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Body composition, fat deposition and meat quality are important traits in chickens. Melanocortin receptor ( ) plays

an important role in central melanocortin system (CMS) and muscle cells. The purpose of the present study was to analyze

association of the and the genes with chicken carcass and meat quality traits. Using eight meat-type chicken

populations constructed with pure lines (developed from Chinese local breeds) and crossbreeds (S D , S S , S

S ), the association of single nucleotide polymorphisms (SNP: -A G, -G T and -C T) of

and gene with carcass and meat quality traits was studied. The results showed as follows: ( ) the -A

G genotypes were significantly associated with most carcass traits except for semi-eviscerated percentage and leg muscle

percentage (LMP), the -G T genotypes were significantly associated with live weight, carcass weight, leg muscle

weight (LMW) and LMP, and the -C T genotypes were not significantly associated with most carcass traits except

for LMW and LMP; ( ) to meat quality, the -A G genotypes significantly a ected muscle crude protein (GP)

value, and the allele A had positive additive e ects on slaughter traits. The -G T and the -C T sites

significantly a ected muscle GP value and glutamic acid (Glu) value; ( ) the haplotypes based on the SNP of gene

were also significantly associated with meat quality traits, but had no significant associations with carcass traits. The research

built the base for further analysis on relation between genetic variation of and genes and the carcass and meat

quality traits, and molecular marker’s application in breeding.

: carcass traits, chicken, , meat quality, polymorphism

(Schwartz ).

is a -transmembrane G-protein coupled recep-

Melanocortins are peptide hormones derived from pro- tor which signals through the activation of adenylate

opiomelanocortin (POMC), they have an important role cyclase (Gantz b). It is expressed in hypo-

in regulating melanocyte pigmentation and energy home- thalamic nuclei known to regulate energy homeostasis,

ostasis (Boswell and Takeuchi, ). They also play a exhibits a more restricted distribution than the in

part in a wide variety of physiological process including the central nervous system (Roselli-Rehfuss ),

enhancement of learning and memory and thermoregula- and has a dominant role in the inhibition of energy storage

tion (Walker ). They mediate their e ects (Butler ; Chen a). Some researchers

through G-protein coupled receptors by stimulating ad- reported that homozygous for knockout muta-

enylate cyclase (Gantz a; Boswell and tions of the gene had increased body fat with a

Takeuchi, ). Now, all five melanocortin receptors reciprocal decrease in lean mass, not caused by increase

( ) have been isolated in chicken, each of the chicken food intake but arose from increased feed e ciency

subtypes has a di erent pattern of tissue expression (Butler ; Chen a). Chicken

and function. Recently, several studies in animal models is a amino acid protein, sharing . . identity

suggest that and are essential in the regula- with the mammalian (Takeuchi and Takahashi,

tion of feeding and energy homeostasis, respectively ). Associations between polymorphism in

gene and obesity have been detected in humans (Civanova

). It was reported that the mice were

shown to have increased fat mass, reduced lean mass and

had higher feed e ciency than wild-type littermates
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Chen a, b). and water .

The melanocortin- receptor ( ) is also a -

transmembrane G-protein coupled receptor whose ligand, Meat quality traits: Before slaughter of days, blood

-melanocyte-stimulating hormone ( -MSH) (Fan was collected from these chickens. Carcass traits were

), is a posttranslational derivative of POMC. The measured at days age, including body weight (BW)

gene encoding the was initially localised by FISH which was measured on live birds after h with no access

to chromosome q . (Gantz b) and was to feed. After slaughter also on day , the carcass traits

later sublocalised to q . (Gerken ). including carcass weight (CW), breast muscle weight

Recent studies demonstrated that could mediate (BMW), leg muscle weight (LMW), abdominal fat

the control of both metabolic rate and food intake in mice weight (AW) and subcutaneous fat thickness (SFT) were

(Huszar ; Chen b). Selective block- measured. The ratios of these traits to CW were calculat-

age of the in the brain stimulates food intake in rats ed as semi-eviscerated percentage (SEP), leg muscle per-

(Kask ), and also that receptor signal- centage (LMP). Subcutaneous fat thickness, skin and fat

ing is involved in mediating leptin’s inhibitory e ect on width were measured at the caudal spondyle. In addition,

food consumption (Kask ). Chicken is meat dry matter, crude protein, glutamic acid, in-

a amino acid protein, sharing . . identity tramuscular fat (IMF), inosinic acid (IMP), muscle fiber

with mammalian sequence (Takeuchi and Takahashi, density (MFN) and muscle fiber diameter (MFD) were

) and it is expression in a wide variety of peripheral determined in the lab.

tissues such as gonads, spleen, adipose tissue, and skeletal

muscle (Takeuchi and Takahashi, ). Huszar Gene polymorphisms: Genomic DNA was isolated

( ) have shown that absence of produces an from blood samples by the phenol-chloroform method.

obesity syndrome in the agouti mouse. This consistent Primer pairs (Table ) were designed from the reference

role in dietary regulation defines a novel function for the sequences of and in GenBank (Accession

in the regulation of metabolism and energy bal- No: AB , AY ) by Oligo . software.

ance. In addition, several mutations including frameshift Primer pairs - and - were used to amplify

and nonsense ones were associated with dominantly in- the bp and bp fragments of the chicken

herited obesity in human (Vaisse, ; Yeo ). gene, while primer pairs - , - , - and

Other missense mutations in humans also were identified - were used to amplify the fragments ( bp,

(Gotoda, ; Hinney, ). Kim ( ) used a bp, bp and bp) of the chicken gene. The

candidate gene approach and reported that a missense L Polymerarse Chain Reaction (PCR) volume included

mutation (Asp Asn) in was associated with . L of genomic DNA ( ng/ L), . L of each

fatness, growth and food intake traits in pigs. primer ( pmol/ L), L of Master mix including

So, in this study, we supposed that and Mg dNTP and Taq DNA Polymerase (Beijing

genes were candidate genes for marker assisted selection Tianwei Biology Technique Corporation). The PCR pro-

(MAS) of fatness, growth traits in the chicken. The tocol was for min followed by cycles of for

purposes of this study were to identify the polymorphisms s, for s, and for s and a final extension

in and genes using the single-strand confor- at for min. The PCR products of

mation polymorphism (SSCP) method and to evaluate the

genetic e ects of these polymorphisms on carcass traits in

chicken.

meat-type quality chickens from populations (in-

cluding pure lines and crossbreeds developed by Dahen

Poultry Breeding Company and Sichuan Animal Science

Academy) were studied. Populations S , S and D

have yellow partridge plumage with blue shanks and white

skin. Population S has yellow plumage, yellow shank

and white skin. S has black spotty feather, black skin

and shank. Two-way cross S S and S D are

commercial crossbreds. In the crossbred S S , pure-

line S is in process of breeding. All chickens were

hatched on the same day, housed on the deep-litter bed-

ding and moved to the growing pens at weeks of age.

Birds had access to feed (commercial corn-soybean diets

meeting the National Research Council’ s requirements)

et al., ad libitum
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Wang : SNP Analysis of Genes

and

were genotyped by gel electrophoresis as SSCP. The

microliters of PCR product was mixed with L denatur-

ing bu er ( formamide, . xylene cyanole FF,

and . bromophenol blue) and then denatured at

. for min followed by a rapid chill on ice for

min. The denatured PCR products were electrophoresed

for h at V/cm on , or polyacrylamide

gels. The DNA bands on the gel were stained by .

AgNO for min, and then Na CO for about

min. Individual SSCP banding pattern was determined

under visible light. The PCR products of the di erent

homozygous genotype were purified and sequenced by

Shanghai Ying Jun Biology Technique Corporation.

Data were analyzed with General Linear Model

(GLM) procedures of SAS . , and the genetic e ects

were analyzed by mixed procedure according to the fol-

lowing model: Y G L S E , where Y the

dependent variable; the population mean; E the

random error; G the fixed e ect associated with the

et al. MC R and MC R
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Table .
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Annealing
Primer pairs Sequences Amplification

temperature

- F: -ATGCCCTCCTTTACCACAGTA- bp

R: -GGCGTGCAAACAGGAACA T-

- F: -CCCGATGAATCCATACTGT- bp

R: -TTCCTCTGCTCCCACACAAAG-

- F: -AGAAGTGAACTTAGGGGAGA- bp

R: -TTGTGCTTTTCAGTTTGG-

- F: -ACTACTGTCTGCCTTGGTGC- bp

R: -AGGGGATACAAAGAGTTGTTC-

- F: -TTCGCCCATGTACTT C- bp

R: -CTGGAGGGCATAAAAGATAGT-

- F: -CATGTTCATGATGGCTCG AAT- bp

R: -CCGAAATGCATAGATAAGTGG-

J. Poult. Sci., ( )

genotype; L the fixed e ect of chicken population; S between the mutation and the carcass traits for G C of

the fixed e ects of sex. The interaction G L and G S Thus, we omit the locus of -G C. Asso-

were not significant for any trait and therefore were not ciation study between the and SNPs and

included in the model. The values were presented as least carcass traits in the local chicken populations are

square means standard error. The significant di erences summarized in Table a, b. In locus A G, the

of least square means were tested with the Duncan test ( genotypes were significantly associated with most carcass

. ). traits except for SEP and LMP. The allele A had positive

The data of some carcass traits did not conform to the additive e ects on slaughter traits such as LW, CW and

normal distribution. LW, CW, LMW, AW and SFT were LMW ( . ), and on BMW ( . ), The AW and

analyzed as the linear model with parameters estimated on SFT of AA chickens were higher than that of GG (

the Square Root scale. . ), but were less than that of AG ( . ), respec-

tively. The allele A gene showed complete dominance

Based on single nucleotide polymorphisms (SNPs) in e ect. In locus G T, LW, CW, LMW and LMP were

all of the experimental birds, haplotypes were con- significantly associated with genotypes. The LW

structed with PHASE . programme (Stephens of GT chickens was notably higher than that of TT (

a), the function of which was to reconstruct . ). There were no di erences among other genotypes

haplotypes from the population data. ( . ). CW and LMP of GT genotypes were higher

than that of TT ( . ). Chickens with genotypes GT

had higher LMW than GG (di erence of . g) and TT

(di erence of . g), respectively ( . ). No signifi-

We scanned the entirely coding region of two candidate cant di erences were detected for other carcass traits.

genes with six primer pairs in di erent populations using The allele G had a favorably positive e ect on the LW

SSCP and sequencing methods. One novel variant was CW LMW and LMP of chickens. In locus C T, the

found at the (A G nucleotide position of the genotypes were not significantly associated with most car-

gene. Three novel variants were found at the cass traits except for LMW and LMP. CT chickens had

(G C), the (G T) and the (C T) nucleo- higher LMW than TT chickens ( . ), but there was

tide position of the gene. The A G of no remarkable di erence when comparing with CC (

was resulted in three di erent gel profiles (AA, AG and . ). The LMW of TT chickens was not di erent with

GG) (Fig A). The three genotypes (CC, CG, and GG) that of CC chickens ( . ). The LMP of CT chickens

of G C in could be well recognized by three was higher than that of TT by . ( . ), and it’s

di erent gel profiles (Fig B). Both G T and C T of higher than that of CC by . . There was no di erence

were located in the same fragment, which were between CT and CC chickens ( . ). No di erences

resulted in six di erent gel profiles (CC, GG, TT, CT, GT were observed for other carcass traits. The C allele had a

and GC) (Fig C). All the mutations were verified favorably positive e ect on traits LMW and LMP.

sequencing. None of the three SNPs caused amino acid

change.

The associations of -A G genotypes,

-G T and -C T with meat quality traits in

Because the frequency of -G C was low, so we chickens were analyzed, and the least square means of

thought it was no meaning to analyze the relationship three genotypes were showed in Table and Table a, b.
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Fig. .

Table

aA aAB. bB

aA aAB bB

a ab b

aA aA bB

a ab b

a ab b

a a a

a a a

a ab b a a a

a ab b a a a

a a a a a a

aA abAB bB a ab b

a a a a a a

a a a a a a

a a a a a a

a ab b a ab b

SNP (A G)

Trait AG ( ) AA ( ) GG ( )

LW (g)

CW (g)

BMW (g)

LMW (g)

AW (g)

SFT (mm)

SEP

LMP

SNP (G T) SNP (C T)

Traits GT ( ) GG ( ) TT ( ) CT ( ) CC ( ) TT ( )

LW (g)

CW (g)

BMW (g)

LMW (g)

AW (g)

SFT (mm)

SEP

LMP

Note: The least square means within a row with di erent super scripts di er significantly; the lower case letters show the level of . ; the

capital letters show the level of . . The numbers in the brackets are the number of individual chickens carrying the respective geno-

types.

LW live body weight; CW carcass weight; BMW breast muscle weight; LMW leg muscle weight; AW abdominal weight; SFT

subcutaneous fat thickness; SEP semi-eviscerated percentage; LMP leg muscle percentage; proportion of SEP and LMP to CW.

Wang : SNP Analysis of Genes

A) The elec-
trophoresis profiles of the joint SNP of Three profiles (AA,
AG and GG) were observed in the gel picture. B) The electrophoresis
profiles of SNP genotypes CC, CG, and GG of C) The
electrophoresis profiles of the joint SNP and SNP genotypes of

Six profiles (CC, GG, TT, CT, GT and GC) were observed in the
gel picture.

et al. MC R and MC R

MC R.

MC R.
MC

R.

Mutation detection by using the SSCP method.

a. E ect of -SNP on the carcass traits (least square mean and standard error)

b. E ect of -SNP and -SNP on the carcass traits (least square mean and standard error)

MC R

MC R MC R
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Table .

Table .

a a a

ABab Bb Aa

Aab Aa Ab

a a a

a a a

a a a

a a a

a a a

B Bb B

a a a

a a a

B Aa B

a a a

a a a

Ab Aab Aa

Bb Bb Aa

a a a

a a a

Bb Aa AB

a a a

a a a

Meat traits AA ( ) AG ( ) GG ( ) AE DE

Matter ( )

GP ( )

IMF ( )

IMP ( )

Glu (mg/g)

MFN (n/mm )

MFD (um)

Note: Values with di erent letters with the same row di er significantly; the lowercase letters show the level of . ;

the capital letters show the level of . .

IMF intramuscular fat; IMP inosinic acid; MFN muscle fiber density; MFD muscle fiber diameter; DM

dry matter; GP crude protein; Glu glutamic acid; AD addictive e ects; DE dominance e ects.

SNP (G T)
Meat traits

GG ( ) GT ( ) TT ( ) AE DE

Matter ( )

GP ( )

IMF ( )

IMP(mg/g)

Glu (mg/g)

MFN ( )

MFD (um)

SNP (C T)
Meat traits

CC ( ) CT ( ) TT ( ) AE DE

Matter ( )

GP ( ) * *

IMF ( )

IMP(mg/g)

Glu (mg/g)

MFN ( )

MFD (um)

Note: Values with di erent letters with the same row di er significantly; the lowercase letters show the level of

. ; the capital letters show the level of . ; the mark ** and * show very significant di erence between the

two values at level of . .

IMF intramuscular fat; IMP inosinic acid; MFN muscle fiber density; MFD muscle fiber diameter; DM

dry matter; GP crude protein; Glu glutamic acid; AD addictive e ects; DE dominance e ects.

J. Poult. Sci., ( )

In locus -A G, GP was significantly associated quality traits. In locus -C T, di erences among

with genotypes. The GP of GG was notably higher genotypes were significant for trait Matter, GP and

than that of AG and AA ( . ). No di erences were Glu. TT chickens had higher Matter than CC chickens (

observed for other meat quality traits. In locus -G . ), but there was no remarkable di erence as com-

T, GP and Glu were significantly associated with pared with CT ( . ). For GP trait, TT chickens had

genotypes. The GP of TT was notable higher than that higher GP than CT and CC chickens by . .

of GG and GT ( . ), but there were no di erences and . ( . ) respectively. For Glu trait, CT

among the latter genotypes ( . ). GG chicken had chickens had higher Glu than CC chickens ( . ). No

lower glutamic acid than GT chickens ( . ), but significant di erences were detected for other meat quality

there was no remarkable di erence as compared with TT traits.

( . ). No di erences were observed for other meat

MC R MC R

MC R MC R

P P

MC R

MC P

R P

P P

P P

P

P

a. E ect of -SNP on the meat quality traits (least square mean and standard error)

E ect of - genotypes in SNP on the meat quality traits (least square mean and

standard error)

b. E ect of -SNP on the meat quality traits (least square mean and standard error)

MC R

MC R

MC R
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Table .

Traits
Haplotype

DM ( ) Protein* IMP ( ) Glu (mg/g) MFN* MFD Fat* Ash

H H

H H

H H

H H

H H

H H

positive family members. And they made a conclusion

that the mutations may be a non-negligible cause of

In this study, we estimated haplotypes from two SNP severe obesity in children with variable expression and

genotypes of gene. These results showed that a penetrance. Rosmond ( ) studied the missense

total of haplotypes were found in the gene. These mutation of the gene in human. Their findings

haplotype contained two major ones of H (“GC”, suggested that the missense mutation could contribute to

. ) and H (“TT”, . ), one minor ones of H the variability in body mass, abdominal fat distribution,

(“GT”, . ), as well as one rare ones (H ) with leptin concentrations and diurnal cortisol levels. In poul-

frequencies lower than . The mixed model analysis try, Huo ( ) found that there was a G/T

indicated that there were no significant associations of mutation at base position , and there was a significant

haplotypes with carcass traits, but there were significant association between the genotypes and body weight, car-

associations of haplotypes with meat quality traits (Table cass weight and breast muscle weight. At present, there

). Haplotypes were associated with protein, MFN and were SNP of chicken had been reported, their

Fat ( . ). Significantly and suggestively dominant SNP ID was rs , rs , rs , rs

e ects of H H haplotype were observed for MFN and , rs , rs , rs , rs

the H H was dominant for Protein and Fat. Results also and rs on BCBI. But in our study, we

betrayed that H H haplotype had a negative e ect on only found two SNP in chicken gene, one was a G/

MFN, while the H H diplotype had a positive e ect on T mutation at base position , the other was a C/T

Fat. mutation at base position . The reasons may be as

follows: ) we only scanned the complete coding region of

chicken gene instead of whole sequence; ) di er-

At present, numerous researches have revealed that ent chicken populations with various domestication back-

there is a correlation between the genes ground.

and the obesity. In vitro studies conducted by Feng Interestingly, in this study, the one SNP of chicken

( ) showed that double homozygosity for se- and two SNPs of chicken were no lead to amino

quence variants C A and G A a ected melanocortin acid changes, but the mutation had e ect on carcass traits.

receptor function. In addition, Santoro ( ) also Although the nucleotide substitution, or the frame-shift

found that the C A and G A variants a ect mutation of the genetic mutation may could change the

the childhood obesity. Moreover, Lee ( ) amino sequence of the target gene, or terminated without

reported that the T A mutation of gene as- produce peptide synthesis of complete peptide chains. But

sociated with obesity in human. However, there is no because of the genetic code with degeneracy, so some

report the SNP of chicken on NCBI (http://www. alkali gene replacement may not cause amino acid se-

ncbi.nlm.nih.gov/sites/entrez), we found an A/G muta- quence of change. In this study, our results were synony-

tion at base position in this study. mous variations, with code base sequence changed but

Yeo and Vaisse ( ) reported the first amino acid sequence had no changed, the reason why the

mutation in humans in . Dubern ( ) mutation with same amino acid sequence had e ect on

searched for the mutations in AGRP, and -MSH carcass traits still unclear. Li ( ) found that the

genes in severely obese children by direct sequencing of synonymous mutations of in pigeon had great

the encoding sequence and SSCP analysis of e ect on some characters.

AGRP and -MSH genes. The results showed that ex- In addition, in our study, we found that there was

pression of the obese phenotype was variable in mutation- significant di erence between populations about carcass
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Bold represents the advantageous diplotypes.

Least squares means standard error means.

Underline represents the negative diplotypes. * . .

IMP intramuscular fat percent; MFN muscle fiber density; MFD muscle fiber diameter; DM dry matter; Glu glutamic acid.
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Boswell T and Takeuchi S. Recent developments in our under-

standing of the avian melanocortin system: its involvement

in the regulation of pigmentation and energy homeostasis.

Peptides, : . .

Butler AA, Kesterson RA, Khong K, Cullen MJ, Pelleymounter

MA, Dekoning J, Baetscher M and Cone RD. A unique

metabolic syndrome causes obesity in the melanocortin-

receptor-deficient mouse. Endocrinology, : .

.

Chen AS, Marsh DJ, Trumbauer ME, Frazier EG., Guan XM,

Yu H, Rosenblum CI, Vongs A, Feng Y, Cao L, Metzger

JM, Strack AM, Camacho RE, Mellin TN, Nunes CN, Min

W, Fisher J, Gopal-Truter S, MacIntyre DE, Chen HY and

Vander LH. Inactivation of the mouse melanocortin- re-

ceptor results in increased fat mass and reduced lea

traits (not shown data). Due to the aim of this present type AA had high body fat content. -G T site

study was to analyze association of the SNP genotypes of significantly influenced muscle GP value and glutamic

and the genes with chicken carcass and acid (Glu) value. The GT heterozygote genotype had

meat quality traits, so we omit the result of the compari- high LW, LMW, LMP and high Glu value. -C

son within and between populations about carcass traits. T site significantly a ected LMW, LMP, GP value and

The results of association analysis between single SNP of Glu. The CT heterozygote genotype had high LMW,

chicken and genes and carcass traits ap- LMP and high Glu value. We also found that the allele

proved our conjecture that the genotypes of these SNPs frequencies of G and C were higher than those of allele T

were significantly or great significantly associated with in each chicken population.

chicken carcass traits. This result was identical with The role of and in meat quality and

adipose di erentiation-related protein’s function that con- carcass related traits suggested it might be important

trolling metabolism of triglyceride and in the control of genetic markers for the related traits of chicken. It may be

ingestive behavior and energy homeostasis. related with other obesity-related traits. For the e ect of

Furthermore, as association analysis between single and variants, we should enlarge the sample

SNP and traits did not take the interactions between size for further analysis.

non-alleles into account, and it did not consider the link-

age disequilibrium between the SNPs, we took use of

haplotype which was composed of several SNPs in a This work was financially supported by the Provincial

chromosome to solve this problem. Haplotypes were Eleventh -year Programs on Animal Breeding of Sichuan

constructed with the SNPs and were used to analyse the Province (No. YZGG- , YZGG- ), the Na-

associations of diplotypes combinations with carcass and tional Project of China (No. AA ) and the

meat quality traits. The H H and H H diplotypes were Chinese national key technologies R & D programme

found to be associated with higher MFN and Protein than (Grant No: BADB B ).

other diplotypes respectively, and the frequency of H

(GC) was . in all experimental chickens. There-

fore, H may be the most disadvantageous haplotype for

fat trait. Current data showed that associations of

haplotypes with carcass and meat quality traits were more

accurate than those of single SNP. This result implied

that there was an interaction between di erent SNPs, and

that the haplotypes generally provide more information

content (heterozygosity) than one SNP did (Stephens

a). 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 ; Zhang ).

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 yield, de-

crease abdominal fat, at the same time to maintain good

development and overall fitness. The results of current

research indicated that SNP markers were associated

with carcass traits and meat quality traits, so we could

draw the conclusion that and genes played

an important role in the regulation of fat deposition and

growth in chickens, in other words, the and

genes manifested a great potential for use in molecular

MAS programs to control carcass traits and meat quality

traits.

By using GLM analysis, we found that -A G

site very significantly a ected LW, CW and LMW and

significantly a ected BMW, AW, SFT and GP value (

. ) and not a ected IMP( . ). The allele A had

positive additive e ects on slaughter traits, and the geno-
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