in fatty
acid uptake and subsequent transport toward mitochondrial
[P-oxidation svstems: thus increased fatty acid exposure in
vifro and in vive has been shown to result in elevated H-
F4BP expression, both at mRNA and protein levels (Carey
et al.. 1994; Chang et al.. 2001: Clavel et al.. 2002). Binas
(1999) regarded that mice with #-F4BP knocked-out could
confirm the importance of AH-F4BP for fatty acid
transportation and metabolism. The absence of A-F4BP did
not result in any phenotypical difference. and the tissues of
skeletal and cardiac muscle appeared normal However,
fatty acid uptake was reduced markedly in cardiac tissue
(-80%) and isolated from cardiomyocytes (-45%) (Norbert
and Friedrich. 2004). So A-F1BP may play an integral role
in energetic metabolism of skeletal muscle. delivering long-
chain fatty acid (LCFAs) to mitochondria and peroxisomes
for oxidation or directing LCFAs towards esterification and
hence fat storage within muscle fibers (Brandstetter et al.,
2002). Polymorphisms in the #-F{BP gene were shown to
be related with genetic variation of intramuscular fat
content and growth performance traits in pigs (Gerbens et
al.. 1997: 1999: 2000). There were adequate investigations
of H-FABP gene in pigs, but few in chickens. So the
objectives of the present study were to identify the SNPs of
the chicken A#-F4BP gene, develop the PCR-SSCP methods
to genotype the polymorphisms of the individuals in the
seven populations and analvze whether there are
associations between polymorphisms of the H-F1BP gene
and chicken fat deposition.

MATERIALS AND METHODS

Chicken populations

Seven populations used in this study consisted of 4
Chinese domestic chicken breeds (Fengkai Xinghua chicken
(TO4). Huivang Huxu chicken (H), Qingvuan Ma chicken
(Q). Guangxi Xiavan chicken (S1)), 2 breeds developed by
Institute of Animal Science, Guangdong Academy of
Agricultural Sciences (Lingnan Huang chicken (DC). dwarf
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chicken (E4)) and omne introduced broiler (Abor Acre
chicken (AA)). most of these chicken have favorable meat
quality. The total of 252 birds had free access to feed and
water. Commercial corn-soybean diets that met all NRC
requirements were provided in the study. From hatch to 3
wk of age. birds received a starter feed (2.90 Mcal of
ME/kg and 20.5 g/kg of CP) and from 4 to 6 wk of age.
birds were fed a grower diet (3.00 Mcal of ME/kg and 18.5
g/kg of CP). Before slaughter. blood was collected and the
genomic DNA was isolated by phenolic extraction. and was
used to genotype the H-F4BF gene.

Phenotypic measurements

At the age of 90 d. body weight (BW) was measured on
live birds after 12 h with no access to feed. After slaughter
at the same day of age. the carcass traits were measured.
including carcass weight (CW). eviscerated weight (EW).
semi-eviscerated weight (SEW). breast muscle weight
(BMW), leg muscle weight (LMW). abdominal fat weight
(AFW) and subcutaneous fat thickness (SFT). CW was
measured on the chilled carcass after removal of the feather
and SEW on CW after removal of trachea. esophagus.
gastrointestinal tract. spleen. pancreas and gonad. as well as
EW on SEW after removal head. claws, heart. liver. gizzard.
glandular stomach and abdominal fat. The ratios of these
traits to CW were calculated as eviscerated percentage (EP).
senu-eviscerated  percentage (SEP). breast muscle
percentage (BMP). leg muscle percentage (LMP).
abdominal fat percentage (AFP). Fat thickness under the
skin was measured in the back near the tail. while fat width
was measured between the leg and breast muscles. and both
were performed with a vernier caliper after dressing.

Amplification and population genotyping

Four PCR primers were designed according to the
sequence of Gallus galius H-F1BP (GenBank accession no:
AY648562) using the primer design procedure. Oligo 6.0
and Primer 5.0. All primer sequences were shown in Table 1.

The PCR was performed on a final volume of 10 pl
containing 0.6 pl of genomic DNA (2.5 ng/pl). 0.3 pl of
each primer (10 pmol/pl). 5 pl of 2xMaster (including
Mg™. dNTP. Tag DNA Polymerase). Amplification was
carried out on the following procedure: initial denaturation
at 94°C for 3 min: 34 cvcles of 94°C for 43 s, 56°C-61.5°C
for 45 s, and 72°C for 60 s; final elongation at 72°C for 8
min.

The amplified products of A-FABF were mixed with
single strand conformation polymorphism (SSCP) buffer.
0.1% bromophenol blue and 0.1% xylene cyanol in
formamide. Before being loaded into the gel. the samples
were denaturized for 8 min at 99.9°C and kept in ice for 5
min. Then 10 pl of this mixture was totally transferred to a
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Table 1. PCR torward (F) and reverse (R) primers for the H-F4BP
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Gene Primer Sequence Annealing temperature Length
H-FABP P1 I 5- TGAGTACATGAAGGCGTTGG -3 61.5°C 188 bp
R: ¥- CGCGCTTTCCTATTCCTA -3
P2 F: 5- AGGTGCAGCATCTGAGTG -3 56°C 263 bp
R. ¥-TTCACCGTCGCCTTGT -3
P3 F: 5'- CGACAAGGCGACGGTGAA -¥ 36°C 275 bp
R. ¥- TGGGGCAGGAAGGAGTTT -3
P4 F: 5- GCTAGTGCGGGAGCTGAA -3 36°C 160 bp
R. - TTCTCATAGGTGCGGGTG -3
neN.~ -
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Figure 1. The genotypes of the T+260C, G+673A, C+783T, and G+2778A single nucleotide polvmorphisms in the H-FABP gene. (a)
Genotypes of TH260C, (b) Genotypes of GH673A, (¢) Genotypes of C+783T, (d) Genotypes of GH2778A.

12% polyacrylamide gel (29:1) and a 10xTBE buffer.
Electrophoresis ran 16h approximately at room temperature.
The gel was then stained with silver nitrate in term of a
standard protocol, as firstly washed in distilled water for 30
s and then incubated for 20 min in 0.1% silver nitrate. The
developing reaction (20-30 min) was carried out in the
solution of sodium tetraborate with addition of 4 ml
formaldehvde and stopped by 10% acetic acid at last.
Genotypes were recorded according to the band patterns.

Statistical analysis

Data were analyzed with GLM procedures of SAS (SAS
Inst. Inc.. Cary NC). The genetic effects were analyzed by a
general linear model procedure in the SAS package. and the
following model was used:

Y= |.l+Bl+SJ+Gk+e,_|k

Where Y = the dependent variable, . = the population
mean. B, = fixed effects of breed. S; = fixed effects of sex.
Gy = genotype value. and e, = random error. The
interaction GxS was 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 were not normally distributed.
The IMF and AFW were analyzed as the linear model with
parameters estimated on the Square Root scale. The AFP
traits was shifted and rescaled to give approximate
normality and equality of variance.

Haplotype construction

Based on 3 SNPs in all of the 252 experimental birds.
haplotypes were constructed with PHASE 2.0 programme
(Stephens et al.. 2001b). the function of which was to
reconstruct haplotypes from the population data.

RESULTS

SNP genotypes of the chicken H-FABF gene

A PCR-SSCP method was successfully developed for
screening the individuals of the population. Four target gene
fragments were amplified, denatured. and then subjected to
polvacrvlamide gel electrophoresis to find SNP. PCR
products were the same as expected. Three kinds of
genotypes were investigated for each SNP (Figure 1). Both
the homozygous and heterozygous individuals of different
genotypes were sequenced for further analysis. There were
four mutations being found, including a T/C mutation at
position 260 nt. a G/A mutation at 675 nt and 2.778 nt
respectively. and a C/T mutation at 783 nt in DNA sequence
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Figure 2. Sequencing analvsis of H-FABP gene. (a) The sequencing result of C/C homozygote and T/C heterozvgote in the 260 site, the
arrow indicates the 260 site; (b) The sequencing result of A/A homozygote and G/A heterozygote in the 673 site, the arrow indicates the
675 siter (¢) The sequencing result of C/C homozyvgote and T/T homozyvgote mn the 783 site, the arrow indicates the 783 site: (d) The

sequencing result of A/A homozygote and G/G homozy gote in the 2,778 site, the arrow indicates the 2,778 site.

Table 2. Genotvpe and allele frequencies of H-F4BP gene in different populations

Primer Genotype frequency DC To4 Ed AA Q. H S l.
and Gene frequency (36) (36) (36) (36) (36) (36) (36)
Primerl AA 0.0625 0.2222 0.2353 0.1176 0.1667 0.2778 0.3333
T260C BB 0.0625 02778 0.0588 0.1176 0.1667 0.0000 0.0556
AB 0.8730 (3.3000 0.7039 (.7648 0.6666 0.7222 0.6111
A 0.3000 04722 0.3882 (3.3000 (3.3000 0.6389 0.6388
B 0.5000 0.3278 04118 0.5000 0.5000 0.3611 0.3612
Primer2 CcC 0.3750 0.1873 0.5882 0.4706 0.2778 0.2778 0.2222
G673A DD 0.3125 (0.3730 04118 0.1763 (.4444 0.3889 0.4443
CD 0.3125 0.4375 0.0000 0.3329 02778 0.3333 0.3333
C 0.5312 0.4062 0.5882 0.6470 04167 0.4444 (.3888
D 0.4688 0.53938 04118 0.3530 0.5833 0.5556 0.6112
Primer3 AA 0.3000 (0.3730 0.6471 0.6230 .6667 0.1176 0.4118
C783T BB 0.5000 0.3000 0.2353 0.3750 0.2778 0.8824 0.5294
AB 0.0000 0.125 0.1176 0.0000 0.0555 0.0000 0.0588
A 0.3000 0.4375 0.7039 0.6250 (.6943 0.1176 0.4412
B 0.3000 0.5625 0.2941 0.3730 (.3035 0.8824 0.3388
Primerd CcC 0.3125 0.1667 0.2941 0.5294 0.6667 0.3333 04444
G2778A DD 0.3750 0.4444 0.6471 0.2941 0.3333 0.5000 04444
CD 0.3125 (2.3889 0.0388 0.1763 0.0000 0.1667 0.1112
C 0.4687 0.3611 0.3233 0.6176 0.6667 0.4166 0.3000
D 0.5313 0.638%2 0.6765 0.3824 0.3333 0.5834 0.5000

DC': Lingnan Huang chicken: TO4: Fengkai Xinghua chicken: E4: dwarf chicken: AA: Abor Acre chicken: Q: Qingyuan Ma chicken: H: Huivang Huxu

chicken: S1: Guangxi Niayan chicken.
of chicken (Accession No: AY648562) (Figure 2).

Frequencies of genotypes and alleles

The frequencies of the genotypes and alleles are shown
in Table 2. In locus T260C. the frequency of BB
homozygous genotype was the lowest among all
populations, even zero in Huivang Huxu chicken
populations. while the 1B genotype accounted for the

highest. In locus G675A, the allele D and C were
respectively identified as the dominant alleles among four
native breeds and two breeds developed by Guangdong
Amimal Science Academy, due to their highest allele
frequencies (average = 58.59% and average = 55.97%). In
locus C783T. the allele frequency of A4 was higher than that
of B in Abor Acre chicken. Qingyuan Ma chicken and dwarf
chicken. while in Huxu chicken and Guangxi Xiavan
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Table 3. The GLM analysis of fat traits in different genotvpes (Least square mean, standard error)

Locus Genotype Trait
: %IMF' AFW (2) %AFP
T260C AA (48) 3.14140.329¢ 43.29046.851 26194043178
AB(168) 2.56040.218% 40133324322 3.033+0.284%
BB (36) 2.06540.307° 41.369%11.410 1.784+0.6698
GG73A CC (88) 2 84640.278° 4744746 046 2.93640.367*
CD (70) 2.22840.356° 33111474598 1.945+0.461°
DD (%4) 2.69340.336™ 44.638+7.198% 2336404414
C783T AA(112) 241340223 4816744709 3.404+0.2934
AB (30 220740.583 32.302+12.330F 1.29440.769%
BB(110) 3.14640.237 44,7473 39048 2.738+0.309*8
G2778A CC (96) 2.62740.293 39.006+6.249 2.289+0.379
CD (30) 2.51840.402 45.16348.593 2.67940.531
DD (106) 2.62240.285 41.04246.074 2 46740.375

UIMF = Intramuscular fat. AFW = Abdominal fat weight, AFP = Abdominal fat percentage.
Values with different letter with the same row differ significantly: the lowercase letters show the level of 0.03; the capital letters show the level of (1.01.

Table 4. Haplotypes inferred based on the 3 single nucleotide
polvmorphisms

Haplotyvpe T+260C G+675A C+783T Frequency (%)
HI1(ACA) A C A 8.64
H2 (ACB) A C B 13.39
H3 (ADA) A D A 18.65
H4 (ADB) A D B 14.51
H5 (BCA) B C A 12.29
H6 (BCB) B C B 14.33
H7 (BDA) B D A 10.95
HS8 (BDB) B D B 724

chicken the allele B was identified as the dominant one. In
locus G2778A, the allele D was the dominant allele among
Lingnan Huang chicken. Fengkai Xinghua chicken. dwarf
chicken and Huxu chicken because of it’s highest allele
frequency. At the same time, we found that the frequency of
allele 4 and € was higher than that of 2 and B in Abor Acre
chicken at all mutation loci.

Associations of SNP in H-FABP gene with fat traits

The associations of A-F4BP genotypes with fat traits in
chickens were analyzed. and the least square means of three
genotypes were listed in Table 3. As shown in the Table 3.
the T260C genotypes were significantly associated with
IMF and AFP (p = 0.0233 and p = 0.0001). The IMF of .14
chickens was significantly higher than that of BB (p<0.05).
For AFP trait, .45 chickens exceeded BB chickens by 1.23%
(p<0.01). whereas no significant difference was detected
among other genotypes. In locus G673A. genotypes were
extremely significantly associated with AFW and AFP (p<
0.01). and also significantly associated with IMP (p<0.05).
The IMF of C'C chickens was significantly higher than that
of CD (p<0.03). As regard to both AFW and AFP, CD
chickens had lower values (p<0.01) than CC chickens by
16.34 g and 0.99%, than DD chickens by 13.35 g and
0.61%. In locus C783T. AFW and AFP were significantly
associated with A-F1BP genotypes. .14 chickens had higher

AFW and AFP than 4B (p<0.01) by 2.11% for the latter. No
significant difference was detected for IMF traits. In locus
G2778A, there were no significant differences among three
genotypes for different carcass traits.

Haplotypes and their frequencies

At the locus G2778A, there was no significant
difference among three genotypes for different carcass traits.
thus we only analyzed the former 3 SNPs. Haplotypes were
constructed with 3 SNPs in all 252 experimental birds,
emploving the PHASE program (Stephens et al.. 2001) of
which the main function was reconstructing haplotypes
from population data. Table 4 shows that eight haplotypes.
with the munor allelic frequencies of above 7%, were
identified based on these 3 SNPs. Six main haplotypes.
ACB. ADA. ADB. BCA. BCB and BDA accounted for
84.12% of all the observations.

Construction of haplotypes and their associations with
chicken fat traits

In this construction of haplotypes. the value of
abdomunal fat percentage (AFP) as a variance. may lead to
incorrect conclusions about association between genomic
polymorphism and state of obesity. because this is
normalized parameter which generally has not normal
statistical distribution. So we must apply the nonparametric
statistical method to proof whether there were exist some
different between AFP and definite haplotypes. The results
indicated that the definite haplotypes were highly
significantly associated with AFP (p = 0.0032<0.0l)
through analysis with NPARIWAY procedures of SAS
(SAS Inst. Inc.. Cary NC). So we can use the mixed model
to analyze the relationship between AFP and haplotypes.

The mixed model analysis indicated that there were
significant associations of haplotypes with IMF and other
carcass traits (Table 5). Haplotypes were associated with



Hang et al. (2007) Asian-Aust. J. Anim. Sci. 20012):1812-1819

Table 5. Associations between diplotypes and the chicken carcass
traits’ 3 2

Haplotyvpe L
: IMF %* AFW (g)* AFP%**
HIH3 3.85+1.33 9.00+435.88 1.7242.27
HIH3 3.35+0.41 88.27+13.83 5.3840.68
H2H2 3.71+).93 19.00£32.44  2.78+1.60
H2H3 = 148.00+45.88 8904227
H2H4 2.8540.61 2.00420.52 0.25+1.02
H2H3 2434068  27.00422.94 3.49+1 14
H2H6 3.064).33 61.41£11.13  4.38+).33
H3H3 2.67H)43 54.89+1529 416476
3H4 3414061 50.00422.94 3.02+1.02
H3H3 2434045  46.83+13.24 3.23+0.66
H3H7 2744135 43.82+11.13 3.834).53
H4H4 4.4310.61'  47.00£20.52 3.19£1.02
H4H6 2.3640.38 35.31+12.72 2364061
H4H7 2.17+1.33 2.00+45.88  0.38+2.27
H4HS 2.99+).43 20.20£14.51 2.46+0.72
H5H3 1.7440.78 9.00+26.48 1.17+1.31
H3H6 1.59+1.35 0.000+45.88  0.00£2.27
HSH7 LO6HY96E  11.30£32.44 201161
H6H6 345168 3233482649 2.95+1.14
H6H8 2.28+].35 - 0.00+2.27
H7H7 1.89+1.35 51.00445.88  4.95+227

T Represents the advantageous diplotypes.

*Least squares meansstandard error means.

*Underline represents the negative diplotypes. * p=0.05. ** p<0.01.
IMF = Imtramuscular fat, AFW = Abdominal fat weight, AFP =
Abdominal fat percentage.

IMF (%). AFW (g) and AFP (%) (p<0.05). Significantly and
suggestively dominant effects of H+4H+4 haplotype were
observed for IMF and the #7243 was dominant for AFW (g)
and AFP (%). Results also betraved that A5H7 haplotype
had a negative effect on IMF, while the #3546 diplotype had
a positive effect on AFW (g) and AFP (%).

DISCUSSION

H-F1BP protein is involved in transportation of fatty
acid from the cell membrane to the site of fatty acid
oxidation and triglyceride and phospholipids synthesis. so
there is a big chance that variations within genes have
crucial implications for biological traits. Previous studies on
the pig genome have elucidated that SNP was associated
with intramuscular fat content (IMF). such as those by
Gerbens et al. (2000) and Ovilo et al. (2002). The SNP of
the pig genome could also have relationships with meat
tenderness. juice and taste. Now. more and more studies
have focused on chicken H-F{BP, mostly because of it’s
important roles in chicken growth regulation. long-chain
fatty acid uptake. and metabolic homeostasis. A SNP
(C2054T) was found in the second intron of Beijing Oil
chicken H-E1BP gene (Ye et al.. 2003). You et al. (2007)
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reported that genotypes of the 8 SNPs in the Caoke chicken
H-FABP gene were associated with carcass traits (G332A,
G534A, C835T. -1131A, CL294A, C2329T. C2372T and
C2636T). In the present study, four SNPs (C260T, A673G.
C783T and A2778G) were found in seven populations. and
through comparing we found the mutation loci were distinct.
though all the SNPs have great effects on body weight.
intramuscular fat content (IMF) and abdominal fat weight
(AFW) traits. There are some possible reasons for the SNP
distinction: (1) different researchers used different species;
(2) the variable penetrance of mutations elsewhere in the
gene and to cell-tvpe specific differences in gene expression.
In addition, several researchers have investigated
associations of A-F4BF polymorphisms with fatness traits
or other meat quality traits in different species. A SNP
(C1006G) of H-F4BP gene was found in bovine by PCR-
RFLP and the effect of this SNP on tenderness was
significant (Li et al.. 2004). Li et al. (2006) discovered that
the H-F1BP gene expression levels were significantly
correlated with IMF content and carcass weight in chicken.
Thus, extensively studving the chicken H-F4BP gene may
lead to a great breakthrough in the understanding of fatness
regulation of poultry. In current study of A-F4BP gene. we
found 2 SNPs (C260T, A675G) having associations (p<
0.05) with IMF and 2 SNPs (A675G C783T) related (p<
0.01) to AFW and %AFP. The results point to the possible
identification of H-F4 B8P as a candidate gene of quantitative
trait loci useful for regulating abdominal fat.

As a traditional approach to study both trait association
(marker vs. trait) and linkage disequilibrium (marker vs.
marker). single-marker analysis has taken on many
problems. such as noisy, unsatisfied. and obscured
important localization information (Daly et al.. 2001).
Significant associations between the single SNP and
phenotypic traits were presented by one factor analvsis. but
no with the mixed model. Therefore. it was obscure and
uncertain whether there was any association between the
single SNP and traits. Haplotype or haplotype block
provided a practical solution to resolve these problems
(Daly et al.. 2001). Haplotypes were constructed with the 3
SNPs and were used to analyze the associations of
haplotype combinations with IMF and other carcass traits.
The H4H+ and H2H3 haplotypes were found to be
associated with higher IMF content and AFW, AFP than
other haplotype combinations respectively. and the
frequency of H3 (ADA) was 18.65% in all experimental
chickens. Therefore, /3 may be the most disadvantageous
haplotype for fat trait. Current data showed that associations
of haplotypes with IMF and fat traits were more accurate
than those of single SNP. This result implied that there was
an interaction between different SNPs. and that the
haplotypes generally provided more information content
(heterozy gosity) than one SNP did (Stephens et al.. 2001a).
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Thus. it was observed that both haplotype diversity and the
method of SNP selection based on maximizing haplotype
diversity were preferred to single SNP (Huang et al.. 2003
Zhang et al., 2004).

In summary. commercial breeding programs of broiler
chickens have became more and more complex. so it would
be wise for us to use molecular MAS method to improve
growth rate. increase breast muscle vield. decrease
abdominal fat, at the same time to maintain good
development and overall fitness. The results of current
research indicated that 3 SNP markers were associated with
fatness traits. so we could draw the conclusion that A-F4BP
gene plaved an important role in the regulation of fat
deposition and IMF in chickens. in other words. the A-
F4BP gene manifested a great potential for use in molecular
MAS programs to control fat deposition.
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